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. mmooucnom

Research and Development (H&D) in this sectlon are consist of ‘two activities on which are Materials Development ar‘d quUId Sadium
- Techno[ogy for Fast Breeder Reactor (FBR).
Testing items on Materials Development are (’1 ; Tests on Structural Materials in Alr Sodium, Alkali and Water/Steam and (2) Tests on Core
- Materials. in AIF Sodium and Alkali. Data obtained from these tests are banked in computer system and are summarized to (3) Materials Data
Base and Materials Data Handbook.
- Testing ‘items on Sodium Technorlogy are (4: Radinactive Materials Behavior and Control Test in Sodium and @ Sodium Impurity
Measurement and Control Test. | -
. The function of this section is showed as follows.

7 —— (1) Tests on Structural Materials
— Material Development ——(2) Tests on Core Materials

|
| - —(3) Preparation of Materials Data Base and Summarization to
- Mater:~is Development Section - ' - Materials Data Hand Book {Materials Data Processing System)

| - Sodium Technologv—'—ﬁ-r—~@ Radioactive Materials Behavior and Control Test in Sodiumn
, . (5, Sodium Impurity Measurement and Controi Test
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= OBJECTIVES OF MATERIALS TESTS

1. D(vplopmpm of Structural Materals and Core Materials -
{1) Compilation of Materials Data for Design
» Materials 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 Applncatlon of Mcdified Materials
* Structural Materials - -
9 Cr Ferritic Steels
FBR Grade Stainless Steels (Low Carbon- Nntroqen Added}
* Core Materials
Modified SUS 316
Advanced Austenitic Stainless Steel
High Strength Ferritic/Martensitic Steel
Advanced Alloys (Precipitation Hardened Austenitic Steel
Oxide Dispersion Strengthened Ferritic Steel (ODS)
{3} Examination for Application of Large-Scale Materials
* SUS 304 Forging of Large Diameter and/or Thickness
« Cr-Mo Steel Pipe of Large Diameter and Thin Thickness
(4) Evaluation on Strength of Weldments
* Modification of Weld Metals, Application of High EfflClency
’ Weldlng Procedure and Non-Destructive Inspection Technique,
and Basic Mechanical Property Tests on Weld Metals
¢ Elevated Temperature Tests on Welded Joints
*- Development of Strength Evaluation Method on Welded Joint by
-Inelastic Analysis
(5) Evaluation on Creep-Fatigue Life
+ Expansion of Long Term Creep-Fatigue Data
* Expansion of Creep-Fatigue Data Tested with Various Strain
Wave Form
-+ Examination of Criteria on Creep-Fatigue Interaction

. Mechanicaf Properties:

v

{6) Development of Inelastic Constitutive Equation
+ Effect of Plastic-Creepr Interaction
+ Yield Condition .
* Hardening Rule on Ptastic and Creep Strain
Flow Rule on Plastic and Creep Strain
* Compi'ation of Inelastic Stress-Strain Tast Ddta under Muiti-
Axiai Stress
(7) Application of Fracture Mechanics at Elevated Temperature
* Creep Crack Growth Test :
» Fatigue Crack Growth Test
* Creep-Fatigue Crack Growth Test
+ Fracture Toughness Test

czevirorimental Effoect Test

* In Air . Basic Mechanical Propertias
* In Sodium - Corrosion, Mass Transfer, Aging
' Effect, and Materials Strength Tests
7 in and after Sodium Exposure
* Under Neutron lrradiation : Mechanical Properties
* In H30, in Caustic : Corrosion, Oxidation, Stress Cor-
Solution, etc. rosion  Cracking, and Hydrogen
Penatration Tests

Tritolomgicai Test )

(1) Development and Evaluation of Co-Free Hard Facing Materials for
Decreasing Radiation Exposure -

(2} Evaluation of Tribological Properties for Contact and Stiding Parts -

(3) Davelopment of Advanced Coating Method for Elevation of
“Economical Ability :

. Bevelopmer.t on Matedials Data Handbook

{1) Development on Materials Specifications for FBR

(2) Formulation on Basic Mechanical Properties for FBR '

(3) Development and Version-up of Materials Strangth Standard
{Including Design Allowable Stresses) for FBR Design Code

{4) Compilation of Materials Data Haridbook on the above all Results
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= SCOPE OF R&D ON MATERIALS

" An Example of Large Sc’a!efFBR Plant System

Air Cooler
Auxiliary Cooting System
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Secondary Sodium System  Water-Steam Svsfarm

* Reactor \(essel
* Intermediate Heat Exchanger {IHX)

* * Once Through Type Steam Generator

* Pump * Valve

- In-Vessel Structure -+ Primary Coolant System Pipe
» Secondary Coolant System Pipe

* Turbine Generator
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‘Upper Enct Plug
o

Y

Cladding Tube )
- — - e Wiapper Tube
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Core Fuel Assembly
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= MATERIALS

. Structura% Materials

Service Life

Related Components

Tests

® Core Materials

- Service Life

Related Componentsr

Tests

'® Hard Facing Materials -
Service Life
" Related Components

Tests

During Life Time of Plaht (for Permaneht Structure)

R/V, C/S, IHX, Pump, Primary and Secondary Piping System, Once
Through Type SG etc.

. Metallurgncal and Mechanlcal Tests in Air, Sodlum Water and Caustlc

Environment

During about 2~b Years {for Changeable Structure)

Cladding Tube, Wrapper Tube, Wrapping Wire, etc.

« Metallurgical and Mechanical Tests in Air and Sodium Environment

Durin_-g about 1~30 Years {for béth Permanent and Changea_ble Structure)

» Spacer Pad, CR, CRD, Pump Bearing, Vélve, etc,

Tribology Tests in Sodium Environment
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= FLOW DIAGRAM ON DEVELOPMENT OF ELEVATED TEMPERATURE STRUCTURAL
'DESIGN METHOD

+ Tensile Test
Elevated Temperature Analvsis and . ,
Elevated Temperature Structural Design Code E ,v tion of th Materials Creep Test
Structural Design Methad | fa—m —— Tva “%'Onlo the - Tests * Relaxation Test
for FBR Components Flncludmg Material - ests Results in in Ai « Fatigue Test
| Strength Standard | Air : in Air »
* Creep Fatigue Test

* Various Inelastic Mate-

’ rial Behavior Tests
I * Weldments Test
Design : ¢ Crack Growth Test
%ggﬂg:?on I * Fracture Toughness Test
C |
{LLife Time Evaluation) ; )
* Tensile Test
Analysis and Evaluation Materials . Cre?p Rupture Test
of Environmental 'I:ests for + Fatigue Tgst
Effects Envirenmental | . Creep Fatigue Test
Effects + Weldmaents Test
+ Sodium Effect Test * Crack Growth Test
» Caustic Effect Test * Corrosion Test
+ Water and Steam Effect Test * SCC Test
- Aging Effect Test * Wastage Test
~+ lIrradiation Effect Test * Tribology Test
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L RELATIONSHIP OF MATERIALS STRENGTH TESTS TO MATERIALS STRENGTH
STANDARD |

1) Aliowable Stress (Material Strength Standardi)

Sm  Design Stress Intensity (Limits in Short Term Load)

Sy Design Yield Strength -
Su  Design Tensile Strength - -
Se  Maximum Allowahble Stress Intensity

—

i Roam and Elevated Temperalure Tensile Test

St Design Stress Intensity {Limits in Long Term Load) -
-Sp - Design Creep-RBupture Stress [ntensity

JL Constant Load Elevated Temperature Creep Test l——}

Sr Design Relaxation Strength

{2) Creep Fatigue Strength {Evaluation Methcd of Creep Fatigue)

]

Relaxation Test

a) Design Fatigue Curve  €,— Ng curve -
{Temperature and cyclic strain rate are used as parameters)

{ Strain Centrolled Fatigue Test |

b) Isochronous Stress-Strain Curve

c) Criteria for Creep-Fatigue Damage Evaluation of {Dy+D.<D) =

{3) Strain Evaltuation by Inelastic Analysis
{Inciuding Multi Axial Stres: Testi{Inelastic Analysis Method}

if Fatigue Test Including Ho!d Time ' !

