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RECORD OF MEETING

DOE-PNC Plant Experience Working Group
Executive Committee Meeting

Richland, Washington
Hanford Engineering Development Laboratory

September 26-30, 1983

In accordance with Agreement B.3 of the Fifth Meeting of the Joint
DOE-PNC Working Group on Plant Experience, April 25-28, 1983, a meeting of
the DOE-PNC Plant Experiencé Working Group Executive Committee was held at
the Hanford Engineering Development Laboratory, Richland, Washington, on
September 26-30, 1983. The sole purpose of this Executive Committee meeting
was to review Task Group recommendations on proposed DOE-PNC collaboration
on large LMFBR plant optimization. The express bbjectives of the meeting,
as agreed upon by DOE and PNC, appear as Appendix I to this meeting record.
The Executive -Committee reviewed the Task Group recommendations on the five
topics selected at the April, 1983 Plant Experience Working Group meeting
and determined the feasibility of future DOE-PNC colliaborative efforts in
these areas. The findings of the Executive Committee are included in the
attached Appendix II.

The agenda for the Executive Committee meeting is included as Appendix III
to this record. A list of meeting participants is presented in Appendix IV.
ITlustrations used in the presentation of the final joint task group recom-
mendations are included as Appendices V-IX.

The two delegations note that the stated objective of the meeting was
successfully attained, reflecting the commitment of both parties to main-
taining the positive and productive nature of this exchange. The Executive
Committee expresses its gratitude to those persons who contributed to the
preparation of the task group recommendations.
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The contents of this record are mutually agreed upon by the two deiega-
tions.

For the United States For the Power Reactor and Nuclear
Department of Energy Fuel Development Corporation

AN R Yo
o .)%“s ji;ﬁ -:?%?
Yoshihiko Nara N
September 30, 1983
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APPENDIX I

OBJECTIVES OF DOE~PNC PEWG EXECUTIVE COMMITTEE MEETING

September 26-30, 1983

OBJECTIVES OF MEETING

@ REACH AGREEMENT ON THE FEASIBILITY OF COLLABORATIVE EFFORTS IN THE
REACTOR TECHNOLOGY AREAS DEFINED IN THE FIVE LMFBR PLANT OPTIMIZATION
TOPICS AGREED UPON AT THE FIFTH MEETING OF THE DOE-PNC JOINT WORKING
GROUP ON PLANT EXPERIENCE, TAKING INTO CONSIDERATION
-~ REDUCTION OF PLANT CAPITAL COSTS
-- IMPROVEMENT OF PLANT PERFORMANCE (EFFICIENCY, SAFETY)

-- REDUCTION OF R&D PROGRAM COSTS THROUGH JOINY UTILIZATION
OF FACILITIES AND CAPABILITIES :

8 REACH AGREEMENT ON A PLAN FOR THE ACTIVITIES NECESSARY TO PRODUCE
FORMAL PROPOSAL{S) FOR COLLABORATICN, IN THE CASE OF THOSE
COLLABORATIVE EFFORTS DEEMED FEASIBLE, WHICH WILL BE REPORTED TO
THE DOE-PNC PEWG EXECUTIVE COMMITTEE IN MARGH-APRIL, 1984
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Appendix 11

FINDINGS OF EXECUTIVE COMMITTEE

The Joint DOE-PNC PEWG Executive Committee reviewed the Task Group
recommendations and determined the feasibility of collaboration as described
in the following sections.

1. Development of Piping Bellows for LMFBR Service

The Executive Committee affirms the potential for gaining significant
reduction in plant capital cost through incorporation of bellows in primary
or intermediate heat transport systems and in direct reactor auxiliary cooling
systems (DRACS}. Collaborative DOE-PNC efforts on bellows development can
also lead to reduced bellows cost and enhanced Ticensability of designs
utilizing bellows. It can also facilitate decisions to incorporate bellows
in future designs, as for example in the design of DRACS.

The Executive Committee concurs with the joint DOE-PNC task group
recommendation for collaborative bellows development and finds that
collaboration is feasible to the following extent:

a. Development of improved bellows design and fabrication standards
for eventual adoption by ASME and other approriate code
organizations, with the principal emphasis to be placed on
appropriate modifications to ASME Code N-290 to permit "design
by analysis.”

The Executive Committee hereby directs the joint DOE-PNC Task Group
on Development of Piping Bellows for LMFBR Service to proceed with the
development of a detailed proposal for collaboration. The proposal shall
be limited to the scope described in the preceding paragraph and shall include
full details on work activities, schedules and resource requiremants.
Preparation of the proposal shall proceed according to the schedule recommended

by the Task Group, with the exchange of background information limited to
that stated in Appendix V. Said exchange will take place by direct transmittal

between the co-chairmen of the Executive Committee. The proposal shall be
submitted to the PEWG co-chairmen (S. Nomoto, PNC; A. J. Rizzo, DOE-RL) not
Tater than March 15, 1984.
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2. Verification of DRACS

The Executive Commitiee recognizes the 1ikelihood that future LMFBR
plants will dincorporate DRACS, with the attendant necessity to provide an
optimized, licensable DRACS design. Collaborative work by DOE and PNC to
develop improved analytical methods and design methodology for DRACS design
is considered to be feasible.

The Executive Committee concurs in part with the recommendations of
the joint DOE-PNC task group, and determines the following collaborative
work scope to be feasible:

a. Development of analytical methods, to include (1) exchange of
information on sensitivity of code predictions to input assumptions
and operational parameters (e.g., mesh size, time steps),

(2) development and verification of a fast-running simplified
one-dimensional flow network model, and (3) providing of validation
results for the COMMIX code. There shall be no exchange of codes,
code models or other elements of the existing codes.

b. Planning for exchange of test data and analyses and for DOE/PNC
DRACS verification testing upon completion of (a) above.

The Executive Committee hereby directs_the Joint DOE-PNC task group
on Yerification of DRACS to proceed with the development of a detailed
proposal for collaboration. The proposal shall be limited to the scope
described in the previous paragraph and shall dinclude full details on work
activities, schedules and resource requirements. Preparation of the proposal
shall proceed according to the schedule recommended by the Task Group, with
the exchange of background information 1imited to that stated on pages 12-13,
Appendix VI. Said exchange of <information shall take place by direct transmittal
between the co-chairmen of the Executive Committee. The detailed proposal
shall be submitfed to the PEWG co-chairmen not later than March 15, 1984.

3. General Seismic Design Criteria

It is agreed that the development of an internationally-recognized
set of general seismic design criteria can lead to substnatial reductions
in design costs and plant capital costs, as well as acceleration of the
1icensing process. Collaboration between DOE and PNC in development of such
criteria is considered by the Executive Committee to be feasible in certain
1limited areas.
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The Executive Committee concurs in part with the recommendations of
the joint DOE-PNC task group and finds. the following collaborative activities
to be feasible:

a. Establishment of higher sodium piping damping values (Topic A.1l)

b. Establishment of sodium piping design procedures and criteria
to account for energy absorption due to piping plastic deformation
and non-linear behavior dur to the presence of gaps (Topic A.2)

c. Establishment of models and design 1imits for core assembly duct
seismic performance (Topic C).

The Executive Committee recommends that early JCC approval be sought
fer imp'ementation of collaborative activifties in these areas. It is
determined that Task Group Topics B.1, B.2, B.3, D and E should be deferred
for future consideration. '

The Executive Committee hereby directs the joint DOE-PNC Task Group
on General Seismic Design Criteria to proceed with the development of a detailed
proposal for collaboration. The proposal shall be Timited to activities
identified by the Task Group as Topics A.1, A.2 and C. The proposal shall
include full details on specific work activities, schedules and resource
requirements. Preparation of the proposal shall proceed according to the
schedule recommended by the Task Group in Appendix VIII, with the exception
that there shall be no initial exchange of background information, such exchange
being regarded as unnecessary by the Executive Committee. The detailed proposal
shall be submitted to the PEWG co-chairmen not later than March 15, 1984.

