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|. FBR Development Program of PNC




FBR DEVELOPMENT PROGRAM OF PNC

1. OPERATION OF EXPERIMENTAL REACTOR "JOYO”

2. CONSTRUCTION AND OPERATION OF PROTOTYPE
T REACTOR "MONJU” |

3. DESIGN AND RELATED R & D OF DEMONSTRATION REACTOR
AND SUCCEEDING ONES

4. RESEARCH AND DEVELOPMENT ON FBR TECHNOLOGY
5. FBR FUEL CYGLE
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3. Organization and Number of Employee



0-ARA1 ENGINEERING CENTER

—~—eSafety Administration Section

Health and Safety Division

Administration bivision

-——akadiatien-centroi Section

—oGeneral Affairs Section
—csLabor and Personnel Section-
}—eAccounting ‘Section

oPurchase -Section. -

Director

Vice Director

—~—oMaintenance Section
——oWaste Management Section

——eResearch ﬁanaéement Group
—oPlant Engineering Office

Technology Development .
Division i

Systems and Components

——oTechnology Management Office

oo e e L
——oFBR Components Development Section
—oStructural Engineering Section

Divisions

Fuels and Materials

—oMaterials Development Section
——o ATR  Components :Development Section

——oAnalysis and Evaluation Section
—oAlpha-Gamma  Section.

Division

Bxperimental Reactor

-—oMaterials Monitoring Section
——Fuels Monitoring Section

—eCoordination Section
—<oFBR Operation Section
—sFBR: Maintenance Section

Division

B

—oReactor Technology Section
——ofrradiation: Section . :
——*Deuterium Critical Experiment Section

—oFBR Engineering Section
——FBR Reactor Safety Section
—FBR Plant Safety Section

Safety Engineerig
Division - .

}——=ATR Reactor Safety Section

L oATR Heat Transfer Section



~ POWER REACTOR PROJECT ORGANIZATION

——IATR Coordination Section ]

-{FBR Construction Coordination Section |

| | FBR Civil and Architectual Engeneering
section

Power Reactor Construction Deputy Senior ——{ATR Reactor Section
[land operation Project Director

——L?BR Reactor Section

—»IATR:Electric Machinery Section

j ! ~—L?BR Mechanical Engneetring Section

——IFBR Electric Engineering Section

President

! Management Group I

Executive Power Reactor Development Deputy Senior Planning Group |
Vice President Coordination pivision - Director

bPemonatration Reactor
i ; bevelopment Qffice

Administration Group l

Reactor Technology Development
| _|Power Reactor Research Deputy Senior Group
' |and Development Project Director

Plant Technology development Group |

Safty Research Group ) |
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Numbers of Employee for FBR Development (1967 ~1984)
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PNC EMPLOYEE OF FBR DEVELOPMENT (1984)
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4. List of Major Facilities



LIST OF MAJOR FACILITIES

1. O-ARAI ENGlINEERING CENTER
(1) EXPERIMENTAL FAST REACTOR “JOYO"
(2) SODIUM COMPONENTS TEST FAGILITY—1
(3)  SODIUM COMPONENTS TEST FACILITY—2
(4 HYDRODYNAMICS TEST FACILITY—1
(5) HYDRODYNAMICS TEST FACILITY=2
(6) ' FLUID DYNAMICS TEST FACILITY =
(7) SODIUM TECHNOLOGY TEST FACILITY—1
(8) SODIUM TEGCHNOLOGY TEST FACILITY—2
(9) SODIUM TECHNOLOGY TEST FACILITY-3
(10) SODIUM ANALYSIS _I____ABORAT.ORY -



(11)
(i2)
(13)
(14)

(15)

- (16)

(17)
(18)
(19)

(20)

1-MW STEAM GENERATOR TEST FACILITY

50-MW STEAM GENERATOR TEST FACILITY

FAST REAGTOR SAFETY TEST FACILITY—1-
FAST REAGTOR SAFETY TEST FACILITY—2
FAST REAGTOR SAFETY TEST EACILITY—3
FAST REACTOR SAFETY TEST FACILITY—4
ALPHA-GAMMA FAGILITY

MATERIAL MONITORING FACILITY

FUEL MONITORING FACILITY

RADIOACTIVE WASTE TREATMENT FACILITIES
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2. TOKAI WORKS
(1) FUEL INSPECTION DEVELOPMENT LABORATORY
(2) FUEL. ANALYSIS DEVELOPMENT LABORATORY
(3) PLUTONIUM FUEL DEVELOPMENT LABORATORY
(4) CHEMICAL PROCESSING FACILITY
(5) ENGINEERING TEST FACILITY

5 (6) APPLICATION TEST FACILITY
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5. Major FBR Development Activities



5. Major FBR Development Activities

]

5.1 Experimental Fast Reactor “Joyo’
8.2 Prototype Reactor "Monju”

5.3 Demonstration Reactor

5.4 Research & Development on FBR Base Technology

55 R & D Activities
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5.1 Experimental Fast Reactor “Joyo”



Test at "JOYQO"

o Analysis e Evaluation of code

| §

Extrapolation for "MONJU" design
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“JOYO” Operation Schedule
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FUTURE TARGET OF “JOYO”

1. IRRADIATION TESTS |
O High Quarity Irradiation Technique
O Power to Nlelt Test
O RTCB Test

/

2. GENERALIZATION OF OPERATION AND MAINTENANCE

EXPERIENCE

O Reduction of CP Level
O FFD, FFDL

3. PREVENTIVE MAINTENANCE

O Analysis of Failure Data and a Component Reliability
Evaluation

4. CONTRIBUTION TO FBR COST REDUCTION



LONG TERM PROGRAM OF “JOYO”

Development of new
Technology

on the

secondary piping

pansion joint

FY| 85186 87/8 {8990 ;9119293 |94/(095]96/97] 98
k 4
MONJU and DFBR MONJU criticality DFBR criticality
(ZOOP)
el to be shifted to MONJU after start up
fue| irradiation test for MONJU of MONJU l
parametric test for development of Io:lv
cost fuel
Irradiation Tests fuel irradiation test for l'JFBR
irradiation for material development (FBR, fusion reactor)
| development of FP trap
RTCB RTCiB
Tests on Reactor TOP
Safety natural circulaticn test
decay heat measurement
ATWS DRACS
installation and assurance test of bellows ex

installation

and assurance test of double-wall tube

G

power ascention
1 1

Y

1

o ]
assurance test on widerange neutron

1
assyrance

i ; i
ftest orf FFDI and FFDL

detector

anaiy;is of (I.‘.P behavior

JOYO Operation and
Maintenance Experience

]
CP trap

1
canningless storage and dry storage of

spent fuel

development

robot. for

maintenance

of component anomaly diagnosis system|

N }
surv‘lﬂ.lilance test
|

developmen‘t of 15| technology
1 ! ! 1

51—3
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- of MONJU Design —

Irradiation Test in JOYO for Fuel and Materials

Examine Performance

~Fuel Pin
Irradiation

-Fuel Bundle

Basic Test ————|

—Material
lrradiation

—Fuel Pin
rradiation

Fuel Bundle
Irradiation

- Material
Irradiation

lrradiation

— High Power Al1M
(465W/CM)
— Middle Burn-up B2M

(62.4GWD/T)
— Maximum Burn—w) —B3M
D/T)

91aG
— Wear Mark C3M
——— Middle Burn—u(g — C2M
(67GWD/T)
— Maximum Burn-up C3m
(105GWD/T)
Maximum neutron CMIR
fluence (2.3X10%°nut)
— Tag Gas Behaviour B0J. B1J
in Fuel Pin B2M, B3M
— Anti-FCCI AlM
——i—Plenum Pressure BiJ B2M,
_ B3M
—Fuel Temperature ———— INTA
(On-line)
—F.P Gas Pressure ———INTA
(On-line)
— Wear mark CldJ, C2M,
_ C3M
— Thermo-Hydraulic ———— INTA
o Performance {On-line)
———Swelling and Creep———CMIR



L—1¢

Irradiation Test in JOYO for Fuel and Materials (Cont’.)

Absorber Materials ——— MONJU Confir- —B,C —He Release, Swelling

mation Test

Structural MONJU Surveillance
Materials 1 Backup Test
MON-JU CRD

Confirmation Test

Na Technology ————

rIrradiation Technology— Irradiation
Device

JOYO - Reactor Characteristic —Irradiation
Device

Control Rod

Core Fuel
l— Assembly
—Monitoring L
Structural
Material
Sureillance

CP Trap Test ~—— Ni Plate — Ni Behavior

AMIR-1.
AMIR-2
Spring —Spring ——————UPR- 1
{ Pring pCoc—‘:gfficent
Magnet-Holding ———— UPR- 1
Power

AIM UPR-1, 2

A1MBJCMIR-0,
INTAUPR-1C1 J

INTA-1 UPR-1

—Irradiation Rig
—Detector (On-line)

— Off-line Monitor Every Test

—Reactivity B0JC1JCMIR-0

—Temperature Fluctuation —UPR- 1
around “Upper Core” Structure

i~ Temperature Distribution — UPR- 1

around Na Liquid Level
- Temperature Distribution —UPR- 1

in Shield Plug

—Simulation of Failed
Fuel Pin

Fuel Behavior

F1B

Driver Fuel Assembly

Control Rod Behavior Driver Control Rod

Structural Material

Sureillance Assembly
Behavior
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5.2 Prototype Reactor “Monju”



FEB, 1985

TSURUGA

SITE

“MONJU”



1 Unloading wharf 2 Waler take-in port
3 Water discharge port 4 Switch facilities
Sy 5 Office building 6 Turbine building
B2 7 Dlesel building B Reactor building

g Auxiliary building

{0 Maintenance & waste disposal building

11 Solid wastie slorage area.

Walb.asa-bay

i
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Plant Layout of Monju -
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LOCATION OF MONJU SITE



“Monju” Project. Organization

_ Elect. Utility Co.s
Technical
Support &
Construction
Supervision |
b JAPC ||
Utility Group

Site Preparation & Buildings Supply

s e E—— —— —— s, — S———— —r————

FBEC

(Coordination
& Plant System
Engineering)

Government - . ' |
Funds PNC
Elect. Utility Co.s > L
. (Project
Management)
Manufacturers | o
Plant System Design, Component Supply
& Installation
F———————
|
|
|
|
I
R&D l
5
| .
| TOSHIBA, HITACHI, FUJI, MITSUBISHI
} (Engineering & Manufacturing)
L — — —Manufacturer G

“Civil- Architectural
Engineering & -
Construction Co.s

e




PNC

Technology
Management Div.

FBR Development Pro ject

Contract Div.

Mon ju Construction .

Div.

Nuclear Fuels
Development Div.

R & D

Tokai Works

Finance Div.

Monju Construction
Office(Tsuruga)

T
|
]
|

Administration Div.

Other Div.

MONJU PROJECT ORGANIZATION

IN PNC

O-arai Engineering
Center

Plutonium Fuel
Div. -




MONJU PLANT CONSTRUCTION SCHEDULE

APPLICATION FOR
SITE PREPARATION

SITE PREPARATION

MAT CONCRETE AND
C/V CONSTRUCTION
WORK

BIOLOGICAL SHIELD
AND REACTOR
VESSEL

CONSTRUCTION
PIPING & WIRING

PRE-OPERATIONAL
TEST

CALENDAR
YEAR 1882 1683 1984 1985 1986 1987 1088 1989 1990 199§
(YEAR(|) | (YEARZ) | (VEAR 3') (YEAR4) | (YEARS) | (YEARG) { (VEAR7) | {YEARS) (YEARY) (YEARm)
SITE PREPARATION ¥ MAT CONCRETE '
MILESTONES START START | .,r
PREFECTURAL SET RV CONSTR
GOVERNOR'S ' FINISH
APPROVAL, INITHAL
‘ CRITICALITY




SITE PREPARATION

JULY 31, 1984

82 83 84 85 86 87 88 89 80 ]
| [ B 1 1 i I ) [ ] [ 1
!II2.£?!2.’69 3 6 9 12°3 6 9 36 91 6 9 6 3 6 ¢ 3 6 9
TEMPORARY SITES WORK LT N R AN X it
PREFECTURAL ROAD IMPROVE MENT 04 M L
ACCESS ROAD Y e
SEASIDE ROAD SR
PLANT SITE PREPARATION wmﬁm:L-:ww.*r‘rv:-«a.ur:-mw'. T T
- 1
BANKING WORK WA R L S
SHORE PROTECTION
BREAK WATER WORK ] -~ Il
UNLOADING WHARF  S— —
:
DREDGING i
COOLING WATER INTAKE, OUTLET | —
i FLANT I-IS(IJAVATI!)N
PLANT CONSTRUCTION  am—
BUILDING
UL I I L L I
COMPONENT INSTALLATION
TEST | CRITICAL




Principal Design and Performance Data of “MONJU™

Reactor Type
Thermal Power
Electrical Power
Fuel Material |
Core Fuel Equivalent Diameter
Height
Volume
Pu Enrichment (Pufiss %) °
Initial Core
Fuel Inventory Core (U+Pu- metal)
Blanket (Umetal)
Average Burn up of Dlscharged Fuel
Cladding Material
Cladding Outside Dlameter / Thickness
Permissible Claddlng Temperature
(mid-thickness) |
Power Density

Sodium cooﬂnng loop . type
714 MW
about 280 MW

_ Pqu-UO,g

| 790 mm -
930 mm
2340 lit.

