CSNI Report No. 162

General 'Distribution

COMPARISON REPORT OF
THE OECD/CSNI INTERNATIONAL STANDARD PROBLEM 21

(PIPER-ONE EXPERIMENT PO-SB-7)

Volume 2

EVALUATION OF CODE ACCURACY
IN THE PREDICTION OF ISP 21

November 1989

COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

OECD NUCLEAR ENERGY AGENCY
38, boulevard Suchet, 75016 Paris, France

—-



UNIVERSITA' DEGLI STUDI DI PISA
DIPARTIMENTO DI COSTRUZIONI

MECCANICHE E NUCLEARI

EVALUATION OF CODE ACCURACY IN THE
PREDICTION OF OECD/CSNI ISP 21

PERFORMED IN PIPER-ONE APPARATUS

W. Ambrosini
R. Bovalini
F. D'Auria RL 389(89)

OECD/CSNI Final Workshop on ISP 21
Pisa (I), April 13-14, 1989

Work performed within the framework of the

ENEA safety research programme.

24 040







ABSTRACT -

The present report shows the resuits of the application to ISP 21 calculations of a method devel-
oped at DCMN for the quantification of the accuracy of code predictions.

The main features of the method are described. The method is qualified through the applica-
tion to relevant sample problems.

Finally, the considerations outcoming from the analysis of ISP 21 calculations are used to draw

preliminary conclusions on the suitability of the method.
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1. INTRODUCTION

The reliability of the predictions obtained by thermalhydraulic system codes, adopted for safety
analyses of Nuclear Power Plants (NPP), is the result of many factors involving ccde features and
user experience. The most important items are the number and the type of balance equations, the
constitutive models, the numerical method, the characteristics of the nodalization developed to
d‘escribe a complex geometrical system.

The main objective of the code qualification process, including the developmental assessment
and the application to tests performed in separate effects and integral facilities, is the definition

of the acceptability of the code itself. This requires the solution of two main problems :

e the first one concerns the evaluation of the "accuracy” of a code in the prediction of the sce-
nario of tests performed in scaled facilities;
* the second is related to the definition of the "uncertainty” in the evaluation of the behaviour

of the full scale NPP.

- The reactors are characterized by geometrical dimensions much larger than those of the ex-

perimental facilities; limited information is available from measurements in NPP. So, scaling
problems must be solved in going from accuracy to uncertainty.

Large efforts are in progress in the international framework in order to develop objective cri-
teria to be used in the code qualification process (CSNI, ICAP, national activities). Difficulties occur
in this context, even due to the lack of an accepted approach to the problem, mainly concerning

the following aspecits :

1. the uncentainties present in the experimental measurements of physical quantities taken as
reference for code calculations;
2. the effect of the user experience in the selection of code options and in the development of

nodalizations for complex facilities;




3. the need of engineering judgement in the definition of variables to be considered of great im-~
portance for safety of NPP, i.e. to be calculated by codes;
4. the lack of an objective basis to extrapolate phenomena measured or foreseen considering

small scale facilities in order to achieve information about full scale plants.

The present work is concerned with the evaluation of the accuracy of the blind calculations of
the PO-SB-7 test /1/, performed at the University of Pisa on the PIPER-ONE experimental apparatus
and selected as CSNI International Standard Problem 21 (ISP 21) /2/. The study has been per-
formed adopting a method, developed at DCMN and previously applied to ISP 18 calculations /3/,
which is claimed to have some capabilities in guantifying the errors in code predictions with re-
spect to the measured experimental signal. The method uses the Fast Fourier Transform in order
to have an integral representation of code discrepancies in the frequency domain.

The objective of the present document is to describe the above methodology and to present

the main conclusions obtained in the application to ISP 21 caleulations.




2. PREVIOUSLY DEVELOPED METHODS FOR THE
QUANTIFICATION OF CODES ACCURACY

In the period 1985-1986 several proposals were presented at CSNI aiming at the quantification of
code accuracy and uncertainty. References /3-6/ report some of the proposed techniques, that are
briefly described hereafter.

The integral approach suggested by Pochard and Porracchia /6/ is based on the definition of

an “error function” defined by

1 [oar,
AE(t) = E‘J; 1Feaic — ":empl at M

in which t is the time, At is the selected time interval and F.,.. and F., are the calculated and the
experimental values of the addressed variable F

Although the proposed error function gives an integral representation of the behaviour of a
code in the calculation of a variable, it seems that the definition adopted is too conservative be-
cause of the absolute value. This limitation can lead to misleading information, especially in the
case of oscillating functions. Moreover, engineering skill is required in fixing At.