4. Thermal and Load Cycling Criteria for Sodium Components and Systems

The Executive Committee finds that various aspects of this broad topic
can have substantial beneficial impact on plant capital costs and plant per-
formance. In particular, design features to mitigate effects of thermal
striping can be highly cost-effective, as can the utilization of inelastic
design methodology. The collaborative development of said designs and design
methods can provide benefits of common design and enhanced licensability.

The Executive Committee concurs in part with the joint DEO-PNC task

group recommendation for collaborative work on thermal and load-cycling criteria,
and finds that collaboration is feasible as follows:
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a. Development of thermal striping design methodology.
b. Development of FBR component inelastic design criteria,

guidelines and procedures.

The Executive Committee recommends that early JCC approval be sought
for implementation of collaborative activities in the area of thermal striping
design methodology.

The Executive Committee hereby directs the joint DOE-PNC Task Group
on Thermal and Load Cycling Criteria for Sodium Components and Systems to
proceed with the development of a detailed proposal for coliaboration. The
proposal shall be limited to the scope defined in Appendix VII and shall
include full details on work activities, schedules and resource requirements.
Preparation of the proposal shall proceed according to the schedule recommended
by the Task Group, with the exchange of background information 1imited to
that stated in Appendix YII1. Said exchange on information shall take place
by direct transmittal between the co-chairmen of the Executive Committee.

The detailed proposal shall be submitted to the PEWG co-chairmen not later
than March 15, 1984.

5. Definition of Steam Generator Development Program with Intent of Eliminating
the Intermediate System

The Executive Committee regards the development of & Primary Steam
Generator as providing a potential for highly significant reductions in plant
capital cost. Even if the realization of a primary unit should prove to
be difficult for various reasons, work directed toward this end would be
beneficial in development of a steam generator design with greatly improved
reliability and serviceability. The Task Group recommendation for a joint
conceptual design evaluation of a primary steam generator is considered to
be the appropriate scope for near-term collaborative efforts.

The Executive Committee concurs with the recommendations of the joint
DOE-PNC TaskGroup on Definition of a Steam Generator Development Program,
as defined in Appendix IX. The joint DOE-PNC Task Group is hereby directed
to proceed with development of a detailed proposal for collaboration. The
proposal shall be limited to the scope set forth in Appendix IX and shall
include full details on work activities, schedules and resource requirements.
Preparation of the proposal shall proceed according to the schedule recommended
by the Task Group. The detailed proposal shall be submitted to the PEWG
co-chairmen not later than March 15, 1984.
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DISCUSSION OF PLANT PERFORMANCE

Extensive and very successful discussjons were held concerning the question
of plant performance. It was noted that the original instructions from the
Joint Coordinating Committee (JCC) were to assess the feasibility of collabora-
tive efforts on LMFBR plant optimization having the dual objectives of (1) improved
plant performance and (2) reduced plant cost. This direction also included
the provision that the collaborative work not be specific to a particular plant
design. In response to the JCC direction, the Plant Experience Working Group
(PEWG) initially considered a large number of potential topics for feasibility
assessment. Some of these topics were rejected as design-specific, including
plant parametric studies (e.g., power level, outlet temperature, steam conditions,
number of loops, loop vs. pool, etc.).

For the purposes of the PEWG feasibility assessments, plant cost has
been defined as plant capital cost, including interest; plant performance
has been defined in terms of operating costs or power generation costs, and
is thus related to efficiency of operation, reliability and safety. The
five topics selected by the Joint DOE-PNC PEWG for initial feasibility assess-
ment represented activities which were considered to be of significant mutual
benefit, amenable to collahoration, and 1ikely to succeed. These topics
have, to certain varying degrees, aspects related both to improved plant
performance and reduced plant cost. Other topics which are more strictly
associated with plant performance are already under active collaboration
or negotiation within-the various DOE-PNC working group infrastructures.

The DOE and PNC representatives participating in these discussions affirmed
their intentions to proceed as agreed at the September, 1982 PEWG Executive
Committee meeting: "... During the period between April, 1983 and April,

1984, emphasis will be placed on a few selected high-priority topics; once

the feasibility evaluation is successfully completed for these few topics,
additional topics can be evaluated. This approach will keep the resource
requirements for the study itself within reascnable Timits.” It is anticipated
that the April, 1984 PEWG meeting will result in a recommendation to proceed
with the further evaluation of topics for possible DOE-PNC collaboration

on large LMFBR plant optimization. If interim guidance is received from

the JCC to place increased emphasis on plant performance issues or to forege
the constraint on design specificity, the PEWG will prdceed accordingly.
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APPENDIX III

AGENDA

DOE-PNC PEWG EXECUTIVE COMMITTEE MEETING

AGENDA

September 26-30, 1983

DOE-PNC PEWG EXECUTIVE COMMITTEE MEETING ON LMFBR PLANT OPTIMIZATIGN STUDY
FEASIBILITY ASSESSMENT

MONDAY, SEPTEMBER 26, 1983:

9:00 - 9:15
9:15 - 9:45
9:45 - 10:00
10:00 - 10:30
10:30 - 10:45
10:45 - 11:45
11:45 - 1:30
1:30 - 5:30
5:30 - 6:00
6:00

.

PLENARY SESSION

INTRODUCTORY REMARKS

REVIEW OF PREVIOUS MEETINGS ON LMFBR PLANT OPTIMIZATION STUDY

DIscUsSION OF MEETING OBJECTIVES

DiscusS10ON OF PROCEDURES

OVERVIEW OF ToP1cS FOR FEASIBILITY ASSESSMENT

SuMMARY PRESENTATIONS oF DOE AND PNC ASSESSMENTS ON

(1) DEVELOPMENT OF PIPING BELLOWS FOR LMFBR SERVICE

LuncH

SUMMARY PRESENTATIONS (CONTINUED)

{2) VERIFICATION oF DRACS

(3) THErMAL AND LoAD CycLING CRITERIA FOR SoDIUM COMPONENTS
AND SYSTEMS

(4) GENERAL SEIsMIC DESIGN CRITERIA

(5) DEFINITION OF STEAM GENERATOR DEVELOPMENT PROGRAM WITH
INTENT OF ELIMINATING THE INTERMEDIATE SYSTEM

DiscusstioN OF PLANT PERFORMANCE

ADJOURN
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AGENDA - CONTINUED

TUESDAY, SE 27, 1983: SEPARATE TASK GROUP SESSIONS

8:30 - 11:30 DEVELOPMENT OF JOINT TASK GROUP RECOMMENDATIONS
11:30 - 1:15 LuNCH AT CONVENIENCE OF TASK GROUP

1:15 - 5:00 DEVELOPMENT OF JOINT TASK GROUP RECOMMENDATIONS
5:00 ADJOURN

WEDNESDAY MORNING, SEPTEMBER 28, 1983: SEPARATE TASK GROUP SESSIONS

8:30 - 11:00 PREPARATION OF PRESENTATIONS ON JOINT TASK GROUP RECOMMENDATIONS
11:30 - 1:15 LuncH AT CONVENIENCE OF TASK GRouP