Inner core / Outer core
15720
B9 X 103 kg

175 X 104 kg

80,000 MWD /T
sus3le
6.5 /0.47 mm
675 C

280 kW / lit.



Bianket Thickness (axial / r‘_édiai) .-

Breeding Ratio

~ Upper 300 mm

l_ower 350 mm /300 mm
1.2

Reactor in /out ‘Sodium Temperature 397 /529 C

Secondary Sodium Temperature
(IHX outlet / IHX inlet)

Reactor Vessel (he|ght/d|ameter)' |

'-'Number of Loops

Pump Posﬂ:lon (Prlmary and .

‘secondary loop)
Type of Steam -'Génératdr |

Steam Pressure (turbine inlet)

Steam Temperature (turbine inlet) -

Refueling System

Refueling Interval

505 /325 C
 17,800/7,100 mm
3 |

- Cold leg

* Helical coil, once-through unit type

127 kg /cm?g
483 C

Single rotating plug with fixed
arm FHM

6 months
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529C
TIIII T T ITT I T T TI7TZ

Pri. Pump

397C

Reactor

Guard Vessel

Pry. Sys.

Inside of Container —=—

Iy
21
—_—==m¢ﬂ:m==-ﬁ

7| Sodium-Water Reaction
| Releaf Sys.,

f"j
;

I
——

483°C

T~

iL] Rup Dﬁsc
—E- 127 kgremeg
| ) -

ling Water
: Super Heater °°_ .
AF P - :
M | Condenser '
T : A
L
Ar ol ’ .
Coolerl[=4: Evaporator Feed Pump
: 240°C
i
Seg. Pump |
2nd.Sys. Water, Steam Sys.

—= Qutside of Container

Main System of MONJU
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18.
19.
20.
R
22.
23.
*
25,
26.
27,
28.
29.
30.
31.
a2
i 31.
.34,

. Guard vesse
. Intermediate heat exchanger

. Primary sodium piping

. Containment vessel
. Palar crane
. Quter shield walt

Corn

. Reactor vessel
. Conlrol rod drive mechanism
. Fuet handling lacilities

Rotating plu,l;

Primary sodiun pump
Eirctromagnetic flow mataer
Primary pump overflow column

Secondary sodium piping

Equipment hatch
Ex-vessel transfer machine

Primary dump tank
Na-conditiohing unit
Sodium stroage tank
Intermediats pump
Evaporator
Superhealer
Auxiliary caoting " tipment air cooler
Sodium-water reaction product tank
Sodium storage tank

Secondary overflow tank

Secondary dump tank

Cold trap

Economizer

Electromagnelic pump

SG crane

Ex-vessel storage tank

C/V Ventilation Unit

. C/V Ventilation outlet fan
, C/Y¥ Ventilation iodine filter unit

. FHF Inert Gas cooling unit ‘

. Vent stack

. Primary pump MFG room

. Primary pump MFG control room

. Elevator

. Water / sleam piping

. Compressed air supply system room

. Radioactive Argon proessing subsystem

. EVST cooling system room

. Sccondary pre eat power control room
. Hatch for main pump

. Hatch for IHX

., Reactor auxiliary bultding
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i Ventilator and condilioner room 't Fuel canning room

9 Mainlenance room .¢ Fuel cleaning rocom

3 Swilchgear room 13 Fuel inspection equipment room

4 Monitor tank room ' ' 14 Gaseous radwaste processing sysl.eln room

5 Miscellaneous waste collector tank rodm (5 EVST

§ Concentrated miscelfaneous waste tank room {§ Sodium ‘ovprliow tanit

7 Maintenance area {7 Polar crane

g FHM cleaning room 18 Operalion floor .

9 Cleaning ventilation system room 19 IHX head area 1N
10 Ex-vessel transfer machine room 70 Reactor vessel }\ ‘

MERNMAAAAAA ]
for—=

4 M

(EL.4-55.5m) ) ¢

ll |

E

(EL.4-39. 5m)

(EL+42.8m) | _

(EL.+38, 0m)} D[h [—_] Dl:l
(EL.+32, 0m)’] (] ﬂ'J B
e ] ) urf *3 r:

(EL.+-21.0m)

e +8.7m)
YEL A4 0m)

e
21 IHX | - . L
22 Dump tank ' IR S ' ST 05 1015 20 25m
23 Storage tank I . Bl

24 Secondary sodium punflcatron system room :
25 Super heater :
26 Evaporator

27 Reaction producl storage tank

18 Switchgear room

79 Crane

30 Turbine generator

31 Transformer area

‘Sectional View of Main Buildings
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Spent resin tank room
Monitor tank room

Components cleaning area

Fuel slorage pool

Pool water cooling and purifying room
Fuel cleaning equipment room :
Fuel inspection equipment room

10 Ventilator and conditioner room

WO~ £ R —

11 EVST room

Concenlrated niscallaneous waste tank room {2 €old Lrap room

13 FFDL room

Misceltaneons waste collector tank room 14 Fuel handling faciliies operation ropm .

15 Main control room

16 Relay room °

17 Low vollage switchgear room
18 Piping room

19 [HX '

20 Primary sodium pump

(EL.4-25. 0m)

2| Primary Argon gas system room
22 Reactor vessel

23 5G room

94 Maintenance cooling system room
95 Preheat power system room

26 Swilchgear room

27 High voltage switchgear room

fonai= =2t
Evoveen|]_|

Y| S oz o L9

{(EL..--26. Qm)

<

0 5 1015 20 25m

WA T AL

Horizontal Cross Section of Main Buildings -
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5.3 Demonstration Reactor

T N



| Long Term Program for Development and Utilization of
Nuclear Energy

Government (1) Suppont operation and construction
(2) Establish regime of develepmant for demonstration FBR
(3) adopt appropriate measures for expediting siting work

PNC (1) Promote mainly related research and development
(2) Provide the data for establishing safety design criteria
(3) Provide the data for safety review
(4) Cooperate with the private sector for education and training

_ - of the personnel operating the plants .

¢

I

 Utilities (1) Take positive role for construction and operation
| (2) Work to secure suitable sites for construction
- (3) Promote related research ‘and development.

| Manufacturés (1) Establish responsible manufactures who can manage construction of
plant
(2) Promote related research and development

e,
ch
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October 23, 1984
The interim report on the development of
the fast breeder reactor
— by the advisory committee under
the Japan Atomic Energy Commission

THE MAIN POINT
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|. BASIC PHILOSOPHY

(1)« PROMOTE EARLY COMMERCIALIZATION OF FBR.
(2) » TRASITIONAL PHASE TO COMMERCIALIZATION FOLLOWS AFTER DEMO-PLANT
PROJECT WHICH SUCCEEDS PROTOTYPE "MONJU”.
(3) « DEVELOPMENT BY DOMESTIC TECHNOL.OGY OF PNC AND OTHERS WITH
INTERNATIONAL COOPERATION. ’
« PROMOTE TO TRANSFER PNC'S TECHNOLOGY TO PRIVATE SECTOR
. IMPROVE ECONOMIC EFFICIENCY KEEPING SAFETY AND RELIABILITY.

i'l.l (4) « PROMOTE DESIGIN, CONSTRUCTION, & OPERATION AS WELL AS R&D OF
w DEMO PLANT
. ESTABLISH SAFETY. DESIGN CRITERIA
. PROMOTE BASE TECHNOLOGY
(5) « COOPERATION OF GOVERNMENT AND PRIVATE SECTOR IS ESSENTIAL, NEAR
TERM PROJECT IS DEFINED.

(6) - TARGET START OF CONSTRUCTION YEAR IS EARLY I9905
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2. NEAR TERM PROGRAM OF THE DEMONSTRATION
REACTOR DEVELOPMENT

(1) NEAR TERM PROGRAM ARE AGREED AS FOLLOWS
® UTILITIES LEAD CONCEPTUAL DESIGN WORK, WITH SUPPORT OF
MANUFACTURERS, UNDER COOPERATION WITH PNC TO REFLECT R&D.
@ PNC LEADS CONCEPTUAL. DESIGN RELATED R&D (INCLUDING DESIGN
STUDY), WITH SUPPORT OF MANUFACTURERS, UNDER COOPERATION
WITH UTILITIES. |
EFFECTIVE UTILIZATION OF PNC'S LARGE TEST FACILITIES SHOUL.D
BE PLANNED
PNC LEADS R&D ON BASIC AND COMMON TECHNOLOGIES.
® SAFETY DESIGN CRITERIA ARE TO BE ESTABLISHED.
@ UTILITIES PREPARE FOR THE ESTABLISHMENT OF RESPONSIBLE
BODY, AND FOR THE SITE SELECTION.
(2) FOR THE NEAR TERM, R&D TO DETERIVIINE PRINCIPAL SPECIFICATIONS
WILL. BE PROMOTED.
PRICIPAL SPECIFICATIONS, CONCLUDED BY UTILITIES ARE CHECKED
AND RIVIEWED BY JAEC TO DETERMINE NATION'S PROGRAM.
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3. FUEL FABRICATION AND REPROCESSING

(1) PNC HAS STARTED R&D ON MOX FUEL

(2) SUBCOMMITTEE STUDIED ON REPROCESSING.
IMPORTANCE OF DOMESTIC TECHNOLOGY SHOWN.
PNC’S PRESENT TECHNOLOGY IS CAPABLE, BUT COORDINATION WITH
REACTOR SIDE NEEDED.

4. INTERNATIONAL COOPERATION

TOO EARLY TO JOIN JOINT CONSTRUCTION PROGRAM.

BILATERAL. COOPERATION IS REALISTIC.

MULTINATIONAL. COOPERATION DESIRED FOR SAFETY PHILOSOPHY AND
CRITERIA



SHORT TERM PROGRAM REGARDING ASSIGNMENT AND
COOPERATION FOR RESEARCH & DEVELOPMENT IN
DEVELOPMENT OF DEMONSTRATION FBR

—— . [PRESENTED TO THE ADVISORY] -——-
COMMITTEE ON FBR
DEVELOPMENT (JAEC)

December 8, 1983

Power Reactor & Nuclear Fuel Development Corp.
Federation of Electric Power Companies

To promote the development of the demonstration FBR (hereafter referred
to as "demonstration reactor”), as indicated in the "Long Term Program

for Development & Utilization of Nuclear Energy” of 1982, "the Federation
of Electric Power Companies (FPEC) will take a positive role with the
support of the govermment” and “related research ard development (R & D}
will be made mainly by the power Reactor and Nuciear Fuel

Development Corporation (PNC), in pérallel with the growing role of the
private sector.”

From these points of view, considering the present transient situation to

establish a development organization, assignment and cooperation for the
current R & D are arranged.

1. R & D of the Demonstration Reactor
A goal of the demonstration reactor’is to demonstrate techniques
regarding reliability and safety of the commercial-scale power pilant,
and simultaneously to have an economical perspective for the
commercialization. In the development of the demonsiration reactor,

R & D aiming at 3 fields with countermeasures,

for "making sure reliability and safety,”

for “capacity-up” in accordance with the increased output,

and |

for “improvement of economical efficiency” _

is necessary to be conducted, utilizing experiences hitherto and many

results of R & D as well as international cooperation efficiently, in

order to attain the goal of demonstration reactor specified above.

The development of the demonstration reactor is divided into 2 phases,

i.e. the 1st phase includes until provision of the basic specification

and the 2nd phase foliows hereafter.

(1) Hems of R & D in the ist phase are composed of that regarding
development of the basic technique and that required at selection
of the design concept.

The former is a basic general purpose R & D item including a

5.3— 6



study of technique improvement, which is obtained by extrapolation

-of techniques accumulated since the time when experimental reactor

was started, to be applied for development of the demonstration
reactor.

The latter is an item to study compatibility of new technique and
design concept in order to provide the basic specification for the
demonstration reactor. ) |

In the 2nd phase, in compiiance with the decided basic specification
for the demonstration reactor, the related practical R & D, e.q.
performance test of irial product and confirmation test of system
compatibility, are conducted.

