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Abstract. The CSNI International Standard Problems have been one of the key activities of the CSNI 
thermalhydraulics groups during the last 25 years. After recalling the way the international standard problems 
were initiated in the late 1970's -they were called at that time CSNI LOCA Standard Problem- the process 
which has led to make from the ISPs a full CSNI activity, is described. Rules have been defined which 
formalized the way experimental results were provided and the way the comparison exercise were performed. 
The long series of ISPs from 1975 up to nowadays is described, explaining the different trends in the ISPs 
choices. The findings which have been obtained are reviewed on both technical and programmatic aspects.  

 
 
 
1. INTRODUCTION 
 
Among the activities of the Committee for Safety of Nuclear Installation (CSNI), the International Standard Problem 
(ISP) activity has a privileged position which is unanimously recognized. This activity has been initiated in the 
1975's by the thermalhydraulic related working group (called ECCS working group). During some years in the late 
70's, ISPs have been uniquely related to thermalhydraulic, covering mostly Design Basis Accidents (DBA).  
 
Later, after TMI accident, ISPs have been extended within CSNI to other disciplines and to other types of accidents 
such as fuel behavior or severe accidents. ISP activity became then the general activity that we know today, which 
has been continuing for years and which is considered as one of the most fruitful activity of CSNI. 
 
In this paper we will recall some history about what had been the motivations for creating the ISP activity in 
thermalhydraulics, how the format of ISPs was specified, and how their goals were precised. We will then 
summarize the main findings of this activity for thermalhydraulics. 
 
This paper is an update of the paper [1] presented during THICKET 2004 which already used partially the synthesis 
which was made in 1997 and issued as CSNI report [2] 
 
 
2. HOW THE FIRST INTERNATIONAL STANDARD PROBLEMS WERE INITIATED 
 
In 1973, nuclear safety thermalhydraulic was just starting. All the efforts were dedicated to the prediction of the 
large break LOCA namely the double ended hot or cold leg breaks. The models for describing two phase flow were 
very simple using mainly the homogeneous equilibrium model (steam and liquid at equal velocity and at saturation 
temperature). The models at the break were either the homogeneous equilibrium model (HEM), the frozen model, 
Fauske or Moody models which, for the last two ones, introduced algebraic critical slip between the phases. A 
complete lumped parameter approach was used to numerically simulate the flow. The flow was represented by 
volumes connected by flow paths. Mass and energy balance in the volumes were giving the thermodynamic state of 
the fluid whereas the flow rates between volumes were determined by momentum balance in the flow paths. The 
number of volumes to represent a circuit was at the very beginning very limited (less than 10) due to limitations in 
the computer capabilities. This number increased to several tenths as far as the significant progress of computers 
made it possible and as this increase appeared a prerequisite for having a representative description of physics. 
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It is in this scientific context that the first ISP was launched. It was based on a basic separate effect experiment 
which consisted in the depressurisation of a straight pipe filled with hot pressurized water. This experiment was run 
by Tony Edwards from UK and is known as Edwards' Pipe. The test was started by the burst of a glass disk located 
at one end of the pipe which initiated the depressurisation. The decreases of pressures and temperatures were 
measured. The duration of the test varied from 10 to 20 seconds. 
 
Before becoming a CSNI International Standard Problem, this test had been chosen as Standard Problem inside US. 
It is only after this US choice, that it has been used inside CSNI as a reference case for comparing the two phase 
flow models by the ECCS working group which was in charge in CSNI of the safety thermalhydraulics problems. In 
order to understand the challenges raised by this test we have to recall that at that time, in 1973, one of the main 
question which was discussed between the international thermalhydraulic experts was whether it was necessary to 
take into account in the lumped parameter approach the momentum flux inside the volumes i.e. whether the flow 
rate prediction at the flow junction should take into account average velocities at the centre of the volume or fluid 
thermodynamic properties at zero velocity. Today this kind of question appears completely amazing. Now we would 
state that there is no real reason to neglect the momentum fluxes if they are important. But at that time this question 
was important because it was conditioning the numerical complexity of the equations to be solved by the computers 
and the computer capabilities was really a limiting factor. 
 
The results of the comparisons carried out in this ISP, showed that thermal non equilibrium was an important 
parameter in the depressurization phenomena. The importance of taking into account the momentum fluxes was not 
specifically stated but it became very soon agreed. This has led in particular to the well known staggered mesh 
approach which is widely used. The scatter of the results demonstrated that a lot could be certainly learnt from this 
type of exercise. In particular it appeared that it was a unique occasion to confront various physical models and that 
such a confrontation could not be performed by a single laboratory. Some difficulties were encountered in the 
analysis in relation with the measurements, in particular concerning the initial temperature distribution. This 
highlighted already at that time the large attention which should be paid in ISPs on the measurements and on the 
knowledge of boundary conditions. 
 
As for Edward's pipe, participation to this second ISP was also restricted to US organisations. This ISP consisted in 
a LOCA test on the SEMISCALE loop. This SEMISCALE loop was a reduced mock up of the LOFT loop which 
was being built at that time. LOFT was a nuclear reactor with a power of 50MW which was designed for simulating 
LOCAs. More flexible than LOFT because of its electrically heated core simulator, SEMISCALE was used to run 
many tests for making sensitivity studies and to prepare the LOFT tests. We have to recall that some times ago, prior 
to the ISP, one test on SEMISCALE exhibited at the end of the blowdown phase a complete by pass of the injected 
water which then could not penetrate in the downcomer after the accumulator injection. 
 
This experimental result had a very large impact in the nuclear and in the anti nuclear international community. The 
Emergency core cooling system (ECCS) capabilities were questioned and the ECCS performance became a very 
sensitive subject. A large research and development programme was launched to which the test used for ISP2 
belonged. A large international cooperation was initiated by CSNI who created a working group dealing with safety 
thermalhydraulic. This group was named ECCS Working Group in reference to the preceding experimental finding 
and related questions. 
 
ISP2 was then very sensitive and had not only technical issues. For ISP2, the comparison was made on 20 
measurements only. Only US codes were used as there was no other safety code from Europe or Japan able to 
predict such test. 
 
