Summary of the Project Meeting on Neutronics/Thermal-Hydarulic Coupled Code Analysis of VVER-1000 and VVER-440 Reactors

Introduction

The meeting took place in Kiev, Ukraine from December 9 to December 11, 2002 and was hosted by Kiev State University (KSU), Ukraine. Prof. Ihor Kadenko from KU opened the meeting. He welcomed the participants of the meeting on behalf of KSU and introduced the meeting agenda. The participants introduced themselves and the organizations they represented. Six participants from three organizations from two countries participated in the meeting. The list of participants is provided in Annex 1. The agenda of the meeting is provided in Annex 2.

Dr. Philip Pizzica provided opening remarks on behalf of ANL – the US Project Coordinator. The group was reminded that there must be better adherence to the project schedule, which has slipped somewhat due to many factors. At this time the project has continuing financial support but the future of the project will depend on the achievement of the project goals in a reasonable schedule. Dr. Kostadin Ivanov provided opening remarks on behalf of PSU – the Technical Assistant to the US Project Coordinator. He supported the need to accelerate the project schedule and stated that now there is also a technical basis for making a faster progress. 

Technical Sessions


During the Session on Exercise 1 of the VVER-1000 MCP Switching On Coupled Code Benchmark each organization presented the status of its work and the latest available results. Dr. Alexander Shkarupa presented selected KSU results obtained with RELAP-3D for Exercise 1 and the resolution of ANL and PSU comments on the KSU final report on Exercise 1 (see Annex 3). In the discussion the following issues were addressed:

(a) By adjusting the fouling factors in steam-generator model of RELAP-3D better agreement with plant data for the initial cold and hot leg temperature predictions was obtained.

(b) The issue of discontinuity between the initial steady state and the transient in the RELAP-3D predictions (small positive reactivity and unstabilized parameter behavior at the end of steady state) was resolved by suggesting to run the “null” transient long enough to achieve zero initial reactivity and stabilized parameter behavior.

(c) Based on his analysis of the RELAP-3D predicted loop heat-up temperatures and comparison with the plant data Dr. Alexander Shkarupa suggested that the initial power level has an impact on the delta-T values.

(d) The hot and cold leg temperature predictions with RELAP-3D show spikes, which are not seen in the measured data. The possible reason for this disagreement was identified to be the thermo-couple response delay (about 10 seconds).  

Further Kostadin Ivanov from PSU presented the final results, obtained for the 1st Exercise, using TRAC-PF1 (see Annex 4). He discussed the approximations utilized in the different TRAC-PF1 component models as the steam generator model, the pressurizer model, and the fuel rod modeling. Dr. Alexander Shkarupa suggested that the agreement of TRAC-PF1 predictions of the steam-generator levels could be improved if PSU utilizes the boundary conditions for the feed water mass flow rate and secondary pressure provided by RELAP3D instead the ones provided by RELAP5/Mod.3.2. The reason for this suggestion is that RELAP3D is able to predict the mixing in the reactor vessel using its 3-D vessel capability, which is more realistic modeling. PSU presented results from sensitivity studies performed with TRAC-PF1. The first study identified the time where the parameters and power level stabilizes during the transient, it is found that the transient problem time should be extended up to 800 seconds instead 129 seconds. Prof. Vladimir Borisenko supported this finding based on the neutron physics considerations – in order to take into account the effect of the delayed neutrons. The second study demonstrated the impact of the initial power level on the transient predictions. Using 824 MWt as initial power level TRAC-PF1 results showed much better agreement with measured data especially for the loop heat-up temperatures. The third study shows that the impact of the uncertainty of the used value for the Doppler Temperature coefficient (in the range of plus minus 15 %) is not considerable on the transient results. 

During the session on Exercise 2 of the VVER-1000 benchmark Kostadin Ivanov presented information about the models and capabilities of the lattice physics code HELIOS as well as the PSU transient cross-section generation methodology. The PSU interpolation procedure has been implemented as a new cross-section modeling routine in RELAP-3D through the capabilities of the user’s subroutine. The core thermal-hydraulic boundary conditions, necessary for the calculation of the Exercise 2, have been also provided to KSU. After resolving the modeling issues of Exercise 1 there is a technical basis for expedited completion of Exercises 2 and 3.  

After discussions it was decided that the work on the VVER-1000 benchmark – all exercises – should be finalized by the end of February 2003.  

Dr. Nina Trofimova from KSU presented the status of the development of VVER-440 coupled code benchmark and outstanding modeling issues (see Annex 5). One issue, which needs further investigation, is the correct sector modeling of the down comer and the transition of the down comer to the core. It was decided that the RELAP-3D results (using four loop model) and TRAC-PF1 (using six loop model) for Exercise 1 would be presented at the beginning of March 2003.  For the draft results and report on Exercises 2 and 3 KSU will utilize their cross-section library generated with WIMS. PSU will generate new transient cross-section library for the VVER-440 benchmark using HELIOS. PSU and KSU will perform comparative verification study of the two libraries.

In the following two sessions the scopes of work, work plans and schedules for coupled code analysis of Rivne VVER-440 and Zaporizhzhya VVER-1000 DBA reactivity transient scenarios (Phase 3 of the project) were discussed. In regard to the cross-section generation and modeling for Phase 3 of the project it was decided that the most efficient way to develop transient cross-section libraries fro Rivne and Zaporojia NPPs is to have a three weeks workshop (first three weeks in March 2003) at PSU. This workshop will be attended by two specialists from KSU and PSU will provide training to them in developing HELIOS input decks and applying the PSU cross-section generation and modeling methodology. The developed cross-sections will be validated using measured data and results from licensed codes.

In the following discussion of Phase 3 of the project the major issues were addressed and the following decisions have been made for the purpose of this project:

· Official transfer of the original Rivne RELAP5 input decks used in the DBA work should be made as soon as possible for the purpose of QA. Prof. Kadenko will contact the Rivne NPP and Dr. Pizzica will contact the US project manager for the Rivne DBA. The original Rivne NPP, which is a 4-loop model – 3 single loops and one triple loop, will be used for Phase 3 of the project. This model is being extended by KU to complete 6-loop model and subsequently verified and it can be used by KU to assess the approximations made in the original 4-loop model.  

· Dr. Alex Shkarupa presented a summary of the Rivne DBA report and the Ukraine acceptance criteria (see Annex 6). The full scope of the DBA work was examined and specific Rivne DBA reactivity scenarios were selected/confirmed for analysis during Phase 3 based on the smallest margin of the results to the acceptance criteria (DNBR). 

· K. Ivanov will prepare a draft of the updated Rivne SOW for KSU including the cross-section generation work.

It has been agreed upon that the work on Phase 3 – Rivne and Zaporizhzhya analyses - will be finalized in September 2003 and the final reports will be prepared by the end of 2003. In order to accomplish this work in timely manner the following project meetings are scheduled for next (2003) year:   

a) Workshop at Penn State (first three weeks in March 2003);

b) Project meeting on May 14-15, 2005 in Saclay, France in conjunction with the OECD/DOE VVER-1000 CT Benchmark Workshop (to be held on May 12-13, 2003 in Saclay);

c) Project meeting at the beginning of October in Kiev, Ukraine – to re-solve any outstanding calculation issues and prepare a basis for finalizing the coupled code DBA analysis reports.    