WEDNESDAY AFTERNGON, SEPTEMBER 28, 1983: PLENARY SESSION

1:15 - 5:00 PRESENTATIONS OF JOINT RECOMMENDATIONS BY EACH TASK GROUP
(1% HOURS EACH)
(1) PIPING BELLOWS

(2) DRACS
(3} THERMAL AND Loap CycLInG CRITERIA
5:00 ADJOURN
THURSD. SE 29, 1983: PLENARY SESSION

8:30 - 11:30 PRESENTATIONS OF JOINT RECOMMENDATIONS BY EAcH TASK GROUP (CONT’D)
) Seiskic DEsiGN CRITERIA
(5) STEAM GENERATOR DEVELOPMENT

THURSDAY, SEPTEMBER 29, 1983: PLEMARY SESSION {CONT'D)

11:30 - 1:30 LuKcH
1:30 - 5:00 DIscUsSION OF FEASIBILITY OF TASK GROUP RECOMMENDATIONS
5:00 ADJOURN

FRIDAY, SEPTEMBER 30, 1983: EXECUTIVE SESSION

8:30 - 11:30 AssESSMENT OF FEASIBILITY OF COLLABORATION ACCORDING TO
TASK GROUP RECOMMENDATIONS

11:30 ~ 1:30 LuncH

1:30 - 5:00 PREPARATION OF MEETING RECORD AND AGREEMENTS

5:00 ADJOURN

OpTIONAL Tour oF FFTF FoR DOE-PNC TASK GROUP REPRESENTATIVES:

8:30 DEPART FROM HANFORD HOUSE

9:00 - 10:00 BRIEFING AMD TOUR OF MODEL AReA, FFTF VISITOR CENTER
10:00 - 12;:00 Tour FFIF

12:00 DEPART FOR RICHLAND

12:30 ARRIVE HANFORD HOUSE
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Appendix IV

MEETING PARTICIPATION

DOE-PNC PEWG EXECUTIVE COMMITTEE MEETING

September 26-30, 1983

MEETING PARTICIPATION

DOE~PNC PEWG Executive Committee
Y. Nara, PNC

S. Kano, PNC

T. Aoki, PNC

A. J. Rizzo, DOE-RL

E

J

. C. Norman, DOE-RL
. J. Laidler, WHC-HEDL

DOE-PNC PEWG Task Group Members/Observers

W. J. McShane, WHC-HEDL J. Kubota, PNC

R. A. Johnson, COMQ T. Hayashi, Japan Atomic Power Company
R. I. Jetter, RI-ESG T. Yamaguchi, FBEC

G. Bieberbach, W-NCD T. Inoue, Fuji Electric Company

A. Dalcher, GE-ARSD N. Handa, Toshiba

T. G. Davies, DOE-RL K. Abe, Hitachi

A. R. DeGrazia, DOE-RL K. Kobatake, Kawasaki Heavy Industries
R. W. Barr, DOE-RL H. Wada, Mitsubishi Heavy Industries
A, J. Rapacz, DOE-RL

L. D. Romine, DCE-RL

W. G. DeBear, RI-ESG

R. L. Stover, WHC-HEDL

L. K. Severud, WHC-HEDL

S. Rose, GE-ARSD
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TASK GROUP PARTICIPATION

Development of Piping Bellows for LMFBR Service
T. Aoki, PNC (Co-Chairman)

R. I. Jetter, RI-ESG (Co-Chairman)

K. Kobatake, Kawasaki Heavy Industries

H. Wada, Mitsubishi Heavy Industries

T. Hayashi, Japan Atomic Power Company
L. D. Romine, DOE-RL

Thermal and Load Cycling Criteria for Sodium Components
T. Aoki, PNC (Co-Chairman)

W. J. McShane, WHC-HEDL (Co-Chairman}

K. Kobatake, Kawasaki Heavy Industries

H. Wada, Mitsubishi Heavy Industries

T. Hayashi, Japan Atomic Power Company

L. K. Severud, WHC-HEDL

T. G. Davies, DOE-RL

Verification of DRACS

J. Kubota, PNC {Co-Chairman)

R. A. Johnson, COMO (Co-Chairman)
N. Handa, Toshiba

R. L. Stover, WHC~HEDL

S

A

. Rose, GE-ARSD
. J. Rapacz, DOE-RL

General Seismic Design Criteria
S. Kano, PNC (Co-Chairman}

A. Dalcher, GE-ARSD (Co-Chairman)
T. Yamaguchi, FBEC

T. Inoue, Fuji Electric Company
L. K. Severud, WHC-HEDL

R. W. Barr, DOE-RL
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TASK GROUP PARTICIPATION (Continued)

Definition of Steam Generator Development Program with Intent of
Eliminating the Intermediate System

Y. Nara, PNC (Co-Chairman)

G. Bieberbach, W-NCD (Co-Chairman)

K. Abe, Hitachi

W. G. DeBear, RI-ESG

A. R. DeGrazia, DOE-RL
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Appendix V¥

JOINT RECOMMENDATION FOR COLLABORATIVE
LMFBR PLANT OPTIMIZATION EFFORTS .

JOINT DOE-PNC TASK GROUP ON
DEVELOPMENT OF PIPING BELLOWS FOR LMFBR SERVICE

September 30, 1983

FEASIBILITY ASSESSMENT TASK DEFINITION
“DEVELOPMENT OF PIPING BELLOWS FOR LMFBR SERVICE”

+ ORIGINAL TASK DEFINITION (4/83)
. 12 M0 STUDY  ADDRESSING
+ ADVANTAGES, LIMETATIONS, SPECIAL REQUIREMENTS DESIGN APPROACHES,
ReD NEEDS, COST SAVIHGS '

. ESTABLISH AND OR CONSOLIDATE CODES AND STANDARDS FOR DESIGH,
FABRICATION AND INSPECTION

. CONCLUSION OF 12 MONTH STUDY IS ., . AGREEMENT ON FRAMENORK AND
SCHEME OF COLLABORATIVE PROGRAM"

« REVISED METHODOLOGY FOR FEASIBILITY ASSESSMENT (7/83)
« PNC AND DOE SEPARATELY ASSESS BENEFITS, CAPABILITIES RESGURCE
REQUIREMENTS, EQUITABLE PARTICIPATION, ALTERNATE APPROACHES
AND RECOMMEND POTEMTIAL AREAS OF COLLABORATION (7/83 vo 9/83)

. PNC AND DOE TO REACH CONSENSUS POSITION AND PREPARE JOINT
RECOMMENDATION (9/83)
. INFORMATION EXCHANGE
« JOINT DESIGN/ANALYSIS
. JOINT TESTING
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SUMMARY OF PHC AND DOE ASSESSMENTS

PNC
BEHEFITS: . SUBSTANTIAL PLANT SAVINGS '
THROUGH USE OF BELLOWS IN
PRIMARY SYSTEM

SAVINGS IN BELLOWS
PROCUREMENT THROUGH DESIGN BY
ANALYSIS

. AVOIDS COSTLY TESTING REQUIRED
BY ASHE CODE

. FEASIBILITY OF BELLOWS
PROCUREMENT ENHARCED BY MODIFICA-
TION OF FABRICATION TOLERANCES

. LICENSING ENHARCED THROUGH
CONCENSUS STANDARDS

CAPABILITIES: . PNC INITIATING SUBSTANTIAL ELEVATED
TEMP. BELLOWS TESTING PROGRAH.

