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m INTRODUCTION

Research and Development {R&D} in this section are consist of two activities on which are Liquid Sodium Technology and Materials Test for Fast
Breeder Rzactor {FBR).
Testing iterns on Sodium Technology are (i) Radioactive Materials Behaviour and Contral Test in Sodium and 2 Sodium !mpurity Measurement

and Control Test.
Testing items on Material Tests are .3, Tests on Structural Materials in air, sodium and water except for neutron irradiation and 4" Tests on Gore
Materials except for fuel.  Data Obtained from these tests are banked in computer system and are summarized to (5) Materials Data Handbook,

The function of this section is showed as follows.

. —-—ﬁ) Radioactive Materials Behaviour and Controt Test in Sadium
—— Sodium Technolagy —

—fé) Sodium Impurity Measurament and Control Test
Materials Development Section ——

@ Tests on Structural Materials
— @ Tests on Core Materials
’5) Material Data Banking System and Materials Data Handbook

~——— Material Tests
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m SODIUM TECHNOLOGY AREA
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m CHARACTERIZATION OF SODIUM TECHNOLOGY

—

Radioactive Material (CP) (FP)
Test :n Sodium . . . . .
Concerned Aegion & Primary System and Sodium Removal Facility v Primary System and Gaseous Prncessing Systern
(CP & FP) from Exchanged Fuel Assemblies
¢ o To Decrease Radia- Operational Phase < During Normal Operation % During Operation with Failed Fusl
tion Exposure 10
Plant Personnel
1 o ToPreyent Source o Activation of Core Materials / Corrosion with Sodium @ Nuclear Fission / Cladding Failure
Contamination in
LMFBR Primary
. System Nuclide o $Mn, $9Co, %%Co & Such Many Kinds as '37Cs, Rare Gasa and Rare Earth atc.
Decreasing Method o CP Trap o FP Trap
Sodium Impurity {Oxygen} {Carbon) {Hydrogen) {Tritiumn)
Measurement and.
Controf Test Concerned Region < Primary and o Primary and a3 Serondary System G Primary and Secondary
Secondary System Secondary System Systems and Gaseous
( Chemical Impurities Pracessing Systems
& Tritium
Operational Phase o During Normal o During Normal o During larmal Opera- o During Normal
o To Assure Operation Operation and In-Leak tion and Failure of Heat Operation
Reliability of Core of Pump Qi Transfer Tube ot 5G
and Structural p
Material in Sodium Source S Air Cantamination < Carbon Transfer of ¢ Corrosion / Diffusion 0 Fast Neutron /
; Structural Materials in SG / of Nascent fnduced Reaction
s To Assure in Sodium and In-Leak Hydrogen in Control Rod
Reliability of of Pump Oil and Scdium-Water and Ternary Diffusion
LMFBR Plant Reaction Fission
|  Operation Control Method o Cold Trap © Cold Trap {may be) O Cold Trap © Cold Trap or
Tritium/Hydrogen
Mzasurement MesFod O Sampler O Sampler o Hydrogan Meter Chemicat Trap
© Plugging Indicator {Carban Mater) {Plugging Indicator)
. - Specimen Equilibra-
Vanadium Equilibra- ( p )
( tion Method ) tion Method
{Oxygen Matar)
e wL—;—_m
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= EVALUATION PROCESS IN SODIUM TECHNOLOGY

LMFBR

Systems &
Components

Design Basis
Structure

Materials

Operation and Maintenance Planning

Test in Sodium

} o Analysis Method for the Behavior of CP, FP & Tritium

o Decreasing Method of CP, FP & Tritium

¢ Sadium Impurity Measurement and Control Methad

Plant Experiences
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® OBJECTIVES OF RADIOACTIVE MATERIAL TEST IN SODIUM

= To Establish Computor Code for CP Behaviour Analysis
(PSYCHE /JOANDARC)
= To Develop Method of CP Trapping

m To Evaluate Method to Prevent or Control Source Rate of CP

= To Develop Method of FP Trapping —— Cesium Trap
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m DEVELOPMENT OF COMPUTOR CODE FOR CP BEHAVIOR ANALYSIS

(PSYCHE / JOANDARC)

Model Parameters for
CP Source Behaviour Analysis
hi Quantity {Rate)
Leaching Evaluation of
CP and Dose .
Carcentration Profife fate and ) Establishment
on Cross Section of [ o Behavi 7| of Computor
Steel Wall ehaviour Code of CP
Cading in Analysis in Behaviour
Theoretical Formuia for Reactor JOYO Plant  improve- Analysis
Adi Loop Reactor Plant System and ment
Deposition | Quantity (Rate) justment Analysis Plant o (PSYCHE /
m System Verification JOANDARC)
PSYCHE (PSYCHE /
Distribution { , JOANDARC)
) ) i
Concentration Profile
an Cross Section' of e Activation e Dose Rate + Analysis for
Steel Wall in Code MONJU and
s CP Distribution LSPBA
o Selective Behaviour in Sodium Solution-Precipitation Model e Core Strl..!cture _
Characteristic of Element gnd Cooling Ve * Com.:entrauon
ystem Profile on Cross
s Transitional Phenomena / ﬁfclran of Steel
d
Dose Rate
Down Stream Effect
. JOANDARC)
» Cooling System
» Shielding
{Qut-Pile Loop Experiments} {Analysis) {Piant Experiences)

{Examination of Foreign Data)
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= DEVELOPMENT OF CP TRAPPING METHOD

(Characterization Test of Trapping Material)

Characteristic Effects on Trapping

Efficiency of Irradiation and Demonstration
{Once Through Efficiency} Test in Plant {(JOYO)
Setection Test qf ¢ Tem_perature Modelling for Desi e Settling in Fuel Practical
Trapping Material o Sodium Flow odeliing Tor tesign o Assembly ractica
Shape and Modifyin . L '
(Nickel Mat.ial) * NicIr:et ying {Effective Efficiency) o Irradiation Effects Using

e Exposure Time
{Effective Efficiency)
» Nickel Mass Transfer

l

Characteristic Problems Resulted
from

Design for Trap

{ # Corrosion by Sodium

e Pressure Loss

( Qut-Pile Loop Experiments ) (Design and Analysis) (Plant Experiences and Analysis )
and Analysis
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~ w DEVELOPMENT OF FP TRAPPING METHOD - CESIUM TRAP

