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0OECD

In 1948, the United States offered Marshall Plan aid to Europe,
provided the war-torn European countries worked together for their own
recovery. This they did in the Organisation for European Economic
Co-operation (OEEC).

In 1960, Europe’s fortunes had been restored; her standard of living
wvas higher than ever before. On both sides of the Atlantic the
interdependence of the industralised countries of the Western World was now
videly recognised. Canada and the United States joined the European countries
of the OEEC to create a new organisation, the Organisation for Economic
Co-operation and Development. The Convention establishing the OECD was
signed in Paris on 14th December 1960.

Pursuant to article 1 of the Convention, which came into force on 30th
September 1961, the Organisation for Economic Co-operation and development
shall promote policies designed:

-- to achieve the highest sustainable economic growth and employment
and a rising standard of living in Member countries, while
maintaining financial stability, and this to contribute to the
development of the world economy;

-- to contribute to sound economic expansion in Member as well as
non-member countries in the process of economic development; and

-- to contribute to the expansion of world trade on a multilateral,
non-discriminatory basis in accordance with international
obligations.

The original Signatories of the Convention were Austria, Belgium,
Canada, Denmark, France, the Federal Republic of Germany, Greece, Iceland,
Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey, the Unided Kingdom and the United States. The following
countries acceded subsequently to the Convention (the dates are those on which
the instruments of accession were deposited): Japan (28th April 1964),
Finland (28th January 1969), Australia (7th June 1971) and New Zealand (29th
May 1973).

The Socialist Federal Republic of Yugoslavia takes part in certain work
of the OECD (agreement of 28th October 1961).




NEA

The OECD Nuclear Energy Agency (NEA) was established on 20th April
1972, replacing OECD’s European Nuglear Energy Agency (ENEA, established on
20th December 1957) on the adhesign of Japan as a full member.

NEA now groups all the Eurgpean Member countries of OECD and Australia,
Canada, Japan and the United States. The Commission ef the European
Communities takes part in the work of the Agency.

The primary objectives of NEA are to promote co-operation between its
Member governments on the safety gpd regulatory aspects of nuclear
development, and on assessing the future role of nuclear energy as a
contributor to economic progress.

This is achieved by:

In

encouraging harmonisatien of governments’ regulatory policies and
practices in the nuclear field, with particular reference to the
safety of nuclear installations, protection of man against ionising
radiation and preservation of the environment, radioactive waste
management, and nuclear third party liability and insurance;

keeping under review the technical and economic characteristics of
nuclear power growth and of the nuclear fyel cycle, and assessing
demand and supply for the different phases pf the nuclear power to
overall energy demand;

developing exchanges of scientific and technical information on
nuclear energy, particulary through participation in common services;

setting up international research and development programmes and
undertakings jointly organised and operated by OECD countries.

these and related tasks, NEA works in close egollaboration with the

International Atomic Energy Agency in Vienna, with which it has concluded a
Co-operation Agreement, as well as with other internatienal organisations
in the nuclear field.
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CSNI

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an
international committee made up of scientists and engineers. It was set up in
1973 to develop and coordinate the activities of the Nuclear Energy Agency
concerning the technical aspects of the design, construction and operation of
nuclear installations insofar as they affect the safety of such installations.
The Committee s purpose is to foster international co-operation in nuclear
safety amongst the OECD Member countries.

CSNI constitutes a forum for the exchange of technical information and
for collaboration between organisations which can contribute, from their
respective backgrounds in research, development, engineering or regulation, to
these activities and to the definition of its programme of work. It also
reviews the state of knowledge on selected topics of nuclear safety technology
and safety assessment, including operating experience. It initiates and
conducts programmes identified by these reviews and assessments in order to
overcome discrepancies, develop improvements and reach international consensus
on technical issues of common interest. It promotes the coordination of work
in different Member countries including the establishment of co-operative
research projects and international standard problems, and assists in the
feedback of the results to participating organisations. Full use is also made
of traditional methods of co-operation, such as information exchanges,
establishment of working groups, and organisation of conferences and
specialist meeting.

The greater part of CSNI’s current programme of work is concerned with
safety technology of water reactors. The principal areas covered are
operating experience and the human factor, reactor coolant system behaviour,
various aspects of reactor component integrity, the phenomenology of
radioactive releases in reactor accidents and their confinement, containment
performance, risk assessment, and severe accidents. The Committee also
studies the safety of the fuel cycle, conducts periodic surveys of reactor
safety research programmes and operates an international mechanism for
exchanging reports on nuclear power plant incidents.

In implementing its programme CSNI establishes co-operative mechanisms
with NEA’s Committee on Nuclear Regulatory Activities (CNRA), responsible for
the activities of the Agency concerning the regulation, licensing and
inspection of nuclear installations with regard to safety. It also
co-operates with NEA’s Committee on Radiation Protection and Public Health and
NEA’s Radioactive Waste Management Committee on matters of common interest.
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Abstract

This report summarizes the results of the International Standard Problem
exercise ISP-23. Pretest predictions are compared to experimentally ob-
tained results. The report has been prepared by the institute for Reactor-
dynamics and Reactorsafety of the Technical University Munich under
contract with the Gesellschaft fiir Reaktorsicherheit (GRS) which received
funding for the ISP-23 activity from the German Ministry for Research
and Technology (BMFT) under Contract Number RS470A. The HDR exper-
iment T31.5 has been performed by Kernforschungszentrum Karilsruhe
(KfK) within the "Projekt HDR-Sicherheitsprogramm" funded by the
BMFT.

The report presents the submitted pretest predictions in comparison to a
large number of measured parameters. 18 institutions participated in the
exercise which is particularly focusing also on the long-lasting post-
blowdown phenomena expected inside a PWR containment. The "traditional
issues" local pressurization effects and the evolution of the pressure max-
imum have been addressed as well.

The scatter of submitted predictions of the local and global pressurization
effects is comparable to that of earlier International Standard Problems.
New codes were applied and code users have changed. A certain satura-
tion of the State-of-the-Art in the simulation capabilities of containment
phenomena governing Design Basis Accident events can be noted.

Focussing more on the long lasting post-blowdown behaviour of a PWR
containment the comparison of submitted predictions with a large number
of measured parameters revealed serious shortcomings for most of the uti-
Jized analytical simulation models. Particularly, the exchange of heat
between the containment atmosphere and the surrounding structures requires
improved modeling concepts, as long-lasting natural convection must be
predicted more reliably.







1. INTRODUCTION

A Standard Problem is defined as a task to predict in advance by means
of computer simulation models the course of a carefully specified experi-
ment carried out to demonstrate certain technical-physical phenomena.
Such tasks exist since 1972 in the field of the simulation of various engi-
. neered reactor safety systems e.g. the Emergency Core Cooling Systems

or containments within the national or international frame.

‘The main objective of a standard problem activity with respect to the
behaviour of a reactor safety system is the question what margin of pre-
dictive accuracy is obtained if calculated results of several code appliers

are compared to the measured reality of a well specified experiment.

Preferrably this question should be answered in performing "best-esti-

mate"- type of calculations to establish a realistic basis for comparisons.
In performing these standard probiems other objectives are:

D) to provide a comparison of best-estimate computer code calculations

with experimental data under controlled conditions;

(11) to contribute to a better engineering understanding of postulated
accident events and their interactions with mitigating systems;

(111) to provide a unique opportunity for code users to verify their
methods of applying codes on the basis of experimental

measurements.