T

) a) Elastic-Plastic Stress Strain Relation -
b}  Yield Condition (Mises's Condition)

{ Elastic-Plastic Behavior Tests under Var[iirable LoadsJ

¢} Hardenring Rule {Kinematic Hardening Rule) -
d) FLow Rule (Plandt)-Reuss Equation) )

e] Creep Equation -
f}  Creep Hardening Rule (Strain Hardening Rule)
g} The Effect of Plastic Deformation on Creep

A

lf Creep Behavior Tests under Variable LoaAds

h) Creep Fiow Rule

{4) Crack Growth and Fr-acture Touahness{Methad of Fracture Mechanics:
- at Elevated Temperature— Establishment and Expans.nn of LBB Theory)

- a)  Fracture Mechanics Parameters and Analysis Methof

b) Crack Growth Rates under Creep, Fatigue and Creep Fatigue <——

— Crack Growth Tect

c) - Fracture Toughness Data -

- ——{ Fracture Toughness Test

"W—Q_:T:% |
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= FLOW DIAGRAM OF RESEARCH AND DEVELOPMENT ON FBR STRUCTURAL
- MATERIALS | S R

Development Program of Structural 0.
Materials for Large Scale FBR ' )

Data under Collabaration with Foreign Countries

Exchanged Data with Fureign Countries

Published Data in Nationa! Institute, Fabricators
and Societies in Japan

Published Data in Research tnstitute and Sociaties
in Foreign Countries

Structural Materials Tests in Research Insti-
tutes of Fabricators, Steel Supplyers,
National Research Institutes, Universities,
and Neutral Societies under Contract and
Collahoration with PNC

( Structural Materials Tests in PNC

FBR Structural Materials
Data Banking System

Develapment and Elevation on Eyaluation Method Development on Materials Standard

Evaluztion of Creep-Fatigue . - Analysis - Selection and Establishment of Matarials and their
B ] Evaluation of Welded Joirts Strength - V : & Specifications
Inelastic Constitutive Equation Evaluation Standardizatien of Mechanical Properties

Elevated Temperature Fracture Mechanics Method Version-up of the Present Standard

Evaluation on Environmental Effects

Version-up on FBR Structure Design Code . . Bevelopment on FBR Materials Data Handbook
for Components of Large Scale FBR )
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m R&D SUBJECTS. FOR STRUCTURAL

MATEHIALS IN AIR

Test ltem

(,ontents

i Tensile Test

.S

—— -

Standardization of Basic  : Creep Test

Mechanical Properties an

Tensile Test under-the Condition of Strain Rale
0.3~7.5 %/min.

Conditinn

[ R

Base Metals

' Low Cycle Fatigue Test .
Hrqh Cycle Fat:gue Test

f

I Relaxation Test
S I

o —a
.
1

i ) H
| Basic Mechanical Property Tests
A
t.
Development of Evaluation |

Methods on Strength of
- Welded Joints

Verification Test pf Welded Joint

; Creep Fatidue Test

|

Development of Creep-
Fatigue Life Evaluation
Method

Low Cycle. Fatlgue Test under the Condltuon of
Swain-Controlled Reversed Loading including
Slraln Rate Effects

Dltto (lncludmg Load Conlrolled Test)

Helaxauon Test under the Condition of Constent 1

Stram

Same as the Content in case of Base Metal

Verification Test of Welding Procedures and
Application Test of Non- Destructrve Inspection-
Technigues

Cfeep Fatlgue Test under the Condltton of Straln

"Hoid Time including Long Life (More than 1 year}
_and the Condition of Specified Strain Wave Form,

Multi Axial Creep-Fatigue Test, .

- __.i._. .
Creep Tesl under the Condmon of Conslant Load . Ditto

' Ditto

g

Materral

SUS 304

i 2&Cr——1M0

'j lnconel 718
¢ FBR Grade SUS316
:9Cr Ferntlc Steels

" Ditto

" Weld Metals of SUS304,
" 2%Cr—1Mo, FBR Grade
SUS316and 9 Cr
Ferrmc Stesls

: Srmrlar and Dissimilar

- Welded Joints

 Welded Joints for Large
Scale Forged SUS 304

. Weld d Joints for Large
Scale 2%Cr—1Mo Pipe

' , Welded Joints for FBR Grade
~ SUS316

i Welded Joints for 9 Cr
Ferritic Steels

SUS 304 .
2%Cr—1Mo

{ FBR Grade SUS316

! 9 Cr Ferrmc Steels

B

R
TR e et -
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= R&D SUBJECTS FOR STRUCTURAL MATERIALS IN AIR (CONTINUE)

Sub;ect

i
1
|

\

——— — : — ——

Test Item Contents : - Material

- ———- B e e = ——

) e ) Elastic-PIastrc Behavror Test under Unlaxml Varlous | SUS 304
! Elastic-Plastic Behavior Test under : Cyclic Loading for Development of Hardening Rule | 2%Cr—1Mo

I
I
|
. A
SOy I S——

: i Uniaxial and Multiaxial Loading . and Multiaxial Cyclic Loading for Development of | 9 Cr Ferritic Steels
Development of Inelastic " Flow Rule | FBR Grade SUS316
Constitutive Equation T e tar | I ;H o 7

. Creep Behavior Test under : Creep Behavuor Testunder Unaxlal Varrable Loadlng !
Unaxial and Multiaxial Loading for Development of Hardening Rule and Multiaxial | Ditto

- Variable Loading for Development of FLow Rule

: Creep and Fatigue Damage Estlmatson Test on Pre- } SUS 304

Pre-Strain Effect Test

. .- . Strained {Max. 5%, by Tensile Test) Material 2%Cr—1Mo
Development of Evaluation : Lo : | 9 Cr Ferritic Steels
Method on Various Creep- r Notched Effect Test . Creep-Fatigue Test on Notched Specimens ' FBR Grade SUS316
Fatigue Strength Reduction! ! : : Base Metal
7 : . i

Mean Stress and Mean Straln Effect ' Creep-Fatigue Test with Mean Stress anu/or Mean

Test | . Strain Weld Metal
Creep Crack Growth Test for Development of Pre- | SUS 304
Creep Crack Growth Test dication and Evaluation on Crack Growth under -~ | 2%Cr—1Mo
- Constant Loadlng at Elevated Tf mperature 9 Cr Ferritic Steels
- Crack Growth Test under Umar ial Various Cyclic FB%?;?&;;?MG
Development of Evaluation | Low Cycle Fatigue Crack Growih Loading with/without Strain Hald Time for De- Weld Metal
Method on Crack Growth | Test velopment of Prediction and Evaluation on Low Weld d Joint -
- : Cycie Fatigue Crack Growth elde
2%Cr—1Mo

| 8 Cr Ferritic Steels
: FBR Grade SUS316

! Base Metal

i Weld Metal

| Welded Joint

| Static and Dynamic Fracture Toughness Test at
Elevated Temperature
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= R&D SUBJECTS FOR STRUCTURAL MATERIALS TESTS IN VARIOUS
ENVIRONMENTS