In the attempt to overcome these problems, a new error function was proposed at DCMN /3/

on the basis of the relationship :

D) = 0 2
Fexp(t) :
where
t
EN =+ f (Featc — Fexp) Ot @®)
0

The instantaneous values of D(f) give an idea of the percentage error of the calculation; maximum
and minimum values can be used to quantify the accuracy of the code in the calculation of the
addressed variable. Besides, by-defining the value :

Dy =max{IDpmax! . 1Dminl} ' @




for each considered variable, it is possible to obtain an unique value characterizing the cade cal-
culation {Calculation Behaviour Reference Value, CBRYV), defined by the following relationship :

Mo
CBRV = Z(o,,,)j ) ¥
var =

It can be noted that the use of the new error function D(t) is restricted to variables which do
not assume the zero value; therefore, a number of interesting variables, e.g. flowrates and levels,
cannot be dealt with by this approach.

Both the methodologieé were applied to sc-ae sample problems and to selected blind calcu-
lations of ISP 18 (LOBI A2-81) /3-4/. The two approaches were not considered completely satis-
factory. In particular, the definition of the D(f) appears not to have a rigorous mathematical basis
and has no absolute value in order to judge code performance.

Further attempts were performed to give a more sound basis to the definition of the error

function. These attempts involved :

e the study and the application of other two error functions based on the relationships :

E()

Dy =~ (5)
TJ;F”’ dt
1/p
t p
'F calc ™ F mpi at
. 0
Dy(t)= N 6
p
I [Fexpl ™ at
0

in which E(f) is defined by eq. (3)and p = 1, 2,3, 4;

e the adoption of some techniques used in assessing air poliution models /7-9/.

These activities led to improvements in the evaluation of accuracy /3/. Notwithstanding this, the

used procedures still involved empiricism and were judged not completely satisfactory. Therefore,
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a new approach has been studied. Its most important features are described in the following sec-

tion.




3. DESCRIPTION OF THE ADOPTED METHOD

3.1 Method development

The need was felt for a more complete representation of the discrepancies between the exper-
imental and the calculated trends. In principle, the original information about the accuracy of a

given calculation is obtained by the curve of the difference

AF() = Fcalc(t) - Fexp(l) (7)

In the definition of one or more “figures of merit” giving a synthesis of this instantaneous informa-
tion, it is necessary not to loose interesting details, in order to avoid misleading conclusions. The
ideal definition should be capable of identifying uniquely a given difference curve allowing, as far
as possible, to distinguish it from all different trends. Of course, it is very difficult to find a proce-
dure satisfying this requirement, especially when searching for functions expressing all the infor-
mation through a single value; therefore, it is worthful to consider procedures leading to more than
one value to characterize the code calculation.

In this respect, integral formulations as those outlined in the previous section preserve only
part of the information required to properly compare experimental and calculated trends. As an
example, there are several possible curves giving a same values of D,, .

Trying to overcome these problems, the suitability of the Fourier analysis for the definition of
one or more values characterizing the accuracy of code calculations was investigated. It is well
known that the Fourier Transform can translate a given function of time, g(f), in a corresponding

compiex function defined, in the frequency domain, by the relationship :
~ +o0o i
50=] o) " ®
—oo
In the following, it is assumed that the experimental and caiculated trends to which the Fourier

Transform is applied satisfy the analytical conditions required by this application; i.e., it is assumed

that they are continuous in the considered time intervals (or discontinuous only in a finite number




of points) with their first derivatives and their absolute value can be integrated in the interval
(— oo, +o00). This last requirement, can be easily fulfilled in our case, since the addressed

functions assume values different from zero only in intervals (0, T). Therefore

.
50=[ o0 e ot ©
0

When using functions sampled in digital form, the Fast Fourier Transform (FFT) can be used.
The FFT is an algorithm which allows a fast evaluation of Fourier Transform of flfnctions identified
in digital form by a number of values which is 2 power of 2. Thus, if the number of points defining
the function in the time domain is

N = 2™+ (10)

the algorithm gives the transformed function defined in the frequency domain by 27 + 1 values

corresponding to the frequencies

f,,=—'_;— (n=0,..,2"M (1

in which T is the time duration of the sampled signal.