. As far as code verification or validation are concerned, the ISP activity
can be considered as supplementary. Code verification is primarily a task
> for institutions developing codes; it requires considerable financial re-
sources for performing a large number of calculations and comparing rele-
vant experimental results with calculated ones. Standard problems may
also be considered as a kind of landmark for future code development
work, as experimental data are documented very thoroughly and are pub-

licly available.

]



Somie experiments which served as a basis for International Standard
Problem (ISP) exercises are excéptionally well documented and nowadays
may form the main structure of a desirable contaihnment code wvalidation

matrix.

Standard problems are perforniéd on basis of well specified experiments
regarding the initial and opeérating boundary conditions. Calculations
should simulate the experiméntai procedure realisticaily and should
preferably be performed applying the codes actording to best estimate
procedures. The benefit of standard problems is to assess the results and
the reliability of computer cod# application for codes which are aiso uti-
lized to model full-size reactor plants for predicting the course of an ac-
cident within licensing procedures. The basis of this assessment is the
comparison between "best estimaté" analytical predictions and experimental

results.

This goal requires to determiné the qualitative and quantitative differ- -
ences between calculated and measured results taking into account the er-
ror bands of measured parametéfs. Moreéover by careful analysis of the
resufts, the user of the code may learn how to improve his ability to use
the code. The comparison with other simulation modéls for & given physi-
cal process may additionally glve valuable hints for the future develop-

ment of the code.

In particular, the "blind" pretest prediction of the PHDR-Containment test
V44 (a blowdown with a short precedihg steam blowdown phase) and also
the following posttest-analyses in the frame of the OECD-iSP 16 exefcise
showed some uncertainties with réspect to a best-possible analytical simu-
lation of thermohydraulic events, typical for & Design Basis Atcident
(DBA) scenarium. Some important empirical code input data such as water
carry-over factors, flow resistance coefficients and heat trarisfer coeffi-
cients in combination with the chosen nodalization concept have been iden-
tified to be responsible for shortcomings in a correct modelling of the
compartment pressurization in the vicinity of the location of an assumed
primary recirculation line rupture. Accurate local heat transfér treatment
is decisive for appropriate predictions of the long term behaviour of a

PWR-containment.




With the approval of the Federal Ministry for Research and Technology
(BMFT) of the Federal Republic of Germany a new HDR-containment blow-
down experiment has been offered to the OECD/CSNi-Working Group
No. 2 "Breaks and Transients" to serve as basis of another International
Standard Problem exercise. Additional funding has been granted by BMFT
to execute the administration of the exercise in the sense of the '"Lead

Country Concept".




2. OBJECTIVES OF THE I1SP-23 EXERCISE

The containment experiment T31.4 originally envisaged as basis far this
activity was simulating the containment behaviour after the rupture of a
large diameter pipe. Following the previous I1SP-16 containment exercise,
this new activity should help to better explain the events in a real plant
in the case of such an accident focussing on the following subjects

- dynamic and quasi-static pressure loading conditions

- temperature distribution

- heat transfer to structures in short and long-term ranges

- transfer of water droplets in selected junctions between different
compartments

- local steam/air - composition

- generation of natural convection after the blowdown period

2.1 HDR Test Facility

The main components of the test facility are the high pressure coolant-
water circuit with the break nozzle, the HDR-containment building and
the experimental measurement system. Figs. 2.1-2.4 show schematically
the energy storage vessel, the blowdown pipe and the containment which
is divided into a nhumber of compartments. The upper part (dome compart-
ment R 11004) is connected to the compartments R 1801, R 1904, R 1905
and R 1803 by large open flow paths. They may be considered as a very
large single upper compartment. Figs. 2.1 and 2.2 give vertical cross
sections of the entire containment building with the corresponding eleva-
tions of the horizontal cross sections shown in detail within the

specification.

The mass- and energy discharge occurred within compartment 1.704 locat-
ed around the 20 m elevation (Level H-H). Detailed information about all
existing flow paths and the typical geometric shape of each flow path
have been provided within several documents /1-4/ and additional tables
forming an essential part of the ISP specification. At the end of the dis-
charge pipe an impingement plate had been installed to deflect the jet
from the walls of the compartment of rupture. The chosen pipe configu-

ration has to be considered as a compromise between the needs of an




accurate discharge rate rT-easurement and the possible simplicity of the a
flow field generated within R 1.704 by the released flashing steam/water
mixtures. The chosen solution may certainly be considered to be somewhat
atypical to what might be‘ expected in a DBA - like situation with its but
unpredictable fracture mei}:hanics and pipewhip aspects.
|

Figs. 2.3 and 2.4 show the location of the discharge-pipe, its connection
to the reactor pressure vessel and the location of the measurement trans-

ducers which served to determine the mass- and energy discharge rates
i

through the pipe.
A detailed description of the plant together with geometrical data as
volumina, surface areas lr‘ heat transfer and the location of openings has
been given in /1-3/. Ré;ference /3/ is the basic report describing the
general concept of all ﬂjhe HDR containment experiments, it served as
background information.

Details of the instr‘ument#tion of the containment concerning the physical
parameters, the measurerﬂient technique and the local position of the mea-
surement devices have b%en documented within the specification /4/. The
main measured physical p}arameters were:
|

- local pressures ;
- local temperatures
- differential pressure bLtween selected compartments
- water droplet mass flo{‘n/ rates
- steam and air mass flow rates
- heat transfer coefficients at selected positions within the containment

and associated temper#tures of fluid and structure.
Additionally, special instrumentation was applied to monitor the water lev-
el in the containment and to evaluate the mass- and energy discharge
rates. Information about the expected error bands for all parameters rele-
vant for the containment behaviour has been provided earlier within a

separate document /5/. |Actualized information is included in the experi-

mental data reports. 1




2.2 Thermal Initial and Boundary Conditions

Measured thermal initial conditions (temperatures, rel. humidity) have
been communicated "as measured" after performance of the test to serve

for realistic predictions.

After execution of the experiment T31.5 it became evident that the quan-
tification of the mass- and energy flow at the break, based on the exper-
imental data of the dragbody and y-densitometer measurements was not

sufficiently reliable and had to be supported by further analysis.

It was decided to perform post-experimental calculations with the computer
code DRUFAN using essentially the same analytical models and input data
as for the successful post-test analysis of the former HDR-experiment V44
(iSP16). The results of the DRUFAN analysis were cross-checked by a
redundant analytical procedure with respect to the energy status inside
the reactor pressure vessel during the blowdown period (see aiso -

Annex 1).

Upon achieving a good agreement between the measured and the calculated
data of pressures and temperatures recorded inside the reactor pressure
vessel (RPV) and the discharge pipe as well as with the measured col-
lapsed water l|evel inside the RPV the calculated mass and energy flow at
the break were considered as reliable boundary conditions for the predic-
tion of the containment behaviour /6/. Figs. 2.5 and 2.6 show the mass-

and energy discharge rates released into the HDR containment.

The analytical methods, the code assumptions and the results of the
break-flow post-test analysis were discussed in detail during a workshop
held together with the 1SP-23 participants on April 20th, 1988. It was
generally accepted opinion of the participants that the resuits of DRUFAN
analysis may serve as basis for the requested containment pretest

predictions.

2.3 The Analytical Task

Participants to the standard problem should simulate and predict the

thermo- and fluiddynamic processes within the HDR-containment, using



information given in /1/ and /2/ and additionally provided on occasion of
the two preparatory workshops. Of particular interest were the thermal
loads expected during the blowdown process and the long-term-temperatu-~
re and pressure behaviour afterwards. The predictions were requested as
"hest-estimate" simulations to allow the comparison with the measured re-

ality of an experiment.