The next ISP run in 1976 was based on a separate effect experiment (CISE) (ISP3). For the first time the participants 
to this ISP included not only US organizations. The ISP activity became from that time really international. It had 
kept this feature but with a continuously increasing participation (from 4 to 5 institutions in the beginning up to 40 
institutions in some of the last ISPs).  
 
The CISE test consisted in the blowdown of a heated tube. In this ISP a wide scatter was found in the calculations. It 
appeared that the discharge models which were quite different from one code to the other were giving very different 
dynamic of the blowdown. Numerical convergence problems were also encountered especially for the nodalization 
of the test section. Initial experimental conditions were not well defined and contributed to the results dispersion. 
Moreover it appeared that the instrumentation of the test section was not sufficient for the purpose of the ISP. All 
those problems resulted in the fact that no common conclusions could be reached by the participants. However, as 
we will see in next chapter, the difficulties encountered in this ISP have been a powerful incentive for improving the 
ISP approach. 
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3. THE INTERNATIONAL STANDARD PROBLEMS (ISPS) ORGANIZED AS A FULL CSNI ACTIVITY 
 
In 1975-76, during the period when the first three standard problems were run, large investigations took place in 
order to determine what the needs for safety were. Some years ago, USNRC edited the appendix K of 10CFR50 
which was requiring the use of conservative thermalhydraulics codes for safety calculations and which 
recommended at the same time that Best Estimate codes shall be developed in order to be able to evaluate the 
prescribed conservatisms. In view of this development, all major nuclear countries were defining large research 
programs on thermalhydraulics including code development and experimental programs to assess the codes. Due to 
the technical features of these developments (in particular in relation with scaling and transposition questions) it was 
realized that the computer codes were the key mean for obtaining accident predictions from which safety measures 
could be verified or developed. In this context all that could contribute to make progress on codes was highly 
welcome.  
 
The OECD member countries realized in addition, that a huge amount of studies was required for the ambitious 
thermalhydraulic research programmes they were considering. They agreed very rapidly that international 
exchanges of domestic programmes would be very beneficial for everyone. As a consequence, a period started in the 
70's and in the beginning of the 80's where a large amount of results (codes and experimental data) were exchanged 
mostly freely between the countries. It appeared then that CSNI could contribute efficiently to those exchanges 
through the ISP activity which was a mean to share more detailed experience on a key aspect which was the code 
assessment. Organizing common exercises where a specific test was chosen for code calculations and where the 
code predictions from the different participants were extensively compared and discussed in reference to the 
experimental results was recognized as a very powerful way to have very detailed and basic technical exchanges 
between experts. The so called International Standard Problem (ISP) activity was born. It became afterwards one of 
the major activities for CSNI. 
 
However the results of the 3rd ISP on CISE emphasized that getting usable and meaningful results from ISPs was not 
always immediate. Following the lessons learned from this ISP, the ECCS working group decided at its 3rd meeting 
in August 1976, to write a guide where recommendations will be given for running International Standard Problems 
in order to get valuable results. This action provided the famous CSNI Report N°17 [3] which has set up an ISP 
procedure with the corresponding requirements. In this report the main steps of the ISPs have been detailed i.e. the 
selection of the ISP, the distribution of the specification of the ISP, the performance of the calculations and the 
transmission of the results to the host country, the comparisons of results, the final ISP workshop, the elaboration 
and the approval of conclusions. This report has been extensively used during the last 25 years. It has remained the 
reference document for the ISPs. Reactualizations, which did not change the initial main frame, have been made 
from time to time and provided successive revisions (see for example [4]). The last revision has been edited in 2004, 
28 years after the first version [5]. The principles remained the same. Adjustments have been made to fit the new 
organisational procedures of CSNI and some technical additions have been provided to try to answer to some of the 
difficulties encountered in the last ISPs. 
 
 
4. THE ISPS: A WELL DEFINED ACTIVITY WITH ITS DEFINED RULES 
 
4.1. The Foundation of ISPs: the Experimental Results 
 
Two kinds of comparison exercises can be organized between different participants for code predictions which we 
called, following the definition made generally in CSNI working groups, benchmarks and ISPs. The benchmark 
exercise corresponds to calculations of a physical case defined theoretically for which no experimental reference 
exists. The comparisons are performed between each participant calculations but there is no way to tell which one is 
really the best. In an ISP the calculations are centred on experimental results. Comparisons between each participant 
are still part of the exercise but the final quality of the predictions is judged on the basis of the experimental results 
themselves which play consequently a key role. As a consequence, the specifications relative to the experimental 
results should follow detailed requirements in the ISP process. The mode for distribution of experimental data 
becomes also very important. The CSNI Report 17 discussed all that points and made on each of them 
recommendations. 
 
The recommendations on the ISP specifications emphasized particular important features. Here are some of the ones 
from the first revision of report 17 [3]: 
 
The experimental facility description provided to the ISP participants should be sufficiently detailed including 
layout, drawings, component characteristics that are necessary. Before proposing an ISP one must be sure that they 
are no proprietary interdiction on the data required. 
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The instrumentation should be detailed. Location, type, accuracy, data acquisition system, sampling, response time, 
should be supplied to the participants. 
 
The test conditions should be well known, initial and boundary conditions should be provided with sufficient detail 
for running in a meaningful way the prediction calculations. 
 
One can observe that those recommendations are still topical and that partial non observance is, even now, 
sometimes the source of shortcomings in the results. The basic specifications which were expressed in the first 
revision of CSNI Report 17 were directly derived from the test itself. In fact, during the successive ISPs, the content 
of the specifications has been progressively precised. The governing idea has been to put the ISP participant in the 
same situation as the one in which he is when he is proceeding to a plant calculation for solving a safety issue. 
Therefore, in the last ISPs, results like those from characterization tests giving for example pressure drops, pump 
characteristics, heat losses and their distribution ...have been added in the specifications to the tests conditions 
themselves. Furthermore, for ISPs in relation to actual plant transients, additional specifications were supplied such 
as the timing and degree of interventions from operators as well as plant auxiliary system conditions with their 
uncertainty bands. 
 