{Selection Test of Trapping Material)
(Characterization Test of Trapping Material)

Carbon Materials / Reticulated Vitreous Carbon

\

Gompatibility in SodiuD Characte<ristic Effects on
Trapping Efficiency of

o Temperature Design for Trap - Experiences of Using _ Practical
o Cesium concentration = Foreign Experiences in Plant (JOYO) Using
o Fiow Rate
(Out-Pile Loop Experiments ) { Plant Experiences and Ana  3)
and Analysis
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m DOCUMENT OF RADIOACTIVE MATERIAL TEST IN SODIUM

%
Test Item Type or Method Content

CP Behaviour Test QOut-Pile Loop Experiment Understanding of Characteristics of CP Behaviour {Selectivity Characteristic
of Elements, Transitional Phenomena, Down Straam Effect} and Quantifying,
Its Recharacterization with Advancing Core and Structural Materials js

Required,
Development of Computor Code Formulation of Solution-Precipita- Formulation of Theoreticai Formula for Analysis. Confirmation of Model
for CP Behaviour Analysis tion Mode! and its Coding (PSYCHE}  Appropriateness by Using Data from Qut-Pile Loop Experiment and Foreign
and Combining with Dose Rate Data and Determination of Analytical Parameters.
Analysis Code (JOANDARC) Coding of CP Source Term (PSYCHE} and Combining with Dose Rate Analy-

sis in Reactor Plant Systems {JOYO and MONJU),
Verification of PSYCHE/JOANDARC by Evaluation of CP and Dose Rate

in JOYO. Analysis of CP Source Term and Dose Rate in MONJU. Its Analy-
sis in Scale-Up of FBR (LSPBR) is Required.

Development of CP Trapping Nickel Getter Type Settled on Core Selection of Nickel Getter Material, Effective on **Mn ano ' 7, Bt a Little
Method on *8Co and %°Co. Characterization Test of Trapping Material {Depenac-ay
of Temperature, Sodium Flow. Shape. Exnosure Time and Nickel Mass
Transfer on Trapping Efficiency and Corrosion Problem). Modelling for
Design.
Finding Its Optimum Setting Position is Required. Irradiation and Demon-
stration Test Program of CP Trap is Proceeding in JOYOQ.

Evaluation of Methods to Prevent Evaluation by Using Analytical Evaluation of Effects by Decreasing of Oxygen, Cobalt Impurity Level in

or Control Source Rate of CP Model Core Materials and Using Cobalt Free Hard Facing Meterials.

Devefopment of Cesium Trap RVC Fiiled Type Settled in Sodium Selection of RVC Meterial with Fine Struct. Characterization Test of Trap-
Purification System ping Material {Temperature, Cesium Concentration, and Pre-Processing on

Trapping Efficiency and Trapping Rate). Confirmation of Nonexistence of
Carhurization Etfect,

Practical Using Program is Praceeding in JOYO.
_——-—_—_“'__—_'__——-—a——_ﬂ_m___;“_
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® APPARATUS FOR RADIOACTIVE MATERIAL

TEST

iN SODIUM

Utilization ; To Study CP Behaviour and To Develop Methaods of

CP Trapping.

Characteristics ;

Constitution : A Main and a Purification Circuit

Materials : SUS316 {Heater, Cooler, Hot Leg F’ping)
SUS304 (Cold Leg Pinping, Other Components and
Piping)
Sadium ",wventory :20¢
Maximum Temperature : 650°C
Maximum Flow Rate : 6.5 ¢/min
Main Piping : 17.3 mm Q.D, X 2.0 mm thick.

Test Section ;

The main circuit has three test sections: a corrosion test section
(T-1) in which irradiated specimens are exposed, followed by hot

leg piping, CP Trap test sections (CPT), and a deposition test section
{T-2) in cold leg piping.

Example of Experimental Condition ;

10

Ternperature : 530°C (T-1), 530°C (CPT-1, CPT-2) and 400°C (T-2)
Flow Velocity : 5.6 m/sec. (T-1, CPT-1)
Oxygen Leve! in Sodium : 2.5 ppm

CPT2

Radiation Shield

Schematic drawing of the Activated Material Test Loop-il

—

=/ ) e

— Irradiated Specimen

Test Spezimen Holder {T-1)
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m 0BJECTIVES OF SODIUM IMPURITY MEASUREMENT AND CONTROL TEST

® To Develop Method of Sodium Impurity Measurement

# To Understand Behaviour of impurities in Sodium

® To Develop Regeneration Method of Cold Trap

8 To Develop Tritium/ Hydrogen Chemical Trap
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s DEVELOPMENT OF CARBON ACTIVITY MEASUREMENT METHOD

IN SODIUM

Metallic Foil Equilibration
Method in Sodium

Measurement in Gas

as Function of Carbon

Liguid Sodium Carbon Meter

Foil

|

Obtaining Carban Activity

Concentration in Metalic

{Equilibration Method)

12

T e i e S R R S S e -

{Equitibration Method) N\

{Dynamical Method)

Measurement in Sodium

¢ Evaluation of Sodium

Environmental Effect

(

LS
Comparison and Calibration

)

Measurament in Sodium

fishaviour Test of
Carbon Activity
in Sodium

¢ Improvement of Sensitibity

¢ Fixing Quantity
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® DOCUMENT OF SODIUM IMPURITY MEASUREMENT AND CONTROL TEST

Test item

Devsiopment of Liquid Sodium Hydrogen

Metar and [ts Behaviour Test

Development of Liquid Sodium Oxygen
Meter

Development of Plugging Indicator

Develcpment of Liquid Sodium Carbon
Meter

impurity Measurement in Sodium with
Specimen Equilibration Method

Development of Regeneration Method of
Coid Trap in Secondary Sodium System

Development of Sodium Sarapling Methoa

Liquid Surface

Type or Method Content

By-Pass Flow Through Sampling Method Used in the Primary and Secondary System of JOYO and the
Test Loops for R & D,

Diffusion Type with Nicket Membrane Confirmation of Noneristence of Oxygen and Hydrogen
interaction in Sodium,

Electrochemicai Type Davelopment of Long-lived Oxygen Mater is Requirad.