Subject : , L - Test Item | Matenal Condition -
——— [ P e bom— =
. Evaluation of Basic Properties on the Conventlonal ’ Tensile, Creep, and - ’ SUS 304 FBH Grade SU8316 : Ac Hecenved Sodium- Exposed
Materials in Sodium o fey_ggeTest___ ) 2%Cr—1Mo, Inconel 718 . In-Sadium, Thermall_\{ Aged )
Evaluation of Corrasion and Mass Transfer Behavior | Metallurgical Exammat:on | SUS 304, FBR Grade SUSSIB . As-Received
on the Conventional Materijals in Sodium = letc : . and Inconel 718 |
LT Ty L
. - . ; ‘ SUS 3 304 2%Cr—1Mo :
bt SR S | 9CrFerriticSteels | R
. Evaluation of Sodium Impurity Effect Dltto Ditto Drtto 7

: i
_ Evalu.tion of Corrosion and Mass Transfer Behavior Metaliurglcal Examination, | ran Grade SUS316 | As-Received, Sodium-Exposed,
of Advanced Materials in Sodium | Tensile Test | -Base Metal and Welded Joints E Thermallv Aged

. l - —
-9 Cr Ferritic Steels and :
FBR Grade SUS316 ! As-Received, Sodium-Exposed,

‘ _Bas_e Metal and Welded Jomts i Thermally AQEd In Sodium

LT } e o

l
: «Q Cr Ferritic Steels and
l
|

Evaluation of Basic Properties on Advanced Materials Tens:le, Creep, and
in Sodium . ) i Fatigue Test

Evaluation of T;rne—Dependent Change of

a . N Metallurgical Examination, : Ylr— . As-Received,
_hlﬁ::t:ig!rcihgr‘?potfues of Materials by Surveillance Tensile and Creep Test | SUS 304, 2%Cr—1Mo | So dium. Exposed

i Fatigue Crack Growth

Evaluation of Sodium-Environmental Effect for SUS 304, 2%4Cr—1Mo and

| z 3 iium-E
Crack Growth : Test ) i 9Cr Ferritic Steels - + |Sr? ggﬁ? meOSEd
. Metallurgical Examination, | ) .. u

Evaluation of Corrasion and Cracking Behavior _SERT Test, U-Bend Test, = -u9304and9C- Ferritic aA¢ Raceived
in Caustic Environment * Constant Load Test ’ Steels :

— - S B L ——— e
Evaluation of Tribologv on Contacting and Sliding _ | Self-Welding, Friction and ,S:lrjei ?_?;:;E;;’;? &L?efg}s | As-Received
s - S Wear Test | 9CrFeriticStedls,etc.  CoOUTERORd
Evaluation of Thermal Fatigue Effect of Crack . ? SUS 304, 2%Cr—1Mo E
Growth in Sodium _ Thermal Fatigue Test L 9 Cr Ferrmc Steels l In Sodium-Exposed
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= R&D SUBJECTS FOR CORE MATERIALS

~ = e T T T e - - - ; T - e - T mc—y
Subject R Test Hem - ) Material o Condition Remark
Evalustion of Basic Pmﬁerties Data on Fuel Tensiig, -l ntwinal Pressure * Cold-Worked SUS 316 As-Received In-Air
" Cladding Tube and Duct Materials - Creep Rupture, Fatigue, e1c. Modified Stainless Steels Sodium-Exposed | in-Sodium
Evaluation oi- Corrosion Behavior on Fuel Y _ ‘ o Co!ti—Wbrked SUS 318 , . : :
Cladding Tube and Duct Materials Metatlurgical Examination Modified Stainless Stegls - ~3Tiecelved - In-Sodium
*_Evaluation of Fatlgue and Creep Fangua ) : - Cold-Workad SUS 316, = . A
Strength on Cold-Worked Materials _ Fatigue, Creep-Fatigue Modified Stainless Steels As-Rsceivad ; In-Alr
Evaiuation of Thermal Aging Effect on o : Cold-Worked SUS 316 As_ﬁﬁc'ﬂiw g InAir
- Tensiie Strength of Cold-Worked Fuel -~ Tensile Cold-Worked Modified ' Th v-Aded In-Inert Gas
- . Cladding Tube L , ' Stainless Steel : ermaily-Ago n o
_ Evaluaﬂoﬂ of Basuz Properties on Advancad | feusiié, Internal Pressure 12 Cr Ferritic Steels .\ oo ved ;w Air
Alioys for Fuel Cladding Tube and Duct © Creep Rupture and Mass- ODS Ferritic Steels “ud’ium-'Exposerf | InSodium
Matanais - Transfer, etc, : Other Advanced Alloys 7 - ‘ | !
[ ’ - . . i .
Evalustmﬂ ef Tr;beiogicai Prcrpartles on Hard Selt-Walding, Friction and Wear, " As-Received ', ‘
Faemg Materials for Duct Load Pads - Thermai Cycle, Soduum Compati- Chromium Carbida " Sodium-E d U in-Sodium
) _5 blmv, ete. _ odium-Expose
. Sl ; , ) . . . -
’ “Evalustion of Tnbeiagseal Properties on. ; - : ' ‘
Co-Fras Hard-Facing Materials for Control xiﬂvﬂggiﬁzﬂ'ﬁ"?& aschear, : ;\;‘:ﬁg"e—i;g’ Fukudallays, - As-Received In-Sodium
_Rod Drive Mechanism_ 4 T ‘ e | ' i
Evaluation of Wear Eehawer ef Heat Transter icti . _ ’ ‘ ' . ] " As-Received _
Tube Support ef Steam Geﬁafator Friction, Wear - l 9 Cr Ferritic Steels Sodium-Exposed | In-Sodium
o o B e i e it s ol

H
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. QUTLINE OF IN AIR TEST MACHlNES FOR STHUCTURAL MATEHIALS

-z D L Tas!ingﬁhiaéhine )

" Tensile Testing Machine

Creep Testing Machine
{Lnaxial Tensile)

Relaxation Testing Machine

Lew Cycle Fattgue & Creep- Fat;gue
Testing Machine
(Uniaxial Push/Pull}

ngh Cycle Fatlgue Teéting Machme
(Umaxcal Push/Puli}

' (Unlax |al Push/Pull)

Blaxaai Fatague Teﬁmg Machme
unternat Prassure-—?ush/PuH)

B:ama! Fatlgue Testing Machfne
{Tartaon—Push/PulI)

Biaxial Creep Testing Machme
{Tmtnow‘!’msum)

Creep Crack Testmg Macbma
: (Umax ial Tension)

Fatigua Crack Testing Machme
iUmaxnal Push/Pull)

i lmpac! Testing Machme (Charpv)

L&ng Life Creep Fatugﬁe Testmg Machme

Max.

Specification

Load

Instoron type

Max,

Max.
Max._

- Max..

Max.

Max.
Max.
Max.

Max,
- _Max.

Max

Max.
- Max.
Max.

Max.