The distribution of test results is also a key point in the ISP performance. Different options have been used which 
change completely the nature and the outcome of the ISP. Depending of those options, ISPs are classified in open, 
blind, semi blind or double blind ISPs. These categories must be explained in more details:  
 

- Open ISP: This is an ISP where the participant gets all the experimental data from the very beginning. All 
information is open. The calculations are performed while the experimental results are known 

 
-  Blind ISP, on the contrary to open ISP, the participants in the blind ISP have no access to the test results except 

the test boundary and initial conditions in the general meaning discussed above. Actual tests results remain 
locked until the calculations are made and sent to the ISP organizer. The participants are doing their calculation 
in a blind situation, in the same way they are doing the calculations of plant accidents where there is no 
experimental data available. Blind ISPs are consequently recommended because they better reflect the real 
conditions in which an analyst will find himself for plant analysis. Furthermore this is reinforced by the very 
frequent observation that calculations are generally much better when experimental results are available at the 
time of the calculation. This is due to the adjusting of the computer model and/or of the input data to account 
the specific tests results. Calculations in blind situation may avoid most of this kind of "tuning effect". 

 
 In reality, even in blind situations, some tuning of the code may be obtained by using tests which have been 

already performed on the same experimental apparatus and which may be more or less similar to the one 
proposed for the ISP. For this reason, distinction was often made in ISPs between real blind participants and 
participants who in fact had opportunities to perform extensive analysis of other tests and who could therefore 
not be considered as completely blind. This is also why the concept of double blind ISP has been created. 

 
-  A double blind ISP, is an ISP for which the participant has not access to the results of the ISP test nor to the 

results of any other tests performed on the experimental apparatus (except the characterization tests considered 
as normal additions to tests conditions). This situation represents in fact the exact real situation of the analyst 
when he is performing plant calculations. Consequently double blind ISPs are especially challenging, to both 
the codes and the codes users, and correspondingly more valuable in assessing code performance. However 
such ISP can only be performed in the very rare situations where no test results have been already published i.e. 
when starting a new facility. In this situation, meeting the high quality of standard requested for ISP is 
considerably difficult for the laboratory running the facility as it requires a perfect control of the experimental 
procedure which is in fact in contradiction with the learning phase generally experienced on a brand new 
experiment. Consequently very few double blind ISPs have been practically organised. 

 
 From the preceding discussion, it appears clearly that the more blind an ISP is, the more significant the 

conclusions may be. But there are cases where the generalisation of this statement is in fact an over-
simplification. 

 
-  A semi blind ISP concept has been introduced, for example, when the prediction of the tests involves two types 

of interacting phenomena and when the uncertainties on one of these phenomena will preclude the conclusions 
which can be drawn on the other one. In these specific cases it has often been decided, for preserving the ISP 
efficiency, that the results concerning the first phenomena will be open and the results of the second will be 
blind. This semi blind procedure has been for instance used for fuel behavior ISPs where thermalhydraulic 
conditions were often open and fuel results were blind so that uncertainties on thermalhydraulics will not 
prevent to draw conclusions on fuel. 
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-  As an other example where blind ISPs are not providing necessarily the most significant conclusions, we can 
mention ISPs dealing with physical areas where the knowledge is at an early stage or dealing with areas where 
phenomena are particularly complex. In such cases, blind calculations would give unusable results and valuable 
ISPs could only be open ones. In those specific areas, even if the ISPs results look encouraging, it should not be 
forgotten that for such ISP, an open exercise has been chosen because of the difficulties expected in blind 
calculations and that consequently, one could also expect similar difficulties in the similar plant calculations 
which will be performed by the analysts in necessarily blind-like situation. 

 
 
4.2. The Comparison Exercise, Content and Procedure 
 
The comparisons between the calculations and the experiment and between the calculations themselves are the 
constitutive part of the ISPs. 
 
The method (see table 1) which is used to carry out those comparisons is generally the following: a draft report 
comparing the predictions to the actual data is prepared by the lead organization who collected the results. This 
document is distributed to the participating organizations and discussed at a subsequent workshop. This analysis is 
the most interesting part of the exercise. It provides the basis for drawing conclusions on the capabilities and on the 
deficiencies of existing calculation tools in an international framework. It is also during this analysis that the most 
detailed discussions can take place between experts. It leads to a final comparison report which was submitted 
before the reorganisation of CSNI in 2000 to Principal Working Groups and to CSNI for issuance. Now it goes to 
the working group [5], is submitted to peer review, goes to PRG before the final approval of CSNI. 
 
The issuance of the final comparison report can represent the end for the ISP. However, it was recommended several 
times, to proceed to "post-test" activities when it seems useful. This activity can be initiated immediately or after  
 
 

Table 1: The Comparison Method. 
 

ISP DECISION 
- Recommendations or wishes can be expressed by (the Task Groups or) the (Principal) Working Groups, 
- Initiative must come always and by principle from a host country 
- The host country provides freely the test results and the means for making the comparisons (sometimes with 
collaboration of other organisations). 
- A consensus must be found on the technical interest (some modification can be proposed at that stage) 
- Sufficient participation must be obtained to justify the organisation of the ISP 

SPECIFICATION 
- Detailed specifications of the ISP are sent to all the participants 

FIRST WORKSHOP 
Objectives of the first workshop:  
Discussion of specifications 
All necessary information missing can be required by the participants 
Missing information is provided by the host country to all participants 

SENDING OF CONTRIBUTION / COMPARISON REPORT  
A deadline for sending the contributions is agreed upon 
After the receipt of the contributions, the host organisation starts its comparison work.  
Reports of individual and collective comparisons are being written and distributed 
SECOND WORKSHOP / FINAL COMPARISON REPORT 
Objectives of the second workshop 
- Collect the comments of all the participants on the draft comparison report 
-  Share the different analysis.  
A final comparison report is then issued. 

POST TEST ACTIVITIES 
- If it is considered as technically necessary and valuable, post-test activities can be initiated by the host 
organization. 
- Organisation of the post test activities follow the same procedure with workshops, draft reports and review 
process by the participants 

GENERAL RULES 
During all the ISP process, special care is given for having equal treatment of all participants (diffusion of 
additional information, analysis of results ...). 
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some delay (one year or more depending on the new findings). It should involve the initial participants and 
eventually new organisations. In case of blind ISP, the participation of these new organisations will be considered as 
open (participation to the so called open-part of the ISP). The initial participants have the opportunity to perform 
post-test sensitivity studies on the ISP in order to better analyse the results and in order to recommend improvements 
to the analytical tools. An additive to the final comparison report is generally produced. It constitutes most often a 
very valuable document as it complements the first analysis which, due to the very considerable amount of available 
information, may not be complete, and as it incorporates the new findings obtained since then. 
 