Type of Precipitation and Solution at Deva'lopment of Flugging Indicator Being Abie to Identify
Grifice impurities,

Diffusion Type with Thin Membrane Higher Sensitive Carbon Mster is Required. g
Specimen Equilibration Method « Development of Specimer Equilibration Desvice, )

» Establishment of Measurement Method of Oxygen with
Vanadium Wire Method,

= Development of Carbon Measurement Method with Fe-12Mn,
SUS3CAL, in Progress.

Method of Therma! Deconposition Completion of Conceptual Design,
of Hydride and Sweeping Gas from

13
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= APPARATUS FOR SODIUM IMPURITY MEASUREMENT AND CONTROL TEST

Uwlization ; To develop measuring and controlling tech-
nigues of impurity levels in sodium.

{1} On-fine monitors, {2} Equilibration methods for mea-
surement of impurity activities, {3) Egquipments and
techniques for sodium samgpling.

Characteristics ; This inop has been consisted of a mother
and a daughter ioop. Seodium is purified in the main
circuit to he supplied to the test circuit, which has an
slectromagnetic pump, 3 cold trap and some devices and
can ha operated indspendently from the main circuit
after sodium has been supplied,

Main |tams of the Facility

Main ftems of in-Sodium Chemical Meter Pravided to the Test Circunt

Davice

Oxygen Meter

Hydrogen Meter

Carbon Mater

Plugging Indicstor

By -Pass Flow-Through Sampler
Spaciman Equilibration Device
Carban Hot Trap

Oxygen Hot Trap

Mark

OM
HM
CM
Pt
arFty
SED
CHT
OHT

Number

T I B A

Tamperature
°cy
max. 500
A00 600
max. 760
120-300
max. 600
max. 750
max. 700
max, 700

Flow Rate

{€/mon)
1
1

<1

ne, 2
2
1 Carnien Gas {nley

TIT =3 w— Mrrtured Argon

1 ( + Hydrogen
1

PP

12l

Main Circuit Tust Circuit
— T T .
Sodium Irventory (%) 1800 200
Temperature 1°C) 800 400780
Flow Rete (£/min) 100 20
Main Piping (mm) 80500 x38thick | 27.20D. x 2.5 thick
T
L
EHT [+
tise ) B oM
4 /\
[ ] o
H Fik
By *
— | ‘
EC Hol { : €C Ll H 14
B g “e
'
Ear EMP EC
f

' ﬂ@%

Ao

SCHEMATIC FLOW GF SODIUM IMPURITY MEASUREMENT TEST LOOP

= w= Carrigr Gas Outist
C(y -+ CHy -+ Detactor

pu
*]_7 Flange Di"(u!()ﬂ Mambrane
- e
Hausing - T
: ©y

Matat Tuba ™ ’ I @'0) o
ler 7

_ )
Sansar -~ @ -«@
i
’
nl @@
{ Maoistured Argan
- bHydrogen -1 |
L.

ECHEMATIC DRAWING OF CARBON METER
AND MECHANISM
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= OBJECTIVES OF MATERIAL TESTS

1.

Basic Material Property Test on Structural Materials and Core Materials
{1} Compilation of Material Data for Design
« Material Specifications : Product Form, Size (Thickness, Length,
Width, Diameter, etc.},
Chemical Composition, Grain Size,
Heat Treatment Condition and others.
: Tensile, Creep, Fatigue, Stress-Relaxa-
tion, and others
{2) Examination for Apolication of Modified-Type Materials
o Structural Materials
High Cr Ferritic Steels
Modified Stainiess Steel
o Core Materials
Modified SUS 316
Modified Stainless Steels etc.
High Cr Ferritic Steels
Advanced Ailoys (High Ni Alloys, etc.)
{3} Examination for Application of Large-Scale Materials
¢ SUS 304 Forging of Large Diameter and/cr Thickness
¢ 5US 304 Seamiess Pipe of Large Diameter and Thin Thickness
{4} Evaluation on Strergth of Weldments
« Examination for Application of Weid Material, Welding Proce-
dure, and Non-Destructive Inspection Technigue Basic Mechani-
cal Property Tests on Weided Metals
« Application ot inelastic Analysis and Material Tests for Welded
Joints
{8} Evaluation on Creep-Fatigua Life
e Creep-Fatigue Test under Specified and Various Variable Load
Conditions
- Examination of Criteria on Creep-Fatigue Interaction
- ~ndlysis and Evaluation on Creep-Fatigue Life for Test Data

e Mechanical Properties

4,

(6)

{7

Development of Inetastic Constitutive Equation
o Yield Condition

¢ Hardening Rule on Plastic and Creep Strain

o Flow Rule on Plastic and Creep Strain
Evaluation on Crack Growth

s Creep Crack Growth Test

« Fatigue Crack Growth Test

s Creep-Fatigue Crack Growth Test

e Fracture Toughness Test

2. Environmental Effect Test

« In Air
+ In Sodium

' Basic Mechanical Properties

: Corrosion, Mass Transfer, Aging

Effect, and Material Strength Tests

in and after Immersion

Mechanical Properties

: Corrosion, Oxidation, Stress Cor-
rosion Cracking, Wastage, and
Hydrogen Penetration Tests

s Under Neutron lrradiation :
o In H;0, In NaOH, etc,

3. Tribological Test

{1)