Basic Idea about Assignment and Cooperation for R & D

Regarding R & D in the ist phase of the transient period, basic idea
about assignment of role and cooperation toward PNC and Electric
power companies is as follows :

(n

PNC, as the major responsible parent body in R & D of the

demonstration reactor, plays a main role assigned to the
comprehensive planning and adjustment of R & D based on
experiences of the experimental reactor and the prototype reactor,
and conducts R & D including related to fuel cycie with the
cooperation of makers,

For the time being, arrangement of staﬁaards, data and calculation
codes necessary to evaluate safety, research of development and
modification of equipmer;t system based on experiences of
construction, operation and maintenance of FBR, as well as
arrangement of large-scale test facility are conducted.

Regarding the research of design, participating in the concept
design plan conducted by Electric power companies, PNC
simulteneously studies various kinds of design including survey
with wide-range parameter and their optimization, based on the
results of R & D andexperiences of plant operation, to be able

to give appropriate fechnical support on the occasion of evaluation
and selection of the basic specification for the demonstration
reactor.

As for Electric power companies , to play a prime role for
construction, operation and maintenance of the demonstration reactor
and to fulfil the responsibility, concept design of the demonstration
reactor and the related preliminary study with the cooperation of
makers as well as participation in program for development of

the demonsiration reactor in regard to pick-up of requisite R & D
item and its orientation are conducted.

In the 2nd phase, the period after the basic specification is

53— 7 £



provided, sincé méin frame of the business and construction plan
etc. are clarified, appropriate assignments of R & D among PNC,
governmental research organizations, Electric power companies

and makers with proper support of the government will be decided
and achieved. o '

in order to paly the roles specified above effectively, a close
cooperative relationship between PNC and Electric power companies
is established and the plan of development for the demonstration
reactor and proceeding of the impleméntation are discussed.

53—8
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In the 1st phase, the period until the basic specification is provided,

" An Ildea -regarding Ass.ignment of the Current R & D

for the Demonsiration FBR

indicated by the "Short Term Program regarding Assignment and Cooperation

for R & D in Development of Demonstration FBR”", considering that various
factors, such as investment and organization etc., of the demonstration
FBR are transient, the prime themes io be resolved in R & D fields are

assigned as follows :

Classification
R & D of risky new technique

Arrangement of large scale equipment and
test f%cu g 9 p

Sugcess:o and development of experlences hitherto
extenaed resuit -

Arran ement of basic Pollcy of safety design and
standards, and offer of various data necesSary 1o

~ safety inspection

Arrangement of bbasic for development of analysis codes
Development of technique in common with the light
water reactor

improvement of operation and maintenance feasibility

I\/Ianufac:’mnngE method for economical improvemeni and
new construction method

Estabiishment ?‘lf teghnicue regarding, the quality
?eslegr?%e, such as nspection iechnigque 10 improve

Note : ©------ maijor assignmented

53— 89
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REGARDING - CURRENT R & D OF DEM-ONuS_TRA'lA'ION REACTOR

PRESENTED TO THE ADVISORY .
COMMITTEE ON FBR Aprll 20. 1984
DEVELOPMENT (JAEC)

Power Reactor & Nuclear Fuel Delopment Corp.
Federation of Electric Power Companies

~ introduction ,
The basic idea of R & D of demonsiration reactor was presented in the
information, "An Idea regarding Assignment of the current R & D for the
Demonstration FBR” (information at the 4th conversational meeting of FBR
development, Dec. 9, 1983), which is proposed afier discussion between .
PNC and FEPC, but details will be talked elsewhere. -
in December 1983, the FBR liaison conference was organized for smooth
proceeding of the demonstration reactor by FEPC and PNC and current
R & D necessary to the demonstration reactor is discussed and
materialized as follows.
1. Basic ldea of the Discussion
(1) Period
Aiming that provision of the basic specification is feas:ble in 1987,
period of the current 3 years (1984 through 1986) is dlscussed
(2) Subject i
Current R& D necesisary uniil the basic specification is provided
are divided into, |
1) item necessary to select the design concept, and
2) item of basic technique.
in this discussion, 1) was chosen and summarized deliberatively
between FEPC and PNC.
(3} Proceeding
Current R & D proceeds in order 10 provide the basic specification
smoothly as foliows :

Plan & adjustment Charge : FEPC,/PNC
- R & D necessary to selection of the design concept is discussed
and planned. o

. Procieeding of R & -D is adjusted according to each fiscal years
of requirements.

1. Concept design Charge : FEPC./PNC/
II. Evaluation research CRIEP! /
M. Test research makers
{in joint
research)
-
53— 10 U\J
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» Refer to the attached Table
Overall evaiuation Charge : FEPC./PNC
Following items are evaluated as a whole :
 Proceeding of R & D in 1through Tl above specified
. Draft of the bas:c specification for basic design

Result

Essential items necessary in these 3 years are classified, arranged
and shown in the attached Table where result of discussion regardmg
assignment is described.

Proceeding Hereafter

Based on the summary, materialization of the plan is scheduled
according to the individual assngnments and Izanson rneetmg between
FEPC and PNC is conducted

53— 1



Attached Tabie
R_& D ltems Necessary to Selection of Design Concept

ltem Assignment
I. Concept design
1. Rationalized design of loop and tank reactor FEPC »
II. Evaluation research,
1. Study on various kinds of design including survey PNC
with wide-range parameter and their optimization
2. Economical evaluation _
(1) Study on estimation of construction cost FEPC
regarding reactor-type evaluation
(2) Study on economical evaluation including nuclear PNC
fuel cycle- .
3. Adjustment of safety design standards FEPC. PNC
4. Information collection of experiences for design, FEPC. PNC
'~ construction; operation and maintenance
M. Test research
1. Research of the tank reactor
(1) Rationalization of earthquakeresistant structure CRIEP! +
and improvement of structural reliability '
(2) Miniaturization of equipment and evaluation CRIEPI *
of flow & heat transfer inside reactor .
(3) Reliability of structure and material CRIEP! »
2. Research of the loop reactor‘ o ) |
(1} Technigue of shortening pipings * » PNC
3. Common research of the both reactors
(1) Shut-down device for new type reactor PNC
(2) Direct cooling system for reactor core PNC
- _(?3-) Structure of intermediate heat exchanger PNC
(4) Axial heterogenious reacior core PNC
(5) Rationalization of allowances for PNC
shieling design _
(6) Preparation of test facility for assurance PNC

of maijor equipment

+ mark indicates joint research with maker
« = mark includes applicability to 2ndary system of the tank reactor

5.3—12
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PNC's atlitude toward the R & D on Demonstration Reactor

Regarding developmeht of the demonstration reactor, the proceeding was
discussed at the Atomic Energy Commission along with the Long Term
Program for Development and Utilization of Nuclear Energy (decided by
the Atomic Energy Commission on June 30, 1982).

in the st phase, R & D necessary 10 provide the basic specification

is conducted from 1984 through 1986 concenirated on the items

which are agreed on assignment and cooperation of R & D with Electric
power companies. : _

in the 2nd phase, on and after 1987, R & D necessary to construction
and operation {in around 2000} of the demonstration reactor along

with the basic specification is conducted through overall evaluation of

the basic specification and check-and-review by the Atomic Energy
Commission.

A prime object of R & D for the demonstration reactor is economical
efficiency because of its high construction cost compared to the light
water reactor. Reflection and thorough analysis of results for the prototype
reactor is conducted so as to contribute to capacity-up and efficiency-up
of the plant. policy-making of safety design exhibiting the characteristics
of FBR and corresponding new concept design of plant system- and
equipment are proposed and iest research is conductedi_.to confirm them.
For the time being, besides supporting research jointly with Electric power
companies and discussion of necessary and important themes in order

to optimize design of the large-scaie reactor by exirapolating the experiences
obtained by the prototype reactor, system evaluation research to obtain
knowledge for reactor-typ'e comparison, new reactor-core concept, and test
research of reliability of equipment system and material, and furthermore,
preparation of large-scale test facility, are conducted.

5.3 — 14
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PNC

ORGANIZATION OF R&D PLANNING

National University User Manufacturer Others
Laboratory
I * ! . :

PNC FBR Specialist Committee

Core Design/Plant/S odium Technology/Nuclear Fuel
Control and Inst./Materia!s/Structure/Safety/Building Structure

Mid- and Long-term Plan
of FBR Development

A

Director Board

!

FBR Head Quarter

R&D Plan of Each Field

FBR Division of Each Field

=

I

PNC:FEPC =
FBR Coordinating Committee

PNC - CRIEPI
R&D Committee

3

FEPC

¥

CRIEPI
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TIME TABLE OF DESIGN STUDY FOR DFBR

1975

1080

1985

PRELIMINARY DESIGN STUDY

FIRST CONCEPTUAL DESIGN STUDY

SECOND CONCEPTUAL DESIGN STUDY

COMPARATUIE STUDY ON CONCEPT &
PARAMETERS ~

ooty Y W PN ST B Y SR e g B el o) Sub b b ML PR




SCHEDULE OF PNC DESIGN STUDY

1’82’83 '84 |'85)'86 '87 |'881'89'90 | '91'92,'93 |
' [ — . : -z
DFBR Conceptual Design Study DFBR Check & Review  DFBR Fundamental Design
) A (MONJU Criticality)

0O Sec, Concep. ~l|~o Design Studies on l‘<ey Technology

Design Study of DFBR | | :
o o Topical ' o Design ‘Stud‘ies on
T Design Study S ‘Key Technology
= ! : ' . for Commercialization
O Study of 0 Enginering Evaluation Study of
Pool Concep. Loop and Pool Concepts
Design Study ‘
on Key Points of '
Pool vs. L.oop O Participation to Constructor's
Design of DFBR
L
o Plant Integration of key Technology
X
Q!@:ﬁ

\{
¢
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through 1983 fiscal year

Overall Flow Regarding Research of Design
for Large-scale Reactor

the 1st phase concept design (1979.1981)

h

1984 fiscal year

Research of key technology design {n

I 985 fiscal year

Study on feasibility of large-

scale plant by applying conven. :

tional pipings

the 2nd phase concept design
(1982-1983) (research of design
for the demonstration reactor) .

Study on feasibility of plant
aiming at low construction cost
by applying bellows-pipin_gs _

Y

Study on elemental technique
which has perspective regarding -
realization and restriction of
extended tech nique, based on
the independently developed resu-
It up to “"JOYO * and "MONJU",

Selection of R & D and analysis
of the result

Study on the plant image to
‘adjust tebhnigque

Research of kay technology design (1

Study on detailed (1) and
supplemental items

Study on the plant imaga to
adjust technigue

| 1986 fiscal year

Research of kay technology design (U1}

Research of design for the demonsiration reactor

Study on partial supplement to
items in 1982 & |983

1!‘

Overall study
Study on destailed (I1) and
suppiemental items

Study on the plant jmage to
adjust technique

Research of design regarding
salaction of the basic spacification

Preliminary study on technjque
necassary to the tank reactor

Research of design for selection
of reactor-type and basic specifi-

“cation:(1)

Research of design for selection

of reactor—type and basic spaci- _

fication (I1):

Research of design for selection‘
of reactor-type and basic specl-
fication (li)

Study on technique necessary to
tha tank reactor succeeding the
previous fiscal year

Study on the tank-type image
for comparison

Preliminary study on comparison

of the loop-and the tank reactor

Overall study on comparison of
the loop-and the tank reactor
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PNC'S NEAR TERM R&D FOR DFBR

0 CONDUCT DESIGN STUDY AND RELEVANT TEST AND EXPERIMENT
BASED ON EXPERIENCE OF JOYO AND MONJU AND NEW CONCEPTS.

6STUDY FEASIBILITY OF PLANT CONCEPT AND NEW TECHNOLOGIES
TO BE EMPLOYED. o |

0SUGGEST BASIC SPECIFICATION OF DFBR AND GUIDELINES TO
CONMMERCIALIZATION EFFORT.