DOE
MODERATE PLANT SAVINGS
THROUGH USE OF BE|LDWS
IN DRACS AND IHTS (POTENTIALLY)

DRACS NATURAL CIRCULATION
ENHANCED THROUGH USE OF
BELLOWS (LOWER PRESSURE LOSS)

MODERATE SAVINGS IN BELLOWS
PROCUREMENT THROUGH DESIGN BY
ANALYSTS

. DECISION TO USE BELLOWS IN

DRACS ETC. ENHANCED BY ELEVATED
TEMPERATURE TEST DATA,

. MODERATE INVESTHENT IN

BELLOWS TEST FACILITY

SUMMARY OF PNC AND DOE ASSESSMENTS (CONT'D)

RESOURCE PHC
REQUIREMENTS: » SUBSTANTIAL FOR COMPLETE -
TEST PROGRAM
FRUITABLE :
PARTICIPATION: . PNC WOULD BENEFIT FROM
DOE BASE TECHNULPGY DATA
T0 AVOID DUPLICATION .
OF REPORT
. BOTH PNC AND DOE BEREFIT
FROM “DESTGN-BY-ANALYSIS”
ALTERMATE
APPROACHES
PROPOSED AREAS . SYSTEM DESIGN '
FOR COLLABORATION . FABRICATION

. DESIGN STANDARD

BOE
. $ 500K FOR SINGLE COMPONENT
TEST SERIES

. DOE WOULD BENEFIT FROM
AVAILABILITY HIGH TEMP.
CYCLIC DATA

. BOTH PNC AND DOE BENEFIT
FROM “DESIGN-BY-ANALYSIS®

. DOE ACHIEVES CONTAINMENT
BUILDING COST REDUCTION
WITHOUT BELLOWS THROUGH USE
OF SIPHON BREAKERS VERTICAL
PIPE LOOPS

INFORMATION EXCHANGE
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COMME COLLA]

» COLLABORATION ON DEVELOPMENT OF DESIGN STANDARD WHICH WOULD PERMIT “DESIGH-BY-ANALYSIS”
. SPECIFIC STEPS IN COLLABORATION TO DEVELOP IMPROVED STANDARD

+ DOE TO PROVIDE RESULTS OF BASE TECHNOLOGY PROGRAM TO PNC
. ONE MONTH AFTER APPROVAL OF COLLABORATIVE PROGRAM

. PNC TO PROVIDE RESULTS OF INITIAL PHASE OF TEST PROGRAM TO DOE

. PNC PROGRAMS START IN MID '84
o HILL LAST ABOUT 3 YEARS
. REPORTS WILL BE AVAILABLE

. CREEP-FATIGUE

. THERMAL TRANSIENT
. RACHETING

. BUCKLING

RECOMMENDED COLLABORATIVE PROGRAM (CONTIRUED)

. DOE TO PERFORM ANALYTIC ASSESSMENT OF [NIf]AL PHASE OF PNC TEST DATA AND
RECOMMEND MODIFICATION TO N-290 TO PERMIT “DESIGN-BY-ANALYSIS”

|
. PNC AND DOE TO JOINTLY ASSESS AND AGREE ON INITIATION OF ANALYTIC
ASSESSMENT AND FURTHER COLLABORATION BASED ON

. ELEVATED TEMPERATURE TEST RESU}TS {86-'87)
« STATUS OF IMPLEMENTATION OF BELLOWS N PLANT DESIGN

. PNC TO PROVIDE DOE RESULTS OF FURTHER TESTING IF CONDUCTED

. SEISHIC
« FLOW VIBRATION
. WATER HAMMER

BENEFITS OF RECOMMENDED COLLABORATIVE PROGRAM
ON PIPING BELLOWS FOR LMFBR SERVICE

PRC DOE
. IMPROVED BELLOWS RELIABILITY THROUGH . SUPPORTS DECISION TO USE BELLOWS
IMPROVED FABRICATION INSPECTION AND IN DRACS
ANALYSIS

. COST SAVINGS

. REDUCED COST OF BELLOWS PROCUREMENT . PERFORMANCE IMPROVEMENT -

THROUGH “DESIGN-BY-ANALYSIS” INSTEAD

OF COSTLY TESTING OF INDIVIDUAL BELLOWS

DESIGNS AND APPLICATIONS CURRENTLY + REDUCED COST OF BELLORS PROCURERERT
REQUIRED BY ASME CODE
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BELLOWS COLLABORATION PLARNING

. TRANSMIT BACKGROUND INFORMATION
. DOE TO PROVIDE ANHOTATED LISTING ™
OF BASE TECHNOLOGY PROGRAM RePsers

. PHC TO PROVIDE DESCRIPTIONS OF
IRITIAL TEST PHASE

. RESOLVE QUESTIONS REGARDING BACKGROUND
INFORMATLON

. REVIEW AND APPROVE JOINT PROPOSAL IN EACH
COUNTRY

. RENEGOTIATE (IF NECESSARY)
» SUBMIT .JOINT PROPOSAL TO PEWG EXECUTIVE COMMITTEE

12/1/83

12/15/83
2/1/84

2/15/84
3/15/84

* Report titles, summaries, tables of contents
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Appendix VI

JOINT RECOMMENDATION FOR COLLABORATIVE
ILMFBR PLANT OPTIMIZATION EFFORTS

JOINT DOE-PNC TASK GROUP ON VERIFICATION
OF DRACS

September 30, 1983

DRACS VERIFICATION TASK GROUP

JOINT RECOMMENDATION ON DOE/PNC COLLABORATION

RICHLAND, WASHINGTON
SEPTEMBER 26-30, 1983

CONTRIBUTORS
JAPAN - N. HANDA U.5. -~ R. A, JOHNSON
- J. KUBOTA - S, C. ROSE
- A. J. RAPACZ
- R. L. STOVER

DRACS VERIFICATION PROGRAM

PROGRAM BASE

e SEVERAL STUDIES HAVE BEEN PERFORMED BY THE COUNTRIES WORKING ON LARGé
LMFBR DESIGNS AND ALL CONCLUDE THAT A NATURAL CIRCULATION DRACS COULD
BE INCORPORATED AS A COST-OPTIMIZATION FEATURE. THIS HAS BEEN VERIFIED
FOR SAFETY CRITERIA RANGING FROM VERY CONSERVATIVE TD VERY AGGRESSIVE.
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6 RATIONAL SAFETY CRITERIA FOR LMFERs HAS EVOLVED AND 1S BEING APPLIED
IN CURRENT DESIGN ACTIVITIES. THESE ALLOW A NUMBER OF DIFFERENT SPECIFIC
DESIGN SOLUTIONS, E.G., ADDING DECAY HEAT REMOVAL RELIABILITY TO REDUCE
CONTAINMENT REQUIREMENTS, AND AN OPTINIZED SOLUTION CAN ONLY BE ESTABLISHED
FOR A SPECIFIC OVERALL DESIGN. THE GENERIC REQUIREMENTS FOR A SINGLE
DRACS SYSTEM ARE HELL ESTABLISHED HOWEVER.

8 THE DRACS EFFORT REQUIRED THEN, IS TO PROVIDE THE TECHNOLOGY AND DESIGN
METHODOLOGY NEEDED TO ENABLE THE PLANT DESIGNER TO PROVIDE OPTIMIZED
LICENSABLE DESIGNS THAT CAN BE INCORPORATED SINGLY OR IN MULTIPLES IN
AN LMFBR.