(2}

(1}
(2)
(3)

(4)

Devetopment and Selection of Co-Free Alloys for Maintenance Cost
Reduction

Evaluation of Tribological Properties for Sliding and Vibrating Parts
of Demonstrating Reactor

Development on Material Data Handhook

Development on Material Specification for FBR

Farmulation on Basic Mechanical Properties for FBA
Receommendation to Regulator on Material Strength Standard
(Inctuding Design Allowable Stre:ses) for FBR Design Code
Compilation af Materiat Data Handbook on the above all Results

15
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w SCOPE OF R&D ON

MATERIALS

THX SG
Core Secondary Sodium
System
\ Primary f, Turhine
Sodium Generator
Systemn
- )
—_ !
U
-] \ -—
Pump
® Reactor o Inter- o Secondary e Steam * Turbine
Vasssl mediate Coolant Generator Generator
* Caore Hez: Circuit (SG)
gt(uctun Exchanger Pipe
@ Primary
Coalant HHX}
Circuit
Pipe

16
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= MATERIALS

8 Structural Materials

Service Life

Concerning Components

Tests

® Core Materials

Service Life

Concerning Components

Tests

Life Time of Plant (for Parmanent Structure)
R/V, C/I, Pump, IHX, SG, Primary and Secondary Pipe, etc.

Metallurgical and Mechanical Tests in Air, Sodium, Water and Caustic
Environment

Tribology Tests in Sodium Environment for Pump, 1HX and SG

About 2 Years (for Changeable Structure)
CRD, Fuel Cladding Tube, Wrapper Tube, etc.

Metallurgical and Mechanical Tests in Air, Sodium and Neutron
Irradiation Environments
Tribology Tests in Sodium Environment for CRD, Fuel Cladding
Tube and Wrapper Tube

17
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® FLOW DIAGRAM ON DEVELOPMENT OF STRUCTURAL DESIGN STANDARD

e Teniile Test
and Structural Design Standard Analysis and In-Air Tests o Creep Test
FBR — ina Materi Pu— Evaluation of the Structural/Core « Relaxation Test
Structure Design tncluding Materia Tast Results in i )
Strength Standard Air Material « Fatigue Test
Tests e Creep Fatigue Test
¢ Various Inalastic Mate-
{ rial Behavior Tests
| s Welding Effect Test
¢ Crack Growth Test
; * Fracture Toughness Test
|
{Life Time Evaluation) l

Tensile Test

Environmental Tests

Creep Rupture Test
Analysis and Evaluation

Fatigue Tast

i Structursl/C
of Environmental Effects Materialsme s Ureap Fatigue Test
Tests ® Welding Effect Test

« Sodium Effect Test
s Alkari Effect Test
* Water and Sieam Effect Test

Crack Growth Test

Corrosiaon Test

& SCC Test
» Aging Effect Test o Wastage Test
o Irradiation Effect Test Eri “ge & Wear Test
* Frictlon s
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= RELATIONSHIP OF BASIC MATERIAL PROPERTY TESTS TO MATERIAL
STRENGTH STANDARD

(1) Allowable Stress Data

Sm
Sy
Su
So
St

Sn
Sr

Design Stress Intensity (Time-Independent)

Design Yield Strength -
Design Tensile Strength
Maximum Aliowahle Stress intensity

Room and High-Temperature Tensile Test

Design Stress intensity (Time, Temperature-Dependent)
Design Creep-Rupture Stress Intensity
Design Relaxation Strength

Constant Load High-Temperature Creep Teast

{2) Creep Fa*igue Strength Data

Relaxation Test

a)

b)
c)

Design Fatigue Curve €, — Ng curve

{Temperature and cyclic strain rate are used as parameters)
Isochronous Stress-Strain Curve

Strain Controlled Fatigue Test

Criteria for Creep Fatigue Damage Evaluation of (Di+DcSD)  «——]

(3) Material Data for Strain Evaluation by Inelastic Analysis

Fatigue Test including Hold Tirm.

a)
b}
c}
d}
¢}
f)
9
h)

Elastic-Plastic Stress-Strain Relation -

Canfirmation of Yield Condition (Mises's Condition)

Confirmation of Hardening Rule { Kinematic Hardening Rule) -
Confirmation of Flow Rule {Plandtl-Reuss Equation)
Creep Equation

Elastic-Plastic 8ehavior Tests under Variable Loads

Confirmation of Creep Hardening Rule (Strain Hardening Rule)
Confirmation of the Effect of Plastic Deformation on Creep

Confirmation of Creep Flow Rule (Prandtle-Reuss Equation)

Creep Behavior Tests under Variable Loads

19
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® FLOW DIAGRAM OF RESEARCH AND DEVELOPMENT ON FBR STRUCTURAL
MATERIALS

Co-ordination for the Status and Future
Program on Structual Material Tests

i; ' Exchanged Data betwaen Foreign Countries and Japan
Structural Material Tests in Re=earch Insti- ( Structural Material Tests in PNC ) Published Data in National Institutes and Japanese
tutes of Fabricators, Naticnal Research Societies
tnstitutes, University, and Societies under Putlished Data in Foreign Research tnstitutes and
Contract with PNC ! ! o \\Sociaties
FBR Structural Material
Data Banking System
Devel . ' fo :JE’::: Ttm Method Analysis Development on Material Standard
t A ,
:mt:tifvgom:'tut' oEm . k TR & i e Selection of Materials and Material Specifications
ion .
nelastic Lonstitutive tquatio Evaluation Standardization of Machanical Properties
Creep-Fatigue Crack Growth Behavior
' A P R R S ’if-" ST T e L} o e - - Lo
S Evaluation an Enviranmental Effects i . d
Development and Version-up on F8R Development an FBR Material Test Data
Structure Design Guide for Cigss 1 Compo- Handbook

nents, and Elements, and Qther Components

20
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m R&D SUEJECTS FOR STRUCTURAL MATERIAL IN AIR

Subject

Test item

Contents

Material

Standardization of Basic

Tensile Test

Tensila Test under the Condition of Strain Rate
0.3 %/min.