O PREPARE LARGE TEST FACILITIES INSTALLATION.
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5.4 Research & Development on FBR Base
Technology
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RESEARCH & DEVELOPMENT ON FBR
BASE TECHNOLOGY

1) OBJECTIVES

R & D OF FBR KEY TECHNOLOGY BASED ON A LONG-TERM STRA-
TEGY OF FBR COMMERCIALIZATION |

2) THEME

* LONG-TERM STRATEGY FOR FBR R & D (ENERGY SYSTEM, FUEL
CYCLE, ECONOMICAL ANALYSIS)

*R & D TO UTILIZE FBR INTRINSIC PROPERTIES
*R & D FOR FBR PLANT SAFETY & RELIABILITY
- FBR DATA BASE, CODES, STANDARDS

*R & D OF NEW TECHNOLOGY, NEW REACTOR CONCEPT



5.5 R&D Activities




5.5 R & D Activities
1) Reactor Physics énd Shielding
2) Systems and Components
3) Fuels and Materials
4) Structures & Materials and S:odium'Technology
5) Safety |
6) FBR Fuel Reprocessing
7} Waste |

8) Profile of Major Test Facilities



|} Reactor Physics and Shielding




 JASPER Program

(Japanese-American Shielding Program of Experimental Researches)

O Goal of F’rogram _ . |
Acquisition of Experlmental Data on Large LIVIFBR Shleldmg
Improvement of Shleldlng De5|gn Nlethod
Prediction of Sh:eldlng Design Accuracy |
Optimization of Shielding Design

“r‘ O Experiments - | o S SRR
= DOE. / PNC Joint Experiments Program using TSF (Tower Shleldlng Facmty) ln ORNL

O Tentatively Expected Time Schedule

1984 | 1e85 | 1986 | 1987 1968 '5 :;':c r989 -1
Assignees to ORNL from PNC .
_ Fianming s PreAmaiyen o Eparimets 7
| Analysis of Experiments -
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JUPITER-I Program

(Japanese-United States Program of Integral Tests and Experimental Researches)

O DOE /PNC Jomt PhySICS Large Radial Heterogeneous

Core Critical Experiments Program

| . ..-_:.':-:.
O Three PNC Staffs Assugned to ZPPR in ANL-ldaho
O Experlments (May, 1982 through Aprll 1984)
Six Assemblies (ZPPR-13AB/1,B/1,B/2, B/3, B/4, C) 3
650 MWe-Size Radial Heterogeneous Benchmark Cores - ':'.:',.

Central Blanket and Three Fuel Rings

O Analy5|s With ENDF/B- IV (US) and JENDLZ (Japan)
The Flrst Joint AnalySts Meetlng was held on . T
September 11-14, 1984 at ANL ldaho The Results of & o REFLECTOR

E*] “CONTROL ROD FOSITION

the JUPITER I Expemments Raise Serious Questlons ZPPR-13B /4

Relative to the Choice of Certain Radially Heterogeneous

Cores With a High Fraction of .Internal Blankets as a
CXBA D
'.

Reference Design for Large LMFBRs.



JUPITER-II Program

O DOE /PNC Joint Physics Benchmark Experiments Program
for Axial Heterogeneous LMFBR Cores, and

for 1000~1300 MWe-Size Homogeneous LLMFBR Cores

O Under Negotiation Between DOE. and PNC

(1

&>

O Preliminary Proposed Time Schedule

Planning and Pre-Analysis : 1985~1986

Experiments © 1986~1988 (Two Years)
Assignees . 1986~1989 (Four People)
Analysis of Experiments : 1986~1989

Joint Analysis Meeting . 1987~1989 (Two Times)



2) Systems and Components
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SYSTEMS AND COMPONENTS (1/2)

OGENERAL VIEW ! MONJU MAJOR COMPONENTS DEVELOPMENT IS COMING TO FINAL STAGE, BUT
SOME ‘TESTS NECESSARY TO FULFIL HEQUIREMENTS ON CONSTHUCTION PERMIT REMAINS FOR
FOLLOW-ON LARGE SCALE PLANT, DEVELOPMENT OF KEY ELEMENTS IS BEING INITIATED.

OCOMPLETED |

REACTOR - COOLANT DISTRIBUTION TO CORE, STRUCTURE, SEISMIC TESTS

PRIMARY PUMP : FUNCTION AND PERFORMANCE TESTS UNDER NORMAL CONDITION

INTERMEDIATE HEAT EXCHANGER : FLOW, DISTRIBUTION, THERMAL TRANSIENT TESTS

CONTROL ROD DRIVE MECHANISMS : FUNCTION AND RELIABILITY TESTS

FUEL HANDLING SYSTEM : FUNCTION TEST OF IN-VESSEL :TRANSFER MACHINE

VALVE : CLOSING CHARACTERISTICS TESTS or-' CHECK VALVE FUNCTION TESTS OF STEAM

| GENERATOR ISORATION VALVE

STEAM GENERATOR : TESTS ON PERFOHMANCE AND RELIABILITY MAINTENANCE RUPTURE .
DISC FUNCTION, WATER LEAK DETECTION SYSTEM WATER 'SODIUM REACTION,
TUBE PLUGGING TECHNIQUE, IN-SERVICE NONDESTRUCTIVE TUBE EXAMINATION.




SYSTEMS AND COMPONENTS (2/2)

OCURRENTLY UNDERGOING |
* STRUCTURAL INTEGRITY OF MONJU REACTOR VESSEL AT NEAFI SODIUM LEVEL

* EFFECT OF THERMAL STRIPING REACTOR UPPER CORE STRUCTURE |
* PRIMARY PUMP TEST UNDER OFF NORMAL CONDITION INCLUDING SEISMIC TEST
* STEAM GENERATOR : INTEGRITY OF PLUGGED TUBE, IS! OF TUBE
» CONTROL ROD DRIVE: MECHANISMS HELIABILITY DEMONSTRATION INCLUDING
SEISMIC TEST - -
» IN-SERVICE INSPECTION' EQUIRMENT'
» COOLING BY NATURAL CIRCULATION IN' EX-VESSEL FUEL STORAGE TANK
* FLEXIBLE PIPING JUINT : FATIGUE TEST 0|= BELLOWS I

OFUTURE PLANS
* ADVANCED MATERIAL, INTEGRATED ONCE THROUGH STEAM GENERATOR
» DOUBLE WALLED STEAM GENERATOR
* SELF ACTUATED REACTOR SHUT DOWN" SYSTEM
* MITIGATION OF SEISMIC FLOOR RESPONCE INCLUD!NG BUILDING ISOLATION )
* DEVELOPMENT OF PLANT WITHOUT INTERMEDIATE HEAT TRANSFER SYSTEM

e



3) Fuels and Materials



FBR FUEL DEVELOPMENT STATUS IN JAPAN

OPNC has constructed all necessary facilities for fuel development and is operating
them. |

O Fuel development is focused at present on provmg the integrity of *MONJU” fuel and
to develop long-life core.

O International collaboration is_greatly effective in fuel develdpment. and PNC will
o continue it in the future.

MK-1  MK-I

® Jovyo
. MK-1I (Iiradiation)

Experimental

Reactor PFDF {Fabrication of liradiation Pins for JOYO}
JOYO)  \yosamonm
- @ Fuel Fabrication A PFFF (Fabrication of Fuel Subassemblles for JOYO)
1 PIE A ‘
AGF - : ;
MMF . _ iy _
FME_ | Fuel T ®Chemlcal o FBR
I I s Fabrication _ j Processing Facility N
' o e ' i CPF S R
(PFFR) (CPR) A Alpha-Gamma Facllity =~ Recycle Technigne
ISUPPOT““% : R g ~ - L -0 g Facil
- Fagilities ' ' @ PIE o L A iaterial Monitoring Facility .
T g Fuel Monltoring Facility
Reprocessing I R B PR S I I B U] I TRIRTS T S o
"“ L, Test () Irradiation Test in Oy
X Foreign Reactors
i@é“ il : oreign He DFR,RAPSODIE,GETR PHENIX,EBR- 11 FFTF




Long life coré material development

» PNC has developed high strength, moderate swelling core material

+ Core material fabricated at early stage of development demonstrated the excellent
performance up to ~2X10* nvt irradiation

« PNC continues development of various kind of core materials

. . 60 L
0 .
| 60 | .
& ' _ _4of  880C {
g B 316 58 , T
(o] : Q B — s
< =
u 4.0 NUCLEAR TECHNOLOGY . PNC318SS B ~
bt & ' == VYOL.57 JUNE 1982 N " (BOMK 5008} - ; 20 - \\
L2 ~— FUEL PIN @ 750C X
O|X |~ O cLabDING € Mod. 31688 £
I ' : . ® | ; SOLUTION HARDENED
E 4 90 p ' " AUSTENITIC 55 -
: 0l g
zz / MOD. 316 S5
ala {53~58MK\
.. — . )(6§§ \53~56Ms/
316 58
0 4 (50MK 50MS)
0 5 10 15 20 25 100 o o o
"FLUENCE (X10%n/cm?, E>0.1MeV) TIME TO RUPTURE
SWELLING RESISTA '
NCE OF PNC'S CREEP RUPTURE STRENGTH OF PNC'S

ADVANCED CORE MATERIALS : ADVANCED CORE MATERIALS

X
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FBR FUEL DEVELOPMENT PRdGRAM IN JAPAN

OPNC is to construct and operate new large-scale facilities necessary for developing

"MONJU” and DFBR fuel.

OPNC could enhahce, further active fuel development ability using "JOYO" and "MONJU”

OlInternational collaboration will be continued to effectively proceed common goals of

FBR fuel development.

Proto-Type Reactor

&
E’ 1
| |
| {(MONJO) :
A, . r
|

| Fuel Fabrication, t Facility b= —-
I

(PFFF) R S o

o .....l_._ " Under P!anl‘!iﬂg

I Building Constructed

Under Planning

I |
1980 1990

2000 2010

Monju

Fuel Fabrication

PIE Facility

Recycle Facility

Construction

Operation

L™
Lr

Consbruction’

Oparation

O—Cr

Construction
O—t—0

Operation

Construction

Operation
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TARGET OF THE FBR FUEL DEVELOPI\_IIE_IA\ITW:'_

1. Fuel performance—long life, high linear heat rate, and safe

« Core materials with enough . resistance to high dosage

2. Rationalization of the fuel design concept

- Larger fuel pin diameter and shorter fuel assembly-

*Review of the design margin

Phase—1

Phase—2

Phase—3

Fuels and
Materiels
Development

\:l & D for MONJU high burn-up core

PLE lacility construction : .
\—'.\ Gask developmert for irradiated fusls

N

AN

' I
\DFBH fuel demonstration in JOYO\DFBR fusl demonstration fn MONJN

Long lie core (120,000MWD.”TM}
Shorter fuel assembly

\ Long lifel core {150,000MWD.” TM) \

Long life core (150,000 ~200,000MWD./TM)
Alternative fuel development

. Core material development

~

\ Gore malerial development \

\ Core matlerlal development

Fuel deslgn analysis daveiopment

AN
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" INTERNATIONAL COLLABORATION
ON FBR FUEL DEVELOPMENT

~ Collaboration is greatly effective in realizing the common goal of long life core 'materi-
als development for FBR through mutual exchanges of experiences and with minimum -

developmental cost.

PRESENT STATUS
: FUTURE SCOPE

Test Designation Reactor
Test Designation Reactor
ﬂ; ?
‘
Operalional Reliability Testing i, ; Doun Operational Reliabllity Testing .
of Oxlde Fuel in EBR-1i EBR-11 ‘, . fea_y ’”ediafl'unfu FFTF liradiation (USA) of Oxide Fuel in EBR-1I . EBR-1I
EBR-1l ORT ° = 9 =0 ‘
{ ’ O\ Rameodis & Pianiy T gt Zan- 1 Test USA) (Continuea)
Invadiation {France) : N
" COO’ %D
' ® Do
b 13 op,
N < e
F?’;riugﬂ:;?;os“y Test FFTF e Y Collaborative Testings for
: ' O Long Life Core Materials FFTF
FFTF Creep/Greep-Rupliure 2 ib development
Test (FFTF CCR-2) FFTF
Proto-Type Reactor Fuel Irra- Pheni
dialion Test{Phenix PNC P3) anix Exchange of Iiradiations Phenix |.
betwsen PHENIX and JOYO
.Matetial lradiation Test in Phenix
Phenix{Phenix PNG P4}




4) Structures & Materials and Sodium

Technology




STRUCTURES AND MATERIALS DEVELOPMENT

©Structural materials Test

The "CAPELLA” Program In-Alir, ln-Sodrum and |
. In- Water/ Steam Test

The "SPICA” Program “Neutron Irra_dra_tron_ Test
©@Structural Integrity Test. |

The “SlRIUS” Program

CAPELLA‘I The reason why the program is designated
| . as the CAPELLA program is as follows |
The deve!opment of structural materials is one
of the most lmportant R&D items necessary to
develop the nuolea_r_.re_aotor and Ieads to the
commercial fast b_re__eder"rea'ctor'; This resembl-
es closely the role of the Charioteer who leads
the destination of the Chariot, wh_i_oh_:-oorrespo-
nds to the nuclear r_eactor_ itself. o

SPICA Scheme of lrradratlon Test and Post-lrradratron
Examma’uon on Candrdate Structural materlals
for FBR.

SIRIUS - étroctural integrity_ onder éevere Loadings.