Lnad

Load
Temp.

ioad

Lead
Load
{ vad
Temp,

Axial Load
Tortional Load

. Axial Load
Tortionai Load

Load

Load

Absorption Enargy : 30 kgm

£ 5Hton
1+ 10 on

. 25 ton/b ton

.5 ton

3 ten
- 800°C

2 10ton

1+ 10 ton

;1 Hton

75 ton
: 700"@

(¥ 20 ton
: 200 kg'm

13 ton
£ 10 kg-m

;B ton

" Unit-  Ramarks
) | Hilon -
3 26 ton
Single Type 6 ton
3 ton.
%9 1.5 ton
0.76 ton
2 Lever Type
7 Fur-naca Type
1 _ C
Induction Heating
Inductian Heating
1 ~ {Strain Contral Type)
8 | Mechanlcal Load
' Thermal Expans}sn Load
1 Electric Furnace Tvpe
1 Induction Heating Type
2

4 Single Type

1 “Load Control Type
1 Strain Control Type
N -

T - —r e S—

T O M—ﬂ‘

)

—
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L) LIST OF SODIUM LOOPS FOR STRUCTURAL MATEHIAL TESTS

)

= - —— lF ‘ - - - = — m— rEn—
- ST Facilities : Material Material | Stru’ctural! Carbon Faugue Fatigue ! Sodium :' Sodium Creep . !SelfWelding Carbon Snadium
- . ' . Test i Test " Materials © Transfer * Test . Test | Exposure . Exposure Test - ; & Wearing | Behavior | Thermal
p T o - Sodium . Sodium - Sedium. . Test Loop Loop-1 - Lnop-2 © Test Test Loop Test Loop Test Fatlgue
: © keop-1 - Loop2 Exposure Loop-1 Loop-2 : i : Apparatus’|  Tast
Partscufars e : 1 Test Pots | _ - - | 7 ! . ] Apparatus
Maximum Usmg 700 - 700 . 750 . €00 . 700 600 700 660 6o | 700 | 700 | 600
Temperature {°C) : . o . - _ ; ?
Main Piping 314 - 3/4 V2 - 2 W2 34 . 34 34 - 34 34 ¢ 34 2 and 3/4 -
Diameter {in) o ' ; ' _ : : , ) :
Maximum Flow 3 30 10 98 30 36 3 38 36 . Abouth 06 | 160
" Rate (§/min.) Ce- S : : : : -
Sodium lnvento'y About 1.0 About 18 - 04 03 13 04 04 04 062 - iAbout 08 | 0.03x2 0.76
{toni : R T : ' ) ' Lo }
) me Material ‘SU$'304 SUS304 SUS304 SUS3S SUS 304 SUS 304 SUS304 SUS304  SUS304 SUS 304 SUS 304 |SUS 304
) BUS3186 SUS318 SUS 316 !2‘/4Cre-1Mr,J i _ SUS 316 :2'/4Cr-l Mo - SUS316 suUsS 316 |8SUS 318
Test Items %Test of - ‘Testof  :Sodium Test on Fatigue Fatigus Sodium ~ Sodium Creep Test Seif-WeldingTeston Thermal _
Concerning - Materials in Materials in- Compati- Carbon Testin  Testin Exposure, Exposure, in Flowing & Wearing Carbon Fatigue
‘Studies on Sodium . Sedium  bility Test Transfer  Flowing Flowing Simulating Simulating - Sodium  :Test in {Transter | Testin .
. Material (Mass- - {Mass- . of Materials betwsen  Sodium  Sodium the Primary the Secon- : Flowing  ‘betwesn  Sodium
Behavior . Transfer, Transfer, :in Sodium :Austenitic ° System dary System’ Sodium Structural
: : Creep, etc.}; Creep, etc.} ‘Stainless S ' _ ‘Material
, - i ' - Steel and I ; ; and Sodium
- , ' ' - i _ o .Ferritic : . Lo ; : j
- SRR o ; Steel ; | :
*fLIA-,,‘. . ,-_..!._-. I S S SR P J. _ _. -} P l I . e
= = =
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» OUTLINE OF IN- SODIUM TEST MACHINES FOR STRUCTURAL MATERIALS

- 14

Testing Machine

SRR

3
i

Tensile
Testing Machine .

Fatigue Testing Machine
{Uniaxial Push/Pull}

Singie Type

Multiple Type

Creep-Fatigue Testing Machine

Friction and Wear Testing Machine

Self-Welding Testing_Machine

Alkaline Cracking Testing Machine

Alkaline Corrosion Testing Pot

Sodium Thermal Fatigue Testing Machine

S -

r Specification 1 © Unit
‘Max. Load 1.6 ton | 8.
Max. Temp, 1 650°C |
. P — ,__t - -
Max. Load 2 1.5 ton .
Max. Temp. F 600°C 6x1
6 Levers
Max, Load : £10 ton _
Max. Temp. - 650°C 2
Wava Form : Triangle, Sine, etc
" Max, Load U10ton T
Max, Temp. : 650°C 2
Wave Form - Trapezoud Saw- Tooth etc. 1
Max. Load : 0.5 ton
Max, Temp. - 660°C 3
Siide Veloc:ty :0.1~100 mm/sec
Max Load , : 1 ton 3
Max Temp :700°C
Max Load ~ 1ton
Max. Temp, : 660°C 1
Strain Rate :0.0005~
001 mm/mm
Max. Temp. : 650"0 4
! Liquid Quantity :1.62
Max. Temp. 600°C i
Max. AT 1 400°C
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n LIST OF SODIUM LOOPS FCR CORE MATERIAL TESTS

- Facilities

Particulars S

7 Maﬁx. Using VTe;mpa’rainure {°C)
7 Main Piping Diameter (in.)

"Max, Fiow Rate th/min.)
Sadium lnv_ent_ory (ton)
Loop Material _

~ Test Items Concerning Stugies
on Material Behavior

. .'
B A,

Material Test’
Sodium Loop-1

700

3/4

30
époyi 1.0

SUS 304, 316

Tests of Materials in

Flowing Sodium

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

i

Material Test ~
Sodium Loop-2

l
700 g
3/4

30

" About 1.8

SUS 304, 316

Tests of Materials in

Flowing Sodium

-~ Corrosion & Mass-

Transfer Test, Creep

& Creep-Rupture Test |

i

- Core Material Exposure

Test Pots.
730
3/4
About 1
About 0.4
SUS 304, 316

Sedium Compatibility
Test of Materials in
Flawing Sodium -

b

Self-Welding and '
Wearing Test Loop

700
3/4
About b |
 About 0.8
SUS 304, 316

Tribology Tests of
Hard-Facing Materials
in Flowing Sodium -

Self-Welding, Friction
and Wear Test

[ —

* Common Uss to Structural Material Tests
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' OUTLINE OF TEST MACHINES FOR CORE MATERIALS

Environment

e

In-Air

Testing Machine

_ Tensile Testing Machine

F..._.;i,, e - . I

Biaxial Creep/Creep Hupture
Testing Machine

Int | P
_‘_Ema itessureType) Electric Furnace Type
Max. Load o . +10ton )
Fatigue/Creep-Fatigue i _ : °
Testing Machine i gd_tax: T;mp. . ?893C -1
 {Uniaxia! Push/Pull) | Strain Rate ' 5‘3/" ,
_ Max. Pressure - : 700 kgf/cm
| TB.:i'ﬁ'gﬁ;:‘:ﬁ'ig:pt”m | Max, Sodium Temp. _ : 700°C
i o 1| Pressure Line (system) : Total 60
Corrosion and Mass-Transfer | Max. Sodium Flow Ve!ocuty 700 em/sec
_ TestSection i Max. Sodium Temp, : 700°C
et | Max. Sodium Temp. : 730°C ]
g;nym Exposure Test Sodium Flow Rate . about 300 em/sec
tion L
il . . VesselType ] .
_ % . Max. Load _ : 0.2 fon
In-Sedivm . _ ' , . Max. Sodium Temp. . 660°C
' ] ;’;3;’; and Wear Testing . Sliding Velocity 0.1~ 100 mm/sec
- . Angle of 120°C Oscillating Hotauon and Vertically
e ' H_g_gqproc?tlng Sliding Motlon Pin & Plate Type
' | Max. Load . 1ton '
SEIf'WBldiﬂg Testmg Machine Max. Sodiuny Temp. : 700°C
' | Hing&DiscType o
S e Max. Temp. ] : 100°C(4 Pots) 200°C(1 Pot)
Caustic Alkaline Corrosion Testing Pots Liquid Quantity . 20