SUS 304

SUS 318

SuUs 321

2%Cr—-1Mo

inconel 718

Modified Stainless Steels
High Cr Ferritic Steels

Mechanical Properties on Creep Test Creep Test under the Condition of Constant Load Ditto
Base Mztal Condition
Low Cycle Fatigue Test Low Cycle Fatigue Test under the Condition of Ditto
Strain-Controlled Reversed Loading including
Strain Rate Effects
Relaxation Test Relaxation Test under the Condition of Constant Ditto
Strain
Basic Mechanical Property Tests Same as the Content in case of Base Metal Welded Metals
Development of Evaluation Verification Test of Welded Joint Venf.lcat-ion Test of Welding Procm'adures and. Similar anc_l Dissimilar
Application Test of Non-Destructive Inspection- Welded Joints
Methods on Strength of .
Welded Joints Techniques Welded Matals for Large
Scale Forged SUS 304
Large Scale 2%Cr—1Mo Pipe
and High Cr Ferritic Steals
Creep Fatigue Test under Specified Creep-Fatigue Test under the Condition of Strain SUS 304
Development of Creep- Load Conditions Hold Time including Long Life (More than 1 year) SUS 316
Fatigua Life Evaluation SUS 321
Method 2%Cr—1Mo

High Cr Ferritic Steels
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m R&D SUBJECTS FOR STRUCTURAL MATERIAL IN AIR (CONTINUE)

Subject Test tem Contents Material
Elastic-Plastic Behavior Test under Efastic-Plastic Behavior Test under Uniaxial Various SUS 304
Uniaxial and Multiaxial Loading Cyclic Loading for Development of Hardening Rule 2%Cr-1Mo

Development of Inefastic
Constitutive Eguation

and Multiaxial Cyclic Loading for Development of
Flow Rule

High Cr Farritic Steels

Cresp Behavior Test un&er

Development of Evaluation
Method on Various Creep-
Fatigue Strength Reduction

Creep Behavior Test under Uniaxial Variable Loading Ditto
Uniaxial and Multiaxial Loading for Development of Hardening Rule and Multiaxial
Variable Loading for Development of Flow Rule
Pre-Strain Effect Test Creep and Fatigue Damage Estimation Test on Pre- SUS 304
Strained (Max. 5%, by Tensile Test) Material 2%Cr—1Mo

Notched Effect T st

Mean Stress and Mean Strain Effect
Test

Creep-Fatigue Test an Notched Sperimens

Creep-Fatigue Test with Mean Stress and/or Mean
Strain

High Cr Ferritic Steels

Development of Evaluation
Method on Crack Growth

Creep Crack Growth Test Creer Crack Growth Test for Development of Predic- SUS 304
tion and Evaluation on Crack Growth under Constant | 2%Cr—1Mo
Loading at Elevated Temperature High Cr Ferritic Steels
L P —T Welded Metal
ow Cycle Fatigue Crack Growth Crack Growth Test under Uniaxial Various Cyclic
Test Loading with/without Strain Hold Time for Develop- Welded Joint
ment of Prediction and Evaluation on Low Cycle
Fatigue Crack Growth
Fracture Toughness Test Static and Dynamic Fracture Toughness Test at 2%Cr—1Mo
Elevated Temperature High Cr Ferritic Steels
Welded Metal

22
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= R&D SUBJECTS FOR STRUCTURAL MATERIAL TESTS IN VARIOUS

ENVIRONMENTS

Subject

Test tem

Material

Condition

Evaluation of Basic Strength on Domestic Materials
in Sodium

Tensile, Creep, and
Fatigue Test

SUS 304, SUS 316, SUS 321,
2%Cr—1Mo, High Cr Ferritic
Steels, Modified Stainless Steels,
Inconel 718

As-Received, Sodium-Exposed
Thermally Aged

Evaluation of Corrosion and Mass Transfer Behaviour Metallurgicat Examination Welded Joints of SUS 304, 316, As-Received
321 and Ni Base Alloys

Evaluation of Carbon Transfer Behaviour in Second- Ditto SUS 304, 321, and 2%Cr—1Mo As-Received

ary Circuit of Prototype FBR

Evaluation of Sodium Impurity Effect Ditto Ditto Ditto

Evaluation of Corrosion and Mass Transfer Behaviour
of Advanced Materials

Metallurgical Examination,
Tengile Test

« Base Metal aind! Welded Joints
¢ High Cr Ferritic Steels and
Modified Stainless Steels

As-Heceived, Sodium-Exposed

Evaluation of Basic Strength on Advanced Materials

Tensile, Creep, and
Fatigue Test

High Cr Ferritic Steels and
Modified Stainless Steels

Evaluation of Time-Depenaént Change of Mechanical
Properties of Materials by Surveillance Tests for
IIJOYOJI

Metallurgical Examination,
Tensile and Creep Test

As-Received, Sodium-Exposed,
Thermally Aged, In Sodium

SUS 304, 2%4Cr--1Mo

As-Received,
Sodium-Exposed

Evaluation of E:nwirenmental Effect for Crack Fatigue Test SUS 304, 2% Cr—1Mo and Sodium-Exposed
Growth {In Planning) High Cr Ferritic Steels in Sodium
Evaluation of Corrosion and Cracking Behaviour Metallurgicai Examination, SUS 304 and High Cr Ferritic As-Received

in Aikaline Environment SERT Test Steels

Evaluation of Tribology on Contact and Sliding Self-Welding, Friction and Stellite, Colmanay, High_Cr As-Received,

Parts

Wear Test

Ferritic Steels etc,

Sodium-Expased
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u R&D SUBJECTS FOR CORE MATERIAL

