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Abstract. This paper describes the current activity in Japan Nuclear Energy Safety Organization (JNES) for the perspective of evolving needs for advanced analysis and evaluation methods. The status of the development and application of the advanced methods are presented such as the Best Estimate codes and its application to LWRs, the CFD codes and its application to Fuel Cycle Facilities and Severe Accident Analysis, etc. 
1. Introduction
Regulatory needs for the advanced analytical methods for the review and assessment of the licensing applications are increasing. For example, power uprates, life extension or increased fuel burnup as well as cumulative effects of simultaneous or subsequent design changes in a plant, can challenge original safety margins while fulfilling all the regulatory requirements. It has been recognized that currently used methods for safety analysis may not be sufficient to guarantee that enough safety margin exists and more advanced analysis methods are needed to quantify the safety margin. The needs of the advanced evaluation method are also increasing in for the safety review of newly established nuclear fuel facilities, the probabilistic safety assessments (PSA) especially for the severe accident analyses, etc. For these purposes we upgrade and qualify safety analysis codes (including analysis methods) based on the up-to-date needs and technical knowledge.
2.  Best Estimate codes and its application to LWRs

 
Current licensing analyses in Japan, for abnormal operational transients and accidents, are based on the deterministic approach, using rather simple analysis model such as point reactor kinetics with ample analysis margin. However, recent progress of computer capability and analysis method enable the more detailed safety analysis based on the statistical approach such as BEPU (Best Estimate code Plus Uncertainty) method, which provides us with quantitative information of the analysis uncertainties in rationalizing the appropriateness of safety margin (Fig.1). Japanese utilities are now planning to apply these methods to the future licensing application of the plant modification such as power up-rate, high burn-up, cycle extension, etc. On the basis of these circumstances, we also have been developing these methodologies in order to evaluate that the safety margin is surely maintained in these plant modifications and to provide the regulatory body (METI) with the appropriate licensing decision-making information. From such purposes, we are equipped with the best estimate (BE) codes such as 3-dimensional neutron kinetics thermal hydraulic analysis code SKETCH-INS/TRAC, TRACE, etc. as well as developing the statistical analysis methods (Fig.2, Fig3).
[image: image1.jpg]


[image: image2.wmf]1

2

3

4

5

6

7

ACC

�@

�A

�B

�C

�D

�E


[image: image3.wmf] 

 

CHAN:1

-

33

 

Pump

 

Recirculation

 

Loop

 

Jet Pump

 

Fue

l Channel

 

 

1

 

 

 

2

 

 

 

23

 

 

 

24

 

 

 

Heating

 

Length

 

(3.7m)

 

 

 

10

 

Reactor Vessel

 

1

 

2

 

(3.2m)

 

Ring

 

 

 

 

 

Steam 

 

Dome

 

 

 

     

 

CHAN:1

-

33

 

15

 

13

 

12

 

11

 

9

 

8

 

5

 

4

 

3

 

2

 

1

 

14

 

C/L

 

(22.1m)

 

Level

 

6

 

7

 

Separator

 

Main Steam Line

 

SRV

 

TSV

 

TBV

 

Break

 

Turbine

 

Break

 

Break

 

Condenser

 

Fill

 

Feedwater Line

 

Leak

 

Inlet

 

Outlet

 

CHAN 

 

TSV

 

TBV

 

SRV

 

[image: image4.wmf] 


 Another application of the best estimate code is of the simulation of actual plant behavior relating to event trace of plant trouble and its review of appropriateness of the countermeasures. For this purpose, we maintain the actual plant analysis data which contain more detailed model than the licensing analysis, including control systems and various mitigation systems.

 Furthermore, best estimate code is now planning to be applied to the plant aging evaluation such as PTS (pressurized thermal shock) which is important to the aged plants in future from the regulatory viewpoint. The best estimate code analysis results are utilized in defining the thermal hydraulic condition in these aging evaluations. Figure 4 shows the example of TRACE code modeling for PTS.
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3.　CFD codes and its application to Fuel Cycle Facilities
We support the safety review of the regulatory body by means of audit analysis (we call it cross-check analysis). For this purpose we upgrade and qualify safety analysis codes (including analysis methods) based on the up-to-date needs and technical knowledge. We applied some CFD (Computational Fluid Dynamics) codes for the analyses of nuclear fuel facilities such as MOX fuel fabrication facilities, interim spent fuel storage facilities or the vitrified package storage facility. Figure 5 shows the image of interim spent fuel storage facility.
For example, PHOENICS and/or FLUENT codes have been applied to the atmospheric temperature analysis in conjunction with heat flow both in the spent fuel storage cask and in the storage facility. Figure 6 shows the analysis results of cooling air temperature and velocity in the interim spent fuel storage facility. The analysis codes are validated by conducting benchmark analyses etc. Therefore, analytical accuracies are upgraded and analytical functions are expanded for the codes.
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Fig. 5 Image of interim spent fuel storage facility (natural air ventilation system)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　


　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
　　　　　　　　　　　　　　　　　　　　　　　　　　

Fig.6　Analysis results of cooling air temperature and velocity by PHOENICS code
 (For example only)

4.　CFD applications to Severe Accident Analysis
With the progress of probabilistic safety assessments (PSA) applications, the severe accident progression analysis codes, used in the PSA, are needed for higher qualification and reliability. 

Lumped-parameter severe accident analysis code has been extensively applied to the level 2 PSAs, the examination of the effectiveness of severe accident managements (AMs) and other risk analyses of the LWRs in Japan. However, many severe accident phenomena have not been yet sufficiently modeled, and local complex geometries and transport behaviors have not been taking into account in the lumped parameter severe accident analysis codes.

In those circumstances, the JNES is paying efforts in the improvement of the severe accident progression analysis codes with following approaches: (1) Code validation with existing experimental data, (2) International cooperative experimental research for quantifying and understanding key phenomena, which are not yet sufficiently investigated and modeled, (3) Applications of computational fluid dynamics (CFD) to tracking and delineation of the local and detail transport phenomena inside a complex geometry, and (4) Implementation of the CFD mechanistic approach to the lumped parameter code in the conventional analysis methodology (empirical models).
Figure 7 shows an example of application of the CFD technique to the prediction of the local flow pattern in a multi-compartment containment vessel (CV).  Steam gas, released at a part of the lower compartment, mixed almost completely with the air in whole CV by natural convection and the atmospheric temperature was almost homogeneous, which showed an effective cooling of recirculation cooler. 

Fig.7　CFD code applications to the examination of the effectiveness of containment cooling AM 
5. Summary
The upgrade and qualification of safety analysis codes such as BE codes, CFD codes and their application to LWRs, Fuel Cycle Facilities and severe accident analyses have been progressing in JNES. In this paper the status of the development and application of the advanced method to the facilities and accident analyses are presented. We are continuing the efforts to provide the regulatory body the rational evaluation tools in the decision making process.
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Fig.3 BWR plant model of SKETCH-INS/TRAC-BF1





Fig.4 TRACE analysis for PTS evaluation 





Fig.1 Concept of BEPU analysis
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Fig.2 BWR 3D core model of SKETCH-INS
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