Selected measured parameters which should be compared to corresponding

predicted parameters are listed in tables 1 to 3.

The predictive analyses were requested for the following time intervals

(for parameters specified by tables 1 to 3):

1) 0 £t 5.0 s short - term local pressurization

2) 0t 50 s midrange - period for global pressure
built-up and temperature evolution

3) 0st<1200 s long - term cooling and natural convection .
period.

The third period (05t<1200 s) is considered to be of particular importance
for the ability to predict the distribution of heat sources and heat sinks
which are decisive for a later simulation of gas and aerosol distribution

phenomena inside the containment.

As the participants have a variety of computer codes at their disposal
each participant was asked to provide some reference to the applied code
and to describe the specific models or correlations utilized for his calcula-
tions. In particular the nodalization of the containment building, the
nodalization of the structures, the chosen resistance coefficients were of
interest in order to show the background of the calculations and to allow
a better understanding of the results and the interpretation of the com-

parative plots.

2.4 Chronology

The experiment was proposed to the Working Group No. 2 on Breaks and

Transient in October 1986 to serve as an ISP basis and accepted. En-




dorsement by CSNI was given in November 1986 and the preparation of

the specification started.

Deadline for the submission of the "blind" predictions was 3 months after
the discussion of the "as measured” mass - and energy discharge rates
given to the participants at the Second Workshop, held on April 20th,61988
in Garching (FRG).

The exercise was performed according to the following time schedule

Endorsement by CSNI November 1986
Mailing of the specification May 15th, 1987
Nomination of Participants June 15th, 1987
First preparatory Workshop July 21-22, 1987
Execution of experiment T 31.5 December 7th, 1987
Communication of "as measured" discharge rates April 4th 1988
Second preparatory Workshop April 20th, 1988
Submission of calculated results July 20th, 1988
(latest date of postmark to mail the requested tape)

Preliminary comparison report March, 1989
Workshop to discuss Comparison Report April, 1989
Final comparison report June 1989
Report to CSNI-Working Group 4 October 1989

2.5 Performance of the Experiment

The HDR-experiment T.31.4 was originally offered for the OECD Interna-
tional Standard Problem ISP 23 as the basis for a "Blind" pretest predic-
tion. Due to the formation of an unexpected flow path during this
experiment the test had to be repeated to meet the requirements of the
ISP-23 specification. Experiment T31.5 was successfully performed
according to the specification /4/ on December 7th, 1987. A detailed de-
scription of the experiment and the experimental results are documented
in /7, 8/. Both reports have been distributed to the participants immedi-

ately after termination of the data locking period.

The blowdown of the energy reservoir (pressure vessel) was initiated by
an approx. 400 ms release of saturated steam after the break of a rupture
disc. The blowdown lasted for approximately 55 s discharging a mixture
of steam and water into the containment: in total 30500 kg mass with an




energy content of 5,4°104 MWs have been released during this period.
The accuracy of these integrals has been estimated to be in the range of
+5%. The obtained experimental data for the containment behaviour also by
cross check to the measured residual water mass in the RPV after blow-
down has been independently assessed with respect to its suitability for
the ISP-exercise and was found as an acceptable comparison basis for the
pretest predictions of I1SP-23.

Although executed in a different compartment configuration the experiment
'T31.5 is to a certain extent comparable to the experiment V44 which in
1982 served as the basis for the ISP-16 containment standard problem ex-
ercise. As a matter of interest figs. 2.7 and 2.8 have been inserted
which show the comparison of the local and overall pressurization ob-
served for the experiments V44 and T31.5. While the blowdown in experi-
ment V44 caused larger pressure differences to surrounding compartments
with a pronounced late second peak at 2.5 s the global pressurization of
the entire containment was very similar in both experiments V44 and
T31.5. The reason for the difference in compartment pressurization is
caused by the fact that the pipe rupture in V44 was simulated in com-
partment 1603 with a free volume of 280 m3 and a total of specified flow
area of 7.05 m2 while in T31.5 the compartment 1.704 with a free volume
of 793 m3 was connected by a specified total flow area of 5.96 m2 to the
rest of the containment. Although connected by a smaller total flow area
the local pressurization transient in compartment 1.704 was slower during
test T31.5 due to a larger volume of the compartment of rupture.
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3. SUBMITTED CONTRIBUTIONS AND APPLIED SIMULATION MODELS

In total 15 international institutions submitted pretest predictions for the
behaviour of the HDR containment under the specified operating condi-
tions and in conformity with the preset deadline at July 20th, 1988. Three
more institutions transmitted their results after termination of the data

locking period.

Table 4 gives an overview on the participating countries, the institutions
and the involved experts. An identifier has been given to each contribu-
tion to distinguish the results within the common comparative plots.

More information about the applied computer programs, the adopted nodali-
zation concept and some other details characterizing the empirical treat-
ment of important physical phenomena such as the water carry over, the
flow resistance and the heat exchange with associated containment struc-
tures are summarized by tables 5.1 to 5.4. It was the intention to obtain
this information from the reports requested from the participants describ-
ing their analytical modelling approach. With the exception of the contri-
bution M all other analytical simulation models were based on codes of the
lumped parameter approach. Participant M simulated the containment on

basis of a 3-dimensional gasdynamics code.

As evident from tables 5.1 to 5.4 a variety of containment codes were in-
volved in the activity. They formed the basis for the code user to gene-
rate his personal Analytical Simulation Model (ASM) which he considers
to be adequate for the requested prediction of physical events or pheno-
mena. The ASM includes the code user's choice of a suitable nodalization
scheme, of empirical correlations and/or constants to describe water
transport and flow resistance phenomena as well as the choice of time step
or convergence criteria to run the calculations. It is the ASM which is
compared to the experimental evidence, not just "the code". Therefore it
is important to include into this report also the nodalization concepts un-

derlaying the predictions.

Figs. 3.1 to 3.15 show nodalization concepts for the description of the
containment atmosphere as provided by the participants. Simplified as well
as very detailed nodalizations have been chosen. We find a variety of
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adopted concepts ranging between a system lumping together several com-
partments into one node and a subdivision of the large dome compart-
ment 1.1004 into a number of separate nodes, while also other physically
existing compartments were combined into one node. The variety of nodali-
zation concepts reflects to a certain extent the main focus of the partic-
ipants on which they were concentrating their predictions. E.g. is a
sophisticated nodalization of the big dome compartment a specific require-
ment for a successful simulation of a free convection field generated with-
in the dome area, while a detailed approach for the simulation of the vi-
cinity of the compartment of rupture is necessary to predict locally gene-

rated pressure differences more precisely.

Short term range predictions

The containment loading is initiated by a highly dynamic loading of con-
tainment structures close to the anticipated break. With the exception of
participant C all other participants predicted the short term local pres-
surization process inside and around the compartment 1.703 were the mass
and energy discharge into the containment was located. It is this part of
the predictions for which the empirical treatment of the water phase sepa-
ration (resp. the water carry over between compartments) and of the flow
resistance between compartments is very important. The simulation of both
phenomena is closely linked to the adopted nodalization scheme. A variety
of analytical simulation models generated on basis of lumped parameter
codes represents the free volume of the containment with a minimum of
9 and a maximum of up to 71 control volumes. The number of simulated
junctions varies between 18 and 180 depending of the sophistication of the
nodalization scheme. Participant M simulated the free containment volume
by 7360 finite difference mesh points each point representing volumes of

at least 1 m3.