L Specification

| Max. Load . 26 ton

i Max. Temp. - g00°C

- Instron Type :

r Max. Pressure . 700 kgf/cm?
. Max. Temp. : 800°C

, Pressure Line (system)

“Unit

_3'

-

1*

3’

b

Hsmark

|- ——
| 5tonx1
2b tonX2

"

© * Common Use to Structural Matarial Tasts
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= GENERAL APPEARANCES OF TESTING MACHINES FOR STRUCTURAL MATERIALS

In-Air Multi Axia Fatigue Testing Machine
{Torsion - Push/Puli)

In-Air Biaxial Creep Testing Machine
(Torsion - Tension)

TIF

ALTALE S

AW\

a7,

AP
L

In-Sodium Fatigue Testing Mchie p




“'PNCT N9530 89-002

. SCHEMATIC DHAWINGS OF TEST SECTIONS FOR CORE MATERIALS

- Pressme Gauge

- Timer o
@m g
‘% " Thermocouple
' 1 Sodium

Argon - Level
Cover Gas T

Sodium
Vassel

Specim’ens - ;:dium
Sodium Level Qutlet
Accumulators ) L Sodium o
Specimens — 1 Qutlet (1) Self-Welding
|
e Heater — Healef
- ’l ~ Vertical Mation
Sodium Inlat : : l
internal Pressure Creep Rupture Test Section Sodium Exposure Test Pot - Load Call
) l.oad == == | oacd
- Specimen ' _
_lﬂ[ﬂ_l.—
. ' Sodiurn Outiet- 7
Sodium Path P, : , Plate Typse Specimen
\ ) ’,.Cooiing- Fin '
AT Sadium Path [l } _
- - Sodium Inlet —= rJ:t:r_x_rir.mrmﬁ;p:D o ' - E \Pin Type Speciman
_ == A_J - W
) ~ Specimens .. )
Specimen Holder Sodium Inlet Sodlurn Outlet

{2) Fnc_:!-on and Wear Test Section

Corrotion and Mass-Transfer Test Secti ,
rrosion and Wass- Transfer Test Section Self-Welding and Friction & Wear Test Section
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- = PREPARATION OF MATERIALS DATA BASE AND SUMMARIZATION TO
- MATERIALS DATA HAND BOOK (1)

Real Time System for Compiiation of Materials Strength Data

N
: ] ' 7 090 0 . o
hE=Sl|

Sat of Test Data to MT
CPU - MT 1/O Unit
Communica-

o - i 7 7
- Fatigue Test on -
Machine 7 o Network ' é _
: | | | STRAIN (%)
: , . Hysteresis Loop
: . | of Fatigus

N i ‘ XY Recorder

e

Terminal 7

STRESS (kg/mm?}

- Creep Test
Machine -

STRAIN (%)

‘Functions - On-Line Data Acquisition from Al the Fatigue Testing Machines (St ess, Strain} i
: On-Line Data Acquisition from All the Creep Testing Machines (Strain, Time) ] .

: Edition of Acquisited Data and Preparation of File | TIME {H)

: Analysis of Acquisited Data

: Edition of Input Data for SMAT System

: Monitoring of Testing Machines . )

: Data Required to Conduct Material Tests {Control of Test Plan, History of
Materials, information of Test Specimens, Test Results) o

Creep-Strain Curve

|

9
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= PREPARATION OF MATERIALS DATA BASE AND SUMMARIZATION TO
- MATERIALS DATA HAND BOOK (2)

SMAT : §tructural-gﬂ_33erials Data Test <7

1
i
) Organization | E> PNC
" Processing System i ,
, _ , _ |
: — | 7 | "] /SMAT-USER
Preparation Guide o , | smaT-u ( OPE g@sqNG)
or the_lnput Data | : POST SMAT ;s:e;; ,-
I (Reference) ( MATERIALS DATA ) |
I | HANDBOOK ROUTINE General
] ) User
Teston § i ' [ checked | Fil Tape LJ
est qn tructura SMAT-HELP SMAT-T ec AXEL e SMAT~-COM for —_—
Materials A _ Data l D/B for coM &
- (SMATHELP ) (SMATINPUT | ' Reference (SMATGRAPHIC. Systam
: SUBSYSTEM ( DATA TEST ) . _ COM SUBSYSTEM Management
SUBSYSTEM ,
: : | ( Baar;‘l:;ng ) Section
, DATA SHEET | Reference ' '
Reai-Time System ' ' |
. P -7 - - . - -
) {The Previous Page) I SMAT-C . SMAT-MSS =1 Laser Printer
!_F;;lctnons ;r:gf'?:;rggr‘:;‘l:nmcma éfidﬁeral Pa;rbnsé b;;ta Base for StrucluraI'Ma:erials } ( EA(J)‘S%H OLLER ( §¥g‘gNhé6TLESHT!RIl\-IDAHD) . |
7: ggz.;!g;r;\)e:! of Codes for Strength Analysis of Various Mater.afs and its 1 SUBSYSTEM SUBSYSTEM

* Establishment of a Formula and Statistical Analysis of Strength Pragerties
on Base Metals and Weld Metals . _ - : . . R~
: * Analysis of Deformation Behavior and Life Prediction . Li s .
i : Development of Code for Analysis of Environmental Effect and its Application
’ * Carbon Transfer Behavior, Creap-Fatigue Behavicr of Carburizsed Materials,
: etc.
- " Development of Cade for Strength Analysis of Welded Joint and its Application
P * Simplified Inelastic Analysis of Swess/Strain Distribution in Welded Jownt
- i - " and Life Prediction
- : Development of Code for Analysis of Crack Growth Criteria and its Apptication
* Establishment of a Formula and Statistical Analysis on Base Metals and
T Weld Metals :
: Development of Code for Analysis of Inefastic Consiitutive Equation and its
Application ) ’ .
“» Construction of Madel of Inelastic Constitutive Equation and tnelastic

: : o Computer Room
Analysis ) .
: Edition of Materials Data Hand Book and Output of Figures and Tables

20 —————
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= FORMAT CF MATERIALS DATA HAND BOOK (EXAMPLES)

FOR Mgtallic Mater:iat Tasy Deute Handbook

PART | - STRUCTURAL
_ MATERIALY

sRgur | - HIGH ALLOY
STEELS

secTron 2 - 304 55
ANNEALED

FOR Mstellic Mactarial Test Date Handbook

FEVISION ¢ . O4-D1-80
PREVIOUS RE¥ISION ¢

I FROFEETT

Cteagotinn

PART

MATERIALS

STEELS

1 - STRUCTURAL I-nnur T - HIOH ALLOY jezcrion 2 - 304 85
ANNEALED

tog - -

T

t

e e p—— e

Hasee
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Serm
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e -
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‘c)
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| S R S
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fus304
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- EQUIPMENT FOR METALLURGICAL EXAMINATION AND INSTRUMENTAL -
- ANALYSIS |