Subject Test Item Material Conditicn Remark
Generation of Basic Strength Data on Fuel Tensile, Biaxial Creep, Biaxial Creep Cold-Worked SUS 316 As-Received In-Air
Cladding Tube and Duct Materials Rupture, etc. Madified Stainless Steals Sodium-Exposed In-Sodium
Evaluation of Material Behavior an Advanced Alloys | Tensile, Biaxial Creep Rupture and g'gg ﬁ;rF;;::nSifei::EIs As-Received tn-Alr

. . . r . .
for Fuel Cladding Tube and Duct Materials Mass-Tran+‘er, etc. Other Advanced Alloys Sodium-Exposed fn-Sodium
Evaluation of Corrosion Behavior on Fuel Cladding Metalli.gical Examination Cnld-Worked SUS 316 As-Received In-Sodium
Tube and Duct Materials Modified Stainless Steels
Evaluation of Corrosion Behavior with High Heat Metallugical Examination Cold-Worked SUS 316 As-Received In-Sodium
Flux on Fuel Ctadding Tube
Generation of Fatigue and Creep-Fatigue Strength Fatigue, Creep-Fatigua Cold-Worked SUS 316 As-Received In-Air
Data on Cold-Worked Material Moadified Stainless Steels
Evaluation of Thermal Aging Effect on Tensile Tensile Cold-Worked SUS 316 As-Recaived In-Air
Strength of Cold-Worked Fuel Cladding Tube Cold-Worked Madified Thermally Aged In-Inert Gas
Stainless Steel
Evaluation of Tribology on Hard-Facing Materials Self-Welding, Friction and Wear, Chrome-Carbide/Nichrome As-Recsived In-Sodium
for Duct Road Pads Thermal Cycle, Sodium Compati- Hard Cr Plating, etc. Sodium-Exposed
bility, etc.

Evaluation of Tribology on Hard-Facing Materials Self-Weiding, Friction and Wear, inconel 718, Fukudatioys, As-Received In-Sodium

for Control Rod Drive Mechanigm

e e —— ——— T T
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B QUTLINE OF IN-AIR TEST MACHINES FOR STRUCTURAL MATERIALS

Testing Machine _ Spectflcanon - Unit Rermnarks
Tersile Testing Machine Max Load : 25ton f 5 ton 3 § ton 1
iristoran tvpe ) 25 tan ¢ 2
Creep Tntmg Machfne Max Load : 5 ton Single Type » 104
104
{Uniaxial Tensile)
Relaxation Testing Machine Max. Load @ 10 ton 2 l.ever Type : 2
Max. Ternp. : 800 °C L
~ Low Cycle Fatigue & Creep Fatigue Max. Load : t10ton "  Furnaca Type 4
Testing Machine s . .
___{Uniaxial Push-Puit) R B o I T Induction Heating N ! o
High Cycie Fatigue Testmg Machme Max. Load : t10ton ’ Induction Heating : 1
tUniaxial Push-Pull) (‘jtram Controlil Tvpe)
—m—————— e e e ——— 7_,‘?_ [ e mt e e e - - P - . EI—. . -
Long Life Craep Fatigue Tmmg Machme 5 Max. Load . 15 ton 5 Mechamral Losd P4
(Uniaxial Push-Pull) Thermal Expansion Load : 1
——— N ) R - i . S R S e
Q:axeai Fatlgue Temng Machme ; Max. Load : 75 ton 1 E!actric Furmwe Tvpa
{Internal Pressure-Tension) ’ Max. Temp. : 700°C
Biaxial Fatigue Testing Machine Max. Axisl Load : t20 ton ’ Induction Heating Type
{Tortion-Tension) Max. Tortional Load : 200 kg m
Biaxisd Crm Tm-ng Machma Max Ax:a! Load 3 ton 1
(Tomon Termon) Max. Tomonat Load t10 kg m
lmpact Tutmg Machine {Charpv} Max I.aad 30 kg m 1
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= LIST OF SODIUM LOOPS FOR STRUCTURAL MATERIAL TESTS

26

~.  Facitities Materiat
o Test
~ Sodium
Loop-1
Particulars
Msaximum Using 700
" Temperature {°C)
Main Piping 3/4
Diameter {in.)
Maximum Flow 30
Rate {£/min.}
Sodium Inventory | About 1.0
~ {ton) '
{L.oon Material SUS 304
SUS 318
Test lterms Test of
Concerning Materials in
Studies on Sodium
Material {Mass-
Behavior Transter,
Creep, etc.)

About 1.8

SUS 304
SUS 316

Test of
Materials in
Sodium
{Mass-
Transfer,
Creep, stc.}

Structural
Materials
Sodium
Exposure
Test Pots

750
1/2

10
04

SUS 304
§US 318

Sodium
Compati-
pility Test
of Materials
in Sodium

Carbon
Transfer
Test Loop

o0
1/2
98
03

SUS 304/
2%Cr—1Mo

Test on
Carbon
Transfer
Between
Austenitie
Stainless
Steel and
Ferritic
Stesl

Fatigue
Test
Loop-1

mo

1/2

30

1.3

SUS 304

Fatigue
Test in

Flowing
Sodium

Fatigue
Test
Loop-2

600
3/4

36
0.4
SUS 304

Fatigue
Test in

Flowing
Sodium

(FIGURE 1}

Sodium
Exposure
Test
Loop-1

700

04

SUS 304
SUS 318

Sadium

E xposure,
Simulating
the Primary
Systam

(FIGURE 2)

Sodium

Exposure
Test
Loop-2

550

3/4

a8

04

SUS 304/
2%Cr—1Mo

Sodium
Exposure,
Simulating
the Secon-
dary System

KL

K 1]

0.62

SUS 304

Creep Test
In Flowing
Sodium

Salf-Welding

& Wearing
Test Loop

3/4

Ahout b

About 0.8

SUS 304
SUsg 318

Seotf-Walding
& Wearing
Test in
Flowing
Sodium
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= QUTLINE OF IN-SODIUM TEST MACHINES FOR STRUCTURAL MATERIALS