Medium range predictions

The medium range simulation was aimed to predict the maximum global
containment pressure expected during the primary system blowdown. The
result is more or less influenced by the balance between energy dis-
charged from the primary system and the energy absorbed by containment

structures. Therefore the description of heat transfer processes becomes
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increasingly important. Here, the nodalization concept may have an impor-
tant interrelation with the chosen empirical heat transfer correlation. A
majority of participants applied the same nodalization scheme for short and
medium range predictions, while some participants preferred different
codes or code versions with a simplified simulation of the containment at-
mosphere. Participants B, D and K have not submitted predictions for the
medium range simulation as requested by the specification. Most of the
participants' reports were not informative in this respect. In order to fa-
cilitate a general conclusion about the ability of code users to make
best-estimate predictions more information was requested during the Work-
shop held in April 1989.

Long term range simulation

The third period of predictions ranging up to 1200 s served to improve
the understanding of the pressure decay due to inevitable heat absorption
processes by the containment structures and especially also to predict
natural convection phenomena during this period. In particular, the treat-
ment of natural convection inside the containment requires much sophisti-
cation in the preparation of the analytical simulation model in terms of the
number of applied control volumes and junctions. Any fluiddynamic calcu-
lation is strongly coupled to thHe description of local heat exchange pro-
cesses between the atmosphere of the containment and the confining
structures. The information provided by the participants in their reports
has been very scarce and additiorial information was requested on occasion
of the Workshop in April 1989 /36/.
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4. COMPARISON OF PREDICTIONS WITH EXPERIMENTAL RESULTS

For most of the parameters proposed for comparison according to tab-
les 1-3 individual comparative plots have been prepared and checked for
consistency with the diagrams provided by the participants in their indi-
vidua! analyses reports. The individual comparative plots have been di-
rectly mailed to the participants to allow a first overview on the success
of their own work. Approximately 1100 plots have been processed. The
large number did not allow to incorporate them into this comparison

report.

As usually done in standard problem exercises the submitted resuits have
been further processed generating common overlay plots. Due to the large
number of participants it was necessary to split the contributions into
4 groups of common overlay plots allowing a comparative interpretation of

each individual contribution.

Four groups of overiay plots have been specified for the discussion of the
short term range predictions. A differentiation has been made on basis of
the number of control wvolumes applied to simulate the fluid dynamic

events inside the free volume of the entire containment.

Group 1 comprises contributions based on an analytical simulation of the

entire containment by up to 13 control volumes.

_Group 2 comprises contributions utilizing between 14 and 32 control

volumes.

Group 3 comprises contributions for which the analytical simulation models

were based on more then 32 control volumes.

Group 4 comprises contributions which have been submitted after termina-
tion of the data locking period, thus being grouped as "post test analys-

es" regardless of the applied simulation concept.
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Number of <13 14-32 >32 Group 4
Control Volumes

B(12) A(14) c(57) w

F(9) D(22) H(36) Y

J(9) E(22) M(3-d) Y4

L(9) G(18) P(33) (Post Test

K(13) N(32) Q(71) Analyses)

Grouping of Contributions for Overlay Plots

4.1 Short term range predictions

The short term range prediction focuses on the local pressurization pro-
cess occurring in the vicinity of the energy release point. Figs. 4.1 and
4.2 show the comparison of predicted and measured absolute pressures
and temperatures for the compartment 1.704 (location of the simulated rup-
ture). Synthesizing the first 3 groups of overlay plots a surprisingly
large scatter may be observed for pre-test predictions involving consider-
able overpredictions as well as several underpredictions of the evolution
of the local pressure. The deviations between predicted and measured
temperatures for compartment 1.704 are somewhat smaller. The systematic
deviation of all predictions obsetrved during the first 600 ms can be asso-
ciated to the location of the thermocouple relative to the point of dis-
charge of the steam/water mixture within the compartment. It may be con-
sidered as representative for the motion of a steam front generated after

rupturing the disc initially closing the discharging pipe.

Figs. 4.3 and 4.4 show the comparison of predicted and measured pres-
sures and temperatures for the large dome compartment 1.1004 which is
the largest sub-volume of the HDR-containment. Here we see a pro-
nounced scatter of temperature predictions in relation to the selecled mea-
sured value which is again due to the inhomogeneous temperature
evolution inside this large compartment. Pressure predictions deviate to a
smaller degree, however the distribution of over- and underpredictions
follows the same frends as visible in figs. 4.1. This could be indicative
for a systematic overestimation of the energy input into the containment

by most of the participants. The discussion revealed that the majority of
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predictions were strictly based on the provided mass- and energy dis-

charge rates (see Sect. 2.2).

Figs. 4.5 to 4.8 show the comparison of the analytical predictions to se-
lected measured pressure- differences between the compartment 1.704 and
adjacent compartments. Considerable scatter between predictions and mea-
surement must be noted. It is interesting to compare the predictions of
analytical simulation models utilizing a small number of control volumes to
those predictions with more sophisticated models employing a larger num-
ber of control volumes. The simplified simulation obviously results in con-
' siderable overpredictions of generated pressure differences between the
compartment of pipe rupture and the rest of the containment while the
sophisticated models employing a very detailed subdivision of the contain-

ment exhibit a clear tendency for underpredictions.

Fig. 4.9 shows a comparison for a pressure difference generated more
downstream of the compartment of pipe rupture. By nature this is a small
pressure difference and the deviations between the predictions and the
measurement have also been smaller. An exception is the prediction K
which for unknown reasons is also inconsistent with the prediction by K

plotted in fig. 4.7.

Three measuring devices (DK1, DK2 and DK3) were installed to measure
the transfer of the components steam, air and water through selected
openings (see table 4). Only the measurements of DK2 yielded some mea-
sured information. DK1 failed and DK3 unfortunately was not connected to
the data acquisition system. It is generally accepted opinion, that the
transport of liquid water droplets is influential on the inertia resistance
during the early pressurization period. Fig. 4.10 compares the predicted
and measured liquid water mass flow rates. A minority of participants
submitted predictions which do not compare to the measured information.

However, also the measured flow rates are questionable.

There is little reason to believe that the rate of liquid water droplet flow
is only a small percentage of the total mass flow rate through this aper-
ture. According to the interpretation of the mass and energy discharge
rates into the containment one has to expect higher droplet flow rates at

times larger than 600 ms.
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The device DK2 is located in a downward connection to compart-
ment 1.603. It is therefore expected that any droplet separation caused
by gravitation would result in a droplet enrichment in the lower parts of
compartment 1.704. This should be a first argument against the interpre-
tation that the compartment, where the pipe rupture occurs, has excellent
phase separation properties during this early period of blowdown. Fur-
thermore, all simulation models based on the assumption of little or no
phase-separation (assumption of a homogenized two-phase flow) would
have to be revised in this respect if the measured water droplet fiow rate
would finally be proven as a true and reliable measurement. In this con-
text similar measurements obtained in other HDR-containment experiments
(T31.1, T31.2 and T31.3) should also be consulted. However, this prob-
lem requires more in-depth studies to assess the local nature of this pa-
rameter in view of the flow fields generated inside the compartment of
rupture. Existing open questions could not be resolved during the

Workshop.

4.2 Medium range predictions

A comparison of the pressure transient measured in the dome compartment
1.1004 with the submitted predictions is shown in figs. 4.11. The contain-
ment pressure reached a maximum at approximately 24 s after the simulat-
ed pipe rupture. The scatter of predicted maximum containment pressures
covers a range between 75 and 123 § of the measured maximum value. If
extreme deviations are excluded the majority of predictions ranges be-
tween 87 and 110 %.

