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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an international committee 

made up of representatives from regulatory authorities as well as senior scientists and engineers with 

broad responsibilities for safety technology and research programmes. It was created in 1973 to 

develop and co-ordinate the activities of the NEA concerning the technical aspects of the design, 

construction and operation of nuclear installations insofar as they affect the safety of such installations. 

The committee’s purpose is to foster international co-operation in nuclear safety among 

NEA member countries. The main tasks of the CSNI are to exchange technical information and to 

promote collaboration between research, development, engineering and regulatory organisations; to 

review operating experience and the state of knowledge on selected topics of nuclear safety 

technology and safety assessment; to initiate and conduct programmes to overcome discrepancies, 

develop improvements and reach consensus on technical issues; and to promote the co-ordination of 

work that serves to maintain competence in nuclear safety matters, including the establishment of joint 

undertakings. 

The priority of the CSNI is on the safety of nuclear installations and the design and construction of 

new reactors and installations. For advanced reactor designs, the committee provides a forum for 

improving safety-related knowledge and a vehicle for joint research. 

In implementing its programme, the CSNI establishes co-operative mechanisms with the 

NEA Committee on Nuclear Regulatory Activities (CNRA), which is responsible for issues 

concerning the regulation, licensing and inspection of nuclear installations with regard to safety. It 

also co-operates with other NEA Standing Technical Committees, as well as with key international 

organisations such as the International Atomic Energy Agency (IAEA), on matters of common interest. 
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FOREWORD 

The OECD/NEA Rig-of-Safety Assessment (ROSA-2) Project was performed to resolve key safety 

issues of light water reactor (LWR) thermal-hydraulics highlighted from the previous ROSA Project, 

by means of the ROSA/Light-scale test facility  (LSTF) experiments at the Japan Atomic Energy 

Agency (JAEA), for three and a half years, from April 2009, including a half-year shifting due to the 

influences from the Fukushima Daiichi accident since 11 March 2011. In particular, the ROSA-2 

Project focused on the validation of simulation models and methods for various complex phenomena 

that may occur during design-basis event (DBE) and beyond-DBE and to increase the level of detail 

and accuracy in the analyses of the key phenomena during abnormal transients and accidents of LWRs. 

To meet these objectives, seven LSTF experiments were performed for the following three 

subjects as either system-integral tests (SITs) or separate-effect tests (SETs). 

 Intermediate-break loss-of-coolant accident (IBLOCA). 

 Steam generator tube rupture (SGTR) accident. 

 Open subject, being dedicated for counterpart to the NEA Primary Coolant Loop Test Facility 

(PKL-2) Project tests. 

These subjects were defined among the project participants from 15 countries who share the need 

to maintain or improve their technical competence in thermal-hydraulics for nuclear reactor safety 

evaluations. 

New attempts were made to enhance the Project objectives such as blind analysis activity for 

four LSTF experiments among the Project participants and counterpart testing for two experiments 

against primary coolant loop test facility (PKL) tests that were done in the NEA PKL-2 Project in a 

parallel manner with the ROSA-2 Project. 

The LSTF experiments generated the data that fulfil current and future needs for the development, 

verification and validation of best estimate (BE) and computational fluid dynamics (CFD) codes. The 

obtained data as well as technical information and experiences through the post-test analysis by using 

the BE and CFD codes have been shared and actively utilised among the participants particularly 

through the blind analysis activity and counterpart testing to PKL tests. 

This final integration report (FIR) briefly summarises major findings in all of the seven LSTF 

experiments for the ROSA-2 Project with a description of background and objectives for each subject. 

Appendices describe the blind analysis results in detail with the evaluation report given from the 

participants as well as lists of publishing through the ROSA-2 Project. 

Note: The NEA ROSA-2 Project FIR is issued in a form of DVD that contains all the data reports with 

the LSTF test data as well as hand-outs presented at the ROSA-2 programme review group (PRG) 

meetings. Visual observation (video probe) data originally attached to the data reports in a form of 

DVD are not included in the FIR. 

http://www.oecd-nea.org/jointproj/rosa-2.html
https://www.jaea.go.jp/english/
https://www.jaea.go.jp/english/
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EXECUTIVE SUMMARY 

Background of ROSA Project 

The use of computer codes is required in safety evaluation of light water reactors (LWRs) in order to 

simulate plant behaviour during design basis event (DBE) and beyond-DBE (BDBE). This involves 

complex multi-dimensional single-phase and two-phase flow conditions, which may include non-

condensable gas in many cases. For this purpose, thermal-hydraulic safety analysis codes, especially 

for best estimate (BE) analyses codes for the evaluation of safety margin at reactor accidents and 

abnormal transients including loss-of-coolant accident (LOCA), have been developed with significant 

efforts to achieve high predictive capability especially for one-dimensional (1-D) phenomena such as 

flows in piping at rather high flow rate. Such BE codes include APROS, ATHLET, CATHARE, 

COSINE, MARS, RELAP5, SPACE, SPECTRA, TRAC and TRACE. However, there remain needs 

for experimental work and code development and validation for the complex flow conditions that may 

appear during the DBE and BDBE. Further, the increased use of the BE analysis codes in licensing, 

which is replacing traditional conservative evaluation model (EM) approaches, requires quantification 

of uncertainties in the simulation models and methods through validation efforts against the obtained 

detailed data. 

Many experimental facilities, for system integral test (SIT) and/or separate-effect test (SET), have 

contributed to furnishing thermal-hydraulic databases available today including those for the CSNI 

code validation matrix (CCVM). However, a large portion of current data is insufficient for future 

codes that are to incorporate multi-dimensional simulation capabilities, mainly because the spatial 

resolution of measurement is not enough to assess the simulation models and methods with accuracy. 

Meanwhile the NEA ROSA Project by means of the ROSA/LSTF experiments started in April 

2005 at the Japan Atomic Energy Agency (JAEA, former JAERI) with the following key objectives 

and contributed to the detailed validation effort for both the BE and computational fluid dynamics 

(CFD) codes; 

1. To provide integral and separate-effect experimental database to validate code predictive 

capability and accuracy of models. Especially, the ROSA/LSTF experiments were planned 

to include phenomena coupled with multi-dimensional mixing, stratification, parallel flows, 

oscillatory flows and non-condensable gas flows.  

2. To clarify the predictability of codes currently used for thermal-hydraulic safety analyses, as 

well as of advanced codes presently under development.  

The LSTF is a full-pressure and full-height two-loop integral test facility simulating an 

1100 MWe four-loop Westinghouse-type pressurised water reactor (PWR): Tsuruga Unit-2 of the 

Japan Atomic Power Company (JAPC) with a volumetric scaling of 1/48. The LSTF was constructed 

in 1985 for the fourth phase of Rig-of-Safety Assessment (ROSA-IV) Programme to investigate 

thermal-hydraulic responses during reactor accidents and abnormal transients following the TMI-2 

accident in 1979.  

Based on the experiences in both pre-test and post-test analysis effort and the information gained 

from data analyses on the accident phenomena found in the SIT and SET experiments with the LSTF 

during the previous ROSA Project, successive activity was deemed valuable to perform as the 
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ROSA-2 Project by conducting LSTF experiments among the Project participants that involve some 

urgent regulatory and safety issues, based on the following objectives. 

Objectives of ROSA-2 Project 

The NEA ROSA-2 Project is to resolve key LWR thermal-hydraulics safety issues highlighted from 

the 1
st
 phase of the ROSA Project by using the LSTF facility. In particular, the ROSA-2 Project is 

focusing on the validation of simulation models and methods for the complex thermal-hydraulic 

phenomena of high safety relevance in DBE and beyond-DBE through the following means as; 

1. Generate SIT and SET databases to validate predictive capability and accuracy of computer 

codes and models. Thermal-hydraulic phenomena coupled with multi-dimensional flows, 

that may include mixing, stratification, counter-current flows, parallel-channel flows and 

oscillatory flows, will be the main focus of the investigations.  

2. Facilitate assessment of codes currently in use for thermal-hydraulic safety analyses as well 

as advanced codes presently under development, including three-dimensional CFD codes 

through active involvement of the Project partners who will maintain and improve the 

technical competence in thermal-hydraulics for nuclear reactor safety (NRS) evaluations. 

Work performed in ROSA-2 Project 

The LSTF experiment programme for the ROSA-2 Project was intended to provide a valuable and 

broadly usable database to achieve the above cited objectives. New attempts were pursued further in 

the ROSA-2 Project to enhance the Project objectives such as blind analysis activity among the Project 

participants and counterpart testing against PKL tests under the collaboration of the NEA PKL-2 

Project that was underway in a parallel manner with the ROSA-2 Project. 

A total of 7 LSTF experiments; Test 1 through Test 7, were conducted as either SIT or SET for 

three types of subjects with the Project participants including China that newly joined the Project in 

2011. The three types of subjects are: (1) intermediate-break LOCA (IBLOCA), (2) steam generator 

tube rupture (SGTR) and (3) counterpart testing to the PKL tests based on a request from the Project 

participants. The major elements of each subject and each test are as follows: 

1. IBLOCAs (Tests 1, 2 and 7) 

A series of IBLOCA experiments were performed to address a safety issue concerning risk-informed 

changes to LOCA technical requirements (break size definition) and to well understand the thermal-

hydraulic phenomena that may occur during the “transition break size” LOCAs. 

 Test 1:  Hot leg intermediate-break LOCA 

An SIT was performed to clarify thermal-hydraulic responses during an IBLOCA due to double-ended 

guillotine break (DEGB) of pressuriser (PZR) surge line connected to hot leg. Assumptions were made 

such as total failure of both high pressure injection (HPI) system of emergency core cooling system 

(ECCS) and auxiliary feed water. The first blind analysis activity was performed. 

 Test 2:  Cold leg intermediate-break LOCA 

An SIT was performed to clarify thermal-hydraulic responses during an IBLOCA due to DEGB of one 

of the four ECCS piping nozzles connected to four cold legs. Assumptions were made such as single-

failure of both HPI and low pressure injection (LPI) systems and total failure of auxiliary feed water. 

The break size of 17% was equivalent to that for Test 1. The second blind analysis activity was 

performed.  



NEA/CSNI/R(2016)10 

11 

 

 Test 7:  Cold leg intermediate-break LOCA 

The same type of SIT as Test 2 was performed with slightly different boundary conditions as (a) break 

size of 13% and (b) full injection of both HPI and LPI systems. The final (fourth) blind analysis 

activity was performed among the Project participants. 

2) SGTR (Tests 4 and 5)  

Two experiments that simulate SGTR accidents were performed to address the evaluation of 

radioactive release to the environment through a ruptured SG U-tube in response to operator recovery 

actions in two different types of accident as well as the influences of multi-dimensional coolant 

behaviour such as temperature stratification in primary loops. 

 Test 4: SGTR 

An SIT was performed to obtain data for the evaluation of radioactive release to the environment 

during a typical SGTR through a broken SG relief valve (RV) as well as multi-dimensional coolant 

behaviour such as temperature stratification in horizontal legs. Full ECCS injection was assumed for 

the HPI flow rate. 

 Test 5: SGTR with main steam line break 

An SIT was performed to obtain data for the evaluation of radioactive release through a ruptured SG 

U-tube and main steam line due to the main steam line break (MSLB) as well as multi-dimensional 

coolant behaviour such as temperature stratification in horizontal legs under influences of significantly 

asymmetric loop behaviour. The third blind analysis activity was performed, with consideration of 

operator recovery actions. 

3)  Counterpart testing with PKL (Tests 3 and 6) 

Two PKL counterpart tests were performed to address phenomena scaling issues in the thermal 

hydraulic response mainly for superheated steam flow during core uncovery and to address 

clarification of system and local phenomena response during intentional natural circulation cooling of 

reactor systems. The PKL and LSTF experiments were performed under close communication and 

collaboration between the PKL and ROSA teams. 

 Test 3: Hot leg small-break LOCA as a counterpart test to PKL 

An SIT of hot leg SBLOCA was performed as a counterpart to the PKL-2 G7.1 test, to fulfil the 

requests from the Project participants and NEA/CSNI/WGAMA, by both experiments, to clarify 

relations between core exit temperature measured by core exit thermocouples (CETs) and fuel rod 

surface temperature, and thus to investigate CET responses during core boil-off. This particular 

experiment was conducted under two conditions of high-pressure to meet PWR pressure conditions 

and of low-pressure to meet PKL conditions. Many of the Project participants, both for the PKL-2 and 

ROSA-2, contributed to the test condition definition through significant pre-test analysis effort. 

 Test 6: Natural circulation interruption 

An SET was performed as a counterpart to the PKL-2 G2.1 test to clarify thermal-hydraulic responses 

when primary loops with SG(s) that became empty of coolant in the secondary side for some reasons 

are intentionally cooled down by means of natural circulation through active SG. Stepwise cool down 

operation, composed of depressurisation and maintaining secondary pressure of active SG, was done. 

For all the LSTF experiments, pre-test analyses and/or preparatory LSTF experiments were done 

in JAEA with the JAEA-modified version of RELAP5/MOD3.2.1.2 code to survey optimum test 

conditions to meet the test objectives. The obtained results were distributed and discussed among the 
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Project participants particularly at the PRG (Programme Review Group) meetings to define the test 

conditions. 

To obtain necessary and detailed data during each LSTF experiment, new instrumentation 

furnished during the previous ROSA Project was utilised to measure such parameters as temperature 

distribution at fine spatial resolution in cold and hot legs, down comer, SG inlet plenum and direct 

visual observation of flows in all of the four horizontal legs. 

The obtained LSTF data has been shared and utilised among the Project participants for the 

development, verification and validation of the thermal-hydraulic BE safety analysis codes and models, 

especially for the discussion on the blind analysis in the PRG meetings and over e-mail 

communications. 

Major results and significances 

The seven LSTF experiments for three subjects provided the following technical findings suitable for 

the verification and validation (V&V) of safety analysis codes and new issues for the assurance and 

improvement of LWR safety. 

1)  IBLOCAs (3 experiments) 

 Test 1: Hot leg break LOCA with 17% break to simulate a DEGB of PZR surge line 

A typical thermal-hydraulic response during an IBLOCA with a break at hot leg was observed, which 

indicated a possibility to have low PCT in the hot leg IBLOCA, though an assumption adverse to core 

cooling such as total failure of HPI system was made. 

Blind analysis was performed by 8 participants as the 1
st
 trial in a series of blind analysis efforts. 

The results indicated a relatively small scattering among the calculated results, while some results had 

an overestimation of break flow rate and low (non-conservative) PCT. 

 Test 2: Cold leg break LOCA with 17% break to simulate a DEGB of ECCS nozzle 

This experiment, conducted with the same break size as that in Test 1, indicated a possibility to have a 

quite high PCT in the cold leg IBLOCA in contrast to Test 1: the hot leg break IBLOCA. The 

influence of HPI under single-failure assumption was negligible. 

The 2
nd

 blind analysis was performed by 7 participants. A large scattering appeared among the 

calculated results especially for the liquid level in the core and thus PCT. Most participants 

significantly underestimated the PCT. 

 Test 7: Cold leg break LOCA with 13% break to simulate a DEGB of ECCS nozzle 

This experiment, conducted with smaller break size than in Test 2, indicated another possibility to 

have a quite low PCT in the cold leg IBLOCA in contrast to Test 2. The influence of HPI under full 

injection assumption looked negligible too. It was noticed that there is a possibility to have 

significantly different consequences as a result of a small change in the accident and ECCS conditions, 

break size and ECCS failure mode in this case. 

The 4
th
 blind analysis was performed by 6 participants. A large scattering appeared again among 

the calculated liquid level in the core and thus PCT. Most participants significantly overestimated the 

PCT, contrary to Test 2. 
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2) SGTR 

 Test 4: SGTR 

DEGB of one SG U-tube was assumed with operator recovery actions being defined based on the pre-

test analysis and experiences from the LSTF simulation of Mihama Unit-2 SGTR accident. Operator 

actions defined with the Project participants were composed of intact SG depressurisation, primary 

depressurisation and pressuriser liquid level recovery by using auxiliary spray, termination of HPI and 

restart of primary coolant pump after the confirmation of pressure equalisation between the primary 

and SG secondary systems. 

The RV of broken SG opened three times after the initiation of manual depressurisation of intact 

SG, which provided a basis suitable for the evaluation of radioactive release to environment in 

response to the given operator actions. Multi-dimensional phenomena appeared such as temperature 

stratification in the broken loop cold leg and temperature fluctuation in the intact loop cold leg in the 

downstream of ECCS injection nozzle. 

 Test 5: SGTR with MSLB 

An assumption was made that MSLB and SGTR occur simultaneously in the broken SG. The break 

size of MSLB was 40% of MSL, considering the size of flow restrictor. As for the SGTR, the same 

break configuration was employed as that for Test 4. Operator actions were defined with the project 

participants, which were composed of the depressurisation of intact SG, primary depressurisation by 

using PORV and throttle of HPI flow rate. 

The MSLB caused a significant system cooling by enhanced natural circulation through the 

broken loop. The primary coolant was abruptly and largely sub cooled. The influence of SGTR was 

negligible, compared with the significant cooling effect by the MSLB, while very large pressure 

difference prevailed across the broken tube. Flow stagnation appeared in the intact loop after a short-

term natural circulation induced by the natural circulation in the broken loop. The manual 

depressurisation of intact SG was ineffective to restart natural circulation in the intact loop, giving a 

negligible effect onto the primary loop cooling. Significant thermal stratification appeared in the intact 

loop hot and cold legs in different ways. 

Blind analysis was performed by 5 participants as the 3
rd

 trial. 1-D BE codes failed to properly 

simulate the short-term natural circulation and thermal stratification in the intact loop, causing 

scattering in the primary pressure response, probably due to failure in the proper simulation of thermal 

balance in the primary system. Almost all the calculated results indicated some influence of intact SG 

depressurisation, in contrast to the experiment observation, suggesting BE codes may have a critical 

difficulty to provide a proper estimation on the effectiveness of planned AM actions. 

3) Counterpart Testing with PKL 

 Test 3: Hot leg SBLOCA 

A hot leg SBLOCA experiment was performed to observe the response of CETs during the core 

uncovery under the conditions of core boil-off with no reflux coolant from SGs. This experiment was 

performed prior to the PKL-2 G7.1 experiment. Significant efforts were made by the project 

participants for the pre-test analyses to define the test conditions suitable for both LSTF and PKL 

experiments. Specifically, the LSTF experiment was divided into 3 phases: high-pressure, preparation 

and low-pressure, to make a close mutual simulation with the PKL at the low-pressure transient phase, 

while to have results at primary pressure equal to the reference reactor. 

Twofold data was obtained successfully concerning the response of CETs. Mutual relationships 

between the high-pressure and low-pressure phases, and between the PKL and LSTF low-pressure 
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phase gave insights to clarify the influences of the primary pressure and differences in the facility size 

and structure especially around the core exit onto the CET response.  

 Test 6: Natural circulation interruption 

A counterpart to PKL-2 G2.1 experiment was performed to clarify system behaviour when primary 

loops are cooled down by means of natural circulation when secondary side of SG in the loop without 

PZR is empty of liquid. The condition that may cause the interruption of the natural circulation in the 

loop without PZR was experimentally investigated. The natural circulation in the loop without PZR 

was then induced by the natural circulation in the other loop with intact SG that was manually 

depressurised stepwise. 

The natural circulation successfully continued in the loop without PZR (with the affected SG) 

until the last stepwise cool down process at the intact SG, when the average cool down rates were 12, 

14 and 16 K/h (averaged from the start of the depressurisation to the end of pressure maintaining 

operation), which was the same as the result of PKL-2 G2.1. 

Conclusions 

The NEA ROSA-2 Project was carried out for 3.5 years from April 2009 until September 2012 under 

the collaboration and definition among the 19 participants from 15 countries to resolve LWR safety 

issues especially in thermal-hydraulics analyses through system integral tests with the LSTF of the 

ROSA Programme in JAEA. The Project participants are composed of regulatory bodies, TSOs, 

research organisations including universities, utilities and vendors.  

Major objectives of the ROSA-2 Project were the validation of simulation models and methods for 

the complex thermal-hydraulic phenomena of high safety relevance in DBE and beyond-DBE, and to 

investigate safety issues, specifically as; 

1. IBLOCA, including risk-informed break size definition and validation of safety analysis 

codes.  

2. Improvements and new proposals for accident management mitigation and/or emergency 

operation, focused on the recovery from SGTR.  

Seven LSTF experiments were performed for three subjects in either SIT or SET comprising 

thermal-hydraulic responses that may encounter during reactor accidents such as IBLOCAs, SGTRs, 

hot leg SBLOCA and natural circulation interruption during intentional system cooling by natural 

circulation. Efforts were made to establish a database that includes complicated thermal-hydraulic 

phenomena as many as possible suitable for V&V of BE computer codes for safety analysis. Care was 

taken further for each LSTF experiment to include phenomena related to multi-dimensional mixing, 

stratification, parallel flows and/or core heat transfer under wide range of accident conditions that 

include rather fast transient such as IBLOCAs and influences of operator interventions such as SGTRs 

and natural circulation interruption. 

The ROSA-2 Project then provided a great amount of LSTF experimental data and technical 

information. The obtained data has been readily distributed to and shared among the Project 

participants and utilised for the post-test analyses for the V&V of the safety analysis codes and models 

as well as advanced codes such as CFD codes. The technical information obtained through the 

ROSA-2 Project was shared among the Project participants through the discussions during PRG 

(Programme Review Group) meetings and through e-mail communications. The technical information 

is useful not only for the improvement of code utilisation, but also to address safety issues such as 

effectiveness of AM measures including effectiveness confirmation of CETs. 

New attempt of blind analysis with the Project participants has greatly contributed to further 

improvement of the predictive capability of BE computer codes and elimination of user effect by in-
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depth understanding of the accident phenomena and key phenomena such as counter-current flow 

limiting (CCFL) that may provide great uncertainties in the BE code prediction. Another attempt of 

the counterpart testing with the NEA Project PKL-2 being performed simultaneously with the 

ROSA-2 Project provided a good database suitable for phenomena scaling and in-depth analysis on 

the complicated phenomena including multi-dimensional and multi-channel (parallel) flows during 

phenomena transient of interest. 

In total, the ROSA-2 Project successfully planned and performed ROSA/LSTF experiments with 

the Project participants and shared the obtained data and technical information to address the 

concerned safety issues and the V&V of safety analysis computer codes including CFD codes. 

Remaining issues and recommendation 

Based on both the experimental and analytical studies done through both the ROSA and ROSA-2 

Projects, the following issues, but not limited to these, may still remain in the thermal-hydraulic safety 

research, especially as the source of uncertainty in safety analyse by using one-dimensional (1-D) best 

estimate (BE) computer codes, as; 

1. Representation of multi-dimensional phenomena has a critical difficulty due to the 

representation in a simplified one-dimensional manner by 1-D BE codes. Examples found 

through the ROSA and ROSA-2 Projects include;  

a)  CCFL the characteristic of which is shape dependent. This phenomenon may directly 

influence the safety margin evaluation by controlling amount and way of coolant flowing 

into the core. Furthermore, it is difficult to experimentally obtain all of such CCFL 

characteristics even in the test facilities such as LSTF and PKL, not only for the LWRs. 

b) Thermal stratification with various types of temperature and velocity profile under 

influences of system-wide and/or local flow mixing/separation conditions including 

ECCS injection. This may result in the uncertainty in the system-wide thermal response 

that should be important for the definition, validation and confirmation of AM 

effectiveness. 

c) Natural circulation through SG U-tube bundle may happen with co-existing of forward, 

stall and reverse flow tubes by changing the portion of them depending on the total loop 

flow condition and local pressure and multi-dimensional temperature profile along the 

loop including SG and within the SG inlet plenum. This controls total flow rate through 

the primary loop, thus influences the system-wide thermal response. 

2. Precise heat transfer evaluation in the core, especially under abrupt change in the flow rate 

and flow direction and unstable flows at relatively high core power, being demonstrated in 

the IBLOCA experiments in the ROSA-2 Project. Small change in the void fraction and flow 

may cause completely different consequences due to the selection criterion of heat transfer 

correlations. Examples found through the ROSA and ROSA-2 Projects include;  

a)  Core uncovery response under rapid liquid level drop and/or recovery at relatively high 

core power, being followed by rapid core temperature excursion. 

b) Core uncovery and rewet characteristic at very high void fraction including top-down 

film rewet under influences of CCFL at core exit. 

c) Post-BT (boiling transition) rewet characteristics under influences of entrainment at 

wide range of pressures. 

d) Correct identification of mixture level location in the computer code calculations to 

correctly define core uncovery and rewet location. 
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3. Scaling issues, a part of which is related to (1) above, to properly extrapolate the phenomena 

observed in the scaled-down facility such as LSTF to the reference reactor accident 

conditions, mainly through some computer codes with high accuracy. Continuous effort of 

blind analysis is strongly recommended to pursue in, for example, the NEA Projects such as 

PKL-3, possibly with counterpart (or similar) tests among facilities that are designed 

similarly but with different size and pressure against similar reference reactors. 
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1.  BACKGROUND, OBJECTIVES AND METHODS 

1.1 Background of ROSA Project 

The use of computer codes is required in safety evaluation of light water reactors (LWRs) in order to 

simulate plant behaviour during design basis event (DBE) and beyond-DBE (BDBE). This involves 

complex multi-dimensional single-phase and two-phase flow conditions, which may include non-

condensable gas in many cases. For this purpose, thermal-hydraulic safety analysis codes, especially 

for best estimate (BE) analyses codes for the evaluation of safety margin at reactor accidents and 

abnormal transients including loss-of-coolant accident (LOCA), have been developed with significant 

efforts to achieve high predictive capability especially for one-dimensional phenomena such as flows 

in piping at rather high flow rate. Such BE codes include APROS, analysis of thermal-hydraulics of 

leaks and transients (ATHLET), CATHARE, COSINE, MARS, RELAP5, SPACE, SPECTRA, TRAC 

and TRACE. However, there remain needs for experimental work and code development and 

validation for the complex flow conditions that may appear during the DBE and BDBE. Further, the 

increased use of the BE analysis codes in licensing, which is replacing traditional conservative 

evaluation model (EM) approaches, requires quantification of uncertainties in the simulation models 

and methods through validation efforts against the obtained detailed data. 

Many experimental facilities, both of system integral test (SIT) facilities and separate-effect test 

(SET) facilities, have contributed to furnish thermal-hydraulic databases available today including 

those for the CSNI code validation matrix (CCVM). However, a large portion of current data is 

insufficient for future codes that are to incorporate multi-dimensional simulation capabilities, mainly 

because the spatial resolution of measurement is not enough to assess the simulation models and 

methods with accuracy. 

Meanwhile the NEA ROSA Project by means of the ROSA/LSTF experiments started in April, 

2005 at the Japan Atomic Energy Agency (JAEA, former JAERI) following the evaluations and 

recommendations by an international working group SESAR/FAP (Senior Group of Experts on 

Nuclear Safety Research Facilities and Programmes) in 1997 and the SESAR/SFEAR (Support 

Facilities for Existing and Advanced Reactors), both set-up by CSNI in 1997 and 2005 respectively. 

The LSTF is a full-pressure full-height two-loop model of a 4-loop Westinghouse-type PWR with a 

volumetric scaling of 1/48. The LSTF was constructed in 1985 for the fourth-phase of ROSA (Rig-of-

Safety Assessment) Programme in former JAERI following the TMI-2 accident to experimentally 

investigate thermal-hydraulic phenomena that may appear during postulated abnormal transients and 

small-break LOCAs (SBLOCAs). The ROSA Project then contributed to the detailed validation effort 

for both the BE and computational fluid dynamics (CFD) codes with the following key objectives; 

1. Provide integral and separate-effect experimental database to validate code predictive 

capability and accuracy of models. Especially, the ROSA/LSTF experiments were planned to 

include phenomena coupled with multi-dimensional mixing, stratification, parallel flows, 

oscillatory flows and non-condensable gas flows.  

Clarify the predictability of codes currently used for thermal-hydraulic safety analyses as well as 

of advanced codes presently under development.  
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Based on the experiences in both pre-test and post-test analysis effort and the information gained 

from data analyses on the accident phenomena found in the SIT and SET experiments with the LSTF 

during the previous ROSA Project, successive activity as the ROSA-2 Project was agreed valuable 

among the Project participants to pursue further with LSTF experiments that involve some urgent 

regulatory and safety issues, based on the following objectives; 

1.2 Objectives of ROSA-2 Project 

The NEA ROSA-2 Project is to resolve key LWR thermal-hydraulics safety issues highlighted from 

the 1
st
 phase of the Project, by using the ROSA/LSTF facility at JAEA [1.2-1]. In particular, the 

ROSA-2 Project will focus on the validation of simulation models and methods for the following 

complex phenomena of high safety relevance for thermal-hydraulic transients in DBE and beyond-

DBE: 

1.  Generate SIT and SET database to validate predictive capability and accuracy of computer 

codes and models. Thermal-hydraulic phenomena coupled with multi-dimensional flows that 

may include mixing, stratification, counter-current flows, parallel-channel flows and 

oscillatory flows will be the main focus of the investigations.  

2.  Facilitate assessment of codes currently in use for thermal-hydraulic safety analyses as well 

as advanced codes presently under development including three-dimensional CFD codes 

through active involvement of the Project partners who will maintain and improve the 

technical competence in thermal-hydraulics for nuclear reactor safety (NRS) evaluations. 

The ROSA-2 Project experimental program was intended to provide a valuable and broadly usable 

database to achieve the above cited objectives. A total of 6 LSTF experiments were proposed for two 

subjects, and finally 7 experiments were conducted for three subjects, considering newly joining of 

China to the Project in 2011. New attempts were pursued further in the ROSA-2 Project to enhance 

the Project objectives such as blind analysis activity among the Project participants and counterpart 

testing against PKL tests under the collaboration of the NEA PKL-2 Project that was underway in a 

parallel manner with the ROSA-2 Project. The 7 LSTF experiments for the ROSA-2 Project are 

briefly explained in the following section. 

1.3 Scope of work of ROSA-2 Project 

The NEA ROSA-2 Project consists of three types of subject: (1) intermediate-break LOCA (IBLOCA), 

(2) steam generator tube rupture (SGTR) and (3) counterpart testing to the PKL tests as a request from 

the Project participants. Seven LSTF experiments; Test 1 through Test 7 were performed as either SIT 

or SET as shown in Table 1-1. Major significances of each test are as follows; 

 Test 1: Hot leg intermediate-break LOCA 

This test is intended to clarify thermal-hydraulic responses during an IBLOCA due to double-ended 

guillotine break (DEGB) of pressuriser (PZR) surge line connected to hot leg. The IBLOCA was 

selected to address a safety issue concerning risk-informed changes to LOCA technical requirements 

(break size definition) and to well understand the thermal-hydraulic phenomena that may occur during 

the “transition break size” LOCAs. 

The LSTF experiment was planned to perform an SIT that simulates IBLOCA from the nominal 

operating condition for PWR with assumptions of total failure of both high pressure injection (HPI) 

system and auxiliary feed water. 

The first blind analysis activity was performed among the Project participants. 
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 Test 2: Cold leg intermediate-break LOCA 

This test is intended to clarify thermal-hydraulic responses during an IBLOCA due to DEGB of one of 

the four emergency core cooling system (ECCS) piping nozzles connected to four cold legs. 

The LSTF experiment was planned to perform an SIT that simulates the IBLOCA from the 

nominal operating condition for PWR with assumptions of single-failure of diesel generators related to 

flow rates of both HPI and low pressure injection (LPI) systems and total failure of auxiliary feed 

water. The employed break size was equivalent to that for Test 1. 

The second blind analysis activity was performed among the Project participants. 

 Test 3: Hot leg small-break LOCA as counterpart test to PKL 

This test is intended as a counterpart test to the PKL-2 G7.1 test and to fulfil the requests, by both 

experiments, from the Project participants and NEA/CSNI/WGAMA to clarify relation between core 

exit temperature measured by core exit thermocouples (CETs) and fuel rod surface temperature and to 

investigate CET responses during core boil-off. 

The LSTF experiment was planned to perform an SIT that simulates a small-break LOCA 

(SBLOCA) with a break at hot leg with an assumption of total failure of HPI system. This particular 

experiment was conducted under two conditions of high-pressure to meet PWR pressure condition and 

of low-pressure to meet PKL condition as a counterpart test to the PKL. Many of the Project 

participants, both for the PKL-2 and ROSA-2, contributed to the test condition definition through 

significant pre-test analysis effort. 

 Test 4: Steam generator tube rupture accident 

This test is intended to obtain data for the evaluation of radioactive release to environment 

through broken SG relief valve (RV) in response to operator recovery actions as well as multi-

dimensional coolant behaviour such as temperature stratification in horizontal legs. 

 The LSTF experiment was planned to perform an SIT that simulates the SGTR accident from 

the nominal operating condition for PWR. Full ECCS injection was assumed for the HPI flow rate. 

 Test 5: Main steam line break with steam generator tube rupture accident 

This test is intended to obtain data for the evaluation of radioactive release through a ruptured SG 

U-tube and main steam line as well as multi-dimensional coolant behaviour such as temperature 

stratification in horizontal legs under influences of significantly asymmetric loop behaviour. 

 The LSTF experiment was planned to perform an SIT that simulates the SGTR induced by 

main steam line break (MSLB) from the nominal operating condition for PWR. 

 The third blind analysis activity was performed among the Project participants. 

 Test 6: Natural circulation interruption 

This test is intended as another counterpart test to the PKL-2 G2.1 test to clarify thermal-hydraulic 

responses when primary loops with SG(s) that became empty of coolant in the secondary side by 

some reasons are intentionally cooled down by means of natural circulation through active SG. 

 The LSTF experiment was planned to perform an SET that simulates the system cool down via 

natural circulation in a controlled manner. Stepwise cool down operation, composed of 

depressurisation and maintaining secondary pressure of active SG, was done, while secondary 

side of affected SG was empty of liquid.  
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 Test 7: Cold leg intermediate-break LOCA 

This test is intended to clarify thermal-hydraulic responses during IBLOCA due to DEGB of one of 

the four ECCS piping nozzles connected to four cold legs. 

The LSTF experiment was planned to perform an SIT that simulates the IBLOCA from the 

nominal operating condition for PWR with assumptions of full injection of both HPI and LPI systems, 

and total failure of auxiliary feed water. 

The final (fourth) blind analysis activity was performed among the Project participants. 

These LSTF experiments were intended to provide data for the V&V of both the BE and CFD 

codes, aiming to increase the level of details and accuracy in the analyses of the key phenomena 

during abnormal transients and accidents of the LWRs. 

Reference 

[1.2-1] The ROSA-V Group, 2003, “ROSA-V Large Scale Test Facility (LSTF) System Description 

for the Third and Fourth Simulated Fuel Assemblies,” JAERI-Tech 2003-037 Report, Japan 

Atomic Energy Research Institute. 
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Table 1-1: ROSA/LSTF Experiments for NEA ROSA-2 Project 

Test 
SIT 
or 
SET 

Subject Safety significance
1
 

Data 
utilisation 

Preparatory analysis 

1 SIT 
Hot leg 
IBLOCA 

Clarify thermal-hydraulic responses during 
IBLOCA due to DEGB of pressuriser surge 
line  

BE 
RELAP5/MOD3.2 code 
analyses to define test 
conditions and procedures 

2 SIT 
Cold leg 
IBLOCA 

Clarify thermal-hydraulic responses during 
IBLOCA due to DEGB of ECCS nozzle with 
the break size equal to that in Test 1 
Single-failure of diesel generators, following 
DBE assumption 

BE 
Pre-test analyses with 
voluntary participants to define 
test conditions and procedures 

3 SIT 

CET 
effectiveness 
via Hot leg 
SBLOCA as 
counterpart 
test to PKL 

Clarify response of CETs relative to fuel rod 
surface temperature excursion during core 
boil-off 
High- and low-pressure phases as a 
counterpart test to  
PKL-2 G7.1 

BE & CFD 

Pre-test analyses with 

participants2) for both of LSTF 
and PKL to define test 
conditions and procedures for 
counterpart tests 

4 SIT 
SGTR 
accident 

Obtain data for evaluation of radioactive 
release to environment through RV of broken 
SG in response to operator actions 
Clarify multi-dimensional coolant behaviour 
such as temperature stratification in 
horizontal legs 

BE & CFD 
RELAP5/MOD3.2 code 
analyses to define test 
conditions and procedures 

5 SIT 
MSLB with 
SGTR 
accident 

Obtain data for evaluation of radioactive 
release through ruptured SG U-tube and 
broken MSL 
Clarify multi-dimensional coolant behaviour 
such as temperature stratification in 
horizontal legs under significantly 
asymmetric loop behaviour 

BE & CFD 

RELAP5/MOD3.2 code 
analyses to define test 
conditions and procedures 
RELAP5/MOD3.2 code 
analyses to clarify response to 
MSLB such as reactivity 
change in the core 

6 SET 
Natural 
circulation 
Interruption 

Clarify thermal-hydraulic responses that 
cause natural circulation interruption in the 
loop with affected SG when asymmetric cool 
down by natural circulation is intentionally 
performed by using intact SG 
A counterpart test to PKL-2 G2.1 

BE & CFD 

No preparatory analysis 
Preparatory LSTF experiment 
to identify key parameters that 
contribute to maintain natural 
circulation in the loop with 
affected SG, by following a 
test condition applied to PKL 
tests 

Test 
SIT 
or 
SET 

Subject Safety significance
1
 

Data 
utilisation 

Preparatory analysis 

7 SIT 
Cold leg 
IBLOCA 

Clarify thermal-hydraulic responses during 
IBLOCA due to double-ended guillotine 
break of one of the ECCS piping nozzles 
connected to cold leg under the condition of 
full injection of ECCSs 

BE 
Pre-test analyses with 
voluntary participants to define 
test conditions and procedures 

1) A point common to all the tests = Provide LSTF database for the validation and development of BE and/or 
CFD codes. 

2) GRS, PSI, UniPi, UPC and UPV. 
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2. ROSA/LARGE SCALE TEST FACILITY 

2.1 Facility outline and unique design features 

The large scale test facility (LSTF) shown in Figure 2-1 is a full-pressure and full-height integral test 

facility constructed in 1985 to investigate thermal-hydraulic response during PWR transients and 

accidents for the fourth phase of ROSA (Rig-of-Safety Assessment, ROSA-IV) Programme at JAEA. 

The LSTF simulates a 1100 MWe four-loop Westinghouse (W)-type PWR: Tsuruga Unit-2 reactor of 

the Japan Atomic Power Company (JAPC). The Three Mile Island Unit-2 (TMI-2) reactor accident in 

1979 led to a reorientation of the LWR safety research to pursue SBLOCAs and operational/abnormal 

transients. Of primary importance for the LSTF was then a good simulation of the natural circulation 

through primary loops involving two-phase flows and counter-current flows. The major design 

characteristics of the LSTF are summarised in Table 2-1. 

Table 2-1: Major design characteristics of LSTF to reference PWR 

Items LSTF PWR PWR/LSTF 

Primary/Secondary Pressures (MPa) 16 / 7.4 16 / 6.13 1 / 0.83 

Primary/Secondary Temperatures (K) 598 / 562 598 / 550 1 / 0.98 

Core Height  (m) 3.66 3.66 1 

Number of Fuel Rods 1008 50952 50.55 

Primary Fluid Volume  (m3) 8.14 347 42.6 

Total Core Power  (MW) 10 3423(t) 342 

  (MW/m3) 1.23 8.8 8.0 

Core Inlet Flow  (tonne/s) 0.0488 16.7 342 

Pressure Vessel Down comer Gap (m) 0.053 0.26 4.91 

Number of Primary Loops 2 4 2 

Hot Leg Inner Diameter  (m) 0.207 0.737 3.56 

 Length  (m) 3.69 6.99 1.89 

  (m1/2) 
8.11 8.14 1.0 

 Volume  (m3) 

0.124 2.98 24.0 

Number of Tubes in Steam Generator (SG) 141 3382 24.0 

Average Length of SG Tubes (m) 20.2 20.2 1 
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Figure 2-1: Schematic of ROSA/LSTF 

The ROSA/LSTF is the world largest integral test 

facility for W-type PWR designed to well represent 

multi-dimensional thermal-hydraulic response during 

reactor accident and abnormal transients by using a full 

size core rod bundle composed of more than 1000 

simulated fuel rods with 10 MW electrical power (14% 

of volumetrically-scaled core power), about 50 mm 

width annulus down comer in the pressure vessel, 207 

mm inner diameter hot and cold legs, 141 full size U-

tubes in each of two SGs. The four primary loops of the 

reference PWR are represented by two equal-volume 

loops to best simulate two-phase flows during reactor 

accidents and transients mainly by achieving the large-

diameter (207 mm i.d.) horizontal legs. The volumetric 

scaling ratio of the primary system is 1/48 to those of the 

reference PWR. The LSTF can handle accident 

phenomena under wide ranges of primary and secondary 

pressures from reactor nominal operating pressure to 

atmospheric pressure. 

The LSTF is equipped with all of the ECCS with 

additional new features such as ECCS coolant 

temperature control, temperature stratification in 

accumulator coolant tank to inject coolant by flashing of 

high temperature coolant portion without N
2
 gas 

pressurisation, though these features were not used in 

the NEA ROSA and ROSA-2 Projects. 

Measurement instrumentations around 1900 channels 

provide detailed information on thermal-hydraulic 

conditions by measuring such parameters as temperature, 

liquid level, pressure loss, flow rate, density. Visual 

observation of flow is possible using “video-probe”; a periscope that withstands high-temperature 

steam/water conditions employing glass-fibre image guide or bore scopes. Non-condensable gas 

detectors, many thermocouples for detailed temperature measurement and low-velocity steam 

velocimetre were furnished further to the LSTF in the previous ROSA Project, and the thermocouples 

were used in the ROSA-2 Project. 

Since the shakedown test in 1985, the LSTF has provided more than 200 experiment data 

including the 5% cold-leg LOCA simulation for NEA ISP-26, the Mihama Unit-2 SGTR simulation 

for the Nuclear Safety Commission of Japan and the AP600 reactor simulation in collaboration with 

the US NRC. Throughout its operational history, the facility has demonstrated excellent experimental 

capabilities and has provided unique database to give in-depth understanding on the reactor accident 

phenomena under non-equilibrium, non-homogeneous and multi-dimensional conditions with 

influences of non-condensable gas in many cases. 

2.2 Design philosophy and scaling of major components 

Design philosophy and scaling of major components of the LSTF are summarised as follows: 
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Design pressure covers that in the reference PWR. The rated pressure of LSTF pressure vessel is 

17.26 MPa. The experiments can thus be performed under full-pressure conditions to simulate the 

thermal-hydraulic phenomena in the reference PWR via corresponding fluid properties. 

