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ABSTRACT

The role of nuclear power plants in electricity generation in Korea is expected to become more
important in the years to come due to poor natural resources and green house gases. This heavy
dependence on nuclear power eventually raises the issues of efficient utilization of uranium resources
and of spent fuel storage. Fast reactors can resolve these issues. Korea Atomic Energy Research
Institute started development of a Liquid Metal Reactor design in 1997 and completed the Conceptual
Design in March of 2002. Efforts are currently directed toward the development of advanced fast
reactor concepts and basic key technologies.

1. Introduction

Electricity demand is rapidly increasing in Korea. It increased about seven times in 20 years from
1980 to 1999 and the anticipated average annual growth rate of electricity demand through the year
2015 is 4.1%. However, there is little domestic energy resources; no crude oil, little natural gas,
limited hydro power and limited utilization of coals due to environmental concerns.

The first commercial nuclear power plant Kori Unit 1 started its operation in 1978. Currently there are
12 PWRs and 4 CANDUs in operation. 27% of total installed capacity and 39% of total electricity
generation is nuclear in the year 2001. The role of nuclear power plants in electricity generation in
Korea is expected to become more important in the years to come due to poor natural resources. The
significance of nuclear power will become even greater, considering its practical potential in coping
with the emission control of green house gases.

This heavy dependence on nuclear power eventually raises the issues of efficient utilization of
uranium resources, which Korea imports from abroad, and of spent fuel storage. Fast reactors can
resolve these issues and studies have been performed for the estimation of nuclear waste when fast
reactors are introduced.

The Korea Atomic Energy Research Institute (KAERI), which is the only national institute for R&D
on nuclear energy, has been developing fast reactor technology under a national long-term R&D
program since 1992. KAERI started development of KAL3MER (Korea Advanced Liquid Metal
Reactor) design in 1997 and completed the Conceptual Design in March of 2002. Improvements of
computer codes and experiments for computer model validation have been performed as well. These
computer codes and design methodologies have been used for the Conceptual Design. KAERI is
currently developing advanced fast reactor concepts and basic key technologies.



2. R&D Activities for KALIMER

The key design parameters of KALIMER, which is a sodium cooled pool type fast reactor, is
summarized in Table 1.

Table 1. KALIMER Key Design Parameters

OVERALL
Net p'ant Power, MWe
Core Power, MWt
Gross Plant Efficiency, %
Net Plant Efficiency, %
Reactor
Number of IHTS Loops
Safety Shutdown Heat Removal
Seismic Design

CORE
Core Configuration
Core Height, mm
Axial Blanket Thickness, mm
Maximum Core DiamcJer, mm
Fuel Form

ISO
392.2
41.5
38.2

Pool Type
2

PSDRS
Seismic Isolation Bearing

Heterogeneous
1000

0
3373

U-Pu-J0%Zr Alloy
Feed Driver Fuel TRU Enrichment for 30.0
Equilibrium Core, %
Assembly Pitch, mm
Fael/Bianket Pins per Assembly
Cladding Material
Refueling Interval, months

161.0
271 /127

HT9
IS

PHTS
Reactor Core I/O Temp., °C
Total PHTS Flow Rate, kg/s
Primary Pump Type
Number of Primary Pumps

IHTS
IHX I/O temp., °C
IHTS Total Flow Rate, kg/s
IHTS Pump Type
Number of IHXs
Number of SGs

Steam System
Steam Flow Rate, kg/s
Steam Temperature., °C
Steam Pressure, MPa

386.2 / 530.0
2143.1

Electromagnetic
4

339.7/511.0
1803.6

Electromagnetic
4
2

175.45
483.2

15.5

The work for the KALIMER design and technology development was carried out in five areas and the
major works carried out in the Project year 2001 are as follows.