Predictions and measurements of temperatures have been compared at sev-
eral locations (see figs. 4.12 to 4.15). The smallest scatter of temperature
predictions has been assessed for the break compartment 1.704 as shown
in figs. 4.12. Within the break compartment the measured temperature fol-
lows quite closely the saturation temperature corresponding to the tran-
sient pressure evolution. Excluding extreme deviations the scatter is in

the range of *10 K.

Quite different is the scatter of predictions for the temperature behaviour
of the big dome compartment 1.1004 at an elevation of 40 m. At this loca-

tion the temperature is approximately 30 K below the saturation
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temperature at the moment of maximum pressurization. This clearly is an
effect of the mixture of steam with air displaced from the area where the
steam-water mixture has been discharged. After the time of maximum
pressurization the deviations between measured and predicted tempera-
tures are in the range of #25 K being larger during the pressurization

period and becoming somewhat smaller afterwards.

Figs. 4.14 show the comparison of measured and predicted temperatures at
an elevation which roughly corresponds to that of the discharge pipe but
inside a compartment which is 180° opposite to the rupture compartment
1.704. For the first 30 s the temperature evolution follows very closely
the saturation temperature. Later on certain instabilities caused by an on-
set of convective flows become visible. The scatter of predicted tempera-
tures ranges between -45 K and +20 K if extreme deviations are not taken
account. Somewhat smaller deviations can be noted for the prediction of
the temperature inside compartment 1.307 which is located 20 m below the

compartment of rupture and 180° opposite to it.

The reasons for the deviations in temperature predictions must be seen in
the limited capability of the codes to simulate the transient evolution of
the local air/steam distribution. Simulation models employing a large num-

ber of control volumes show the tendency to do this job better.

In this context the capability to calculate the heat exchange between the
containment atmosphere and an adjacent structures is an important factor.
Figs. 4.16 and 4.17 are informative. Only approx. half of the participants
submitted the prediction of heat transfer coefficients which should be
compared to coefficients deviated from temperature measurements taken
from several lead blocks installed inside selected compartments. No partic-
ipant succeeded to predict heat transfer coefficients as measured inside
the compartment 1.704 and only 1 participants was successful to predict a
heat transfer coefficient comparable to the measured value from the heat
transfer block in compartment 1.307 for the first 12 s. This result must
be seen in connection with the quality of predictions of the atmospheric

temperatures and local air/steam ratios in both compartments.
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4.3 Long term range predictions

ISP-23 was particularly focusing on the post-blowdown behaviour of the
containment atmosphere and structures. Compared to ISP-16 a much larger
number of parameters has been specified to be analytically predicted and
compared with measured time functions. Containment atmospheric tempera-
tures, temperatures of structures, natural convection flows and heat
transfer coefficients are characterizing to a certain extent the interaction
of heat absorption and -desorption with the fluiddynamic events in the
free atmosphere. Nevertheless, the number of selected parameters must be
considered as a necessary minimum to assess the capabilities of the codes
to correctly simulate these phenomena.

Figs. 4.18 show the comparison between the measured and predicted glob-
al pressure transient of the containment up to the time of 20 min, the
time after which the experimental simulation of the hydrogen distribution
problem started. The pressure decays from its maximum value of
0.248 MPa to a value of 0.128 MPa reducing the overpressure of the con-
tainment to 19 % of its maximum value within this period of time. Disre-
garding the prediction by participant B (caused by input error) the scat-
ter of predicted absolute containment pressures at the end of the predic-
tion period ranges between 0.179 MPa and 0.116 MPa (between 90 % and
137 % of the measured value). This range of prediction is already indi-
cative for the integral capabilities of all involved codes to simulate
the overall heat absorption by the containment structures during the
post-blowdown period.

More insight into the problem of a correct analysis of the post-blowdown
atmospheric conditions inside the containment atmosphere is obtained from
an assessment of the temperature predictions. The influence of the non-
condensible component air causes more and more disequilibrium between
the water phase and the steam/air-gas phase resulting finally in a pro-
nounced temperature stratification over the height of the containment. A
stable temperature distribution can be recognized from the measured dif-
ference of roughly 40 K between the lowest and highest temperature sen-
sors processed within this comparison. Most participants submitted
predictions of the atmospheric conditions inside the containment. Address-
ing the more detailed understanding of heat exchange processes between
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the atmosphere and adjacent structures and the evolution of convective

flows only a minority of participants attempted a prediction.

Figs. 4.19 to 4.23 show the comparisons of selected measured and pre-
dicted temperatures at various elevations of the containment. Depending
on the location for which the predictions have been made the deviations
between locally measured and predicted temperatures are of comparable
magnitude. Disregarding the non-plausible prediction of participant B the
" deviations amount up to values of 60 K with a decreasing tendency to-
wards the end of the prediction period and being somewhat smaller for
the dome compartment 1.1004 and the break compartment 1.704. Qualita-
tively seen predictions with more sophisticated nodalization concepts show
somewhat smaller scatter of calculations than those with more simplified

nodalization concepts.

Only a minority of participants attempted to predict other locally specified
parameters like the temperature evolution of concrete, the steel shell and
associated heat transfer coefficients or the convection velocities measured
by turbo flow meters. Therefore the following figures required no more
grouping of the generated overlay plots. In general, only the participants
with sophisticated models suitable for long term range predictions submit-
ted calculated results. Codes utilized for these predictions were RALOC,
HECTR, ARIANNA, MELCOR and CONTAIN besides the 3-d code HMS.
This is a group of codes preferably used to simulate the hydrogen distri-

bution during severe accident scenarios.

Figs. 4.24 to 4.29 show the comparisons of predicted concrete tempera-
tures with temperature transients measured at specified locations. Many
predictions deviate from the measurements, the deviation becoming smaller
towards the end of the prediction period. Questions may arise with re-
spect to the relevance of the temperature measurements taken from the
so-called "concrete heat transfer blocks" which obviously were operated
under very specific cooling conditions. A similar concern exists with re-
spect to the comparisons of predicted and measured heat transfer coeffi-
cients shown by the group of figures 4.30 to 4.33. With the exception of
the heat transfer coefficient CQ1438 the other three coefficients have been
assessed from temperature measurements obtained with lead blocks and

must not be interrelated to the quality of predictions submitted for the
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concrete temperatures. Nevertheless it can be stated, that the predictions
of heat transfer coefficients did in general not match the measured maxima
observed during the first 100 s. Some more in-depth studies are required
for an assessment of the reliability of the indirectly measured heat trans-
fer coefficients before the comparison shown in figs. 4.30 to 4.33 should
lead to a recommendation for necessary improvements of the analytical

simulation methods for heat transfer processes inside containment systems.

Another interesting group of predictions was devoted to the behaviour of
the steel shell at selected positions during this experiment. Figs. 4.34 to
4.37 show the comparisons of predicted and measured steel shell tempera-
tures which a minority 5 participants submitted. The corresponding heat
transfer coefficients between the atmosphere and the steel shell are shown
in comparison by figs. 4.38 to 4.41. Again it can be observed that during
the early phase of the experiment the heat transfer coefficients were
underpredicted but not to the same degree as obvious from figs. 4.30 to
4.33 for the containment internal heat transfer blocks. A markable scatter
between predictions and measurements can also be observed from the com-
parisons of the computed fluid temperatures associated to the locations for
which the steel shell temperatures have been simulated. The results are
shown in figs. 4.42 to 4.46. The strong oscillatory behaviour of the mea-
sured fluid temperatures in the upper compartment 1.1004 may be indica-
tive for natural convection motions during the earlier phase of the
simulated period. These oscillations are less pronounced for the lower

compartments.