In the same prospective, it has been envisaged to repeat some ISPs, in order to assess on an international basis the 
progress made in the safety thermalhydraulics codes since the time the ISP was first run. It could be particularly 
interesting when at the time of the considered ISP only first generation thermalhydraulic codes or very first versions 
of advanced codes were available. 
 
It must be noted that in relation with the decrease of the number of ISPs proposed as blind ISPs, there is also a 
decrease in the post test analysis exercise: issuance of additives to the final comparison report is becoming rare. 
Moreover in the new procedure [5] constraints on the time between ISP approval and definitive issuance of final 
report make proceeding to such additives very difficult. One should ask ourselves about the reasons of such a lack of 
interest. Does that mean that we are now only interested by global trends and not by a deeper physical 
understanding? Does that signify that making progress on the physical description and assessing this progress is not 
anymore a priority? Does that mean that the new organisational principle of limited task in limited time is so much 
prevailing that it prevents those additional beneficial activities? It could be valuable for new people who will run 
ISPs to think about those possible additional studies which their predecessor recommended some years ago. 
 
The same tendency stands for the repetition of ISPs. It took several years for deciding to re-run the ISP on LOFT 
L2-5 which was primitively performed in 1982. One would hope that a detailed comparative analysis could be 
performed between the primitive results and the present ones because they may allow identifying where progresses 
have been made and which improvements should be pursued. In particular, it could provide a comparison which will 
be absolutely unique between predictions with codes from the previous and the present generation. This would put 
in perspective the progress obtained using different physical models. This would also provide some idea on what 
should be gained by continuing some model developments. This would require of course the knowledge of ancient, 
present and future modelling which may be quite difficult to acquire. 
 
In the CSNI Report 17 recommendations were also given for the methods to be used in the comparison and the 
reporting. In the following are given some of those recommendations which were formulated in the first version of 
the CSNI Report 17:  

- It was recommended for example that enough information will be given on the computer codes used, 
description of models, descriptions of all modifications introduced in the code, description of the numerical 
method, information on the code availability 

- A full documentation of the numerical simulation was required including the assumptions made for going 
from the drawings to the numerical model, the noding used, the specified initial and boundary conditions 

- The participants should discuss and explain their calculations results 
- Explanation of the experimental results should be given by the host country 
- Post test analyses should be run by the participants in order to explain deviations between calculations and 

experimental results. 
 
One should note that the recommendations concerning the information on the detailed physical and numerical code 
content were quite strong. This corresponded in fact to a large concern on physics and numerics for the people 
which were at that time developing the safety codes. We have to recognize that, at the end of the 90's, this concern 
seemed to have slightly decreased and that by the way the corresponding physical benefits might have lowered. In 
the elaboration of the last revision of CSNI report 17 [5],  this concern came back indirectly in the discussions with 
the question of code options  and/or modifications which were suspected to be at the origin of a large spreading of 
code results and which precluded clear and easy conclusions from the ISP's. The direction has been kept in the 
request of detailed documentation and argumentation of modifications when non official code versions are used.  
This request should also stand for the official version of codes for physical models which influence significantly the 
ISPs results. The new generation of participants to ISPs should perhaps envisage whether some inflexion should be 
taken to reinforce the goal of ISPs related to physical models description and discussion, taking into account of 
course the real situation and constraints of today.  
 
When writing the CSNI report 17, we had also a debate whether ISPs should be done on separate effect tests or on 
integral tests. Of course separate effect tests were more adapted to compare physical models and this was important 
for most of code developers. On the opposite, separate effect tests were not giving indication on the global 
capabilities of codes to predict system transients. System tests were more adapted for that and there was a significant 
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support to this objective. In the CSNI report 17 we stated explicitly that both type of tests should be considered for 
ISPs. This kind of equilibrium was respected up to 1979. Afterwards, almost only integral tests were used for 
thermalhydraulic ISPs. One explanation was that a first development phase of BE codes for the primary circuit was 
achieved and that physical models were believed to be "definitive". The other explanation was the pressure resulting 
from TMI accident. After TMI some people claimed in the 80s that they knew enough on Large Break LOCA 
thermalhydraulics and that they needed only large system tests to prove it. The history has shown in fact that 
physical models were far from being frozen. It has shown that Large Break LOCA was still requiring research and 
that consequently a lot of work had still to be done. One should recognize that it is often difficult in the comparison 
analysis on integral tests to identify the sources of deviation between the codes. It is the reason why one should 
perhaps, one day, think about organizing again ISPs on separate effect tests. In the thermalhydraulic domain the new 
generation of thermalhydraulics models with 3D capabilities, interphase area transport, turbulence modelling may be 
a good opportunity for that.  This redeployment between separate effect and integral tests could also be applied in 
the fuel or in the severe accident areas where the progress of scientific knowledge makes it more likely. 
 
One ever lasting question raised by ISPs is the user effect question. In the last revision of CSNI report 17, an attempt 
has been made to cope with the related spreading of results which make uneasy and sometimes irrelevant the 
conclusions on ISPs comparison. Several measures have been discussed and namely the documentation of code 
options described above. An other important recommendation has been introduced regarding the invitation of code 
developers to the first workshop and their interaction with the ISP modelling. This "strong" recommendation will 
certainly help in coping with a punctual problem of the ISP performance. One should be aware that such measure, if 
applied, will reduce drastically the range of conclusions which may be drawn on the code capabilities. This measure 
reflects probably a status of code use which is perhaps more relevant to severe accident codes than to 
thermalhydraulic codes. It will not help in the solution of the causes which are at the origin of the difficulties  
resulting from the large spread of the results. 
 