Volumes of major components such as pressure vessel (PV) and pressuriser are scaled by 1/48 to 

the reference PWR. Since two loops are lumped into one, the volume of SG is twice as much as scaled 

one. The scaling factor is about 1/21 to the two-loop PWR such as Mihama Unit-2. 

Elevations are preserved, i.e. one to one correspondence with the reference PWR, considering 

good representation of the driving force of natural circulation. As for the horizontal legs, pipe inner 

diameter (207 mm) is far smaller than that of the reference PWR (737 mm). The top elevation of hot 

leg inner diameter is thus set equal to that of the reference PWR. As for the cold legs, elevation of leg 

horizontal axis is set equal to that of the reference PWR. 

Flow area is scaled by 1/48 in the pressure vessel and by 1/24 in the primary loops and SGs. The 

flow area in the horizontal legs is scaled to conserve the ratio of the length L to the square-root of pipe 

diameter D;  of the reference PWR to better simulate the flow regime transitions in the 

primary loops (Froude number basis). The time scale of simulated thermal-hydraulic phenomena is 

thus one to one to those in the reference PWR. 

Core power is limited to 10 MWt, which is volumetrically scaled by 1/48 at core power equal to 

and less than 14% of the scaled rated power of the reference PWR. 

Fuel assembly has mostly the same dimensions for the following points as those of PWR 17x17 

fuel assembly; diameter, length and pitch of fuel rod, diameter, length and pitch of control rod guide 

thimble, and the ratio of number of fuel rods to number of the guide thimbles. This preserves the heat 

transfer characteristics of the core. The total number of the simulated fuel rods is scaled by about 1/48. 

There are 1008 heated rods in the current fourth fuel assembly. 

Steam generators are designed to simulate primary-to-secondary thermal interactions during most 

of SBLOCAs or operational transients. The rated 10 MWt power sets the maximum steady-state steam 

and feed water flow requirements to 14% of the scaled flow required for the reference PWR operating 

at full power. The secondary pressure is elevated at the initial steady state operation to suppress and 

control the heat transfer with the scaled heat transfer area of U-tubes and 14% primary loop flow rate. 

U-tube bundles have mostly the same dimensions with those of the reference PWR. 

Flow capacities are scaled by 1/48 where practical. 

Pressure loss due to fluid flow is designed to be equal to that in the reference PWR for scaled 

flow rates. 

Break in the reference PWR is simulated by using a break unit that can be connected at 

19 locations of the LSTF. Break size is controlled by orifice or nozzle. Large-diameter long break 

nozzles (L/D = 12) were newly furnished for the ROSA-2 Project. The break flow rate is measured 

from liquid level increased rate in the suppression tank (ST). 

ECCS is designed with adjustable operational envelopes that cover capacity at the normal 

envelope and beyond. Piping and nozzles are provided so that ECCS fluid can be injected into several 

possible locations around the primary coolant system other than those typical to the reference PWR for 

some parameter investigations. All types of ECCS furnished to the reference PWR are provided; HPI 

system, accumulator injection system (AIS), LPI system and residual heat removal (RHR) system. A 

gravity-driven injection system (GDIS) as a kind of passive safety features is equipped with the LSTF, 

though it was not used in the NEA ROSA and ROSA-2 Projects. 

Process control system includes logics that consider the following four experimental needs; 

a) A computer controlled sequence control programme drives steady-state and transient events. 

  L / D
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Constants vary according to demands for each experiment. 

b) The interlock programme incorporates special control features of the reference PWR for 

facility equipment trip control. 

c) The component control programmes contains logic specific to key individual component 

control such as core power decay, pressuriser heater control and pump rotation speed 

increase/ coast down. 

d) The facility protection control system governs the equipment safety interlocks such as core 

over-temperature protection that was activated at Test 6-1 in the ROSA Project and Test 2 in 

the ROSA-2 Project. 

Instrumentations are designed 

a) to simulate the process instrumentation of the reference PWR to control the LSTF system 

during SBLOCA and operational transient simulation experiments, 

b) to measure thermal-hydraulic phenomena as precisely as possible, and 

c) to develop new instruments for advanced measurements in need. 

As for the point b), three-dimensional fluid behaviours are to be detected by a combination of 

thermocouples, water level measurements and gamma-ray densitometers with aid of visual 

observation by the video probe at hot and cold legs, which were attained for the previous ROSA 

Project and utilised in the ROSA-2 Project too. As for the point c), non-condensable gas detectors and 

low-velocity gas velocity meter were developed in JAEA and utilised in the previous ROSA Project. 
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3. TEST DESCRIPTION AND RESULTS 

This section describes major significances observed and obtained in each experiment, in a form of 

very brief summary of each of 7 LSTF experiments for the ROSA-2 Project, as well as such 

fundamental information as background, objectives including safety significances, experiment method. 

The descriptions given in this section are based on the detailed descriptions in the Data Report, all of 

which are included in the DVD of final integration report with the corresponding LSTF data.  

The seven LSTF experiments for the ROSA-2 Project provide a good database to understand the 

associated thermal-hydraulic responses during simulated accidents, which is suitable for the validation 

of computer codes and models for system integral analyses consistent with the objective of the NEA 

ROSA-2 Project. 

3.1 Test 1 Hot leg intermediate-break LOCA 

3.1.1 Background 

Risk assessment of a LWR has been extensively performed in relation to risk informed regulation 

(RIR) in various ways including the clarification of occurrence frequency of incidents that may cause 

abnormal transients or accidents. The break of piping in the primary system is a cause for LOCA, and 

LOCA is applied as a hypothetical event for design and safety assessment to validate the effectiveness 

of ECCS. The occurrence frequency of the pipe break has been found to depend on the pipe size such 

that complete rupture of a smaller pipe or non-piping component is more likely to occur than double-

ended guillotine break (DEGB) of a larger pipe, through the investigation on pipe integrity during 

long-term operation and for life extension of LWRs. The frequency of main piping in the primary 

system such as hot and cold legs of PWRs, leading to large-break LOCA, would thus be quite low. 

The consideration of complete rupture of largest branch pipe connected to the main piping should 

become relatively more important than ever in RIR-relevant safety analyses [3.1-1]. 

The US NRC proposed risk informed changes to LOCA technical requirements, Appendix K to 

CFR Part 50 [3.1-2]. In this proposal, IBLOCA is chosen as a design basis event for the assessment of 

ECCS effectiveness. For PWR, DEGB of pressuriser (PZR) surge line connected to one of hot legs is 

considered as representative for break location and size of IBLOCA. The experimental data, however, 

are quite limited to clarify thermal-hydraulic responses during IBLOCA due to DEGB of PZR surge 

line. 

3.1.2 Objectives 

The objective of Test 1 was to clarify thermal-hydraulic responses during IBLOCA due to DEGB of 

PZR surge line connected to hot leg. Another objective is to obtain data suitable for the assessment of 

predictability of computer codes and models for system integral analyses particularly on the hot leg 

IBLOCA. 

3.1.3 Description of experiments 

Test 1 [3.1-3, 3.1-4] was conducted under assumptions of total failure of both HPI system and 

auxiliary feed water as well as loss of off-site power concurrent with the scram signal. The 
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specification of Test 1 including test conditions and procedures was defined, based on the discussion 

among the Project participants. 

The size of break at the top of hot leg in the loop without PZR (loop-B) was equivalent to 

17%  old leg break to better simulate DEGB of PZR surge line. An upward long nozzle was mounted 

flush with the inner surface of hot leg to simulate the break. PZR connected to intact loop was isolated 

by an isolation valve before the test initiation to better simulate the primary coolant inventory involved 

in the LOCA transient. Core scram occurred at 4 s after the break since the reactor control logic is 

based on the pressure of PZR that is isolated before the break. ACC and LPI flow rate was 3:1 to cold 

legs of intact and broken loops, respectively. 

3.1.4 Experiment results 

Rather large size of break caused a fast transient of phenomena. The primary pressure became lower 

than the SG secondary-side pressure at about 55 s. Break flow turned from single-phase liquid to two-

phase flow in a few seconds after the break. Water remained on the upper core plate in the upper 

plenum due to counter-current flow limiting because of significant upward steam flow from the core to 

the break. Core uncovery started simultaneously with liquid level drop in crossover leg down flow-

side before loop seal clearing (LSC) induced by steam condensation on ACC coolant injected into cold 

legs (Figure 3.1-1). The core liquid level rapidly recovered after the LSC. Peak cladding temperature 

(PCT) recorded almost simultaneously with the LSC was 607 K, which was lower than the initial 

temperature of 623 K. During the ACC coolant injection, simultaneous level recovery appeared in hot 

legs and SG inlet plena because of liquid entrainment from hot leg into SG inlet plenum by high-

velocity steam flow. The experiment was terminated when the core cooling was confirmed after the 

actuation of LPI system, and the primary and SG secondary-side pressures reached nearly-equilibrium. 

Consequently, the results of Test 1 indicated a possibility to have low PCT in the hot leg IBLOCA, 

though an assumption adverse to core cooling such as total failure of HPI system was made. 
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Figure 3.1-1: Primary and secondary pressures, crossover leg liquid level and accumulator flow rate, 
upper plenum and core liquid levels, and fuel rod surface temperature in Test 1 

 

3.2 Test 2 Cold leg intermediate-break LOCA with single-failure ECCS 

3.2.1 Background 

Risk assessment of a LWR has been extensively performed in relation to RIR in various ways 

including the clarification of the occurrence frequency of incidents that may cause abnormal transients 

or accidents. The break of piping in the primary system is a cause for LOCA, and LOCA is applied as 

a hypothetical event for design and safety assessment to validate the effectiveness of ECCS. 

The occurrence frequency of the pipe break has been found to depend on the pipe size such that 

complete rupture of a smaller pipe or non-piping component is more likely to occur than DEGB of a 

larger pipe, through the investigation of pipe integrity during long-term operation and for life 

extension of LWRs. The frequency of DEGB of the main piping in the primary system such as hot and 

cold legs of PWRs, leading to large break LOCA (LBLOCA), would thus be quite low. The 

consideration of a complete rupture of largest branch pipe connected to the main piping should 

become relatively more important than ever in RIR-relevant safety analyses [3.2-1]. 

The US NRC proposed risk informed changes to LOCA technical requirements, Appendix K to 10 

CFR Part 50 [3.2-2]. In this proposal, IBLOCA is chosen as a design basis event for the assessment of 

ECCS effectiveness. For PWRs, DEGB of PZR surge line connected to one of hot legs and one of 

ECCS lines connected to cold legs is considered as representatives for break location and size of 

IBLOCA. The experimental data for IBLOCA, however, is quite limited to understand thermal-

hydraulic responses and to validate the latest BE analysis methods as well as more advanced computer 

codes such as CFD codes. 

3.2.2 Objectives 

The objective of Test 2 was to clarify thermal-hydraulic responses during IBLOCA the break size of 

which is equivalent to simulation DEGB of pressuriser surge line under the condition of single-failure 
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of diesel generators. Another objective is to obtain data suitable for the assessment of predictability of 

computer codes and models for system integral analyses particularly on the cold leg IBLOCA. 

3.2.3 Description of experiments 

Test 2 [3.2-3] was conducted under assumptions of single-failure of diesel generators related to flow 

rates of both HPI and LPI systems, and total failure of auxiliary feed water as well as loss of off-site 

power concurrent with the scram signal. The specification of Test 2 including test conditions and 

procedures was defined, based on the discussion among the Project participants. 

The size of break at the top of a cold leg in the loop without PZR (loop-B) was equivalent to 17% 

cold leg break to better simulate DEGB of pressuriser surge line. An upward long nozzle was mounted 

flush with the inner surface of a cold leg to simulate the break. Core scram occurred at 7 s after the 

break, which was 2 s after the time when the primary pressure lowered 12.97 MPa. HPI, ACC and LPI 

systems were operated in the intact loop. 

3.2.4 Experiment results 

Relatively large size of break resulted in a fast primary depressurisation. Break flow turned from 

single-phase liquid to two-phase flow in a very short time after the break. The primary pressure 

became lower than SG secondary-side pressure at about 55 s (Figure 3.2-1). Core dry out took place 

due to rapid liquid level drop in the core before LSC. Liquid was accumulated in upper plenum, SG U-

tube up flow-side and SG inlet plenum before the LSC due to counter-current flow limiting (CCFL) by 

high velocity vapour flow, and enhanced the core liquid level decrease. The HPI system was started at 

about 35 s almost simultaneously with the core dry out, but was ineffective on the core cooling 

because the injection flow rate was much smaller than break flow rate. The core bottom-up quench 

started after the incipience of accumulator coolant injection at about 110 s. However, a large 

temperature excursion appeared in the core, which induced actuation of automatic core power 

decrease to protect the LSTF core. The peak cladding temperature of 978 K was observed at Positions 

7 and 6 at about 150 s during the core reflooding. Whole core was quenched by about 180 s. The 

experiment was terminated when the core cooling was confirmed after the actuation of the LPI system, 

and the primary and SG secondary-side pressures reached nearly-equilibrium. 

Consequently, the results of Test 2 indicated a possibility to have quite high PCT in the cold leg 

IBLOCA in spite of the HPI and ACC injection.  
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Figure 3.2-1: Primary and secondary pressures, upper plenum and core liquid levels, fuel rod surface 
temperature, crossover leg liquid level and ECCSs flow rates in Test 2 

 

3.3 Test 3 Hot leg small-break LOCA as counterpart test to PKL 

3.3.1 Background 

Core exit thermocouples (CETs) are utilised worldwide as an important indicator to start an AM 

operator action by detecting core temperature excursion during reactor accidents. In NEA ROSA 

Project Test 6-1 [3.3-1], a PWR PV upper-head SBLOCA was simulated with SG secondary-side 

depressurisation as a symptom-oriented AM measure based on core exit temperature during core boil-

off to confirm effectiveness of the AM measure. The break size was equivalent to 1.9% cold leg break 

to simulate the ejection of one whole penetration nozzle for control rod drive mechanism. The primary 

pressure became lower than the SG secondary-side pressure almost simultaneously with core uncovery, 

resulting in no reflux flow from the SG. It took, however, more than 230 s to initiate the AM action 

after the core temperature excursion started. The AM action was not effective in the early stage onto 

the intended primary depressurisation to start the ACC coolant injection, because the primary pressure 

was lower than the SG secondary-side pressure at the onset of AM action. 

The ROSA Project Test 6-1 result raised a safety concern on the reliability of CET to detect core 

uncovery and to start effective recovery actions [3.3-2]. The NEA Working Group of Analysis and 

Management of Accident (WGAMA) then studied the CET issue by a task group and recommended to 

investigate the scaling problems, because the task considered it is important when the experimental 

results are applied to the commercial reactors. Large-scale experiments such as ROSA/LSTF and PKL 

[3.3-3] to address prototypical conditions were considered preferable for phenomena investigation and 

data preparation for computer code validation. Detailed study associated with SBLOCA with no reflux 

coolant through the LSTF experiment was then requested from the Project participants to clarify 

relation between core exit temperature measured by CETs and fuel rod surface temperature under two 

conditions of high-pressure to meet PWR pressure condition and of low-pressure to meet PKL 

condition. 
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3.3.2 Objectives 

The objectives of Test 3 were to clarify relation between core exit temperature measured by CETs and 

fuel rod surface temperature and to investigate CET responses during core boil-off. Another objective 

is to obtain data suitable for the assessment of predictability of computer codes and models for system 

integral analyses on the hot leg SBLOCA concerning CET response and the analysis on phenomena 

scaling with the data from PKL-2 test. 

3.3.3 Description of experiments 

Test 3 [3.3-4] was conducted under assumptions of total failure of HPI system and loss of off-site 

power concurrent with the scram signal. The specification of Test 3 including test conditions and 

procedures was defined through the discussion among the project participants based on pre-test 

analysis results by voluntary participants to possibly provide superheated steam to CETs during core 

boil-off with no reflux coolant for both high- and low-pressure transient phases. 

The size of break at the top of hot leg in the loop without PZR (loop-B) was equivalent to 1.5% 

cold leg break. An upward sharp-edge orifice was mounted flush with the hot leg inner surface to 

simulate the break. In the high-pressure transient phase, coolant injection was started into PV upper 

plenum for core cooling without forming sub-cooled water layer at the PV bottom immediately after 

maximum fuel rod surface temperature reached 750 K. In the low-pressure transient phase, SG 

secondary-side depressurisation was initiated by fully opening the relief valves (RVs) in both loops as 

an AM action immediately after maximum core exit temperature measured by CETs reached 623 K. 

Boundary test conditions such as actuation in ACC system and LPI system and size of the RVs were 

defined based on the PKL test conditions and scaling ratio of LSTF to PKL. ACC and LPI systems 

were actuated when the primary pressures decreased to 2.6 and 1 MPa respectively. The ACC system 

was terminated when primary pressure decreased to 1.2 MPa that is a little before the LPI actuation. 

3.3.4 Experiment results 

In the high-pressure transient phase, core uncovery took place a little after the primary pressure 

became lower than the SG secondary-side pressure. In the low-pressure transient phase (Figure 3.3-1), 

core uncovery started when the primary pressure became lower than the SG secondary-side pressure. 

The core liquid level recovered soon after the ACC coolant injection into cold legs following the rapid 

primary depressurisation as the AM action. 

Core temperature excursion took place during liquid level drop in the core by boil-off in both 

phases. The observed maximum core exit temperature and the maximum fuel rod surface temperature 

were 633 and 780 K respectively in the high-pressure transient phase, and 662 and 822 K in the low-

pressure transient phase. 

In the low-pressure transient phase, the core exit temperature started to increase at the centre of 

upper core plate the earliest. However, it took more than 411 s to initiate the AM action after the core 

temperature excursion started due to late and slow responses of CETs. The time delay in the detection 

in the steam superheating by CETs were influenced by such factors as low-temperature steam flow 

from the core peripheral region and low-temperature structures around the core exit as well as multi-

dimensional superheating steam in the core. The experiment was terminated when the continuous core 

cooling was confirmed because of the coolant injection by LPI system. 

Consequently, the results of Test 3 indicated a possibility to have high PCT in the hot leg 

SBLOCA, though an assumption adverse to core cooling such as total failure of HPI system was made. 

Slow and late responses of CETs during core boil-off were revealed, similar to results of Test 6-1 of 

the ROSA Project. Influences of such factors as scaling, geometry and power profile onto observed 

thermal-hydraulic phenomena should be clarified through mutual comparison of and in-depth analysis 

on the test results from PKL and LSTF. 
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Figure 3.3-1: Primary and secondary pressures, upper plenum and core liquid levels and core  
exit temperature and fuel rod surface temperature in low-pressure phase in Test 3 

 

3.4 Test 4 steam generator tube rupture accident 

3.4.1 Background 

Emergency recovery operation against SGTR accident needs prompt operator action to terminate 

primary coolant discharge to SG secondary and to suppress amount of radionuclide released to 

environment as low as possible. Typical recovery actions include the isolation of broken SG, the 

depressurisation of intact SG to assure the heat sink for the primary system through natural circulation, 

and the primary depressurisation by opening power-operated relief valve or by other means to equalise 

primary and secondary pressures and to recover and confirm liquid level in PZR. Meanwhile, the 

primary pressure is kept higher than the SG secondary-side pressure when HPI system is under 

operation. When the equalisation of primary/secondary pressure and the liquid level recovery in PZR 

are confirmed, operators may terminate the ECCS and enhance primary system cooling by such 
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producers as restart of main circulation pump in the intact loop. The radioactive release to atmosphere 

during SGTR takes place primarily through cycle opening of RV of broken SG. 

SGTR accident is simulated to evaluate amount of fission product (FP) release and to consider 

better AM actions to minimise the FP release. The experimental data, however, are quite limited for 

the evaluation of radioactive release to environment as well as multi-dimensional coolant behaviour 

such as temperature stratification in horizontal leg during a SGTR accident [3.4-1, 3.4-2]. 

3.4.2 Objectives 

The objectives of Test 4 were to obtain data for the evaluation of radioactive release to environment 

through broken SG RV and to clarify multi-dimensional coolant behaviour such as temperature 

stratification in horizontal leg. Another objective is to obtain data suitable for the assessment of 

predictability of computer codes and models for system integral analyses particularly on the SGTR 

accident, and evaluation the effectiveness of AM operator actions.  

3.4.3 Description of experiments 

The specification of Test 4 [3.4-3] including test conditions and procedures was defined through the 

discussion among the Project participants based on conditions of two tests simulating the Mihama 

Unit-2 SG U-tube rupture incident [3.4-1] and its design basis scenario [3.4-2] as well as LSTF pre-

test analyses with RELAP5/MOD3.2 code [3.4-4]. 

The SGTR is simulated by using a long nozzle in the break unit in a piping connected between 

nozzle at inlet plenum and nozzle at secondary boiler section bottom of SG in the broken loop. The 

nozzle size corresponds to DEGB of the 1/21 volumetrically-scaled cross-sectional area of one of SG 

U-tubes in 2-loop Mihama Unit-2. Manual depressurisation of intact SG secondary-side was initiated 

720 s after the scram signal by fully opening the RV as an AM action, and was terminated when hot 

leg fluid temperature decreased to 531 K in intact loop. Auxiliary feed water (AFW) was initiated in 

both loops 70 s after safety injection (SI) signal. AFW was terminated in broken loop when the broken 

SG secondary-side collapsed liquid level reached 12.85 m, while continued in intact loop till the end 

of the test. HPI system was initiated in both loops 10 s after the SI signal, and was terminated in both 

loops when PZR liquid level reached 1 m. PZR auxiliary spray was initiated by using PJ pump of HPI 

system to enhance the primary depressurisation and to recover liquid level in the PZR switching over 

from PJ to PH pumps when the primary pressure was below 10.34 MPa and hot leg fluid temperature 

decreased to 547 K in intact loop, and was terminated when the pressure equalisation between the 

primary and broken SG pressures was achieved. Primary coolant pump was restarted in intact loop 

after the pressure equalisation between the primary and broken SG pressures was achieved. 

3.4.4 Experiment results 

Coolant in the core was kept sub cooled through the experiment, while the steam ingress into intact 

loop hot leg happened from PZR. As the AM action, manual depressurisation of intact SG secondary-

side was initiated 720 s after scram signal by fully opening the RV. The resulted primary 

depressurisation, however, was significantly limited because major steam condensation on the cooled 

primary coolant was not enhanced due to temperature stratification. Then, the primary pressure was 

lowered to the broken SG secondary-side pressure by the termination of HPI system after the 

confirmation of liquid level recovery in the PZR by PZR auxiliary spray. The broken SG RV opened 

three times after the initiation of manual SG depressurisation. Significant temperature stratification 

appeared in cold leg in the broken loop due to flow stagnation, while significant natural circulation 

prevailed in the intact loop after the initiation of manual SG depressurisation with some fluid 

temperature fluctuation along the cold leg in the downstream of ECCS injection nozzle (Figure 3.4-1). 

The experiment was terminated when the cold shut-down condition was confirmed by the restart of 

primary coolant pump in the intact loop after the pressure equalisation between the primary and 

broken SG pressures was achieved. 
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Consequently, data on local phenomena and system responses were obtained in relation to the AM 

operator actions, which are necessary for the evaluation of radioactive release to environment through 

broken SG RV. Multi-dimensional phenomena specific to SGTR accident such as temperature 

stratification appeared in the broken loop cold leg. Such multi-dimensional flow data are suitable to 

validate 3-D CFD codes as well as BE codes for safety evaluation. 
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Figure 3.4-1: Primary and secondary pressures, primary loop flow rate,  
broken cold leg fluid temperature 

 

 

3.5 Test 5 Main steam line break with steam generator tube rupture accident 

3.5.1 Background 

Emergency recovery operation against SGTR accident needs prompt operator action to terminate 

primary coolant discharge to SG secondary and to suppress amount of radionuclide released to 

environment as low as possible. Typical recovery actions include the isolation of broken SG, the 

depressurisation of intact SG to assure the heat sink for the primary system through natural circulation, 

and the primary depressurisation by opening power-operated relief valve (PORV) or by other means to 

equalise primary and secondary pressures and to recover and confirm liquid level in PZR. Meanwhile, 

the primary pressure is kept higher than the SG secondary-side pressure when HPI system is under 



NEA/CSNI/R(2016)10 

36 

operation. When the equalisation of primary/secondary pressure and the liquid level recovery in PZR 

are confirmed, operators may terminate the ECCS and enhance primary system cooling by such 

producers as restart of main circulation pump in the intact loop. The radioactive release to atmosphere 

during SGTR takes place primarily through cycle opening of RV of broken SG. 

Main steam line break (MSLB) causes a fast depressurisation of broken SG, resulting in injection of 

low-temperature water into core inlet. Coolant of SG primary-side is discharged to the secondary-side 

through SGTR [3.5-1, 3.5-2]. The experimental data, however, have been scarcely obtained for such a 

SGTR accident induced by MSLB for the evaluation of radioactive release through ruptured SG U-

tube as well as multi-dimensional coolant behaviour such as temperature stratification in horizontal leg 

under significantly asymmetric loop behaviour. 

3.5.2 Objectives 

The objectives of Test 5 were to obtain data for the evaluation of radioactive release through ruptured 

SG U-tube and to clarify multi-dimensional coolant behaviour such as temperature stratification in 

horizontal leg under significantly asymmetric loop behaviour. Another objective is to obtain data 

suitable for the assessment of predictability of computer codes and models for system integral 

analyses particularly on SGTR induced by MSLB as well as the effectiveness of AM operator actions. 

3.5.3 Description of experiments 

Test 5 [3.5-3] was conducted under assumptions of suppression of accumulator system actuation to 

keep primary coolant discharge to SG secondary-side as low as possible and loss of off-site power 

concurrent with the scram signal. The specification of Test 5 including test conditions and procedures 

was defined, based on the discussion among the Project participants. 

The MSLB was simulated by using a sharp-edge orifice, which mounted at the downstream of a 

pipe that was connected to SG main steam line in the broken loop. The orifice size corresponds to 40% 

of the 1/21 volumetrically-scaled cross-sectional area of 2-loop Mihama Unit-2 main steam tube, 

based on size of one SG flow restrictor. The SGTR is simulated in the same manner as Test 4 [3.5-4]. 

AFW was initiated in broken loop after SI signal, and was terminated when the SG secondary-side 

collapsed liquid level reached the initial liquid level. HPI system was initiated in both loops when 

pressure vessel lower plenum pressure decreased to 12.27 MPa. As an AM action, intact SG 

secondary-side depressurisation was initiated by fully opening the RV 30 minutes after the SI signal, 

considering an internationally common understanding on a grace period to start operator action. AFW 

was initiated in intact loop simultaneously with the AM action. PORV was opened to recover liquid 

level in the PZR when the primary pressure stagnated after the intact SG depressurisation, and was 

closed when the PZR liquid level reached 1 m. The flow rate of HPI system in both loops was reduced 

to a half switching over from the PJ to PH pumps after the 1
st
 PORV closure. The PORV was opened 

again to recover the liquid level in the PZR when the primary pressure stagnated at half of HPI flow 

rate capacity, and was closed when the PZR liquid level reached 1 m. The HPI system was terminated 

in both loops after the 2
nd

 PORV closure. 

3.5.4 Experiment results 

The primary pressure reached nearly-equilibrium with the intact SG secondary-side pressure under 

influences of SGTR, while some sub cooling especially in the broken loop due to a fast 

depressurisation of broken SG through MSLB. As an accident management action, intact SG 

secondary-side depressurisation was initiated at 30 minutes after safety injection signal by fully 

opening the relief valve. However, the primary pressure decreased a little and stagnated again due to 

the increase in HPI flow rate and the decrease in the break flow rate. The HPI flow rate was then 

stepwise decreased twice, finally to zero, to make the primary pressure decreased. Significant 

temperature stratification appeared in hot and cold legs in the intact loop due to the ingress of low-
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temperature coolant into the hot leg from upper plenum and the stagnation of high-temperature coolant 

over HPI coolant that flows at cold leg bottom, while significant natural circulation prevailed through 

the broken loop with uniform fluid temperatures in hot and cold legs due to MSLB (Figure 3.5-1). 

The experiment was terminated when the continuous core cooling was confirmed because of the 

coolant injection by LPI system. 

Consequently, through the two SGTR experiments: Tests 4 and 5, non-symmetrical behaviours 

appeared between two loops. Significant thermal stratification appeared commonly but in either of two 

loops: loop with broken SG in Test 4, or loop with intact SG in Test 5. Such multi-dimensional 

phenomena should be important for the correct evaluation of system thermal response, thus for the 

correct estimation of effectiveness of AM actions. The obtained data are suitable for the evaluation of 

radioactive release through a ruptured SG U-tube as well as the validation of 3-D CFD code and BE 

codes for safety evaluation. 
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Figure 3.5-1: Primary and secondary pressures, primary loop flow rate, intact  
cold leg fluid temperature in Test 5 
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3.6 Test 6: Natural circulation interruption 

3.6.1 Background 

System cool down is intentionally performed by means of natural circulation through intact (active) 

SGs after such incidents as feed water line break and steam line break in which SG secondary-side 

becomes empty of liquid as shown in Figure 3.6-1. Natural circulation interruption (NCI) may then 

happen in a loop with affected (isolated) SG under such asymmetric cool down condition. Once the 

NCI happens, steam bubble generation and boron precipitation may take place at the top of U-tubes in 

the affected SG because of heating of stalled coolant by high-temperature metal structure. It is 

important to clarify the conditions, in the case of such asymmetric cooling by natural circulation, with 

which natural circulation is maintained for a long time. 

 NEA PKL-2 Project conducted G2.1 test on the NCI during intentional yet asymmetric system 

cool down by natural circulation through two depressurising SGs with the other two SGs emptied on 

its secondary side [3.6-1]. The experimental results showed that, for a stepwise cool down, the natural 

circulation was maintained in all the loops, suggesting a condition that enables the cool down of PKL. 

Based on the background above, and as a request from the ROSA-2 Project participants, the NCI 

test was chosen as the subject of Test 6 in order to clarify the NCI behaviour and detail of thermal-

hydraulic responses when the cool down operations are done stepwise in LSTF. 

3.6.2 Objectives 

The objective of Test 6 is to clarify system behaviour when primary loops are cooled down by means 

of natural circulation when secondary side of SG in the loop without the PZR is empty of liquid as 

counterpart test with the PKL test G2.1. Another objective is to obtain data suitable for the validation 

of safety analyses codes applied for PWR accident. 

3.6.3 Description of experiments 

Test 6 [3.6-2] was conducted under the following assumptions. The secondary side of SG in the loop 

without PZR (SG-B in loop B, affected SG) was made empty of coolant. Primary loops were then 

cooled-down by stepwise depressurisation operations in the secondary side of SG in the loop with 

PZR (SG-A in loop A, intact SG). Following detailed test conditions and procedures were defined 

through the discussion based on the preparatory experiment with LSTF and experiences from the NEA 

PKL-2 G2.1 experiments. Initial secondary pressure was 7.3 MPa. Every stepwise cool down rate was 

50 K/h, and three average cool down rates including isothermal step after the stepwise cool down 

operation were used. During the cool down by natural circulation, core power was maintained at 1.29 

MW (1.8% of the scaled nominal power). 

Major experiment procedures were as follows;  

 Firstly, forced circulation state was established by maintaining primary pressure at 11 MPa and 

SG secondary side pressure at 7.3 MPa. Hot leg and cold leg fluid temperatures were 

respectively set to 580 K and 562 K.  

 Secondly, natural circulation was established in both loops. Core power was decreased from 

4.28 MW (6.0%) to 1.29 MW (1.8%) which is representative at natural circulation during small 

break LOCA [3.6-3]. Main feed water was terminated and main steam isolation valves were 

closed for both SGs. Primary coolant pumps were stopped.  

 Thirdly, the secondary side of SG-B was made empty of liquid.  

 Following these operations, stepwise cool down operation with depressurisation of SG-A was 

started. Each cool down step consisted of the depressurisation with cool down rate of 50 K/h 

which was the same cool down rate as that employed in the PKL-2 Project test G2.1 in order to 
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compare flow condition with that by PKL test, and the pressure maintaining (isothermal). The 

average cool down rate depended on the time length of the isothermal step. The cool down 

operations were repeated 9 times in total: 4 times with the average cool down rate of 12 K/h, 2 

times with 14 K/h and 3 times with 16 K/h, to investigate flow conditions in the affected SG 

that should be under influences of the cool down rate, primary pressure and hot leg fluid 

temperature. 

3.6.4 Experiment results 

Figure 3.6-2 shows such measured parameters as (a) primary and secondary pressures, (b) loop flow 

rates, (c) hot leg and cold leg fluid temperature, and (d) temperature difference between inlet and 

outlet plena of SG-B. As shown in Figure 3.6-1 (a), the primary pressure was maintained at almost 

constant of 11 MPa until the end of 6
th
 isothermal step, and decreased to 10 MPa at 20000 s. The 

stepwise depressurisation at SG-A was started at time 0 s. The SG-B pressure decreased 

monotonically following the depressurisation of SG-A.  

Mass flow through SG-B continued until the last pressure maintaining operation in SG-A as 

shown in Figure 3.6-1 (b). The natural circulation was thus maintained through the affected SG until 

the last cool down operation at the intact SG. During the cool down step, the mass flow rate increased 

in the loop A and decreased in the loop B. On the other hand, during the isothermal step, the mass 

flow rate decreased in the loop A and increased in the loop B.  

Fluid temperature in cold leg B decreased with time delay to stepwise decrease in hot legs A and 

B temperatures, and the time delay increased with time as shown in Figure3.6-1 (c). The temperature 

difference between inlet and outlet plena (Tinlet – Toutlet) of SG-B shown in Figure3.6-1 (d) oscillated 

according to the cool down operations, and the outlet temperature became always higher than the inlet 

temperature until the last isothermal step. This result suggests that the fluid in the SG-B U-tubes was 

heated by the SG structure when the inlet plenum temperature was lower than the SG structure 

temperature, and the counter driving force against the natural circulation through SG-B arose. When 

the amplitude of the temperature difference became large, the counter driving force increased and the 

mass flow rate in the loop B decreased. 

Figure 3.6-3 shows fluid temperatures in U-tubes of SG-B. Flow stagnation thus thermal 

stratification happened in long U-tube from about 4000s when the average cool down rate was 12 K/h, 

while it did not occur in short U-tubes until the last cool down operation when the average cool down 

rate was 16 K/h. The thermal stratification in long U-tubes began from the early state of cool down 

process when the average cool down rate was 12K/h and the SG secondary-side temperature was still 

lower than the primary coolant temperature. On the other hand, the thermal stratification in the short 

tubes was not observed until the average cool down rate became 16 K/h. The observed results 

indicated that the timing of the natural circulation termination depends on the U-tube length, such that 

the natural circulation is maintained for longer time in shorter U-tubes, while the average cool down 

rate increased from 12 K/h to 16 K/h in this experiment.  

The natural circulation successfully continued through the affected SG whose secondary side was 

empty of liquid until the last stepwise cool down process including pressure maintaining operation at 

the intact SG, when the average cool down rates were 12, 14 and 16 K/h (averaged for each of 

depressurisation and isothermal steps), which was the same as the result of PKL test G2.1. As a result, 

the whole system including the affected SG was cooled down by the natural circulation being induced 

by the active SG. Counter driving force arose in the affected SG and made the natural circulation 

interrupted in several U-tubes, while the natural circulation through the loop continued.  

Consequently, a database on the detailed thermal-hydraulic response relevant for the NCI was 

obtained under the condition when the system including affected SG is stepwise cooled down by 

single-phase liquid natural circulation by using intact SG. The obtained data is suitable for in-depth 
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investigation on the mechanisms that caused non-homogeneous flow behaviour among U-tubes and 

may finally result in the termination of natural circulation through the affected SG. 

 

References 

[3. 6-1]  PKL group, 2010, “Test PKL III G2.1: Cooldown under Natural Circulation Conditions in 

Presence of Two SGs Emptied and Isolated on the Secondary Side,” PTCTP-G/2010/en/0004. 

[3. 6-2]  Japan Atomic Energy Agency, 2012, “Final Data Report of ROSA-2/LSTF Test 6 (Natural 

circulation interruption Test: ST-NC-41 in JAEA),” Japan Atomic Energy Agency, Private 

Communication. (See Appendix 3) 

[3. 6-3]  Kukita, Y., Nakamura, H., and Tasaka, K., 1988, “Nonuniform Steam Generator U-Tube Flow 

Distribution During Natural Circulation Tests in ROSA-IV Large Scale Test Facility,” Nucl. Sci. 

Eng., 99, 289-298. 

Figure 3. 6-1: Typical conditions relevant for natural circulation interruption in affected (isolated) SG 
during system cooling operation by means of intentional natural circulation by using intact (active) SG 
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Figure 3.6-2 (a): Primary and secondary pressure, (b) mass flow rates in loops A and B, (c) hot leg and 
cold leg fluid temperature, and (d) temperature difference between plena of SG-B 

  

(a)                                   (b) 

 

(c)                                            (d) 
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Figure 3.6-3: Fluid temperature in long and short U-tubes of SG-B 
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3.7 Test 7: Cold leg intermediate-break LOCA with full ECCS 

3.7.1 Background 

Risk assessment of a LWR has been extensively performed in relation to RIR in various ways 

including the clarification of the occurrence frequency of incidents that may cause abnormal transients 

or accidents. The break of piping in the primary system is a cause for LOCA, and LOCA is applied as 

a hypothetical event for design and safety assessment to validate the effectiveness of ECCS. 

The occurrence frequency of the pipe break has been found to depend on the pipe size such that 

complete rupture of a smaller pipe or non-piping component is more likely to occur than DEGB of a 

larger pipe, through the investigation of pipe integrity during long-term operation and for life 

extension of LWRs. The frequency of DEGB of the main piping in the primary system such as hot and 

cold legs of PWRs, leading to LBLOCA, would thus be quite low. The consideration of a complete 

rupture of largest branch pipe connected to the main piping should become relatively more important 

than ever in RIR-relevant safety analyses [3.7-1]. 

The US NRC proposed risk informed changes to LOCA technical requirements, Appendix K to 10 

CFR Part 50 [3.7-2]. In this proposal, IBLOCA is chosen as a design basis event for the assessment of 

ECCS effectiveness. For PWRs, DEGB of one of ECCS lines connected to cold legs is considered as 

representatives for break location and size of IBLOCA. The experimental data for IBLOCA, however, 

is quite limited to understand thermal-hydraulic responses and to validate the latest BE analysis 

methods as well as more advanced computer codes such as CFD codes. 

3.7.2 Objectives 

The objective of Test 7 was to clarify thermal-hydraulic responses during IBLOCA due to DEGB of 

one of the ECCS piping nozzles connected to the cold leg under the condition of full injection of 

ECCSs. Another objective is to obtain data suitable for the assessment of predictability of computer 

codes and models for system integral analyses particularly on the cold leg IBLOCA with some 

different boundary conditions such as break size and ECCS conditions 

3.7.3 Description of experiments 

Test 7 [3.7-3] was conducted under assumptions of full injection of both HPI and LPI systems, and 

total failure of AFW as well as loss of off-site power concurrent with the scram signal. The 

specification of Test 7 including test conditions and procedures was defined, based on the discussion 

among the Project participants. 

The size of break at the top of a cold leg in the loop without PZR (loop-B) was equivalent to 13% 

cold leg break to better simulate DEGB of one of the ECCS piping nozzles. An upward long nozzle 

was mounted flush with the inner surface of a cold leg to simulate the break. Core scram occurred at 9 

s after the break, which was 2 s after the time when the primary pressure lowered 12.97 MPa. HPI, 

ACC and LPI systems operated in the intact loop. 

3.7.4 Experiment results 

Relatively large size of break resulted in a fast primary depressurisation. Break flow turned from 

single-phase liquid to two-phase flow in a very short time after the break. The primary pressure 

became lower than SG secondary-side pressure at 75 s. Due to abrupt decrease in the core liquid level 

along with that in the loop seal liquid level before loop seal clearing (LSC), the first dry out occurred 

at rod surface and temperature excursion started at 60 s. The maximum fuel rod surface temperature of 

653 K was observed at Position 4 at 67 s, and then reflood caused an immediate drop in the rod 

surface temperature. Another temperature excursion occurred between 150 s to 190 s at positions 7, 8 

and 9 because of a decrease in the core liquid level due to steam condensation on injected ACC 
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coolant in the intact loop. Water remaining occurred on the up flow side of SG U-tube, SG inlet 

plenum and core upper plenum by high velocity vapour flow, which enhanced liquid level drop in the 

core. The HPI system was started at 27 s which was 35 s before the core dry out, but was ineffective to 

core cooling because the flow rate was much smaller than break flow rate. 

Consequently, the results of Test 7 indicated a possibility to have low PCT in the cold leg 

IBLOCA in case of relatively smaller break size (than that of Test 2).  

References 

[3.7-1] Tregoning, R., et al., 2008, “Estimating Loss-of-Coolant Accident (LOCA) Frequencies 

Through the Elicitation Process,” US NRC Report, NUREG-1829. 

[3.7-2] The United States Nuclear Regulatory Commission, 2005, “10 CFR Part 50 Risk-Informed 

Changes to Loss-of-Coolant Accident Technical Requirements; Proposed Rule. Federal Register,” 

Vol. 70, No. 214. 

[3.7-3] Japan Atomic Energy Agency, 2013, “Final Data Report of ROSA-2/LSTF Test 7 (Cold Leg 

Intermediate Break LOCA IB-CL-05 in JAEA),” Japan Atomic Energy Agency, Private 

Communication. (See Appendix 3) 

 

Figure 3.7-1: Primary and secondary pressures, upper plenum and core liquid levels, fuel rod surface 
temperature, crossover leg liquid level and ECCSs flow rates in Test 7 
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4.  SUMMARY 

4.1 Summary of ROSA-2 Project 

The NEA ROSA-2 Project was carried out for 3.5 years from April 2009 until September 2012 under the 

collaboration and definition among the 19 participants from 15 countries to resolve LWR safety issues 

especially in thermal-hydraulics analyses through system integral tests with the LSTF of the ROSA 

Programme in JAEA. The Project participants are composed of regulatory bodies, TSOs, research 

organisations including universities, utilities and vendors. The LSTF is a full-pressure and full-height two-

loop integral test facility simulating an 1100 MWe four-loop Westinghouse-type PWR: Tsuruga Unit-2 of 

the JAPC, with a volumetric scaling of 1/48 being constructed in 1985 to investigate thermal-hydraulic 

responses during reactor accidents and abnormal transients. 