4) —1



DESIGN FLOW AND PROGRAM

Systems Design

—

Plant Thermal Transient

Core Design

.—< Themnal Analysis _>

Themal hydraulics
Analysis Code (NAGARE)

Thermal Boundary Conditions

Themmal Transient

Behavior Tests
{SIRIUS}

—< Structural Analysis}———

- Gieneral Purpose Code(FINAS)
Special Purpose Codes

{

Internal Thermai Transiént

Thermal Transient Conditions
for Compdnerrts

AN

Themal Loading
due io temperature

distribution

.Mechanical Loading
due to earthquake

self weight, pressure

Structural Components

Strength Tests
{SIRIUS)

FBR Structural
Design Code

AN

Stress Distribution in Components

Themal Stress and Mechanical
Stress

--\

De5|gn Evaluation

Materials Strength Tests

{CAPELLA.& SPICA)

— . N
Strength Evaluation of

Components

Basic Structure Tests <lntegrity Assessment>—>

inelastic Analysis

Evaluation Methods

Structural Elements
Strength Tests

{SIRIUS)

Confirnation of Structure Integrity

[Confirmation of Safety Margin}

No

Design Modification

e

Safety Margin

Design Satisfied

4)—2
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BASIC CONCEPT OF “THE CAPELLA PROGRAM”

(1) For the Primary Cooling System (SUS304)
O©Reflection and Enlargement of R&D Work for “MONJU"

* Solution of Items Pointed out in the Course of “MONJU” Safety Review and
Evaluation |

* Improvement of Residual Life Evaluation Method (Creep-Fatigue Evaluation)

* Environmental Effect under Off-Normal Conditions

g -

©Development of Large Size Forgings and Thick Plates
©®Development of Large Diameter Seamless Pipe
(2) For the Secondary Cooling System (High Cr-Mo Steel)
©Screening Test for High Cr~|\/'l0-Ste_eIs- |
©Preparation of imaterial Strength S_tanda_rd |
©Development of Welding Procedure and Strength Evaluation Method of Weldment
%D ©@Environmental Effect (in Sodium and in Water/Steam) |



.
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FBR STRUCTURAL MATERIAL TESTS FLOW AND THE TEST ITEMS

NECESSARY FOR THE DEMONSTRATION FBR

JOYO

MONJU -

Demoné&raﬁon ﬁeadtor

Preparation of the High-
temperature Standards with the
Literature Both in Japan and

. abroad

Smal} Scale Research and
Development on Base Metals and
Weldments of Type 304 and 316
Stainjess Steels and 2 1/4Cr-iMo
Steel

Evaluation Including Environ-
mental Effect, with Backup
Research and Development and
Surveillance Test during
Operation.

Development of "MONJU" Material
Strength Standard Based on
Japanese Materia! Data, Referring
to ASME Code ("MONJU" Design
Standard} : g

Extended Tests Performed for 304,
316, 32185 and 2 1/4Cr-1Mo Base
Metals and Weldments

* Basic Material Properties

* Creep-Fatigue Evaluation Method

:» Constitutive Equation

* Welding Method, Inspection,
Strength Evaluation Tests

(Improvem'erit of Present Design Standard)

- {For Improvement of Reliability and Economy)

~~ R&D for Improvement of present 7
Design Evaluation Methods

* Creep-Fatigue Evaluation (3048S)

» Constitutive Equation (3045S)

« Strength Evaluation of Weldments
(30488)

L - R&D for Modified Materials

* High Cr-Mo Stesl
+ + Modified 304 Stainless Steel
* Large Diameter Seamlass Pipe
Material (304SS)

(For Larger Size}

= R&D for Larger Stainless Stee!
Products

* Improvement of Base Material

* Welding Procedures, Inspection
Techniques, Strength Evaluation
Tests -~ SRR



"SCHEDULE ON THE CAPELLA PROGRAM

FY 82 | 83 [ 84 | 85 | 8 | 87 | 88 | 80 | 90 | of | 92 | o3 | o4 | o5 | o8
Demonsiration Conceptual Design, Fundamental Design, Detailed Design, Construction .
Reactor :
Reactor 0
__________________ Data Generstion for
Licence of MONJU : R | R | ___ A | et | i ¢ R | il | My
SUS304 Verslon -up of Deslg" Standard Appllcatlon for Demonstration Reactor
Primary \ “ l ” Il |
Data Generation for
Coolant . _ mgggg’:t;c’" ?jf 'Base adetal f\o'xh:ll:jng . Licence of Demonstration
Check & Review re and Inspection of Veldment Reactor
System - -
-~ '
A . . Data Generation for Licence
, Check & Review for Application to FBR of Demonstration Reaclor
- - Modified - 4 /i /i Jnmdwwudu
\i/ SUS304- : :
B e S AV | IR | RS | I | PR | R— S | I | N | MR RO | [P | P | R e ]
Data Generation for
Licence of MONJU Data Generation for MONJN in Service _
Secondary 8uUs321 : = : j - : 8 _
Coolant 9}{Cr-IMo - I N I L i
System Steel : Data Generation for MONJU in Service
High Cr-Mo [Toqr = “""ﬁ —

. ) ' —I _ -
Steel Eli:‘n?;';?i;g:l Jfl(J" Data Generation lfor Tentative Design ol) Demo/nslralfon Reactor /i _ Z
Data Genertion for Licence of Demonstration: Reactar
Evalueation of Residual Life on MONJU
Materials

Selection of Malerials

Prototype v : : . : v .
"MONJU" Construction . Critical

Reactor




R&D ltems of the “SPiCA* Program

©For “JOYO”
- JOYO Surveillance Test
- JOYO Surveillance Confirmation Test (for unirradiated
material)

» JOYQO Surveillance Back-up Test
(1} Irradiation of the reactor vessel materials in JMTR.
(2) Thermal history tests on reactor vessel materials (Part 1)
(3) In-pile creép rupture test in JMTR.
(4) Irradiation of reactor vessel materials in "JOYO".
(5) Test on the size effect of test specimens.
. {6 Thermal history test on the core supporting plates.
{(7) Thermal history test on the reactor vessel materials (Part 2)

©For "MONJU”

* MONJU Surveillance Test

* MONJU Surveiliance Back-up Test

- R&D Test (Test for the Large Scale Reacter Included)
(1) lrradiation temperature effect test on material strength

characteristics.

(2) In-pile creep test.
(3) lrradiation effect test on SUS304 forged materials.
{4) Irradiation effect test on Inconel 718.
(5) Specimen size effect test (in-air).
(6) Fracture toughness test.
(7) Irradiation effect test on welded joints.
(8) Tests on neutron fluence.
(9) Irradiation effect test on modified SUS304.
(10) lrradiation test of high Cr-Mo sieel



FIG IRRADIATION TEST SCHEDULE OF “"MONJU” STRUCTURAL MATERIAL IN JOYO MK-II

FISCAL YEAR ©83 | 18« | 185 | ee | 1987 | 1988 | wes | 1ss0 | w1 | imez
MONJU é:nmc.m.-
UPPER CORE STRUCTURE URRA _
IRRADIATION PLUG RIG — — UPR-3
—_—— UPR-4
SMIR-1 SMIR-5
STRUCTURAL MATERIAL == SMIR-2 SMIRS cMiRs = SMIR-10
{RRAINATION RIG SMIR-3 SMIRT e . sﬁn—n
SMIR 1~12 —_—
SM=IR-4 SMEI‘R-B SM=I.H-12
FIG R&D SCHEDULE (TENTATIVE)
Fiscal ’
1985 1986 1987 1988 1989 1980 1891 1992
tem Years 19883 1984
‘ Permission of Construction,. Construction Criical  Operation
“MONJU™ Schedule
. Modified - MK-TI { 100MW | Operation
| "JOYO" Schedule
IR & D test items]
1) Imradiation tempemature o
effect test on material
strength chamcteristics {imadiation by JMTR)
2) In-pile creep test i
3 Imradiation effect test P —_)
on SUS304 forged material
4) Iradiation effect test B -
* on inconel 718 material
5) Specimen size eftect D— b
test (in air} -
FFTF imadiation L "JOYO" MK-1I imadiation
6) Fracture toughness test 4 B
7) Iradiation effect test - 1]
on welded joints i
8} Test on neutron fluence o
9) Irradiation effect test
on medified 3045S r
10)iradiation test of )
high Cr-Mo steg!

43 -7




Selection of Plant Type

i

i1

Strength against
Thermal Transient

Mitigation of
Thermat Transient

Structural Elements
Strength Tests

. Structural Components
Strength Tests

Thermal Transient
Behavior Tests

i

{1

Seismic Tests

Study

Seismic Feasibility
Isclation Assessment
Structural Safety ‘ Diping Bellows

Strength Tesls

8— (¥

U

Il

!

Davelopment of

Structural Design Analysis Methods
{Structural Sirength Evaluation Methods)

Evaluation of
Thermal Boundary
Conditions

Il

{

FBR Structural
Design Guide

V4

Selsmic Desfgn
Vibration Analysis
Methods

LBB Logics
Criteria for 1S}

I

Piping Bellows

* Design Guide

)]

Selsmic Design Guide

AV

Establishment of Reliable and - Rationalized Structural Design Methods for FBR




N

R&D [tems of the “SIRIUS” Program

O Structural Design Analysis Method
- Improvement and Rationalization of "the Elevated Temperature Structural
Design Guide for MONJU"
- Improvement of structural strength Evaluation Method
« Improvement of General Purpose Structural Analysis Program (FINAS)

‘O Structural Elements Strength Tests

» Thermal Transient Tests and multiaxial Tests of Piping Elements, etc.,
Inciuding Structural Discontinuiety and Weldment
o Structural Component Strength Tests .
« Structural Integrity Tests to Failure of Components (Reactor Vessel, SG
. Tube to Tubesheet, Large Diameter Piping Bellows, etc.)
OThermal Transient Behavior Tests
» Thermal Striping Tests of Variou s Configuration Types of UCS.
Development of Thermal insulatlon System for Near-Sodium Level
oSe:smlc Tests ] '
- Feasibility Study of Isolation System
« R&D Works for De'velopment of Seismic Analysls Method _
{Core Assembly,'Pi_pi_ng System, Fluid Structure interaction, etc.)
* Preparation of Seismic Design Guides Specific to LMFBR.
O Structural Safety Tests |
» Crack Propagation Tests of Structural Element
 Establishment of Fracture Mechanics Approach and Flaw Evaluation
Method
- Extension of LBB Theory by Fracture Mechanics Approach.

OPiping Systems Rationalization Study (Piping Bellows)
* Feasibility Study of Piping Bellows _
Creep-Faiigue, Thermal Transient, Ratchet, Buckling, Vibration Tests, etc.
* Preparation of Design Guide for Pipi_ng Bellows. . -

=

£)—-2
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GUIDE LINE FOR THE DEVELOPMENT OF
BELLOWS EXPANSION JOINTS AT PNC

(Included in the '“SIRIUS” Prpgram)

R & D PROGRAM PLAN
FOR B.E.J (PHASE 1I)

}

R & D WORK
(PHASE 1I)

:

SPECIFICATION FOR
DFBR B.E.J

R & D FLOW

=== ——— =

I |

| |SURVEY ON THE STATE | )

| |OF THE ART OF BELLOWS| | = % o E'jogl_?:gfz P;";‘N

| |EXPANSION JOINTS(B.E.J) [ B o

| |

: l | l 1983

| |

[ ] _

| | IDENTIFICATION OF ) R & D WORK

| | SPECIFIC DATA IN NEED | | (PHASE 1)

I : |

{__ ____________ __: l 1984 —1986

1979 —1082 _
COMPREHENSIVE
ASSESSMENT FOR B.E.J
—APPLICABILITY TO DFBR
1986
ALTERNATIVE " NO .
DESIGN APPLICABLE?
\"N) |
™
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SODIUM TECHNOLOGY

The "ALPHABET” Program

 Test Program for Reduction of Radiation Burden

Caused by Radioactive Corrosion Products.

+ Administration of Program

1. CP Behavior : Development of Analysis Technique for )
- Inside of the Primary

CP Behavior | - | >

. | i Cooling Syetem
2. CP Control : Development of Technique for CP Control

3. CP Decontamination :DeVelopment of Technique for

CP Decontamination | - | Qutside of the Primary

. : A ' SRS ? o
4. CP Elimination : Development of Technique for CP | Cooling Syetem

Elimination J

A, B, C, D, E————Alphabet
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Fuel Assembly

] ——

Iy

Oulside of
Primary Syslem

d

p—g

P Conlid

N Wasle Treatmant Center
]

el Asseny
Wﬂshl ng Dac

lll-lllnlvvuna
ahets
BRI OO

ey
l i nlnaﬂr E

Efiminatioh

T 9

p—

ﬁ -, Fual Assem| bly Transfer machine
Y g [iriaicia of Frimary
|Cooling Sgalem]l | Companent
4]
H

RO
@&

Washing JAERI
A v HX Pump
t J :J._ ‘
Daconta ml alion)| Ellmination
Fuel Assembly
Washiny qFaclllly
- - L
- e = k=
= | = i I
CP Source | ﬂ
S0 Co Preci| Hallono b —— . s o
O o] QO |
© | Y
Compaonent ( malntatnance Wasle Tank ) -..
Friclion Washing Facimy% Clag
CP Behavior :
Analyslg| :
60C Wasla Trealment Facllity
‘ | - I §> Conoglar I _
I { \ ﬁ 54Mn .
( == , ' ( maimainance Waste Tank )

Cold Trap

PROBLEM AND COUNTERMEASURE OF RADIOACTIVE

CORROSION PRODUCTS AT “JOYO”
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1. Developmrent of Analysis Technique for CP Behavior

©Clarification of the Mechanism of CP Generation and the CP Transfer and Precipita-

tion Behaviors in the Primary Cooling System

\ 28

Systematization of CP Behavior Analysis Code and its Reflection to the

Demonstration FBR.