An attempt has been made to measure natural convection flows at specified
locations by the use of turbo flow meters. The discussion of these mea-
surements in comparison with the predictions must be seen under the ca-
veat that the turbo flow meters had been strongly impacted by preceding
oil fire experiments resulting in a considerable deposition of soot. In gen-
eral, it has been stated by the experimentalists that values below 0,2 m/s
have a high degree of uncertainty. Thus, the comparison of the predic-
tions may be particularly interesting with respect to the scatter of sub-
mitted predictions rather than in terms of deviations to measurements.
The group of figs 4.46 to 4.50 is in so far an interesting information.

The scatter of the predictions and eventually the deviations to measure-



ments may be in consistence with the scatter of predicted atmospheric

temperatures inside the containment as discussed above.

The assessment of the "as-measured" temperature distribution within the
containment supports the assumption that a rather stable temperature
stratification existed during the experiment leaving little chance for pow-
erful convection flows. Pending a possible future discussions of error
bands associated to the measurements it has been found that the submitted
calculations predicted in general more powerful local convective flows

than actually may have existed.
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5. DISCUSSION OF THE RESULTS

The containment standard problem ISP 23 activity was the last exercise in
a series of OECD-CSNI sponsored containment standard problems preceded
by CASP1 /28/, CASP2 /29/, CASP3 /30/, ISP16 /31/ and I1SP17 /32/.

CASP3 was based on a very small-scaled fundamental experiment focusing
primarily on the heat exchange with confining steel structures while 1SP17
was based on an experiment involving typical pressure suppression system
containment phenomena. ISP23 may be discussed along the same line as
ISP16, CASP2 and CASP1, all involving the typical phenomena and fea-
tures of the PWR containment pressurization processes which constitute
the general design basis of containments. Additionailly, 1SP23 may also be
considered as a linking step into the verification of long-lasting processes
relevant for risk assessment. The connecting OECD-activity in this direc-
tion was the benchmark activity devoted to assess the analytical capability
to predict the combustible gas distribution in large dry containments
sponsored by the OECD-CSNI Task Group on Ex-Vessel Thermal-Hydrau-
lics (CSNI-Report 143 - Gas Distribution Sub-task /33/).

As evident from the presentations in Section 4.1 the scatter of prediction
in comparison to the measured parameters characterizing the local short
term pressurization of a containment is comparable to the deviations ob-
tained from earlier exercises of this nature. This observation is based on
the general picture of the entirety of predictions submitted by the ex-
perts and on the anticipation that the experts applied codes which are
considered as suitable to analyze the short term pressurization effects.
What makes the comparison between the ISP23-resuits and those of the
earlier standard problems more difficult is the fact, that several new
codes were involved in 1SP23, which did not yet exist or were not applied
in previous activities. However, the assumption is justified that the
new codes should incorporate most of the experience obtained with earlier
versions or precursing codes and are thus reflecting the analytical state
of the art nowadays. We should also remind that the ISP-23 predictions
were (with a few formal exceptions marked as "Post-test analyses") sub-

mitted as "blind" pretest-predictions.
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A detailed analysis of the results and the reasons for deviations of each
individual submission was beyond the scope of this comparison report.
Each participant received his individual comparison plots to facilitate his
own early assessment of his results. Several participants undertook post
test analyses to explain shortcomings. Son;e results have been communi-
cated during the Workshop in April 1989 /36/.

The overall picture of the exercise is indicative for modelling limitations
in terms of achievable predictive accuracy of this kind of simulations.
There are several reasons for such limitations:

- Computer codes simulating the containment pressurization process re-
quire input parameters which are empirical in nature and must be de-
rived from relevant experiments. Such parameters are given as
correlations or simple factors describing the water droplet carry-over,
the flow resistance between adjacent compartments and the interrelation
of both complex phenomena with the adopted nodalization concept for
the given structural facts.

- Also, the 3-D thermohydraulic code HMS was applied with a finite dif-
ference mesh arrangement too coarse for a proper simulation of filow
resistance effects in particular for the compartment of rupture. A
much more refined grid would be necessary to capture the highly tran-
sient local flow effects without a need for tuning. Otherwise empirical
fits similar to the simulation concepts for local flow resistance within
the lumped parameter codes are required.

- As the empiricism has mostly been derived from small scale experiments
an impact of scaling effects on large size reactor predictions cannot be
excluded.

- Concerning the proper choice of the empiricism necessary to describe
the particular conditions of the HDR containment some experts may
have had a profit from assessing the results of ISP16 and/or other
HDR-blowdown experiments. We may consider this as a learning effect
relevant for the specific characteristics of the HDR containment.

- The application experience of the code users is seldom exchanged be-

tween the involved experts.

The observed scatter of the deviations between the required "best-esti-
mate" predictions and the measurements has some relevance also for the

use of the codes in licensing procedures. It continues to justify the
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instructions layed down within the rules and requirements of national li-
censing procedures to warrant the conservatism of calculated results used
in the design decisions and safety assessments. It is concluded that great
care must be exercised if rules and guidelines allow the incorporation of

the experimental evidence obtained from experimental facilities.

The medium range predictions (Section 4.2) resuited in an overall picture
which is not to much different from the overall picture obtained for the
short term range predictions. Compared to ISP16 the scatter of predicted
pressure maxima has become somewhat larger than obtained for earlier ex-
ercises. Again it must be noted that 1SP23 was a "blind" pretest predic-
tion while the preceding OECD-CSNI standard problems were officially run
as "open" post test analyses. In so far the overall quality of the pressure
prediction may be qualified as "reasonably good". However, the predic-
tions of the temperature distribution throughout the containment suffer
from the well-known shortcomings of the codes to accurately simulate local
and overall non-equilibrium effects existing between the gas/steam phase

and the locally deposited or condensed water.

Concerning the long term range predictions (Section 4.3) the original goal
was not completely achieved. Although the overall quality of the pressure
decay prediction may be ranked as '“reasonably good" the assessment of
the predicted natural convection behaviour and the observed temperature
stratification is rather difficult. A large number of parameters are neces-
sary and have been measured. However, only a limited number of mea-
sured atmospheric or structure temperatures were requested for the
analytical prediction. Out of these again only a small part was proc-
essed by comparative plots. On the other hand, even an increased number of
temperature comparisons would riot be enough to judge about an adequate
simulation of the generated temperature stratification. The simulation of
the heat exchange process between the containment atmosphere and the
structures is another important element of judgement which is again ham-
pered by certain questions regarding the compatibility of temperature and
heat transfer comparisons. Concerning natural convection flows questions
have been raised whether the available temperature measurements can
form a sufficient basis for a conclusion with respect to the analytical sim-

ulation capabilities.
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A synopsis of all long term range predictions (pressures, temperature
distributions, local heat transfer coefficients and local velocity measure-
ments) nevertheless gives a consistent picture. The scatter of tempera-
ture predictions corresponds to the shortcomings in the prediction of heat
transfer coefficients and vice versa. Exce;;t for the early phase immedi-
ately after the blowdown a stable temperature distribution existed leaving
. little possibility for the formation of convective flows during the latter
period of the experiment. In so far, most of the submitted calculations

. ‘obviously predict higher than measured local flow rates.