2.1 Core Design

The following is the list of activities performed during Phase 2 of the Project for core design and
analysis:

D Development of a Conceptual Design
• Breakeven Core Design and Analysis

O Development of Computer Codes for
• Nuclear Design
• Core T/H Design
• Core Kinetics Analysis
• Fuel Design

During the first Project year of the Phase 2, the breakeven core configuration (Figure 1) was
developed with the pursuit of the KALIMER running with its own initial plutonium inventory, the
external feed only consisting of depleted uranium. The second year is devoted to designing and
analyzing the transition phase from the startup core to the equilibrium core. In this study, an explicit
cycle-by-cycle fuel management is modeled and continuously evolving isotope compositions have
been obtained due to the self-recycling of transuranics (TRUs). As difficulties has arisen in controlling
the power distribution due to its strong radial heterogeneity in such a small reactor and small power
sharing of blanket assemblies at the beginning of the cycle, exploratory startup core configuration has
been devised to end up with the usage of two differently enriched fuel assemblies. In addition, the
subsequent cycles are to suffer the shuffling of driver and blanket assemblies. Physics data from the



startup core constituted another set of bounding physics data together with those from the equilibrium
core.

A projection for the evolution of TRUs with the deployment of TRU burners incorporating the
pyrochemical reprocessing technology is made to show the expected mass flow of long-lived
radioactive materials in the context of Korea's long term power development plan. This result has
served to manifest the LMR's capability to manage TRUs and as an outcome, further study strongly
supported by the back-end of the fuel cycle development group is being contemplated to investigate
TRU transmutation potential of nuclear complex and also refine related methodologies for the coming
years.

Design methodology and computer code improvement are achieved in the following area in the fiscal
year 2001:

• Automation of interface design data generation system for other design activity area

• Preparation and validation of the 150-group MASTER library based on the ENDF/B-VI

(compared to the 80-group MASTER library based on the JEF-2.2)

• Development of 3-dimensional transient analysis code

• Complement and verification of sub-channel heat transfer model between assemblies, and
addition of transient heat transfer analysis capability in the sub-channel analysis code

• Fuel/blanket rod performance analysis model improvement (in TRAMAC) during
steady/transient states
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Figure 1. KALMER Breakeven Core Layout

2.2 Fluid System Design

The bases of the preliminary conceptual design were enhanced qualitatively through design analysis
and the system design requirements were revised reflecting the findings for revision necessity
identified in the preliminary conceptual design process. The system design was deepened and
expanded by developing design concepts of auxiliary systems essential for NSSS performance and
checking the system design for the interface of NSSS and auxiliary systems. Plant operation logic was



setup in detail and the logic was implemented to the system performance code. The code was applied
for representative system transients. From this, the operability of the plant and performance of the
control logic were assessed and the design features of further consideration for optimization were
identified and system transient temperature data were generated for thermal load effects analysis.

For the containment dome space cooling, various cooling methods were devised and evaluation was
made for each of the methods. Based on the evaluation results, a best cooling system design for
KALIMER was chosen. The SG design of which major features were developed in the preliminary
design phase was re-evaluated and its design conservatism was made realistic by reducing its length
by 20% and the overall mass by 10 ton. The new design for enhancing the PSDRS heat removal
capacity using radiation structures was registered to Japan for patent. Also another new design concept
for PSDRS of Figure 2 that improves the heat removal capacity substantially by using thermosyphon
was developed and application for patent was filed to foreign countries. In the plant protection system
design, the operation range of the system was analyzed and reliable software trip logic was devised
and implemented to the system design. Logics for set point calculation, comparison and operation
bypass were developed for the bi-stable logic module design. In the design of the coincidence logic
module, voting logic for 2 out of 4 and channel trip bypass logic were developed.

For the support of the system design work,
various computer codes for analysis and
design were developed and improved. An
analysis code for steam generator operation
stability was developed and the operation
stability of the KALIMER was preliminarily
confirmed. Models for turbulence effects for
analysis of a thermal striping phenomenon
were comparatively assessed and the analysis
methodology for turbulent flow for thermal
striping was setup preliminarily. Computer
codes were developed for the analysis of
sodium-water-reaction phenomena including
initial pressure pulse propagation stage and
long term behavior. Major revision work was
made to the system transient analysis code
LSYS and the basic structure of the revised
code LSYS2 that has the features of fast
calculation, numerically stable calculation;
easiness of implementing various control
logics was developed. The developed code
LSYS2 was applied to the KALIMER system

Containment

Figure 2. New PSDRS Design with Thermosyphon

design and dynamic characteristics of the system design was preliminary evaluated.