 
5. A 30 YEARS LONG SUCCESSION OF THERMALHYDRAULIC ISPs 
 
The whole series of ISPs since 1973 is given in table 2. For each ISP, a brief description can be found in a 
compilation which has been done for the years 1975 to 1999 in the report NEA/CSNI/R(2000)5. 
 
As discussed above, the first three ISPs led to the formalization in the CSNI report 17 of the recommendations and 
of the procedures for running ISPs. The long series, which followed, used the methodology of CSNI Report 17 
which was for a large part frozen in its principle and which has been revised four times in 30 years. The ISPs which 
were at the beginning initiated in the domain of primary circuit thermalhydraulics had been extended progressively 
to other safety domains.  
 
The first extension which was undertaken very soon (1979) dealt with containment thermalhydraulics. The next one 
concerned the behavior of fuel during design basis accidents. Two ISPs on fuel were performed in the period 1984 - 
1987. As fuel behavior is strongly related to the thermalhydraulic transients, these ISPs were in technical continuity 
with the preceding ones. The last extension concerned the severe accidents. As a consequence of TMI2 a lot of 
severe accident research programme was launched in the mid 80s. The first ISP on severe accident was initiated 
only in 1988 (9 years after TMI) but has been followed by several others in the 90s. They even become in the mid 
90s more numerous than the thermalhydraulic ISPs 
 
For the thermalhydraulic ISPs (primary circuit and containment) which are the subject of this paper, the very first 
ISPs from 1975 to roughly 1980 focused on large Break LOCA as it was one of the main concerns of that period. A 
lot of ISPs were proposed on the SEMISCALE and LOFT experiments which were the only available system 
experiments at that time for PWR. The ISP04 as well as ISP08 were run on SEMISCALE mod1 (modified version) 
and ISP05 was based on an isothermal test with no nuclear power on LOFT. In between, there had been two ISPs 
based on separate effect tests, one on Battelle Blowdown test (ISP06) and the other one on a tube reflooding test 
performed on ERSEC (ISP07). Those separate effect tests were chosen within the idea to have a good balance 
between integral system tests and separate effect tests. They were covering important problems where a lot of 
modelling difficulties was encountered (thermal non equilibrium, reflood). They have been in fact the last two 
separate effect tests except the ACHILLES test in 1991 (ISP25) on the influence of nitrogen injection from 
accumulators on reflood. 
 
After TMI, ISPs started to move from the Large Breaks to the Small Breaks. They included ISPs on LOFT L3 series 
tests for PWRs (ISP09 and ISP11), ROSA III test and FIX II test for BWRs (respectively ISP12 and ISP15). Some 
large break tests were still selected: PKL reflooding test (ISP10), as reflooding was considered as a remaining issue; 
LOFT L2-5 (ISP13), as it was the most significant "concluding" nuclear test for large breaks. 
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Table 2: The ISPs since 1973. 
 

ISP  N° ISP TOPIC YEAR (start) 
ISP 01 Edwards' Pipe 1973 
ISP02 Semiscale Test 1011 1974 
ISP03 CISE 1975 
ISP04 Semiscale mod1 test S-02-6 1975 
ISP05 LOFT Blowdown L1-4 1977 
ISP06 Battelle 1977 
ISP07 ERSEC reflood 1978 
ISP08 Semiscale mod1 test S-06-03 1978 
CASP1 Battelle test D15 1978 
ISP09 LOFT Nuclear L3_1 1980 
ISP10 PKL reflood 1980 
ISP11 LOFT Nuclear L3-6/L8-1 1981 
CASP2 Battelle test D16 1980 
CASP3 Small scale 2 compartments experiment (AAEC) 1982 
ISP12 ROSA III 5% SB test 912 1981 
ISP13 LOFT Nuclear L2-5 1982 
ISP14 REBEKA fuel 1983 
ISP15 FIX II 1983 
ISP16 HDR Containment 1983 
ISP17 Marviken  Containment test N°18 1983 
ISP18 LOBI mod2 SB test A2-81 1983 
ISP19 PHEBUS fuel LOCA 1985 
ISP20 NPP DOEL STGR 1986 
ISP21 PIPER ONE test PO SB-7 1988 
ISP22 SPES loss feed water test SP-FW-02 1987 - 1990 
ISP23 HDR containment 1987 
ISP24 SURC4 core concrete 1987 
ISP25 ACHILLES reflood 1988 
ISP26 ROSA IV SB 5% 1989 
ISP27 BETHSY SB 2" test 9.1B 1990 
ISP28 PHEBUS SFD B9+ 1990 
ISP29 HDR Containment distribution H2 1990 
ISP30 BETA V5.1 melt concrete 1990 
ISP31 CORA 13 SFD 1991 
ISP32 cancelled  
ISP33 PACTEL natural circulation 1992 
ISP34 FALCON Fission product 1992 
ISP35 NUPEC containment hydrogen mixing 1993 
ISP36 CORA W2 SFD WWER 1994 
ISP37 VANAM M3- aerosol depletion 1995 
ISP38 BETHSY Test 6.9c mid loop 1995 
ISP39 FARO L14 Fuel coolant interaction and quenching 1996 
ISP40 STORM aerosol 1997 
ISP41 RTF iodine 1997 
ISP42 PANDA tests (passive systemsof ALWRs) 2001 
ISP43 Rapid boron dilution (UMCP tests) 2000 
ISP44 KAEVER Aerosol depletion tests 2001 
ISP45 QUENCH 06 fuel rod bundle degradation and reflood 2001 
ISP46 PHEBUS FPT1 degradation, fission product and chemistry severe accident 2001 
ISP 47 Containment Thermal Hydraulics ( facilities: TOSQAN, MISTRA, ThAI) 2001 
ISP 48 Containment Capacity ( facility: Sandia PCCS model)  

   
 THERMALHYDRAULIC (primary circuit) ISP 
 THERMALHYDRAULIC (containment) ISP 
 
 
During the second half of the 80's and during the beginning of the 90's, a full and coherent series of 
thermalhydraulic ISPs were decided, based on experiments which, in the different countries, were decided and built 
after TMI in order to study small break and transient situations including operator actions. They included, for PWRs, 
ISP18 on LOBI-mod2 (1985), ISP22 on SPES (1991), ISP26 on ROSA IV (1990), ISP 27 on BETHSY (1991), and 
for BWRs, ISP 21 on PIPER ONE (1989). Besides this series, ISP 25 investigating the effect of non condensable 
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gases on reflood was performed (ACHILLES). In addition, ISP 20 on the DOEL 2 steam generator tube rupture 
event was organised in 1988. It has to be noted that ISP20 has been the first and only one thermalhydraulic ISP 
based on real plant transient. 
 
