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An Evaluation Study on ULOF Event Sequences in the Prototype FBR
- An Evaluation of CDA Reflecting the Latest Knowledge -

Yoshiharu Tobita*, Koji Morita**,
Ken-ichi Kawada***, Hajime Niwa*#¥
Nobuyuki Nonaka**

ABSTRACT

The sequences of ULOF (unprotected loss-of-flow) event in the prototype FBR
has been evaluated, as a part of the research and development (R&D) in the reactor safety
research, reflecting the latest experimental and analytical knowledge on CDA (core
disruptive accident) which has been accumulated at O-arai Engineering Center,

In the R&D activity on the FBR reactor safety subject, we have accumulated the
experimental knowledge of mitigation mechanism in the energy generating process in
CDA, utilizing international in-pile safety experimental programs such as CABRI program,
as well as the out-of-pile experiments in Japan and foreign countries. This knowledge
has been reflected to the development and validation of the SAS and SIMMER code.
The objectives of this study are to apply these new assessment techniques to the prototype
FBR and to clarify quantitatively in detail the energy generation process of CDA. In this
study, an emphasis is placed on the event sequence of the melt progression phase
(“transition phase™) which has been recognized as one of the important issues of CDA
analysis. The major parameters to be considered in this phase are the change of the
mobile molten fuel mass and the history of the fuel motion, and also the relation between
these parameters and energy generation mechanism.

The following methods and approaches have been taken into account in this
evaluation study.

- The SAS4A code is used for the analysis of the transient behavior in the first
phase driven by core voiding (“initiating phase™), and the SIMMER-III code is
used for the latter phases with melt-progression (transition phase) and also the
energy conversion process from the thermal one to the mechanical one. These
codes have been developed and validated under the collaboration among PNC,
CEA and FZK. :

- The uncertainty band of the void reactivity worth and Doppler coefficient has
been reduced through the re-evaluation of the critical experimental data in the
neutron physics area. These results are taken into account.

~ Judgment of the scenario and selection of the major physics parameters have
been conducted based on the latest experimental knowledge of the transient fuel
behavior and material motion, and also on the model validation studies.

- The mitigation mechanisms of the neutronic potential in the transition phase are
reasonably considered in the assessment.

- A distribution of the core materials in the prototype FBR is simulated in detail in
order to clarify the incoherence of the material motion.

- The energy conversion process from the thermal one to the mechanical one is
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reasonably evaluated by considering the transportation of the core material out of
the core and the interaction process between the core material and sodium in the
upper plenum.

The following conclusions were deduced from the analysis and assessment

based on the directions shown above.

(D

2)

3

Q)

(5)

The initial transient in ULOF accident sequence, which is driven by the void
reactivity, does not produce a significant energy due to the existence of the inherent
mechanism which mitigates the reactivity insertion. The disrupted fuel remains
dispersed in the core and the initial transient is followed by the transition phase.
This conclusion does not change even if all the uncertainties concerning the dominant
mechanisms are considered to the maximum in the analysis.

In the most probable event progress in the transition phase, the reactivity lowers
continuously with the core melting propagation and the accident eventually
terminates at the permanent sub-critical state without any significant energy release.
This result was deduced from the analysis which reflects the event progress and the
material distribution in the initiating phase appropriately and considering the
interrelation between the event progress and the material motion. This analysis also
showed that the inherent mitigation mechanism which decreases the neutronic
activity of the reactor such as the fuel escape from the core with the core melt
propagation and pressure buildup plays an important role.

The recriticality event which produces kinetic energy is only possible under the
conservative assumptions in which these mitigating mechanisms are restricted and
the consistency of event progress is modified hypothetically.

Even with this conservative assumption, the effective mechanical load to the reactor
boundary was estimated to be about 16 MJ (about 110 MJ in IEW: isentropic
expansion work of the fuel vapor to 1 atm).  This mechanical load was obtained by
analyzing the energy transformation process from the thermal energy in the core to
the kinetic energy of the sodium slug which collides with the shielding plug. This
kinetic energy is sufficiently smaller than the mechanical strength limit of the
boundary structure and hence the CDA in ULOF sequence does not threaten
mechanically the integrity of the reactor boundary.

The conclusions noted above verify the basic characteristics of the event progress
and the functions which restricts the release of radioactive materials in CDA in the
former assessment and re-confirm the conservatism of the assessed energy release in
the licensing procedure (about 380 MJ in IEW).

This study was performed jointly by the Nuclear System Safety and Reliability

Research Section and the FBR Safety Engineering Section.