Apparatus - - Main Specificatio-ﬁﬂ L S Unit ‘Remark - -
Scanning Electron Microscope Resolution; 60 A, Max. Magnification; X 180 000 1 1 JSM-36C
S o Max. Accelerating Voltage; 39 KV .
- - Scanning Electron Microscope Resolution; 60 A, Max. Magnification; X80, 000, 1 | 5450
) - , _ 'Max. Accelerating Voltage; 30 KV _ Only for Radioactive Material Test
" Transmission Electron Microscope | Resolution; 2.04 A, Max. Magnification; X300,000, 1 1 JEM-200C
] S , ' Max. Accelerating Voltage; 200 KV
Energy Dispersive Spectro-Scopy  ; Sil Li)_Detecior, Hesoltjtion;— 146 &V, Energy; 11Na ~gU ' 1 | Addition to JSM-35C
- Energy Dispersive Spectro-Scopy | Si(Li) Detector, Resolution; 146 &V, Energy; 1iNa ~gU : 1 | Addition to 5-450
_ Energy Dispersive Spectro-Scopy | Si(Li) Detector, Resolution; 148 eV, Energy; 1yNa~gol 1 | Addition to JEM-200C,
- 7 ' Equipped with CPU -
. Wave Dispersive Spectro-Scopy Energv Resolution; Less than 15eV 1 | Addition to JSM-35C
o o | Range of Measurable Wave t ength; 5.8 ~ 88 A B~ '
- jon Microanalyzer ] Diameter of Minimum Beam; 2 um, 1 | IMA-2, Equipped with CPU,
o o Detectability; 50 ppb {for Si/8) 1H ~gU ) be Possible to Automatic Analysis
X-ray Diffraction Apparatus Resolution; A(28) Less than 0.12° for Si {220) ' 1 | Equipped with Micro Diffractmeter
 Metallurgical Microscope Max. Magnification; X 2,000, Automatic Exposure Meter 1 | In Addition, 3 Ones 7
High Temperature Micro Vickers |Max. Temperature; 1600°C, Load; 50~ 1000 g ' 1 i 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, Min. Measurable Scale; 0.5 um 1
- - Surface Roughness Gauge Range of Measurement; 0.01 ~ 600 um, Max. Magnification; X 100~ 100,000 | 1 _
C Precision Balance ) Range of Measurement; 1 ug, Standard E:ror; 1 ug 2 | in Addition, Four Direct-Reading
] , ) o | , Ealances
inert-Gas }ieatihg Furnace Max. Heating Temperature; 600°C, Standard Error; £5°C ' 1 8

!
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. REPRESENTATIVE TEST RESULTS

FBR STRUCTURAL MATERIALS (1)

Straés (kg/mm?)

Creep Strain {%)

W A [E
* |mc 6 1 e
00 € L3 -
woc] 0| w
MATE AL T G- | Wagia
TENPORATURE 450 880 C
2 L. i ]
(T 1o* ar 1w ar

Rupture Time (H)

Comparison of Creep Rupture Data with Creep
Rupture Equation for 2% Cr-1Mo Steel

"
15000.9

Time (H)

[

Long Term Creep Curves for SUS 304 Steel

Stress (kg/mm?3)

Observed Creeﬁ Strain {%)

Hi
L{- 3 5
@ | ol
Lo . T
s & [ muhgt (000
C [ o ssrm
B | W o i)
ireem - SIsI0AmMON) I
TENPERATURE SO0~ C )
BT T e rraninil to*
Rupture Time {H)
Comparison of Creep Rupture Data with Creep
Rupture Equation for SUS 304 Steal
19 ,-' | AL L L LD S AL B Bt 0 B I O
[ Marmar - susaos N
TEMPERATUNE : 550°C
s: 12427 kg/mm’ -

&"’

NUMEER OF CURYVES: 23LnES

10° 2 [ 10!

-]
Predicted Creep Strain {%)

Carrelation Between Predicted and Observed
Creep Strain Behavicr

Observed Rupture Time (H)
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-
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10
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hid i 107 wt 10

Predicted Rupture Tlrne (H)
Carrelation betv/een Predicted and Obsarved

Values of Time to Rupture for SUS 304 Steal

10°
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Correlation Betwaen Predicted and Observed
Creep-Fatigue Lives for SUS 304 Steel

23
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n REPRESENTATIVE TEST RESULTS —FBR STRUCTURAL MATERIALS (2) o

a0 T 14 T T T T T T T
—— h l -
wrciwe misss raLE mo - " /o T 13 EE 2'%:Cr1Ma STEEL TESTED AT ZONC
- e mae i T e e 3w 4 | £=1210 aee T
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- = REPRESENTATIVE TEST RESULTS - FBR STRUCTURAL MATERIALS (3}

" Msteriahs , 2%Cr-$Mo Stawl - SUS 304 - Mod, 8Cr-1Mao Stes

o

| Chemicsl Compositions S (W el sicM|c s m| P8 | N |c c|s|mon|s|nclmoy|mn

3 RO JUIETUN S, -

015 | 828 | 956 (0016 em? 238 | 098 | 008 | 0% | 087 |0027|0002| 896 | 1847 [0r0] 0| om {oolaom| 0o | a1 o | oat o0 foo]

e — e —

_ Normalizing; 920~ 840°C ) . ' _ Narmalizing; 1040°C
Heat Trasment Tehpering - 710~ 730°C Sotution Treatment; 1100°C Temporing ; 780°C

Crow-Ssctions!
1} Whiere Structures of

Sodium Exposed Maverisls |
868°C, 5000 H

Jown,

Tempsred Ma;tgnllto

. | Ssurface Wicre Structures -
R Muturisls (SEM image}
: 1 B18°C, 10180 K
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" REPHESENTATIVE TEST RESULTS-—~—-—FBR CORE MATERIALS (1)
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- HEPRESENTATIVE TEST HESULTS—-—--—FBH CORE MATERIALS (2)

_ : i W E;q:oud to Sodiym

T Bedium Flow
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e
Test Condition :
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; 7, | - - : - . . 20um
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- SODIUM TECHNOLOGY AFIEA————SODIUM AND RADIOACTIVE IMPURITY

An Example of FBR PIant System
r’m

Alr Cooler 7 - ——
) Sub Cooling System ﬁ
| 7 Ganerstor
- Circulstion Pump /} \ - i :
. {Primery} ulla -
- I\ o } \ Bu Water
: T ! (45
q Condansef
I gna Through Typs
| L < ‘ tewm Ganerator
: [
sy . U q Fud-er
,AEI Feed - Waler Pump
_ f; ~ I Hexter
IHX Circulation Pump '
{Secondary) '

" [Primary Sodium symﬂl] ' [Secondary Sodium System| [Water/Bteam System] -

Anslysis of )
Impurity Behavior

Sodium Purification '
System _ (Cold Trap, Pluoﬂnn lndlcuof Sodium Samplar, ) [ Wasts Canditioning Bystem | [ Bodium Removal Bystem]

Anaivmj:f CF
FP lnd Trmum

Liquid Bodium Hydrogen Meter, Liguid Bodium
Oxygen Mster, Liquid Sodium Carbon Meter
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L CHARACTERIZATION OF SODIUM TECHNOLOGY AREA

@ém

Radioactive Matsrial
Tett in Sodium.

(CP & FP)

"+ -To Decrease Radis--

tion Exposurs 10
Plam Personnel

* To Frevent
Comamination in
FBR Primary

* Concerned ﬁegion

Operational Phase
Source
Nucti;:ie

Decreasing Method

(CP)

Primary System and Sodium Removal Facainv
from Exchanged Fuel Assemblies

During Normal Operation

Activation of Core Materials/Corrosion in Sodium

Mn, ®Co, ®Co

CP Trap, Decontamination of Radioactivity

(8]

o)

s}

(FP)

Primary System and Gasuous Processing System

During Operaticn with Failed Fuel

Nuclear Fission/Cladding Failure

Such many Kinds as '¥’Ca, Rare Gase and Rara Earth atc,

FP Trap, Dacontarmnation of Radloactivltv

" . Sodium Impurity
. - Messurement and
- Control Test

) gmemml tmpumias -
Tritium

-To Asura -
Reliabitity of Core-
and Structural
Material in Sodium

¢ To Amure

‘Reliability
FBR Planm -

. Operation

Concerned Region - |
Operational Phase

- Source

Contral Method

‘Measurement Method |

(Ox\;gen)

ana and
rcrarv System-

During Normal

- QOperation

Air Contamination

Cofd Trap
Sampler
Plugging indicator

Vanadium Equilibra-

tion Method

~ (Oxygen Meter)

. =g
'

— =

{Carbon}

o Primary and
Secondary System

o During VNormaF

0 ratlon and In-leak
Ope |

ump O

o Carbon Transfer of

Structural Material

in Sodium and in-leak -

of Pump Qil
© Cold Trap (maybe)
O Sampler

o Carbon Meter

Specimen Equllibra-
tion Method.