Since the end of the 80's and in the 90's, the interest of ISPs moved clearly to severe accident area. Following the 
opening towards Eastern countries, one ISP was run in 1993 on PACTEL (ISP33), simulating natural circulation 
with reduced coolant inventory on a VVER. An ISP was chosen in 1996 on BETHSY (ISP38) where a loss of 
residual heat removal system during mid loop operation on a PWR was simulated. Initiation of this ISP was 
motivated by the fact that this kind of transient was detected by PRAs as a potentially risky one, and that it 
investigated the low pressure domain where important improvements of the thermalhydraulic codes were needed. 
 
In parallel to the thermalhydraulic ISPs dealing with the primary circuit, thermalhydraulic ISPs on containment 
experiments were organised in the beginning of the 80's (in a first step called CASPs). They were based either on 
system experiments (BATTELLE Model Containment) (CASP 1 and CASP2) or on very small scale experiment 
(AAEC-Australia) (CASP3). These ISPs covered large break situations. They were followed in the mid 80's by ISPs 
on HDR containment tests (Large Break on PWR) (ISP16 and ISP23) and on Marviken test (BWR) (ISP17). The 
next ISPs on containment were oriented towards severe accident situations mainly dealing with hydrogen 
distribution, hydrogen mixing, aerosol depletion and fission product behavior (ISP35, ISP37, ISP40, ISP44, ISP47). 
Those simulated accidents included also important thermalhydraulics phenomena but their main objectives were 
oriented towards the severe accident phenomena which may generate damageable consequences (hydrogen, aerosol, 
iodine). The other severe accidents ISP dealt with core degradation (ISP28, ISP31, ISP36, ISP45), fission product 
behavior (ISP34, ISP41), core concrete interaction (ISP24, ISP30), steam explosion (ISP39) and overall severe 
accident global test (ISP46). 
 
On table 2 it looks like that no thermalhydraulic ISP per se have been launched since 2003. In fact an important 
activity has been started around uncertainty evaluation and use of Best Estimate codes called BEMUSE. This 
activity is not properly an ISP but include a lot of actions which were recommended in the ISP programme. First it 
focuses on uncertainty evaluation which was encouraged for ISP. One of the first steps consisted in the repetition of 
ISP13 on LOFT L2-5. This repetition was discussed several times in the prospective views for ISPs, ten years ago in 
the end of 90's. Even if comparison with the results obtained in 1983 seem not to have been performed, it remains 
that it is the first ISP duplication which has been realized as it was recommended. The LOFT L2-5 calculations are 
now being followed by a benchmark on full size plant transient (Zion plant). This again is in complete agreement 
with CSNI report 17 where it was recommended that follow up of ISP on a full size reactor benchmark should be 
performed if possible. 
 
The overview of this long series shows the extraordinary large range of thermalhydraulic situations which have been 
covered by ISPs. This series has been characterized by an increasing international participation  starting from around 
10 participants in the late seventies, increasing slowly in the 80s and reaching more than 20 for the last ones ( 24 
submissions for example in 1998 for the ISP 38-BETHSY). The concept of ISP has been initiated in the 
thermalhydraulic area and extended to several other technical areas. This concept has proved to be very productive 
and useful. We will now analyse what are the outcome and the benefits produced by this activity and how it may 
explain its success. 
 
 
6. THE GENERAL TECHNICAL FINDINGS 
 
The basic material of ISP activity is made of the several predictions of a given physical experiment, obtained with 
several codes by several code users. The technical findings are obtained mainly from the different cross-
comparisons which are made on this material. 
 
• The first class of comparisons is the comparisons between code predictions and experimental results. Such 

comparisons are evidently contributing to the code assessment. However some specificities to this contribution 
should be emphasized: 

 
- This assessment belongs first to the "independent" assessment. Considering the generally very large number 

and very large variety of participants to ISPs, the "independent" character is certainly one of the most 
accentuate that we can afford. For those who are thinking that the independence of assessment is a very 
important feature, the results of ISPs are unique. We should note here that the intervention of code developers 
at the level of the first workshop [5] and eventually in the modelling part of the ISP, as it has been explained 
precedently, may reduce the "independent assessment" character. This should be properly and carefully 
handled in the ISP conclusions. 
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-  The number of code calculations used in the comparison between code predictions and experimental results is 
certainly the largest that we can imagine on a single test. Almost no individual can do such work at least 
because of financial limitations. Besides this number of calculations, the differences in the physical models 
used in the different codes are very numerous. The comparisons with experimental results are then very 
instructive on the effect of the differences in models on the capabilities to predict the experiment. Often all 
codes available in OECD countries (and sometimes in the world) are represented during the ISP execution. A 
complete international view is then obtained on the status of the predictive capabilities of the phenomena 
studied in the ISP. 

 

- It is clear that the large amount of work produced by the participants and by the organizing country requires 
that there will be no mistake in the ISP process. As a consequence, the experimental test must be first very 
carefully selected. Therefore it is very often one of the best and one of the most significant test of the 
experimental programme to which it belongs. The organisation of the ISP requires also that all necessary 
information is transmitted to the participant in a very comprehensive way. Consequently, a very high control 
of tests results and of documentation must be done by the organising country. This last requirement has led to 
define standards for test documentation which have been summarized in the CSNI report 17. Those standards 
have proved to be quite general and useful, in particular as their use in several other areas than ISP has shown. 
Finally the efforts made on the test selection, on the test control and on the test documentation provide most 
often a technical quality of very high level to the ISP test. 

 

- The high level grade of documentation obtained by following the prescribed standards and the strict selection 
of the tests based on their physical and safety significance make the ISPs tests very good candidates for 
inclusion in validation matrices. ISPs tests may often be considered as international reference tests. Their 
already wide distribution and their consequent availability is also a favouring factor for such choices. 