Major objectives of the ROSA-2 Project are the validation of simulation models and methods for the 

complex thermal-hydraulic phenomena of high safety relevance in DBE and beyond-DBE, and to 

investigate safety issues, specifically as; 

1) IBLOCA, including risk-informed break size definition and validation of safety analysis codes.  

2) Improvements and new proposals for accident management mitigation and/or emergency 

operation, focused on the recovery from SGTR.  

Efforts were made to establish a database that includes complicated thermal-hydraulic phenomena as 

many as possible suitable for V&V of BE computer codes for safety analysis. Seven LSTF experiments 

were performed for three subjects in either SIT or SET comprising thermal-hydraulic responses that may 

encounter during reactor accidents such as IBLOCAs, SGTRs, hot leg SBLOCA and natural circulation 

interruption during system cooling by natural circulation. Care was taken for each LSTF experiment to 

include phenomena related to multi-dimensional mixing, stratification, parallel flows and/or core heat 

transfer under wide range of accident conditions that include rather fast transient and influences of operator 

interventions.  

In the ROSA-2 project, attempts were made to enhance the influences and effectiveness of the Project 

objective, by performing such activities as blind analysis with the Project participants and counterpart 

testing with the other NEA Project PKL-2 being performed simultaneously with the ROSA-2 Project. 

Appendix A summarises and discusses the blind analysis results. 

Major significances observed in each of 7 LSTF experiments are as follows. ; 

IBLOCAs (3 experiments) 

This subject was intended to address a safety issue concerning risk-informed changes to LOCA 

technical requirements (break size definition) and to well understand the thermal-hydraulic 

phenomena that may occur during the “transition break size” LOCAs. 

Blind analysis was performed for all of the three IBLOCA experiments, indicating a good 

fundamental calculation capability of BE codes, but also indicated a possibility that BE codes may 
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give results with large uncertainties† in the thermal-hydraulic response including PCT to indicate 

safety margin in safety analysis. 

 Test 1: Hot leg break LOCA with 17% break to simulate a DEGB of PZR surgeline 

An SIT was performed to observe a typical thermal-hydraulic response during an IBLOCA with a 

break at hot leg. The experiment indicated a possibility to have low PCT in the hot leg IBLOCA, 

though an assumption adverse to core cooling such as total failure of HPI system was made. 

Blind analysis was performed by 8 participants as the 1
st
 trial in a series of blind analysis effort. 

The results indicated a relatively small scattering among the calculated results but had an 

overestimation of break flow rate and low (non-conservative) PCT. 

 Test 2: Cold leg break LOCA with 17% break to simulate a DEGB of ECCS Nozzle 

An SIT was performed with a break at cold leg with the same break size as that in Test 1. The 

experiment indicated a possibility to have a quite high PCT in the cold leg IBLOCA in contrast to 

Test 1: the hot leg break LOCA. The influence of HPI under single-failure assumption was negligible. 

Blind analysis was performed by 7 participants as the 2
nd

 trial. A large scattering appeared among 

the calculated results especially for the liquid level in the core and thus PCT. Most participants 

underestimated the PCT. 

 Test 7: Cold leg break LOCA with 13% break to simulate a DEGB of ECCS Nozzle 

An SIT was performed with a break at cold leg with the smaller break size than in Test 2. The 

experiment indicated another possibility to have a quite low PCT in the cold leg IBLOCA in contrast 

to Test 2. The influence of HPI under full injection assumption looked negligible too. 

Blind analysis was performed by 6 participants as the 4
th
 trial. A large scattering appeared again 

among the calculated liquid level in the core and thus PCT. Most participants significantly 

overestimated the PCT. 

Steam generator tube rupture (SGTR, 2 experiments) 

This subject was proposed from the Project participants to well understand the thermal-hydraulic 

phenomena that may occur during SGTR and relevant accidents to find improvements and new 

proposals for AM mitigation and recovery actions to minimise the radioactive release to environment. 

Blind analysis was performed for one of two experiments: Test 5. 

 Test 4: SGTR 

An SIT was performed under an assumption of DEGB of one SG U-tube with operator recovery 

actions being defined based on the pre-test analysis and previous LSTF experiment results such as the 

simulation of Mihama Unit-2 SGTR accident. The operator actions were composed of depressurisation 

                                                           
† (Special Notice 1) Practically, two of the three IBLOCA experiments, Test-2 and Test-7, with small 

difference in the boundary conditions of break size (17% and 13%) and HPI (single-failure and full injection) 

brought us significantly different response especially in the core liquid level and thus PCT. The difference in 

the calculated PCT from the measured value far exceeded the uncertainty band given by BEPU results.  

 Participants then encountered significant difficulties in correctly represent the observed results in pre-test 

(blind) and even in post-test analyses. Multiple CCFL at around core exit and SG inlet plenum may have 

been one of sources of the uncertainty, because the CCFL parameters are not measured there. This result 

suggests us that similar situation may occur in the reactor safety analysis in which such critical parameters 

are not always given either. The more complicated three-dimensional flow at around such locations may give 

us much difficult situation in reactors, which would be related to those in 4.2 Remaining Issues. 
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of intact SG, primary depressurisation and pressuriser liquid level recovery by using auxiliary spray, 

termination of HPI and restart of primary coolant pump after the confirmation of pressure equalisation 

between the primary and SG secondary systems.  

The broken SG RV opened three times after the initiation of manual depressurisation of intact SG, 

which provided a basis suitable for the evaluation of radioactive release to environment in response to 

the given operator actions. Multi-dimensional phenomena specific to SGTR accident appeared such as 

temperature stratification in the broken loop cold leg and temperature fluctuation in the intact loop 

cold leg in the downstream of ECCS injection nozzle. 

 

 Test 5: SGTR with main steam line break (MSLB) 

One SIT was performed under an assumption that MSLB and SGTR occurred simultaneously in the 

broken SG. The break size of MSLB was 40% of MSL, considering the size of flow restrictor. As for 

the SGTR, the same break configuration was employed as that for Test 4. Operator actions were 

defined through the discussion with project participants such as the depressurisation of intact SG, 

primary depressurisation by PORV opening and throttle of HPI flow rate, to manually mitigate the 

accident. 

Significant system cooling appeared because of the MSLB, which made the primary coolant 

significantly sub cooled, especially through enhanced natural circulation in the broken loop. The 

influence of SGTR was negligible because of the significant cooling effect by the MSLB, while the 

pressure difference across the break was very large. The natural circulation was induced in the intact 

loop by the natural circulation in the broken loop for a short while, but finally stopped to cause flow 

stagnation. The depressurisation of intact SG failed to restart natural circulation through the intact loop, 

thus had a negligible effect onto the primary loop cooling and depressurisation. Significant thermal 

stratification appeared in the intact loop hot and cold legs in different ways. 

Blind analysis was performed by 5 participants as the 3
rd

 trial. One-dimensional BE codes failed to 

properly simulate the induced natural circulation and thermal stratification thereafter in the intact loop, 

causing scattering in the primary pressure response, probably due to failure in the proper simulation of 

thermal balance in the primary system. Almost all the calculated results indicated some influence of 

intact SG depressurisation, in contrast to the experiment observation, suggesting BE code has a 

difficulty to provide a proper estimation on the effectiveness of planned AM actions. 

Counterpart testing with PKL-2 (2 experiments) 

 Test 3: Hot leg SBLOCA 

An SIT was performed to observe the response of CETs during the core uncovery under the conditions 

of core boil-off with no reflux coolant from SGs that typically appear in a hot leg SBLOCA. This 

experiment was designated as the counterpart test to PKL experiment G7.1, being performed prior to 

the PKL experiment. Significant efforts were made for the pre-test analysis by the project participants 

to define the test conditions suitable for both LSTF and PKL experiments. Specifically, the LSTF 

experiment was divided into 3 phases: high-pressure, preparation and low-pressure, to make a close 

mutual simulation with the PKL at the low-pressure transient phase, while to have results at primary 

pressure equal to the reference reactor. 

Twofold data was obtained successfully concerning the response of CETs. Mutual relationships 

between the high-pressure and low-pressure phases and between the PKL and the LSTF low-pressure 

phase gave insights to clarify the influences of the primary pressure and differences in the facility size 

and structure especially around the core exit onto the CET response.  
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 Test 6: Natural circulation interruption 

A SET was performed as the counterpart to PKL-2 G2.1 experiment to clarify system behaviour when 

primary loops are cooled down by means of natural circulation when secondary side of SG in the loop 

without PZR is empty of liquid. The condition that may cause the interruption of the natural 

circulation through the loop with the affected SG that is induced by the natural circulation in the loop 

with intact SG was experimentally investigated. 

The natural circulation successfully continued through the affected SG until the last stepwise cool 

down process at the intact SG, when the average cool down rates were 12, 14 and 16 K/h (averaged 

from the start of the depressurisation to the end of pressure maintaining operation), which was the 

same as the result of PKL-2 G2.1. 

For all the experiments, pre-test analyses and/or preparatory LSTF experiment were done in 

JAEA with the JAEA-modified version of RELAP5/MOD3.2.1.2 code to survey optimum test 

conditions to meet the test objectives. The obtained results were distributed and discussed among the 

Project participants to define the test conditions. 

To obtain necessary and detailed data during each LSTF experiment, new instrumentation 

furnished during the previous ROSA Project was utilised to measure such parameters as temperature 

distribution at fine spatial resolution in cold and hot legs, down comer, SG inlet plenum and direct 

visual observation of flows in all of the four horizontal legs. 

The ROSA-2 Project, similar to the previous ROSA Project, provided a great amount of LSTF 

experimental data and technical information that are important and useful for V&V of BE and CFD 

codes in such aspects as local multi-dimensional, multi-phase, parallel channel flows such as CCFL, 

thermal stratification and natural circulation. The obtained data has been readily distributed to and 

shared among the Project participants and utilised for the post-test analyses for the V&V of the safety 

analysis codes and models as well as advanced codes such as CFD codes. The technical information† 

obtained through the ROSA-2 Project was shared among the Project participants through the 

discussions during in PRG (Programme Review Group) meetings and over e-mail communications. 

The technical information is useful not only for the improvement of code utilisation, but also to 

address safety issues such as effectiveness of AM measures including effectiveness confirmation of 

CETs. 

In total, the ROSA-2 Project successfully planned and performed ROSA/LSTF experiments with 

the Project participants and shared the obtained data and technical information to address the 

concerned safety issues and the V&V of safety analysis computer codes including CFD codes. 

4.2 Remaining issues 

Based on both the experimental and analytical studies done through the ROSA Project being mainly 

characterised by significant post-test analysis efforts and ROSA-2 Project being mainly characterised 

by blind analysis and counterpart test efforts, the following issues, but not limited to these, would be 

thought still remaining in the thermal-hydraulic safety research region, especially as the source of 

uncertainty in the safety analysis by using one-dimensional best estimate (BE) computer codes, as; 

                                                           
†
 (Special Notice 2) The BE code simulation of the LSTF experiment may be influenced by the value (and 

condition) of flow through “down comer to hot leg bypass”, the initial flow rate of which is specified as 

0.49 kg/s for each of two loops. It is highly recommended that the flow through “down comer to hot leg 

bypass” is chosen as one of parameters to examine the influences of it onto such important parameters as 

liquid level transient in the core. 
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1-D BE codes have a critical difficulty in correctly and accurately dealing with multi-dimensional 

phenomena that are mostly treated in a simplified manner in one-dimensional representation. 

Examples found through the ROSA and ROSA-2 Projects include; 

a) Counter-current flow limiting (CCFL), the characteristic of which is shape dependent. This 

phenomena controls amount and way of coolant flowing into the core, thus directly influences the 

safety margin evaluation, especially through wide area such as core exit with a certain distribution 

in the upwardly flowing steam flow rate, at the location where multi-dimensional flow prevails 

such as inclined hot leg nozzle to the SG inlet plenum and at the inlet of multiple SG U-tube 

bundle that may strongly influence non-homogeneous behaviour among tubes. Generally, it is 

difficult to experimentally obtain all of such CCFL characteristics even in the test facilities such 

as LSTF and PKL, not only for the LWRs. 
 

b) Thermal stratification with various types of temperature and velocity profile under influences 

of system-wide and/or local flow mixing/separation conditions including ECCS injection. This 

may result in the uncertainty in the system-wide thermal response that should be important for the 

definition, validation and confirmation of AM effectiveness. 
 

c) Natural circulation through SG U-tube bundle with co-existing of forward, stall and reverse 

flow tubes by changing the portion of them depending on the total flow condition and local 

pressure and multi-dimensional temperature profile along the loop including SG and within the 

SG inlet plenum. This controls total flow rate through the primary loop, thus influences the 

system-wide thermal conditions. 

Precise heat transfer evaluation in the core, especially under abrupt change in the flow rate and flow 

direction and unstable flows at relatively high core power, being demonstrated in the intermediate-

break LOCA experiments in the ROSA-2 Project. Small change in the void fraction and flow may 

cause completely different consequences due to the selection criterion of heat transfer correlations. 

Examples found through the ROSA and ROSA-2 Projects include;  

a) Core uncovery response under rapid liquid level drop and/or recovery at relatively high core 

power, being followed by rapid core temperature excursion. 

b) Core uncovery and rewet characteristic at very high void fraction including top-down film 

rewet under influences of CCFL at core exit. 

c) Post-BT (boiling transition) rewet characteristics under influences of entrainment at wide 

range of pressures. 

d) Correct identification of mixture level location in the computer code calculations to correctly 

define core uncovery and rewet location. 

Scaling issues, a part of which is related to (1) above, to properly extrapolate the phenomena 

observed in the scaled-down facility such as LSTF to the reference reactor accident conditions, mainly 

through some computer codes with high accuracy. Continuous effort of blind analysis is strongly 

recommended to pursue in, for example, the NEA Projects such as PKL-3, possibly with counterpart 

testing among facilities that are designed similarly but with different size and pressure. 

 

 

Note : This Final Integral Report for the ROSA-2 Project is published in a form of a DVD that contains the 

Data Reports for all of the 7 ROSA/LSTF experiments with all of the measured data. 
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APPENDIX 1: BLIND ANALYSIS AND POST-TEST ANALYSIS 

The previous NEA ROSA Project was characterised by post-test analyses. Many of the Project 

participants provided with their calculated results to the PRG discussions. The results are given and 

major outcomes are discussed in Appendix 2 “Post-Test Analyses” of the ROSA Project FIR. The 

given comparison with the experimental data showed an excellent agreement with the data, which 

indicated the achievement in the BE code predictive capability, especially when they are properly 

tuned according to the observed phenomena in the simulation experiments.  

The reasons for and results from the blind analysis activity in the ROSA-2 Project are presented in 

the following sections. The ROSA-2 Project, in this sense, is characterised by the blind analysis efforts 

by many of the Project participants. Appendix 1 is dedicated to the blind analysis efforts. Self-

evaluations by the “blind analysis participants” are given after the mutual comparisons and discussions 

on notable parameters among calculated results and experimental data. 

As for the post-test analysis efforts within the ROSA-2 Project, a list of the analysis results 

presented at the PRGs by the Project participants is given in the last part of this Appendix as well as 

the blind (pre-test) analysis results. 

A1-1 Blind analysis  

A1-1-1 Background and objectives for blind analysis 

During the previous NEA ROSA Project, the post-test analyses were performed by many project 

participants and indicated an excellent agreement with the LSTF test results. This result suggested 

maturity of safety analysis code development and achievements in the validation efforts. However, the 

pre-test analysis was not performed by the Project participants because it was due for the operating 

agent (OA) to define the boundary conditions for all the LSTF experiments. The pre-test analysis was 

performed mostly by using the RELAP5/MOD3.2.1.2 code that had been modified by JAEA and the 

TRAC-SKETCH code that was developed in JAEA for thermohydraulic-neutronics coupling analysis 

for ATWS etc. In the ROSA Project, however, discrepancies appeared in the pre-test analysis result 

from the phenomena observed in the LSTF experiments in almost all the cases. Test 6-1, for example, 

indicated significantly higher peak cladding temperature (PCT) than expected, and the core power was 

automatically decreased to protect the simulated fuel bundle during the experiment. 

Based on such experiences and to pursue the objectives of the ROSA-2 Project effectively, JAEA 

proposed the pre-test (blind) analysis activity to perform with the Project participants. Practically, all 

the safety evaluation analysis is the blind analysis without reference data. Many of the ROSA-2 

Project participants have already experienced several post-test analysis during the previous ROSA 

Project and thus had chances to adjust and/or correct their code input through the analysis efforts. All 

the Project participants then agreed to perform the pre-test (blind) calculation. 

The pre-test (blind) analysis activity performed in the ROSA-2 Project may greatly contribute to 

further improvement of the predictive capability of best estimate (BE) computer codes and elimination 

of user effect by in-depth understanding of the accident phenomena through the comparison between 

the calculation results and experiment results. 
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A1-1-2 LSTF experiments for blind analysis 

Four LSTF experiments of Test 1 (HL IBLOCA), Test 2 (CL IBLOCA), Test 5 (SGTR + MSLB) and 

Test 7 (CL IBLOCA) were selected suitable for the blind analysis among the Project participants. The 

reasons to avoid the blind analysis for three other experiments of PKL counterpart (2 experiments) and 

SGTR (1 experiment) are that the phenomena is already well known because of either many pre-test 

calculations to define the test conditions including participant efforts or the preliminary (preparatory) 

experiment which is opened to participants, and the occurrence of early operator interventions that 

control major thermal-hydraulic responses, which were considered unsuitable for this activity. 

A1-2 Mutual comparison of blind analysis results 

Almost all of the calculated results from the participants are compared mutually and with the LSTF 

test data for some system-wide responses during accident and/or local thermal hydraulic phenomena. 

Discussions are made for such responses and phenomena, trying to clarify the reasons that gave good 

and/or bad calculated results based on the given comparisons. In the following four sub-sections, 

mutual comparisons are consecutively done for Test 1 (HL IBLOCA), Test 2 (CL IBLOCA), Test 5 

(SGTR + MSLB) and Test 7 (CL IBLOCA) with some discussions. 

A1-2-1 Test 1 (HL IBLOCA) 

This is the first LSTF experiment for the ROSA-2 Project, and simulated a double-ended guillotine 

break (DEGB) of pressuriser surge line pipe. The break size is equivalent to 17% of cold leg cross 

section. The break is simulated with an upward-oriented long nozzle with the length to diameter (L/D) 

ratio of 12. Full failure is assumed for HPI. Detailed explanations on the LSTF experiment are given 

in Section 3.1 and in the Data Report included in the final integration report (FIR) DVD. 

Eight blind analysis results were given as shown in Table A1-2-1. Four computer codes of 

ATHLET, CATHARE2, TRACE and RELAP5 were used. Different versions were used for TRACE 

and RELAP5 codes. Developers of the three computer codes of ATHLET, CATHARE2 and TRACE 

joined. (As for the RELAP5 code, the US NRC had completed the development of the final version of 

MOD 3.3 by around 2001.)  

Table A1-2-1: List of blind analysis for ROSA-2 Test 1 

Country Organisation Computer Code Affiliation 

France CEA CATHARE2 Developer 

Germany GRS ATHLET Developer 

Spain 
CSN_UPM TRACE v5.0 User 

UPC RELAP5/MOD3.3 User 

Switzerland PSI TRACE v5.rc3 User 

USA NRC TRACE v5 Developer 

Japan 
JNES RELAP5/MOD3.3 User 

JAEA RELAP5/MOD3.2.1.2 User 

The blind calculation results are briefly discussed through cross comparison of the calculated 

results with the LSTF data, for the time range of -50 to 500 s on such parameters as primary pressure, 

SG secondary pressures, break flow rate, loop mass flow rates, collapsed liquid levels in core, upper 

plenum, vessel down comer, SG inlet plenum, SG U-tubes, hot & cold legs and crossover legs, peak 
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cladding temperature (PCT), ECCS (accumulator) flow rates. All the comparisons are given in a form 

of Microsoft Excel graph as an electrical file attached to the FIR DVD. 

 

Primary and secondary pressures 

Figure A1-2-1A indicates a cross comparison of the primary pressure. The depressurisation rate 

depends on the break flow rate to be shown in Figure A1-2-1C. Because most of the analysis results 

overestimated the discharge flow rate especially for the two-phase flow rate, the primary pressure was 

mostly underestimated. The primary pressure started to increase after about 300 s because the hot leg 

B liquid level swelled following the liquid level swell in the upper plenum due to the coolant injection 

from accumulators. CATHARE result simulated this pressure recovery, while the start timing was 

very early. Other participants failed to simulate this particular response. 

The steam generator (SG) secondary-side pressure was underestimated by most of participants as 

shown in Figure A1-2-1B. Anyhow, calculated pressures, both of primary and secondary pressures, 

indicated rather large scattering among the participants. 

Break flow rate and hot leg liquid level in loop B 

Figure A1-2-1C indicates a cross comparison of the break flow rate from hot leg in the loop B (broken 

loop without pressuriser). The discharge flow rate was overestimated in most calculations until about 

80 s after the break. Liquid level in the hot leg B shown in Figure A1-2-1D agreed rather well with the 

measured data except a few calculated results. The break discharge flow rate increased when the liquid 

level swelled, and vice versa. The flow conditions through break nozzle depend on the combination of 

calculated liquid level and intake model that determines the amount of liquid entrainment into break 

nozzle due to high-velocity steam. Some difference may exist in the conversion method of the 

calculated void fraction into collapsed liquid level in combination of flow regime defined in the 1-D 

horizontal pipe flow model. The accuracy of resulted break mass flow rate may thus be under 

influences of such models, further than the nodding of break nozzle and/or employed critical flow 

model(s) and discharge coefficient. 

Liquid level in SG U-tube and inlet plenum 

Liquid level in the SG-B U-tubes shown in Figure A1-2-1E started to drop rapidly following the loss 

of loop flow rate. The loop mass flow rate decreased almost to zero by about 50 s (not shown) similar 

to that in cold leg break IBLOCA tests: Test 2 and Test 7. The liquid level then successively dropped 

into the inlet plenum of SG-B as shown in Figure A1-2-1F, and into the hot leg B as shown in Figure 

A1-2-1D. This liquid level drop behaviour was calculated well by most of participants, while some 

participants indicated faster level drop than in the experiment, leading to early core uncovery, due to 

overestimation of the break flow rate 

Collapsed liquid level in the core and PV upper plenum 

Figure A1-2-1G indicates cross comparisons of the collapsed liquid levels in the vessel upper plenum 

and in the core. The liquid level appeared in the upper plenum almost right after the break similar to 

that in hot legs due to fast system depressurisation, and gradually decreased because of the upward 

two-phase mixture flow towards the break at hot leg. This liquid level response is different from that 

in Tests 2 and 7 with a break at cold leg. The calculated results agreed well in the trend though there 

appeared some scattering in the liquid level decrease rate at around 80 to 170 s. 

As for the liquid level in the core, all the code gave a similar trend with the measured data. 

However, the liquid level decrease rate was mostly overestimated giving a faster level drop, probably 

due to over-prediction of break flow rate, except CATHARE result that agreed most among the 

calculated results. 
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Peak cladding temperature (PCT) 

Figure A1-2-1H indicates a cross comparison of the calculated and measured PCTs. CATHARE result 

got a hole-in-one, while the temperature increase rate was smaller than in the experiment, suggesting 

that the elevation where the PCT was recorded would be higher than in the experiment. Anyhow, all 

the calculated results had lower “baseline”; saturation temperature, because of faster primary 

depressurisation than in the experiment. Since the flow through the core was enhanced due to the 

break at the hot leg, the PCT was suppressed low. The absolute value of the measured PCT was even 

lower than the initial steady state temperature. Most of the calculated results largely under-predicted 

the PCT. Three results with the PCT equivalent to the measured value had early incipience time for 

the temperature excursion. Three results indicated no temperature excursion. One participant 

attempted BEPU evaluation (results not shown), but failed to enclose the measured PCT within the 

estimated uncertainty range because of low PCT as the base case. This may suggest the importance of 

a good accuracy in the base case result because the utilisation of BEPU is indispensable for the reactor 

safety analyses by using BE codes. 

Liquid level behaviour in PV down comer, cold leg and crossover leg 

Figure A1-2-1I indicates a cross comparison of liquid level in pressure vessel (PV) down comer. The 

liquid level dropped faster and deeper than in the core, and reached almost the bottom by about 150 s 

when there exist liquid level in the upper plenum. All the calculated results indicated faster level drop 

than in the experiment due to larger break flow rate. The liquid level started to recover after the 

coolant injection from accumulator. The faster primary depressurisation, therefore, resulted in early 

start of the level recovery. 

Figure A1-2-1J indicates a cross comparison of liquid level in cold leg A (intact loop). Most 

calculated results predicted well the liquid level drop that started at about 50 s when the loop mass 

flow rate became to be zero. However, the full-of-liquid condition due to the accumulator coolant 

injection was not well predicted by most of participants, similar to Test 2 and Test 7 cases. The liquid 

level recovery after about 420 s was due to coolant inflow from accumulators because of primary 

depressurisation. CATHARE result only indicated a similar response at a little early timing because of 

rapid primary depressurisation. 

Figures A1-2-1K and A1-2-1L respectively indicate cross comparisons of collapsed liquid level in 

up flow (CP) side and down flow (SG) side of crossover leg. In Test 1, the pressure in hot legs was 

lower than in cold legs because of break, except for a short while during the accumulator coolant 

injection into could legs and significant steam condensation taking place. Before the accumulator 

coolant injection, the liquid level in the crossover leg up flow (CP) side dropped in a synchronous 

manner with the liquid level in PV down comer shown in Figure A1-2-1I. Similar to the PV down 

comer response, the level drop behaviour in the crossover leg up flow (CP) side was calculated to 

occur, but far earlier than in the experiment by most of participants. Then a large number of 

participants calculated the loss of liquid level in the up flow (CP) side leg causing a bubbling in the 

down flow (SG) side leg that did not occur in the experiment. During the accumulator coolant 

injection shown in Figs. A1-2-1M and A1-2-1N, significant forward flow prevailed through the loop 

seal in the experiment, causing the complete loop-seal clearing in both loops. However, this behaviour 

was not well calculated by several participants, probably because of underestimation of steam 

condensation in the cold legs. RELAR5 result by JAEA indicated a re-formation of loop seal that did 

not occur in the experiment, because of too high liquid level in cold legs and down comer although the 

liquid level in the upper plenum is equivalent to the measured result. 

ECCS flow rate 

Figures A1-2-1M and A1-2-1N indicate cross comparisons of accumulator flow rate into cold leg A 

and B, respectively. According to the calculated primary pressure transient, the injection flow rate is 
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calculated. Since the calculated depressurisation rate is similar to the measured one, the calculated 

injection rate agreed with the measured data in both loops, while all the calculated results indicated 

early incipience of coolant injection. 

Summary for Test 1 blind analysis 

Test 1 of the ROSA-2 Project was the first attempt to conduct the blind analysis in the NEA Project. 

Eight participants provided their pre-test analysis results on the LSTF IBLOCA test with a 17% break 

at hot leg that simulates a double-ended guillotine break of pressuriser surgeline.  

Most of the participants over predicted the break flow rate through long nozzle (L/D = 12) with a 

smooth inlet that was the first used in the ROSA and ROSA-2 Projects. The large break flow rate 

caused the early primary depressurisation as well as early core uncovery. Several participants gave a 

good prediction of PCT, while the detailed core uncovery and temperature excursion response are 

different from those observed in the LSTF experiment. A few participants failed to simulate the core 

temperature excursion due to inadequate liquid level drop in the core. Significant steam condensation 

onto accumulator coolant injected into cold legs caused loop-seal clearing, while large portion of 

calculated results had difficulties to reproduce such response as well as the complete plugging of cold 

leg by accumulator coolant that was injected at a large flow rate. 

The blind analysis results indicated that any of BE safety analysis codes still have a possibility to 

provide a large uncertainty in such major parameters as core liquid level and thus PCT to evaluate 

safety margin, if the break flow rate prediction has a large uncertainty. BEPU may then be in failure, if 

the base case result has so large uncertainties. It is, therefore, recommended to perform post-test 

analyses with the corrected break flow rate as one of the most important boundary conditions to 

confirm the extent of predictive capability of each BE code that is used with a certain nodding 

representation with many combination of models, coefficients which are sometimes given a-priori or 

preliminary (trial) manner and judging criterion to select models. 

Figure A1-2-1A: Primary pressure 
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Figure A1-2-1B: Steam generator pressures 

 

Figure A1-2-1C: Break mass flow rate (with and without LSTF data) 
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Figure A1-2-1D: Liquid level in hot leg B 

 

Figure A1-2-1E: Collapsed liquid level in SG-B U-tube up flow-side 
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Figure A1-2-1F: Collapsed liquid level in SG-B inlet plenum 

 

Figure A1-2-1G: Collapsed liquid levels in core and upper plenum 
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Figure A1-2-1H: Peak cladding temperature (PCT) 

 

Figure A1-2-1I: Collapsed liquid level in PV down comer 
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Figure A1-2-1J: Liquid level in cold leg A 

 

Figure A1-2-1K: Collapsed liquid level in crossover leg up flow (CP)-side in loop A 

 

 

 

  



NEA/CSNI/R(2016)10 

60 

Figure A1-2-1L: Collapsed liquid level in crossover leg down flow (SG)-side in loop A 

 

Figure A1-2-1M: Accumulator injection flow rate into cold leg A 

 

Figure A1-2-1N: Accumulator injection flow rate into cold leg B 
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A1-2-2 Test 2 (CL IBLOCA) 

This is the second LSTF experiment for the ROSA-2 Project, and simulated a DEGB of one of four 

ECCS line pipes of a four-loop PWR. The break size is equivalent to 17% of cold leg cross section to 

have the same break size as that for Test 1 that simulated a DEGB of pressuriser surgeline. The break 

is simulated with an upward-oriented long nozzle with the L/D ratio of 12. Single-failure assumption 

is made for ECCS; HPI and LPI for intact loop cold legs (3 out of 4 loops). Detailed explanations on 

the LSTF experiment are given in Section 3.1 and in the Data Report included in the final integration 

report (FIR) DVD. 

Seven blind analysis results were given as shown in Table A1-2-2. Four computer codes of 

ATHLET, CATHARE2, TRACE and RELAP5 were used, similar to the cases for Tests1 and -7. 

Different versions were used for TRACE and RELAP5 codes. A specific comparison was made 

among three different versions of TRACE code by UPV, the result of which is given as a presentation 

at PRG3 of the ROSA-2 Project, being included in the FIR DVD. Developers of the three computer 

codes of ATHLET, CATHARE2 and TRACE joined. (As for the RELAP5 code, the US NRC had 

completed the development of the final version of MOD 3.3 by around 2001.) 

Table A1-2-2: List of blind analysis for ROSA-2 Test 2 

Country Organisation Computer Code Affiliation 

France CEA CATHARE2 Developer 

Germany GRS ATHLET Developer 

Spain UPV 
TRACE v5.0p1 

(comparison of v5.0, 5.0p1, rc3 at PRG) 
User 

Switzerland PSI TRACE v5.rc3 User 

USA NRC TRACE v5.310 Developer 

Japan 
JNES RELAP5/MOD3.3 User 

JAEA RELAP5/MOD3.2.1.2 User 

 

The blind calculation results are briefly discussed through cross comparison of the calculated 

results with the LSTF data, for the time range of -50 to 500 s on such parameters as primary pressure, 

SG secondary pressures, break flow rate, loop mass flow rates, collapsed liquid levels in core, upper 

plenum, vessel down comer, SG inlet plenum, SG U-tubes, hot & cold legs and crossover legs, PCT, 

ECCS flow rates for HPI, Accumulators and LPI. All the comparisons are given in a form of 

Microsoft Excel graph as an electrical file attached to the FIR DVD. 

Primary and secondary pressures 

Figure A1-2-2A indicates a cross comparison of the primary pressure. The depressurisation rate was 

higher than in Test 1 because the break mass flow rate shown in Figure A-1-2-2C was far larger than 

that for Test 1 in Figure A1-2-1C, while the same break nozzle was used. The trend of primary 

pressure depressurisation process was well simulated with relatively small deviation from the 

measured value, because the simulation of the break flow rate was rather well. 

The SG secondary pressure shown in Figure A1-2-2B started to increase rapidly soon after the 

break, and caused relief valve (RV) opening. This response in the experiment was well simulated by 

most of calculations except one in which the RV opening did not happen. Some scattering appeared 

among the calculated secondary pressures. However, calculated depressurisation rate after the closure 

of RV was almost equal to the measured one, except one result in which no RV opening was simulated. 
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Break flow rate 

Figure A1-2-2C indicates a cross comparison of the break flow rate from cold leg B (broken loop 

without pressuriser). The break flow rate was far larger than in Test 1 with the same break nozzle 

(Figure A1-2-1C), because of lower-temperature coolant discharge from cold leg. The calculated 

break flow rate agreed well with the measured data, especially for the trend of monotonically decrease 

with time. Some scattering, however, appeared in the calculated break flow rate especially for the 

initial single-phase liquid discharge phase; ±18% among the calculated results, depending probably on 

the break model employed in each code and input; critical flow models, discharge coefficients, 

nodding of break nozzle and flow intake conditions at the nozzle inlet. The calculated location of flow 

choking occurring at around the exit of the break nozzle may have influenced the results. 

The calculated break flow rate indicated its own specific characteristic response depending on 

such break modelling. Steep drop in the break flow rate and stable plateau also appeared in Test 2 

simulation by one of TRACE results. More discussion is given for Test 7 

Loop mass flow rate 

The mass flow rate through loop B shown in Figure A1-2-2D increased after the break and started to 

decrease following the rotational speed of main circulation pump. The loop mass flow rate should 

have decreased almost to zero by about 50 s when loop seal clearing (LSC) happened in both loops 

(partly shown in Figs. A1-2-2I and -2J). The mass flow rate in the loop A indicated almost the same 

response. 

The calculated results followed this response but with deviations especially around the peak flow 

rate, probably depending on the employed control logic of the main circulation pump.  

Since the break flow rate was as much as twice of loop mass flow rate, the core inlet flow rate 

may have decreased significantly, even reversed, for a short while after the break opening (not shown), 

as a particular condition in the cold leg IBLOCA. 

As for the flow rate at pressure vessel side, there is no measured data. It is then expected that a 

large difference may appear between two loops because of the break flow. The flow may reverse in 

the broken loop, depending on the transient of break flow rate. 

Note: The indication of continuous loop flow after the LSC in the LSTF experiment corresponds to 

erroneous output from differential pressure measurement of vacant venturi flow metre. This response 

of the flow metre is the same for Tests 2 and  7. 

Liquid level in the core and PV upper plenum 

Figure A1-2-2E indicates collapsed liquid levels in the PV upper plenum and core. Calculated results 

simulated well the initial rapid drop in both upper plenum and core in trend, being influenced by the 

break flow.  

The liquid level in the upper plenum decreased to the upper core plate (UCP) by around 40 s when 

the LSC happened. During the core uncovery, therefore, there was no coolant remaining on the UCP. 

Most participants failed to properly simulate this response and calculated coolant remaining on the 

UCP probably because of CCFL at the UCP. 

The liquid level in the core dropped steeply too after the break, and many code analysis simulated 

this trend well. Large break flow rate may have caused a significant decrease in the core inlet flow rate 

temporarily, and an increase in the void fraction in the core, while large amount of liquid remains in 

the upper plenum. Most calculations, however, overestimated the initial level drop very much, and 

failed to simulate the recovery of liquid level before the following monotonical decrease in the liquid 

level until the LSC. Two calculations predicted core temperature excursion during the initial steep 

level drop because of too much level drop (≈ very high void fractions through the core) before the 
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temporary recovery. DNB may have been calculated. Including such early response, a significant 

scattering appeared in the prediction of liquid level in the core among the calculated results, causing a 

significant scattering in the prediction of simulated fuel rod surface temperature including PCT. 

Note: Liquid level is presented and compared in a form of collapsed level, while mixture level 

prevails in the real situation. Then, care should be taken because comparison only with the collapsed 

liquid level may lead to wrong phenomena understanding especially for fast response. One-to-one 

correspondence between the collapsed liquid level and temperature excursion in the core may fail. It 

looks that IBLOCA, especially for cold leg break with larger discharge flow rate than in hot leg break, 

would need a consideration on both collapsed level and mixture level, although it is difficult to obtain 

the measured data for the latter one. 

Peak cladding temperature (pct) 

Figure A1-2-2F indicates a cross comparison of the calculated and measured history of cladding 

surface temperature that recorded PCT. As long as the value of PCT is concerned, three calculations 

made a good job, but with different timing of temperature excursion incipience. Temperature 

decreasing response after the PCT was also significantly different. Among them, UPV made best 

prediction of the PCT, but based on a quite different collapsed liquid level response as shown in 

Figure A1-2-2E. GRS had a good simulation of the collapsed liquid level around the LSC, but with 

very different temperature history that recorded the PCT. 

Other calculations significantly underestimated the PCT. One participant, a TRACE code user, 

tried BEPU, and failed to include the experimental PCT value within the range of uncertainty band 

(not shown) because of too low PCT in the base case. Two participants indicated the temperature 

excursion twice because of the liquid level recovery after the LSC and the liquid level drop afterwards 

until the beginning of reflooding because of accumulator coolant injection. This response appeared 

similarly in other elevation and/or location in the core in Test 2. Similar response also appeared in 

Test 7, but with far larger level recovery after the LSC. 

It is good to note that GRS and UPV calculated core power decrease (cut-off) because the 

calculated PCT reached the pre-determined criterion for the core power decrease, as happened in the 

experiment. However, the temperature decrease history after the PCT was quite different from that in 

the experiment. It seems that most codes have difficulties to properly simulate the temperature 

decrease response after the PCT, while it should depend on the combination of characteristics of heat 

transfer model package and (different) reflooding response in each calculation. 

Liquid level behaviour in cold legs and PV down comer 

Figures A1-2-2G and A1-2-2H respectively indicate cross comparison of liquid level in cold legs A 

and B, and PV down comer. The cold legs were full of coolant until the occurrence of LSC, and the 

liquid level steeply dropped to the horizontal pipe bottom after the LSC in both loops. This response 

was well simulated by most calculations, while the timing of the LSC was different each other 

depending on the break flow rate. Influence of HPI coolant injection was negligible in the cold leg A 

liquid level, and it is difficult to judge it in the calculated results. 

After the LSC, the PV down comer liquid level started to drop after a short-time plateau. Most 

calculations simulated this response well with different elevation and time length for the plateau. The 

calculated level drop rate was similar to each other among the calculations, while the incipience time 

for the level drop scattered very much. 

After the coolant injection from the accumulator (ACC), the cold leg A became full of liquid in a 

short time in the experiment. However, no calculations were successful to simulate this response, but 

only with a partial liquid level recovery, less than a half except one result.  
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In the experiment, liquid level appeared in cold leg B after the ACC injection into the cold leg A, 

due to the down comer bypass via high-velocity steam across the core shroud. In the calculated results, 

liquid level recovery in cold leg B was well simulated immediately after the ACC coolant injection 

and level recovery in the cold leg A. However, it should be noted that this calculated result might 

depend on the nodding representation of down comer, while the phenomena are three-dimensional (3D) 

in the LSTF cylindrical down comer where core shroud and hot leg nozzles act as obstacles. 1D BE 

computer codes may easily pass through such obstacles due to the 1D nature etc.  

According to the level recovery in the cold leg B, the break flow rate slightly recovered in the 

experiment. Similar trend appeared in GRS and JNES results. In the PV down comer, the liquid level 

started to recover by the ACC coolant. Most calculations simulated this trend, though the recovery 

timing, rate and extent depended on the ACC injection flow rate. Two participants failed to simulate 

the level recovery response. 

Liquid level behaviour in crossover leg A 

Figures A1-2-2I and A1-2-2J respectively indicate cross comparisons of collapsed liquid level in down 

flow (SG) side and up flow (CP) side of crossover leg in the loop A. Similar response appeared in loop 

B except the level recovery after the LPI coolant injection. The code calculation results simulated the 

LSC phenomena well but at different timing, probably depending on the break flow rate. The 

inventory recovery, thus re-formation of loop seal, only in the loop A, sometime later than the LPI 

initiation was not properly simulated by the code calculations. 

Liquid levels in U-tube and inlet plenum of SG A and hot leg A 

Figures A1-2-2K, A1-2-2L and A1-2-2M respectively indicate liquid level response in SG A U-tube 

(middle length for LSTF), SG A inlet plenum and hot leg A. Former two are based on the differential 

pressure and the latter one is given from three-beam gamma-ray densitometer.  

After the break valve opening, the liquid level in the SG U-tube increased temporarily because of 

the increase in the pressure loss along the U-tube with the CP rotational speed thus the loop flow rate. 

The liquid level started to drop in SG inlet plenum and hot leg almost simultaneously with the break, 

rather largely to the middle height of SG inlet plenum and to 1/4 of hot leg diameter in very short time, 

while the liquid level increasing in the SG U-tubes. This response was similar to each other between 

Test 2 and Test 7. Following the voiding in the SG inlet plenum, the void fraction in the SG U-tubes 

started to increase. Similar response appeared in the loop A. 

All the calculations simulated such response well, especially for the hot leg liquid level. The level 

drop behaviour in the SG U-tube after coolant flashing was well simulated, while some fluctuations 

appeared in many calculations unlike the experimental observation. 

As for the SG inlet plenum, it looks that two-phase mixture filled it with high void fraction until 

the SG U-tubes become depleted of coolant, and the inventory decreased gradually thereafter in the 

experiment. Several codes gave similar response, but some failed to simulate the long-term coolant 

holdup due to CCFL at the plenum inlet including inclined pipe, depending also on the liquid level 

prediction in the hot leg. 

In the hot leg, liquid remained at the pipe bottom up to around 1/4 of pipe diameter even after the 

coolant depletion in the upper plenum after the LSC. This is probably due to the coolant reversal from 

SG. The coolant was depleted temporarily when the core reflooding started die to the ACC coolant. 

All the calculations simulated this trend well, though there were differences in the timing of complete 

coolant depletion and recovery of coolant after the reflooding in the core. 
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ECCS flow rates for HPI, accumulator and LPI into cold leg A 

Figures A1-2-2N, A1-2-2O and A1-2-2P respectively show flow rates of HPI, ACC and LPI into cold 

leg A. In Test 2, single failure was assumed for HPI and LPI.  

The incipience timing of coolant injection and flow rate of ECCS depends on the predicted 

primary pressure. Since the flow rate is given according to the pressure-dependent function, the HPI 

flow rate was simulated well by all the calculations. The HPI initial flow rate was far smaller than the 

break flow rate, and was negligible to the system response. 