WHERE WE ARE:

@ COST REDUCTION OF DRACS CONCEPT CONFIRMED

8 REQUIREMENTS FOR DRACS CONCEPT ESTABLISHED

8 REQUIREMENTS FOR A SPECIFIC DRACS DESIGN DEPENDENT ON:

-- OVERALL PLANT SAFETY REQUIREMENTS (BEING ADDRESSED BY OTHER JAPANESE
AND U.S. GROUPS - DOE, PNC, COMD, FPOD)

-~ TRADEOFFS OF OVERALL SAFETY REQUIREMENTS ON A SPECIFIC PLANT
-— PLANT DESIGN DEYAILS

8 TECHNOLOGY AND DESIGN METHODOLOGY NOT YET VALIDATED

FURTHER STEPS REOUIRED:

8 COMPLETE COMPUTER COBES DEVELOPMENT

] DEVELOP ANALYSIS METHODS FOR THERMAL HYDRAULIC DESIGN
* 8 CONDUCT TESTS TO PROVIDE DESIGN VERIFICATION DATA

8 VALIDAYE CODES WITH TEST. DATA

* e IF NECESSARY, PERFORM A DRACS PROTGTYPE TEST

8 VERIFIED DESIGN METHODS AS BASIS FOR:

-=- LICENSING
~- DESIGNER CONFIDENCE
-- REDUCED COSTS THROUGH REDUCED UNCERTAINTIES/MARGINS

® COLLABORATION TO REDUCE RED COSTS AND; BROADEN EXPERTENCE BASE
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REASONS FOR COtLABORATION ON NATURAL CIRCULATION DRACS VERIFICATION

@ DRACS IS A NECESSITY FOR OPTIMIZED PLANTS, IMPROVING INHERENT SAFETY
AND SIGNIFICANTLY REDUCING COST BY SHRINKAGE OF THE SAFETY-GRADE -
ENVELOPE -

© JAPAN AND THE U.S. ARE NOW PURSUING PARALLEL PATHS FOR DRACS
DEYELOPMENT

© NEAR-TERM COLLABGRATION CAN:

- BROADEN EXPERIENCE BASE AND 1) AID LICENSIWG, 2) REDUCE COSTS
THROUGH REDUCTION OF UNCERTAINTIES AND MARGINS, AND -3) REDUCE
POSSIBILITY OF UNEXPECTED PROBLEMS

- ESTABLISH BASIS FOR LATER COLLABORATION

@ LONG-TERM COLLABORATION CAN SIGNIFICANTLY REDUCE Ra&D COST

SAFETY CRITERIA PROPOSED BY JAPAN

SHOULD BE COYERED WITHIN BROADER SCOPE

WILL BE COVERED BY OTHER ACTIVITIES

THEREFDRE, JAPAN/US AGREE TO DELETE FROM DRACS
VERIFICATION, ALTHOUGH BOTH COUNTRIES AGREE ON
IMPDRTANCE

DRACS VERIFICATION

AREAS FOR FURTHER EVALUATION OF COLLABORATION

PHASE 1: e ANALYTICAL EXPERIENCE
(T0~1988)
& SPECIAL PURPOSE TESTS
@ LARGE RELATED TESTS

PHASE I1: @ LARGE-SCALE PROTOTYPE DRACS TEST
(AFTER~1288)
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DRACS VERIFICATION PROGRAM

ANAEYTICAL EXPERIENCE

JAPAN u.s,
$ DESIGN METHODOLOGY USING THERMAL- 6 DESIGN METHODOLOGY USING THERMAL-
HYDRAULIC CODES SUCH AS: HYDRAULIC CODES SUCH AS:
-~ MIMIR -~ DASHR
-- THAUPR : -~ COMTRAN
-- SCORT- -- COMMIX
-- THERVIS -— COBRA-IV AND -WC
-- COMMIX -- CORTRAN
-- COBRA-IV -- SASSYS
-- ETC, -- 3$5C

TYPES OF COLLABORATION:

|
@ EXCHANGE INFORMATION ON SENSITIVITY OF ANALYTICAL RESULTS TO:

CODE INPUT ASSUMPTIONS !
NUMBER OF COMPUTATIONAL CELLS
TIME STEPS
-- ETC.

& DEVELOP AND VERIFY AN ADEQUATE 1-D FLOW NETHORK MODEL {JAPAN)

8 PROVIDE COMMIX 3-D VALIDATION RESULTS {uns.)

SPECTIAL PURPOSE TESTS

BASIS FOR COLEABORATION:

JAPAN u.s.
o EXISTING DATA FROM: e EXISTING DATA FROM:
- PIN BUNDLE TESTS - SSTF SIMPLE Na TESTS
- IN-VESSEL FLOW DISTRIBUTION TESTS ' - SIMONE WATER TESTS
" - PIPING STRATIFICATION TEST WITH WATER - FFTF NATURAL CIRCULATION TEST
- MNATURAL CIRCULATION TEST IN SGTF - THORS-5SHRS TUBE BUMNDLE TESTS

- JOYD NATURAL CIRCULATION TEST

© PLANNED/POSSIBLE FUTURE DATA FROM: @ PLANNED/POSSIBLE FUTURE DATA FROM:
- SMALL SCALE H,0 TEST OF DRACS - SSTF TESTS WITH IN-VESSEL HX
- Na-Ma OR NakK HEAT TRANSFER AT LOW FLOW - ADVANCED SIMONE TESTS
- [EXPANDED THORS-SHRS TESTS INTO Na
BOILING

TYPES OF COLLABORATION:

EXCHANGE EXISTING TEST DATA WITH DETAILS

EXCHANGE ANALYSES OF EXISTING AND FUTURE TEST DATA

EXCHANGE RESULTS OF COMPUTER "BRUSH UP™ CHANGES WITH THIS DATA
JOINTLY PLAN FUTURE TESTS AND EXCHANGE DATA

o 0 & @
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LARGE ,RELATED TESTS

BASIS FOR COLLABORATION:

JAPAN

IN-VESSEL NATURAL €IRCULATIOGN TEST IN
Joyo

- ISOLATED PHTS-(LOWERED Na LEVEL)
~ FLDW PASSAGES THROUGH REFLECTOR REGION
- EXTERNALLY COOLED VESSEL

MONJU NDHX TEST

SYSTEM HEAT CAPACITY/HEAT LOSS TEST IF
FEASIBLE

TYPES OF COLLABORATION:

EXCHANGE TEST DATA WITH DETAILS
EXCHANGE ANALYSES OF TESYT DATA
JOINTLY PLAN TESTS )

U.s.

EBR-IT NATURAL CIRCULATION TESTS

- PRGTECTED AND UNPROTECTED LOSS OF
PUMPING POWER

- EXTENSIVE CORE SUBASSEMBLY AND PLANT
INSTRUMENTATION

CRBRP NDHX TEST
FSF CODLING SYSTEM TEST

SYSTEM HEAT CAPACITY/HEAT LOSS TEST IF
FEASIBLE

LARGE-SLALE PRGTOTYPE DRACS TEST

@ DECISION ON TEST DEFERRED FOR 2-3 YEARS

- JAPAN - TEST ANTICIPATED BUT DESIGN SELECTIGN
NOT SCHEDULED UNTIL~- 1987

- WU.5. - NECESSITY OF TEST TO BE DECIDED IN
~1986 AFTER COMPLETION OF ADDITIONAL

HORK

o COLLABCRATION DECISION ALSO DEFERRED BUT COULD INCLUDE:

~ JOINT PLANNING AND FUNDING OF A LARGE TEST
- EXCHANGE OF DATA FROM NATIONAL TESTS
- MODERATE U.S. INVOLVEMENT IN JAPANESE TEST

i

- ETC.
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PRACS VERIFICATION PROGRAM

DRACS VERIFICATION COLLABORATION PLANHING

TRANSMIT EXAMPLES OF BACKGROUND INFORMATION

TRANSMIT BACKGROUND INFORMATION

TRANSMIT SUGGESTED PROPOSALS

MEET 7O NEGOTIATE AND DRAFT A JOINT PROPOSAL, AS Rewui2eD
REVIEW AND APPROVE JOINT PROPOSAL IN EACH COUNTRY
RENEGOTIATE (IF NECESSARY)

SUBMIT JOINT PROPOSAL TO PEWG EXECUTIVE COMMITTEE

ANALYTICAL EXPERIENCE BACKGROUND INFORMATICN

@ ON EACH COMPUTER CODE, SUMMARIZE:

3

COMPUTER COMPATIBILITY

PROBLEMS SOLVED {(MODELS, TIME COVERED, ETC.)
FUTURE PLANS :

@ DEVELGPMENT OF 1D FLOW NETWORK (JAPAN)

- PLANS & APPROACH CONSIDERED
- DESCRIPTION OF VERIFICATION PLANS

AMOUNT OF ANALYSIS DONME (WHEN, BY WHOM, ETC.)