2.3 Mechanical Structure Design

The main activities during Phase 2 of the Project for mechanical structure design and analysis are
described. The main features of the mechanical structure design in KALIMER are the seismically
isolated reactor building, the reduction of total pipe length of the 3HTS, the simplified reactor support,
and the simplified reactor internal structures. The overall configuration of the KALIMER reactor
building, system, and components is shown in Figure 3.



Figure 3. Arrangement of KALMER Reactor Building, Systems and Components

As for the reactor internals, a simple skirt type core support structure, integrated cylinder type support
barrel, UIS and core shield support structure are conceptually designed and the design of the inlet pipe
is simplified. The baffle annulus structure in the reactor internals can mitigate a large thermal
difference between the hot pool and cold pool region. From the structural integrity evaluations of the
conceptually designed baffle annulus structure subjected to the elevated temperature for normal
operations, the service limits of the stresses, accumulated inelastic strains during total service lifetime,
and creep-fatigue damages satisfy the ASME design rules. The ratcheting analysis of the reactor baffle
and the thermal striping analysis of the UIS bottom structure are performed using developed high
temperature inelastic structural analysis code and a commercial FEM code to ascertain the structural
integrity per ASME high temperature structural design rule. The improved seismic analysis model is
developed for the structural evaluation of reactor structures. Time history seismic response analysis
has been performed for OBE (0.15g) and SSE (0.3g). A comparison study between the response
characteristics of seismically isolated and non-isolated cases is also carried out and the seismic
margins are evaluated. In these seismic evaluations, the seismic isolation design presents a great
reduction in the seismic loads on the reactor structures compared with those for the non-isolated
design. The seismic relative displacement responses of main components and between UIS and core
are calculated and compared with allowable limit.

The seal design of the reactor head considering the components in contact with the reactor head has
been carried out. The conceptual design of the reactor head considering the components in contact
with the reactor head and the insulation/shield plates below the reactor head is carried out. It was
shown that the evaluation results for the reactor head satisfy the maximum allowable deflection and
stress intensities. The conceptual design of the refueling system with a fixed plug type IVTM and a
rotatable plug is performed. The reactor system has been conceptually designed based on in-service
inspection and maintenance approaches to satisfy the safety goal and ensure high plant availability by
providing features that allow for removal and in-place maintenance. From the analyses arranging the
seismic isolators (^1.2m) between ground and lower basemat in the KALIMER reactor building
(W52m x D39m x H54.8m), a total of 174 seismic isolators are determined to have the seismic
isolation functions.

In mechanical design and analysis for KALIMER, main computer programs are ANSYS and
ABAQUS for structural analysis and IDEAS for design and solid modeling. Using NONSTA program



developed to perform inelastic stress analyses of the high temperature structures, the conservatism of
the design code such as ASME-NH and RCC-MR is analyzed. Using SAC-CORE program simulating
the core seismic behavior, a seismic analysis model for KALIMER is developed and a seismic
response analysis is performed. Buckling evaluation program of BUCKLE-LOAD is verified based
upon the fundamental buckling test results for a cylindrical shell. Ratcheting tests for a reduced scale
cylindrical shell are performed to get deformation of reactor baffle subjected to repeated high
temperature loads. The test results are used in developing the analysis procedure of ratcheting behavior
of some components by ABAQUS program.

2.4 Safety Analysis

General bases for analyses on the transient, HCDA, and containment performance, have been
developed for a guideline not only to the performance of the safety evaluation, but to the development
of overall safety analysis technology. The criteria are quantified conservatively based on the current
knowledge of irradiated metal fuel and HT9 pin behavior to ensure that the design requirements are
fulfilled.

The system-wide transient analysis code SSC-K [1] is a principal code for analyzing various off-
normal conditions or accidents for the KALIMER conceptual design. The SSC-K has been developed
by modifying the SSC-L code [2] which was originally developed for the analysis of a loop-type LMR
by the Brookhaven National Laboratory. The main modifications for the SSC-K are made in the
models associated with the reactivity feedbacks for the metallic fuel and pool thermal-hydraulics.
Besides, a model for the passive residual heat removal system has newly been developed and a
multiple-bubble slug ejection model for sodium boiling has been developing in order to extend its
applicability. A two-dimensional hot pool thermal-hydraulic model has also been incorporated into it
for the analysis of the thermal stratification phenomena in the hot pool. A code-to-code comparison
analysis has been carried out for an assessment of the SSC-K calculations, using the SAS4A/SASSYS
code. [3].