As for the ACC, the flow rate was simulated well, depending on the primary pressure simulation 

and local pressure condition in the cold leg A that is under the influence of steam condensation on the 

ACC coolant. Several participants overestimated the flow rate, while the liquid level in the cold leg 

was low. Some special mechanism may have existed to make coolant flow into the PV down comer in 

the calculations. It looks that CEA and NRC had some difficulties in the proper prediction of 

accumulator flow rate. The ACC injection flow rate by CEA was oscillating very much in response to 

the fluctuation in the cold leg liquid level. 

The LPI flow rate scattered significantly, especially for the incipience timing that depends also on 

the late-phase primary pressure response. Since the late phase pressure depends also on the core power 

assumption in the calculation, it would not be feasible to discuss such uncertainty, considering that 

many calculations did not simulate the loss of core power after the high PCT.  

Summary for Test 2 blind analysis 

Test 2 was the second test for the blind analysis in the ROSA-2 Project. Seven blind analysis results 

are given on the LSTF IBLOCA test with a 17% break at cold leg that simulates a DEGB of ECCS 

nozzle. Automatic core power control (decrease) happened in this test because of the high core 

temperature. 

Scattering and deviation of break flow rate from the measured result were relatively insignificant 

than in Test 1, while the range of uncertainty among the results were not so small (±18%), partly 

because the initial break flow rate was significantly larger than in Test 1.  

A significant scattering appeared in the calculated collapsed liquid levels in the core and upper 

plenum, and thus in the temperature history of simulated fuel rod that recorded PCT. Several 

calculated results provided too small PCT value, indicating the importance of base case result in the 

case of BEPU utilisation. Rapid change in the core inlet flow rate during early transient after the break 

may have influenced largely onto the calculated void fraction distribution in the core and thus the 

temperature excursion response. Two calculated results indicated very early initiation of temperature 

excursion well before the LSC.  

Difference from the measured data appeared in many other parameters that include timing of LSC, 

peak value of loop flow rate, liquid level in cold leg after accumulator injection, accumulator flow rate. 
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Figure A1-2-2A: Primary pressure 

 

Figure A1-2-2B: SG secondary pressure 

 

  

Relief Valve Open 
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Figure A1-2-2C: Break flow rate (with and w/o LSTF data) 
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Figure A1-2-2D: Primary loop B flow rate 

 

Figure A1-2-2E: Collapsed liquid levels in upper plenum and core 

 

Figure A1-2-2F: PCT 
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Figure A1-2-2G: Liquid Level in Cold Legs A and B 

 

 

Figure A1-2-2H: Collapsed Liquid Level in PV Down comer 
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Figure A1-2-2I: Collapsed liquid level in crossover leg A down flow (SG) side 

 

Figure A1-2-2J: Collapsed liquid level in crossover leg A up flow (PC) side 

 

 

  

Loop Seal Clearing 
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Figure A1-2-2K: Collapsed liquid level in sg a u-tube up flow side 

 

Figure A1-2-2L: Collapsed liquid level in SG A inlet plenum 

 

Figure A1-2-2M: Liquid level in hot leg A 
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Figure A1-2-2N: HPI flow rate into cold leg A 

 

Figure A1-2-2O: Accumulator flow rate into cold leg A 

 

Figure A1-2-2P: LPI flow rate into cold leg A 
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A1-2-3 Test 5 (SGTR + MSLB) 

This is the third LSTF experiment for the ROSA-2 Project, simulating concurrent occurrence of 40% 

main steam line break (MSLB) and one U-tube rupture (SGTR) in the same SG. Each break was 

simulated with an orifice and a long nozzle, respectively. Full injection of ECCS was assumed to both 

loops. Operator interventions such as SG depressurisation and throttle of HPI flow rate were done to 

depressurise the primary system at the timing determined with participants. Detailed explanations on 

the LSTF experiment are given in Section 3.1 and in the Data Report included in the final integration 

report (FIR) DVD. 

Five blind analysis results were given as shown in Table A1-2-3. Three computer codes of 

ASTEC, TRACE and RELAP5 were used. Different versions were used for TRACE and RELAP5 

codes. Developer of ASTEC code joined. (As for the RELAP5 code, the US NRC had completed the 

development of the final version of MOD 3.3 by around 2001.) 

NOTICE: As for the ASTEC code calculation, several results look marginal because of some 

misunderstandings in experimental conditions and procedures. While the post-test analysis achieved a 

great improvement, the original blind analysis result is compared in this section. 

Table A1-2-3: List of blind analysis for ROSA-2 Test 5 

Country Organisation Computer Code Affiliation 

France IRSN ASTEC Developer 

Spain UPV TRACE v5.0 User 

Switzerland PSI TRACE v5.rc3 User 

Japan 
JNES RELAP5/MOD3.3 User 

JAEA RELAP5/MOD3.2.1.2 User 

Cross comparison of the calculated results was made with the LSTF data, chronologically for the 

time range of 0 to 5,000 s on such parameters as primary pressure, SG secondary pressures, break flow 

rates, loop mass flow rates, collapsed liquid levels in SG secondary-side, SG U-tube and hot leg, 

coolant temperatures in hot and cold legs, and ECCS flow rates for HPI. In this section, the blind 

calculation results are briefly discussed in comparison with the LSTF data. Discussions on the results, 

however, are somehow limited to the early responses because the influences due to operator 

intervention are significant onto the following thermal-hydraulic responses. All the comparisons are 

given in a form of Microsoft Excel graph as an electrical file attached to the FIR DVD.  

Primary and secondary pressures 

Figure A1-2-3A indicates a cross comparison of the primary pressure. All the calculations simulated 

well the depressurisation response until about 200 s when the HPI started coolant injection. However, 

discrepancy from the LSTF data appeared afterwards. The magnitude of discrepancy depended on the 

computer code. The RELAP5 code overestimated the pressure and the TRACE code underestimated, 

while the SG-A secondary pressure was almost equal to each other. The ASTEC code calculated very 

low pressure because of the estimation of SG-A pressure very low before the initiation of manual 

depressurisation. 

The SG-A depressurisation by manual opening of relief valve (RV) after 1854 s influenced the 

primary pressure very little because the primary coolant temperature already dropped so largely; far 

lower than the SG-A saturation temperature, by significant primary system cooling through natural 

circulation due to the SG-B rapid depressurisation. Most of the calculated primary pressures, however, 

started to change after the SG-A depressurisation probably due to larger bubble formation before the 
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manual depressurisation thus level drop in the SG-A U-tubes than in the experiment (to be shown in 

Figure A1-2-3I). 

The SG secondary pressure shown in Figure A1-2-3B indicated different responses between SG-A 

and –B due to the break condition and operator recovery action. The SG-A pressure increased after the 

isolation of SG by MSIV closure, being followed by very gradual decreasing until the rapid 

depressurisation by manual opening of RV at 1854 s. The SG-B pressure started to drop very rapidly 

by the break at Time = 0 s. The code calculations simulated well the pressure responses of both SGs 

with small deviations from the measured results. The depressurisation rate was a bit larger than in the 

experiment for all the calculations both for the SG-A and –B. As for the ASTEC code result, it looks 

that SG-A pressure is controlled to be at about 6.2 MPa. 

Break flow rates 

Figures A1-2-3C and A1-2-3D respectively show cross comparison of the break flow rate for MSLB 

and SGTR. Early transient value for the time of -50 to 500 s is given to Figure A1-2-3C as detailed 

comparisons.  

As for the MSLB flow, it should be single-phase steam flow through orifice. The calculated 

results mostly followed the measured value with small deviations in different manner to each result. 

The JNES result closely followed the measured value. The JAEA result, however, had a portion that 

temporarily but significantly over predicted just after the break initiation, and approached 

asymptotically to the measured value by about 20 s. The PSI result indicated a sharp peak with 

significant high peak value within a very short time. The UPV result indicated a small underestimation 

throughout the comparison. The ASTEC result indicated a rather large overestimation until about 240 

s. Good agreement of calculated results with the experimental value may have been resulted because 

the break flow is limited to single-phase steam. 

As for the SGTR flow rate, the break flow rate should have closely followed the pressure 

difference between the primary and SG-B secondary systems. However, the experimental value 

indicated a temporary peak being followed by steep decrease until about 240 s and gradual increasing 

thereafter. The initial high flow rate may have been resulted because low-temperature coolant initially 

stagnated in the LSTF break unit upstream of the break nozzle. The calculated results failed to 

simulate the initial peak properly except the ASTEC result. The calculated break flow rate after about 

240 s simulated the measured result qualitatively, but underestimated it especially by PSI. The reason 

for the underestimation is still unclear, partly because coolant temperature in hot leg B, upstream of 

the break, was well calculated under so significant natural circulation condition. It may attribute to 

some problems in the modelling of rather long-length break piping, such as erroneous form-loss 

coefficients etc. 

Loop mass flow rates 

Figures A1-2-3E and A1-2-3F respectively show cross comparison of the mass flow rate of primary 

loops A and B. Each figure has an early transient value for the time of -50 to 500 s. The loop mass 

flow rate steeply increased after the break because of increase in the coolant pump rotational speed. 

The driving force for the coolant circulation through the loop was enhanced in loop B by MSLB. In 

both loops, the flow rate started to decrease according to the pump coast down characteristics. In the 

loop-B, significant natural circulation prevailed, while the natural circulation in the loop-A stopped 

and even became reversed at about 1030 s for a very short while.  

The calculated results well simulated the loop mass flow rate with very small deviation from the 

measured data, except the timing to start the pump coast down. Timing to start coast down was a little 

delayed in the LSTF experiment because of accumulation of short delays in pump control logic circuit. 

It looks that, however, this discrepancy was insignificant to the following responses such as primary 
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and secondary pressures. ASTEC code results suggest that something wrong conditions are given to 

the input. TRACE result by UPV indicated a little deviation in the initial pump control.  

Collapsed liquid level in SG A and B secondary-side 

Figures A1-2-3G and A1-2-3H respectively show cross comparison of the collapsed liquid level in SG 

A and B secondary side. The liquid level in SG-A did not change much until the initiation of manual 

depressurisation except initial fluctuation due to change in the boiling condition after core scram. 

Codes simulated this response well, while several calculation results indicated fluctuation after the 

isolation of SG-A because of cycle opening of RV that was insignificant in the experiment.  

The liquid level in SG-B started to drop largely by the MSLB, and recovered by the auxiliary feed 

water as the break flow rate decreased with time. The measured collapsed liquid level became lowest 

at around 900 s. The calculated results agreed with the measured data in trend but with rather large 

discrepancies, while the agreement of the SG secondary pressure is good as shown in Figure A1-2-3G. 

Some detailed analysis should be necessary on such parameters as the void fraction distribution in the 

boiler section where low-temperature coolant inflows, mass flux of break (critical) flow, influence of 

stored heat, etc., considering that the pressure agreed well with the data. The SG secondary pressure is 

resulted mostly from the balance between the steam discharge flow rate through the break and the 

steam generation rate in terms of mixture level in the boiler section. 

As for the ASTEC code, it predicted very low liquid level in both SGs, probably due to some 

errors in the control conditions. 

Collapsed liquid level in SG A U-tube 

Figure A1-2-3I shows cross comparison of the collapsed liquid level in SG A U-tube. The collapsed 

liquid level formed at about 1500 s and dropped gradually and linearly by about 1 m until the manual 

depressurisation of SG-A at 1854 s, suggesting a stagnation of coolant in the U-tubes. Most of 

calculated results simulated the formation of collapsed liquid level, except one result, but failed to 

properly simulate the level drop behaviour. All the calculations that simulated the level drop 

overestimated the extent of level drop. ASTEC code simulated the level drop rate well, while the other 

results indicated rather abrupt level drop, by about 3.5 m at the maximum. All the calculated results 

somehow underestimated the level recovery rate, probably because of the underestimation of steam 

condensation rate in U-tubes. Nodding representation of SG boiler section and U-tube may have 

influenced the steam condensation response, considering that the collapsed liquid level was well 

calculated except ASTEC result in which top portion of U-tube was exposed to steam phase during 

this level drop. 

Liquid level in hot leg A and collapsed liquid level in pressuriser 

Figure A1-2-3J shows cross comparison of the liquid level in hot leg A (HLA) and the collapsed liquid 

level in the pressuriser. The liquid level in the pressuriser started to drop immediately after the break, 

and steeply dropped to the bottom. Then, the liquid level in HLA started to drop also steeply but to 

about 3/4 of the leg diameter, and started to recover due to the coolant injection from HPI.  

Code calculations simulated the steep drop in the HLA liquid level following the rapid level drop 

in the pressuriser, but all the calculations indicated later initiation and smaller level drop than in the 

experiment. Code results then indicated that the liquid level persisted with some fluctuation at around 

the top of horizontal pipe, suggesting that non-equilibrium condition was calculated such that steam 

phase remains over sub-cooled liquid. The level fluctuation persisted even after the initiation of 

manual depressurisation of SG-A. The liquid level behaviour is resulted from the mass balance and 

temperature distribution in the primary system. The late level drop in the calculated results may be 

resulted from smaller SGTR flow rate. 
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Coolant temperatures in cold leg A and B 

Figures A1-2-3K and A1-2-3L respectively show cross comparison of the coolant temperatures in cold 

leg A (CLA) and B (CLB). A pair of figures is given to each leg to indicate liquid and steam (saturated) 

temperatures for calculated results. LSTF data shows those measured at top, middle and bottom along 

the leg vertical diameter.  

Coolant temperature in CLB decreased following the transient of SG-B saturation temperature 

with no temperature distribution along the leg diameter because of coolant mixing due to significant 

natural circulation through the loop-B. All the results except ASTEC simulated very well the response 

because of a good simulation of SG-B pressure response after the MSLB. 

Coolant temperature in CLA indicated thermal stratification because of coolant injection from HPI 

under low flow rate natural circulation up to about 1030 s and temporary flow reversal and stagnation 

thereafter. When the temporary flow reversal happened, vertical temperature gradient along the leg 

diameter changed such that low-temperature region extended upwards. There was no influence of such 

unstable flow behaviour in CLA onto temperature response in CLB. Obviously, it is difficult to 

simulate such thermal stratification by 1-dimensional BE codes. The calculated liquid temperature 

depends on the timing of the condition change in natural circulation. When natural circulation prevails 

through the loop, by two participants, calculated liquid temperature was nearly equal to that measured 

at around lower half region in CLA. Once the flow condition changed, namely stagnated in the 

calculation, significant low temperature appeared because of HPI coolant, far lower than the lowest 

temperature in the experiment. It was difficult for all the calculations to simulate the timing to start the 

flow stagnation after temporary reversal and thus flow and fluid conditions through the experiment. 

Two TRACE results indicated completely different response especially before 2000 s; very high 

temperature and very low temperature. The latter result would be due to early flow stagnation, but it is 

difficult to understand the reason for the former result because coolant injection from HPI is well 

calculated. 

After the initiation of SG-A manual depressurisation, the liquid temperature slightly and 

temporarily increased (shifted to high-temperature side) by keeping the thermal stratification. Some 

calculations were successful to simulate such response in trend. There was also no influence of SG-A 

manual depressurisation onto CLB coolant temperature. 

Coolant temperatures in hot leg A and B 

Figures A1-2-3M and A1-2-3N respectively show cross comparison of the coolant temperatures in hot 

leg A (HLA) and B (HLB). A pair of figures is given to each of two hot legs to indicate liquid and 

steam (saturated) temperatures for calculated results. LSTF data shows those measured at top, middle 

and bottom along the vertical diameter of leg. In this particular comparison, the PSI result is missing. 

Until about 1030 s when the temporary flow reversal occurred in the loop-A, coolant temperature 

in both hot legs were equal to each other, except the top region of HLA in which the flow rate was far 

smaller than in HLB. Temperature measured at the HLA top region indicates existence of steam for a 

short while during the formation of liquid level and high temperature yet sub-cooled liquid after the 

HLA became filled with liquid due to coolant replenishment by HPI. After the temporary flow 

reversal in the loop-A, liquid temperature at HLA top region increased. High temperature liquid then 

appeared in HLB because of inflow of the high temperature liquid from HLA across the PV upper 

plenum. 

In HLA, similar to CLA, it is difficult for 1-D BE codes to represent thermal stratification. 

However, non-equilibrium condition may be calculated such that steam phase covers sub-cooled liquid 

because liquid level stayed on highly sub-cooled coolant for a long time. The calculated liquid 

temperatures somehow scattered and overestimated after around the time when the flow reversal 

appeared in loop-A in the experiment. 
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The calculated coolant temperature in HLB agreed well with the experimental data except the 

temperature increase response after the temporary flow reversal in the loop-A. Several codes indicated 

temporary but large temperature increase (spike) when the manual depressurisation was started in SG-

A, though the temperature increase in the experiment was very small. 

HPI flow rate 

Figures A1-2-3O and A1-2-3P respectively show cross comparison of the HPI flow rate into cold leg 

A and B. The HPI flow rate should be in terms of the primary pressure. However, the calculated flow 

rates are mostly underestimated, some with less correspondency with the primary pressure, though the 

flow rates into two loops were completely the same. 

Summary for Test 5 blind analysis 

This was the third test for blind analysis in the ROSA-2 Project. Five results were given on the LSTF 

test that simulated simultaneous occurrence of 40% MSLB and SGTR for one-tube both at SG-B with 

manual recovery actions that include SG-A depressurisation and termination of HPI. Because of the 

coolant injection from the HPI, there was no core uncovery in this test. The calculated responses 

against operator actions are evaluated only for the SG-A depressurisation. 

The overall trend of the observed test transient was well simulated by the codes, especially the 

responses up to the SG-A intentional depressurisation. The single-phase steam break flow rate at 

MSLB was well simulated by most of calculations with small deviations. Natural circulation caused 

by the MSLB in the loop B was well simulated too. However, large discrepancies appeared in many 

parameters as follows; 

The calculated break flow rate at SGTR had rather large discrepancies from the measured result. 

Large discrepancies also appeared in the primary pressure and secondary-side liquid level in the SG-B. 

The secondary pressure of the SG-B was well simulated by most of calculations. However, since the 

discrepancy in the secondary-side liquid level is significant, detailed analysis would be necessary to 

clarify the reasons for the good prediction of SG-B secondary pressure. 

It was difficult for the codes to well simulate the natural circulation in the intact loop A which was 

induced by the significant natural circulation in loop-B, similar to Test 6 of the ROSA-2 Project, 

including flow stagnation condition after temporary flow reversal.  

Difficulties also appeared in the simulation of thermal stratification that appeared in the loop A 

hot and cold legs during the natural circulation with low flow rate through the loop A and during the 

following flow stagnation. Some results indicated an extremely low temperature in the CLA due to 

coolant injection from HPI. Because of the failure in the correct flow simulation through the loop A, 

coolant temperature in hot leg B was not well simulated either due to difficulty in the simulation of 

high-temperature coolant inflow from hot leg A. 

In the Test 5 blind analyses, many difficulties appeared as above mostly because of difficulty in 

the simulation of multi-dimensional flow and thermal stratification by 1-D BE code. This result 

suggest the importance to summarise adaptability of the BE code onto certain reactor accident 

scenario and conditions. Clarification of capabilities and limitations of BE code against the observed 

phenomena in Test 5 is thus highly encouraged through post-test analyses with detailed phenomena 

understanding. 
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Figure A1-2-3: A primary pressure 

 

Figure A1-2-3B: SG A and B secondary-side pressure 
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Figure A1-2-3C: SG B main steam line break flow rate 

 

Figure A1-2-3D: SGTR break flow rate 
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Figure A1-2-3E: Loop A mass flow rate 

 

 

 

 

Figure A1-2-3F: Loop B mass flow rate 
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Figure A1-2-3G: Collapsed liquid level in SG A secondary-side 

 

 

Figure A1-2-3H: Collapsed liquid level in SG B secondary-side 
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Figure A1-2-3I: Collapsed liquid level in SG A U-tube (middle length)  

 

 

Figure A1-2-3J: Liquid levels in hot leg A and pressuriser 
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Figure A1-2-3K: Cold leg A coolant temperatures (upper: Stat, lower: Till.) 

 

 

 

Figure A1-2-3L: Cold leg B coolant temperatures (upper: Tsat, lower: Tliq.) 

 

 

SGA Manual Depressurization Flow Reversal in Loop A 
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Figure A1-2-3M: Hot leg A coolant temperatures (upper: Tsat, lower: Tliq.) 

 

 

 

Figure A1-2-3N: Hot leg B coolant temperatures (upper: Tsat, lower: Tliq.) 

 

 

SGA Manual Depressurization Flow Reversal in Loop A 
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Figure A1-2-3O: HPI flow rate into cold leg A 

 

Figure A1-2-3P: HPI flow rate into cold leg B 
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A1-2-4 Test 7 (CL IBLOCA) 

This is the seventh LSTF experiment for the ROSA-2 Project, and simulated a DEGB of one of four 

ECCS line pipes of a four-loop PWR. The break size is equivalent to 13% of cold leg cross section, 

which is a little smaller than that for Test 2: 17%. The break is simulated with an upward-oriented 

long nozzle with the L/D ratio of 12. Full injection is assumed for ECCS; HPI and LPI for intact loop 

cold legs (3 out of 4 loops). Detailed explanations on the LSTF experiment are given in Section 3.1 

and in the Data Report included in the final integration report (FIR) DVD. 

Six blind analysis results were provided as shown in Table A1-2-4. Four computer codes of 

ATHLET, CATHARE2, TRACE and RELAP5 were used, similar to the cases for Tests 1 and 2. 

Different versions were used for TRACE and RELAP5 codes. Developers of the three computer codes 

of ATHLET, CATHARE2 and TRACE joined. (As for the RELAP5 code, the US NRC had 

completed the development of the final version of MOD 3.3 by around 2001.) 

Table A1-2-4: List of blind analysis for ROSA-2 Test 7 

Country Organisation Computer Code Affiliation 

France CEA CATHARE2 Developer 

Germany GRS ATHLET Developer 

Switzerland PSI TRACE v5.rc3 User 

USA NRC TRACE v5.4 Developer 

Japan 
JNES RELAP5/MOD3.3 User 

JAEA RELAP5/MOD3.2.1.2 User 

The blind calculation results are briefly discussed through cross comparison of the calculated 

results with the LSTF data, for the time range of -50 to 500 s on such parameters as primary pressure, 

SG secondary pressures, break flow rate, loop mass flow rates, collapsed liquid levels in core, upper 

plenum, vessel down comer, SG inlet plenum, SG U-tubes, hot & cold legs and crossover legs, PCT, 

ECCS flow rates for HPI, LPI and Accumulators. All the comparisons are given in a form of 

Microsoft Excel graph as an electrical file attached to the FIR DVD. 

Primary and secondary pressures 

Figure A1-2-4A indicates a cross comparison of the primary pressure. The depressurisation rate was 

smaller than in Test 2 because the break mass flow rate shown in Figure A-1-2-4C was about 30% 

smaller than in Test 2 shown in Figure A-1-2-2C. The calculated primary pressures agreed with the 

data in trend, and had some deviation from the measured value, depending on the extent of deviation 

in the calculated break flow rate, which is noted in the next break flow paragraph. The CATHARE 

results indicated prolonged initial depressurisation with a plateau at lower pressure probably because 

of wrong simulation of SG secondary pressures. 

The SG secondary pressure shown in Figure A1-2-4B started to increase soon after the break, and 

caused relief valve (RV) opening. This response was simulated well by most of calculations, though 

there was small scattering among the calculated results especially after the closure of RV. The 

CATHARE result indicated different response such that the pressure started to decrease after the break 

and did not recover well. The SG-B pressure decreased to very low pressure, not well simulating the 

experimental response. One of the TRACE results by US NRC indicated larger depressurisation rate 

than in experiment after about 300 s. Steam condensation may have occurred on external surface at the 

top portion of U-tubes being exposed to steam phase above the liquid level, only if the temperature of 

steam in U-tubes follows saturation temperature, by not keeping the superheating condition. Such 
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response may have brought an effect to maintain the primary pressure relatively high, causing some 

delay in the LPI coolant injection. 

Break flow rate 

Figure A1-2-4C indicates a cross comparison of the break flow rate from cold leg B. The break flow 

rate was about 30% smaller than in Test 2 (Figure A1-2-2C) due to smaller size of break nozzle. The 

calculated break flow rates agreed with the measured data in trend, but indicated similar deviations 

from data as that in Test 2, owing to the same (?) break model employed in each code and input; 

critical flow models, discharge coefficients, nodding of break nozzle and flow intake conditions at the 

nozzle inlet. The calculated initial break flow rates for single-phase liquid discharge had a large 

discrepancy range of about 18% among the six results. 

The calculated break flow rate indicated its own specific characteristic response. One of the 

TRACE results by US NRC, for example, indicated a steep decrease at a few seconds after the break 

initiation and had a stable plateau (constant mass flow rate) for about 50 s for the two-phase discharge 

before transition into single-phase steam discharge. Steep drop in the break flow rate and stable 

plateau also appeared in Test 2 simulation. It is expected that such a response, by each of BE codes, is 

resulted from the combination of critical flow models and judging criterion to select the critical flow 

model in combination with liquid level in horizontal leg and intake model that controls flow quality at 

the break upstream depending also on the mass flux into the break. 

Loop mass flow rate 

The mass flow rate through loop B shown in Figure A1-2-4D increased after the break and started to 

decrease following the rotational speed of main circulation pump. The loop mass flow rate should 

have decreased almost to zero by about 60 s, when the LSC happened in both loops (partly shown in 

Figs. A1-2-4I and -4J). The mass flow rate in the loop A indicated almost the same response.  

The calculated results followed this response but with deviations especially around the peak flow 

rate, probably depending on the employed control logic of the main circulation pump. 

As for the flow rate at pressure vessel side, there is no measured data. It is then expected that a 

large difference may appear between two loops because of the break flow. The flow may reverse in 

the broken loop, depending on the transient of break flow rate. 

Note: The indication of continuous loop flow after the LSC in the LSTF experiment corresponds to 

erroneous output from differential pressure measurement of vacant venturi flow metre. This response 

of the flow metre is the same for Tests 2 and 7. 

Collapsed liquid level in the core and PV upper plenum 

Figure A1-2-4E indicates collapsed liquid levels in the core and PV upper plenum. Calculated results 

simulated well the initial rapid drop in both upper plenum and core in trend, being influenced by the 

break flow.  

The steep drop in the collapsed liquid level in the core that appeared after the break in Test 2, 

however, was lacking in Test 7, probably because of smaller break flow rate. The collapsed liquid 

level in the core dropped near to the bottom of the core by the LSC at about 60 s, similar to Test 2. 

However, the calculated collapsed liquid levels indicated significant deviations from the measured 

results in the initial response around the LSC. The liquid level in the core recovered abruptly after the 

LSC in the LSTF experiment. However, this response was not well simulated by all the calculations, 

resulting in a large temperature excursion (to be shown in Figure A1-2-4F) unlike the experiment 

observation. 

The collapsed liquid level in the upper plenum started to drop steeply after the break. However, 

the level decrease rate soon became deteriorated. Some amount of coolant was remaining on the upper 
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core plate (UCP) when the LSC happened, unlike in Test 2. Most of the calculated results failed to 

properly simulate this response. Large amount of coolant was calculated remaining on the UCP in 

most of calculated results, irrespective of LSC, probably because of CCFL at the UCP. Core nodding 

representation, either of single channel or multiple channels, for example, may have caused the 

differences in the amount of remaining coolant on the UCP, thus the amount of coolant dropped into 

the core. 

Note: Liquid level is presented and compared in a form of collapsed level, while mixture level 

prevails in the real situation. Then, care should be taken because comparison only with the collapsed 

liquid level may lead to wrong phenomena understanding especially for fast response. One-to-one 

correspondence between the collapsed liquid level and temperature excursion in the core may fail. It 

looks that IBLOCA, especially for cold leg break with larger discharge flow rate than in hot leg break, 

would need a consideration on both collapsed level and mixture level, although it is difficult to obtain 

the measured data for the latter one. 

Peak Cladding Temperature (PCT) 

Figure A1-2-4F indicates a cross comparison of the calculated and measured history of cladding 

surface temperature that recorded PCT. Unlike Test 2, very small PCT appeared soon after the LSC in 

Test 7. The abrupt liquid level recovery with short core uncovery time suppressed the PCT very low. 

Temperature excursion then happened twice, because the second level drop occurred due to a liquid 

level drop caused by significant steam condensation on ACC coolant in the cold leg A. All the 

calculations failed to simulate such core uncovery and temperature excursion responses, especially for 

the abrupt core level recovery after the LSC, and indicated high PCTs due to long-term and large core 

uncovery, partly because a large amount of coolant remains on the UCP.  

Detailed post-test analysis is preferable to clarify the mechanisms that control coolant distribution 

in the core and upper plenum, by holding the base calculation conditions equal between Tests 2 and 7. 

One of major uncertainty source would be the CCFL representation at the core exit and SG inlet 

plenum hot leg nozzle, partly because they are not obtained from the experiment. The CCFL 

characteristic may also depend on the core nodding representation, either with single-channel or 

multiple-channel. 

Liquid level behaviour in cold legs and PV down comer 

Figures A1-2-4G and A1-2-4H respectively indicate cross comparison of liquid level in cold legs A 

and B, and PV down comer. Similar to the response in Test 2, cold legs were almost full of coolant 

until the occurrence of LSC. In the broken loop B, however, liquid level started to drop about 15 s 

before LSC and reached to about 2/3 of the leg diameter when the LSC occurred. The cold leg A was 

full of liquid until the LSC, and liquid level started to drop steeply after the LSC. The difference 

between the loops arose because of coolant injection from HPI.  

The abrupt level drop behaviour after the LSC was well simulated by most calculations, while the 

timing of the LSC was different each other depending on the break flow rate. Few results indicated an 

early level drop in cold leg A well before the LSC, while HPI injection is simulated. It is unclear 

whether such a level behaviour in cold leg A influenced the break flow or not. 

After the coolant injection from the accumulator (ACC), the cold leg A became full of liquid in a 

short time in the experiment. However, all the codes expected partial (even very small) level recovery. 

Transport of the injected coolant into the down comer may have happened so smoothly than in the 

experiment. 

In the experiment, liquid level appeared in cold leg B after the ACC injection into the cold leg A, 

due to the down comer bypass via high-velocity steam across the core shroud. This response (trend, at 

least) was simulated well, while it is unclear whether the down comer bypass phenomena itself is well 
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calculated, especially for the case with a nodding schematic in which one down comer (branch) 

volume connects two cold legs, also as discussed for Test 2. 

Since the good simulation of break flow rate depends on the accuracy of the liquid level transient 

in the cold leg B, the large deviation in the calculated flow rate should be owing to the large 

uncertainty in the cold leg B liquid level evaluation. 

As for the collapsed liquid level in the down comer, the timing of level drop initiation depends on 

the coolant inventory transient. The uncertainty in the break flow rate gave a certain scattering in the 

timing. The liquid level in the down comer became closely connected to that in the core after the LSC, 

especially around 100 s and started to recover by the ACC coolant. The level recovery was well 

calculated by 2 participants, but 4 other participants failed to simulate the response. 

Liquid level behaviour in crossover leg A 

Figures A1-2-4I and A1-2-4J respectively indicate cross comparisons of collapsed liquid level in down 

flow (SG) side and up flow (CP) side of crossover leg in the loop A. Similar response appeared in the 

loop B. No level recovery thus no flow reversal happened in both loops after the accumulator coolant 

injection until 500 s. The code calculation results simulated the LSC phenomena well but at different 

timing, probably depending on the break flow rate. One participant calculated a little recovery of 

inventory in the up flow side leg of both loop (loop B not shown). 

Liquid levels in u-tube and inlet plenum of SG B and hot leg B 

Figures A1-2-4K, A1-2-4L and A1-2-4M respectively indicate liquid level response in SG B U-tube 

(middle length for LSTF), SG B inlet plenum and hot leg B. Former two are based on the differential 

pressure and the last one is obtained from three-beam gamma-ray densitometer.  

After the break valve opening, the liquid level in SG U-tube increased temporarily because of the 

increase in the pressure loss along the U-tube with the CP rotational speed thus the loop flow rate. The 

liquid levels in SG inlet plenum and hot leg started to drop soon after the break valve opening, rather 

largely to the middle height of SG inlet plenum and to 1/4 of hot leg diameter in very short time, while 

the liquid level increasing in the SG U-tubes. This response was similar to each other between Test 2 

and Test 7. Following the voiding in the SG inlet plenum, the void fraction in the SG U-tubes started 

to increase. Similar response appeared in the loop A. 

All the calculations simulated such initial responses well in trend. However, most of participants 

overestimated the amount of coolant remaining in these components especially for the SG inlet 

plenum and hot leg during the first core uncovery period. The extent of deviation from the data 

increased from that in Test 2. The level drop behaviour in the SG U-tube after coolant flashing was 

well simulated, while a few participants overestimated the amount of coolant remaining in the U-tubes 

a little too during the first core uncovery period. Such a coolant distribution may have contributed the 

overestimation of core uncovery. 

ECCS flow rates for HPI, accumulator and LPI into cold leg A 

Figures A1-2-4N, A1-2-4O and A1-2-4P respectively show flow rates of HPI, ACC and LPI into cold 

leg A. In Test 7, full injection was assumed for HPI and LPI, though the LPI was not started by 500 s. 

The HPI initial flow rate was about 2 times larger than in Test 2, but still far smaller than the break 

flow rate. 

The incipience timing of coolant injection and flow rate of ECCS depends on the predicted 

primary pressure. The HPI flow rate was very well simulated with small deviation from the measured 

results, while a little deviation appeared in the incipience timing.  

The ACC flow rate depends on the primary pressure simulation and local pressure condition in the 

cold leg A that is under the influence of steam condensation on the ACC coolant. Unlike Test 2, the 



NEA/CSNI/R(2016)10 

90 

calculated initial injection flow rate was largely overestimated especially for several ten seconds after 

the incipience of injection by many codes except TRACE by US NRC. However, no codes were 

successful to properly simulate the cold leg liquid level recovery shown in Figure A1-2-4G. Such a 

liquid level response may have enhanced the steam condensation and thus large injection flow rate. 

The ACC injection flow rate by CEA was oscillating very much in response to the fluctuation in 

the cold leg liquid level. Such a fluctuation appeared in several other code results, though no 

significant fluctuation appeared in the measured flow rate. Accumulator model (branch model with 

condensation in horizontal leg) may have a problem in such aspect as interfacial area for the 

condensation. 

Summary for Test 7 blind analysis 

Test 7 was the fourth test for the blind analysis in the ROSA-2 Project, and the third problem for the 

LSTF IBLOCA test with a 13% break at cold leg that simulates a DEGB of ECCS nozzle. Unlike Test 

2, very low PCT was recorded. Six blind analysis results are given. All the results highly 

overestimated the PCT, because they failed to properly simulate the liquid level in the core especially 

on the quick recovery after the LSC. There were two differences in the test conditions from Test 2: 

smaller break size (13% from 17%) and larger HPI flow rate (full from half). The other conditions 

were the same. 

The range of uncertainty among the calculated break flow rate was ±18%, the same as that in Test 

2. The cross comparison among the calculated results and with the measured data then indicated that 

larger deviations appeared in the coolant distribution in the primary system. The calculated core liquid 

levels indicated significant overestimation in the extent of core uncovery, giving far higher PCT than 

in the experiment. Systematic error may have existed in the mechanisms that control the coolant 

distribution in the primary loop, though it should be equal to each other between Test 2 and Test 7. 

In the LSTF experiments, there are unknown (not-measured) parameters such as CCFL 

characteristic at the core exit and SG inlet plenum (including hot leg inclined pipe). It would be 

difficult to consider how the radial core power distribution may have influenced the CCFL 

characteristic at the core exit. This point may need step-by-step improvement in the nodding 

representation in combination with the proper models/correlations and coefficients. The same problem 

should be inherent to the reactor safety analysis against the system far larger than LSTF, especially for 

the CCFL characteristics, but with no reference data under the accident conditions. 

Post-test analysis efforts are thus highly encouraged, simultaneously for Test 2 and Test 7, based 

on the pre-test (blind) analysis results, to clarify the root causes that gave the difficulties in obtaining 

the correct prediction of the local and system-wide phenomena that appeared in the LSTF experiments. 
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Figure A1-2-4A: Primary Pressure 

 

Figure A1-2-4B: SG Secondary Pressure 
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Figure A1-2-4C: Break flow rate (with & w/o LSTF data) 

 

 

Figure A1-2-4D: Primary loop B flow rate  
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Figure A1-2-4E: Collapsed liquid levels in upper plenum and core 

 

 

Figure A1-2-4F: PCT 
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Figure A1-2-4G: Liquid level in cold legs A and B 

 

    

Figure A1-2-4H: Collapsed liquid level in PV down comer 
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Figure A1-2-4I: Collapsed liquid level in crossover leg A down flow (SG) Side 

 

Figure A1-2-4J: Collapsed liquid level in crossover leg A up flow (CP) Side 
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Figure A1-2-4K: Collapsed liquid level in SG B U-tube up flow side 

 

Figure A1-2-4L: Collapsed liquid level in SG B inlet plenum 

 

Figure A1-2-4M: Liquid level in hot leg B 
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Figure A1-2-4N: HPI flow rate into cold leg A 

 

Figure A1-2-4O: Accumulator flow rate into cold leg A 

 

Figure A1-2-4P: LPI flow rate into cold leg A 
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A1-3 Blind analysis results by each analyst 

This section presents all the reports from participants on their blind analysis efforts and major results 

partly with evaluation of their model applications based on the comparison with the post-test analysis. 

The results are arranged to appear in alphabetical order for the abbreviated name of participants except 

Japanese participants: CEA, GRS, NRC, PSI, UPV, JNES and JAEA as shown in Table A1-3-1. All 

the reports consecutively include descriptions on Test 1, 2 and 7; intermediate-break LOCA, and 

partly on Test 5; MSLB with SGTR. PSI results particularly include Test 3 result that was used for the 

preparation of counterpart test with PKL. 

Almost all the reports have a short description on their calculation conditions in Table A-1 as a 

common format, which is composed of a list of questionnaire for major subjects based on the thermal-

hydraulic phenomena observed in the LSTF experiment. 

Table A1-3-1: Summary of blind analysis report 

Participants 
Test 1 

HL IBLOCA 

Test 2 

CL IBLOCA 

Test 3 

CET, PKL Counterpart 

Test 5 

MSLB+SGTR 

Test 7 

CL IBLOCA 
Summary Table 

CEA O O   O Yes 

0GRS O O   O Yes 

NRC O O   O Yes 

PSI 
O + BEPU 

+ post-test 

O + BEPU 

+ post-test 
O 

O 

+ post-test 

O 

+ post-test 
Yes 

UPV  O  O  Yes 

JNES  O  O   

JAEA O O  O O Yes 

Each analyst was encouraged to perform self-evaluation of the analysis results, based on the 

comparison with the measured experimental data and some investigation with post-test analysis to 

clarify the code predictive capability and possible user effect(s). Several analysts indicate possible 

improvement methods as a result of such self-evaluation efforts. 

Note: All the files that contain the blind analysis results and the relevant hand-outs presented at the 

ROSA-2 PRGs, both by the project participants, are provided in the FIR DVD. 

CEA Results 

Test 1 (HL IBLOCA) (CEA, France) 

Code used:  CATHARE- 2 V2-5_2 

Input deck description: 

The input deck is derived from the one used for the validation of CATHARE2 against the test 1-1 and 

1-2 of OCDE/NEA/ROSA project. The main reference for this input deck is: 

“ROSA-V Large Scale Test Facility (LSTF) – System description for the third and fourth 

simulated fuel assembly” JAERI-Tech 2003-037  

A general view of the input deck for the primary side is given in Figure 1 (secondary side has also 

been modelled). 
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The experimental break has the following characteristics: 41 mm diameter nozzle type (L/D = 12) 

oriented upward, at the break location in the hot leg B.  

This break is represented in the CATHARE input deck with the 2 following elements: 

 an axial (BREAKPIP) element is connected to the hot leg through a TEE element 

 this axial element is connected to a boundary condition 

The first mesh of this axial element is 5 cm long and the last mesh (connected to the boundary 

condition) is 1 mm long. These values are consistent with CATHARE user’s guidelines. 

Number of pipes 15 

Number of pipe meshes 447 

Number of volumes 8 

Number of tees 3 

Number of boundary conditions 2 

Total number of meshes 467 

Number of CANDLE sub-modules 3 

Number of SOURCE sub-modules 5 

Number of SINK sub-modules 5 

Number of PUMPCHAR sub-modules 2 

Number of CONTROL VALVE sub-module 1 

 

Figure 1: General view of the CATHARE modelling – primary side 
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Calculation results 

At t=0s, the break is opened through a modification of the boundary condition. The total break flow 

rate is given in Figure 1 

Due to the isolation of the pressuriser, the depressurisation of the primary side is very fast 

(Figure 2). When Scram occurs, the lower plenum pressure value is 11.21 MPa. At that time, the core 

power decay and the decrease of pump rotation speed start. 

Accumulators’ injection starts at 153 s when the primary pressure reaches 4.51 MPa (Figure 3); at 

this time the minimum of the primary mass inventory is reached.  

The second peak of the accumulator’s injection flow rate is linked to the primary pressure 

evolution. 

When the scheduled liquid mass is injected, these accumulators are closed at 393s and 396s 

respectively for the intact cold leg and for the broken cold leg.  

Low pressure safety injections start at 364s when lower plenum pressure reaches 1.24 MPa . 

Evolutions of wall temperature at various elevations in the core are shown in Figure 4. 

The maximum heater rod surface temperature is reached at the elevation 2.7773 m from the core 

bottom (22
th
 mesh of the axial element modelling the core – Figure 6 ) at 181s. The peak value is 602 

K. The heater rod surface temperature deviated sensibly from the saturation temperature during less 

than 50 s (140 to 190 s, single core uncovery).  

The core liquid Level is given in Figure 5. 

The calculation is stopped at 1000s, as the primary mass inventory is rather stable and the primary 

pressure close to 0.7 MPa. 

Figure 1: Break total mass flow rate 
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Figure 2: Primary and secondary pressure 

 

Figure 3: Accumulators injection flow rate 

 

Figure 4: Wall temperature at various elevations 
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Figure 5: Collapsed level in the core 

 

Figure 6: Heater rod temperature at elevation 2.7773 m 
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Test 2 (CL IBLOCA) (CEA, France) 

Code used:  CATHARE- 2 V2-5_2 

Input deck description: same as for Test 1 except break LOCATION 

Calculation results 

At t=0s, the break is opened. The total break flow rate is given in figure 2. 

The SCRAM is obtained at 4.55 s when the pressuriser pressure reaches 12.97 MPa (figure 1). 