 
•  The second class of comparisons is constituted by the comparisons between different codes. It is the common 

experience of analysts that understanding and analysing the code responses is a very difficult exercise. 
Indications are most often required in order to give directions for the analyst in its search of understanding the 
physical models pertinence. A first group of indications is obtained by the analysis of the discrepancies between 
the calculations and the experimental results which has been discussed above. A second group relates to the 
discrepancies between the results themselves of the different codes. This last group is often very valuable 
because the differences of code models can be quite easily identified. Consequently the analyst can focus 
immediately on the concerned physical models and can evaluate their relative capabilities in reference with the 
experimental data. By the wide variety of codes used, ISPs give then good opportunities for doing extensive 
analysis of this kind. 

 
• The last category of comparisons that ISPs allow, is the comparison of the results obtained with the same code 

by different users. The major differences between the calculations with the same code can be mainly attributed 
to the users of the code and this effect has been called the "User Effect". Indeed this effect is a major finding of 
ISPs activity. It has been discovered very early by running the very first ISPs on thermalhydraulics. The 
development of thermalhydraulic advanced codes was expected to decrease this effect, but the last 
thermalhydraulic ISPs have shown that there was still a significant "user effect" with these advanced codes. 
Detailed studies of this effect have been made on different ISPs and especially on ISP 26. In addition to the 
identification of the user effect, ISPs have contributed largely to its understanding. ISPs are really providing 
data which are absolutely unique on this crucial subject. Even though some suggested ways to reduce the user 
effect have been proposed, it remains that we are quite far from controlling it completely. The user effect has 
also appeared as a generic question and not only in the thermalhydraulics area where it has been discovered. In 
particular the several ISPs which have been recently performed in the severe accident area have shown the same 
importance for this effect. 

 
 
7. THE GENERAL BENEFITS TO THE SCIENTIFIC COMMUNITY 
 
Besides the technical findings which are shared equally by everyone, ISPs are providing general benefits which are 
specific, depending of the way the concerned people are involved in the ISP activity. Three types of involvement 
can be distinguished: the organizers (host) of the ISP, the participants to the ISP, the research managers who decide 
and fund research programmes and who need evaluations of the progress on activities. 
 
 
7.1. Benefits to the Host Organisation 
 
•  For the host organisation the ISP comparisons are providing a very broad and detailed analysis of the test they 

have proposed and that they would not have in any case the possibility to have performed by themselves. It is 
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always of great value, in a large experimental programme, to have at least one of the tests very extensively 
analysed. By the views and recommendations that are provided, it may clearly benefit to the analysis of the 
other tests of the experimental programme and especially when the ISP test is one of the most significant test, 
which is often the case as we have indicated before. 

 

• The large effort made for the test documentation may be very valuable to the general part of the ISP test 
documentation and hence to the overall experimental programme documentation. For instance, the needs 
expressed by the participants acting like "external customers" to get comprehensive information, will induce 
very often addition in the tests documents of complementary information which was not initially foreseen. This 
will mostly contribute in the improvement of the documentation quality. 

 

• Similarly questions raised by external people on the tests will often improve the general quality of the tests 
analysis, of the experimental findings, of the test data presentation and sometimes of the test data themselves. 
These are certainly indirect benefits, which are not obtained in every case, but which may be sometimes really 
significant. 

 

•  Having a large number of participants exercising on the same test of an experimental programme is a real 
opportunity for the host country to have comments and feedback from the international community on the main 
points of interest of his programme. Recognition on an international basis can be obtained, based on really 
detailed technical findings and not on more or less superficial feelings. This recognition may be also 
accompanied by a general consensus on how to solve the physical problems, giving the way to the host country 
on how eventually to improve his programme. 

 
If benefits cannot be denied for the host country and must not be therefore forgotten, it is clear that the host country 
is providing most of the effort which makes the success and the interest of the ISP. This effort has a significant cost 
but it is thanks to the results of this effort that other involved people are greatly benefiting from this activity. 
 
 
7.2. Benefits to the Participants 
 
•  The first benefit gained by the participant besides the technical findings to which he contributes, is certainly that 

ISP is an opportunity for him to have a privileged access to information on the experimental programme from 
which the ISP test has been selected. This benefit is all the more substantial since the corresponding 
experimental programme is a key programme in the safety research strategy. This is often the case and 
particularly for experimental programmes based on large systems installations. Two cases, at this point, must be 
distinguished: 

 

- In the first one, the participant, through bilateral agreement with the country providing the ISP, has already 
access to the experimental programme to which the ISP belongs and sometimes even in a broader way. 
Nevertheless the high quality of standard of the ISP documentation has shown to be very often for him the 
best way to enter practically in the total programme. Benefit of access through ISP is often real and may be 
considerable. 

 

- In the second case, the participant has no bilateral agreement. This occurs specially with the small countries. 
For this participant, as far as tests of multilateral programmes are generally not made freely available until 
some years have passed, the interest is obvious. ISP is for him a unique means to have access to detailed 
information on the ISP test. The benefit of this access is crucial especially when the ISP test belongs to a 
major experimental programme. 

 

 Given that ISPs are chosen to cover the most important phenomena, and since an active participation of the 
recipient of the information is required through the ISP exercise, ISP is certainly a very efficient way for 
disseminating test results and for providing the subsequent important information on particular safety issue. As 
it has been seen before, this provides benefits especially to the small countries. But this serves also the interests 
of the major nuclear countries for whom it is very important to reach by means of an efficient exchange of 
information, a really world-wide good quality of safety related studies. 

 
• The second benefit to the participants is that the ISPs give them an opportunity to have detailed technical 

discussions. These discussions are often going further than the ISP itself. Starting from exchanges of ideas on 
physical models related to the ISP, more basic questions are very often discussed such as questions on scaling, 
numerics, uncertainties, user effects. These questions which are sometimes treated "per se" in other CSNI 
activities, find here an excellent ground for discussion as they can be related to an experience commonly gained 
at the occasion of exercising on an ISP. 
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• Doing the ISP calculation provides to the participant a mean for evaluating his own capabilities in predicting the 
phenomena observed in the ISP. This is particularly true for blind ISPs. The benefits from this evaluation are 
strongly dependent on the participant: 

 

- For everyone, it represents a kind of competition which can be very stimulating and consequently positive. 
The idea of competition has never been really expressed explicitly in the ISP activity, but it is one of the 
major reasons for having strict rules in the organization of the ISP. Those rules are aimed to have an equal 
treatment of every participant as explained before. 