(1) Comprehension of CP Behavior by Out-of—PiIe Tests
(2) In~-Situ Measurement of CP Distribution and Precipitation Rate at “JOYQO”

=pVerification of CP Behavior Analysis Codes : SAFFI'RE and PSYCHE

Unification' of CP Behavior Analysis Codes
Analysis and Evaluation of "MONJU” Plant System

Reflection of the Results to the Demonstration FBR.
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2. Development of Technique for CP Control

- ©Reduction of CP Generation Rate

(1) Control of CP Generataon Source
. Control of Co Level Included in Struotural Matenals and Core Materials

. DeveIOpnment of Co Free Hard Facmg Materlals

( ) Control of CP in Sodlum
Development of CP Trap Materlal (Out of Pile Test)
* CP Trap Test at "JOYO”
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3.Development of Technique for CP Decon’tamination

©Decontamination of CP Precipitated in the Pipings and Components of
Fuel Assembly Washing Facility and its Waste Treatment.

4

Development of Synthetic Decontamination Technique for FBR

(1) Morphology Analysis of Precipitated CP

_St=(

(2) Basic Tests of Chemical Decontamination
(3) Small Scale Test of Chemical Decontamination

(4) Mack-up Test of Chemical Decontamination and Confirmation of Propriety of
Obtained Results '

(6) Decontamination of Practical Plant ("JOYQO”)
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4. Development of Technique of CP Elimination

©Elimina‘tion of CP Included in Pipings and Corhpone_nts of Liquid Waste Treatment

Facility
.

Establishment of the System for CP Elimination and its Waste Treatment in FBR

1) Morphology Analysis of Washing Waste Including CP

2) Design','li\/lanufacturing and Operation Evaluation of the System for CP Elimination
and its Waste Treatment in the "JOYO". Liquid Waste Treatment Facility

3) Synthetic Evaluation of CP Eliminetion Performance and Establishment of

Wastie Treatment System



B) Safety
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Safety

Overall

Till criticality of Monju in early 1991, Safety Engineering Division at OEC and Safety
Engineering Block at HQ, are much devoted to the resolUtion of homeworks posed
by the regulatory and to the confirmation.of CP—related quk. However, some of the
Monju-related work, especially experimental facilities built or planned can be used
for the future demo; plants. Details of the past safety work can be learned from the
Annual Report of Safety Engineering Division (PNC SN 943 84-06), September, 1984,

whose copies have been sent to DOE in October, 1984.

. Reactor Engineering Section

The section is in charge of thermohydraulics of the plant, components, subassem-
blies both in single and two phase regimes. The main emphasis is in the area of low’

heat flux and natural circulation/convection phenomena.
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—EVST natural circulation tests
» An acrylic vessel of 1/3-scale, 1/6-sector with 36 simulétihg S/A heaters.
+ COMMIX-PNC used for pre-analysis.
—DRACS natural circulatio'-n tests
« An acrylic model of 1/3—-scale with simﬂulating heat source is being built.
+ COMMIX-PNC for pre-analysis.
—PLANDTL loop |
« A new versatile Na loop will be %‘b‘uilt byn early 1987. The loop is initially
utilzed for low heat flux behavior for resolution of decay heat boiling under
Monju LOPI with a bypath line. The loop can be modified later for natual
circulation tests.
. Domestic codes as well as SSC-L. and COMMIX-PNC are being used for

predicting loop behavior.
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— Analytical tools

- Much advance has been achieved in the past few years with domestic codes
in single and two-phase regimes.

2. Reactor Safety Section

The section has been and will be for a few more years to the study of

severe accidents in response to the regulatory home works.
—VECTOR vessel

« Na vapor expansion/condensation study aimed for HCDA bubble collapse.

- SIMMER is used for validation and model improvement.
—JET vessel

. aims at basic studies of molten core materials and the lower-lying structure,
with simul_ant material first. The study also aims at vapor blanketing effect of the

jet drop and accompanying MFCI. Induction heating is employed for creating the
melt.



—Cabri and Scarabee
* PNC has been a junior partner of Cabri since its beginning, and will join a
partial test matrix of Scarabee as a junior partner in early summer, 1985.
—Consequence Analysis
* By the mandate of regulatory, a Monju PRA is requested to PNC. Phenomenoloe
gical scenario development is in progress in similar fashion to the KfK—IA

Conditional Risk Study for SNR-300. The energetics path has been proved safe

y— (g -

with extensive scale-models and analysis. The difficulty is rather in the mild
energetics path which involves recriticality, materials relocation discharge and
debris cooling. In addition to the US codes (SAS, SIMMER), a code, APPLOHS
was developed to analyze the protected loss of heat sink scenario.

3. Plant Safety Section

The section consists of two major parts : containment studies and sodium-water

reactions.
o’@'@



—Sodium fire and aerosols behavior
- After a series of scoping studies (SOFT-series), a new facility, SAPFIRE will
start operation in May, 1985. The facility consists of SOLFA-& which aims at a
Na fire effect in the operating floor of the SG room, Na drainage to the smother-
ing tank below and the effectiveness of the smothering equipment. The second
rig (80m°®) called SOLFA-2 is a closed vessel with capability of creating fires inside

or feeding controlled aerosol density from an outside chamber. Endurance of

g — (¢

scaled equipmenfs or the behavior of aerosols can be studied.
 Domestic codes modified from US codes have been satisfactory in the subject
area. Especially, ABC-INTG for aerosols has proved quite capable.
—Containment and source term
. A third rig FRAT in the above facility will serve in the future to the study of

fission products chemistry in Na.



« Need is felt to mechanistically follow accident sequences in conjunction with the
consequence analysis of Monju PRA and CONTAIN is selected as the tool.
Individual module tests have been conducted and 'compared with separate codes.

—Na-Water reactions

« Large leak experiments with 2-1/4Cr 1Mo steel are completed and only failure

propagation and micro-leak tests continue at reduced rate. For future demo

plants, plans are being discussed for immersed-type rupture disks, reactions in

g — (8

high Cr steel tubes, and double tube‘ SGs.

* The SWACS C,ode series has been used for Monju licensing and PNC is quite

satisfied with the series.

4. PRA Studies

A small task force team conducts the systems analysis of Monju at HQ, and the



consequence analysis of identified paths is performed by the three sections at
OEC.
—Systems analysis
* The work which examines the final design of Monju has already yielded possible
changes in control and oberating procedures in Monju.
* Though not performed yet, seismic PRA must be implemented as the most im-
o portant external event. Fires (ordinary and Na-caused) are already in the work
plan.
—Database development
* In January, 1985, an agreement has been reached between DOE and PNC to
interchange the US and the PNC data on Na components. PNC is constructing

the FREEDOM DBMS which will feed PNC data in compatible format to CREDO.

e
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5. Recent WG Activities

* 84/11 1 SM on sodium fires and aerosols

* 85/01 . Conclusion of SMA on CREDO/OEC

* 85/01 . Observer attendance to the US-UK. Safety Desagn Principles Meetmg
* 85/10 : SM on thermohydraulics including boiling

-6. Conclusions

Skl

* The US has been an excellent mentor in the past and still retains deeper expertise.
FBR/Safety should pursue research where data is still in sufficient and enchange
the new data with the extant US data. PNC should encourage US involvement in

conducting experiments and developing/validating computer codes.



6) FBR Fuel Reprocessing
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Development of FBR '_Fuel _Recyclinigi_ '_.Technology |

Mar. 1985
1980 | 19811982 |1983 (1984 | 1985|1986 |1987|1988| 1989(1990 [ 1991|1992 [ 1993 19941995
|. Fast Breeder Reactor 1 b o IR S . 5 N ! TRt L S b

“JOoYQ" MK-1 Campaign| = MK-I » MK-I Campaign >

T D N D A P N | Criticality | | 1
“MONJU" ' Design o Construction Y Operation >
“Demonstration Reactor” Design >

T T i T T 1 T T T

I | 1 : ' H |

2. Fuel Recycling Technology E E _ | i E Test.0peraltion

H ! N T T ! e . = i L
FBR Fuel Recycling "~ Conceptual Design Basic Design Detail Design Construction J >

H i I . b ] i - A . H . I 1 ]

Pilot Plant : I : : B : = E A i L i E

. : " _TestOperation & & . | | ! t L1
Chemical Processing Facility Construction I 7 _ ot Run >

crn TEoFiTest| [EOFdTer] 1 T T (] 1 [ 1 1
Engineering Demonstration Head-end Process. Main Process. etc. Engineering test. >

Facility (EDF-I: If) | ; = 1 “iConstructioni: 0 1 i ' i E i !
Full size i i 1 : Design _ E e ... . Test >

Mock-up Test Facility b T E R ; i J ! | | | ! i !

(EDF-I) | ! . : ; I | | ' : | | ! ! !

S I S MU R P R A S M B
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FBR Fuel Recycling Pilot Plant

1. Plant Capacity : 1 st Stage—120 kg HM/day (about 10Qyears)
2nd Stage—240kg HM/day -

2. Processed Fuel : Experimental Reactor ‘Joyo’ (1st stage)
| ~ Prototype Reactor ‘Monju’ (1st stage) |
Demonstration Reactor (2nd stage) . g

3. Process . LLaser-Beam Disassembling, Bundle Shearing, Batch dissolver
' Centrifugl Clarifier, Pulse-Column Contactor, etc.

4. Maintenance Concept : Combination of Full Remote Maintenance Cell |
Concept and Contact Maintenance Cell Concept

5. Operation Start : 1st Stage —around ‘1 995
' 2nd Stage —around 2005
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FBR Fuel Cycle Working Group Activities

® Initial Areas of Exchange Relate to:

(1) PNC-DOE Criticality Data Exchange Program

(2) Remote System Technology Development

® Future Exchange/Cooperation ltems :

(1) Process Technology Development

® Collaboration and exchange of data about centrifugal contactor, centrifugal
Clarifier, etc.

® Exchange of hot test data

(2) Exchange of data and cooperative study about material of reprocessing

process equipments

(3) Exchange of data and cooperative- study about technology of

analysis and measurement



7) Waste




Activify of PNC/DOE Waste Management

AREAS OF ACTIVITY:

~ ~High Level Waste

-Transuranlc (TRU) Waste

~ Waste Tsolation

SUMMARY OF IVIEETINGS

- Oct. 1980 -

- Oct. 1981
-Sep. 1982

b — U

- Oct.. 1982

-Jun, 1983

~Jdun. 1983

- Dec. 1983
-Feb. 1984

~May 1984
-Jul. 1984

USA
Japan
Japan o
CUSA -
~Japan
“Japan
USA

Japan

'\Japan: s
dapan PRI

- Establishment of Joint: Working Group:

First DOE/F’NC Joint Worklng Group Meeting

Specuallst Mesting on Ceramic Melter Design
~Second DOE/PNC Joint Working Group Meeting =~
Specialist Meetmg on TRU Waste Management
..SpeCIallSt Meeting on Sodium Waste Management
- :::Short Visit on, TRU Waste Management -

Short Visit on Immobmzatlon and Me!tlng of TRU Waste

Short Visit on Basic’ Studles of TRU Waste Management

Third DOE/PNC Joint Working Group Meeting -

CONTRACT COIVIPLETED

Mar 1983 Nov. 1983

Review and Evaluation of PNC Ceramic Melter System Design
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PRESENT ACTIVITIES
~DOE and PNC presently working on development of an Agreement for. -
DOE/PNC Collaborative Testing of the Radioactive Liquid-Fed

Ceramic Melter. Objective is to cdoperate [in the demonstration

of the ability of the melter tb vitrify civilian high level waste through

an experimental program, and to provide each organization an
opportunity to observe and participate in‘futur"e civilian applications

of the technology developed in the experimental program.