The SI signal is obtained at 6.76 s and the HP safety injection (in loop A) starts (12 s after) at 18.8 s. 

The accumulator of loop A starts to inject at 103 s when the primary pressure reaches 4.51 MPa and 

stop to inject at 449 s. The LP safety injection is actuated at 372 s when the primary pressure (PV 

lower plenum) reaches 1.24 MPa (cf. figure 3, for the different ECCS injection flow rates). 

The core uncovery (core heat-up) starts very early at about 8 s, due to a strong loss of mass at the 

break and an inversion of the flow rate in the down comer and in the part of the cold leg B located 

between the pressure vessel and the break location. The loop seal clearing is obtained in both loops at 

45 s. The maximum of the core cladding temperature is obtained at the elevation 2.37 m of the core at 

140 s; the peak value is 989 K. The core is fully rewetted at about 300 s. Core cladding temperatures 

at different elevations are presented on figure 6.  

Sensitivity calculations 

CCFL laws 

Standard calculation is performed with 2 CCFL laws which are applied at following locations: 

 at the top of the vessel between the core (axial component) and the upper plenum (UPRPLNM 

volume element) 

 at the hot leg bend (entrance of the inlet plenum of the steam generator). 

The general form of the CCFL law available in CATHARE is given by: 

 

Where Bo (=(Ku/J*)
2
) is the Bond number, Ku is Kutateladze number and J* is a dimensionless 

superficial velocity (Wallis parameter). A Wallis type CCFL has been used in the hot leg (=0.5; =0). 

A Kutateladze law has been used at the junction of the core and the upper plenum (=0.4; =1). These 

laws are derived from MHYRESA results adapted to the ROSA geometry (especially the section 

restriction of the LSTF end box).  

Some sensitivity tests have been performed concerning these laws. Modification of the CCFL law 

(C coefficient) in the hot legs has almost no effects.  

Sensitivity computations to the CCFL at the junction between the core and the upper-plenum. 

Let us note Sr the ration between the core flow area and the (reduced) flow area at the core end 

box. The nominal value used Sr is 1.88 (deduced from the p.210 of [1]).  

When a more restrictive CCFL law is used in the calculation: Sr = 2, no effect is observed (the 

same peak cladding temperature as in the reference calculation is obtained).  

When a less restrictive law is used the computed peak cladding temperature is reduced: 

CBoJ.mBoJ 2
νεν*

L
2

νεν*

G 
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For the tested values Sr = 1.5 – 1.2 – 1, the peak cladding computed values are respectively: 950 

K – 890 K – 820 K, which are lower than this obtained in the base computation: 989 K. 

Minimum stable film temperature TMFS 

In the heat transfer logic of CATHARE, this model controls the possibility to rewet the heated 

surface. In the sensitivity tests, an 50 K increase of this temperature TMFS (which depends on the 

pressure) has been tested. The result is a slight lowering of the maximum value of the core cladding 

temperature and an earlier rewetting of medium temperature core cladding. The main consequence is a 

reduction of the core heat-up duration.  

Figure 1: Primary and secondary pressure 

 

Figure 2: Break total mass flow rate 
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Figure 3: ECCS (loop A) injection flow-rate 

 

Figure 4: Core, upper-plenum and PV down comer liquid level 
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Figure 5: Liquid level in the cold legs 

 

Figure 6: Core cladding temperature at different elevations 
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Test 7 (CL IBLOCA) (CEA, France) 

Code used: CATHARE- 2 V2-5_2 

Input deck description: The input deck used for this calculation is this used usually and in particular 

for the ROSA-2 Test 1 and Test 2 analysis. The description of break nozzle (diameter = 36 mm, length 

= 432 mm) is adapted the new break size.  

Calculation results 

All initial and boundary conditions are obtained with respect to the specifications. The major events 

observed in the computation are as follows: 

 t =  0 s,  break opening 

 t =  12 s, start of the HP injection 

 t =  80 s, beginning of the core heat-up 

 t =  90 s, loop seal clearing (both loops), not sufficient to stop the core heat-up 

 t =  143 s, accumulator starts to inject  

 t=  165 s, the maximum core cladding temperature is reached (900 K) 

 t =  260 s, the core is rewetted 

 t =  450 s, LP safety injection starts 

 t = 4000 s, end of the computation 

Figures 1 to 5 show the different parameters required for the blind comparison, plotted from 0 to 

1000s. The long term behaviour is illustrated by the observation of the non-loop seal re-formation on 

the Figure 6.  

The maximum core cladding temperature obtained in the calculation is 900 K, almost 60 K below 

the LSTF core protection threshold 

Important remark: an error in the control logic of the computation has strongly delayed the 

pump coast down and the closure of the main steam isolation valve. This error explains the abnormal 

behaviour of the secondary pressure and invalidates all the computed results.  

Figure 1: Primary and secondary pressure 
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Figure 2: Break flow rate 

 

Figure 3: ECCS flow rates (injection only in loop A) 

 

 

  



NEA/CSNI/R(2016)10 

109 

 

Figure 4: PV core and upper-plenum liquid level (from pressure differences) 

 

Figure 5: Heater rod cladding temperatures (hot assembly) 
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Figure 6: Intermediate leg vertical part liquid level (long term) 

 

Table A-1: Conditions and improvement methods for blind analysis 

Intermediate Break LOCA Experiments (Tests 1, 2 and 7) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 1 (17 % HL break), test 2 (17 % CL break), test 7 (13 % CL break) 

1-2 Computer Code CATHARE 2 V25_2 

1-2 Participant (organisation) CEA-France 

2. Models & methods specific to this test 

2-1 Critical flow Standard modelling: break nozzle fine meshing + boundary condition (external pressure)  

For all the 3 tests 1, 2 and 7 the critical flow rate in the nozzle type break is well computed.  

No specific action has been taken, either for pre-test or for post-test analysis. 

2-2 Vapour/liquid entrainment at 
break 

The break nozzle is connected to the main piping using a TEE junction. 
The liquid and vapour proportion going towards the break nozzle is controlled via the so-called 
phase separation of the TEE model. No option available in this model. 
For all the 3 tests 1, 2 and 7 the critical flow rate in the nozzle type break is well computed. No 
specific action has been taken. 

2-3 Mixture level in core bundle The core is represented by a 1-D component with a rather fine meshing (36 meshes). No option 
are available (standard interfacial drag and other model used). 

2-4 Core rod surface temperature 
– excursion & quench 

The CATHARE standard heat transfer package is used (no option).  
The dry-out criterion is obtained for local heat flux > CHF (which strongly decrease at high steam 

quality)  or for void fraction  0.99999 (pure steam). 
The rewetting is obtained with the post dry-out heat transfer and the usual transition to transition 
boiling when the surface temperature is lower than the minimum of the film stability temperature, 
TMFS.  
The reflood module (with local 2D wall conduction) is never used (reserved to low pressure large 
break LOCA reflooding phase).  
Some action were necessary (increase of the TMFS model) to avoid some non-rewetting of the 
high power bundles, in pre and post-test analysis of test 2 and 7. 
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No. Subjects Conditions for blind analysis  

2-5 CCFL at upper core plate The CCFL is modelled using a CCFL CATHARE sub-module. In this sub module the choice of the 
correlation is rather free (J*, Ku, Bond number,…) and is given in the input deck..  

For this location in the standard input deck a Kutateladze type CCFL correlation with coefficient 
obtained from own data is used.  

In the post-test analysis of test 2 and 7 (CL breaks), it appears that this correlation is too restrictive. 
Changing the restricted flow area where the CCFL is simulated improve largely the core heat-up 
(increase in the range x 1.25 to 1.9).  

2-6 CCFL at SG U-tube inlet No CCFL used at this location, because more restrictive conditions are encountered in the bend 
and SG inlet plenum 

2-7 CCFL at SG inlet plenum 
and/or inclined pipe of 
hot leg 

A CCFL sub-module is used at the SG-inlet plenum location (at a specific mesh point of the 1-D 
component). The CCFL correlation is of J* (Wallis parameter) with coefficient obtained from own 
data.  

In MHYRESA Hot leg SG inlet CCFL experiments, this location has been observed to have the 
most restrictive CCFL conditions. 

In the CATHARE computation, the amount of fluid maintained in this part in the CL break (test 2 and 
7) is rather well computed, but the CCFL conditions are mainly imposed by the conditions obtained 
in hot leg bend. In the HL break test, test 1, no CCFL is observed in this region (experiment and 
computation).  

No. Subjects Conditions for blind analysis  

2.8 Upper-plenum In addition to CCFL, the CATHARE volume modelling of the upper-plenum used in overestimate the 
fluid mass before and during the core uncover. Although not determining, some modification of the 
bubble rise velocity (equivalent for the 0.D to the interfacial friction) has been reduced, in post-test 
analysis, in addition with CCFL in order to well reproduce the upper-plenum voiding (improvement 
for test 1, 2 and 7).  

2-9 Accumulator injection In the post test analysis, some improvements of the accumulator injection are still needed, mainly 
for test 1. 

Sensitivity calculations to the condensation model do not show any noticeable improvement. The 
reason could from the accumulator modelling itself (gas/wall or liquid heat transfer or loss from 
coefficient in the accumulator line).  
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GRS Results 

Assessment of ATHLET against intermediate break tests performed within the NEA ROSA-2 

project 

GRS contribution to the NEA ROSA-2  

Final integration report – Appendix 1 

Introduction 

In the frame of code validation pre- and post-test analyses of intermediate break tests in the 

ROSA/LSTF facility have been performed with the GRS system code ATHLET. The blind 

calculations of Tests 1 and 2 were performed in Winter 2009/2010 using the same basic input data set, 

only changing the position of the break discharge line and the boundary conditions (ECCS 

availability), with the code versions 2.1C (Test 1) and 2.2A (Test 2). For a successful post-test 

calculation of both test, performed in Spring 2012 with the code version 2.2B, only small changes in 

the input data sets were needed. Main modification was the introduction of a discharge coefficient for 

the break nozzle (CD = 0.9 for both tests).  

The same dataset as used for the post-test calculation of Test 2, changing only the break size and 

the ECCS boundary conditions, has been then applied for the blind analysis of Test 7. However, the 

calculation was not able to predict the evolution of the cladding temperatures as observed 

experimentally, mainly due to an input error. After correction of the corresponding parameter, the 

calculated results could be improved considerably. 

Short description of the computer code 

The thermal-hydraulic system code ATHLET is being developed by the GRS for the analysis of the 

whole spectrum of leaks and transients in light water reactors. The code is applicable for western 

reactor designs as well as for Russian VVER and RBMK reactors. The main code features are: 

 advanced thermal-hydraulics 

 modular code architecture 

 separation between physical models and numerical methods 

 pre- and post-processing tools 

 portability to the prevalent computer platforms. 

ATHLET is composed of several basic modules for the simulation of the different phenomena 

involved in the operation of a light water reactor: 

 thermo-fluid dynamics (TFD) 

 heat transfer and heat conduction (HECU) 

 neutron kinetics (NEUKIN) 

and control and balance-of-plant (GCSM) 

together with the fully implicit numerical time integration method FEBE. Other independent modules 

(e.g. 3-D neutron kinetics or containment modules) can be coupled by means of a general interface. 

The thermo-fluid-dynamic module is based on a six-equation model, with fully separated balance 

equations for liquid and vapour, complemented by mass conservation equations for up to 5 different 

non-condensable gases and by a boron tracking model. Alternatively, a five-equation model, with a 
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mixture momentum equation and a full-range drift-flux formulation for the calculation of the relative 

velocity between phases is also available. Specific models for pumps, valves, separators, mixture level 

tracking, critical flow etc. are also included in ATHLET. The system configuration to be simulated is 

modelled just by connecting basic thermo-fluid dynamic elements, called thermo-fluid (TF) and heat 

conduction (HC) objects. Multi-dimensional processes are simulated by parallel channels with cross 

flows. 

The systematic validation of ATHLET is based on a well-balanced set of integral and separate 

effects tests derived from the CSNI code validation matrices. 

Reference:  

G. Lerchl, H. Austregesilo, ATHLET Mod 2.2 Cycle A – User’s Manual, GRS-P-1/Vol. 1, July 2009. 

ATHLET dataset for blind calculation of Tests 1 and 2 

The input dataset used for the blind analyses of Tests 1 and 2 was based on a standard LSTF dataset 

already applied for the post-test calculation of several ROSA tests (e.g. Tests 1.1, 3.1, 6.1 and 6.2). 

Figure 1 depicts the used nodalisation for the primary system. A more detailed description of the 

pressure vessel is given in Figure 2. These pictures have been generated from the input data set using 

the pre-processing tool AIG (ATHLET Input Graphics). In these pictures the elevation 0 m 

corresponds to the bottom of the active core.  

The main features of the adopted modelling are: 

 detailed 2-loop dataset 

 the six-equation, two-fluid model was used in the primary system; the five-equation model 

together with mixture level calculation was applied in the pressuriser, in the upper head region 

and in the secondary sides of the steam generators. 

 SG U-tubes are represented by 2 parallel channels with different lengths. 

 The core region is modelled by two concentric rings, connected by a cross-connection object. 

The inner channel ring includes the high and middle powered bundles. The low powered 

bundles are combined in the outer channel ring. The upper plenum region up to the hot leg 

nozzles as well as the control rod guide tubes are divided accordingly (Figure 2).  

 critical discharge flow rates are calculated with the ATHLET specific finite-difference model 

CDR1D, using discharge coefficient of 1.0 for sub cooled and saturated flow and 0.8 for pure 

steam flows 

 altogether 82 TF-Objects (64 pipes and 18 branches) and 56 HC-Objects, corresponding to 227 

control volumes, 276 junctions and 261 heat slabs. 

 

  



NEA/CSNI/R(2016)10 

114 

Figure 1: ATHLET Nodalisation for the ROSA/LSTF 

 

Figure 2: ATHLET Nodalisation for the ROSA/LSTF Facility (pressure vessel) 
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Main outcomes of the Test 1 calculations 

The main results of the post-test calculation (blue solid curves) of the Test 1 in comparison to the 

experimental results (red dashed curves) and to the blind pre-test calculation (black dashed curves) are 

summarised in the Figures 3 and 4. 

As shown in Figure 3, the pre-test calculation predicted reasonably the actual test evolution, 

including the short period of core heat-up with cladding temperatures staying below 700 K. However 

the global results have been impaired by an overestimation of the break flow rates during sub cooled 

blowdown, leading to an earlier calculated core dry-out and slightly higher cladding temperatures. 

For the post-test calculation a discharge coefficient of 0.9 has been introduced. This value 

improves considerably the calculated break mass flow rates and thus the global transient evolution. An 

additional problem of the pre-test simulation was an unrealistic backflow of the accumulator injection 

into the crossover legs (loop seals) in both loops, due to a wrong form loss coefficient for reverse flow 

through the main coolant pumps after pump coast-down. 

In summary, the following input deck modifications have been made for the post-test calculation 

of Test 1: 

 discharge coefficient CD = 0.9 for sub-cooled/saturated liquid flow 

 form losses within accumulator lines have been amended 

 pump resistance (backflow) after pump trip corrected 

 secondary side steam and feed water flow according to experimental data 

 LPIS flow rate tables were extended to 10 bar 

This modified input data deck has been then applied to the post-test calculation of Test 2, 

changing only the position of the break discharge line and the boundary conditions. 

Main outcomes of the Test 2 calculations 

The main results of the post-test calculation (blue solid curves) of the Test 2 in comparison to the 

experimental results (red dashed curves) and to the blind pre-test calculation (black dashed curves) are 

summarised in Figure 5 

Similar to Test 1, the pre-test calculation of Test 2 showed a good qualitative agreement with test 

data, including the prediction of a considerable cladding temperature increase up to the actuation of 

the LSTF core protection system. However the calculation overestimates the coolant loss during sub-

cooled blowdown. With a discharge coefficient of 0.9, as used for Test 1, the results of the post-test 

calculation could be improved considerably. The period of core dry-out as well as the PCT evolution 

was well captured by the code. A slightly improvement of the evolution of the cladding temperatures 

after start of accumulator injection could be achieved by using the dedicated quench front model of 

ATHLET, which is actually recommended for large break LOCAs with core reflooding at low 

pressures, instead of the simplified model based on temperature criteria. Furthermore, with a slightly 

reduction of the heat transfer coefficients for convection to steam at low steam velocities, a better 

agreement with the measured data concerning the cladding surface temperatures during core dry-out 

could be reached.  

In the ATHLET input deck for the LSTF facility, the core exit temperature (CET) measurement is 

given in a simplified form as the fluid temperature in the inner upper plenum channel just above the 

upper core plate. This representation is only adequate as long as saturated or superheated steam 

conditions prevail in upper plenum region, which was not the case in the simulation of Test 2 

(Figure 5). Parameter studies concerning the nodalisation in the upper plenum region did not show any 

improvement of the results with respect to CET. 



NEA/CSNI/R(2016)10 

116 

The same input data set (input parameters and modelling options) has been then applied for the 

blind pre-test calculation of Test 7, changing only the break size and ECCS boundary conditions (full 

availability). 

Preliminary results of Test 7 calculations 

Figure 6 presents some results of the preliminary post-test calculation (blue solid curves) of the Test 7 

in comparison to the experimental results (red dashed curves) and to the blind pre-test calculation 

(black dashed curves). 

The blind pre-test analysis showed a qualitatively good agreement with main experimental results, 

including break flow rates, time point of loop seal clearance and the evolution of the collapsed level in 

the core region, at least for the first 200 sec. after break. However, the code was not able to predict 

correctly the behaviour of the rod surface temperatures.  

A first analysis of the code results indicated an unrealistic holdup of primary coolant at the upper 

regions of the pressure vessel, especially in the upper head. The main reason for such a behaviour was 

found to be a wrong input for the form loss coefficient at the bottom of the ATHLET components 

representing the control rod guide tubes (CRGTs), which have been artificially increased for a 

sensitivity analysis performed for ROSA test 6.1 and not reset for the calculations of the intermediate 

break tests.  

After correction of this input error, a first post-test calculation of Test 7 indicates a more realistic 

coolant distribution in the pressure vessel, and just a small increase of the PCTs after loop seal 

clearance, with a maximum value of ca. 630 K at axial position 4, the same position as in experiment.  

However, the second decrease of the core liquid level until start of accumulator injection, as 

observed experimentally, could not be reproduced anymore, indicating now rather an overestimation 

of the counter current flow from the upper regions.  

The fast pressure decrease after transition to pure steam flow, as obtained in the pre-test 

calculation, could be avoided in the post-test calculation by increasing artificially the condensation 

efficiency at the surface of the HP injection stream. This subject shall be further investigated by the 

code development team. 

After correction of the form losses at the bottom of the CRGTs, the post-test calculations of Tests 

1 and 2 have been repeated. For Test 1, this correction does not have any significant influence on the 

code results. For Test 2, this change leads to a small reduction of the calculated PCT by about 40K. 

The post-test calculation of Test 7 will be repeated after the official release of test results, 

especially with respect to the differential pressures measured in the reactor coolant system. 

Based solely on the analyses performed up to now, the main differences between Test 2 and Test 7 

with respect to PCT behaviour are probably due to the backflow of coolant accumulated in the upper 

regions of the reactor coolant system after loop seal clearance. The post-test calculation of Test 2 

shows that core dry-out and PCT increase started just after loop seal clearance (ca. 40 sec after break 

opening). From this time point on, ATHLET calculates CCFL conditions at core outlet (no liquid 

backflow from the upper plenum) for the whole dry-out period until core quenching following the 

accumulator injection.  

The post-test calculation of Test 7 also shows the start of core dry-out with the PCT increase 

immediately after loop seal clearance, about 60 sec. after break. However, probably due to the lower 

core power, the calculated steam velocities in the core region are significantly lower than in Test 2, 

leading to a less pronounced phase separation and thus to a higher mixture (swell) level in the core 

region. No CCFL conditions are calculated by the code, neither at core outlet nor at hot leg nozzles, so 
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that the water accumulated in the upper regions of the reactor coolant system can partially flow back 

into the core region (about 30 kg, according to the calculation) and quench the rods.  

Summary 

The results of the blind pre-test analyses of Tests 1 and 2 showed in general a good qualitative 

agreement with the experimental data, including the prediction of a short core heat-up for Test 1 and 

of a considerable cladding temperature increase up to the actuation of the LSTF core protection system 

in Test 2. These results helped to increase the confidence on the code predictive capability. 

However, the global results were impaired by an overestimation of the break flow rates during 

sub-cooled blowdown. For a successful post-test calculation of both tests, only small changes in the 

input data sets were needed. The main change was the introduction of a discharge coefficient for the 

break nozzle (CD = 0.9) for both tests. 

The same coefficient has been also applied for the pre-test calculation of Test 7. However, this 

calculation was not able to simulate the bundle thermal behaviour as observed experimentally, 

although break mass flow rates and core liquid level were quite satisfactorily predicted. One main 

reason was an input error related to the form loss coefficient at the bottom of the control rod guide 

tubes. After correction of this input parameter the calculated cladding temperatures were improved 

considerably. Furthermore, the correction of this input parameter did not change significantly the 

results of the post-test calculations of Tests 1 and 2. 

Main contributors to the uncertainty of code results are the modelling of discharge break flow as 

well as of the interfacial friction at the top of the bundle region. This in turn is responsible for an 

accurate description of the CCFL behaviour, which is essential for a good reproduction of test results. 

Additional uncertainties concerns the simulation of the condensation efficiency of ECC flow, 

especially the HPIS injection, as well as the calculation of heat transfer due to convection to 

superheated steam, mainly at low steam velocities. 
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Figure. 3: Main results of ATHLET pre- and post-test calculations of Test 1 (I) 

 

 

Figure 4: Main results of ATHLET pre- and post-test calculations of Test 1 (II) 
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Figure 5: Main results of ATHLET pre- and post-test calculations of Test 2 

 

 

Figure 6: Main results of ATHLET pre- and post-test calculations of Test 7 
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Table A-1: Conditions and improvement methods for blind analysis 

Intermediate Break LOCA Experiments (Test 1, 2 and 7) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Tests 1 , 2 and 7 

1-2 Computer Code ATHLET Versions 2.1C (Test 1), 2.2A (Test 2) and 2.2B (Test 7) 

1-2 Participant  
(organisation) 

Dr Henrique Austregesilo 
Gesellschaft für Anlagen- und Reaktorsicherheit (GRS)mbH 

2. Models & methods specific to this test 

2-1 Critical flow Critical discharge flow rates are calculated in ATHLET by a one-dimensional thermodynamic 
non-equilibrium model, taking into account the actual geometry of the discharge flow path. 
This model generates tables of critical mass fluxes for a set of fluid conditions in the 
upstream discharge control volume, which are used for the transient calculation.  
For the blind analyses of Tests 1 and 2, a discharge coefficient of 0.8 has been applied for 
pure steam flows, respectively 1.0 for sub cooled and saturated flows (recommended 
values). On the basis of the results of post-test calculations of these tests, a discharge 
coefficient of 0.9 for sub-cooled/saturated flows has been used for the blind calculation of 
Test 7. 

No. Subjects Conditions for blind analysis  

2-2 Vapour/liquid entrainment at 
break 

The ATHLET specific T-junction model has been applied at the junction connecting the 
hot/cold leg and the break discharge line for the blind analyses of the 3 tests. This model 
simulates multi-dimensional flow phenomena of a T-branching as the superposition of two 
one-dimensional flows: one in axial direction of the main flow (hot or cold leg) and one in the 
axial direction of the branch (break discharge line). One additional momentum equation is 
solved at the branching point. The phase separation takes into account liquid entrainment 
and vapour pull-through, and it is a function of the flow regime at the main flow direction. 
Additional sensitivity studies have shown that the influence of this model on the calculated 
break flow rates for intermediate breaks is not so strong as for small breaks. 

2-3 Mixture level in core bundle The specific mixture level tracking model in ATHLET was not applied in the core region. 
Instead of this, the usual two-fluid approach has been applied for the whole primary circuit 
(except pressuriser and break discharge line). The mixture level within the core region is 
derived from the axial void distribution. 

2-4 Core rod surface temperature – 
excursion & quench 

The standard heat transfer package of ATHLET, with the default (recommended) options, 
has been applied for the calculation of boiling heat transfer, CHF and post-dry out heat 
transfer. The same correlations are applied for PWR safety analyses. For the blind analysis 
of Tests 1 and 2, the simplified quench approach based on temperature criteria has been 
used. The application of the more sophisticated quench front model, recommended mainly 
for large break LOCAs, led to a slightly improvement of the cladding temperature evolutions 
during quench in the post-test calculation of Test 2, and thus have been applied also for the 
blind calculation of Test 7. 

2-5 CCFL at upper core plate The occurrence or not of CCFL is determined by the interfacial friction model in ATHLET for 
every junction within primary or secondary systems. No specific coefficients are applied. 
The interfacial friction for non-horizontal junctions is calculated as a function of the drift 
velocities, which in turn are determined by the ATHLET specific flooding-based drift-flux 
model taking into account the channel geometry (annuli, pipes, bundle) and the flow 
conditions. The drift-flux model has been validated against numerous separate effect tests, 
including several tests in the full-scale UPTF test facility 

2-6 CCFL at SG U-tube inlet see Item 2-5 

2-7 CCFL at SG inlet plenum and/or 
inclined pipe of hot leg 

see Item 2-5 

2-8 Other problem(s) 
 

One main problem of the calculations was the correct prediction of ECC flow, mainly due to 
the calculation of the condensation efficiency of the accumulator injection. The simulation of 
the HP injection as “fills” in ATHLET also leads to an underestimation of the condensation in 
the cold legs (Tests 2 and 7). 

 



NEA/CSNI/R(2016)10 

121 

 

NRC Results 

NRC Pre- and Post-Test analysis of ROSA-2 Intermediate-Break Tests 1, 2 and 7 

William J. Krotiuk 

U.S. Nuclear Regulatory Commission 

A-1.1 NRC Pre- and Post-Test analysis of ROSA-2 Intermediate Break Tests 1, 2 and 7 

This section discusses the blind pre-test and post-test analyses performed for the Rig of Safety 

Assessment-2 (ROSA-2) Large Scale Test Facility (LSTF) intermediate-break tests 1, 2 and 7 by the 

U.S. Nuclear Regulatory Commission (NRC) using the TRAC/RELAP Advanced Computational 

Engine (TRACE) computer code
1,2,3

. 

The input model for the ROSA-2 intermediate-break analyses used the TRACE model from the 

ROSA-IV small-break loss-of-coolant accidents (SBLOCAs) as a starting point for developing an 

intermediate-break model. The blind pre-test input models for tests 1 and 2 were updated to reflect the 

initial conditions, safety system operation characteristics and break geometry provided in the pre-test 

specifications. The test 1 and 2 post-test input models were updated to reflect the latest facility 

geometry provided in the LSTF system description document
4
 and the individual test descriptions 

contained in the final reports for the intermediate hot leg break test 1
5
 and intermediate cold leg break 

test 2
6
. Changes were also made to the post-test inputs to include changes to improve predictive 

capabilities and produce closer agreements to test data. Many of the modelling changes were made to 

provide consistency with the TRACE pressurised water reactor (PWR) modelling guidelines
7
. Table 

A-1.1 describes the pre-test inputs for tests 1 and 2 and explains the input model improvements 

incorporated in the test 1 and 2 post-test inputs. The major model improvement updates to the post-test 

models include the following: 

 increased nodalisation in the break nozzle and the pipe between the break nozzle and break 

valve 

 vessel model improvements, including expansion of the vessel nodalisation and updates to the 

guide tube and upper core plate modelling 

 specification of the reflood model for the core fuel rods 

 inclusion of counter-current flow limitation (CCFL) inputs 

 changes to system flow loss coefficients to match steady-state measurements, 

 inclusion of additional nodes in the heat structures 

 updates to the hot leg bypass modelling including the vessel connection elevation 

The blind pre-test model used for the test 7 cold leg break analysis included most of the updates 

included in the test 1 and 2 post-test analyses and reflects the initial conditions, safety system 

operation description and break geometry provided in the test 7 pre-test specification. The blind 

pre-test model did not include CCFL updates in the guide tubes, the updated hot-leg bypass modelling, 

and the increased nodalisation in the pipe between the break nozzle and break valve. The test 7 post-

test model included all the model updates that were not included in the pre-test model to make the test 

7 model consistent with the test 1 and 2 post-test models. The post-test model for test 7 reflects the 

initial conditions and safety system operation conditions from the pre-test specification because a final 

report was not yet available at the time the test 7 post-test analysis was performed. Table A-1.2 lists 

and explains the differences between the pre-test and post-test input models for test 7. 

Efforts were also expended to update the post-test models to reflect the most current draft TRACE 

pressurised water reactor (PWR) modelling guidelines
7
. However, the ROSA-2 models do not reflect 
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all the PWR modelling guidelines. That is because the ROSA-2 model is based on the older ROSA-IV 

input model and because the TRACE PWR modelling guidelines were still being completed and in the 

process of review at the time the post-test analyses were performed. 

Specifics regarding the geometry and test conditions for tests 1, 2 and 7 appear in other sections of 

this report. A schematic of the TRACE post-test primary system model for test 2 is shown on 

Figure A-1.1. The post-test models for tests 1 and 7 are similar to the test 2 model. The break nozzle is 

connected to the loop B cold leg for tests 2 and 7 and to the loop B hot leg for test 1. Figure A-1.2 

provides a modelling schematic of the break nozzle and piping connecting to the break flow storage 

tank used for the post-test analyses of tests 1, 2 and 7. The break nozzle for tests 1 and 2 is divided 

into six control volumes. The break nozzle for test 7 is divided into seven control volumes because of 

the smaller nozzle diameter. 

A-1.2 Predictions and data comparisons for intermediate hot leg break Test 1 

The intermediate hot leg break test 1 used a 41 millimetre (mm) inner diameter (ID) break nozzle 

connected to the top of the loop B hot leg. The break was initiated by opening a 73 millimetre ID 

valve positioned at the end of an 87.325 mm ID pipe located immediately downstream of the break 

nozzle. Figure A.1-2 shows a schematic of the break piping leading to the break storage tank.  

Comparisons between the pre- and post-test predictions for ROSA-2 test 1 and test measurements 

are shown on Figures A-1.3 to A-1.13. These figures highlight the differences in test behaviour 

between the test measurements and the pre-test and post-test calculations. The figures also illustrate 

the improvement in predictive ability of the post-test analysis after the application of the changes 

listed in Table A-1.1. 

Figures A-1.3 and A-1.4 compare the pre- and post-test break flow predictions to test data. These 

figures show that the pre-test prediction exceeded the test measurement. Figure A-1.3 shows that the 

post-test break flow prediction is close to test data; however, the integrated flow plot on Figure A-1.4 

shows that the predicted break flow exceeds the test data. The measured integrated break flow is 

determined from the liquid mass collected in the break storage tank. The difference between the 

predicted and measured integral break masses may be caused by incomplete condensation of break 

vapour flow in the break storage tank. This conclusion is supported by post-test analysis results that 

show a relatively large vapour flow into the break storage tank early in the transient (Figure A-1.5). 

Figure A-1.6 demonstrates the improvement in the predictions for the maximum rod temperature 

with the post-test analysis. The measured maximum rod temperature was 607.9 degrees kelvin (K). 

The pre- and post-test predicted peak rod temperatures are close to but exceed the measured value. 

The peak calculated rod temperatures for the pre-test analysis was 621.3 degrees K and for the post-

test analysis was 622.6 degrees K. The improvement in the timing of the maximum rod temperature 

prediction is attributed to the improvement in break flow predicted with the post-test analysis. The rod 

temperature calculation is also affected by the specification of the re-flood model and the specification 

of a supplemental rod with a peaking factor for the post-test model. The analyst did not specify either 

of these options in the pre-test analysis. 

Improvements to the break flow modelling also result in the improved prediction of system 

pressure illustrated in the upper plenum pressure plot on Figure A-1.7. The post-test system pressure 

prediction closely follows the test data until about 200 seconds; after that time the post-test calculation 

slightly under predicts test data. The pre-test pressure prediction under predicts test data before 200 

seconds and under predicts the pressure after that time. 

The core power plotted on Figure A-1.8 shows good comparisons between the pre- and post-test 

predictions and core power measurements. This graph illustrates that the logic contained in both 

models accurately model test specification for the test core power. 
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Figure A-1.9 compares predicted and measured core levels. The post-test calculation produces an 

improved prediction over the pre-test calculations. The magnitude of the core level and the timing of 

the initial level drop are better predicted in the post-test analysis. The vessel modelling improvements 

are the principal reason for the post-test improvement in calculated core level. 

Comparisons of the predicted and measured upper plenum levels are shown on Figure A-1.10. 

Similar to the observations on core level, the post-test predictions for upper plenum level behaviour 

and the timing of the initial level drop are better than the pre-test predictions. The pre-test calculation 

drains the upper plenum faster than the post-test calculation because CCFL models were not specified 

in the guide tubes and at the upper core plate in the pre-test calculations but were specified in the post-

test analysis. 

Behaviour of the A and B loop seals are shown on Figure A-1.11. The test measurement and the 

pre-test and post-test predictions show loop seal clearing shortly after the break occurs; however, the 

timing of the loop seal clearing is better predicted by the post-test calculation. The test data showed 

refill to start in loop A after about 1,050 seconds. Refill is never measured in loop seal B. The pre-test 

calculation predicts the loop B seal to start refilling at about 300 seconds; but does not predict refill of 

the loop A seal. The post-test analysis does not predict a loop A seal refill, but it does predict refill of 

the loop B seal at about 1,060 seconds. Consequently, neither the pre- nor post-test analyses provide 

good predictions of loop seal refill test behaviour. However, the post-test analysis provides better 

prediction of loop seal refill time than the pre-test calculation, but the post-test analysis still predicts 

refill of a different loop seal than measured during testing 

The measured and predicted steam generator dome pressures are shown on Figure A-1.12. It 

should be noted that operation of the secondary system relief valves are not predicted or measured 

during the test 1 transient. The pre-test analysis under predicts the steam generator pressures 

throughout the transient. The post-test calculation provides a better prediction of loop A and B 

secondary system pressures early in the transient. The post-test analysis produces a better long term 

prediction of the loop B secondary system pressure, but over predicts the long term loop A pressure. 

The exact cause of these differences has not been identified; however, the heat transfer calculation in 

the primary and secondary systems in the steam generator is suspected. Additionally, the steam 

generator modelling still reflects the original model used for the ROSA-IV SBLOCA analysis. Efforts 

are proceeding to improve the secondary system modelling to be consistent with the PWR modelling 

guidelines. These modelling changes should improve the code predictions for the secondary system. 

Figure A-13 compares the measured and predicted secondary system steam generator levels. The 

magnitude and timing of the steam generator levels are not well-predicted for the pre-test analysis, 

which shows significant level oscillatory behaviour. The post-test predictions show reasonable 

agreement between the loop B predictions and the test measurement; however, the post-test 

calculation over predicts the loop A level. The reason for this discrepancy has not been identified, but 

it may be related to inaccuracies in the calculation of the primary to secondary system heat transfer in 

the steam generator. It is anticipated that the planned secondary system modelling changes will also 

improve the test predictions for the secondary system. 

A-1.3 Predictions and data comparisons for intermediate cold leg break Test 2 

A schematic of the TRACE post-test model for the primary system of test 2 is shown on Figure A-1.1. 

The intermediate cold leg break test 2 used a 41 millimetre ID break nozzle connected to the top of the 

loop B cold leg. The break was initiated by opening a 73 millimetre ID valve positioned at the end of 

an 87.325 millimetre ID pipe located immediately downstream of the break nozzle. Figure A.1-2 

shows a schematic of the break piping leading to the break storage tank.  

Figures A-1.14 to A-1.23 show the comparisons between the pre- and post-test predictions for 

ROSA-2 test 2 and test measurements. These figures highlight the differences in test behaviour 
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between the test measurements and the pre-test and post-test calculations. The figures also illustrate 

the improvement in predictive ability of the post-test analysis after the application of the changes 

listed in Table A-1.1. 

Figures A-1.14 and A-1.15 show that the post-test analysis predicted break flow is closer to test 

data than the pre-test predictions. The improvement in break flow predictions for the post-test model 

can be attributed to the improvements in the break nozzle and pipe modelling. 

Figure A-1.16 demonstrates the improvement in the maximum rod temperature prediction with the 

post-test analysis. The pre-test model severely under predicts the rod temperature. The measured 

maximum rod temperature was 978.2 degrees K. The peak calculated rod temperatures for the pre-test 

analysis was 679.7 degrees K and for the post-test analysis was 992.3 degrees K. The improvement in 

maximum rod temperature prediction is attributed to the increase in break flow predicted with the 

post-test analysis. The increase in break flow reduces the water mass in the core and increases the 

calculated rod temperature. The rod temperature calculation also is affected by the specification of the 

re-flood model and the specification of a supplemental rod with a peaking factor for the post-test 

model. The analyst did not specify either of these options in the pre-test analysis. 

Improvements to the break flow modelling also results in improved prediction of system pressure 

by the post-test analysis as illustrated in the pressuriser pressure plot on Figure A-1.17. The core 

power plotted on Figure A-1.18 shows a major limitation of the pre-test model. During testing, the 

elevated rod temperature activated the core protection system, which reduced the test core power. The 

core protection system was not included in the pre-test model, but it was added to the post-test model. 

Thus, the core power is reduced in the post-test analysis as a result of the calculated high rod 

temperature. It should be noted that even if the core protection system was included in the pre-test 

model, the predicted core power would not have been reduced because of the under prediction of rod 

temperature. 

Figure A-1.19 compares predicted and measured core levels. The post-test calculation produces an 

improved prediction over the pre-test calculations. After about 150 seconds, the poor agreement 

between the pre-test calculation and the test data can be attributed to the fact that the core power is not 

reduced by the core protection system, as illustrated on Figure A-1.18. 

Figure A-1.20 shows comparisons of the predicted and measured upper plenum levels. Before 

about 190 seconds, the pre-test prediction is closer to the test data than the post-test prediction. The 

pre-test calculation drains the upper plenum faster than the post-test calculation because a CCFL 

model is not specified in the guide tubes or at the upper core plate in the pre-test calculations but is 

specified in the post-test analysis. The post-test prediction is closer to test data after about 190 seconds, 

reflecting the effect of the core protection system reduction in core power. 

Figure A-1.21 shows behaviour of the A and B loop seals. The test measurement and the pre-test 

and post-test predictions show loop seal clearing shortly after the break occurs. The test data showed 

refill to start in loop A at about 350 seconds; refill is never measured in loop seal B. The pre-test 

calculation does not predict refill of either A or B loop seals. The post-test analysis predicts the loop A 

seal to refill at about 750 seconds. It does not, however, predict refill of the loop B seal. Consequently, 

the post-test analysis provides better prediction of loop seal behaviour than the pre-test calculation. 

Figure A-1.22 shows the measured and predicted steam generator dome pressures. The pre-test 

analysis over predicts the steam generator pressures because the operation of the secondary system 

relief valves, which would reduce pressure, was not modelled. The post-test analysis produces a better 

match to test data early in the transient because of the modelled actuation of the secondary system 

relief valves. However, the post-test predictions deviate from measurements later in the transient. The 

exact cause of these differences has not been identified; however, the heat transfer calculation in the 

primary and secondary systems in the steam generator is suspected. As previously stated the planned 
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improvements to secondary system modelling are expected to improve the pressure predictions for the 

secondary system. 

Figure A-1.23 compares the measured and predicted secondary system steam generator levels. 

The steam generator levels are not well-predicted for the pre-test analysis because the secondary 

system relief valve operation was not modelled. The post-test predictions show an under prediction in 

the loop B level when compared to the test measurement and an over prediction of the loop A level. 

The reason for this discrepancy has not been identified, but it may be related to inaccuracies in the 

calculation of the primary to secondary system heat transfer in the steam generator. Planned 

improvements to secondary system modelling should provide a better match to test data. 

A-1.4 Predictions and data comparisons for intermediate cold leg break Test 7 

Figure A-1.1 shows a schematic of the TRACE post-test model for the primary system of test 2. This 

test 2 model is very similar to the test 7 model. The intermediate cold leg break test 7 used a 36 mm 

ID break nozzle connected to the top of the loop B cold leg. The break was initiated by opening a 

73 mm ID valve positioned at the end of an 87.325 mm ID pipe located immediately downstream of 

the break nozzle. Figure A.1-2 shows a schematic of the break piping leading to the break storage tank. 

As previously stated seven control volumes were used to model the test 7 break nozzle. 

Comparisons between the pre- and post-test predictions for ROSA-2 test 7 and test measurements 

are show on Figures A-1.24 to A-1.32. These figures highlight the differences in test behaviour 

between the test measurements and the pre-test and post-test calculations. The figures also illustrate 

the improvement in predictive ability of the post-test analysis after the application of the changes 

listed in Table A-1.2. The differences in pre- and post-test predictions for test 7 are not as large as for 

tests 1 and 2 because the test 7 pre-test model included much of the improvements included in the test 

1 and 2 post-test models. The test 7 post-test modelling is identical to that used for the post-test 

analyses of tests 1 and 2. 

Figures A-1.24 and A-1.25 compare the pre- and post-test break flow predictions to test data. The 

post-test break flow prediction is slightly better than pre-test prediction for the first 20 seconds. After 

that time, both predictions are close to test data measurements. The improvement in the post-test break 

flow prediction early in the transient can be attributed to the break nozzle and piping modelling 

improvements described in Table A-1.2. Note that the measured integrated break flow plotted on 

Figure A-1.25 was determined by performing a numerical integration of the break flow measurements 

on Figure A-1.24. An integrated break flow measurement, similar to those provided for tests 1 and 2, 

was not available at the time the post-test analysis was performed. 

Figure A-1.26 shows that neither the pre- or post-test calculations adequately predict the 

magnitude or timing of the maximum rod temperature measurements. The post-test maximum rod 

temperature prediction is closer but still substantially over predicts the test measurement. The 

measured maximum rod temperature was 653.1 degrees K. The peak calculated rod temperatures for 

the pre-test analysis was 867.2 degrees K and for the post-test analysis was 837.2 degrees K. The post-

test analysis improvement in the prediction of maximum rod temperature can be attributed to 

improvements in the CCFL modelling of the guide tubes and to improvements in the hot leg bypass 

modelling. However, neither of these modelling changes was sufficient to adequately model the rod 

temperature behaviour and additional effort is being pursued to identify the causes for the discrepancy 

between prediction and test data. 