 

- For participants of major countries, the evaluation of their own capabilities in accident predictions can give a 
confirmation of their competence. Such confirmation has not been for most of the participants the major 
objective. However there have been certainly few cases where, related to this confirmation, participations to 
ISP have been cancelled because there was a fear that the results will not be as good as wanted for 
demonstrating this competence. This is clearly a drawback which cannot be avoided as far as comparisons are 
made between personal contributions. Most often, for this reason, the personal character was attenuated in the 
comparison reports by using for example cabalistic signs, but it never could be completely excluded. 

 

- For participants of small countries this evaluation has completely different goals and meanings. These 
countries are not generally developing the codes and are getting them through international agreements. For 
these countries, the participation in ISP is often a privileged and unique opportunity to perform by themselves 
independent assessment of the code that they have received and to exercise themselves as users of this code. 
The quality of the prediction is a mean for them to make their own judgement on the tools that they are using. 
By repeating this exercise on several ISPs, they get a set of tests calculations which represents an important 
basis for judging the capabilities of the tools, they have acquired, to solve safety questions. 

 

- Lastly there are participants who are also starting in the code assessment activity, and for whom the ISP is in 
fact more or less a training exercise. As trained users are absolutely required for doing safety assessment, 
ISPs are providing here certainly a very valuable contribution which benefits mainly to the trainee. However 
we have to realize that it induces significant difficulties in the sense that the contributions of experienced and 
inexperienced users are mixed in the comparisons and that the meanings of the discrepancies with the 
experimental results in both cases are not the same. It is quite difficult to get rid of this problem but it has to 
be taken into account in some way especially for some of the ISPs where there are many participants 
comprising necessarily some beginning users. 

 
• Finally ISPs, as some other international activities, contribute in creating a real community of research people 

whose objectives are to improve their knowledge of physics in view of better safety studies. The activity of the 
ISPs is very propitious for this, as during a period of time, specialists from various countries are gathered in a 
common project which is to predict the same physical test and which is to discuss in detail their own 
contribution and the ones of their colleagues in order to draw conclusions on the ability in predicting accidents. 
This creates links between research people, a better knowledge of each other, and generally provides a 
privileged way to reach common understanding. 

 
 
7.3. Benefits for Research Programmes Evaluation 
 
The picture of a set of calculated results compared to experimental results, which is obtained from an ISP, can be 
considered certainly as an objective measurement of the capabilities in predicting physical phenomena occurring 
during an accident. It could be therefore a privileged tool for contributing to answer questions whether the involved 
issues can be considered as closed or whether more research is still needed. 
 
It is clear that some care must be taken in this evaluation process. It is well known that results of an ISP can be 
presented in very different ways depending if one insists on agreements or if one insists on discrepancies. Excellent 
agreements on all parameters never occurred. More often there are at the same time agreements on some parameters 
and discrepancies on others. A well balanced judgement is then necessary. Exceptionally, there is a clear tendency 
for large discrepancies on every parameter. The calculation results are then obviously of low quality and one could 
expect clear conclusions in such case. In fact the feedback experience obtained on such ISPs has shown that these 
situations are in fact extremely difficult to handle: it appears very difficult and sometimes impossible to get 
recognition of the low quality of the results and especially when at the same time there are ongoing research 
programmes. 
 
In the case of combined situation with agreement and discrepancies, one can proceed by differences. Often the same 
phenomenon is covered by several ISPs. One can then try to evaluate which progress has been made since the last 
ISP which has treated the same subject. In fact such comparisons have also shown to be quite difficult as progresses 
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in the predictions are not so clearly visible. This difficulty when it occurs should help in touching the real difficulty 
of the problems and the need of sufficient time for solving them. 
 
If ISPs by their own are certainly not sufficient to get a complete view which should also comprise domestic 
calculations, they provided a "plus" as their view is much broader and extended to almost all the interested 
international community. Due to this generality, the conclusions which can be drawn should be consequently much 
more sound and this is certainly a very important point for defining and deciding about future research programmes. 
 
 
8. CONCLUSIONS 
 
After some adjustments at the very beginning, ISPs have become a well established activity. It extended from 
thermalhydraulics to several other accident domains following the main concerns of nuclear safety. Its success has 
been constantly increasing. The importance of the number of participants (more than 30) in some of the recent ISPs 
has even generated some real difficulties in handling the ISP. The outcomes of these exercises are constituted of 
both technical findings and more general benefits to involved people. About technical findings it has to be noticed 
the very wide comparisons which can be made between calculations and experiments and between calculations 
performed with different codes. The so called "user effect" has been demonstrated by ISPs and ISPs are providing 
unique material for its study. ISPs are benefiting to both the host organization and the participants. The high level of 
quality required for this activity is an incentive for the host organisation and a way to promote its programme. For 
the participant, ISPs are giving him a privileged access to the results, a mean of performing code assessment, and the 
opportunity to have detailed discussions on several technical subjects more or less related to the ISP. This is 
particularly important for small countries. Research Managers may also find in ISPs, material for taking decisions 
about future directions for research. 
 
In conclusion, ISPs helped in meeting several safety objectives, and namely by: 
 

- contributing to a better understanding of postulated events and the physical phenomena involved, 
- comparing and evaluating the capability of best estimate codes to predict controlled experiments and thus 

improving the confidence in them as assessment tools for safety issues, 
- suggesting necessary improvements in the computer codes, 
- providing means to assess the ability of code users, 
- providing valuable experience and know how to be used in safety analysis of nuclear plants including licensing 

phases, 
- providing information for quantifying safety margins in current design or licensing criteria, 
- enhancing scientific discussion between computer codes developers and users in different countries. 

 
All the technical findings and benefits which can be expected from ISPs are still needed. Therefore ISP activity 
should continue and one certainly can be confident that they will contribute, as they did in the past, to the 
improvement of nuclear safety. 
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