In this respect, the discussion of the submitted predictions of the consec-
utive hydrogen distribution experiment were of utmost importance. As ex-
pected, the predicted distribution of gas concentrations were closely
linked to the quality of predictions of the natural convection phenomena

observed for this standard problem.

The discussion of the results of the post test analyses confirmed the pre-
liminary assessment of the submitted "blind" pre-test predictions. Addi-

tional probleme were addressed:

- Most presentations dealt with post test analyses attempting to improve
the temperature predictions for various elevations. The analytical simu-
lation of the heat exchange between the fluid and the structure is a
decisive element to get a correct temperature distribution over the
height of the HDR containment.

- Buoyancy-driven natural convection flows may have been influenced by
an actually existing flow split. Two convection circuits have been
assumed to prevail during the long term range period. (This assump-

N tion was confirmed during the later discussion of the measured hydro-
gen concentrations of the consecutive hydrogen distribution experi-

N ment).

- Some participants experienced the need to analyse numerical conver-
gence with respect to the thickness of heat exchanging containment

structures.

- The importance of a correct simulation of the preceding blowdown

event for an improved simulation of the later natural convection pro-

|
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cesses has been recognized by several participants during their post
test analyses.

- Many presentations dealt with the sensitivity of long term caiculations
with respect to the applied fluiddynamic nodalization schemes. Certain
minimum requirements for the simulation of natural convection circuits
should be kept in mind to avoid the generation of nodalization concepts
totally inappropriate for this purpose. The coupling of two adjacent
calculational cells (nodes) by more than one junction and the question
of the most appropriate treatment of geodetic elevations by input data
has been discussed in some length.

Some participants submitted short complementary reports on their post
test analyses, the results of which were presented at the Workshop. They
have been included as specific Appendices A, B, K, N, P, Q and Y (in
consistence with the identifiers given in table 4) for information
purpose.




6. CONCLUSIONS AND RECOMMENDATIONS

N o

y

The submitted contributions and the discussion during the Workshop
showed that the main interest in performing this ISP exercise has shifted
from the traditional issues related to Desig'n Basis Accident phenomena to
the questions pertinent for the analysis of severe accident situations.
Risk analyses require a "best-estimate" prediction of the containment flow
behaviour over long periods of time to support the expectations concern-

ing the hydrogen behaviour and the long term pressure evolution.

New codes have come up for which I1SP23 offered the first opportunity for
an assessment of its capabilities in comparison to an experiment. Having
in mind the results of earlier exercises with respect to the DBA related
issues (local pressurization, prediction of the pressure maximum) the dis-
cussion of the resuits of ISP23 confirmed the highly empirical way how to
use the containment codes. More code user guidance would be helpful to
shorten the necessary period for newcomers to gain experience in the

simulation of containment internal events.

At was found, that some code manuals give a very detailed overview on
available options but little information is transmitted how to use them.
This becomes more pertinent the more sophisticated the offered code sys-

tem is.

Compared to earlier containment |ISP-exercises the scatter hetween predic-
tions and the measured parameters has not become smaller. It was con-
cluded that a certain saturation in the state-of-the-art to describe the
traditional DBA effects has been reached. Any further increase in the ac-
curacy and reliability of code predictions wogg,d require a number of sepa-
rate effect tests in various fields to investigate in detail water transport
and flow resistance phenomena occurring in the vicinity of the assumed
coolant line rupture location. Such detailed studies cannot be performed
on basis of large integral tests but would require more fundamentai

research.

The analysis of the long term behaviour of the containment after termina-
tion of the blowdown process suffers from the limited capability to simu-

late the heat exchange between the containment atmosphere and the
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containment structures. The temperature evolution of the sump water and
the associated condensate distribution throughout the containment may al-
so be addressed as important processes requiring improvements in the ana-

lytical simulation.

Summing up, the following recommendations were unanimously accepted by

the participants of the exercise:

1. Another International Standard Problem focusing on the traditional De-
sign Basis Accident - related questions is not considered necessary

for the time being.

2. Participants were encouraged to continue with post-test analyses of the

experiment T31.5.

3. To improve the code application experience within probabilistic risk an-
alyses the participants felt a strong need for more experimental evi-
dence and recommended the execution of another International Standard
Problem focusing mainly on long lasting natural convection effects. A
small break LOCA blowdown with a up to 24 h period of predictions of
natural convection phenomena was recommended as a boundary condi-

tion for a desired experiment.

4. The application of traceable gases for such an experiment was ad-
dressed. This may considerably improve the quality of the comparisons
between predictions and the observed behaviour of a test rig. For
ISP23 it was found that the comparison of generated temperature
fields necessarily is restricted to a small number of points in space
and thus may be burdened by the local nature of the selected tempera-
ture sensor and its representativity for the associated gas wvolume.
The measurement of traceable gas concentrations may compensate existing
problems of the interpretation of local temperature observations yield-
ing a better integral confirmation of the predictive capabilities of

codes to describe natural convection flows and gas mixing processes.

5. A continuous post-test analysis of this and former ISPs (CASP1,
CASP2, CASP3 and ISP16) is recommended to generate experience in
code application for the traditional DBA-issues if newcomer experts

must be trained in code application. The establishment of a containment

|
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code validation matrix should be an important high priority task for the
Principal Working Group PWGA4. It should include the ISP-related experi-

ments in particular.
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in Large Dry Containments

CSNI Report No. 143, Nov. 1987

1.E. idelchik:

Handbook of Hydraulic Resistance;

AEC-TR-6630 (1966); see also: 2nd Edition, Hemisphere Publishing
Corp. 1986

VDi-Warmeatlas
Berechnungsblatter fir den Warmeilbergang
VDI-Veriag 1974

Summary Record of the Workshop on International Standard Problem
Exercise 23; Garching, 12.4.89, SINDOC(89)7
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Compartment Transducer Parameter
Code
1.704 CP 7403
1.704 CP 7406
1.603 CP 6302 Absolute
1.1004 CP 401 Pressures
1.602 CP 6202
1.704 - 1.903 CP 7414 ¢
1.704 - 1.707 CP 7415
1.704 - 1.701 oben CP 7401 Pressure
1.704 - 1.1004 CP 402 Differences g
1.704 ~ 1.603 CP 6303
1.704 - 1.804 CP 7402
1.603 - 1.611 CP 6301
1.603 - 1.605 CP 6308
1.704 CT 7403
1.704 CT 7405
1.708 CT 8404 Temperatures
1.1004 CT 404
1.603 CT 6302
1.704 - 1.603 CV 5274
1.704 - 1.804 CV 5174 Mixture
1.603 - 1.708 CV 5063 Velocities
CWw 2174
1.704 - 1.804 failed CW 3174 (DK 1) Mass Flow
CW 4174 Rates
CW 2274 Steam (2....)
1.704 - 1.603 CW 3274 (DK 2) air (3....)
CW 4274 water (4....)
CW 2063
1.603 - 1.708 not connected CW 3063 (DK 3)
CW 4063
Table 1 Measured Parameters Proposed for Comparison to

Analytical Predictions (Short-term Range 0-5s)
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Compartment Transducer Parameter
Code