Figure A-1.27 shows that both the pre- and post-test predictions for system pressuriser pressure 

are close to test measurements. Similarly, Figure A-1.28 shows that the measured core power is close 

to the pre- and post-test predictions. 
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Figure A-1.29 shows improvement in the post-test prediction of core level when compared to the 

pre-test prediction. Consistent with measurements, both predictions show a quick decrease in core 

level at the beginning of the transient. However, the post-test analysis better predicts the magnitude of 

the level drop between 100 and 200 seconds. This improvement can be attributed to improvements in 

the CCFL modelling of the guide tubes and to improvements in the hot leg bypass modelling. Neither 

the pre- or post-test calculations predict the slight drop in measured core level between about 500 and 

900 seconds, but both adequately predict the core level after 900 seconds. 

Only small differences exist between the pre- and post-test predictions for upper plenum level 

shown on Figure A-1.30. Neither calculation predicts the magnitude of the measured initial level drop 

between about 100 and 200 seconds, but both calculations predict levels close to measurements after 

that time. 

The measured loop seal behaviour shown on Figure A-1.31 is close to the pre-test and post-test 

predictions during the earlier portion of the transient. However, both the pre-test and post-test analyses 

predict a refill of the A loop seal at about 2 900 and 2 600 seconds, respectively; but neither analysis 

predicts refill of the loop B seal. Test data does not show a refill of either loop A or B. 

Discrepancies between primary system pressure measurements and predictions are evident on 

Figure A-1.32. Both the pre- and post-test predictions of secondary system pressure under predict the 

measurements. The post-test analysis predictions are lower than the measurements and the pre-test 

predictions. The exact cause of these differences has not been identified; however, the heat transfer 

calculation in the primary and secondary systems in the steam generator is suspected. The planned 

secondary system modelling improvements are expected provide a better match to test data.  

A-1.5 Future work 

The test 7 input model will be updated to reflect the actual test conditions after receipt of the final test 

report and final test data. Work is also continuing to improve the ROSA-2 TRACE models to provide 

better predictions of test measurements especially for test 7. As previously mentioned the secondary 

system modelling is being modified to reflect the PWR modelling guidelines. Additionally, studies are 

continuing to identify the reasons for the over prediction of the test 7 PCT measurement. Several of 

the suggestions made by presentations in the Joint ROSA2/PKL2 Workshop regarding the inability of 

all the systems codes to predict the PCT for the 13% intermediate cold leg break test 7 will be 

investigated in the TRACE analyses of this test. The items which will be investigated using the 

ROSA-2 test 7 model and the TRACE code will include: 

1. Analyses slightly varying the break size for ROSA-2 test 7 will be performed to study break 

size sensitivity. 

2. Investigations indicate that the openings in the upper core plate (UCP) are not regularly 

distributed causing variations in flow distribution in the vessel. The UCP flow opening 

geometry will be investigated and changes will be made to the TRACE model as appropriate. 

3. Investigators suggested that counter current flow limiting (CCFL) inputs at the UCP are not 

necessary. This suggestion will be investigated. 

4. Investigators suggested that the CCFL inputs at the hot leg entrance to the steam generator 

contributed to the inability of the code to accurately calculate PCT. This suggestion will be 

investigated. 

  



NEA/CSNI/R(2016)10 

127 

 

Table A-1.1: Summary of changes to blind pre-test input model to obtain post-test input model 

for intermediate break LOCA experiments Test 1 and 2 

 

No. Subject Blind Pre-Test analysis Conditions Post-Test analysis Conditions 

1. Experiment, code and participant 
 

1-1 LSTF experiment Intermediate 17% Hot Leg Break Test 1 

Intermediate 17% Cold leg break Test 2 

Intermediate 17% Hot Leg Break Test 1 

Intermediate 17% Cold leg break Test 2 

1-2 Computer code Test 1:  TRACE Version 5.213 

Test 2:  TRACE Version 5.310 

(These are interim code versions between 
TRACE Version 5.0 Patch 1 and TRACE 
Version 5.0 Patch 2.) 

TRACE Version 5.0 Patch 3 

1-3 Participant 
(organisation) 

US NRC US NRC 

2. Models & methods specific for this test 
 

2-1 Critical flow Critical flow models: 

Sub-cooled flow – Burnell model 

Two-phase flow – extension of Ranson-
Trapp model 

Single phase vapour – isentropic 
expansion of ideal gas 

 

Critical flow multiplier of 1.0 used. 

 

Test 1 – Choking checks specified at break 
nozzle exit, at break valve and at 
downstream flow connection to boundary 
condition pressure used to model the 
quench tank. The pre-test input for test 1 
did not model the end section of the break 
connecting pipe, the sparger connection to 
the break storage tank, the break storage 
tank and the storage tank vent to 
atmosphere. 

 

Test 2 – Choking checks specified at 
entrance and exit of break nozzle, at break 
valve and at area entering the quench 
tank. 

Critical flow models: 

Sub-cooled flow – Burnell model 

Two-phase flow – extension of Ranson-Trapp 
model 

Single phase vapour – isentropic expansion 
of ideal gas 

 

Critical flow multiplier of 1.0 used. 

 

Test 1 – Choking checks specified at 
entrance and exit of break nozzle, at break 
valve and at area entering the quench tank. 

 

 

 

 

 

Test 2 – Choking checks specified at 
entrance and exit of break nozzle, at break 
valve and at area entering the quench tank. 

 

A choking check was required at the break 
valve because elevated system pressures 
exist upstream of the valve before opening. 
TRACE calculates choked flow conditions to 
exist only at the valve during the initial period 
following opening. Additionally, valve choking 
is predicted to exist at the valve for almost the 
entire transient.  

2-1a Break nozzle, break 
piping downstream of 
break nozzle, break 
valve, quench tank and 
flow path to atmosphere 

Test 1: 

One control volume used in break nozzle. 

Three control volumes in pipe between 
break nozzle and break valve. 

Two control volumes used in pipe 
downstream of break valve. 

The quench tank was not included in 
model; pressure downstream of piping 
simulated by boundary condition pressure 
at submerged quench tank pressure. 

 

Tests 1 and 2: 

Six control volumes used in break nozzle. 

Thirteen control volumes used in pipe 
between break nozzle and break valve. 

Eighteen control volumes used in piping 
between break valve and quench tank. 

Additional nodalisation of the break line 
piping was necessary to more accurately 
predict property gradients in the break line 
and to predict more accurate conditions 
upstream of the choking check locations. 

The quench tank with a water level and a flow 
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connection to atmosphere was necessary to 
provide accurate boundary pressure 
conditions downstream of the break line.  

The break valve opening time was revised to 
be consistent with the value indicated in the 
test 1 final report. 

 

No. Subject Blind Pre-Test analysis Conditions Post-Test analysis Conditions 

2-1a 
(Cont.) 

Break nozzle, break piping 
downstream of break 
nozzle, break valve, 
quench tank and flow path 
to atmosphere 

Test 2:  
Six control volumes used in break nozzle. 
Three control volumes used in pipe between 
break nozzle and break valve. 
Thirteen control volumes used in piping 
between break valve and quench tank. 
The quench tank with a water level was 
included in the model; the quench tank 
pressure was initially set to atmospheric 
pressure at the start of the transient. The vent 
connecting the break storage tank to 
atmosphere was not modelled. 

Tests 1 and 2: 
Six control volumes used in break nozzle. 
Thirteen control volumes used in pipe between 
break nozzle and break valve. 
Eighteen control volumes used in piping between 
break valve and quench tank. 
Additional nodalisation of the break line piping 
was necessary to more accurately predict 
property gradients in the break line and to predict 
more accurate conditions upstream of the 
choking check locations. 
The quench tank with a water level and a flow 
connection to atmosphere was necessary to 
provide accurate boundary pressure conditions 
downstream of the break line.  
The break valve opening time was revised to be 
consistent with the value indicated in the test 1 
final report. 

2-2 Model to calculate vapour 
or liquid entrainment at 
break 

TRACE calculates flow regimes in its analysed 
piping including appropriate interfacial models. 
An “offtake” model can be specified to 
calculate flow conditions for a side flow path 
connection to a larger pipe containing 
horizontal stratified flow. 
 
Test 1 – The “offtake” model is specified at the 
connection between the horizontal hot leg and 
the vertical break nozzle. The “off take” model 
enables TRACE to account for stratified flow in 
the horizontal hot leg and adjusts the void 
fraction in the flow to the break nozzle to 
reflect the appropriate flow regime in the 
horizontal pipe. 
 
 
Test 2 – The “offtake” model is not specified at 
the connection between the horizontal cold leg 
and the vertical break nozzle. 

TRACE calculates flow regimes in its analysed 
piping including appropriate interfacial models. 
An “offtake” model can be specified to calculate 
flow conditions for a side flow path connection to 
a larger pipe containing horizontal stratified flow. 
The “offtake” model is specified at the connection 
between the horizontal hot or cold leg and the 
vertical break nozzle. The “off take” model 
enables TRACE to account for stratified flow in 
the horizontal hot or cold leg and adjusts the void 
fraction in the flow to the break nozzle to reflect 
the appropriate flow regime in the horizontal pipe. 
TRACE version 5.0 patch 3 includes 
improvements to the “offtake” model. 
 
Assessments with and without the use of the 
“offtake” model at the break nozzle justified the 
appropriateness of its use. 
It should be noted that specification of the 
“offtake” model requires that the value of the 
name list input “iofftk” be set to 1 and that the 
value of the “offtake” flag “ientrn” for the 
horizontal side junction to the break nozzle be set 
to 1.  

2-3 Mixture level in core 
bundle 

Identical to base ROSA-IV small break model. 
The liquid level tracking model was specified 
for the pre-test analysis. 
The name list parameter “lbdrag” was 
defaulted to false in the pre-test analysis. 
When “lbdrag” is false interfacial drag in 
vertically stratified flow is kept artificially high 
to overcome numerically-driven oscillations 
caused by the way the VΔV term in the 

 
The liquid level tracking model was specified for 
the post-test analysis. 
The name list parameter “lbdrag” was set to true 
in the post-test analysis. When “lbdrag” is true, 
TRACE sets the interfacial drag coefficient in the 
axial direction for vertically stratified flow to that 
for annular flow. This improves UPTF test 
assessment calculations and provides a better 
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momentum equation is formulated. 
The fuel rod fine mesh rezoning option was 
not specified in the pre-test analysis. 

prediction of ECCS bypass for larger break 
LOCAs and transients with faster moving level 
changes. 
The post-test analysis specified the calculation of 
fuel rod heat conduction with dynamic fine-mesh 
rezoning during reflood to simulate the heat 
transfer characteristics of quench front in the 
core. 

2-4 Core rod surface 
temperature  excursion 
and quench 

Identical to base ROSA-IV small break model. 
The reflood option was not specified in the 
pre-test analysis. 
A supplemental hot rod was not specified in 
the pre-test analysis. 

The post-test analysis specified application of the 
core re-flood model.  
A supplemental hot rod with a peaking factor was 
specified. 

2-5 CCFL at upper core plate 
and end box 

Identical to base ROSA-IV small break model. 
A CCFL correlation input was not specified at 
the upper core plate or end box. 

A CCFL correlation input at the upper core plate 
and end box using Kutateladze scaling with input 
constants of 1.0 and 1.0 was specified in the 
post-test analysis. As a result of test data 
assessments, the Kutateladze scaling was 
determined to the most appropriate for the at the 
upper core plate or end box. 

2-6 CCFL at SG u-tube inlet Identical to base ROSA-IV small break model. 
A CCFL correlation input at the SG u-tube inlet 
using Kutateladze scaling with input constants 
of 1.0 and 2.0 was specified in the pre-test 
analysis. 

 
A CCFL correlation input at the SG u-tube inlet 
using Wallis scaling with input constants of 1.0 
and 0.8 was specified in the post-test analysis. 
As a result of assessments of references and test 
data, the Wallis scaling was determined to the 
most appropriate for the vertical SG u-tubes. 

2-7 CCFL at inclined pipe of 
hot leg 

Identical to base ROSA-IV small break model. 
A CCFL correlation input in the inclined portion 
of the hot leg was not specified in the pre-test 
analysis. 

 
A CCFL correlation input at the inclined portion of 
the hot leg using Wallis scaling with input 
constants of 0.74 and 0.38 was specified in the 
post-test analysis. As a result of assessments of 
references and test data, the Wallis scaling was 
determined to the most appropriate for the 
inclined portion of the hot leg. 

2-8 CCFL at other locations. Identical to base ROSA-IV small break model. 
A CCFL correlation input at the pump inlet was 
not specified in the pre-test analysis. 
 
 
 
A CCFL correlation input at the guide tubes 
was not specified in the pre-test analysis. 

 
A CCFL correlation was input at the pump inlet 
using Kutateladze scaling with input constants of 
1.0 and 1.79 was specified in the post-test 
analysis. As a result of assessments of 
references and test data, the Kutateladze scaling 
was determined to the most appropriate for the 
pump inlet. 
A CCFL correlation input at the guide tubes using 
Wallis scaling with input constants of 0.85 and 
0.8 was specified in the post-test analysis. As a 
result of test data assessments, the Wallis 
scaling was determined to the most appropriate 
for the at the guide tubes. 

2-9 Secondary system relief 
valve 

Identical to base ROSA-IV small break model. 
Secondary system relief valve operation was 
not included in the pre-test model. 

 
Secondary system relief valve models were 
added to simulate actuation during test 
performance. 
 

2-10 Hot leg bypass Identical to base ROSA-IV small break model.  
The hot leg bypass piping was updated and 
corrected to reflect the geometry and vessel 
connection elevation described in the 
ROSA/LSTF Facility Report. 

2-11 Guide tubes Identical to base ROSA-IV small break model.  
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The guide tube model was updated to reflect the 
correct geometry in the ROSA/LSTF Facility 
Report. 

2-12 Core protection system 
modelling 

Identical to base ROSA-IV small break model. 
The core protection system was not included 
in the pre-test analysis of test 2.  

 
Core protection system logic added to the test 2 
post-test input model. During testing the core 
protection system reduced core power when the 
rod temperature exceeded 958°C. The added 
logic reduces the core power as a function of the 
temperature set points described in the test 
specification. 

2-13 
 
 
 
 
 
2-13 

Cont. 

Heat structures 
 
 
 
 
 
Heat structures 

Similar to base ROSA-IV small break model. 
Test 1 – The pipe wall and insulation for the 
break nozzle and piping were not included; the 
fluid was assumed to be perfectly insulated. 
 
Test 2 – Heat structures modelling the pipe 
wall and insulation for the break nozzle and 
piping were included. Tables were added to 
the input model to provide insulating material 
thermal properties consistent with the 
ROSA/LSTF Facility Report. 

Heat structures modelling the pipe wall and 
insulation for the break nozzle and piping were 
included using tables for specifying the insulating 
material thermal properties. 
Insulation was added to outside of vessel 
surface. 
Tables were added to the input model to modify 
some of the thermal properties for affected heat 
structures including the simulated fuel rods to be 
consistent with the ROSA/LSTF Facility Report. 
A boundary temperature of 303°K and a typical 
free convection heat transfer coefficient of 5.7 
W/m2/°K were specified for all heat structure 
surfaces connected to ambient conditions.  
Additional nodes were added to the heat 
structures to provide better temperature gradient 
and heat transfer predictions. 
Insulation thickness on outer surface of primary 
system piping was corrected. 
Inner diameter of primary loop crossover piping 
was corrected. 

2-14 Flow loss coefficient Identical to base ROSA-IV small break model.  
The flow loss coefficient input for the SG u-tubes, 
within the vessel and in the cold leg piping were 
modified to provide agreement with the steady-
state pressure drop measurements for tests 1 
and 2 documented in the final data reports. 

2-15 Spray nozzle Identical to base ROSA-IV small break model.  
The input spray nozzle bypass area was updated 
to be consistent with the ROSA/LSTF Facility 
Report. 

2-16 MSIV Identical to base ROSA-IV small break model.  
The MSIV closing time was updated to be 
consistent with the ROSA/LSTF Facility Report. 

2-17 Vessel and core modelling Identical to base ROSA-IV small break model.  
Vessel nodalisation was revised and increased to 
improve calculation accuracy. 
Internal vessel flow loss coefficients, including 
those for the grid spacers, were updated to 
match steady-state measurements. 

2-18 SG u-tubes Identical to base ROSA-IV small break model.  
SG u-tube nodalisation was revised and 
increased to improve calculation accuracy. 

2-19 Pressuriser heater Identical to base ROSA-IV small break model.  
Pressuriser heater timing and modelling were 
updated for test 2 to be consistent with 
information in the final data report. 

2-20 Secondary system 
modelling 

Identical to base ROSA-IV small break model.  
The Plenum component representing the steam 
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line header was replaced by a PIPE component. 
(The Plenum component is no longer 
recommended for TRACE modelling.) 

2-21 SG boiler Identical to base ROSA-IV small break model.  
The pitch-to-diameter ratio for the SG u-tubes 
was updated to be consistent with the 
ROSA/LSTF Facility Report. 
The SG boiler section hydraulic diameter was 
corrected to reflect u-tube outer diameter 
geometry and spacing. 
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Table A-1.2: Summary of changes to blind pre-test input model to obtain post-test input model 
for intermediate break LOCA experiment Test 7 

No. Subject Blind Pre-Test analysis Conditions Post-Test analysis Conditions 

1. Experiment, code and participant  

1-1 LSTF experiment Intermediate 13% Cold leg break Test 7 Intermediate 13% Cold leg break Test 7 

1-2 Computer code TRACE Version 5.0 Patch 3 TRACE Version 5.0 Patch 3 

1-3 Participant 
(organisation) 

US NRC US NRC 

2. Models & methods specific for this test  

2-1 Critical flow Identical to post-test model for test 1. Identical to post-test model for test 1. 

2-1a Break nozzle, 
break piping 
downstream of 
break nozzle, 
break valve, 
quench tank and 
flow path to 
atmosphere 

Identical to post-test model for tests 1 and 2 except 
for the following modelling characteristics included 
in the test 7 pre-test model. The test 7 pre-test 
model includes the following modelling 
characteristics. 

Six control volumes used in the break nozzle. 

Three control volumes in pipe between break 
nozzle and break valve. 

Two control volumes used in pipe downstream of 
break valve. 

Identical to post-test model for tests 1 and 2 except 
for the increased nodalisation of the break nozzle in 
the test 7 post-test model. The test 7 post-test 
model includes the following modelling 
characteristics. 

Seven control volumes used in the break nozzle. 

Thirteen control volumes used in pipe between 
break nozzle and break valve. 

Eighteen control volumes used in piping between 
break valve and quench tank. 

Additional nodalisation of the break line piping was 
necessary to more accurately predict property 
gradients in the break line and to provide more 
accurate conditions upstream of the choking check 
locations. 

2-2 Model to calculate 
vapour or liquid 
entrainment at 
break 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-3 Mixture level in 
core bundle 

Identical to the test 1 and 2 post-test models except 
for the following item included in the pre-test model. 

The name list parameter “lbdrag” was defaulted to 
false in the pre-test analysis. When “lbdrag” is false, 
interfacial drag in vertically stratified flow is kept 
artificially high to overcome numerically-driven 
oscillations caused by the way the VΔV term in the 
momentum equation is formulated. 

Identical to test 1 and 2 post-test models. 

The name list parameter “lbdrag” was set to true in 
the post-test analyses. When “lbdrag” is true, 
TRACE code sets the interfacial drag coefficient in 
the axial direction for vertically stratified flow to that 
for annular flow. This improves UPTF assessment 
calculations and provides a better prediction of 
ECCS bypass for larger break LOCAs and 
transients with faster moving level changes. 

2-4 Core rod surface 
temperature 
excursion and 
quench 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-5 CCFL at upper 
core plate and end 
box 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-6 CCFL at SG 
ui-tube inlet 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-7 CCFL at inclined 
pipe of hot leg 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 
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2-8 CCFL at other 
locations. 

The CCFL correlation input at the pump inlet was 
identical to the test 1 and 2 post-test models. 

 

A CCFL correlation input at the guide tubes using 
Wallis scaling with input constants of 1.0 and 0.8 
was specified in the pre-test analysis. 

The CCFL correlation input at the pump inlet was 
identical to the test 1 and 2 post-test models. 

 

Consistent with the test 1 and 2 post-test models, 
the CCFL correlation input at the guide tubes using 
Wallis scaling with updated input constants of 0.85 
and 0.8 was specified in the post-test analysis. As a 
result of test data assessments, the Wallis scaling 
was determined to the most appropriate for the at 
the guide tubes. The input constant values were 
determined as a result of test data assessments, 

2-9 Secondary system 
relief valve 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-10 Hot leg bypass Identical to base ROSA-IV small break model. Identical to test 1 and 2 post-test models. 

The hot leg bypass piping was updated to reflect 
the correct geometry and vessel connection 
elevation described in the ROSA/LSTF Facility 
Report. 

2-11 Guide tubes Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-12 Core protection 
system modelling 

The core protection system was not included in the 
pre-test analysis of test 7 because the system was 
not expected to activate during the test. 

The core protection system was not included in the 
post-test analysis of test 7 because the system was 
not activated during the test. 

2-13 Heat structures Identical to test 1 and 2 post-test models except for 
the following items which were not included in the 
pre-test model: 

Correction to insulation thickness on outer surface 
of primary system piping was not included. 

Correction to inner diameter of primary loop 
crossover piping was not included. 

Identical to test 1 and 2 post-test models. 

 

 

All corrections included in the post-test model. 

2-14 Flow loss 
coefficient 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-15 Spray nozzle Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-16 MSIV Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-17 Vessel and core 
modelling 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-18 SG u-tubes Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-19 Pressuriser heater Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-20 Secondary system 
modelling 

Identical to test 1 and 2 post-test models. Identical to test 1 and 2 post-test models. 

2-21 SG Boiler Identical to test 1 and 2 post-test models except for 
the following item which was not included in the 
pre-test model: 

SG boiler section hydraulic diameter correction to 
reflect u-tube outer diameter geometry and spacing 
was not included. 

Identical to test 1 and 2 post-test models. 

 

 

All corrections and updates included in post-test 
model. 
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Figure A-1.1: TRACE Primary System Model for ROSA-2 17% Intermediate  
Cold leg break Test 2 

 

 

Figure A-1.2  Post-Test TRACE Break Model for ROSA-2 Intermediate Break  
Tests 1, 2 and 7 
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Figure A-1.3: Break flow comparisons for ROSA-2 Test 1 

 

 

Figure A-1.4: Integrated break flow comparisons for ROSA-2 Test 1 
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Figure A-1.5: Predicted post-test total, vapour and liquid break flow for Test 1

 

 

Figure A-1.6: Maximum rod temperature comparisons for ROSA-2 Test 1 
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Figure A-1.7: Upper plenum pressure comparisons for ROSA-2 Test 1 

 

Figure A-1.8:  Core power comparisons for ROSA-2 Test 1 
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Figure A-1.9:  Core collapsed level comparisons for ROSA-2 Test 1 

 

 

Figure A-1.10: Upper plenum collapsed level comparisons for ROSA-2 Test 1 
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Figure A-1.11: Loop seal collapsed level comparisons for ROSA-2 Test 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A-1.12: Steam generator dome pressure comparisons for ROSA-2 Test 1 
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Figure A-1.13: Steam generator collapsed level comparisons for ROSA-2 Test 1

 

 

Figure A-1.14: Break flow comparisons for ROSA-2 Test 2 
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Figure A-1.15: Integrated break flow comparisons for ROSA-2 Test 2

 

 

Figure A-1.16: Maximum rod temperature comparisons for ROSA-2 Test 2 
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Figure A-1.17: Pressuriser pressure comparisons for ROSA-2 Test 2 

 

Figure A-1.18: Core power comparisons for rosa-2 Test 2 

 

  



NEA/CSNI/R(2016)10 

143 

 

Figure A-1.19: Core collapsed level comparisons for ROSA-2 Test 2 

 

Figure A-1.20: Upper plenum collapsed level comparisons for ROSA-2 Test 2 
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Figure A-1.21: Loop seal collapsed level comparisons for ROSA-2 Test 2 

 

Figure A-1.22: Steam generator dome pressure comparisons for ROSA-2 Test 2 
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Figure A-1.23: Steam generator collapsed level comparisons for ROSA-2 Test 2 

 

Figure A-1.24: Break flow comparisons for ROSA-2 Test 7 
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Figure A-1.25: Integrated break flow comparisons for ROSA-2 Test 7 

 

Figure A-1.26: Maximum rod temperature comparisons for ROSA-2 Test 7 
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Figure A-1.27: Pressuriser pressure comparisons for ROSA-2 Test 7 

 

Figure A-1.28: Core power comparisons for ROSA-2 Test 7 
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Figure A-1.29: Core collapsed level comparisons for ROSA-2 Test 7 

 

Figure A-1.30: Upper plenum collapsed level comparisons for ROSA-2 Test 7 
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Figure A-1.31: Loop Seal Collapsed Level Comparisons for ROSA-2 Test 7 

 

Figure A-1.32:  Steam Generator Dome Pressure Comparisons for ROSA-2 Test 7 



NEA/CSNI/R(2016)10 

150 

A-1.5 References  

TRACE V5.0 Theory Manual: Field Equations, Solution Methods and Physical Models, U.S. Nuclear 

Regulatory Commission, May 2012. 

TRACE V5.0 User’s Manual: Volume 1, Input Specification, U.S. Nuclear Regulatory Commission, 

December 2011. 

TRACE V5.0 User’s Manual: Volume 2, Modeling Guidelines, U.S. Nuclear Regulatory Commission, 

July 2011. 

ROSA-V Large Scale Test Facility (LSTF) System Description for Third and Fourth Simulated Fuel 

Assemblies, JAERI-Tech 2003-037, March 2003. 

Final Data Report of ROSA-2/LSTF Test 1, Hot Leg Intermediate Break LOCA  

(IB-HL-01) in JAEA, OECD/NEA ROSA-2 Project, Japan Atomic Energy Agency, 

September 5, 2011. 

Final Data Report of ROSA-2/LSTF Test 2, Cold Leg Intermediate Break LOCA  

(IB-CL-03) in JAEA, OECD/NEA ROSA-2 Project, Japan Atomic Energy Agency, 

September 5, 2011. 

Pressurised Water Reactor (PWR) TRACE Modeling Guidelines – Draft, U.S. Nuclear Regulatory 

Commission, to be released fall 2012. 

 

 

PSI Results 

PSI TRACE nodalisation of the ROSA facility 

The ROSA/LSTF nodalisation has been produced by using the US NRC thermal-hydraulic code 

TRACE (version 5.0 RC3). The nodalisation had been derived combining the information of existing 

TRAC-p and RELAP input decks provided by JAEA together with the original technical drawings of 

the facility.  

The TRACE model of the LSTF, shown in Figure 1, consists of a 3-D vessel, two separate loops 

with two steam generators and a pressuriser. The primary system is completed with pressuriser control 

systems (spray system, relief and safety valves and base and proportional heaters) and safety injection 

systems (accumulators and low and high pressure injections). The secondary system is provided with 

main and auxiliary feed water systems, a set of relief and safety valves and a main steam line.  
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Figure 1: PSI TRACE nodalisation of the ROSA/LSTF 

 

 

The 3-D vessel component is composed by 22 axial levels, 4 radial rings and 4 azimuthal sectors. 

The three first rings cover the core region and the fourth ring represents the DC. The heater rods are 

simulated by means of 12 heat structures, one for each section in the radial plane. The rods are 

grouped in three categories according to the power regions of the LSTF. 

All bypasses are nodalised according to the geometrical specifications, and the friction k-factors 

were adjusted such that the mass flow at the bypasses during the steady state calculation matched the 

experimental values. An additional leakage between the DC and the UP was added, as it was seen to 

be the only way to represent the evolution of the void fraction in the down comer. The 8 CRGTs are 

simulated by 8 pipes connecting the core outlet with the upper head.  

The correct simulation of the metal structures and heater rods is of main importance to capture the 

system behaviour during small break LOCA (SBLOCA) and intermediate break LOCA (IBLOCA) 

scenarios. The ROSA nodalisation developed at PSI it includes all heat structures corresponding to 

walls, heated rods, unheated rods, internal metal structures and support plates. All these components 

are simulated by a total of 55 heat structures.  

The two loops are simulated separately and a single pipe is used to represent the U-tube bundle. 

The pressuriser is nodalised with a 7-cell pipe. The steam generators are represented by separator 

components where the heat losses through the outer walls are also taken into account. 
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Test 1 (HL IBLOCA) by PSI 

1.2 Blind analysis 

The blind calculation was complemented with uncertainty analysis. The GRS SUSA (Glaeser, 2011) 

methodology, which uses a name-order statistics for the Wilks formula, is employed to evaluate the 

uncertainties on the calculations presented in this work. 15 parameters were taken into account 

including material properties, model coefficients and initial and boundary conditions. The distribution 

and variation range of the selected parameters were mainly based on the parameters specified during 

the BEMUSE Project (NEA-CSNI, 2011). 107 simulations were performed for the uncertainty 

analysis, and the probabilistic GRS method (SUSA) was used in order to propagate parameter 

uncertainties to the output variables. A list of the considered parameters is shown in Table 1. 

The chronology of the main events is displayed in Table 2; the uncertainty associated to the time 

of occurrence of each event is also obtained using the uncertainty methodology and reported in Table 

2. All main events occurred 30-40 seconds in advance with respect to the real test chronology, due to 

an overestimation of the break mass flow obtained under two-phase flow break conditions. However, 

the time difference between events was correctly captured and was practically not affected by the 

variation of the uncertain parameters within the selected uncertainty range. 

Table 1: List of parameters used for the uncertainty analysis 

Model-Parameter Range Distribution 

Fuel Thermal Conductivity [0.9,1.1] (Tf < 2000 K) Normal 

Fuel Heat Capacity [0.98,1.02] (Tf < 1800 K) Normal 

Power after Scram [0.92,1.08] Normal 

Initial Core Power [0.98,1.02] Normal 

Rotational Speed of Pump after Break [0.98,1.02] Normal 

Flow Characteristics of LPI [0.95,1.05] Normal 

Initial Accumulator Pressure [-0.2,+0.2] MPa Normal 

Initial Primary Pressure [-0.2,+0.2] MPa Normal 

Initial Intact Loop Mass Flow rate [0.96,1.04] Normal 

U-tubes Heat transfer area heat transfer area ±15% Normal 

Liquid Volume in Accumulator [0.9,1.1] Normal 

Discharge Coefficients [0.7,1.3] Normal 

Bypass UP-DC [0.5,2.0] Lognormal 

Bypass UH-DC [0.5,2.0] Lognormal 

Bypass HL-DC [0.5,2.0] Lognormal 
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Table 2: Chronology of the main events in Test 1 of the ROSA facility 

Variable Exp. (s) TRACE blind (s) 

Pressuriser isolated -30 -30 

Break opening (start of test) 0 0 

Scram signal 4 4 

Closure of main steam isolation valve 4 4 

Termination of main feed water 4 4 

Initiation of accumulator system 152 122 [96,168] 

Core uncovery 163 135.2 [108,180] 

LS clearance 178 139.2 [116,180] 

Core quenching 185 141.2 [120,192] 

Initiation of LPSI 500 269.2 [192,384] 

 

In Figure 2, the core water level and the maximum cladding temperature are displayed as function 

of time, together with the two-sided uncertainty bands corresponding to the 5% (lower bands) and 

95% (upper bands) quantiles respectively, with a confidence level of 95%. 

Figure 2: Core water level and cladding temperature for the blind analysis performed  
at PSI with TRACE 

 

 

Even though 107 calculations had been performed with variations in 15 parameters, the 

experimental cladding temperature fell far off of the uncertainty bands.  



NEA/CSNI/R(2016)10 

154 

1.3 Explanation of the discrepancies 

A post-test analysis was launched to understand the weaknesses of the pre-test in relation to both the 

base case simulation and the uncertainty analysis. The first discrepancy encountered was a wrong 

nodalisation of the accumulator lines. The blind calculation displayed considerably larger accumulator 

flows than the experiment, hence this line was revised and finally renodalised from scratch, in order to 

achieve a better representation of the pressure drops along the line. Figure 3 shows the results of the 

blind calculation and the modification on the ACC’s line. It must be noticed that the rest of 

modifications included during the post-test process further increased the accuracy of the ACC’s mass 

flow results (see line labelled as “post-test TRACE” in Figure 3). 

 

Figure 3: Accumulator mass flows for the blind and post-test analysis  
performed at PSI with TRACE 

 

The second discrepancy detected was a wrong estimation of the break flow under two-phase 

conditions. When compared to the experimental data and to the results obtained by other participants 

of the ROSA-2 project, TRACE provided higher mass flow under two-phase conditions. TRACE uses 

a Ransom and Trapp model for the estimation of the choked flow which allows the user to modify a 

sub-cooled single-phase and a two-phase coefficient. A sensitivity study on the two coefficients was 

performed, and it was found that a two-phase coefficient of 0.8 (instead of 1.0) provided results in 

closer agreement with the experiment. It is important to notice that a break nozzle was used in test 1; 

however, a break orifice had been used in previous simulated tests (ROSA Tests 6-1 and 6-2). The 

break flow conditions including non-equilibrium vapour generating process and vena contracta for 

orifices are different from those taking place at break nozzles. This may have an impact to the 

discharge coefficient to be employed. 

Figure 4 shows the primary pressure and the break mass flow using the default two-phase 

coefficient and a value of 0.8. As shown in Figure 4, the primary pressure time trend was highly 

improved with this single modification. The break mass flow was also closer to the experimental data. 

It must be noted that a coefficient of 0.8 was within the band of the employed uncertainty parameters 
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of the blind uncertainty analysis (the range of values for this parameter was the interval 0.7 – 1.3). 

However, since a normal distribution was used as pdf, very few samples of the 107 calculations 

performed used a choked two-phase flow coefficient in the range [0.7-0.85].  

Figure 4: Primary pressure and break mass flow for the blind analysis and with a two-phase choked 
coefficient of 0.8 performed at PSI with TRACE 

 

Another factor that was found to be crucial in this transient was the time difference between the 

start of the core uncovery and the LS clearance. Both the LS clearance and the ACC’s injection helped 

quenching the core, however, it was the LS clearance the phenomenon that triggered the reflood of the 

core. In Test 1, LS clearance is induced by steam condensation due to the accumulator’s discharge in 

the cold legs. The second phenomenon that will define the height of the maximum PCT is the speed at 

which the core level drops during this window of time. 
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Figure 5: PSI TRACE post test results for Test 1 

 

 

 

From top to bottom:  

1) break flow and integrated break mass,  

2) primary and secondary pressure along with the cladding temperature,  

3) RPV water levels 
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The uncertainty evaluation performed with the blind calculation was able to cover the time when 

the maximum PCT occurred; the peak took place between 132 and 207 s which perfectly surrounds 

the experimental PCT, occurring at 182 s. Even though the peaks occurred in different times, the time 

difference between the starting of the core uncovery, LS clearance and ACC’s injection was not 

altered through the 107 calculations. All calculations showed very similar magnitude of PCT. This 

time difference was well simulated with both the blind and the post-test simulation as can be extracted 

from Table 2. As a matter of fact, what caused a higher PCT in the experiment was a faster decrease 

of the core level during this time window.  

The speed at which the core level decreases will be governed by CCFL occurring at the upper core 

plate. This was initially corrected by using the CCFL model in this location, but later the phenomenon 

could be well captured by a more realistic representation of the upper core plate geometry. 

The final post test results integrating all the modifications introduced for all the tests simulated are 

shown in Figure 5. 

All in all, three modifications were included in the post-test calculation: a detailed nodalisation of 

the ACC’s line, the modification of the choked two-phase flow coefficient and a detailed modelling of 

the core upper plate which improved the simulation of the CCFL phenomenon 
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Table A-1: Conditions and improvement methods for blind analysis 

(Intermediate break LOCA experiments (Test 1) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 1 

1-2 Computer Code TRACE v5.0 

1-2 Participant 
(organisation) 

Paul Scherrer Institut 

2. Models & methods specific to this test 

2-1 Critical flow 1)  Ransom-Trapp. All coefficients set to 1.0 

2)  Until this test, this were the coefficients used in Test 6-1 and Test 6-2 

3)  The two phase choke flow was overestimated in the blind calculation. The coefficient was 
reduced to 0.8. Later it was seen that a coefficient of 0.8 provided good results in most of the 
ROSA cases 

2-2 Vapour/liquid 
entrainment at break 

1) OFFTAKE model was selected but did not work properly due to a bug in the code 

2) This problem should be addressed by the US NRC 

2-3 Mixture level in core 
bundle 

1)  The test was not sensitive for this phenomena because the core uncovery lasted for a very 
short time 

2-4 Core rod surface 
temperature – 
excursion & quench 

1)  No special selection was made. The correlations used were handled directly by the code 

2-5 CCFL at upper core 
plate 

1)  CCFL was not turned on for the blind analysis 

2)  CCFL was activated for the post test calculation and showed an improvement to the post 
test analysis. However, later investigations with Tests 2 and 7 showed that the CCFL in the 
upper plenum did not provide good results unless the coefficients were modified. Finally, the 
Upper core plate was modelled with a higher degree of detail and CCFL was turned off. This 
approach produced the best results for the three IBLOCA tests at the same time. CCFL is 
already handled by the 6 equation model and the use of a CCFL flag is only needed for special 
geometry. It is difficult to validate the correlations in this sense because they depend directly on 
the specific geometry. 

2-6 CCFL at SG U-tube 
inlet 

1)  It was not used for the blind analysis 

2)  For the post test analysis the same coefficient as in point 2-7 was used 

2-7 CCFL at SG inlet 
plenum and/or 
inclined pipe of hot 
leg 

1)  it was not used for the blind calculation 

2)  This was turned on for the post test calculation because it was seen to play an important 
role, specially for Tests 2 and 7 although it does not have an influence for Test 1 

3) At first, the coefficients given by Yonomoto 2001, later the correlation was changed to a full 
Wallis correlation following the experimental results shown by Al Issa et al., and according to 
the simulation results of Test 7 were CCFL in this region played a very important role. This 
correlation provided the best results for all the analysed tests. 

2-8 Nodalisation of the 
accumulator lines. 

1)  One of the improvements made during the post-test analysis was a renodalisation of the 
ACC lines. The lines were fully renodalised trying to be as realistic as possible with the pipe 
length, the elevation difference, the contractions and the adjustment of the k-factor. After these 
modification the results were improved 
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Test 2 (CL IBLOCA)  

Figures 6 to 10 show the blind results of Test 2 including uncertainty analysis. The mass flow at the 

break during the initial sub-cooled phase (Figure 6) was underestimated and therefore the primary 

system experienced a slower depressurisation (Figure 7) and the core water level (Figure 8) decrease 

was not as abrupt as in the experiment. These conditions lead to a delayed start of the core uncovery 

and, similar to the evolution of Test 7, the core water level was recovered abruptly after LS clearing 

(details on this phenomenon are further explained for Test 7). The low initial sub-cooled flow was 

found to be due to a wrong modelling of the break nozzle. This affected also the uncertainty analysis 

by limiting the initial sub-cooled mass flow despite the choked flow coefficient. This explains why the 

blind calculation for the break mass flow lays on the top of the uncertainty band during the initial 50 

seconds (Figure 6). This problem eventually limited the height of the higher band for the maximum 

PCT. 

Figure 6: PSI TRACE blind test results for Test 2 break flow 

 

Figure 7: PSI TRACE blind test results for Test 2 primary pressure 
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Figure 8: PSI TRACE blind test results for Test 2 core collapsed water level 

 

Figure 9: PSI TRACE blind test results for Test 2 cladding temperature 
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Figure 10: PSI TRACE blind test results for Test 2 down comer collapsed water level 

 

 

Post-test calculation 

The main results obtained for the post-test calculation of Test 2 are shown in Figure 11. The main 

modifications included for this post-test calculation were a modification of the break nozzle modelling 

and modifications on the SG plena CCFL. Later more modifications have been included as part of the 

post-test analysis of the rest of the tests simulated with the same model. All the parameters were in a 

close agreement with the experiment except for an underestimation of the PCT starting from 100s. The 

initial break flow was correctly reproduced as well as the transition from two-phase flow to single 

phase vapour. The primary and secondary pressures agreed with the experiment and so did the 

cladding temperature until 100s. The RPV water levels were in agreement with the experiment until 

100 seconds when the accumulator started to refill the system. While the DC and UP levels were 

correct the core level was recovered faster leading to an early quench of the core. 
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Figure 11: PSI TRACE post test results for Test 2 

 

From top to bottom:  

1) break flow and integrated break mass,  

2) primary and secondary pressure along with the cladding temperature,  

3) RPV water levels 
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Table A-2: Conditions and improvement methods for blind analysis 

(Intermediate break LOCA experiments – Test 2) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 2 

1-2 Computer Code TRACE v5.0 

1-2 Participant 
(organisation) 

Paul Scherrer Institut 

2. Models & methods specific to this test 

2-1 Critical flow 1)  Ransom-Trapp. Sub-cooled liquid coefficient was set to 1.0 and the two-phase 
coefficient was set to 0.8 

2)  Until this test, this were the coefficients used in Test 6-1 and Test 6-2 

2-2 Vapour/liquid 
entrainment at break 

1) OFFTAKE model was not selected 

2-3 Mixture level in core 
bundle 

1)  no special model selected 

2-4 Core rod surface 
temperature – excursion 
& quench 

1)  Fine reflood method was used, but did not influence the results 

2-5 CCFL at upper core 
plate 

1)  CCFL was used for the blind analysis 

3)  CCFL was then deactivated for the last phase of post-test analysis in parallel with Test 
1 and Test 7. The Upper core plate was modelled with a higher degree of detail and CCFL 
was turned off. This approach produced the best results for the three IBLOCA tests at the 
same time. CCFL is already handled by the 6 equation model and the use of a CCFL flag 
is only needed for special geometry. It is difficult to validate the correlations in this sense 
because they depend directly on the specific geometry. 

2-6 CCFL at SG U-tube 
inlet 

1)  It was not used for the blind analysis 

2) For the post-test analysis the same coefficient as in point 2-7 was used 

2-7 CCFL at SG inlet 
plenum and/or inclined 
pipe of hot leg 

1) It was not used for the blind calculation 

2)  This was turned on for the post-test calculation because it was seen to play an 
important role, especially for Tests 2 and 7 

3)  At first, the coefficients given by Yonomoto 2001, later the correlation was changed to 
a full Wallis correlation following the experimental results shown by Al Issa et al., and 
according to the simulation results of Test 7 were CCFL in this region played a very 
important role. This correlation provided the best results for all the analysed tests. 

2-8   
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Test 7 (CL IBLOCA) by PSI  

The most relevant results of the blind simulation of Test 3 are displayed in Figure 12: primary and 

secondary pressures, cladding temperature, mass flow and integrated mass at the break and RPV water 

transient.  