~ Specialists Meeting on High Level Waste Vitrification to be held in
US in Summer 1985. |



TEM FY {1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 198 1990 | 199) | 1gg2

I.High l_evel Wasle

HLLW Solidification
Pilot Plant

%—__*mm{
Technaology Detail Dasign Construction Oparation
Storage Pilat Plant _.__ﬂewpmen.t_lt — [ :_{)ﬁ =.Jﬁ
Technology Development Detail Design Construction
Hull Treatment Facility %‘_ ! | J, | ) do

Technology Development (Fundamental Test. Engineering Test. Mock-up Test) | ' Detail Design

M) T 1 ol —.'l"" P ey P —
Phase | (Research on Potential Geotogical Formation). Phase 2 {(Research on Candidate Geological Formation)

by

Geological Disposal

I Low Level and TRU
Waste

Bituminization Facility

i

o Construclion Operation
l Krypton Recovery Pilot
. Plant
Design Construction Operation -
Spent Solvent Treatment |
o : { — () -
Facility _ Detail Design Construction Operation -
Waste Dismantling Facility I
{WDF) Construction Operation
Pu-contaminated | — — = = =l —— -
Detail Design Construction Operation

Waste Treatment Facility
{PWTF)

LLW Treatment Facility (r%_— e Sh— Ot - =& »
Design Conslruction

o




Development of the Vitrification Process:

(1) Cold Engineering Tests
Engineering Test Facility (ETF)

to develop the vitrification process and equipment.

(2) Cold Mock-up Tests
Mock-up Test Facility (MTF)

to demonstrate the vitrification process and to develop the

~I

s
|

P~

remote operation/handling technology.

(3) Hot Laboratory Tests
Chemical Processing Facility (CPF)

to confirm the denitration and Joule-heated melting procedures

of full-active liquid waste.




——

8) Profile of Major Test Facilities
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Partlal List : Test Capabilities of Oaral Englneering Center, PNC

Name of Facility

Sodium Supply & Purification
System

Large Scale Sodium Pump Test

Loop (including 42" Bellows

Test Articles) (SPTL)

Preheating Temperature
Controling Test Apparatus

Self-Orientation Test Apparatus

Sodium Level Meter Calibration
Tegt Loop {under Planning)

Shield Plug Thermal Ipnsulation
Test Apparatus (SPINTA)

Ex-Vessel Transfer Machine Test
Loop

Control Rod Drive Mechanisms
Test Loop

Nak :Flow and Heat Transfer
Test Loop

- PUrpose

Sodium ‘Supply and Purification for
SPTL and TTS Loop.: :

Performance and Endurance Test on
"MONJU" Pump, and - In-Sodium Test of
Piping Bellows

Test on: Preheating Syetem with PTC
Elements: e .

Test on -Self-0rientation Mechanisms
for ”MONJU" Fuel Subassmbly e

Calibration Test of "JOYO" & "MONJU”
Level Measurment Sensors.

Test on Thermal:Insuration Performance
of “"MORJU"-8hield Plug HMock~Up .

Mock-up Test of "MONJU" Ex-Vesgel Fuel
Trans fer Machine

Hock-up Tesat on "MONJU" Control Rod
Drive Mechanlsms

No Operation
Preliminary Test on Heat Transfer
between Na/Nak for DRACS. (Future Plan)

Max Max Heating Fluid
Pipe Temp Cap Cap
Dia
(in) () (XW)  (roN)
K] 500 650 102
12 450 100 19
3 500 5 -
- R.T - bt
1 600 20 0.5
4 540 614
71
1 285 19
2 600 67.5 2.2
1 550 330 0.7

~ Nak

Compl

72/3

72/3

84/11

84/7

(85/5)

75/4

75/3

- 73/4

76/9

Note
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Name of Facility

IMW Steam Generator Test
Facility

50MW Steam Generator Test
Facility

Purpose Max
Pipe
bla
(in)

Basic aud-Detailed Tests of Steam
Generators. 2

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

1/4

Performance Tests of Stean 12
Generators. .

Per formance Tests of Control
System and Plant Dynamics
Characterilstics.

Performance Tests of Plant Ope-
ration Procedures, Operation
Monitoring System and Accldent
Simulated Behdvior.

Performance Tests pf Sodium-
water Reaction Detectlion System.

Performance Tests of Auxiliary
Cooling System,

Endurance Tests of Explosive

Plugging for Steam Genmerator
Tubes,

Endurance Tests of Steam
Generators.

In-cover gas Tests of Rupture
Discs for Steam Generators

Max Heating

Temp
(c)

540
513

540

Cap

(KkwW)

12,000

Fluld
Flow
Cap
(TON)

20 t/h

Electric HNa

90

50,000
LPG

2 t/h
Water

Compl

71/4

74/6

Note

'Steam Press,
173atg.
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Name of Facility

Sodium Thermal Shock Test Loop

Small Thermal Shock Test Loop

‘Large Capacity Electromagnetic

Pump Test Loop

Structural Integrity Test Rig
(S1TR)

Thermal Transient Test
Facility for Structures (TIS)

Sodium Piping Thermal Tran-—
sient Test Loop

Structural Component Buckling
Test Rig (under construction)
{SBT)

Acostic Emission Measuring &
Analyzing System

Large Bellows Creep-Fatigue
Test Rig for Piping Bellows
(BCFT)

Air-cooling Thermal Transient
Test Facility (ATTF)

Greep-Buckling Tesst Rig for
Piping Component

Multi-Loading Test Rig

Max Heating Fluid

(©)

560

600

560

600

650

350

630

650

650

650

Purpose Max
Pipe Temp
Dia
(in)
Thermal Striping Test of.Upper Core
Structures of "MONJU". 6
Thermal Fatigue and Thermal Ratcheting
Test of Simple Structures. 3
No Operation -
8
Thermal Behavior Test near Sodium Free
Surface of "MONJU". - 3
Strength Test of Various Structures
under Combined Thermal and Mechanieal
Loadings at High Temperatures. 10
Thermal Fatigue and Thermal Ratcheting
Test of Simple Structures. 2
Buckling Test of Piping Bellows and Electrice
Other Structural Components. Motor
Creep-Fatigue Test of Piping Bellows. (0li Press
150t
Thermal Transient Test of Tubesheet
Structures of Steam Generator 8
Creep-Buckling Test of Piping Compo-
nents. -
Creep-Behavior Test of Beams under
Combined Primary and Secondary 011 .Jack
Stresses. 20tx4

650

Cap

(xw)

290

55

38

300

1180

360

130

130

30

60

146

Cap

{TON)

16

0.1

2.4

15

38

4,2

Alr

Alr

Alr

Alr

Alr

Compl Note

73/2

79/8

77/3

81/12

84/6

72/2

7414

85/4

83/9

81/9

80/8
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Name of Facility

Bi-Axlal Creep festing Machine
Creep Test Loop-l

Fatigue Test Loop-l

Fatigue Test Loop-2

Thermal Fatlgue Test Loop
Sodium Instrument Test Loop
Thermocouple Responce Test
Loop

Materilal Test Sodium Loop-1
Material Test Sodium Loop-2

Carbon Transfer Test Loop

Sodium Exposure Test Loop-1

Sodiupm Exposure Teat Loop—2

Sodium Exposure Test Pot

Purpose

Bi~axial Creep Behavior Test of Tubes.

In-Sodium Creep Test on High Velocity
Sodium Effect for Structural Materials.

In-Sodium Creep-Fatigue Test for Struc—
tural Materialsd.

In~Sodium Fatigue Test on Sodium Velo—
clty Effect for Structural Materials.

Development of Evaluation Method on
Creep Fatigue Strength of Weld Joint.

Development and In-Sodium Test on Core
Exit Flow-meter

Development and In~Sodium Test on
Thermo—meter.,

Corrosion, Mass—transfer and Creep
Tests for Structural and Core Materials,

Do.

Carbon Trans fer Test between Auste—
nitlc Stainless Steel and 2 1/4 Gr-Mo
Steel.

To provide High Velocity Sodium
Environmental Effect to Structural
Materials. -(After Sodium Exposure
Test, Change 1n Mechanical Properties
of Specimens awe tested.)

Dao.

To provide Sodium Environmental Effect
to Core Material Specimens.

Max Max Heating Fluid

Pipe Temp
Dia

(in) (c)
0il Press
10t 600
374 600
1/2 700
/4 600
3/4 650
3 600
3/4 600
3/4 700
3/4 700
1/2 600
/4 700
3/4 550
3/4 730

Cap

- (KW)

5

103

30

105

500

220

23

500

600

42

105

105

25

Cap

(TON)

N2 gas

0.52

1.3

0.4

0.5

2.9

0.08

1.0

1.8

0.3

0.4
0.4

0.4

Compl

80/8

79/6

79/1

79/6

74/12

78/1

70/4

72/3

75/11

79/6

79/6

81/7

Note

under planning
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Name of Facility

Structural Materials Sodium
Eposure Test Pot

Self-Welding and Wearing Test
Loap

Actlvated Material Test Loop-2

Filssion Product Test Loop

Sodium Impurity Measurment
Test Loop

Purpose

To Provide Sodium Environmental Effect
to Structural Material Specimens.

In-Sodium Tribology Tests of Sliding
Materials.

In-Sodium Tests of GP Behavior and CP
Trap.

In-Sodium Tests of FP Behavior and FP
Trap.

In-Sodium Tests of Impurity Behavior
and Online Honitors.

Max
Pipe
Dia
(in)

3/4

3/4

3/4

3/4

3/4

Max

Temp

©)
750

700

650

650

760

Heating Fluid

Cap
(KW)

138

20

25

300

Cap

{'TON)

0.35

0.5

0.03

0.04

2,0

Compl

82/9

72/3

73/11

75/2

70/4

Note
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Name of Facility

In-alr Test Machines for
Structural Materials.

In-air Testing Machine for
Specimens after Sodium Exposure

Equipments for Metallurglcal
Examination

Purpose

In~air Structural Materlals Tests and
Data Analyses.

In-alr Structural Materials Tests of
Speclmens after Sodium Exposure.

Metallurgical Examination of Specimens
after Sodium Exposure.

Equlpment Note

Data Processing System
Creep Testing Machine (x100)
Fatigue & Creep Fatigue
Testing Machine (x 9)
Tensile Testing Machine(x 3)
Impact Testing Machine(x 1)
Relaxation Testing Machine
(x 2)
Multi Creep Testing Machine
(x 2)

Relaxation Testing Machine
(x 2)
Creep Testing Machine (x 3)
Fatigue & Creep Fatigue
Testing Machine (x 2)

Transmission Electron .

Microscope {x 1)

Scanning Electron Microscope
(x 2)

Ion Micro analyzer (x 1)

X-ray mlcroprobe Analyzer
(x 1)
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Name of Facility

Sodium Mist Heat Tranafer
Test Loop

Thermal Emigsivity Measuring
Apparatus

Hydrodynamlce Test Loop

Fuel Assembly Hydraullc
Simulation Test Loop

Ex-Vessel Storage Tank Test Rig

Water Cavitation Test Loop

Plant Dynamics Test Loop
(PLANDTL)

Sodium Mixing Test Loop

Purpose

To study the rate of sodium vaporiza-
tion, the behavior of sodium mist in
the cover—gas space, ete.

To measure thermal emissiﬁity of
1liquid sodium surface and of structures
covered by sodium film.

Prototypic in-vessel flow character-
igtica tests and flow distribution
tests using a 1/2 scale model.of MONJU
reactor veagsel with internals.

Tests on hydraulie simulation of the
prototype fuel assembly of local block-
age in fuel rod bundle and the basic
flow characteriatics of grid-type rod
bundle.

To test decay heat removal capability
by natural convection in an EVST using
a 1/3 scale, 1/6 sector model of MONJU.

Water cavitatilon test for pressure
reducing device of reactor components,
e.g., entrance nozzle, flow regulating
orifice, ete.

Various thermal and flow tran#ient :
tests to establish more rational design
rules for safety related equipments.

To study sodium mixing effects on the
heat transfer within a fuel assenbly.
Also to conduct heat transfer tests on
a tube bundle and interassemblies,
particularly for low flow regime.

Max
Pipe
Dia
(in)

0.5

0.5

26

Max Heating Fluid

Temp Cap
(¢) (xW)
600 11
600 —-
50 1550
Main
Pump
70 100
60 18
120 100
625 1720
(950)
600 200

Cap

(TON)

0.7

0.2

300
Water

20

10

2.2

Compl

73/1

80/10

72/10

75/3

85/2

78/7

87/3

72/8

Note

The first test is a
demonstration of the
decay heat removal
capability under the
LOPI simulation of
MONJU.
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Name of Facility

Decay Heat Boliling Test Loop

Fuel-Sodium Interaction Facility

(Fs1I)

Purpose Max
: Pipe
Dla

(in)

Sodium boiling tests at decay power

levels to examine (1) steady dryout
conditlons under wide parameter reglons
includig reversal flow and (2) boiling
supression and/or excursion produced

by the interacting buoyancy and two- 2
phase pressure drop effects.