The safety analyses of unprotected events for the breakeven core design have been performed using
the SSC-K code. The summary of analysis results for the various unprotected events is presented in
Table 2. It clearly shows that the inherent safety characteristics of KALIMER from the reactivity
feedbacks are ensured. It also demonstrates that both the passive residual heat removal system and
large thermal inertia of pool-type reactor contributes to sustaining the primary system within the safety
limits.

Table 2. Summary of safety analysis for unprotected events

Limit

Event

UTOP
ULOF
ULOHS*
ULOF/LOHS

Core outlet average
temperature (°C)

760

Initial
core

600
588
690
589

Equil.
core

594
587
697
588

Peak cladding
temperature (°C)

790

Initial
core

643
629
623
629

Equil.
core

620
612
628
613

Peak coolant
temperature (°C)

1070

Initial
core

635
624
596
625

Equil.
core

611
609
612
610

Peak fuel
temperature (°C)

1070

Initial
core

965
818
835

Equil.
core

956
823
851

819 I 823

* Primary pumps are not tripped intentionally.



2.5 Sodium Technology

The year 2001 is ending year of Phase 2 of KALIMER Project. The activities on sodium technology
during 2001 were divided into three categories; code verification, basic sodium technology
development and safety handling technology developemnt of sodium.

For code verification, the pressure drop test in IHX was carried out in the water mock-up facility,
allowing the temperature variation and several kinds of inclined tube bundle angle. PSDRS(Passive
Safety Decay Heat Removal System) test was carried out in a tenth scaled-down facility continuously
after last year to measure the profiles of temperature, pressure and velocity in a hot and cold air
channel. Liquid level fluctuation test was carried out to analyze the critical condition of gas
entrainment into IHX by measuring the height of free level and flow rate.

Beside of these tests, pressure drop measuring test in the magnetic field of sodium, heat flux sensor
development were proceded for basic technology development.

And sodium fire detecting sensor development, sodium-water reaction analysis, and acoustic leak
detecting system development were continued for safety handling technology developemnt of sodium.

3. Conclusions

The conceptual design of KALIMER has been completed in March, 2002 through the feedback of
safety and performance analysis results to the system design. Improvements of computer codes and
experiments for computer model validation have been performed as well. These codes and design
methodologies were utilized for the development of a conceptual design starting from the preliminary
conceptual design developed during Phase 1 (July, 1997 - March, 2000).

Phase 3 started this April and covers a three-year period up to March, 2005. Efforts will be made to
develop basic key technologies and to establish advanced concepts for

• Proliferation-resistant core design and fuel cycle concepts
• System design for improvement of economics and safety
• High temperature structural analysis
• Safety analysis

Acknowledgements

The contributions made by Drs. S.O. Kim, J.H. Lee, J.H. Choi are gratefully acknowledged. This work
was performed under the Long-term Nuclear R&D Program sponsored by the Ministry of Science and
Technlogy.

References

1. Y. M. Kwon, Y. B. Lee, W. P. Chang, D. Hahn, "SSC-K Code Users Manual, Rev.l," KAERI/TR-
2014/2002, KAERI, 2002.

2. J. G Guppy, Super System Code (SSC, Rev.0) An Advanced Thermo-hydraulic Simulation Code for
Transient in LMFBRs, NUREG/CR-3169, 1983.

3. J. E. Cahalan and T. Y. C. Wei, "Modeling Developments for the SAS4A and SASSYS Computer
Codes," Proceedings of the 1990 International Fast Reactor Safety Meeting, Snowbird, Utah,
August 12-16, 1990.