*

k%

Advanced Tech. Div., Nuclear System Safety and Reliability Research Section.
(FBR Safety Section as an additional post).
Safety Eng. Div., FBR Safety Section.

*#%* Nuclear System Safety and Reliability Research Section.
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Table 2.3-1 Prototype FBR Core Design Parameters

- General -

Power (MWt)
Burnup, Max/Av.
(10* MWD/MTM)

Core Volume (1)

Core Eq. Diam. (cm)

Core Height (cm)

Axial Blanket Length (cm)
Upper/Lower

Radial Blanket Eq. Diam. (cm)

Core Volume Fraction
Fuel/$5/Na/Void

Pu Enrichment
Innner/Quter-EC-Core
Power:

Av. Power Density (W/cc)

Av. LHGR (W/cm)

Peak LHGR (W/cm)
Coolant:

Iniet/Outlet Temp. ()

- Fuel Design -

No. of Fuel Assemblies
Nao. of Pins/Assembly

Hex Cell Pitch (mm)

Fuel Pin Pitch (mm)

Duct Outer Face-to-Face (mm)
Duct Wall Thickness (mm)

Clad Outer Diam., (mm)
Clad Thickness (mm)
Pelet Diam. (mm)
Pellet Density (%TD)

Max Void Worth ($) *
(EQEC)

Core Fuel Doppler (10-3 Tdk/dT)

Na-in Core
Na-Out Core *
Axial Core Expansion ($/cm)

Beta Effective (107)
Prompt Neutron LIfe Time
(Na-in, mticr.sec)

714
10.0/8.0

2335.0
178.8

93.0
30.0/350

240.0
33.5/245/40.0/2.0

16.1/21.6
(Pu-fissile / Pu+1))

273.0
210.0
394.0

3977529
198

169
115.6

7.9
110.6

- 3.0

6.5
0.47
54
85

- Core Reactivity Coeffs. - (Used in SAS4A for EOEC-ULOF Analysis )

2.6%

-6.1
-5.2
-0.6

3.59
0.427

Note * Not Including ex-wrapper sodium
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:|2.32 33F v > RIOIFEEEFRE

TV LHAE BREERE
CH| SA¥ (x105 Pa)| FPA AR 3 MWD/MT| Fi&fbHH P/F{E
1 3 19.1 0.54 6.96E+04 2.04 0.95
2 3 30.7 0.65 1.06E+05 1.93 0.90
3 3 9.6 0.41 2.66E+04 2.23 1.03
4 3 13.8 0.47 4. 92E+04 2.12 0.99
5 3 247 0.60 8.76E+04 1.97 0.91
6 3 30.3 0.65 1.05E+05 1.91 0.89
7 6 13.8 0.46 4 87E+04 2.10 1.04
8 3 18.7 0.53 6.85E+04 2.00 0.99
9 3 30.2 0.64 1.04E+05 1.89 0.94
10 6 9.5 0.40 2.60E+04 2.17 1.13
11 3 13.5 0.45 4.77E+04 2.06 1.07
12 6 18.9 0.53 6.84E+04 2.00 1.04
13 6 23.9 0.59 8.58E+04 1.91 0.99
14 3 31.7 0.66 1.07E+05 1.92]. 1.00
15 3 9.0 0.37 2.46E+04 2.04 1.14
16 9 27.2 0.65 9.17E+04 1.98 1.11
17 6 16.5 0.47 6.37E+04 1.85 1.04
18 6 23.4 0.58 8.42E+04 1.87 1.04
19 12 8.3 0.32 2.25E+04 1.86 1.11
20 3 16.1 0.46 6.24E+04 1.81 1.09
21 6 19.9 0.50 7.82E+04 1.73 1.04
22 9 24.7 0.56 9.40E+04 1.68 1.01
23 6 9.7 0.42 2.66E+04 2.18 1.12
24 9 13.7 0.47 4.87E+04 2.05 1.05
25 9 16.4 0.48 6.47E+04 1.84 0.94
26| 12 22.1 0.57 8.36E+04 1.81 0.93
27 6 29.4 0.65 1.05E+05 1.82 0.93
28 9 6.9 0.20 1.84E+04 1.50 1.01
29 9 8.3 0.24 3.39E+04 1.42 0.96
30 9 11.4 0.32 5.32E+04 1.51 0.92
31 9 11.0 - 0.27 6.00E+04 1.29 0.87
32| 12} 13.6 0.32 7.34E+04 1.27 0.86
33| 174 4.8 0.00 2.11E+03 0.09
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radial blanket

A: Address outer core

B: Cycle

C: SAS g
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channel
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