Taking into account that the adopted subroutine packages evaluate the FFT normalized to the
time duration T, from eqs. (9) and (11) it can be easily seen that I§(0)I represents the mean value
of the function g(t) in the interval (0, T); |g(%,)! represents the amplitude of the n-th term of the
Fourier polynomial espansion for the function g(f) .

The method developed to quantify the accuracy of code calculations is based on the amplitude
of the FFT of the experimental signal and of the difference between the experimental signal and the
calculated trend. In particular, the method defines two values which are characteristic of every

caiculation :

e adimensionless average amplitude




7
AL AL
AA=-"2 (12)

m

2
PRARAY
n=0

® a weighted frequency

2'"
PN (ATRIA
n=0

WF = (13)

o
LAY
=0

The average amplitude, represents a sort of "average fractional error” of the addressed calcu-

lation, while the weighted frequency gives an idea of the frequencies which give the greatest con-

tribution to the inaccuracy.

The two obtained values can be used to evaluate the accuracy of a code caiculation by re-
presenting the discrepancies with respect to the experimental data through a point in the AA-WF
plane. Of course, the most interesting information is given by AA, which represents the relative
magnitude of these discrepancies; WF adds a further information allowing to better identify the
character of accuracy. As an example, oscillations of the calculated values around an average
trend can be readily identified by the method. Moreover, this information could be used, in princi-
ple, in the quantification of accuracy. In fact, depending on the transient and on the variable con-
sidered, low frequency errors can be more important than high frequency ones, or vice versa.
Acceptability curves could be traced.

Although some criticism can be raised about the above definitions, especially because the use
of AA and WF involves the loss of some information concerning the calculated values (e.g., the
phase spectrum of AF plays no role in the present formulations), it can be recognized that the new

approach constitutes an improvement with respect to previously developed techniques.




3.2 Method qualification

The curves shown in Fig. 1 have been used to assess the capabilities of the adopted method.
The experimental signal is a constant while two possible calcutated curves are considered. The
first one (Curve 1) is a constant with a value different from the experimental one; in this case the
average amplitude, AA, is equal to the ratio between the absolute value of the difference on the
experimental value. Curve 2 has a sinoidal shape, the amplitude of the oscillation being equal to
the difference between Curve 1 and the experimental value; it can be. verified that AA has in this
case the same value as for Curve 1.

Despite of this, the two cases are characterized by a different value of WF. In fact, for Curve
1is WF =0, while for Curve 2 it is WF =1/T. This demonstrates that the selected method allows
to distinguish between discrepancies of the same magnitude at different frequencies.

More realistic sample curves to which the selected procedure has been applied are presented
in Fig. 2. These curves may represent virtual calculated and experimental trends of cladding
temperature during a transient in which core dry-out occurs. It can be noted that Calc. 1 has a
substantial agreement with the sample experimental curve, although systematic oscillations are
present. Calc. 2 and Calc. 3 depict qualitatively well the heat up of the rod surface, but show some
problems in predicting the real temperature values or the timing of dry-out and quenching. Calcu-
lations 4 and 5 behave similarly, showing greater discrepancies with respect to the experimental
curve. Calc. 6 is characterized by the absence of any dry-out phenomenon and presents a typical
trend with a constant temperature decrease.

Figs. 3 and 4 show the amplitude of the FFT of the sample experimental signal and of the dif-
ference between the experimental and the six calculated curves. In particular, in Fig. 4 it can be
noted that Calc. 1-3 and Calc. 6 present similar amplitude spectra, mainly characterized by low
frequency components, while Calculations 4 and 5 have greater amplitudes in the high frequency
region.

The results of the application of the developed method are reported in Fig. 5. Qualitative ac-

ceptability curves were also drawn assuming that high frequency discrepancies can be considered




more acceptable than low frequency ones. in this connection it should be noted that for some
variables it may be preferable to have a good mean value throughout the transient tolerating some
instantaneous deviations (e.g., it can be so for thermal flux from structures); in other cases, high
frequency discrepancies could point out an abnormal behaviour of the code (e.g., instabilities of the
calculation).

Therefore, in the application of the method to real calculations it is adviceable to take the av-
erage amplitude, AA, as the real quantitative index defining the accuracy, leaving to the weighted
frequency, WF, the role of an additional qualitative information. The possibility to give a better
definite role to WF is still matter of study.