Status of National Programmes on Fast Reactors in Korea

Presented to

IAEA Technical Working Group on Fast Reactors
Karlsruhe, Germany, April 22-26, 2002

Yeong II Kim

Korea Atomic Energy Research Institute

''<•)* Korea Atomic Energy Reseiirch Institute



Energy Situation in Korea

• Rapid Increase of Electricity Demand

• About 7 times in 20 years from 1980 to 1999 with an average annual
growth rate of 10.3%

• Anticipated average annual growth rate of electricity demand
through 2015 is 4.1%

• Scarcity of Domestic Energy Resources

• No crude oil production
• Little natural gas
• Limited hydro power
1 Limited utilization of coals due to environmental concerns
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Trend of Electricity Demand
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Power Plant Construction Plan (1999-2015)

Nuclear

Imported Coal

Domestic Coal

Oil

LNG

Hydro and Others

Total

MWe (# of Units)

15,300 ( 14)

12,800 ( 22)

400 ( 2)

5,300 ( 15)

7,520 ( 22)

3,810 ( 31)

45,130 (106)

Ratio (%)

33.9

28.4

0.9

11.7

16.7

8.4

100.0
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Role of Nuclear Energy in Korea

National Energy Security

Fechnology Intensive Energy Sourc

Public Welfare

Utilization of Radioisotopes

Sustainable
Development

Competitive Industry
Enhancement of Technical
Capabilities and Economic

Competitiveness
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P First commercial nuclear power plant Kori Unit 1 started
operation in 1978

D Currently there are 12 PWRs and 4 CANDUs in operation

• Nuclear Power Share (2001)

• 27.0% of total installed capacity

• 39.3% of total electricity generation
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Status of Nuclear Power Plant Construction
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Considerations for the Expansion of Nuclear Power

• Effective Utilization of Uranium Resources

• Waste Disposal and Spent Fuel Storage
• Construction of Low and Medium Level Waste Disposal Site

Construction of Spent Fuel Interim Storage Facility by 2016

•=> Fast Reactors can provide solution

"g'l? Komi Atomic Energy Rcst'iirfh Institute
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Options for Reactor and Nuclear Fuel Cycle

Natural V

(Enrichment)
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Fast Reacto* it Schedule

Phase 1 (1997-1999)
Development of Basic Technology
/ Preliminary Conceptual Design

Phase 2 (2000-2001)
Development of Advanced Basic
Technology / Conceptual Design

Phase 3 (2002-2004)
Development of Basic Key Technologies
/ Establishment of Advanced Concepts

Development of
Conceptual Design

Design requirements
Core and System
Configurations
Bounding Event Analysis

Preliminary
Conceptual

Design
Report

Development of
Computer Codes

Basic Experiments

Establishment of
Conceptual Design

- Design Specification
- Performance Analysis

- Safety Analysis

Improvement of
Computer Codes

for Conceptual Design

Experiments for
Model Validation

Conceptual
Design
Report

Development of
Basic Key Technologies

- Proliferation-Resistant Core
Design and Fuel Cycle Concepts
System Design for Improvement
of Economics and Safety
High Temperature Structural
Analysis

- Safety Analysis

Development of Basic
Key Computer Code

/ Validation of
Computer Codes

Experiments for
Code Validation

12 Korea Atomic Energy Research Institute
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KALIMER Key Design Features

OVERALL
Net Plant Power, Mwe
Core Power, MWt
Gross Plant Efficiency, %
Net Plant Efficiency, %
Reactor
Number of IHTS Loops
Safety Shutdown Heat Removal
Seismic Design Seismic

CORE
Core Configuration
Core Height, mm
Axial Blanket Thickness, mm
Core Diameter, mm
Fuel Form
Feed Fuel TRU Enrichments for
Equilibrium Core, %
Assembly Pitch, mm
Fuel/Blanket Pins per Assembly
Cladding Material
Refueling Interval, months

j , * > / *

i
ISO 1

392.2 [
41.5 |
38.2 |

Pool Type 1
2 j

PSDRS I
Isolation Design 1

I
Heterogeneous |

1000 j

° I
3373 !