Testing Machine Specification Unit
Tensile Creep [ Single Type Max. Load : 0.76 ton 0
Testing Machine Max. Temp. : 700°C
e mm———— s A —— = - e am e = RS — —— e s — pa— —_— }_ —_ ——— e A o ———
Mulitiple Type Max. Load : 0.756 ton
Max. Temp, : 700°C 6x1
6 Levers
F atigue Testing Machine Max. Load : 10 ton
{Uniaxial Push-Puli) Max. Temp. . 860 °C 2
Wave Form : Triangle, Sine, ete
Creep Fatigue Testing Machine Max. Load : +10 ton 2
Max. Temp, : 850°C
Friction and Wear Testing Machine Max. Load : 0.5 ton
Max. Temp. : 850°C 3
Max. Slide Velocity : 50 mm/sec
Self-Welding Testing Machine Max. Load i 1ton
Max. Temp. . 700°C 3
Alkaline Cracking Testing Machine Max. Load 1 ton
Max. Temp. 560 °C i
Strain Rate . 0.0006 ~
0.01 mm/mm
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= LIST OF SODIUM LOOPS FOR CORE MATERIAL TESTS

ey

T..___ Facilities Mzterial Test * Material Test *
Portioulors T i B
Max. Using Temperature {°C) 700 700
Main Piping Diameter (in.) 3/4 3/4
Max. Flow Rate (¢/min.) 30 30
Sodium Inventory (ton) About 1.0 About 1.8
Loop Material SUS 304, 316 SUS 304, 316

Test 1tems Concerning Studies
on Material Behavior

ol ———

Tests of Materials in
Flowing Sodium

Corrosion & Mass-
Transfer Test, Creep
& Creep-Rupture Test

——

Tests of Materials in
Fiowing Sodium

Corrosion & Mass-
Transfer Test, Creep
& Creep Rupture Test

Sodium Exposure
Test Pots

730

1/2

About 1

About 0.4

SUS 304, 318

Sadium Compatibility
Test of Materials in
Flowing Sodium

—
— mm—

Self-Welding and "
Wearing Test Loop

700

3/4
About &
About 0.8
SUS 304, 316

Tribology Tests of
Hard-Facing Matarials
in Flowing Sodium

Self-Welding, Friction
and Wear Test

- e r— I ST ———————————————]

* Common Use to Structural Materiai Tests
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= QOUTLINE OF TEST MACHINES FOR CORE MATERIAL

Unit Remark

Environment Testing Machine Specification
¢ Tensile Testing Machine Max, Load : 26 ton btonx 1
Max. Temp. : 900 °C 3* 26 ton x 2
instron Type
« Biaxial Creep/Creep Rupture Max. Pressure 1 700 kgf/fem?
in-Air Testing Machine Max. Tem». : 800 °C 4
{Internal Pressure Type) Pressure L ine (system} : Total 22
Electric Furnace Type
» Fatigue/Creep-Fatigue Max, Load : 210 ton
Testing Machine Max, Temp. : BOO°C 1"
(Uniaxial Push-Pull) Strain Rate : 1073 sec™!
+ Biaxial Creep Rupture Max. Pressure : 700 kgf/cm?
Testing Machine Max. Sodium Temp. 1 700 °C 4 FIGURE 3
B Pressure L_ine (system) Total 80 )
o Corrosion and Mass-Transfer Max, Sodium Flow Velocity : 700 cm/sec 4 FIGURE 4
Test Section Max. Sodium Temp. ; 700°C .
» Sodium Exposure Test Max. Sodium Temp. : 730°C
Section Sodium Fiow Rate : about 0.5 ¢/min. ] FIGURE 6
In-Sodium | \VeselType o b e
» Friction and Wear Testing Mex. Load : 0.6 ton
Machine Max. Sodium Temp. : 700°C
Max. Sliding Velocity : 20 mm/sec 2 FIGURE 8
Angle of 120° Osciilating Rotation and Vertically
Reciprocating Sliding Motion, Pin & Plate Type
SRS SRt st il _ . . I -
s Self-Welding Testing Machine Max. Load v 1 ton
Max. Sodium Temp. : 700°C 3 FIGURE 6

_ . Ring & Disc Type

* Common Use to Structural Material Tests
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s SCHEMATIC DRAWING OF TEST EQUIPMENTS FOR STRUCTURAL
MATERIALS

Expansion
Tank
'

) Test Section
Close hild\“ 1 No.3 .
\‘\ f
b L1
Load Cefl~{ | Tast Section _ ™~
FUTM\ th_wll NO.2 co F
4. y Rod
- %r__,'!'est Specimen . N‘
4 \ \ e
= - < » Az © odinm |4 Equilibrium
Na Outlet P A% op |t Na Intet v A %, N Sam';nler Device
. o | sl A .
w, v G
w b= Heater
v/ NNy N
. ‘ i’ ~
“Extensometer - ) T“L‘S:?uo" _ \
- (L__D .
o . ’
Actustor Storage Tank -~ Outist
_J
| i ) }
Fatigue Testing Machina Bellows Type Test Specimen

FIGURE 1. Fatigus Testing Machine and Beliows Type Specimen o o o 7
Speciman Holder
FIGURE 2. Sodium Exposure Test Loop 1

T e
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- ® SCHEMATIC DRAWING OF TEST EQUIPMENTS FOR CORE MATERIALS

Pressure gauge

L.oad
_—Timer '
P e (I
% ' Thermocouple Load Call
Valve
Sodium Disc
Argon tevel | | Ring
cover gas ;
) H
—_[J ! ! Ri’ng
- Specimens |
y Sodium leyel % Dite
Accumulators VH = Sodium
Specimens 11 outlet (a) Self-Welding
SV, Heater

Sodium Iniet

FIGURE 5. Sodium Exposure Test Vansel

Sodium Qutlet

Sodium Inlet == “

Sodium Inlet l‘odklm Outiet
Specimen Holder ibj Friction and Wear
FIGURE 4. Corrovsion snd Mass-Trensfer Test Ssction FIGURE 8. Self-Welding and Friction Tust Sectiom

K]
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m EXSAMPLE OF TEST RESULT

Total strain range  Aey (%)

Breakaway Stress, 0, (kg/mm?)