The present method was applied to some ISP 18 calculations /3/. The results of this applica-
tions are shown in Figs. 6-7 concerning IL HL density and PS mass inventory. It can be seen that
among the considered caiculations the best resuits were obtained by the RELAP4/MOD6 code for
both quantities. These results are in good agreement with qualitative considerations which can

be drawn from the observation of the corresponding curves.
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4. APPLICATION TO PO-SB-7 ISP 21

4.1 Test description

The PIPER-ONE apparatus (Fig. 8) is a roughly 1/2000 volumetrically scaled simulator of the Caorso
BWR 4 piant. The similarity in vessel dimensions makes it possible to refer the PIPER-ONE facility
to a BWR 6 plant on a slightly different volume scale. The heights of the various zones, which de-
termine natural circulation inside the vessel and then the system response to a SB-LOCA, are fully
reproduced.

PIPER-ONE mainly consists of a primary loop and of a series of circuits with different interfaces
with the main one. The one-dimensionality as well as the overall simplicity of the system are evi-
dent characteristics. Nine zones can be identified in the primary loop : lower plenum, core, core
bypass, upper plenum, region of separators and dryers, upper downcomer, lower downcomer and
jet pumps region.

An indirectly heated bundle, reproducing 1/4 of the BWR fuel element, is installed inside the
core. The available power is 250 KW, enough to simulate the nuclear fuel decay curve.

Almost 250 measurement points are provided including thermocouples, differential and abso-
lute pressure transducers, turbines, a y -densitometer, distributed thermoresistances. A digital
data acquisition system is provided and the automatic control of the facility is achieved by means
of a PC.

PIPER-ONE test PO-SB-7 /1/ is the counterpart of the tests ROSA 984 and FIST 6SB2C per-
formed, respectively, in the ROSA-lIl (Japan) and the FIST (USA) facilities, both representing Gen-
eral Electric BWR 6 plants /10/. The experiment simulates a typical SB-LOCA sequence in BWR
plants.

The experiment is originated by a break in one of the two recirculation lines of the BWR. The
break area is equal to 2.6% of the recirculation line cross section of the reference BWR B6; if related
to a BWR 4, the same break ared corresponds to 1.6% of An., due to the larger recirculation lines

in this plant.
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The sequence of occurring events is depicted in Fig. 9, in which it can be seen that the test
scenario is characterized by three main phases. During the first period, the vessel pressure is
mantained nearly constant by the operation of MSIV and SRV. The low fluid mass inventory in the
core simulator is the main cause of a dry-out occurring in the highest part of the heating rods
(Fig.10).

The second phase of the transient begins with the ADS intervention, 120. s after the achieve-
ment of the specified set-point for liquid level in the downcomer. This period is characterized by
a fast depressurization of the system and by an increased rate of coolant loss. The consequent
core flashing causes the quenching or stops this dry-out, but a new dry-out situation occurs in the
upper part of the rods; the lower plenum flashing quenches completely the rods. The corre-
sponding PCT is 660 °K and is reached in the highest rod location.

Phase three is started by the intervention of ECCS which refills the core. During this phase the
heat release from the structures leads to a small increase in the system pressure at about 400.s.

The ECCS water brings, finally, to the recovery of total mass inventory.

4.2 Variables selected for the analysis

The experimental variables identified for the quantification of the accuracy of codes calculations

are listed below :

e Variable PAO1 : lower plenum pressure;

e Variable TFO3 : lower plenum temperature;

e Variable TF17 : steam dome temperature;

e Variable CL70 : collapsed liquid level in the downcomer.'
e Variable MF43 : break mass flow rate;

e Variable MF48 : LPCS mass flow rate;

' This experimental variable was compared with the calculated values for CL23.

12




e Variable TR50 : rod temperature (level B);
® Variable TR52 : rod temperature (level D);
e Variable TR55 : rod temperature (level G);

e Variable RMB65 : fluid mass in the loop.

The choice of these variables has been made in the aim to identify the most representative

quantities characterizing the transient. In particular :

the lower plenum pressure (PAD1) is representative of the overall energy balance in the loop;

e the fluid temperatures (TF0O3 and TF17) are representative of the fluid conditions in two differ-
ent parts of the apparatus;

e the collapsed liquid level in the downcomer (CL23 or CL70), the break mass flow rate (MF43),
the LPCS mass flow rate (MF48) and the residual mass in the whole loop (RM65) are repre-
sentative of the overall mass balance and distribution in the apparatus;

e the rod temperatures distribution (TR50, TR52 and TR55) has the greatest interest in safety

analysis, being the parameter defining the safe or unsafe conditions along the whole acci-

dental transient.

4.3 Application to blind calculations

Six code calculations of ISP 21 were submitted to DCMN before the specified deadline; they were
performed by five different organizations, adopting five different codes (Tab. 1).