'Effects of fuel;sodium interactions

under the hypothetical accildent
sequence of LMFBR _ 2

Max Heating Fluild
Temp  Cap Cap

(c) (kW)  (TON)

650 500 3
(950)

600 150 2.5

Compl

84/10

79/3

Note

Tests completed
1984



6—(8

Name of Facllity

Large Leak Sodlum-Water
Reaction Test Rig
(SWAT~1)

Small Leak Sodium-Water
Reaction Test Loop
(SWAT-2)

Steam Generator Safety
Tesat Faciliky
(SWAT-3)

Micro—Leak Sodlum-Water
Reaction Test Rip
(SWAT=4)

Acoustlice Leak Detection
Test Rig
(SWAT-5)

Purpose

To obtain fundamental data on large
leak and intermediate leak wastage

To ovtain data on small leak and
mlero—leak phenomena and to develop
a leak detection system

To validate the overall integrity
of the secondary system against

large scale spdoim—water leaks

To clarify tlie self-enlargement

_of uozzles in mlcro-leaks

To develop an acoustic leak
detection syatem

Vessel Max Heating Fluid

slze Temp

{c)
4 m ID
S mH 500

ID
mH 500

(9 3¢ ]
B

ID
S mH 550

o
W
]

0.15 m ID
0.7 m H 550
x 3

1.35 m ID
6.25m H R.T.

Cap Cap
(kw)  (TON)
170 0.18
240 1,0
770 12.0

33 x 3 0.0135

Compl

70/10

72/3

75/3

81/3

862/8

Note
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Name of Facility

Sodium Fire Test Rig
(SOFT-1)

Sodium Leak Fires, and
Aerosgols Test Rig
(SOLFA-1)

{SOLFA-2)

Fission Product and

Radicactive Aerosol

Release Test Rig
(FRAT-1)

Purpose

Basic Tests on Partial Model of
Sodlum Fire Mitigation Systems
Aerosel Proof Tests on Post-
Accident Monitors and Decay Heat
Removal Systems

Demonstration of Sodium Fire
Systems

Tests on Realistic Sodium Fire
Accidents

Large Scale Tests on Sodium Fires
and Aerosol Behavior ’
Tests for Code Validation

- Basic Tests on Sodium Fires and

Aerosol Behavior _
Tests on Reaction between Sodium
and Ferelpgn Materials '

‘Tests on Source Term

Structural
Geometry Materials Volume
(nf)
Floor:3imx3m
. Steel 27
Helght: 3m
Floor:5mx5m Reinforced

Helght: 7m
2-Story high¥*

Diameter:3.6m
Height: 9m

Diameter:1,3m
Helght: 2m

concrete 175
Steel

Stainiess 80
Steel

Stainless 3
Steel

Maximum Maximau Sodium Supply
Over Temperature Capacity
Pressure
(g/clg)  (C) (Tox)
atmospheric 150 0.18

Concrete 150
+0.03

Steel 650

15

+ 2 450
+ 3 550 0.i8

* Note : Partial 1/3 Scale Model of the Monju
Secondary Bullding
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el

TEST FACILITY FOR STRUCTURAL ELEMENT
AND COMPONENT

Power Reactor and Nuclear Fuel Development Corporation
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OUTLINE OF AIR COOLED THERMAL
TRANSIENT FACILITY (ATTE)

Power Reacior and Nuclear Fuel Development Corporation
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SENSORS

| ~ Behavior Test Failure Test
Bond Type Weld Type
Gage | Gage Max. Gage Gage Max.
Test - - | Base Base
Strain - | Length | Length | Temperature | Length | Length | Temperature
B- 1 {om | 4 om 250 C
2 R E— | 10 mm | 14 mm 600 C
| B-2 | 2 mm g mm 350 C R
* 0.5 mm¢ Thermoc‘:ouple - |
Temperature | | mmg Thermocouple 0.5 mmg Thermocouple

%@
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TEST CONDITION

Metal Temperature
— =
O -
T
|
|
|
|
\

N

; —e| |=—T C
Izt _
Time
Test Th(C) | Te(C) | Tt(H) | T c(MIN) N (cycles)
Behavior Test (B-1) | 260 0 12 4 10cyc.X 4 levels
Behavior Test (B-2) 350 50 12 4 7
Failure Test 550 00 | 4 4 1000~2000
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DESCRIPTION  OF

‘THERMAL TRANSIENT TEST FACILITY POR STRUCTURES’

(TTS)

oo
A
\
I
=

MAY, 1984

STRUCTURAL ENGINEGRING SECTION
O-ARAT ENGINEERING CENTER
PNC




OBJECTIVE OF TESTING

(A) DEMONSTRATE STRUCTURAL INTEGRITY OF CRITICAL
STRUCTURES UNDER MORE SEVERE LOADINGS THAN
ACTUAL ONES ENCUUNTERED-BY-LMPBR'PLANT COMPONENTS.

(B) VALIDATE CURRENT STRUCTURAL DESIGN CRITERIA
BY CONFIRMING INHERENT DESIGN MARGIN 70
FAILURE INCORPORATED IN DESIGN CRITERIA
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- (C) DEVELOP MORE IMPRDVED DESIGN CRITERTA FOR FUTURE LMEBR
PLANTS

(D) CONRIRM EFFECTIVENESS AND:STRUCTURAL.INTEGRITY
OF STRUCTURES FOR THERMAL MITIGATION

~ . ( TTS 1S CAPABLE OF MCETING ANY ONR OR COMBINED REQUIRBMENTS ABOVE )
CXOX ™ S
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CAPABILITIES

+IMPOSE VERY SEVERE THERMAL LUADINGS
( 10T -AND COLD SHOCK )

IMPOSE MECHANICAL LOADINGS
~ ( COMBINED WITH THERMAL LOADINGS )
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+ACCOMMODATE MEDIUM SIZE MODRL
( ~2 METERS IN DIAMRTER )

‘ACCOMPLISH TBST UNTIL PATLURE OCCURS
PROTECTION AGAINST SODIUM LEAKAGE, .
‘\REPRTITIVE APPLICATION OF SEVERE LOADINGS)
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LOADING

+THERMAL TRANSIENTS - -
DOWN RAMPS | 650 °C TO 250 °C IN 10 SBC

UP RAMPS ':*'250 C T0 650 °C IN 10 SBC
TIME FOR ONE CYCLE APPROXTMATELY 60MIN/CYCLE FOR

OF TRANSIENTS - A THICK WALL ( ~50MM)- MEDIUM
- - SIZE(~1M IN DIA.) VESSEL MODBL

*MECHANICAL TORCE

ELECTRO-IYDRAULIC ACTUATOR
2 UNITS : BACH UNIT CONTROLLABLE INDEPBNDENTLY

MAX, EXCITATION FORCE  +20TONS/UNIT

MAX. STROKE o 100MM
MAX. CYCLIC SPEED 0, 40Z/ £ 100MM WHEN ONE UNIT WORKING
- 0, 202/ £ 100MM WHEN TWO UNITS WORKING
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HOT SODIUM
UPPER TANK
(). {5m?)

COLD SODIUM

UPPER TANK i '

HOT LOOP n
HEATER
{ISOKW)

_COLD TRAP

@ COLD LOOP
_HEATER

o

- COLD LOOP
: , ], ( _AIR COOLER

HOT LOOP HOT LOOP
PUMP  DUMP TANK
{1.3m*/min) {13m?) ‘
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SODIUM B8TORAGE TANK
(100m?3}

FLOW DIAGRAM

COLD LOOQP COLD LOOP
DUMP TANK ~ RUMP '
(13m3) {1.3m*/min)
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DTEST MODEL
JHEAD TANK (5d)
3) HEAD TANK (5nf)
4) DUMP TANIK (13nf)

DUMP TANK (13nf)
6)STORAGE TANK (100n!)
DELEC. HEATER (1180kw)

~ (DELEC. HEATER (60kw) -
9)AIR COOLER (800000kcal/H)
O ACTUATOR (-k20ton,+100mm)
(DACTUATOR (£20ton,£100mm) -
(2 ELEC. MAG. PUMP (1.3nf /min)
PELEC. MAG. PUMP (1.3n1 /min} _
49 FLOW METER (1.5¢ /min)
19 FLOW METER (1.5d /min)
5 FLLOW NETER (5.0al /min)
1) FLOW METER (5.0nl /min)
: %%VALVE : o
%BELL'OWS
VAPOCR TRAP

s N/

THERMAL TRANSIENT TEST RIG FOR STRUCTURES (TTS)
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TEST FACILITY FOR STRUCTURAL MATERIAL TESTS

Power Reactor and Nuclear Fuel Development Corporation



The foliowing table lists the iﬁfair materiél 'test machines of PNC,
including those lent to outside institutions.

Facilty-1 | Faciity2 | Faciity-3 |  2Sie | tota
Tensile | T
test machines 8 ’ 8
Charpy impact test I | :
machines - : .
Relaxation test ' | ; i
| machines , i 2 2 ﬁ 4 f 8
: i uniaxialg g 5 100 ' ._: 80 i 185
Creep test | j — i
machines : biaxial } 15 | | : 15
o umamal - 2 | 9 14 25
Fatigue test ' : _ '
machines | biaxial - 1 | I

The others : optxcai microscope: transmission electron microscope : scanning electron microscape ; X-ray
rnlcroanalyzer ion microanalyzer : penetrometer ; surface roughness tester: X-ray diffracto-
meter ; carbon, oxygen and hydrogen analyzer. and weight baiance. etc

The foliow_i:hg table lists the in-sodium material test n_iéchines of PNC

Facility- 1 - Facility- 2
Creep fest | uniaxial 8 7
machines ' L |

= i biaxial | 38 o 0
Fatigue test | . i |

e | uriaxial : 2 : 2
machines !
| |

\:{6"!\

£)—3g . L
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‘The following table lists the neutron irradiated

material test machines of PNC.

Tensile Test Machine 2
Fatigue Test Machine 3 |
Creep Test Machine 13

The others : periscope, optical microscope, transmission electron microscope,
scanning electron microscope, X-ray microanalyzer, ion microanalyzer,
penetrometer, X-ray diffractometer, mass spectrometer, autoradiographic
device, 7 scanning apparatus, pin puncture apparatus, densimeter,
melting point apparatus, thermal conductivity apparatus, etc.
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: FIRE EXTINGUlSH POWDER TANK
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RECOVERY TANK
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(PSS-SFT-86)

SOLFA-1 - SOLFA-2 FRAT-1

SOLFA (Sodium Leak, Fire, and Aerosol)
FRAT (Fission Product and Radioactive Aerosol Release Test)

LARGE SCALE SODIUM FIRE TEST FACILITY

(SAPFIRE)
OARAI ENGINEERING CENTER, PNC

AEROSOL FILTER
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SCRAM RELIABILITY TEST UNDER SEISMIC CONDITION
) (PNC OWN FACILITY, INSTALLED IN TAKASAGO, MITSUBISHI HI)
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MITUBISHI H ) R I :
KAWASAKI H | FUJI ELECTRIC

PNC ORGANIZED COLLABORATIVE WORK ON MATERIAL
TEST TO ESTABLISH ELEVATED TEMPERATURE
STRUCTURAL DESIGN GUIDE

UNIAXIAL CREEP TEST MACHINE

TOSHIBA
HITACHI

DATA ANALYSES SYSTEM BY
COMPUTER SYSTEM

OARAI
ENGINEERING
CENTER

PNC

BABCOCK
HITACHI




CONTROL ROD DRIVE MECHANISMS TEST FACILITY

ENGINEERING CENTER, PNC

OARAl



IN-VESSEL FUEL TRANSFER MACHINE ON
SObiUM TEST RIG
OARAl ENGINEERING CENTER, PNC




PROTOTYPE PUMP BEING INSTALLED FOR SODIUM
TEST AT
OARAI ENGINEERING CENTER, PNC




REMOVED TUBE BUNDLE OF EVAPORATOR AT 50MW
STEAM GENERATOR TEST FACILITY
OARA! ENGINEERING CENTER, PNC




- STEAM GENERATOR SAFETY TEST FACILITY (SWAT-3)
OARAI ENGINEERING CENTER, PNC
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MODEL FLEXIBLE PIPING JOINT, 42 INCH JIMBAL,
BELLOWS TYPE, TO BE INSTALLED FOR SODIUM TEST
IN LARGE-SCALE PUMP TEST LOOP,

OARAI ENGINEERING CENTER, PNC
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BELLOWS FATIGUE TEST APPARATUS (PNC OWN,
INSTALLED IN HITACHI LAB.)



.\/

FULL SCALE ACRYLIC MODEL OF PUMP OVER FLOW
TANK SUBJECTED TO BUBBLE SEPARATION TEST IN
HYDRODYNAMICS TEST FACILITY-2
OARAl ENGINEERING CENTER, PNC
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TIME 16: 42

ROTAT + 8
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X = 348 |
Y = 368 : e o
MRENI X2 gRet POSITION
FUNCTION POINT1 = (B1234,56789)
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‘ SODIUM VIEWER,
TOP OF CORE ON CRT DISPLAY BY UNDER
SODIUM TESTED BY JOINT WORK OF TOSHIBA AND PNC




6. Brochure on PNC Activities