U-TRU-10%Zr
3o.o :

!
161 I

271/127 I
HT9 1

18 1

I

PHTS
Reactor Core I/O Temp., °C
Total PHTS Flow Rate, kg/s
Primary Pump Type
Number of Primary Pumps

IHTS
IHX I/O Temp., °C
IHTS Total Flow Rate, kg/s
IHTS Pump Type
Number of IHXs
Number of SGs

STEAM SYSTEM
Steam Flow Rate, kg/s
Steam Temperature, °C
Steam Pressure, MPa

386.2 / 530.0
2143.1

Electromagnetic
4

339.7/511,0
1803,6

Electromagnetic
4
2

175.5
483.2
15.50

IS';.'}
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Pedestal

PSDRS Stacks (4ea) UnJLaiiffl

Electric Power : 150MWe
Nuclear Fuel : Metal Fuel
System Loop
Steam Cycle

2 Loop
Superheated Steam

• Passive Safety : PSDRS, Metal Fuel
• Horizontal Seismic Isolation Design
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Core Design and Analysis
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• Development of Conceptual Design for
• Breakeven Core

• Development of Computer Codes for
• Nuclear Design
• Core T/H Design

** • Core Kinetics Analysis
& • Fuel Design

Q Supplement of Database for the Validation of Computer Codes

-' Korea Atomic Energy Research Instil ate



KALIMER - breakeven Core

• Core Design Development (Equilibrium Cycle)
• Derived from original breeder
• Reduce excess Pu production & ApNa

• Transition Cycle Searches
• Startup to equilibrium cycle simulation
• Scattered reloading : cyclic peak power density
• F/A shuffling : minimize peak and enrichment

fluctuation
• Evolving Pu quality leads to cycle-by-cycle enrichment

searches
• Detailed analysis of heavy metal flow

• Startup Core Analysis
• Recovered TRU from LWR spent fuel: external feeds
• Too high peak power density

- Low power sharing of internal blanket
• Generation of Limiting physics parameters

" APBurnup' peff> q n i a x , B R

• Design review by NOVATOME

0

*

*

o

Driver Fuel
Internal
Radial
Control Rod
uss
GEM
Reflector
B4C Shield
IVS
Shield

54
24
48

6
1
6

48
54
54
72

Total 367

16
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Core Design Methodology Development

• Nuclear Design
• Automation of interface design data generation system for other design activity area
• Preparation and validation of the 150~group MASTER library based on the KNDF/B-VI

(compared to the 80-group MASTER library based on the JEF-2.2)
• Development of 3-dimensional transient analysis code

• T/H Design
• Complement and verification of sub-channel heat transfer model between assemblies
• Addition of transient heat transfer analysis capability in the sub-channel analysis code

• Fuel Rod/Assembly Design
• Fuel/blanket rod performance analysis model improvement (in TRAMAC) during

steady/transient states
• Thermo-mechanical analysis model improvement (NUBOW2D-KMOD) of assembly duct

integrity

17 f ol" Korea Atomic Kner<>v Research Institute
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• Conceptual Design of Fluid System
• Supplement of Fluid and IC System Design
• Evaluation of methodologies for thermal striping analysis
• Detailed analysis for SG heat transfer
• Analysis of SG Operation Instability
• Optimization of SG size and performance analysis of SG system
• Analysis of core exit flow and temperature
• Design and performance analysis for SGACS

• Development of Computer Codes
• Development of a computer code for Later Phase of a Sodium-Water Reaction Event
• Development of a methodology for hot pool free surface behavior and verification and

validation by experiments
• Revision of Performance Analysis Code for NSSS control logic model and for model of

reverse flow in primary sodium of IHX

is vig)' Korea Atomic Knergy Research In.stittile



Detailed analysis of SG heat transfer

• Purpose

• Multi-dimensional analysis of SG(=Steam

Generator) heat transfer

Q Contents

- Shell side : COMMIX code

• Tube side : 1-dimensional model

• Results

• Temperature distribution along tube row

520
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"§480

§460

440

-§420

400
J. 1 . J

n _
- i

A.,

-

J

— I—|

1 .