An outline of the code models and of the adopted nodalizations for PIPER-ONE apparatus is
given in ref. /2/. Here, it is only recalied that the two calculations by VTT differ only because of the
heat transfer options of the SMABRE code.

Since the six calculations have different durations, the analysis was restricted to the time pe-
riod common to all of them (see Tab.1). Therefore, a time duration of 350. s was selected as com-

mon basis for the comparison.
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The application of the method described in the previous sections, required the linear interpo-
lation of the submitted calculated values in order to have a set of 1024 points equally spaced in
time to be processed by the FFT algorithm. Although the application of the FFT to this set of values
gives amplitude spectra for frequencies ranging up to 1.4 Hz , a “"cut frequency” of 1. Hz was
considered in the definition of AA and WF, since the original sampling period was 1. s.

For each considered variable, Appendix A reports the curves of the experimental and the cal-
culated trends, of the differences AF = F.,. — Fep and the amplitude spectra of the FFT of the ex-
perimental signal and of the differences.

Figs. 11-20 summarize the results obtained by the described approach in terms of AA as a

function of 1/WF. The main observations drawn from these figures are presented below.

a) Variable PAO1 : lower plenum pressure

The obtained values of AA range from 0.084 for the ABB calculation to about 0.266 of the two VTT
ones. The spread in the weighted frequencies is limited, the greatest values being achieved by the

JAERI curve. The two caiculations by ABB and ANSALDO give the best pressure trends.

b) Variable TFO03 : lower plenum temperature

In this case higher values of AA are present. Still, the ABB caiculation gives the best trend; a good

trend is shown also by JAERI. All the other calculations show larger discrepancies.

c) Variable TF17 : steam dome temperature

In this case the two VTT calculations present the best agreement with the data, while the other
codes give large discrepancies. As it is explained in the Comparison Report /2/, this is probabily
due to the fact that all the participants submitted only liquid temperatures, while in this case the

thermocouples indicate the presence of superheated steam. Then, the overprediction of liquid

14




temperature by the VTT calculations result in a better agreement with experimental thermocouple
measurements. Noticeable differences between the values of the weighted frequency of the two
VTT calculations and of the other participants point out different trends of the corresponding dif-
ference curves (see Appendix A).

d) Variable CL70 : collapsed liquid level in the downcomer

A large spread in the averaged amplitude is present for this variable. A value grater than 1 for
AA is calculated for the ENEL-CRTN curve, while the other participants gave better results. The
best collapsed level trend is calculated by ANSALDO.

e) Variable MF43 : break mass flow rate

The values of the average amplitude calculated for this variable belong to the range (0.6 — 0.8). The

lowest ones are given by ANSALDO and JAERI, the highest by VTT and ENEL.

f) Variable MF48 : LPCS mass flow rate

The majority of participants predict fairly well this variable, the best calculation being obtained by

ENEL. Large discrepancies with the experiment are present in the calculations by VTT.

g) Variables TR50, TR52 and TRSS: rod temperatures (levels B, D, G)

15




For these variables the lowest values of AA are calculated for ABB, ANSALDO and JAERI. while
the other calculations show far higher discrepancies. Differences appear in the weighted fre-

quencies.? .

h) Variable RM6S : fluid mass in the loop

Also in this case the best calculations are those by ABB, ANSALDO and JAERI, the lowest value

of AA being given by the ABB residual mass curve.

Fig. 21 summarizes the results obtained giving average values of AA and WF for the ten considered
variables. In principle, these average values should be defined on the basis of a set of weighting
factors representing the relevance for safety of each variable, using formulations like those re-

ported below:

NV"

(AB)or= ) (A), (W), (19)
=1
NV.f

Wh)or= ) (WF) (W), (15)
j=1

in which N.., is the number of considered variables, while the weighting factors w, satisfy the ob-

vious condition

N,.,
Z(wf)j =1 (16) 2
=1

z |1t has to be noted that the experimental trends for these variables comprise initial time intervals of not
significant values. This situation was neglected in the present analysis since the width of these intervals

is very small (less than 20. s ) compared with the whole transient duration.
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The definition of the weighting factors involves at present the use of engineering judgement,
because no objective procedure is avgilable for this purpose. Therefore, in the present application
it was decided to put (wy); = 1/10 (j = 1, ..., 10) giving the same weight to each variable.