11/15/83.
12/31/83
1/31/84

2/15/84

3/15/84

DESCRIPTION, CAPABILITIES, FEATURES & LIMITATIONS
CURRENT STATUS OF CODE DEVELOPMENT/VALIDATION

@ DESCRIPTION OF PLANS FOR COMMIX-30 VALIDATION (U.S.)

BACKGROUND INFORMATION ON TESTS

FOR EACH SET OF EXISTING DATA, SUMMARIZE (~2 PAGES TEXT)

@ TEST DESCRIPTION

PURPOSE

DIAGRAMS, SCHEMATICS, DIMENSIONS
PARAMETERS

FACILITY

TEST PROGRAM

DATES PERFORMED OR SCHEDULED

e & 2 95 0 @

o INSTRUMENTATION (QUANTITY, TYPE, LOCATION, ACCURACY)

@ FORM OF DATA (RAW, REDUCED, ANALYZED)

@ ACTUAL OR EXPECTED FINDINGS AND THEIR SIGNIFICANCE

@ CODE VALIDATION ANALYSES PERFORMED
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Appendix VII

JOINT RECOMMENDATION FOR COLLABORATIVE
LMFBR PLANT OPTIMIZATION EFFORTS

JOINT DOE-PNC TASK GROUP ON THERMAL AND
LOAD CYCLING CRITERIA FOR SODIUM COMPONENTS
AND SYSTEMS

A. Thermal Striping Design
B. Inelastic Design Methodology

September 30, 1983

SIUDY OF THE FEASIBILITY OF COLLABORATIVE
PNC/DOE EFFORT ON THERMAL STRIPING DESIGN

OBJECTIVE OF STUDY

DETERMINE FEASIBILITY OF A COOPERATIVE EFFORT TO DEVELOP A THERMAL STRIPING DESIGN
METHODOLOGY

BEWEFITS

. REDUCTION OF PLANT CAPITAL COST
LESS EXPENSIVE MATERIALS (E.G. SS 316 VS INCONEL 718) IN UPPER INTERNAL STRUCTURE
LESS EXPENSIVE FABRICATION METHOD (HELDED VERSUS BOLTED, HO CLADDING)
« LICENSABILITY
IMPROVED BASIS FOR PLANT LICENSING ACCEPTANCE
. IMPROVEMENT OF PLANT PERFORMANCE
IMPROVED CORE COMPONENT LIFE
MORE FLEXIBILITY IN CORE DESIGHN
PLANT CAPACITY FACTOR IMPROVEMENT
. REDUCTEON OF R&D PROGRAM COSTS .
ACCESSIBILITY OF INFORMATION, INCLUDING TEST DATA TO DOE AND PNC OF PAST & FUTURE ReD

AVAILABILITY OF ADDITIONAL FACILITIES TO EACH COUNTRY FOR VALIDATION TESTING OF
COMPONERTS
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STUDY ON THERMAL STRIPING DESIGN (CONTD)

BACKGROUND

» THE DESIGN DATA ARE NOW AVAILABLE FOR THE MONJU UPPER PLENUM FROM WATER TESTS
PERFORMED WITH PLANT SIZE 1/3 SECTOR MODEL AND 19 ASSEMBLY MODEL.

. AT PNC A COMPARATIVE TEST IN WATER AND IN SODIUM WILL START IN THE SUMMER OF
1984 GSING A 7 ASSEMBLY FULL SCALE MODEL.

. WAESD IS CONDUCTING TESTS TO DETERMINE DYNAMIC FILM COEFFICIENTS AND THE AFFECTS
OF THERMAL STRIPING ON MATERIAL STRENGTH,

. RI IS CONDUCTENG TESTS ON FILFM COEFFICIENTS AND AFFECTS ON MATERIAL UNDER MORE
VARIETIES OF CONDITIONS.

. THE CRBRP FULL SIZE 7 ASSEMBLY WATER TEST DATA AT WHC 1S AVAILABLE.

CONCLUSTION

IT IS RECOMMENDED THAT COLLABORATION PROCEED IN THE DEVELOPMENT OF THERMAL
STRIPING DESIGN METHODOLOGY. THE SPECIFIC'AREAS IN WHICH THIS COLLABORATION
IS MOST NEEDED ARE: '

CORRELATION.GF WATER 'AND SODIUM TEST DATA
DYNAMIC FILM COEFFICIENT INFORMATION

EFFECTS OF THERMAL STRIPING ON MATERIAL STRENGTH
ESTABLISHMENT OF A BESIGN METHOD

THERMAL STRIPING

RECOMMENDAT IONS
1, WATER SODIUM CORRELATION

PNC FURNISH THE DATA FROM THE KONJU WATER AND SODIUM SEVEN ASSEMBLY
TESTS. ‘

. COMPLETE SPRING 1985
. PROGRAM PLAN BY END OF 1983
2, DYNAMIC FILM COEFFICIENT EXCHANGE
WAESD Na TESTS - CURRENTLY IN PROGRESS

RI Na TESTS - MARCH 1984
PNC MONJU SEVEN ASSEMBLY Na TEST - MARCH 1985
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THERMAL STRIPING RECOMMENDATIONS (CONT'D)

3. EFFECTS OF THERMAL STRIPING ON MATERIAL STRENGTH
EXCHANGE
WAESD Na TEST DATA - 316 8§ & 718 INCONEL AVAILABLE, OTHER MATERIAL LATER

RI SODIUM TEST DATA
JUNE 1984 FOR 316 S
OTHER MATERIALS LATER 718, 9 Cr - 1 MO
DETAILED PROGRAM PLANS FOR BOTH FACILITIES (THIS SHOULD BE PROVIDED BY END OF 1983),
PNC WILL REVIEW AND CONSIDER SENDING TEST SPECIMEN TO US.
US TO INFORM PNC OF SCHEDULE,

4, ESTABLISH THERMAL STRIPING DESIGN METHOD,
THERE SHOULD BE A MEETING ON THIS SUBJECT IN THE FALL OR SUMNER OF 1985,

5. THIS ACTIVITY SHOULD BE CARRIED OUT UNDER THE SYSTEMS AND COMPONENT WORKING GROUP,

HIGH TEMPERATURE STRUCTURAL DESIGN SUBTOPIC:
FEASIBILITY STUDY OF PNC/DOE CDLLABORATIUN ON INELASTIC DESIGN METHODOLOGY

OBJECTIVE: TO DETERMINE IF A COLLABORATIVE EFFORT BY PHNC AND DOE TO DEVELOP
CRITERIA, GUIDELINES AND PROCEDURES FOR FBR COMPOMENT INELASTIC
DESIGN IS FEASIBLE AND BENEFICIAL TO EACH SIDE,

POTENTIAL- BENEFITS:

. REDUCTION OF PLANT CAPITAL COST

LESS EXPENSIVE MATERIALS
WIDER FABRICATION TOLERANCES

LESS COMPLEX STRUCTURES (E.G. THERMAL BAFFLES) TO MITIGATE THERMAL
TRANSIENTS IMPACT

. IMPROVEMENT OF PLANT PERFORMANCE

IFPROVED PLANT STARTUP AND SHUTDOMH RATES

PERMITS LARGER PLANT OPERATING ENVELOP TO ACCOMMODATE NORMAL, UPSET
AND EMERGENCY CONDITIONS

LESS COMPLEX OPERATING PROCEDURES

« LICENSABILITY
IMPROVED BASIS FOR PLANT LICENSING ACCEPTANCE

HIGH TEMPERATURE STRUCTURAL DESIGN SUBTOPIC:  (CONT'D)
BACKGROUND

. ASME BOILER AND PRESSURE VESSEL CODE C.C, N-47 PROVIDES DESIGN RULE BASED ON
ELASTIC ANALYSES AS WELL AS INELASTIC ANALYSES

» DESIGN RULE BASED ON ELASTIC ANALYSES GIVE UNDULY CONSERVATIVE RESULTS IN SOME CASES
. U.S. HAS PROVIDED RATHER BETAILED GUIDELINE FOR DESIGN BASED ON INFLASTIC ANALYSES
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. PNC PROVIDED “STRHCTURAL DESIGN GUIDE FOR CLASS 1 COMPONENTS OF PROTOTYPE FAST
BREEDER REACTOR FOR ELEVATED TEMPERATURE SERVICE”

. DESIGH RULE IN “PNC DESIGN GUIDE" USING ELASTIC ANALYSES CONSIDERS INELASTIC RESPONSE
OF STRUCTURES IN SIMPLIFIED WAY

. PNC IS PREPARING GUIDELINE FOR DESIGN BY INELASTIC AMALYSES

. CURRENTLY AVAILABLE PROCEDURES FOR DESIGN BASED ON INELASTIC ANALYSES HAVE MANY
ASPECTS FOR IMPROVEMENT (E.G. LOAD ORDERING, CONSTITUTIVE EQUATION, HARDENING RULES),
MGRE REASONARLE DESIGN PROCEDURES SHOULD BE ESTABLISHED BY EXTENSIVE MATERIAL TESTS,
ANALYTICAL WORK, AHD COMPONENT VALIDATION TESTS.

. REDUCTION OF ReD PROGRAM COSTS
ACCESSIBILITY OF INFORMATION, INCLUDING TEST DATA TO DOE AND
PNC OF PAST AND FUTURE RsD.

AVAILABILITY OF AN ADDITIONAL FACILITIES TO EACH COURTRY FOR
VALIDATION TESTING OF COMPONENTS.

CONCLUSTON

DOE AND PNC RECOMMENDS THAT COLLABORATION PROCEED IN THE DEVELOPHENT
OF CRITERIA, GUIDELINES AND PROCEDURES FOR FBR COMPONERNT INELASTIC
DESTGN,

TNELASTIC DESIGN COLLABORATION PLANNING

. TRANSHIT * PRIORITIZED LIST OF ELEMENTS OF INELASTIC DESIGN METHODOLOGY — 12/15/83
KHICH ARE MOST IN NEED OF IMPROVMENT (E.G. LOAD ORDERING, CONSTITUTIVE  PHC & DOE

EQUATIONS)
« TRANSMIT DEVELOPMENT PLANS FOR ELEMENTS OF INELASTIC DESIGH IDENTIFIED  1/15/84
ABOVE PNC & DOE
. TRANSMIT SUMMARIES OF COMPONENT VALIDATION TESTING 1/15/84
PHC & DOE

. MEET TO NEGOTIATE AND DRAFT A JOINT PROPOSAL FOR: 2/15/84

. EXCHANGE OF TEST DATA

. EXCHANGE OF ANALYSIS

. COLLABORATIVE EFFORT ON METHODOLOGY IMPROVEMENTS
( E.G. SPECIALIST VISITS)

. COLLABORATIVE EFFORT ON VALIDATION TESTS

. EXCHANGE OF PERSONNEL

. REVIEW AND APPROVE JOINT PROPOSAL IN EACH COUNTRY
. SUBHIT JOINT PROPOSAL TO PEWG EXECUTIVE COMMITTEE 3/15/84
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Appendix VIII

JOINT RECOMMENDATION FOR COLLABORATIVE
LMFBR PLANT OPTIMIZATION EFFORTS

JOINT DOE-PNC TASK GROUP ON GENERAL
SEISMIC DESIGN CRITERIA

September 30, 1983

DOE/PNC JOINT PLANT EXPERIENCE WORKING GROUP MEETING
HANFORD ENGINEERING DEVELOPMENT LABORATORY
RICHLAND, WASHINGTON
SEPTEMBER 26-30, 1983

Summary of Meeting Proceedings on

LMFBR General Seismic Design Criteria Topics

Eight topics in five categories were identified and recommended by
the joint DOE/PNC Seismic Design Task Group for collaborative activity
during the next one to five years (see Figure 1). All of these topics
are judged to be potentially important contributors to optimization

and cost reduction for large LMFBR plants.
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LMFBR GENERAL SEISMIC DESIGN CRITERIA

TOPICS IDENTIFIED FOR COLLABORATION

A, PIPING SYSTEM

1. SODFUM PIPING DAMPING VALUES
2. PIPING PLASTICITY AND NON-LINEAR BEHAVIOR

B. FUNCTIONAL QUALIFICATION OF ACTIVE COMPONENTS

1,  CONTROL ROD DRIVE SYSTEM SEISMIC TESTING
2, PUMP HYDROSTATIC BEARING LOADS AND COASTDOWN TIME
3. SODIUM VALVE SEISMIC DESIGN WMETHODOLOGY

C. CORE DUCT ASSEMBLY IMPACT MODELS AND STRENGTH LIMITS

D, SEISMIC ISOLATION

E, FLUID-STRUCTURE TNTERACTION ANALYSIS METHODS

Fﬁ%ure 1

from evaiuations of the status of currént programs and the appli-
cabifity to near-term studies, it was agreed that three of these topics
should be recommended for immediate action (Items Al, A2, and C; Figures 2,
3, and 7), for data exchange, cooperative testing, and design methods
development; one recommznded for near-term collaboration on concept
feasibility studies (Item D; Figure 8); three recommended for collaboration
which include information exchange and planning for joint testing at
a later date (Items Bl, B2, and B3; Figures 4, 5 and 6); and one item

(Ttem E; Figure 9) which is pending further negotiation.

LMFBR GENERAL SEISMIC DESIGN CRITERIA

I0PIC A.1 - SODIUM PIPING DAMPING VALUES

OBJECTIVE: ESTABLISH DAMPING VALUES FOR LMFBR DESIGN WHICH ARE HIGHER THAN THOSE
USED IN CURRENT STANDARD PRACTICE

BENEFITS:  REDUCED PLANT COSTS
PROBABILETY FOR TECHNICAL SUCCESS: HIGH

STATUS: SOME DATA EXIST; FURTHER TESTING NEEDED
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PROPOSED TASKS:
1 ASSEMBLE AND EVALUATE AVAILABLE DAMPING TEST DATA
2} IDENTIFY AND PERFORM ADDITIONAL NECESSARY DAMPING TESTS

3) PREPARE REFERENCE REPORT WHICH CAN BE USED FOR JUSTIFICATION, ACCEPTANCE,
AND IWPLEMENTATION OF HIGHER DAMPING VALUES

COMMENT DAMPING VALUES FOR OTHER REACTOR EQUIPMENT MAY BE CONSIDERED FOR
COLLABORATION IN THE FUTURE.