— |

1

—

r - i

j 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Tube row number
Temperature distribution along tube row number
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surface

Sodium
inlet

Center __
cylinder

Tube
bundle
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outlet
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415.2

383-3
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Sodium velocity and temperature of SG shell side
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Analysis Methodo 1T1U tions of Hot Pool

• Purpose
• Development of free surface behaviors in reactor

hot pool surface

• Contents
• First order VOF model for free surface motions
• CFX code for fluid flow calculation
• Verification of analysis results via experimental

results

• Results
• Establishment of analysis methodology for free

surface motions of hot pool surface

"pi Calcu la ted vaJueiCFX)^^H Exoerimental. valueJ

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distance f rom inner wall(m)

Normalized free surface level along radius(A)

20

<\ A

B

•Calculated value(CFX) "' Experimental value

'•-d ~> i i. — i i

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distance from inner wall(m)

Normalized free surface level along radius(B)
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Analysis of Core Exit Flow and Temperature

• Purpose
Thermal hydraulic analysis of UIS and
core exit region of reactor pool

• Contents
3 dimensional thermal hydraulic
analysis using CFX4.3 code(100%
power operation)

LJ Results
• Sodium temperature distribution of core

exit and UIS region

2.0

1.5

•s ' • •

S o.s

£ o.o

-2.0

/ >•

Velocity distribution

OS 1

Temperature distribution

Hoiflhl from coro oxit (rn) Height from coro oxH (m)

Radial velocity distribution between core exit and VIS bottom (left, right side)

c
a 525
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Melaht from coro oxll (m) M e l g h , ( r o m c o r e e x j , { m )

Temperature distribution between core exit and 1,18 bottom (left, right side)
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Optimization 01 steam venerator Size

• Purpose
• Improvement of steam generator design

• Contents
• Cover gas space for pressure release after

sodium water reaction

• Detailed arrangement of tune bundles in
upper/lower plenum

• Results
• Optimized size of SG design

SG Shell

Inner Shroud

i5 lbTube Row

7lh Tube Row

1 s t Tube Row

unit: mm

SG Radial Dimension
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Nozzle
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Support
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— Tube Bundle
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Support

:.::] Feedwater
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KALIMEK SG Overall Size
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Analysis of Later Phase of SWR Event

• Purpose
• Development of simple analysis code for long-term

behavior of sodium-water reaction

• Contents
• Simple model of cover gas pressurization
• Development of SWR long-term analysis code
" Calculation of bursting time of rupture disk

Q Results
" Transient long-term behavior of SWR event
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Containment Dome

S/G

• Conceptual Design of Reactor Structure System
• Design requirements and structural design bases

• Arrangement of reactor system of reactor

structures, S/G and secondary EM pump

• Conceptual Design Update and Design

Simplification

• Skirt type core support structure
• Fixed plug type IVTM and a rotating plug
• Simplified reactor support via reactor head

extension
« IHTS piping simplification
• Arrangement of isolators for horizontal seismic

isolation system (174 isolators)

Secondary EM Pump

RV Support Wall

IHX
EIVI Pump-

Reactor ('otr>

IHTS
Piping

RV and CV
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Structural Design and Analysis

• Development and Improvement of Computer
Codes for

• Core seismic analysis (SAC-CORE)
• Nonlinear buckling analysis(BUCKLE-LOAD)

• Inelastic structural analysis for elevated temperature
structure (NONSTA)

• Tests for Computer Code Verification
• Thermal ratchet tests for reduced scale Rx baffle with

weldment (NONSTA-EP)
• Seismic buckling tests for reduced scale Rx vessel

(BUCKLE-LOAD)
• Creep and fatigue damage tests for elevated

temperature structure

'1'hermal ratchet tests

Creep and Fatigue tests
I \
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System-wiae iransient Analysis code: SSC-K

• System-wide Transient Analysis Code:
SSC-K

• KAERI has developed pool version of the
SSC-L that developed by BNL for CRBRP

• New models developed for KALIMER:
- Pool thermal hydraulics
- 2-D hot pool model
- Pipe break model
- Reactivity feedback models for metallic

fuel
- Gas expansion module (GEM) model
- Electro Magnetic Pump model

- PSDRS (Passive Safety Decay Heat
Removal System) model

- Sodium boiling model in the core
- Long-term cooling model

• A principal tool for safety analyses of
KALIMER design

Separator

jv-igj? Korea Atomic Kitergy Research Institute



Summary of Unprotected Events Analyses

1100-1
(1)Fuel temperature limit

iaagl Equilibrium core
Initial core

500

(3}Sodium boiling
if pumps on

(3)Sodium boiling
if pumps off

UTOP

(4)Structural damage
short-term

(4)Structural damage
long-term

BED (1)Peak Fuel
r~~1 (2)Peak Cladding
( . . 1 (3}Peak Coolant
r~~~| (4)Avg. Core Outlet