Figure 12: PSI TRACE blind test results for Test 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From top to bottom:  

1) break flow and integrated break mass 

2) primary and secondary pressure along with the cladding temperature 

3) RPV water levels 
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The core water depletion is slightly more abrupt in the calculation leading to an earlier start of the 

core heat up. However, both the DC and UP water levels are well predicted during this phase. At the 

break, the transition from two-phase flow to single phase steam took place around 20 seconds later. 

This transition coincided with the LS clearing and an increase in the core water level. However, the 

increase was much more abrupt in the experiment leading to a full quenching of the heated rods. In the 

calculation the PCT continued to increase until reaching about 850 K. The primary depressurisation 

was also slightly over predicted and the set point for the accumulator’s injection was reached earlier. 

This explains the earlier recovery of the DC water level. Overall, the blind analysis provided results in 

quite good agreement with the experiment. Small differences in the break flow and the occurrence of 

the LS clearing lead to a rather large difference of the PCT temperatures.  

Post-test calculation 

The post-test calculation results of Test 7 are shown in Figure 13. The post test results are in quite 

close agreement with the experiment. The primary and secondary pressures are well modelled except 

for a slightly different primary pressure from 250 seconds. The first PCT peak was well simulated 

however the second small increase was not captured due to an overestimation of the accumulator’s 

injection. The break mass flow was well reproduced. The RPV collapsed water levels were correctly 

predicted, the sharp reduction of the core level was followed by an increase as a consequence of the 

LS clearance. Later the core level started to decrease again until the start of the accumulators’ 

injection. The RPV was replenished faster as a consequence of a higher mass flow from the 

accumulators. 

The main modifications added for this test were the use of the full Wallis correlation for the 

horizontal and inclined part of the hot leg, and a slight reduction of the two-phase choke coefficient at 

the break (from 1.0 to 0.8). Other modifications were also included as part of the validation of the 

whole set of tests but did not play an important role on the evolution of Test 7. The two modifications 

mentioned above lead to a sharp recovery of the water level in the core as a consequence of the LS 

clearance. Sub-cooled water is pushed from the DC into the core. The amount of liquid entering the 

core will depend directly on the balance of forces in the primary system. By reducing slightly the two 

phase choke coefficient, the reduction of the core water level was slightly shortened, while the timing 

of the LS clearing was not modified (because it depends more strongly on the pressure evolution). In 

this way, less energy from the core was used to superheat the steam and instead the amount of steam 

per unit of volume was higher than in the blind analysis (this can be observed from comparing the 

PCT curves of both calculations). The second change (use of the full Wallis correlation at the hot legs) 

implied that a larger amount of coolant was present in the hot leg, as a consequence the space 

available for the steam bubble in the UP was smaller. Finally, these two modifications derived in a 

stronger force pushing the column of water from the LS to the lower plenum. 
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Figure 13: PSI TRACE post test results for Test 7 

 

 

 

From top to bottom:  

1) break flow and integrated break mass,  

2) primary and secondary pressure along with the cladding temperature,  

3) RPV water levels 
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Table A-3: Conditions and improvement methods for blind analysis 

(Intermediate break LOCA experiments – Test 7) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 7 

1-2 Computer Code TRACE v5.0 

1-2 Participant (organisation) Paul Scherrer Institut 

2. Models & methods specific to this test 

2-1 Critical flow 1)  Ransom-Trapp. All coefficients set to 1.0 

2)  Until this test, this were the coefficients used in Test 6-1 and Test 6-2 

3)  The two phase choke flow was overestimated in the blind calculation. The coefficient was 
reduced to 0.8. Later it was seen that a coefficient of 0.8 provided good results in most of the ROSA 
cases 

2-2 Vapour/liquid 
entrainment at break 

1)  OFFTAKE model was not selected 

2-3 Mixture level in core 
bundle 

1)  No special model selected 

2-4 Core rod surface 
temperature – excursion 
& quench 

1)  Fine reflood method was used, but did not influence the results 

2-5 CCFL at upper core plate (1) CCFL was used for the blind analysis 

(3) CCFL was then deactivated for the last phase of post-test analysis in parallel with Test 1 
and Test 7. The Upper core plate was modelled with a higher degree of detail and CCFL was turned 
off. This approach produced the best results for the three IBLOCA tests at the same time. CCFL is 
already handled by the 6 equation model and the use of a CCFL flag is only needed for special 
geometry. It is difficult to validate the correlations in this sense because they depend directly on the 
specific geometry. 

2-6 CCFL at SG U-tube inlet (1)  It was not used for the blind analysis 

(2) For the post-test analysis the same coefficient as in point 2-7 was used 

2-7 CCFL at SG inlet plenum 
and/or inclined pipe of 
hot leg 

(1)  It was not used for the blind calculation 

(2)  This was turned on for the post-test calculation because it was seen to play an important role, 
especially for Tests 2 and 7 

(3)  At first, the coefficients given by Yonomoto 2001, later the correlation was changed to a full 
Wallis correlation following the experimental results shown by Al Issa et al., and according to the 
simulation results of Test 7 were CCFL in this region played a very important role. This correlation 
provided the best results for all the analysed tests. 

2-8   

 

 

 Test 5 (SGTR + MSLB) by PSI 

The most relevant results of Test 5 are displayed in Figure 14: primary and secondary pressures, loop 

mass flow, SGTR flow and MSLB flow. The transient can be subdivided in two phases; before and 

after the depressurisation of the intact loop (around 1850 s) 
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Figure 14: PSI TRACE blind test results for Test 5 

 

From top to bottom:  

1) Primary and secondary pressures  

2) Primary loop mass flows  
3) SGTR and MSLB mass flows 
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The first phase starts with the opening of the MSLB and the SGTR valves. This leads to a fast 

depressurisation of both the primary side and the broken SG. The primary pressure stabilises later 

slightly above the pressure of the intact loop. During this phase the TRACE calculation shows a good 

agreement with the experiment: both break flows are represented correctly and the primary and 

secondary pressures follow the experimental evolution. However, one important discrepancy appears 

during this phase that becomes crucial for the simulation of the second phase; this is the stop of natural 

circulation in the intact loop. From Figure 14, one can observe that some very small flow rate was 

present in the experiment during almost the whole transient, on the other hand, the calculated flow is 

slowly decreasing until it stops at around 1000 seconds. This is also related with the calculated 

primary pressure falling slightly below the secondary intact loop pressure at around 1000 seconds as 

well. 

The second phase (grey region of Figure 14) starts with the initiation of the depressurisation of 

the intact secondary side. Due to the fact that the circulation is completely stopped in the calculation, 

the U-tubes of the intact loop act as a pressuriser and drag the primary pressure. This phenomenon is 

not observed in the experiment due to the small circulation still present in the loop. In other words, 

some degree of reflux-condenser conditions were established in the calculation. The experiment 

proceeded with further phases but the results are not shown here because the boundary conditions 

became completely different after the secondary side depressurisation. 

Post-test analysis 

Figure 15 displays the results of the post-test analysis for Test 5. Two improvements were obtained. 

The SGTR flow was improved by modelling the heat structure in the break pipe and thus correctly 

modelling the initial temperature in the pipe at the start of the test. The liquid water is stagnant during 

the steady state and thus the initial temperature is lower than the system temperature. A good 

representation of the initial temperature provides a better reproduction of the SGTR flow. The second 

improvement was a modification of the pressure losses in the CRGTs in order to obtain the correct 

initial temperature in the UH. This modification improved the initial depressurisation of the primary 

system. However, this two modifications did not avoid the cease of the natural circulation in the intact 

loop and thus the inaccurate simulation of the second phase. Further analysis is needed to assess the 

reasons that led to the stop of the circulation in the intact loop. 
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Figure 15: PSI TRACE post test results for Test 5 

 

 

 

From top to bottom:  

1) Primary and secondary pressures,  

2) Primary loop mass flows,  

3) SGTR and MSLB mass flows 
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Table A-4: Conditions and improvement methods for blind analysis 

(SGTR + MSLB experiment – Test 5) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 5 

1-2 Computer Code TRACE v5.0 

1-2 Participant (organisation) Paul Scherrer Institut 

2. Models & methods specific to this test 

2-1 Critical flow for SG U-
tube simulation nozzle 

1)  Ransom-Trapp. All coefficients set to 1.0 

3)  The two phase flow coefficient was reset to 0.8 for consistency to the rest of the post-test 
calculations 

3)  A heat structure was added to the break pipe to correctly model the initial temperature of the fluid 
for the post-test calculation. 

2-2 Critical flow for SG main 
steam line break 

1)  Ransom-Trapp. The single phase sub-cooled coefficient was set to 0.1. It was observed that the 
separator model was behaving incorrectly allowing liquid to pass freely to the MSLB. This correction 
was added in accordance to simulations performed for the PKL test facility. 

3)  No  

2-3 Condensation heat 
transfer at gas-liquid 
interface in hot and cold 
legs 

1)  No special modifications were done. 

2-4 Flow resistance of spray 
nozzle (bypass between 
upper head and PV down 
comer) 

1)  Spray nozzle total flow area and flow resistance values 

2)  Method(s) and/or experiences to define the flow resistance value 

3)  Method(s) to improve, if any, after comparison with the experimental data and/or investigation by 
post-test analysis 

2-5 Parallel flow behaviour 
among SG U-tubes 
before and after SG-A 
depressurisation 

1)  Only one single pipe was used for the simulation of the U-tube bundle 

 

2-6 Other problem(s) 

Initial UH fluid 
temperature 

1)  During the post-test analysis it was seen that the UH level presented a different behaviour as in 
the experiment. Due to the incorrect initial temperatures found at the UH, this region remained full of 
liquid 

2)  The initial temperature in the UH could be adjusted by modifying the pressure losses at the 
CRGT pipes. 

3)  The modification improved the results but only until the cease of natural circulation in the intact 
loop 
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 Test 3 (counterpart) 

The most relevant results of Test 3 are displayed in Figure 16: primary and secondary pressures, 

maximum PCT, break flow and hot leg level and the RPV collapsed water levels. The following sub-

sections describe the results obtained for the high and low pressure sequences. 

Figure 16: PSI TRACE blind test results for Test 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From top to bottom:  

1) Primary & secondary pressure along with cladding temperature at pos. 7 rod(4,4)  

2) Break flow and hot leg level close to the break location  

3) RPV water levels 
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High pressure transient 

The results obtained for the high pressure sequence are in quite close agreement with the experimental 

data. The primary and secondary pressures follow a similar evolution as in the experiment proving a 

good enough performance of the choked flow in all its phases (sub-cooled, 2-phase and steam flow). 

However, in order to obtain this result various modifications were needed in the choked flow model 

and in the offtake model of TRACE. Even though, the evolution of the break flow presents a 

reasonable agreement with the experiment, there are still some differences being the most important an 

underestimation of the break flow at around 200 seconds after the start of the test. The experimental 

choked flow displays a very long sub-cooled phase appearing at the break location even though the 

water level in the hot leg has been reduced (at around 200 seconds after SOT). This result indicates the 

appearance of thermal non-equilibrium effects in the experiment which are not considered in the 

TRACE code.  

On the other hand, the water levels during this phase are well predicted by the code except for a 

slightly under-predicted DC level. The reduction of the core level is well predicted and occurs almost 

at the same time as in the experiment; therefore, a good prediction of the PCT increase is also obtained. 

Conditioning phase 

This phase starts with a direct injection of the HPSI system at the UP to quench the core and replenish 

the system. The injection of cold water at the top of the core presented a different behaviour as in the 

experiment. In the calculation, almost no mixing was found and the cold water fell straight down 

through the cells connected at the injection location. As a consequence, some areas of the core 

quenched very quickly whereas other areas further away in the radial direction from the injection 

location were exposed for much longer times. In the experiment, high mixing zones were seen along 

with high rates of condensation in the UP region. The HPSI jet is supposed to impinge the UP 

internals and thus spread in droplets inducing high rates of condensation. This could not be modelled 

with the pseudo 3D approach of TRACE.  

The conditioning phase continues with a depressurisation of the secondary side followed by the 

primary side. When the primary pressure is found to be below 41 bar, the depressurisation is ended 

and the facility stabilises at around 45 bar with reflux condenser conditions. 

Low pressure transient 

The low pressure transient simulation presents some discrepancies with the experiment. The main 

discrepancy is the distribution of the coolant in the primary system. Even though the mass inventory 

and system pressure are the same at the start of the test, the water level in the DC is lower in the 

calculation. The initial phase is characterised by a longer duration of the two-phase flow conditions at 

the break locations. This is consistent with the hot leg water level close to the break, which remains 

high for a longer time in the calculation because more water remains in the loop. As the transient 

continues, one can observe a rather good simulation of the core and UP levels, whereas the DC mass 

of coolant is underestimated.  

Another disagreement observed is the pressure evolution during the core uncovery. In the 

experiment, the primary pressure falls below the secondary pressure as the core starts to boil off. On 

the other hand, the calculated primary pressure remains higher for most of the time indicating that the 

rate of energy extracted through the break is similar to the energy generated in the core. Several 

parameters play an important role during this process; here is a list of them: 

 steam break flow 

 core heat up and energy employed to superheat the steam 
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 amount of steam generated in the core 

 stored energy in the internal unheated structures 

 coolant mass in the system or size of the steam bubble 

 rate of condensation in the U-tubes 

These parameters need to be further analysed to understand the disagreement between the simulation 

and the experiment. On the other hand, the fact that this "second" transient is started with already 

altered initial conditions might be the main reason for the disagreement. 

UPV Results 

 Test 2 (CL IBLOCA) by UPV 

a) Calculation conditions 

The LSTF has been modelled using TRACE V5.0 patch 1 with 82 hydraulic components (7 BREAKs, 

11 FILLs, 24 PIPEs, 2 PUMPs, 1 PRIZER, 22 TEEs, 14 VALVEs and 1 VESSEL). Heat transfer 

processes (Steam Generator U-tubes, core power, pressuriser heaters and heat losses) have been 

characterised with 48 HTSTR Heat Structure components. Another 30 HTSTR components simulate 

the heater assemblies in the active core. 

The pressure vessel has been modelled using a 3D–VESSEL component. Its nodalisation consists 

of 19 axial levels, 4 radial rings and 10 azimuthal sectors. Active core is located between levels 3 and 

11. Level 12 simulates the upper core plate. Levels 13 to 15 characterise the vessel upper plenum. In 

level 16, the upper core support plate is located. Finally, upper head is defined between levels 17 to 19.  

3D-VESSEL is connected to different 1D components: 8 Control Rod Guide Tubes (CRGT), hot 

leg A and B (level 15), cold leg A and B (level 14) and a bypass channel (level 15). Control rod guide 

tubes have been simulated by PIPEs components, connecting levels 13 and 19 and allowing the flow 

between upper head and upper plenum. 

A Power component manages the power supplied by each HTSTR to the 3D-VESSEL. Heater 

elements were distributed into 3 rings: 154 elements in ring 1, 356 in ring 2 and 498 in ring 3 and also 

characterised by HTSTR components. In both axial and radial direction, peaking factors were 

considered. The power ratio in the axial direction presents a peaking factor of 1.495. On the other 

hand, depending on the radial ring, different peaking factors were considered (0.66 in ring 1, 1.51 in 

ring 2 and 1.0 in ring 3).  

Nozzle break has been simulated using a VALVE component connected to a BREAK component 

in order to establish the boundary conditions. In this case, since the break is simulated to discharge in 

a big volume space (the storage tank), a dxin=1.0 10
-6

 (cell length) and a volin=1.0 10
6
 (cell volume) 

has been selected with the purpose of providing a large area. The VALVE is connected to the side-

junction of a TEE that belongs to the PWR cold leg without pressuriser. Choke model has been 

activated in the last surface of the valve simulating the upwards break. Sub-cool and two phase 

coefficients have set to 1.0. 

OFFTAKE model has been activated with the upwards configuration (connection angle 90º and 

gravity direction +1) in the horizontal TEE component that simulates the cold leg where the break 

occurs. 

CCFL has not been activated during the blind test simulation. Level tracking option has been 

deactivated in the whole model due to convergence problems.  

b) Calculated results 

The main discrepancies between the experimental measurements and the simulation are observed 

between 60 and 200 s, where TRACE5 underestimates the primary pressure (Figure 1). The faster 
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drop of primary pressure can be due to the overestimation of the coolant discharged through the break 

during the period between 50 and 80 s (Figure 2). From this moment on, the mass flow through the 

break is one-phase vapour. Choked flow is activated in the last surface of the valve simulating the 

break nozzle. Choke coefficients have been set to 1.0 for both one-phase liquid and two-phase liquid-

vapour. TRACE5 does not allow modifying the Choke coefficient for one-phase vapour.  

These discrepancies can be attributed to an inadequate simulation of the ‘upwards’ orientation of 

the break. OFFTAKE option has been activated and deactivated in order to check the behaviour of 

primary pressure and mass flow rate through the break during the first part of the transient (between 0 

and 100 s). No relevant differences have been observed. OFFTAKE option seems to be inoperative in 

TRACE5 patch 1. In post-test analysis it is proposed the use of a 3D component to simulate the cold 

leg. This component permits to observe liquid stratification. Secondary pressure is adequately 

reproduced. At 50 s, relief valves are closed and the loss of pressure is due to heat losses in the SG 

secondary side (Figure 1). The heat losses in SG are well predicted by TRACE5. 

Maximum Peak Cladding Temperature (PCT) excursion (Figure 3) is a little bit delayed respect to 

the experimental values (10 seconds approximately). The maximum value of PCT simulated with 

TRACE5 is slightly lower than the experimental one. The automatic power reduction is not produced 

due to this lower PCT value (Figure 4).  

Regarding to collapsed liquid levels in the PV vessel, an adequate reproduction is achieved in the 

case of the upper plenum and down comer (Figures 5 and 6) till the moment when the accumulator 

entrance is produced (at 100 s). The core liquid level is not well estimated by TRACE5 (Figure 7). 

When the accumulator entrance is produced, the liquid level in the active core, upper plenum and 

down comer is not properly increasing. It is due to the low flow injection rate of the accumulator. 

Figure 8 shows the mass flow rate due to the accumulator entrance. In the blind test simulation, a 

homogeneous friction factor correlation together with an abrupt change of flow area is considered 

(NFF factor in TRACE5). The use of this friction correlation has produced a strong underestimation of 

the mass flow rate through the accumulator injection system (AIS). Differences between the mass flow 

rate injected by the AIS simulated and experimental manifest that it is very difficult to know the 

accurate conditions achieved in the LSTF. It implies the necessity to perform an uncertainty analysis 

to establish the friction factor effect on the mass flow rate injected from the accumulator and the PCT. 

The effect of the inappropriate mass flow rate injection is also observed in the collapsed liquid level of 

hot legs (Figure 11 and 12).  

Natural circulation of both A and B loops is finished early in the transient simulated by TRACE5 

(at 50 s) when primary pressure becomes lower than secondary pressure (Figures 9 and 10). The U-

tubes collapsed liquid level (Figure 13) predicted by TRACE5 shows a good agreement with the 

experimental values.  
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Figure 1: Primary and secondary pressures Figure 2: Mass flow rate through the break 

  

Figure: 3 Maximum peak cladding temperature Figure 4: Core power 

  

  

Figure 5: PV Upper plenum liquid level Figure 6: PV Down comer liquid level 
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Figure 7: PV Down comer liquid level Figure 8: Accumulator mass flow rate 

  

Figure 9: Primary loop-A mass flow rate Figure 10: Primary loop-B mass flow rate 

  

Figure 11: Hot leg-A liquid level Figure 12: Hot leg-B liquid level 
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Figure 13 : U-tubes liquid level Figure 14: HPI mass flow rate 

 
 

Figure 15: SG secondary-side liquid level Figure 16: Pressuriser liquid level 

  

 

c) Summary 

The capability of the TRACE5 code has been tested in the simulation of a Cold Leg Intermediate 

Break LOCA (IBLOCA) in the frame of the NEA ROSA-2 Project Test 2 (PWR 17% cold leg 

IBLOCA). The comparison with experimental data permits to conclude that, TRACE5 model has been 

able to estimate the general trends of the main system variables. However, some effects have not been 

properly estimated: upwards orientation and accumulator injection mass flow rate. In fact, in Post-test 

analysis the use of a 3D vessel component is proposed to simulate the cold leg where the break is 

produced. 3D component permits to simulate the upwards break orientation and to observe liquid 

stratification. Some problems with the OFFTAKE model have been found. Regarding to the 

accumulator injection, a sensitivity analysis to best estimate friction in AIS is needed.  
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Table A-1: Conditions and improvement methods for blind analysis 

(Intermediate break LOCA experiment – Test 2) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 2. Cold Leg Intermediate LOCA IB-CL-03 in JAEA 

1-2 Computer Code TRACE5 patch 1. 

1-2 Participant (organisation) Universitat Politècnica de València, Spain 

2. Models & methods specific to this test 

2-1 Critical flow 1) Choked flow activated in the valve simulating the break nozzle and in Relief Valves of both Steam 
Generators. 
2) The sub-cooled liquid choked-flow model is a modified form of the Burnell model and is essentially 
the same as that used in RELAP5. Two-phase, two-component, TRACE choked-flow model is an 
extension of Ransom and Trapp model that incorporates an additional inert-gas component and non-
equilibrium effects. 
3) Sub-cooled liquid coefficient: 1.0; Two-phase coefficient: 1.0.  
4) Vapour coefficient: Not available to users in TRACE5 patch 1. 
5) We have decided to use the default coefficients (1.0) for blind tests because of the lack of 
previous experience in simulation of IBLOCA with TRACE5.  

2-2 Vapour/liquid entrainment 
at break 

1)  OFFTAKE model activated in cold leg where the nozzle break is connected to. 
2) Similar results when OFFTAKE is activated / deactivated. Apparently malfunction of OFFTAKE 
model in TRACE5.  
3) Use of 3D component to simulate vapour/liquid entrainment at break is proposed for Post-test 
calculation.  

2-3 Mixture level in core 
bundle 

 

2-4 Core rod surface 
temperature – excursion 
& quench 

1) CHF from AECL-IPPE CHF Table, critical quality from Biasi correlation.  
2) In TRACE5, if CHF=2 then critical dry out quality is calculated based on Biasi correlation.  

2-5 CCFL at upper core plate 1) In blind Pre-Test simulation CCFL has not been activated. In Post-test simulation CCFL in upper 
core plate is investigated. 

2-6 CCFL at SG U-tube inlet 1) In blind Pre-Test simulation CCFL has not been activated. In Post-test simulation CCFL in SG U-
tube inlet is investigated.  

2-7 CCFL at SG inlet plenum 
and/or inclined pipe of 
hot leg 

1) In blind Pre-Test simulation CCFL has not been activated in SG inlet plenum is investigated.  

2-8 Critical Heat Flux in U-
tubes of SG 

1) CHF from AECL-IPPE CHF Table, critical quality from Biasi correlation. Biasi/Zuber boiling length. 
Cylindrical geometry. 4 radial nodes. 

2-9 Upwards break 1) Simulation has been performed with / without OFFTAKE option in the nozzle simulating the 
upwards break. OFFTAKE option in TRACE5 patch 1 seems to be inoperative.  

2-10 Stratification in cold leg.  1) It is proposed for Post-test calculation the use of a 3D component to simulate the cold leg (to 
avoid the OFFTAKE problems). 
2) The use of a 3D component in horizontal orientation permits to connect the break nozzle in an 
azimuthal sector to simulate the upwards orientation.  
3) A 3D vessel component can be used changing the GRAV options and fixing adequate geometrical 
features.  

2-11 Level tracking in U-tubes Level tracking model not activated.  

2-12 Accumulator model To model the accumulator tank in TRACE5, option PIPETYPE=2 has been used. It evaluates a 
gas/liquid interface sharpener; outputs the liquid level, volumetric flow, and liquid volume discharged 
from the component; and acts as a liquid separator model. 

2-12   
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Test 5 (MSLB + SGTR) by UPV 

a) Calculation conditions 

TRACE5 RC3 has been used to simulate the NEA ROSA-2 Project Test 5 reproducing a main steam 

line break (MSLB) with a steam generator tube rupture (SGTR) in a pressurised water reactor.  

In Figure 1a), it can be seen the LSTF nodalisation used with TRACE. Pressure vessel has been 

simulated using a 3D–VESSEL component divided into 19 axial levels, 4 radial rings and 10 

azimuthal sectors. Active core is located between levels 3 and 11. Level 12 simulates the upper core 

plate. Levels 13 to 15 characterise the vessel upper plenum. In level 16, the upper core support plate is 

located. Finally, upper head is defined between levels 17 to 19. Heat transfer processes (Steam 

Generator U-tubes, core power, pressuriser heaters and heat losses) have been simulated by means of 

48 HTSTR (Heat Structure) components. Another 30 HTSTR simulate the heater assemblies in the 

active core and a Power component manages the power supplied by each HTSTR to the 3D-VESSEL. 

Figure 1 a): LSTF nodalisation and b) SGTR and MSLB nodalisation 

 

 

 

In Figure 1b) it is shown the nodalisation of both breaks (SGTR + MSLB). SGTR reproduces a 

U-Tube rupture in the SG-B (flow area = 30.19 mm
2
 and hydraulic diameter = 6.2 mm), which means 

a communication between primary and secondary sides. In TRACE5 model it has been used three new 

components (2 TEEs and 1 VALVE). When this new valve is opened, both TEEs are connected 

simulating the nozzle used in the experiment. On the other hand, MSLB has been characterised by 

adding three components (1 TEE, 1 VALVE and 1 BREAK). The TEE is connected to the BREAK 

using the VALVE. The BREAK simulates the outside conditions (1 bar of pressure and a temperature 

of 27º C). 

b) Calculated results 

Regarding to the primary pressure (Figure 2), the main discrepancies observed between the simulated 

and experimental are the following:  
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 Between 200 and 600 s, TRACE5 underestimates the primary pressure. This effect can be 

attributed to an inappropriate simulation of the Upper Head behaviour. The fluid temperature 

(in steady state conditions) simulated by TRACE5 in the Upper Head is lower than in the 

experiment. 

 In the simulation, at 1200 s approximately, the primary pressure is momentarily lower than the 

secondary pressure. This effect can be due to vapour condensation in U-tubes of intact Steam 

Generator (Figure 7).  

 When the intact SG-A depressurisation is produced (at 1800 s), primary pressure is slightly 

drag by secondary pressure.  

 First stagnation is not well reproduced by TRACE5 after the SG-A depressurisation (1900 s).  

 After the first and second PORV opening, a drastic drop in the primary pressure is predicted by 

TRACE5 (2500 and 4000 s). These drops of pressure are again due to the Upper Head fluid 

conditions.  

 The second stagnation is quite well estimated by TRACE5.  

In Figure 3 the MSLB mass flow rate is shown. It can be seen that TRACE5 successfully predicts 

the general trends.  

It is important to take into account the necessity of activating the Choke flow model in the MSLB 

because it is expected to appear critical flow conditions. Default coefficient value (1.0) has been used 

during the blind pre-test.  

The simulated SGTR mass flow rate, shown in Figure 4, is lower than the experimental one in the 

whole transient. These lower values can be attributed to the friction factor correlation used in the 

SGTR geometrical definition. NFF=1 (homogeneous friction correlation) has been used in blind pre-

test. The effect of primary pressure abrupt drops is also seen in SGTR mass flow rate.  

Regarding to the RV SG-A mass flow rate (Figure 5), a relatively good estimation is achieved by 

TRACE5. However, a slight underestimation is observed in the simulation.  

The sudden drop of primary pressure produced after the SGTR and MSLB, causes a rapid 

emptying of the pressuriser, as it is shown in Figure 6. Furthermore, in TRACE5 the pressuriser 

PORV closing produces a drastic liquid level drop, which is not observed in the experiment. This 

effect can be also attributed to the primary pressure trend (Figure 2).  

The collapsed liquid level of SG A U-tubes can be seen in Figure 7. At 1200 s, a sudden 

evaporation is predicted by TRACE5, reducing more than 20 % the liquid level in the U-tubes. From 

this moment on, a vapour condensation is produced. This condensation can produce the drop of 

primary pressure observed between 1200 and 1500 s (Figure 2). 

SGTR and MSLB produce an asymmetrical coolant distribution in the primary system. In the 

intact loop A (Figure 8), the natural circulation is early finished at 1000 s while in broken loop B the 

situation is quite different since the natural circulation is observed during the whole transient (Figure 

9) because of the SGTR and MSLB. Natural circulation in both loops (intact and broken) is properly 

estimated by TRACE5.  

Regarding hot and cold legs in loop A and B, they are full of liquid during the transient, as it can 

be seen in Figures 10 through 13. Experimental measurements are well reproduced by TRACE5 

results.  

Figures 14 and 15 show the secondary-side collapsed liquid level of both steam generators. The 

loss of liquid in broken SG B is evident during the first part of the transient. Intact SG A secondary 

side liquid level decreases after depressurisation. Both liquid levels are recovered due to the AFW 
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action. In the broken SG B, AFW is activated with the SI signal until it reaches initial liquid level, 

while in intact SG A, AFW is activated with the initiation of intact SG secondary side depressurisation 

at 1800 s. In any case, the maximum difference between the simulation and the experimental values is 

about 1 metre. In this case, it can be concluded that TRACE5 successfully estimates the liquid level of 

both steam generators.  

Upper Plenum and Upper Head liquid levels are shown in Figures 16 and 17, respectively. As it 

can be seen, the main discrepancies are found in the case of Upper Head. It seems to be the most 

relevant discrepancy in the reproduction of this transient. The Upper Head fluid temperature is 

conditioning the behaviour of the whole transient. In order to adjust this temperature during the steady 

state calculation, it could be necessary to modify the flow friction correlation in the Control Rod 

Guide Tubes (CRGT) to increase the recirculation of liquid between Upper Head and Upper Plenum. 

Figure 2: Primary and secondary pressures Figure 3: MSLB Mass Flow rate 

  

  

 

Figure 4: SGTR mass flow rate Figure 5: Relief valve SGA mass flow rate 
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Figure 6: Collapsed liquid level in pressuriser Figure 7 : U-tubes SGB liquid level 

  

Figure 8: Primary SGA mass flow rate Figure 9: Primary SGB mass flow rate 

 

  

  

Figure 10: Collapsed liquid level in hot leg A Figure 11: Collapsed liquid level in hot leg B 
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Figure 12: Collapsed liquid level in cold leg A Figure 13: Collapsed liquid level in cold leg B 

  

Figure 14: Collapsed liquid level in SG A Figure 15: Collapsed liquid level in SG B 

  

  

Figure 16: Collapsed liquid level  
in PV upper plenum 

Figure 17: Collapsed liquid level  
in PV upper head 
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c) Summary 

An estimation of the NEA ROSA-2 Project Test 5 was made with the thermal-hydraulic code 

TRACE5 reproducing a Main Steam Line Break (MSLB) with a Steam Generator Tube Rupture 

(SGTR) in a Pressurised Water Reactor (PWR).  

A blind pre-test has been simulated with TRACE5. Important discrepancies are found between the 

simulation and the experimental measurements, especially regarding to the primary pressure and the 

SGTR mass flow rate. These variables are strongly affected by the PV Upper Head fluid temperature. 

In the Post-test, Upper Head fluid temperature is studied.  

JNES Results 

Test 2 (CL IBLOCA) (JNES, Japan) 

a) Calculation conditions 

 Code and nodalisation 

In JNES, RELAP5/MOD3.3 code is applied to blind analysis for LSTF. Nodalisation of 

RELAP5/MOD3.3 for LSTF is shown in Figure 1. This nodalisation is commonly applied to Test 2 

and Test 5 blind analyses. The core node is divided to 9 sub-nodes. The u-tubes in steam generator are 

modelled by 17 nodes along the tube for detailed simulation of water flow behaviour in u-tube. In the 

primary side, the number of node in vessel is 39, that in each loop is 40, and that in pressuriser is 23. 

And the secondary side of steam generator is 19 nodes in axial direction.  
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Figure 1: Nodalisation of RELAP5/MOD3.3 for LSTF 

 

 Modelling for break point 

The break nozzle of Test 2 installs vertically at the top of the cold leg. For the break simulation, the 

nodes for break are set above the cold-leg. The break orientation model is applied to the break 

upstream junction to predict well the break flow quality. The break point diameter (D=41mm) is set to 

the junction area data, and the critical flow for break is evaluated at the junction. 

The discharge coefficient is a parameter for the critical flow at break point. In this blind analysis, 

the break at cold-leg is simulated with a relatively long type nozzle which is similar to that of critical 

flow model of the RELAP5 code. Therefore, the discharge coefficient of break model was given 1.0.  

 Core interfacial drag model 

For prediction of core mixture level, the interfacial drag model is important. RELAP5/MOD3.3 code 

has two Interfacial drag models related to pipe and bundle geometries. Generally, the pipe model over-

predicts the core mixture level. Thus, the bundle model is used in the present analysis. 

 CCFL model 

The counter current flow limitation (CCFL) model is applied to SG U-tube inlet for simulation of the 

water holdup to SG U-tube. The Wallis’ parameters are used based on the results of LSTF separate 

effect experiment 
[1]
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b) Calculated results 

 Pressure and break flow 

Figure 2 shows a primary and secondary pressure. Because the relatively large break size, the primary 

side pressure decreased continuously after it dropped to the secondary side pressure. This tendency of 

pressure decrease is nearer that of large break LOCA than small or medium break LOCA. 

In Figure 3, blue line shows the liquid fraction at the break point and pink line shows the flow 

regime at cold leg. The liquid fraction is 1.0 until around 20 seconds, and the break flow is liquid 

phase only. Because the break flow rate is large in this period, the pressure decrease is large from 

Figure2. After that, the liquid fraction is continuously decreasing for break, and about 60 seconds after 

the break, the flow regime is changed from bubbly flow to horizontal stratified flow. 

Figure 4 shows the break flow rate. After horizontal stratified flow occurred in the cold leg, the 

break flow rate decreased steeply immediately, and then oscillated depending on the cold leg liquid 

level change. 

Depending on the flow regime at break point, the primary pressure is decreasing shown in Figure2. 

 Core liquid level and fuel rod surface temperature 

Figure 5 shows the core liquid collapsed level. Just after the break, core liquid level is fall down. 

Around 20 seconds, the level becomes high because the primary pump rotation speed becomes high 

just after the break and the water in cold leg flow into the core. After that, the level is fall down again. 

Figure 6 shows the SG U-tube liquid level. Because of steam flowing up, the liquid holdup in U-

tube up-flow side. This liquid hold up at SG U-tube was calculated by CCFL model with Wallis’ 

parameters based on the LSTF separate effect experiment. Because the large amount of water 

remained in the SG U-tube up-flow side, the core liquid level is depression as shown in Figure 5. 

Figure 7 shows the fuel rod surface temperature. The continuous core heat-up occurs due to core 

boil-off and core liquid level depression. And Figure 8 shows the accumulator coolant injection flow 

rate. Due to ACC injection, the core liquid level recovery, and the fuel rod surface temperature 

becomes lower. Figure 9 shows the core power. In this blind analysis, core power off does not occur. 

 

 

 

 

 

 

 

 

 

 

 

_______________________ 

1.  Yonomoto, et al, CCFL characteristics of PWR steam generator U-tubes, ANS Int. Topical Mtg. on safety of 

thermal reactors, Portland Oregon, USA 39,257, 1991.  
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Figure 2: Primary and secondary pressure Figure 3: Break flow rate 

  

Figure 4: Break flow rate 

Figure 5: Core liquid level 

  

Figure 6 : SG U-tube liquid level Figure 7: Fuel rod surface temperature 
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Figure 8: ACC coolant injection flow rate 

 

Figure 9: Core power 

 

Test 5 (MSLB with SGTR) (JNES, Japan) 

a) Calculation conditions 

 Code and nodalisation 

 Code and nodalisation is same as Test 2 blind analysis. 

 Modelling for break point 

For steam generator tube rupture (SGTR), the break is simulated with a long type nozzle (upward) in 

the experiment, which was similar to that of critical flow model of RELAP5 code. Therefore, the 

discharge coefficient at SGTR is given 1.0. 

For main steam line break (MSLB) is simulated with an orifice. The critical flow model of the 

RELAP5 code for steam flow has a tendency of overestimation for orifice geometry. Therefore, the 

discharge coefficient at MSLB is given 0.85. 

And for depressurisation of intact loop, the safety relief valve (SRV) is fully opened. The critical 

steam flow occurs at SRV. For the same reason above mentioned, the discharge coefficient at SRV is 

given 0.85. 

 Interfacial drag model outside U-tube 

The mixture flow occurred outside U-tube in this analysis. That geometry is similar to that of rod 

bundle in core. RELAP5 code’s interfacial drag model has a tendency of over-prediction of the two-

phase mixture level like in core. Thus, the value of interfacial drag model is given by 0.1 times of 

original RELAP5 code in this analysis. 

b) Calculated results 

Figure 1 shows the primary and secondary pressure, and Figure 2 and Figure 3 show the break flow 

rate at MSLG and SGTR, respectively. The break flow at main steam line is single phase steam and 

the flow rate is evaluated by 0.85 discharge coefficient. The break flow is decreasing depending on the 

secondary pressure decreasing. And the break flow at SGTR is about 1kg/s. The void fraction at 

SGTR is almost liquid phase. 

Figure 4 shows the core power and Figure 5 shows the heat transfer at SG and release energy at 

SGTR. The heat transfer at broken SG becomes greater than that of intact SG, because the pressure is 

decreased by MSLB. And release energy at SGTR is smaller than broken SG heat transfer. The heat 

transfer at broken SG may affect dominantly the primary pressure decreasing. Therefore, the 

secondary side water level should be calculated correctly. 
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Figure 6 shows the loop flow rate. As the heat transfer in the broken SG loop increased, the 

density difference in SG U-tube becomes large. Thus, the natural circulation flow rate increased in 

broken loop.  

Figure 7 shows the U-tube liquid level. When the primary pressure is lower than the secondary 

pressure, the steam appeared in SG U-tube top by heating from the SG secondary side. This suggested 

that the secondary side depressurisation is important to fill a primary side with water. 

Figure 1: Primary and secondary pressure Figure 2: Break flow rate (MSLB) 

  

Figure 3: Break flow rate (SGTR) Figure 4: Core power 

 

 

Figure 5: Heat transfer and release energy Figure 6: Loop flow rate 
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Figure 5: Heat transfer and release energy Figure 6: Loop flow rate 

 

 

Figure 7: U-tube liquid level  
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JAEA 

Tests 1, 2 and 7 (IBCOLA) (JAEA) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Tests 1, 2 and 7 

1-2 Computer Code RELAP5/MOD3.2.1.2 

1-2 Participant 
(organisation) 

Japan Atomic Energy Agency (JAEA) 

2. Models and methods specific to this test 

2-1 Critical flow Original (Ransom and Trapp) critical flow model is used with a discharge coefficient of 1.0. Break 
nozzle in vertical pipe is represented by five equal-volume nodes. 

2-2 Vapour/liquid 
entrainment at break 

Original (Ardron and Bryce) liquid entrainment model for a horizontal pipe is applied to break 
junction connected to hot leg or cold leg. 

2-3 Mixture level in core 
bundle 

Core is represented by vertically-stacked nine equal-height volumes according to 9-step cosine in 
axial core profile along core length. Inter-phase drag in each node of core is reduced by 1/10, 
based on post-test analysis results of LSTF 10% hot leg break LOCA test [1]. It should be further 
investigated influences of core inter-phase drag onto core liquid level. 

[1] Kukita, Y., et al., Report JAERI-M 90-039, JAERI, 1990. 

2-4 Core rod surface 
temperature –
excursion & quench 

Original heat transfer model is used. Original model consists of Chen correlation for nucleate 
boiling, Chen-Sundaram-Ozkaynak correlation for transition boiling, and Bromley and Sun-
Gonzales-Tien correlation for film boiling. It should be further investigated influences of heat 
transfer model onto core temperature. 

2-5 CCFL at upper core 
plate 

No CCFL correlation is applied to upper core plate for blind analyses of Tests 1 and 2. For Test 7, 
Wallis CCFL correlation is applied to upper core plate, based on post-test analysis results of Tests 
1 and 2. Constants of m and C in the correlation are 1 and 0.75 respectively, as trial values. It 
should be further investigated influences of coefficients in the correlation and application onto 
primary coolant distribution. 

2-6 CCFL at SG U-tube 
inlet 

Wallis CCFL correlation is applied to each node of SG U-tube for Tests 2 and 7. Constants of m 
and C in the correlation are 1 and 0.75 respectively, referring to LSTF separate-effect test results 
[2]. It should be further investigated influences of coefficients in the correlation and application onto 
primary coolant distribution. 

[2] Yonomoto, T., et al., Proc. of the ANS Int. Topi. Mtg. on Safety of Thermal Reactors, USA, 
1991. 

2-7 CCFL at SG inlet 
plenum and/or 
inclined pipe of hot 
leg 

Wallis CCFL correlation is applied to each node of SG inlet plenum and inclined pipe of hot leg for 
Tests 2 and 7. Constants of m and C in the correlation are 1 and 0.75 respectively, referring to 
LSTF separate-effect test results [2]. It should be further investigated influences of coefficients in 
the correlation and application onto primary coolant distribution. 

2-8 Modelling of 
accumulator 

Improvement of modelling of accumulator system is needed to properly predict coolant injection 
flow rate from accumulator tanks. 

2-9 Modelling of core Improvement of modelling of core considering flow among high-, mean- and low-power rod bundles 
is needed to properly predict core liquid level and core temperature. 
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Blind analysis of Test 1 by RELAP5 code (JAEA) 

Figure 1 shows a nodding schematic of LSTF for RELAP5 analysis for Test 1. The LSTF system is 

modelled in one-dimensional manner including pressure vessel, primary loops, pressuriser (PZR), 

steam generators (SGs) and SG secondary-side system. The break unit connected to the top of broken 

hot leg was modelled by a vertical pipe, horizontal pipe and oblique pipe between them. Break nozzle 

in the vertical pipe was represented by five equal-volume nodes. 

The LSTF test results are shown in Figs. 2 through 12, being compared with RELAP5 blind 

analysis results for major parameters. The break flow rate was predicted reasonably well. The code 

well predicted liquid level formation at the hot leg and the collapsed liquid level in the SG U-tube. 

Loop seal clearing appeared slightly earlier than in the test because of under prediction of the 

crossover leg liquid level due to a bit earlier initiation of accumulator (ACC) system. The code failed 

to reproduce enhanced primary depressurisation by the ACC coolant injection due to under prediction 

of the coolant injection flow rate. The low-pressure injection (LPI) system started earlier than in the 

test due to earlier termination of the ACC coolant injection, causing over prediction of liquid levels in 

the hot leg, cold leg and crossover leg. The cladding surface temperature was well under predicted due 

to well overproduction of the core liquid level after the core uncovery. 

