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Thermal-hydraulic Analysis for the Lead-Bismuth Eutectic Cooled Reactor
— System Analysis by MSG-COPD Code—

(Research Document)

Takashi Iwasaki®, Takaaki Sakai’, Yasuhiro Enuma’

ABSTRACT

The feasibility study for fast breeder reactors(FBRs) including related nuclear fuel
cycle systems has been started from the 1999 fiscal year by Japan Nuclear Cycle
Development Institute (JNC). Phase 1 studies were finished at the end of March, 2000.
Various options of FBRs plant systems was studied and concept of Lead-Bismuth
Eutectic (LBE) cooled FBRs have been selected as one of these options.

In the United States, the LBE cooled reactor has been examined by Generation V.

Plant dynamics analyses on 2 type of LBE-cooled reactors, forced circulation type
which designed by JNC and natural circulation type which was designed by University of
California, Berkeley, have been performed to understand the basic thermal-hydraulic
characteristics of the reactors.

As a result of the analysis on JNC forced circulation reactor, it has been clarified that
hot coolant remains in the upper plenum by the thermal stratification in case of a manual
trip condition. And the characteristics of pump coast down influences core exit high-
temperature in case of a loss of power condition.

In addition, as a result of analysis on the natural circulation reactor, the flow-
redistribution effect in ductless core channels by the buoyancy force has been evaluated

for a candidate duct core channels.

1) Nuclear Energy System Inc.

2) Thermal-Hydraulics Research Group, OEC, Japan Nuclear Cycle Development Institute
(JINC)

3) FBR System Design Group, OEC, INC
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2.2 FRBITEZR 5 LBE MENF OEEREH

EHH =-Rivd E
[RFIPEEREH
B MWt 750
ADOLBE °c 352
H 0O LBE °c 520
RE kg/h 2.75E+08
SGEEREH
EH = 2
THBRE MWt/2 937.5
RE AB#K °c 240
HOER °Cc 4527
ADOLBE °c 520
H A LBE °c 352
E5 KK " MPa 6.5
RE K kg/hE | 1.5605E+06
LBE kg/h& | 1.3760E+08
R JEBERE N
L EL £ 2
R THRE m®/min 222.6
o T EERE rpm 260
PHX EBER 5
K = 2
RBR=E MWt/ £ 12
RE 1A D LBE °c 630
1R{@IH A LBE °c 608.45
2RAADZER °c 320
2RAIEAZES °c 535
RE 1 4 kg/hZ | 1.373E+07
2 % kg/hE | 1.376E+06
AC EERSE
K =S 2
RHRBRE MWt/ £ 12
mE 1A D LBE °c 535
1A E LBE °Cc 320
2HRBEIAOZES °C 50
2RBIHOZES °Cc 400
"= 14| LBE kg/h 1.376E+06
2RBAIER ka/h 1.198E+05
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Table 3.2 Steady State Nominal Operating Conditions and structures

Coolant Lead-Bismuth | Unit
Fuel Material UN

Power 125 MWt
Core inlet/outlet Temperature 400/545 C
Core Coolant Flow-rate 5883 kgls
THX Primary inlet/outlet Temperature 545/400 C
THX Primary Coolant Flow-rate 5883 kg/s
THX Secondary inlet/outlet Temperature 368/515 C
THX Secondary Coolant Flow-rate 5433 kgls
Steam Generator LBE inlet/outlet Temperature 515/331 C
Steam Generator LBE Coolant Flow-rate 578 kg/s
Steam Generator Feed Water Inlet Temperature 240 C
Steam Generator Steam Outlet Temperature 482 C
Steam Generator Feed-water Flow-rate 6.9 kgls
Active Core Height 1.25 m
Core Diameter 1.978 m
Cladding Quter Diameter 1.2 1 ecm
Fuel Pellet Diameter 1 cm
Fuel Rod Triangular Pitch to Diameter Ratio 1.208 -
IHX inner diameter 2.248 m
THX outer diameter 3.148 m
THX length 13 m
Steam Generator Tube Height 3 m
Number of Steam Generators 8 -
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