ULOF ULOHS ULOF/LOHS
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• Experiments for Verification of Computer Codes
• PSDRS(Passive Safety Decay Heat Removal System)

- Analysis of heat flow behavior by air cooling

- Measurement of thermal emissivity of the stainless steel 304 & 316, and development of

the correlation equation

• Pressure drop in the intermediate heat exchanger shell side
- Measurement of pressure drop in an inclined tube bundle in a rectangular duct

• Measurement of pressure drop and vibration in the fuel assembly
• Measurement the critical conditions for gas entrainment inception at the free surface of

water in the upper plenum

• Experiments for Development of the Basic Technology of Sodium
• Thermal fluid characteristics of sodium in the various magnetic field

• Development of basic technology on sodium heat flux measurement

• Experiments on Safety Characteristics of Sodium
• Sodium fire detection and extinguishment

- Sensing characteristics of the sodium leak according to the sodium supplying pressure
in the horizontal pipe

• Sodium-water reaction

(>:&U Korea Atomic ICncrgy Research Institute



Experimental Activities (2/3)
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1. Storage tank
2. Pump
3. Damper
4. Flow control valve
5. Horizontal tube bundle
6. Free surface

fluctuation test part
7. Gas mixing test part

Free Surface Fluctuation and
Gas Mixing Test Facility

Acryl shell

Free surface

Vane
(flow control)

Hole: lSxlOOmm,
32ea

Outlet

Screen
Plate, 5stage
<}>10~20

Inlet

Cut View of Gas Mixing
Test Part (No. 7)
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Summary

Q Completion of Conceptual Design Phase

• Establishment of Conceptual Design with Feedback of Safety and
Performance Analysis Results To System Design

• Improvements of Computer Codes

• Experiments for Model Validation

• Development of Detailed Plan for the Next Phase

• Start of Phase 3 for Development of Basic Key Design Technologies and
Establishment of Advanced Concepts

• Proliferation-Resistant Core Design and Fuel Cycle Concepts

• System Design for Improvement of Economics and Safety

• High Temperature Structural Analysis

• Safety Analysis

, *$ • ^ ^ & ! 5
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A Concept of the HYPER System

Core
Assembly: 225
(3 batch refueling)
Subcriticality: -0.98
Output: 1000MWth

Cooling System
- Coolant: Pb-Bi
-Inlet/outlet: 340/510°C
- 3 loop (flow vel. = 1.1 m/sec)

Fuel
- TRU-Zr Alloy/Dispersion
- 217 rods/assy
- Avg. discharge burnup : -25%

Beam Target
- Single window with 2 mm thickness
- Material: 9Cr-2WVTa
- Strength :~1018n/sec

• - Max. Temp : -600 oC
. - Max. Stress = 132MPa

- Rad. Damage - 40 dpa/yr
3800appm/yr He production

-F
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Core Design

Current Major R&D Activities

Optimize Core Configuration and Reloading Pattern Search

Development of 3-D Kinetics Code based on Diffusion method with FEM.

Improving Computing Speed of Monte Carlo Code, MC-CARD (Good Depletion Capability)

• Corrosion Test of Core Structural Materials such as HT-9M, 9Cr-2WVTa, etc.

• Core T/H Analysis using SLTHEN, MATRA, CFX

• Contribution to MEGAPIE Project.

• Fabricate Simulated Fuels and Measure out-pile Data (thermal expansion, deformation due to

thermal stress)
a Optimize Fabrication Process
* Develop Analysis Model; * "* - •



Future Plan

A irradiation test for the fuels(alloy, dispersion) is being considered.

It may be started from 2005.

A small Pb-Bi loop is scheduled to be built in 2004.

The HYPER project will have a peer review in 2003. The results

will decide the R&D direction.