 

Figure 1: Nodding schematic of LSTF for 
RELAP5 analysis for Test 1 

 

Figure 2: Test 1 and RELAP5 blind analysis 
results for primary and secondary pressure 

 

Figure 3: Test 1 and RELAP5 blind analysis 
results for break flow rat 

 

Figure 4: Test 1 and RELAP5 blind analysis 
results for hot leg liquid level 
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Figure 5: Test 1 and RELAP5 blind analysis 
results for cold leg liquid level 

 

Figure 6: Test 1 and RELAP5 blind analysis 
results for ACC flow rate 

 

Figure 7: Test 1 and RELAP5 blind analysis 
results for LPI flow rate 

 

Figure 8: Test 1 and RELAP5 blind analysis 
results for crossover leg collapsed liquid level 

 

Figure 9: Test 1 and RELAP5 blind analysis 
results for SG U-tube collapsed liquid level 

 

Figure 10: Test 1 and RELAP5 blind analysis 
results for upper plenum collapsed liquid level 
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Figure 11: Test 1 and RELAP5 blind analysis 
results for core collapsed liquid level 

 

 

Figure 12: Test 1 and RELAP5 blind analysis 
results for cladding surface temperature 

 

Blind analysis of Test 2 by RELAP5 code  

Figure 1 shows a nodding schematic of LSTF for RELAP5 analysis for Test 2. The LSTF system is 

modelled in one-dimensional manner including pressure vessel, primary loops, PZR, SGs and  

SG secondary-side system. The break unit connected to the top of broken cold leg was modelled by a 

vertical pipe, horizontal pipe and oblique pipe between them. Break nozzle in the vertical pipe was 

represented by five equal-volume nodes. 

The LSTF test results are shown in Figures 2 through 12, being compared with RELAP5 blind 

analysis results for major parameters. Significant drop in the cold leg liquid level started later than in 

the test because of later loop seal clearing due to over prediction of the crossover leg liquid level. The 

primary pressure was over predicted probably because of steam discharge through the break due to 

over prediction of the cold leg liquid level, though the break flow rate and the flow rate of high-

pressure injection (HPI) system were predicted reasonably well. Liquid accumulation in the  

SG U-tube up flow-side and SG inlet plenum was well calculated, though with tendencies that the  

U-tube up flow-side was over predicted and the inlet plenum was under predicted. The code under 

predicted the cold leg liquid level after the ACC coolant injection. The LPI system started earlier than 

in the test due to earlier termination of the ACC coolant injection. The cladding surface temperature 

was under predicted due to later core uncovery in the test. 

Figure 1: Nodding schematic of LSTF for 
RELAP5 analysis for Test 2 

 

Figure 2: Test 2 and RELAP5 blind analysis 
results for primary and secondary pressure 
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Figure 3: Test 2 and RELAP5 blind analysis 
results for break flow rat 

 

Figure 4: Test 2 and RELAP5 blind analysis 
results for hot leg liquid level 

 

Figure 5: Test 2 and RELAP5 blind analysis 
results for cold leg liquid level 

 

Figure 6: Test 2 and RELAP5 blind analysis 
results for ACC flow rate 

 

Figure 7: Test 2 and RELAP5 blind analysis 
results for crossover leg collapsed liquid level 

 

Figure 8: Test 2 and RELAP5 blind analysis 
results for SG U-tube collapsed liquid level 
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Figure 9: Test 2 and RELAP5 blind analysis 
results for SG inlet plenum collapsed liquid level 

 

Figure 10: Test 2 and RELAP5 blind analysis 
results for upper plenum collapsed liquid level 

 

Figure 11: Test 2 and RELAP5 blind analysis 
results for core collapsed liquid level 

 

Figure 12: Test 2 and RELAP5 blind analysis 
results for cladding surface temperature 

 

Blind analysis of Test 7 by RELAP5 code  

Figure 1 shows a nodding schematic of LSTF for RELAP5 analysis for Test 7. The LSTF system is 

modelled in one-dimensional manner including pressure vessel, primary loops, PZR, SGs and SG 

secondary-side system. The break unit connected to the top of broken cold leg was modelled by a 

vertical pipe, horizontal pipe and oblique pipe between them. Break nozzle in the vertical pipe was 

represented by five equal-volume nodes. 

The LSTF test results are shown in Figures 2 through 12, being compared with RELAP5 blind 
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upper plenum liquid level was well over predicted. The cladding surface temperature was well over 

predicted due to well under prediction of the core liquid level after the core uncovery. 
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Figure 1: Nodding schematic of LSTF for 
RELAP5 analysis for Test 7 

 

Figure 2: Test 7 and RELAP5 blind analysis 
results for primary and secondary pressure 

 

Figure 3: Test 7 and RELAP5 blind analysis 
results for break flow rat 

 

Figure 4: Test 7 and RELAP5 blind analysis 
results for hot leg liquid level 

 

Figure 5: Test 7 and RELAP5 blind analysis 
results for cold leg liquid level 

 

Figure 6: Test 7 and RELAP5 blind analysis 
results for ECCS flow rate 
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Figure 7: Test 7 and RELAP5 blind analysis 
results for crossover leg collapsed liquid level 

 

Figure 8: Test 7 and RELAP5 blind analysis 
results for SG U-tube collapsed liquid level 

 

Figure 9: Test 7 and RELAP5 blind analysis 
results for SG inlet plenum liquid level 

 

Figure 10: Test 7 and RELAP5 blind analysis 
results for upper plenum collapsed liquid level 

 

Figure 11: Test 7 and RELAP5 blind analysis 
results for core collapsed liquid level 

 

Figure 12: Test 7 and RELAP5 blind analysis 
results for cladding surface temperature 
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Test 5 (MSLB + SGTR) (JAEA) 

No. Subjects Conditions for blind analysis  

1. Experiment, code and participant 

1-1 LSTF Experiment Test 5 

1-2 Computer Code RELAP5/MOD3.2.1.2 

1-2 Participant 
(organisation) 

Japan Atomic Energy Agency (JAEA) 

2. Models & methods specific to this test 

2-1 Critical flow for SG U-
tube simulation nozzle 

Original (Ransom & Trapp) critical flow model is used with a discharge coefficient of 1.0. 
Break nozzle for SGTR in vertical pipe is represented by six equal-volume nodes. 

2-2 Critical flow for SG main 
steam line break 

A two-phase critical flow model incorporated by JAEA [1] employs the maximum bounding 
flow theory with a discharge coefficient of 0.61 for two-phase discharge flow. A discharge 
coefficient of 0.84 is used for single-phase vapour. Break orifice for MSLB is modelled by one 
volume. 

[1] Asaka, H., et al., Nuclear Technology, 96, pp.202-214, 1991. 

2-3 Condensation heat 
transfer at gas-liquid 
interface in hot and cold 
legs 

Original (Shah) condensation heat transfer model is used. 

2-4 Flow resistance of spray 
nozzle (bypass between 
upper head and PV 
down comer) 

Flow resistance of flow path between upper head and PV down comer is adjusted to fit upper 
head-to-down comer bypass flow rate to 0.3% of total core flow rate during initial-steady state. 

2-5 Parallel flow behaviour 
among SG U-tubes 
before and after SG-A 
depressurisation 

LSTF 141 tubes in each SG are lumped into one equivalent tube. 

2-6 Temperature 
stratification 

One-dimensional representation of hot and cold legs taken in the code failed to predict such 
multi-dimensional phenomena observed in the test as significant temperature stratification in 
both hot and cold legs in intact loop. 
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Blind analysis of Test 5 by RELAP5 code  

Figure 1 shows a nodding schematic of LSTF for RELAP5 analysis for Test 5. The LSTF system is 

modelled in one-dimensional manner including pressure vessel, primary loops, PZR, SGs and 

SG secondary-side system. Break nozzle for SGTR in the break unit was represented by six equal-

volume nodes, while break orifice for MSLB was modelled by one volume. 

The LSTF test results are shown in Figs. 2 through 9, being compared with RELAP5 blind 

analysis results for major parameters. The SG-B secondary pressure was somewhat under predicted 

resulting in a little under prediction of the secondary-side collapsed liquid level, though the break flow 

rate for MSLB was well predicted. The primary pressure was over predicted due to under prediction of 

the break flow rate for SGTR under a rapid depressurisation of the break-downstream. The SG-A 

secondary pressure was under predicted due to overproduction of discharge flow rate through the 

relief valve, resulting in under prediction of the secondary-side collapsed liquid level. The code failed 

to reproduce the primary pressure transient just after the reduction of HPI flow rate. Flow stagnation in 

loop-A was well calculated, though with oscillative flow rate under influences of the SG-A 

depressurisation. The primary mass flow rate in loop-B was over predicted. The code failed to 

reproduce temporal drop in the hot leg liquid level after the PZR became empty of liquid. Decrease 

rate of the PZR liquid level was over predicted after the PORV closure. 

Figure 1 a): Nodding schematic of LSTF for 
RELAP5 analysis for Test 5 

 

Figure 1 b): Nodding schematic of SGTR break 
unit for Test 5 

 

Figure 2: Test 5 and RELAP5 blind analysis 
results for primary and secondary pressures 

 

Figure 3: Test 5 and RELAP5 blind analysis 
results for SGTR break flow rate 

 

  

SGSG

ECCS ECCS

PV

Loop with PZR

Core

Loop without PZR

Upper
Plenum

Pressurizer

(PZR)

Lower
Plenum

Down-
comer

Upper
Head

Control
Rod
Guide
Tube

Break nozzle

SG inlet plenum

SG secondary system

Six equiv. - vol. nodes 

for break nozzle

0

2

4

6

8

10

12

14

16

0 1000 2000 3000 4000 5000 6000 7000

Primary (Exp.)
Second. loop A (Exp.)
Second. loop B (Exp.)
Primary (Cal.)
Second. loop A (Cal.)
Second. loop B (Cal.)

P
r
e
ss
u
r
e 
(
MP
a
)

 Time (s)

0

0.5

1

1.5

2

0 1000 2000 3000 4000 5000 6000 7000

Exp.

Cal.

SG
TR
 B

re
ak

 F
lo

w 
Ra

te
 (

kg
/s
)

 Time (s)



NEA/CSNI/R(2016)10 

202 

Figure 4: Test 5 and RELAP5 blind analysis 
results for MSLB break flow rate 

 

Figure 5: Test 5 and RELAP5 blind analysis 
results for SG collapsed liquid level 

 

Figure 6: Test 5 and RELAP5 blind analysis 
results for HPI-A flow rate 

 

Figure 7: Test 5 and RELAP5 blind analysis 
results for primary mass flow rate 

 

Figure 8: Test 5 and RELAP5 blind analysis 
results for pressuriser liquid level 

 

Figure 9: Test 5 and RELAP5 blind analysis 
results for hot leg liquid level 
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In this section, all the calculated results presented at the PRG meetings are listed in Table A1-4-1. 

All the presentation files are given in the DVD of FIR to share the results among the participants for 

possible further investigations on the results. 

Table A1-4.1: List of presentations at ROSA-2 PRGs on post- and pre-test analyses  
Note on Title: Post-test analysis in black colour (Pre-test analysis in red colour) 

Participant Code Title 

PRG1 at OECD HQ, Paris, May 14-15, 2009 (7 presentations) 

W.P. Baek (KAERI) MARS-KS MARS-KS Assessment for OECD-ROSA Test 3.1 

V. Abella, S. Gallardo,  
G. Verdú (UPV) 

TRACE 5 Condensation-Induced Water Hammer Test Simulation  

J. Freixa, A. Manera (PSI 
TRACE 
(v5.0r3 patch 1) 

Post-test Thermal-Hydraulic analysis of  
ROSA Test 6.2 using TRACE 

A. Romero, S. Chiva,  
J. L. Muñoz-Cobo (UPV) 

TRACE 
Analysis with TRACE of ROSA Test 1.2:  
3D Modelling in the Reactor Vessel and in the Cold Legs 

N. Tregoures, L. Foucher, L. Piar, C. 
Jamond,  
J. Fleurot (IRSN SGTR Crisis Team 
Project) 

ASTEC 
Validation of the ASTEC code on ROSA and ROSA-2 
experiments 

Y. Masuhara, F. Kasahara (JNES) FLUENT 
Analysis of Temperature Stratification Phenomena 
Examination in Cold Leg with FLUENT code (Revised 
version) 

Y. Maruyama (JAEA) 
FLUENT  
Ver. 6.2 

ROSA Project 
Test 4 for Natural Circulation of Superheated Steam  
- Results of Test 4-2 –  

PRG2 JAEA Tokai, Nov. 18-19, 2009 (6 presentations) 

C. Queral, E.Villalba (UPM), Julio Pérez 
(CSN) 

TRACE 5.0 
Simulation of  ROSA test 6.1. 

Sensitivity analysis using TRACE 5.0 

C. Queral, David Prada, E.Villalba (UPM),  
J. Pérez (CSN) 

TRACE 5.0 
 NEA ROSA-2. Test 1 – 17% Hot Leg Break LOCA. 

Pre-test analysis using TRACE 5.0 

J. Freixa, T.-W. Kim,  
A. Manera (PSI) 

TRACE 
(v5.0r3 patch 1) 

Pre-test Thermal-Hydraulic analysis of  
ROSA Test 1 using TRACE 

T. Mieusset, P. Bazin (CEA) 
CATHARE 
V2.5_2-mod3.1 

ROSA-2 – test 1 17 % Hot Leg LOCA  
CATHARE pre-test calculation 

H. Glaeser,  
H. Austregesilo (GRS) 

ATHLET 
Pre-test Calculation of  
ROSA-2 Test 1 (17% Hot Leg Break) with ATHLET 

T. TAKEDA (JAEA) 
RELAP5 
mod3.2.1.2 

Analysis of Hot Leg Intermediate-Break LOCA Test 

PRG3 at NEA HQ, Issy, May 27-18, 2010 (14 presentations) 

N. Khatcheressian,  
L. Foucher, J. Fleurot,  
N. Tregoures (IRSN) 

ASTEC Validation of the ASTEC code on ROSA test 1.1 

H. Glaeser,  
H. Austregesilo (GRS) 

ATHLET 
Evaluation of Uncertainties for a Post-test Calculation of 
ROSA Test 6.1 with ATHLET 

C. Queral,  
J. Gonzalez-Cadelo,  
E. Villalba, J. Hernandez (UPM), Julio 
Pérez (CSN) 

TRACE 

Upper head and lower head LOCA. 

Sensitivity analysis to RCP trip delay. 

LSTF and Almaraz NPP models 

C. Queral, E. Villalba,  
J. Gonzalez-Cadelo,  
J. Hernandez (UPM) 

TRACE 
Simulation of ROSA test 5.1. 

Application to Almaraz NPP. 

S. Gallardo, V. Abella,  
G. Verdú (UPV) 

TRACE  
(V5.0 & V5.0p1) 

ROSA-2 Post-Test2  
with TRACE (V5.0 and V5.0p1) 
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Participant Code Title 

W. Krotiuk (US NRC) TRACE TRACE Modelling of ROSA-2 Tests 1 and 2 

J.R. Jonnet (NRG) SPECTRA 
SPECTRA Code Validation through PWR Cold Leg  
Small Break LOCA Tests in NEA ROSA Project 

T. Takeda (JAEA) 
RELAP5 
mod3.2.1.2 

Test 1 (Hot Leg Intermediate-Break LOCA) 

P. Bazin (CEA) 
CATHARE 
V2.5_2-mod3.1 

ROSA-2 – test 2  17 % Cold Leg LOCA 
CATHARE blind pre-test calculation 
 + First comparison with experimental results 

H. Austregesilo,  
H. Glaeser (GRS) 

ATHLET 
Pre-test Calculation of ROSA-2 Test 2  
(17% Cold leg break) with ATHLET 

J. Freixa (PSI) 

 
TRACE 

Pre- and Post-Test TRACE simulation of  
ROSA-2 intermediate break Tests 1 and 2 

R. Ichikawa (JNES) 
RELAP5 
MOD3.3 

LSTF Cold leg break LOCA (Test 2) analysis with 
RELAP5/MOD3.3 

T. Takeda (JAEA) 
RELAP5 
mod3.2.1.2 

Test 2 (Cold Leg Intermediate Break LOCA) 

T. Takeda (JAEA) 
RELAP5 
mod3.2.1.2 

Test 5 (Main Steam Line Break with SGTR) 

PRG6 of PKL-2 Project at OECD HQ, Paris, Nov. 9-10, 2010 (4 presentations) 

H. Austregesilo, (GRS) ATHLET 
First Results of a Pre-Test Analysis for  
the Counterpart-Tests PKL-LSTF with ATHLET 

J. Freixa (PSI) 
TRACE  
v5.0 RC3 

Pre-test Analysis for a Counterpart Test between  
the PKL and ROSA Facilities 

C. Matteoli, A. Del Nevo, F. D'Auria (UniPi) 
RELAP5 
MOD3.3 (LSTF) 

GRNSPG/UNIPI Contribution on  
LSTF-PKL Counterpart Test Design 

V. Martínez, F. Reventós (UPC) 
RELAP5 
MOD3.3 

PKL-LSTF Counterpart Test:  
Scaling Criterion Assessment 

PRG4 at JAEA Tokai, Nov. 30 – Dec. 1, 2010 (9 presentations) 

T. Takeda (JAEA) 
RELAP5 
MOD3.2.1.2 

Test 5 (Main Steam Line Break with SGTR) 

S. Gallardo, A. Rubio and G. Verdú (UPV) TRACE5 
PKL-ROSA/LSTF Counterpart pre-test analysis.  
Preliminary study with TRACE5 

S. Carlos, J.F. Villanueva, S. Martorell, V. 
Serradell (UPV) 

RELAP5 
RELAP-5 Pre Test Simulations of  
PKL-ROSA Counterpart Test 

V. Martinez, F. Reventôs (UPC) 
RELAP5 
MOD3.3 

PKL-LSTF Counterpart Test:  
Analysis on Boundary Conditions 

H. Austregesilo, (GRS) ATHLET 
Additional Pre-Test Calculation for  
the Counterpart-Tests PKL-LSTF with ATHLET 

J. Freixa (PSI) 
TRACE  
v5.0 RC3 

Pre-test Analysis for a Counterpart Test  
between the PKL and ROSA Facilities 

H. Uehara, R. Ichikawa (JNES) 
RELAP5 
MOD3.3 

LSTF Main Steam Line Break with SGTR (Test 5) 

 Analysis with RELAP5/MOD3.3 

Y. Maruyama (JAEA) 
RELAP5 
MOD3.2.1.2 

Test 4 for Steam Generator Tube Rupture Accident 

– Test Plan –  

M. Ishigaki (JAEA) 
TRACE & 
FLUENT 

Numerical Simulation of  
Two-phase Critical Flow in the Nozzle Tube 

PRG5 at NEA HQ, Issy, Oct. 19-20, 2011 (7 presentations) 

H. Austregesilo (GRS) ATHLET 
First Results of a Post-Test Calculation of  
the OECD ROSA-2 Test 3 with ATHLET 

S. Belon (IRSN) ASTEC V2.0 Post-test analysis of  
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Participant Code Title 

CESAR module ROSA-2 Test 5 (MSLB+SGTR) using ASTEC V2.0 

V. Martinez, F. Reventôs (UPC) 
RELAP5 
MOD3.3 

Counterpart Test: Test 3 Post-Test Analyses 

S. Gallardo, G. Verdú and A. Querol (UPV) TRACE 5 
PKL/ROSA Counterpart TEST.  
Post Test analysis with TRACE5 

T. Takeda (JAEA) 
RELAP5 
MOD3.2.1.2 

Test 3 (Counterpart Test with PKL) 
evaluation of pre-test analysis result 

T. Takeda (JAEA) Test 4 (Recovery Test from SGTR Accident) 

W. Krotiuk (US NRC) 
TRACE  
version 5.391 

ROSA-2 Test 6 Proposal (this test was done as Test 7) 

PRG6 at JAEA Tokai, June 13-14, 2012 (8 presentations) 

J. Freixa (PSI) 
TRACE  
v5.0 RC3 

Remarks on consistent development of  
plant nodalisations: an example of application to  
the ROSA integral test facility 

A. Bousbia Salah & J. Vlassenbroeck (BEL 
V) 

Cathare2 
V2.5_2 Mod8.1 

CATHARE Simulation of ROSA-2 Test 6  

V. Martinez, F. Reventôs (UPC) 
RELAP5 
MOD3.3 

UPC LSTF Test 3 Post-Test Analyses:  
Assessment on CET-PCT using RELAP5mod3.3 

H. Glaeser, H. Austregesilo (GRS) ATHLET 
Pre-test Calculation of ROSA-2 Test 7  
(13% Cold leg break) with ATHLET 

W. Krotiuk (US NRC) 
TRACE  
version 5.391 

Pre-test_7 

R. Ichikawa (JNES) 
RELAP5 
MOD3.3 

LSTF Cold leg break LOCA analysis  
with RELAP5/MOD3.3 (Test 2 and Test 7) 

T. Takeda (JAEA) 
RELAP5 
MOD3.2.1.2 

Blind analysis of Test 7 
(Cold Leg Intermediate Break LOCA) 

A. Satou (JAEA) 
RELAP5 
MOD3.2.1.2 

Test 7 (Cold Leg Intermediate Break LOCA) 
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APPENDIX 2 . LIST OF EXPERIMENTAL DATA (CDS/DVDS) 

Table A2-1 is a list of LSTF experimental data distributed by means of CD-Rs and DVDs during the 

ROSA-2 Project. The DVD of FIR contains all the LSTF experimental data that was contained in the 

CD-R shown in Table A3-1, but does not contain image data from video probes.  
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Table A2-1. List of experimental data distributed by CD-Rs and DVDs  
during the ROSA-2 Project 

No. Test No. Media Contents 

1 

Test 1 (IB-HL-01) 

CD-R Measured test data of all instruments 

2 

DVD 

Image data from video probe in hot leg in loop with PZR 

3 Image data from video probe in hot leg in loop without PZR 

4 Image data from video probe in cold leg in loop with PZR 

5 Image data from video probe in cold leg in loop without PZR 

6 

Test 2 (IB-CL-03) 

CD-R Measured test data of all instruments 

7 

DVD 

Image data from video probe in hot leg in loop with PZR 

8 Image data from video probe in hot leg in loop without PZR 

9 Image data from video probe in cold leg in loop with PZR 

10 Image data from video probe in cold leg in loop without PZR 

11 

Test 3 (SB-HL-18) 

CD-R Measured test data of all instruments 

12 

DVD 

Image data from video probe in hot leg in loop with PZR 

13 Image data from video probe in hot leg in loop without PZR 

14 Image data from video probe in cold leg in loop with PZR 

15 Image data from video probe in cold leg in loop without PZR 

16 
Test 4 

(SB-SG-15) 

CD-R Measured test data of all instruments 

17 
DVD 

Image data from video probe in cold leg in loop with PZR 

18 Image data from video probe in cold leg in loop without PZR 

19 

Test 5 (SB-SG-
14) 

CD-R Measured test data of all instruments 

20 
DVD 

Image data from video probe in cold leg in loop with PZR 

21 Image data from video probe in cold leg in loop without PZR 

22 

Test 6 (ST-NC-
41) 

CD-R Measured test data of all instruments 

23 

DVD 

Image data from video probe in hot leg in loop with PZR 

24 Image data from video probe in hot leg in loop without PZR 

25 Image data from video probe in cold leg in loop with PZR 

26 Image data from video probe in cold leg in loop without PZR 

27 

Test 7 

(IB-CL-05) 

CD-R Measured test data of all instruments 

28 

DVD 

Image data from video probe in hot leg in loop with PZR 

29 Image data from video probe in hot leg in loop without PZR 

30 Image data from video probe in cold leg in loop with PZR 

31 Image data from video probe in cold leg in loop without PZR 
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Method to read LSTF experimental data from FIR DVD 

The data in the FIR DVD can be read by following the instruction below.  

Each data folder in the FIR DVD contains the same content of the data CD-R distributed during 

the ROSA-2 Project. The data reading can be done by using followings files other than LSTF data 

file(s): 

1. A folder bin that contains lstfread.exe file. 

This file reads data in CD-R, extracts data and creates data table in MS Excel format. 

2. CDread.bat file. 

This file activates lstfread.exe in bin folder and specify CD-R drive name. 

3. TAGLIST.xls file. 

This is a table of all the LSTF data. Please consult this table to seek necessary Function ID and 

LSTF System Description Report that indicates the location of sensors. 

4. Readme(HowToUse).doc file. 

The data reader programme “lstfread.exe” converts the data file(s) into a csv file of LSTF data by 

the following procedures. 

1. Prepare a folder named ‘output’. 

2. Copy the folder bin and CDread.bat file into a work directory the same as the folder 

‘output’. 

3. Insert LSTF Data CD-R and confirm RUN ID and Function IDs you want to obtain data. 

‘Function IDs’ are listed in ‘TAGLIST.xls’ file that is included in each of LSTF data CD-R. 

The contents of ‘TAGLIST.xls’ file may change according to the change in the 

measurement instruments. 

4. Double click CDread.bat to activate it. 
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Input several parameters requested as follows: 

(Example) 

DISC DRIVE ? D: <==  Drive for CD-R 

RUN ID ? SHI <==  Fix 

Start Time ? 0.0 <==  Arbitrary 

End Time ? 100.0 <==  Arbitrary 

Number of Data (Max 40) ? 3 <==  Arbitrary 

Function ID ? 

FE6 

PE10 

LE3 

This Example creates a data table file of SB-HL-18 (abbreviated as SHI) in TSV (tab separated 

values) format that contains three data (FE6, PE10, LE3) for the same measurement time span. 

 

(1) Program starts the preparation of a csv file into the folder ‘output’. 
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APPENDIX 3:  LIST OF PUBLICATIONS 

Tables A3-1 and A3-2 are lists of published papers and reports respectively based on ROSA  

and ROSA-2 Project. 

Table A3-1: List of published papers based on ROSA and ROSA-2 Project 

No. Paper 
Distribution date 

F: file 

1 
H. Nakamura et al., “Overview of Recent Efforts through ROSA/LSTF 

Experiments”, Nuclear Engineering and Technology 41(6) (2009) 753-764 
– 

2 

T. Takeda et al., “Analysis of the OECD/NEA ROSA Project experiment 

simulating a PWR small break LOCA with high-power natural 

circulation”, Annals of Nuclear Energy 36 (2009) 386-392 

– 

3 

M. Suzuki et al., “Performance of Core Exit Thermocouple for PWR 

Accident Management Action in Vessel Top Break LOCA Simulation 

Experiment at OECD/NEA ROSA Project”, Journal of Power and Energy 

Systems 3(1) (2009) 146-157 

– 

4 
S. Gallardo et al. of UPV, “OECD/NEA ROSA Project Test 3-2. Simulation 

with TRACE5”, Spring Camp (June 2009) 
– 

5 
S. Gallardo et al. of UPV, “Upper head SBLOCA simulation with different 

versions of TRACE5”, Spring 2010 CAMP Meeting (June 2010) 
– 

6 

V. Abella et al. of UPV, “Phenomenological Study of Condensation Induced 

Water Hammer Events with the Thermal-hydraulic Code TRACE5”, 

Spring 2010 CAMP Meeting (June 2010) 

– 

7 

S. Gallardo et al. of UPV, “High Power Natural Circulation SBLOCA 

Transient in LSTF (ROSA V) Simulation with TRACE5.0”, ICAPP’ 2010 

(June 2010) 

– 

8 

J. R. Jonnet, A. de With of NRG, “SPECTRA Code Validation through PWR 

Cold Leg Small Break LOCA Tests in OECD/NEA ROSA Project”, 

NUTHOS-8 (October 2010) 

F: 9 April 2010 

9 

J. Freixa et al. of PSI, “Thermal-hydraulic analysis of an intermediate 

LOCA test at the ROSA facility including uncertainty evaluation”, 

NUTHOS-8 (October 2010) 

F: 15 April 2010 

10 
V. Abella et al. of UPV, “Pressure Vessel SBLOCA Simulation with 

TRACE: Application to LSTF (ROSA V)”, PHYSOR-10 (May 2010) 
– 
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No. Paper 
Distribution date 

F: file 

11 

J. Freixa et al. of PSI, “Analysis of an RPV upper head SBLOCA at the 

ROSA facility using TRACE”, Nuclear Engineering and Design 240 

(2010) 1779-1788 

– 

12 
C. Queral et al. of UPM, “Accident Management Actions in an Upper Head 

SBLOCA with HPSI Failed”, Nuclear Technology 175(3) (2011) 572-593 
– 

13 

J. Freixa et al. of PSI, “Verification of a TRACE EPR
TM

 model on the basis 

of a scaling calculation of an SBLOCA ROSA test”, Nuclear Engineering 

and Design 241 (2011) 888-896 

– 

14 
S. Gallardo et al. of UPV, “Assessment of TRACE 5.0 against ROSA Test 

6-1, Vessel Upper Head SBLOCA”, NUREG/IA-0245 report (April 2011) 

F: 10 November 

2010 

15 

S. Gallardo et al. of UPV, “Assessment of TRACE 5.0 against ROSA Test 

6-2, Vessel Lower Plenum SBLOCA”, NUREG/IA-0244 report (February 

2011) 

F: 10 November 

2010 

16 

T. Takeda et al., “ROSA-2 Project Experiment on MSLB with SGTR and 

RELAP5 Analysis”, 2010 Annual Meeting of Atomic Energy Society of 

Japan (cancelled) 

F: 14 February  

2011 

17 

T. Takeda, “Thermal-hydraulic Safety Research for Improvement of LWR 

Safety – Validation of thermal-hydraulic analysis methods based on 

LWR system-integral experiments by using ROSA/LSTF”, Report on 

nuclear safety research of JAEA (FY2010) (January 2011) 

F: 14 February  

2011 

18 

T. Takeda et al., “RELAP5 Analyses of OECD/NEA ROSA-2 Project 

Experiments on Intermediate-break LOCAs at Hot Leg or Cold Leg”, 

ICONE19 (October 2011) 

F: 14 February  

2011 

19 
S. Gallardo et al. of UPV, “TRACE 5 Simulation of a Cold Leg Intermediate 

Break LOCA”, ICAPP’ 2011 (May 2011) 
F: 22 March 2011 

20 
C. Queral et al. of UPM, “Analysis of Surge Line MBLOCA Sequences with 

HPSI Failed”, NURETH-14 (September 2011) 
F: 25 March 2011 

21 

J. Freixa et al. of PSI, “Post-test Thermal-hydraulic Analysis of Two 

Intermediate LOCA Tests at the ROSA Facility Including Uncertainty 

Analysis”, NURETH-14 (September 2011) 

– 

22 

H. Nakamura et al., “Effectiveness of Core Exit Thermocouple (CET) 

Temperature Indication in Accident Management of Light Water 

Reactors”, NURETH-14 (September 2011) 
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No. Paper 
Distribution date 

F: file 

23 

T. Takeda et al., “ROSA-2 Project Experiment on SGTR and RELAP5 

Analysis”, 2011 Fall Meeting of Atomic Energy Society of Japan 

(September 2011) 

– 

24 

T. Takeda et al., “RELAP5/MOD3.2 Sensitivity Analysis Using OECD/NEA 

ROSA-2 Project 17% Cold Leg Intermediate-break LOCA Test Data”, 

OECD/CSNI Workshop on Best Estimate Methods and Uncertainty 

Evaluation (November 2011) 

– 

25 

J. Freixa, A. Manera of PSI, “Remarks on Consistent Development of Plant 

Nodalisations: An Example of Application to the ROSA Integral Test 

Facility”, Science and Technology of Nuclear Installations, Article ID 

158617 (2012) 

– 

26 

T. Takeda et al., “RELAP5 Analysis of OECD/NEA ROSA Project 

Experiment Simulating a PWR Loss-of-Feed water Transient with High-

Power Natural Circulation on”, Science and Technology of Nuclear 

Installations, Article ID 957285 (2012) 

– 

27 

S. Gallardo et al. of UPV, “Thermal-hydraulic Analysis of an Intermediate 

LOCA Test at the ROSA Facility Including Uncertainty Evaluation”, 

Spring 2012 CAMP Meeting (May 2012) 

F: 28 February 

2012 

28 

S. Gallardo et al. of UPV, “Simulation of Main Steam Line Break with 

Steam Generator Tube Rupture Using TRACE”, PHYSOR 2012 (April 

2012) 

F: 28 February 

2012 

29 
A. Querol et al. of UPV, “Intermediate BLOCA Scenarios, Sensitivity 

Analysis with TRACE 5”, 2012 ANS Annual Meeting (June 2012) 
F: 7 March 2012 

30 

J. Freixa et al. of PSI, “Thermal-hydraulic analysis of an intermediate 

LOCA test at the ROSA facility including uncertainty evaluation”, 

Nuclear Engineering and Design 249 (2012) 97-103 

– 

31 

T. Takeda et al., “RELAP5 Analyses of OECD/NEA ROSA-2 Project 

Experiments on Intermediate-break LOCAs at Hot Leg or Cold Leg”, 

Journal of Power and Energy Systems 6(2) (2012) 87-98 

– 

32 
J. Freixa et al. of PSI, “Counterpart experiment between the PKL and 

ROSA facilities”, Spring 2012 CAMP Meeting (May 2012) 
F: 27 April 2012 

33 
S. Gallardo et al. of UPV, “PKL/ROSA Counterpart Test. Post Test Analysis 

with TRACE5”, Spring 2012 CAMP Meeting (May 2012) 
F: 10 May 2012 

34 
S. Gallardo et al. of UPV, “Simulation of 1% Hot Leg SBLOCA with 

TRACE5”, ICAPP’ 2012 (June 2012) 
– 
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No. Paper 
Distribution date 

F: file 

35 

S. Gallardo et al. of UPV, “Assessment of TRACE 5.0 against ROSA Test 

3-2, High Power Natural Circulation”, NUREG/IA-0412 report (March 

2012) 

– 

36 
S. Gallardo et al. of UPV, “Assessment of TRACE 5.0 against ROSA Test 

3-1, Cold Leg SBLOCA”, NUREG/IA-0413 report (March 2012) 
– 

37 

T. Takeda et al., “OECD/NEA ROSA Project Experiment on Steam 

Condensation in PWR Horizontal Legs during Large-break LOCA”, 

ICONE20 (July 2012) 

– 

38 
S. Gallardo et al. of UPV, “Break Size Effects on CET Response in an Upper 

Head SBLOCA Transient”, ICONE20 (July 2012) 
– 

39 

S. Raub et al. of KTH, “Validation of TRACE Code against the 

ROSA/LSTF Test 6-1 Simulating SBLOCA”, NUTHOS-9 (September 

2012) 

– 

40 
S. Gallardo et al. of UPV, “Simulation of Natural Circulation Phenomena 

during a LOFW Accident with TRACE5”, NUTHOS-9 (September 2012) 
– 

41 

H. Nakamura et al., “OECD/NEA ROSA-2 Project (1) Achievement of 

OECD/NEA ROSA-2 Project”,  

M. Ishigaki et al., “OECD/NEA ROSA-2 Project (2) Cooldown Experiment 

by Natural Circulation with Loss of Coolant in Secondary Side of Steam 

Generator”,  

T. Takeda et al., “OECD/NEA ROSA-2 Project (3) LSTF Test on CET 

Performance during PWR Small-break LOCA and RELAP5 Analysis”,  

A. Satou et al., “OECD/NEA ROSA-2 Project (4) Experiments of PWR 

Cold Leg Intermediate Break LOCA”,  

S. Abe et al., “OECD/NEA ROSA-2 Project (5) Relap5 Analyses of PWR 

Cold Leg Intermediate Break LOCA”,  

All for 2012 Fall Meeting of Atomic Energy Society of Japan (September 

2012) 

– 

42 

J. Freixa et al. of PSI, “Post-test Thermal-hydraulic Analysis of Two 

Intermediate LOCA Tests at the ROSA Facility including Uncertainty 

Evaluation”, Nuclear Engineering and Design 264 (2013) 153-160 

– 
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No. Paper 
Distribution date 

F: file 

43 

T. Takeda et al., “OECD/NEA ROSA Project Experiment on Steam 

Condensation in PWR Horizontal Legs during Large-Break LOCA”, 

Journal of Energy and Power Engineering 7 (2013) 1009-1022 

– 

44 
T. Takeda, “Thermal-hydraulic Safety Study through ROSA Project”, 

Report on nuclear safety research of JAEA (FY2012) (January 2013) 
– 

45 

S. Abe et al., “OECD/NEA ROSA-2 Project (6) RELAP5 Analyses with Use 

of Multiple Channel Core Modelling of PWR Cold Leg Intermediate 

Break LOCA Experiment”, 

D. Irwanto et al., “OECD/NEA ROSA-2 Project (7) A Preliminary 

3D Steam Flow Analysis for CET Behaviour Simulation during LSTF 

SBLOCA Experiment”, 

All for 2013 Annual Meeting of Atomic Energy Society of Japan (March 2013) 

– 

46 

J. Vlassenbroeck, A. Bousbia Salah of Bel V, “Assessment of Natural 

Interruption Phenomenon in a PWR with Inverted SG U-tubes”, 

NURETH-15 (May 2013) 

F: 21 November 

2012 

47 
H. Nakamura et al., “Major Outcomes from OECD/NEA ROSA and ROSA-

2 Projects”, NURETH-15 (May 2013) 

F: 21 December 

2012 

48 
T. Takeda et al., “LSTF Test on CET Performance during PWR Hot Leg 

Small-break LOCA and RELAP5 Analysis”, NURETH-15 (May 2013) 

F: 21 December 

2012 

49 

W. J. Krotiuk of NRC, “Comparison of TRACE Predictions and Lessons 

Learned for the ROSA-2 Intermediate Break Tests 1, 2 and 7”, 

NURETH-15 (May 2013) 

F: 9 January 2013 

50 

J. Freixa et al. of PSI, “Thermal-hydraulic System Code Performance for 

SBLOCA Phenomenology under Different Geometries and Scales”, 

NURETH-15 (May 2013) 

F: 10 January 2013 

51 
K. Umminger et al. of AREVA, “Overview on Test Results from the 

OECD/NEA PKL 2 Project”, NURETH-15 (May 2013) 
– 

52 

S. Gallardo et al. of UPV, “Testing 3D and 1D components to Model the 

Pressurised Vessel. Application to SBLOCA Scenarios”, NURETH-15 

(May 2013) 

– 

53 

S. Abe et al., “RELAP5 sensitivity analyses on influences of CCFL on core 

cooling during LSTF cold leg intermediate break LOCA experiments in 

OECD/NEA ROSA-2 Project”, IAEA Tech. Mtg. on BEPU Methods in 

Safety Analysis (June 2013) 

F: 28 May 2013 
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No. Paper 
Distribution date 

F: file 

54 

D. Irwanto et al., “A Preliminary 3D Steam Flow Analysis for CET 

Behaviour during LSTF SBLOCA Experiment Using FLUENT Code”, 

ICONE21 (July 2013) 

– 

55 

M. Xing et al., “Validation of TRACE Code against ROSA/LSTF Test for 

SBLOCA of Pressure Vessel Upper-Head Small Break”, ICONE21 (July 

2013) 

– 

56 
N. Yu et al., “ATHLET simulation of OECD/NEA ROSA-2 Test 2 about 

Cold Leg Intermediate-break LOCA”, ICONE21 (July 2013) 
– 

57 

Z. Du et al., “ATHLET Analysis of OECD/NEA ROSA-2 Test 7 

Experiments on Intermediate-break LOCA at Cold Leg”, ICONE21 

(July 2013) 

– 

58 

T. Takeda et al., “Measurement of non-condensable gas in a PWR small-

break LOCA simulation test with LSTF for OECD/NEA ROSA Project 

and RELAP5 post-test analysis”, Experimental Thermal and Fluid Science 

51 (2013) 112-121 

– 
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Table A3-2: List of reports on ROSA-2 Project 

No. Report 

Distribution 

date 

F: file 

1 

Thermohydraulic Safety Research Group, “Quick-Look Data Report of 

Test 1 (Designated JAEA Internal Run ID of IB-HL-01) Test for Hot 

Leg Intermediate Break Loss of Coolant Accident with Break Size 

Equivalent to 17% of Cold Leg Flow Area” (6 October 2010) 

F: 6 October 2010 

2 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 1 (Hot Leg Intermediate Break LOCA IB-HL-01 in 

JAEA)” (5  September 2005) 

F: 16 September 

2011 

3 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 2 (Cold Leg Intermediate Break LOCA IB-CL-03 in 

JAEA)” (27 September 2010) 

F: 27 September 

2010 

4 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 2 (Cold Leg Intermediate Break LOCA IB-CL-03 in 

JAEA)” (5 September 2011) 

F: 16 September 

2011 

5 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 3 (Counterpart Test to PKL SB-HL-18 in JAEA),” 

(29 March 2012) 

F: 29 March 2012 

6 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 3 (Counterpart Test to PKL SB-HL-18 in JAEA),”  

(30 November 2012) 

F: 30 November  

2012 

7 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 4 (Steam Generator Tube Rupture Accident SB-SG-

15 in JAEA)” (10 November 2011) 

F: 10 November 

2011 

8 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 4 (Steam Generator Tube Rupture Accident SB-SG-15 in 

JAEA)” (9 November 2012) 

F: 10 November 

2011 

9 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 5 (Main Steam Line Break with Steam Generator 

Tube Rupture SB-SG-14 in JAEA)” (10 November 2011) 

F: 10 November 

2011 

10 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 5 (Main Steam Line Break with Steam Generator Tube 

Rupture SB-SG-14 in JAEA)” (9 November 2012) 

F: 9 November 

2012 
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No. Report 

Distribution 

date 

F: file 

11 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 6 (Natural Circulation Test: ST-NC-41 in JAEA)” 

(16 May 2012) 

F: 16 May 2012 

12 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 6 (Natural Circulation Test: ST-NC-41 in JAEA)” (24 

January 2013) 

F: 24 January 2013 

13 

Thermohydraulic Safety Research Group, “Quick-look Data Report of 

ROSA-2/LSTF Test 7 (Cold Leg Intermediate Break LOCA IB-CL-05 in 

JAEA)” (8 February 2013) 

F: 8 February 2013 

14 

Thermohydraulic Safety Research Group, “Final Data Report of ROSA-

2/LSTF Test 7 (Cold Leg Intermediate-break LOCA IB-CL-05 in 

JAEA)” (4 March 2013) 

F: 4 March 2013 
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