{Hydrogen)

O Secondary System

During Normal Opera-
tion and Failure of Heat
Transfer Tube of §G

Corrosion bif-fuslon 7
I SG af Nascent

Hydrogen
and Sodium-Watar
Reaction
Cold Trap

Hydfogan Meter
(Plugging Indicator)

O

(Tritlum)

Primary, Secondary and
Water/Steam System and
Environment of Plant

During Normal
Operatlon

Fast Neutron
Indiiced Reaction
in Cantrol Rod -
and Ternary  DHfusion
F{ulon in Fual

Tritlumlﬁl drogen
Chemicai Trap )
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= DOCUMENT OF RADIOACTIVE MATERIAL TEST IN SODIUM -

- 'Test_ltem

CP Behavior Test

Development of Computer Code
for CP Behavior Analysis

o Development of CP T}apping

o T Evaluation of Methbds to Prevent
or Control Source Rate of CP

Development of Cesium Trap

Type or Method

- -Out-Pilg Loop Experiment

Formulation of Solution-Precipita-
tion Model and its Coding (PSYCHE)
and Combining with Dose Rate
Analysis Code (JOANDARC)

Nickel Getter Type Installed in Core
Subassembly and Reflector

Evaluation by Using Analytical
Model - _

RVC Filled Type Installed in Sodium
Purification System

T —

Result and Subject

Understanding and Quantifying of Characteristics of CP Behavior
{Selectivity Characteristics of Elements, Transitional Phenomena, Down
Stream Effect) was finished. Characterization of Particulate Mechanism
ot CP Behavior is required, especially with Progress of Advanced Core
Materials. - ' o - o )

- Formulation of Theoretical Formula for Analysis, and Determination

of Model Parameters by Using Results from the Test Loop Experiment
and JOYO Operation was finished, )

Coding of CP Source Term (PSYCHE) and Combining with Dose Rate
Analysis in Reactor Plant Systems (JOYO and MONJU) was finished.
Verification of PSYCHE/JOANDARC by Evaluation of CP and Doss
Rate in JOYO was finished, Analysis and Evaluation of CP Source

| Term and Dose Rate in MONJU was finished, Development of Its

Availability in Plant Operation Is required,

Development of Trapping Materials of High Efficiency Type Is process-

ing. Which is especially Effactive on Decreasing of ™Mn and Dose Rate.
Characterization Test of Trapping Material {Dependency of Tempera-
ture, Sodium Flow, Shape, Exposura Time and Nickel Mass Transfer on
Trapping Efficiency and Corrosion Problem) and Moadelling for Design
were finished. Demonstration Test of a Type i CP Trap s proceeding
in JOYO.

Evaluation of effects by Decreasing of Oxygen, Cobalt Impurity Leval
in Cora Materials and using Cobalt Free Hard Facing Materials were
in practical using in Plants, - '

Selection of RVC Matarial with Fine Struct, Characterliation Test of

Trapping Material (Effect of Temperature, Cesium Concentration, and -

Pre-processing on Trapping Efficiency), and Confirmation of Non-
existence of Carburization Effect were finished,
Practical using Program is proceeding in JOYO,
Development of High Quality Type and its Test in Sodium are required.
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- . DOCUMENT OF SODIUM IMPURITY MEASUREMENT AND CONTROL TEST

Test Jtem : : ' Type or Method ', | - Aesult and Sub]ect

Development of Soduum Samplmg Method By pass Flow Through Sampimg Method | Used in the Prlmary and Secondary System of JOYO and
the Test Loops for R&D.

- Development of Plugging Indicator Typerof Precipitation and Solution at Development of Plugging Indicator being able to Inden-
: ' - Orifice , tify Impurities.

De&elopment of Liquid Sodium Hvdrogén Diffusion Tybe with Nickel Membrane

Study on Oxygen and 'Hydrogen Interaction in Sodium,
. Meter and its Behavior Test : ,

- Develbpment of Liquid Sodium Oxygen Electrochemical Type ~ Development of Long-lived Oxygen Meter Is required.
Meter
- _ Development of Liquid Sodium Carbon . _Diffusion Type with Thin Membrane Higher Sensitive Carbon Meter and Ouantlfying is -
Meter ) required,
Impurity Measurement in Sodium with Specimen Equilibration Method * Development of Spacimen Equilibration Devica,

~ - -Specimen Equilibration Method

L ) 7 7 ) ' + Establishment of Measurement Msthod of Oxygen with
S : . . Vanadium Wire Method,

* Development of Carbon Measurement Method with
Fe-12Mn and SUS304L is proceeding,

. . Development of Regeneration Method of Method of Thermal Decomposition Completion of Conceptual Design,
- B Cold Tra_p in Secondary Sodium System ! of Hydride and Sweeping Gas from

o ' 3 Liquid Surface

- Development of New Method for Removal Type of Metallic Alrtoy for Hyd-rogen
- and Storage of Trltlum and Hydrogen in Storage
j_ - - VSodlum System :

a—
R —————

Feasibility Study is required on-Avallability of Metallic’
Alloy for Hydrogen Storage in Sodium Systam,
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= DEVELOPMENT OF COMPUTER CODE FOR CP BEHAVIOR ANALYSIS

CP Behavior

Leaching

Deposition

Quantity (Rate)

Concentration Profile
on Cross Section of
Steel Wall

Quantity {Ratej
Distribution

Concentration Profile
on Cross Section' of
Stee! Wall

' Adjustment

" ® Selective Behavior Characteristic
of Element in Sodium

‘e Transitiona! Phenomena

¢ Down Stream Effect

_ " ({Test Loop Experiment) .

{ Examination of Foreign Study)

(PSYCHE/JOANDARC)

Model Paramsters for

Analysis

Loop

Theoretical Formula for
Analysis

_Reactor

Plant

Evaluation of
CP and Dose

[

Codingin

System
{PSYCHE)

Reactor Plant -

Solution-Precipitation Model

) (Ana]ysisl i

e Activation
in Code

e Core

" and Cooling
System

Dose Rate

(JOANDARC)
e Cocling System

¢ Shielding

{Plant Experlance)

| Establishment

= Rate, and
Behavior
Analysis and
Verification [n
JOYO Plant
System
{PSYCHE/

JOANDARC)

o Dosa Rate

Improve-
ment

* CP Distribution

¢ Concentration 7

Profile on Cross
Section of Steal
Wall

-1 of Computar
Coda of CP -
Behavlor
Analysis
{PSYCHE /
JOANDARC)

* Analysis for
JOYQ and
MONJU

. Pracflcal
Using in
Plant Operation
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- DEVELOPMENT OF RADIOACTIVITY CONTROL METHOD

DECREASING RADIATION EXPOSURE (1)

Develop_ment of CP Trapping Method

{Selection and High Qualification of Trapping Material)

(Characterization Test of Trappi_ng Material)

Characteristic Effects on Trapping
- Efficiency of
{Once Through Eff:cuancv}

Development Test of - ‘[ * Temperature
Trapping Material | * Sodium Flow

. 1 * Shape

- (Nickel Material}- * Modified Nickel

- ! . _ | ~ U« Exposure Time

T : {Effective Efficiency)

' ) T * Nickel Mass Transfer

Characteristic Problems Hesulted
. from -

Modelling for Design
(Effect of Trap Setting)

frradiation and Demonstm_tlon
Test in Plant (JOY O}

+ Selection of Specification of
Trap Installed in Core Sub-
assermnblies and Reflectors

* |rradiation Effects

Design and Making of CP Trap
Instalfed in Core

Practical

Using

* Corrosion in Sodium
s Pressure Loss

( Test Loop Experiments )
and Analysis )

(Design and Analysis)

- {Selection of Specification of Trap)
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‘m DEVELOPMENT OF RADIOACTIVITY CONTROL METHOD
———eDECREASING RADIATION EXPOSURE (2)

| Development of FP Trapping Method — Cesium Trap.