5 L TI’T“Tr L Li r fl’"il r T T l'rf”r T
f SUS 304 tested at 550°C
{ e=1x10~3 /sac
2 =0~ jn sodium
-~ in air
1.0F 1
[ I
0.2 it eirsal IS e N | n e bt aial e
2xi0? 109 104 108 Ax108
Cycles to failure Nf
Comparison of Low Cycle Fatigus Data for 3US304 Tested in
Air snd Sodium at 550°C
. . 10
SUS316/itself
25 3 a ek i Inconel 718/itself A
- |4 Temp. {120]145
: C) sk ®
20+ As o ®
- | received a A ﬁ o
: Pre- A b
- | exposed Al @ 0 -5—*—~M—0
-1 -
- Stellite No.B/itself 4
1o0fF a ¥ ot oano
5 ® 5. .
i A Colmonoy No.5/itself A
L ] A
! A Q
51 A A
- 'y 1 1 SV S — —— ", S S
i 2r chromium carbide/Nichrome/itseif
oL aw— Ol 1 oA n
0 400 500 800 700 0 400 £00 800 760

Sodium Temperature (°C)

Relstion Between Breakawsy Stress snd Sodium Tempsratire
on the Combinstions on Muterial/itself

o T T U
GRS A AT W R R e e R e

T N e

Sadium Side

B T T
N T g =i

Microstructure of Farrite Layer of 3US304
Exposed to Flowing Sodium

Scanning Efeciron Micrographs of the Surface
of SUS304 xftsr Exposure to Flowing Sodium
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m REAL--TIME SYSTEM FOR MATERIAL

II QQOJITIIT
r

757 (O NI
Yy Set of Test Data 10 MT
u D= @) =

T i) Communica- CPU MT Unit

Py |
Terminal tion "E -
E 4
Nstwork g /
) L /
. W
4
B -
U \. STRAIN (%)
— Fatigue Curve
| XY Unit
Terminal g
z
¢
o
74
TIME (H)
Creap-Strain Curve
33
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= FLOW DIAGRAM OF FBR STRUCTURAL MATERIALS DATA BANKING

'SYSTEM

34

General Operating Guide
for the Input Data

Test
Organization

SMAT-T

Test on FBR Con-
ponent Stractural ! SMAT-HELP
Materials
(SMAT-HELP )
SUBSYSTEM

SMAT-INPUT
DATA TEST )
SUBSYSTEM

DATA SHEET

|
GEDPNC

—— —— —— —— n— e — i

SMAT-USER
SMAT-U (opsnmme)
SUBSYSTEM

{Reference)

Banking
(petne o)
Aefarence

Reaferance

File
for

SMAT-COM

Tape

(SMAT—-GHAPHIC—
COM SUBSYSTEM

SMAT-C

SMAT-MSS

for
com

S

(

SMAT-
CONTHOLLER)
SUBSYSTEM

‘Luerp}l
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s FORMAT OF DATA HANDBOOK
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® EQUIPMENTS FOB METALLUGICAL EXAMINATION

ANALYSIS

AND INSTRUMENTAL

Apparatus Main Specification Unit Remark
Scanning Electron Microscope Resolution; 60 A, Max. Magnificent; X 180,000, 1 JSM-36C
Max. Accelerating Voltage; 39 KV
Scanning Electron Microscope Resolution; 680 A, Max. Magnificent; X 80,000, 1 S-450
Max. Accelerating Voltage; 30 KV GCnly for Radioactive Material Test
Transmission Electron Microscope Resolution; 2.04 A, Max. Magnificent; X 300,000, 1 JEM-200C
Max. Accelerating Voltage; 200 KV
Energy Dispersive Spectro-Scopy Si{Li) Ditector, Resolution; 146 eV, Energy; 1 Na ~ 32U 1 Addition to JSM-36C
Energy Dispersive Spectro-Scopy Si(Li) Ditector, Resolution; 146 eV, Energy; ;1Na ~ 43U ] Addition to 5-450
Energy Dispersive Spectro-Scopy Si{Li) Ditector, Resolution; 148 eV, Energy; ;;Na ~ 5U 1 Addition to JEM-200C,
Equipped with CPU
Wave Dispersive Spectro-Scopy Energy Resolution; Less than 15 eV 1 Addition to JSM-35C
Range of Measurable Wave Length; 5.8 ~ 88 A, sB ~ ;sP
- lon Microanalyzer Diameter of Minimum Beam; 2 um, 1 IMA-2, Equipped with CPU,
Detectability; 50 ppb {for Si/B) ;H ~ 52U be Possible to Automatic Analysis
X-ray Diffraction Apparatus Resolution; A{23) Less than 0.12° for Si (220) 1 Equipped with Micro Diffractmeater
Metallurgical Microscope Max. Magnificent; X 2,000, Automatic Exposure Meter 1 In Addition, Three Ones
High Temperature Micro Vickers Max. Temperature; 1,600 °C, Load; 50 ~ 1000 g 1 In Addition, a Micro Vickers
Hardness Tester Hardness Tester
Rockwell Hardness Tester Automatic Load; 60, 100 and 150 kg 1
Vickers Hardness Tester Load; 10 to 1,000 g, Minimum Measurable Scale: 0.5 um 1
Surface Roughness Gauge Range of Measurement; 0.01 ~ 800 um, Max. Magnificent; X 100 ~ 100,000 1
Precision Balance Range of Measurement; 1 ug, Standard Error; 1 ug 2 In Addition, Four Direct-Reading

Balances

Inert-Gas Heating Furnace

m

36

—

Max. Heating Temperature; 00 °C, Standard Error; £5 °C

S N
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