1.1004 CP 401

1.704 CP 7403 Absolute

1.602 CP 6202 Pressures

1.704 CT 7403

1.704 CT 7405

1.1004 CT 404

1.1004 CT 403

1.307 ‘ CT 3708 Temperatures

1.307 CT 3712

1.307 CT 3713

1.804 CT 8402

1.603 CT 6302

1.902 CT 9203

1.704 CQ 1274 Heat

1.603 CQ 1263 Transfer

1.307 CQ 1237 Coefficients

Table 2 Measureﬂ Parameters Proposed for Comparison to

Analytical Predictions (Medium Range 0-50s)
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Compartment Transducer Parameter
Code

1.1004 CP 401 Absolute

1.602 CP 6202 Pressures

1.511 CT 1105

1.305 CT 3501

1.704 CT 7403

1.704 CT 7405

1.1004 CT 404

1.1004 CT 403

1.307 CT 3708 Fluid

1.307 CT 3713 Temperatures

1.307 CT 3703

1.804 CT 8402

1.611 CT 6622

1.603 CT 6302

1.902 CT 9203

1.606 CT 6608

1.1004 CF 431

1.1004 CF 432

1.1004 CF 435 Velocities

1.1004 CF 436 (Turboflow-

1.707 CF 7702 Meter)

1.804 CF 8404

1.503 CF 5301

1.707 - CQ 1277 Heat Transfer

1.603 CQ 1263 Coefficients

1.606 CQ 1266 to a-Blocks

1.305 CQ 1438

1.611 CS 6601

1.804 CQ 3484

1.707 failed CQ 3477 Concrete

1.704 CQ 3474 Temperatures

1.611 CQ 3466

1.403 CQ 3446

Table 3/1 Measured Parameters Proposed for Comparison to

Analytical Predictions (Long-term Range 0-1200s)
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Compartment Transducer Parameter
Code

1.1004 CT 488 Temp. Fluid

CT 492 Temp. Fluid

CQ 1012 HTC

CQ 1016 HTC
1.307 CT 3711 Temp. Fluid

CT 3712 Temp. Fluid

CQ 1022 HTC Heat Transfer

CQ 1024 HTC to

Steel Shell

1.804 CT 8404 Temp. Fluid

CQ 1023 HTC ’
1.611 failed CQ 1025 HTC
1.1004 OA 16
1.1004 OA 12 Temperatures
1.307 0A 22 Steel Shell
1.307 0A 24 (outside)
1.804 0A 23
1.611 failed OA 25
Table 3/2 Measured Parameters Proposed for Comparison to

Analytical Predictions (Long-term Range 0-1200s)




\

- 40 -
Institutions Experts Identifier Report
CANADA
Atomic Energy of Canada Limited J.M. HOPWOOD A /9/
Mississauga, Ontario M. COLLINS
FRANCE R
Commissariat Energie Atomique, IPSN R. POCHARD Y /27/
Fontenay-aux-Roses M. VIVIANDE N
Electricite de France, SEPTEN G. HOUDAYER B /10/
Villeurbanne M.H. BOSCHIERO
FRG
Gesellschaft fiir Reaktorsicherheit B. HUTTERMANN C -
Kdln B. SCHWINGES
Siemens AG, UB KWU L. SLEGERS D -
Offenbach
INDIA
Bahba Atomic Research Center V. VENKAT RAJ E /13/
Trombay, Bombay
ITALY
Universita degli Studi di Pisa F. ORIOLO F /14/
Pisa
JAPAN
Japan Atomic Energy Research Inst. KUNIHISA Z -
Naka-gun, Tokai-Mura SODA Ph.D. v
NETHERLANDS
ECN-Energy Research Foundation B.M. VAN W
Petten MEULENBROEK

Table 4: Participating Countries, Institutions and the Involved Experts



- 41 -
Institutions Experts Identifier Report
SPAIN

Universidad Politecnica de Madrid J. BARON G -
Madrid

SWEDEN

Studsvik Energiteknik AB L. NILSSON H /16/
Nykoping

UNITED KINGDOM

Winfrith Atomic Energy Establishment H.W.L. PORTER J -
Dorchester

National Nuclear Corporation (NNC) D.B. UTTON K -
Warrington

Central Electricity Generating Board K.H. ARDON L /20/
Barnwood

UsA

Los Alamos National Laboratory J. TRAVIS M /21/
Los Alamos

Sandia National Laboratories S. DINGMAN N /22/
Division 6418, Albuquerque

Sandia National Laboratories J. TILLS P /24/
Division 6429, Albuquerque

Sandia National Laboratories L.T. PONG Q /25/

Division 6427, Albuquerque

Table 4 (cont.): Participating Countries, Institutions and the Involved Experts
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FIGURES
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Fig. 2.1:

K-K 30,85m

J=J 25,3m

H-H 22 .3m
G-G 18.0m

18Q°

Vertical Cross Section of the HDR-Containment
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Fig. 2.2: Sensor Locations
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Fig. 2.3:
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Fig. 2.4: Sensor Locations
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Fig. 2.8: Global Pressure Evolution for ISP16 (V44) and i1SP23 (T31.5)
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Fig. 3.7:

Nodalization based on the HECTR 1.5 Code (Participant H)
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Fig. 3.8: Nodalization based on the CLAPTRAP Code (Participant J)
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Fig. 3.9: Nodalization based on the TMD Code (Participant K)
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Fig. 3.10: Nodalization based on the CONTEMPT4/MODS Code (Participant L)
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Fig. 3.11: Nodalization based on the MELCOR Code (Participant N)
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Fig. 3.12: Nodalization based on the CONTAIN 1.1 Code (Participant P)
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Fig. 3.13: Nodalization based on the HECTR 1.5 Code (Participant Q)
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Fig. 3.14: Nodalization based on the CONTAIN 1.1 Code (Participant W)
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OECD Standard Problem ISP-23 (Short—term Range)
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OECD Standard Problem ISP-23 (Short—term Range)
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OECD Standard Problem ISP—23 (Short—term Range)
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OECD Standard Problem ISP-23 (Short—term Range)
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OECD Standard: Problem ISP—23 (Short—-term Range)
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OECD Standard Problem ISP-23 (Short—term Range)
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OECD Standard Problem ISP—23 (Short—term Range)
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OECD Standard Problem ISP—-23 (Short—term Range)
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OECD Standard Problem ISP-23 (Short—term Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP—-23 (Medium Range)
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OECD Standard Problem ISP—23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)

°.
]
S
,ﬁ-—\
g / . \
e 8
8 —
K
M g "'"""'."—-.-—--.
§¥
=
£ o
iy
(-]
o LECEND
I+ N
£ o O EXP - CT 404
& 8- & BBB - CT 404
& X FFF - CT 404
o © JIJ - CT 404
g ® LLL ~CT 404
0.0 10.0 20.0 30.0 40.0 50.0
Time (sec)
Comparitment 1.1004 (40 m)
NALF FIG.3 02/2v/89 09106351
Figures 4.13
OECD Standard Problem ISP-23 (Medium Range)
Q
[~
3

\
/

\
\\\.
]

33I0.0

LECEND
O EXP ~CT 404
& AAA - CT 404
X EEE - CT 404
© CCC - CT 404
® NNN ~CT 404

I

Temperature (Grad Kelvin)
X
3

300.0

l

270.0

0.0 100 20.0 30.0 400 50.0
Time (sec)

Compartment 1.1004 (40 m)
NALG FI1G.3 02/2v/89 09307122




- 93 -

OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problern ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium. Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP—23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Medium Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP—-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problemn ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP—23 (Long—term Range)
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OECD Standard Problem ISP—-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP—23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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0ECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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l OECD Standard Problem ISP—23 (Long—term Range)
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QOECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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OECD Standard Problem ISP-23 (Long—term Range)
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