{Selection and High Qualification of Trapping Material}

{Characterization Test of Trapping Materiat)

‘Carbon Materaals A Reticulated Vitreous Carbon

Ve

i @mpatibiliw with SodiuD Characterization of Effects on
Trapping Efficiency of _ -
’ o Tempearature ' Design of Trap _ Experiencas of Using{ | Practical
. CesiumConceﬁtration : e Foreign Experiences in Plant (JOYO) Using
e Flow Rate
('Test Loop Experiments ) 7 A ' { Plant Experiences and Analysis )

and Analysis

35
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- APPARATUS FOR RADIOACTIVE MATERIAL TEST IN SODIUM

.Utiiizatioh To Study CP "Behavior and Develop "Methods of CP o7

) _and Cesjum Trapping. ??T

Characteristics ; gﬂ

Constitution : Main and Purification Circuit {One System for EMP
Each of Them )

Materiais : SUS316 (Heater, Cooler, Hot-Leg Piping)
SUS304 {Cold-Leg Piping, Other Compongntsrand

L ' " . Piping) .

_ _ ~ Sodium Inventory 1 202
- _ -Maximum Temperature : 650°C
- © 'Maximum Flow Rate : 6.5 2/min
Main Piping : 17.2mm 0.0.X2.0 mm thick.
Test Section ;

The main circuit has test sectnons the corrosion test section {T-1)
in which irradiated specimens are exposed, followed by hot-leg
piping, the CP Trap test section (CPT), and a deposmon test section
{T-2} in cold-leg piping.

The purification circuit also has test sections

: _ : the cold trap and
- fcesium trap, i.e. RVC trap (RVC).

Examplm of Expenmental Condition ;

P Temperature &cht)mwcwm)mmcwa)mw
E (CT) and 200°C (RVC)
B _ Flow Velocity :~ 5.6 m/sec. {T-1)

Oxygen Level in Sodium : 2.5 ppm

JETTT

|AVC.T:RVCTrap

, TN
? Heater
0N gf )
cPT , -.Ijl‘ _
Radiation Shield| | ‘E - lrradiated Specimen
IEX

:ﬂEki'Eah'sian Tank

: Dump Tank

: Glove Box

. CP Trap

. Cold Trap

: Flow Mater

- Electro Magnetic Pump

Schematic draWing of Actiﬁted Matarial Test Loop-1l

T

~ 1

= S

SO oA

"\ Irradiated Spacimen

Test Specimen Holder AT
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- . Development of Computer Cade {PSYCHE) for CP Behavior Analysis

- Release Depasition
- A 1 LRV e
<7 Viscous ! . Viscous S -
& - Steewall’ | cblaver |, | sublayer . Steel wall.
- " Diffusion-| - ! 2
Tsalution [T Sy B
<., ) Diffusioni L0 [ gapndtiontl :
/ / < l ﬂ 3-_%on
- - S 4
S intertacia | @y | e MG
) / FECEsIon | Transport! Interfacial - .- .
) A o i procession’”

. 7 “Solution-Precipitation Model” for CP Behavior Analysis

Producron

o Actranon of Core Maarish

Handling Head
: *“ 0P Trap
- ,_i, -
l! L——Wrapper Tube
4
: |
- [
) 1/ -
- B l.:\, .
-~ BRI cp 1o
—Flow Crifice
. Entrancs Nozzle

- Core Subassembly and Reflector
with CP Traps -

Reflector and Tfap Type (B}

Sublayer

o Dittusion un steml
© Lescturg and Bulk corinaen
a Diitusen through vt

Cold vap
ALd
Core
!
)
Trarpart ]
Dot i

& Cnlfusion itwough viscous sublayer
@ Preopitanan
a BuHuson .o sted

Simulation System of CP Behavior in FBR Plant

Daosa Rate {mR/h}

~ Core Region of Installing CP Traps
A-types: Inner and cuter reflectors
B-types: 4th and 5th rows in core fuel assembly

Dose Rate [mR/h)

- =MAIN RESULTS—RADIOACTIVE MATERIALS BEHAVIOR AND CONTROL IN SODIUM

T B T
® Measurement
O Calculation {Total)
O Calculation {Mn-54)
& Calculation (Co-60)

Ll 11414

0 20

Comparison of Measured vs. Calculated Gamra
Radiation Levels along JOYO Primary Main gircuit
Piping {Cumulative Reactor Output, 8,4X10

calculation

maeasuremant

1 2 3 4

Effective Full Power Years
Prediction of Effect of Installing CP Traps in JOYO

. installation of traps

without CP traps

5 4] 7 a

E -with CP traps

E .

= only A-type
] A

= A+ ls-types

| Development of Cesium Trap

Disu ‘eiuen Coetficiant

Evaluation Point Na.

1071 " -

S 18 1} 18 19 20 21 17 73 74

1 I | L I | § I

_ . JEseoune pme T Escorcantrston

L8 T w0
A &1

o ""7'&%" T 1

LSclid ling : curve by experimental

10 )
FMMQI
i o
. \\‘
»,
! *~ *\
3 — .
L £ o Euditwrm
4 i Il L ok
¥0 300 0 200 150
Temperature

Distribution of Cesium batween
Trap Matgrial {RVC) and Sedium

Mwd)

axpression
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] LAYOUT OF THE FIRST FACILITY OF THE MATERIALS DEVELOPMENT SECTION

X

ros A

\
,_\‘

1
f
SOCIUM TEST LABDI - . - : )
=" r Y s 7 e | =

=
SCD* : SYSTEMS & COMPONENTS DIVISION

(2F)

38
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'® LAYOUT OF THE SECOND FACILITY OF THE MATERIALS DEVELOPMENT
| SECTION

. F.......- ;'......;.-....L r__.;_,__._" | _...‘- r._' — %

3
E o o - - (1F ) ’ ' ()
f
:
i

9

LT e 7_ Tl o ia !L. L A¥ ;""‘;,
T s v g R e
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. » LAYOUT OF THE THIRD FACILITY OF THE MATEHIALS DEVELOPMENT secnon

- - R PCVEH SUPFLY &

PIWER SURPLY §

. é i PLAP ROOM 7& PONER SURPL Y m_'nu VENTILATION ACIOM 1 ;: VENTILAT) AQOM 2

- o 2 - -— - - ; - - - V N B

val

J .

MATERIAL

- - STOCK AOOM - F
Y CPEEP TEST ROOM
iy 4 - - - MATERIAL -
FOL 1 3eHMEG
AGOM

— — o
R

ﬁ OATA PROCESBING ROUM

METAL
7 i i 7 . MICREOSCPE
_ FATIGE A . ) ) ROCHA MO GFFICE ]
7 ROOK + ) fa i
S - SR I
b . EALANCES MEETING
, ] ROOM ADOM S Ao
. - . B ) p R — h 77 -
; - DARK 7 ;
| I A v P

MEETING HOOM

r.
g - FATIGUE TEET AoOM § - U V .
] - . : l.mslyonv g c
i - IR == :
' o ENTRANCE FEMBICE TEST ADLM . MO8 OFFICE

: " mam . . T 2
(1)
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