From Fig. 21 it can be noted that the present quantitative evaluation of accuracy agrees with
the conclusions reached in the Comparison Report /2/ on the basis of qualitative observation of the
submitted curves. In particular, two groups of calculations can be identified in Fig. 21 : the first
group comprises calculations obtained by a second generation code (RELAPS5/MOD2) and codes
specifically developed for safety analysis of BWR plants (GOBLIN-EM and THYDE-B1/MOD2); the
second group consists of calculations obtained Fy a first generation code (RELAP4/MCD6) and a

code developed with main reference to PWR plants analysis (SMABRE).

4.4 Application to the DCMN post-test calculation

Figs. 22-31 show the comparison between the values obtained for AA and WF in the application of
the method to the double blind calculations and the corresponding values concerning the post-test
analysis of ISP 21 performed at DCMN using the RELAP5/MOD?2 code /11/.

Several calculations have been performed at DCMN in order to obtain the best agreement with
experimental data. The main parameters which have been "tuned” in order to achieve this objec-
tive were the pressure loss coefficients and the break flow rate multipliers.

As it was expected, in all cases the values of AA determined for the DCMN calculation are
smaller than for the other calculations, except for variable TF17. In particular, very low values of
the average amplitude are calculated for pressure in the lower plenum (PAO1) and residual mass
{RMB65), showing considerable improvements in the overall energy and mass balances with respect
to pre-test calculations.

Similar improvements were obtained for rod temperatures ( Variables TR50, TR52 and TRS5).
In this connection it has to be noted also that the temperature values considered for the post-test
calculation were calculated in the exact location of thermocouples, which is internal to the rod

body, while participants submitted only rod surface temperatures.
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Fig. 32 and Tab. 2 summarize the results obtained by pre-test and post-test calculations,

quantifying this improvement in the description of the overall transient.

18




5. CONCLUSIONS

In this work a method developed at DCMN in order to quantify the accuracy of code calculations
has been applied to ISP 21 pre-test and post-test analyses. The results obtained gave objective
indications about the behaviour of the addressed codes in the prediction of the main variables
characterizing the first 350 s of the transient.

The procedure adopted, based on the Fast Fourier Transform, can be considered an improve-
ment with respect to previously proposed approaches and is suitable to quantify the discrepancies
existing between an experimental trend and calculated ones. In particular, unlike the previous in-
tegral techniques, the method appears to include in the final "figure of merit” a great pan of the
original information concerning discrepancies in the time domain.

In particular, the average amplitude defined by the method, AA , makes it possible to quantify
the existing discrepancies between the experimental and the calculated trends, while the weighted
frequency, WF, gives an additional qualitative parameter which can be used to judge the accepta-
bility of the calculation.

Possible improvements of the presented method may concern :

e the use of frequency information; in fact, in the application of the method the need was felt for
a better definite role of the weighted frequency, WF, in the quantification of accuracy,

e the development of a procedure taking into account the information represented by the phase
spectrum of the FFT in the evaluation of code accuracy;

e the development of an objective procedure in order to identify the experimental variables to
be considered in the quantification of accuracy and to define the weighting factors for the

calculation of (AA) and (WF)eer.

Despite of this, reliable information could be drawn by its application to pre-test and post-test
analyses of ISP 21. Concerning pre-test calculations, the obtained results have shown to be in

agreement with the conclusions reached in the Comparison Report by qualitative observations.
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The application of the method to the post-test calculation performed at DCMN by
RELAP5/MOD2 code shows the quantitative improvements which can be obtained by the "tuning”

of relevant parameters.

The present method constitutes a new approach for the solution of the problems related to the
quantification of codes accuracy. However, in depth studies are needed to achieve more powerful

techniques in order to solve this fundamental safety issue.
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23




ORGANIZATION

ADOPTED CODE

TRANSIENT DURATION (s)

ASEA Brown Boveri GOBLIN-EM 395.
(Sweden)

ANSALDO (italy) RELAPS/MOD2 409.
ENEL-CRTN (ltaly) RELAP4/MOD6 600.
JAERI (Japan) THYDE-B1/MOD?2 359.6
VTT (Finland) SMABRE (1) 898.
VTT (Finland) SMABRE (2) 898.

Tab. 1 - List of participants and adopted codes for ISP 21 double blind calculations
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Fig. 11 - Double blind caiculations : results for variable PAO1
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APPENDIX A - Figures concerning double blind calculations
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APPENDIX B - Figures concerning DCMN post-test calculation
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Fig. B.38 - Variable RM65 : difference beiween calculated and experimental trends
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