Fn':nrq 2.

TOPfC A2 - PIPING PLASTICITY AMD NON-LINFAR BEHAVIOR

OBJECTIVE: ESTABLISH DESIGN PROCEDURES AND CRITERIA FOR SODIUM PIPING WHICH
RECOGNIZES NON-LINEAR BEHAVIOR BY GAPS AND ENERGY ABSCRBTION PROVIDED
BY PLASTIC DEFORMATION

BENEFITS:  POTENTIAL COST REDUCTIONS IN COSTS OF PIPING, PIPING SUPPORT STRUCTURE.
AND DESIGN ENGINEERING

PROBABILITY FOR TECHNICAL SUCCESS: MEDIUM

STATUS: SOME STUDIES AND TESTS HAVE BEEN PERFORMED; DESIGN APPROACH HAS BEEN
PROPOSED IN ©,S.

PROPOSED TASKS:

~

1) REVIEW PERTINENT DATA AND METHODS, AND IDENTIFY ADDITIONAL NEEDED TESTS AND
METHODS DEVELOPMENT

2) - PREPARE PLANS FOR COOPERATIVE TESTING AND ANALYSIS METHODS DEVELOPMENT FOR
APPLICATION TO SODIUM PIPING, AND FOR DESIGN BY RULES FOR SMALL BORE PIPING

3) PERFORM TESTS, DEVELOP METHODS, AND PREPARE ASSOCIATED REPORTS

4y REVIEW REPORTS, RECONCILE COMMENTS, PREPARE AND ISSUE FINAL REPORTS
FOR DESIGN USE

F;jum 3.
TOPIC B.1 - CONTROL ROD DRIVE SYSTEM SEISMIC TESTING
OBJECTIVE: EXCHANGE CONTROL ROD BRIVE SYSTEM SEISMIC TEST DATA

BENEFITS: OBTAIN CLEARER UNDERSTAWNDING OF SEISMIC BEHAVIOR FOR APPLICATION
TO MORE EFFICIENT AND ECONOMICAL DESIGNS

PROBABILITY OF TECHNICAL SUCCESS: HIGH

STATUS: U.S. AND JAPANESE DATA EXIST
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* . PROPOSED TASKS:
1) IDENTIFY SEISMIC TESTS WHICH HAVE BEEN PERFORMED
2) DOCUMENT TEST DETAILS
3 EXCHANGE AND EVALUATE DATA WITH RESPECT TO ANALYTICAL METHODS

COMENT: IN THE FUTURE, US/PNC WILL CONSIDER COOPERAVION ON JOINT
DEVELOPMENT OF EVALUATION METHOPS FOR CRD.

TOPIC B.2 - PUMP HYDROSTATIC BFARING LOADS AND COASTDOWN TIME

OBJECTIVE: DEVELOP AND VERIFY GUIDELINES FOR PREDICTING HYDROSTATIC BEARING
LOADS AND FATLURE MARGINS

BENEFITS:  OBTAIN VERIFIED DESIGN GUIDELINES FOR DESIGN OF HYDROSTATIC BEARINGS
AT MINIMUM COST

PROBABILITY OF TECHNICAL SUCCESS: HIGH

STATUS: ANALYTICAL METHODS EXIST. CONFIRMATION IS NEEDED. PNC IS PERFORMING
TESTS IN MNA AT FULL PLUS REDUCED SPEED UNDER SIMULATED EARTHQUAKE
CONDITION. U.S. IS DOING TESTS ON FRICTION AND WEAR.

PROPOSED TASKS:

1) EXCHANGE AND REVIEW CURRENT (UP TG TIME OF EXCHANGE) DESIGN METHODS AND DATA,
AND IDENTIFY TECHNOLOGY NEEDS FOR LARGE PLANTS

2) IF APPROPRIATE. PREPARE PLANS FOR COOPERATIVE TESTS, DEVELOPMENT. AND
STUDY AGREEMENTS '

COMMENTS: @ U.S. IS FOCUSSED ON DATA RELATING TO PUMP COASTDONN TIME DURING
EARTHRUAKE AS WELL AS REDUCED SPEED PERFORMANCE WITHOUT LOSS OF
ELECTRIC POWER, AND TOLERANCE OF BEARING TO IMPACT LOADS.

® PERFORMANCE OF TESTING, METHODS DEVELOPMENT, AND STUDIES WILL BE

CONSIDERED FOR A FUTURE COLLABORATIVE AGREEMENT, .
_ F-ﬁurd- &,

TOPIC B.3 - SODIUM VALVE SEISMIC DESIGN METHODOLOGY

OBJECTIVE: DEVELOP AND VERIFY GUIBELINES FOR PREDICTING SODIUM VALVE INTEGRITY
AND FAILURE MARGINS

BEMEFITS:  OBTAIN VERIFIED DESIGN GUIDELINES FOR DESIGN OF SODIUM VALVES AT
MINIMUM COST

PROBABILITY OF TECHNICAL SUCCESS: HIGH

STATUS: ANALYTICAL METHODS EXIST. CONFIRMATION IS NEEDED. PNC IS PERFORMING
TESTS UNDER SIMULATED EARTHQUAKE CONDITIONS

PROPOSED TASKS:

1) EXCHANGE AND REVIEM CURRENT (UP TO TIME OF EXCHANGEY DESIGN METHODS AND
DATA, AND IDENTIFY TECHNOLOGY NEEDS FOR LARGE PLANTS
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2) IF APPROPRIATE, PREPARE PLANS FOR COOPERATIVE TESTS., DEVELOPMENT,
* AND STUDY AGREEMENTS

F:juvc [

TOPIC € - CORE DUCT ASSEMBLY IMPACT MODELS AND STRENGTH LIMITS

_OBJECTIVE: DEVELOP IMPACT MODELS (PNC) AND STRENGTH LIMITS (DOE), EXCHANGE DATA,
AND PERFORM ADDITIONAL TESTING THROUGH JOINT PROGRAM., FOR ESTABLISHMENT
OF CORE DUCT SEISHMIC LIMITS

BENEFITS:  POTENTIAL COST REPUCTIONS IN REACTOR AND REACTOR SUPPORTING STRUCTURES
BY SHOWING THAT CORE DUCTS HAVE HIGH TOLERANCE TO SEISMIC LOADING

PROBABILITY OF TECHNICAL SUCCESS: HIGH

STATUS: SOME TEST DATA EXIST AND SOME PNC/DOE EXCHANGE HAS TAKEN® PLACE:
ADDITIONAL TESTING PLANNED

PROPOSED TASKS:

1) REVIEW RELEVANT CORE DUCT SEISMIC TESTS AND EXISTING DATA
2)  IDENTIFY NEEDED ADDITIONAL DATA, ANALYSIS AND METHODS

3) PREPARE COOPERATIVE TEST, DEVELOPMENT AND STUDY AGREEMENTS

&) * PERFORM TESTS AND PREPARE ASSOCIATED REPORTS

Fiqure 7.

———

TOPIC D - SEISHMIC ISGLATIO
OBJECTIVE: DEVELOP AND EVALUATE REACTOR PLANT SEISMIC ISOLATION SYSTENS

BENEFITS:  POTENTIAL REDUCTION OF PLANT ENGINEERING AND CONSTRUCTION COSTS.
IMPROVED PLANT RELIABILITY AND SAFETY

PROBABILITY OF TECHNICAL SUCCESS: MEDIUM

STATUS: ISOLATION SYSTEMS HAVE BEEN APPLIED TO LWR‘'s AND CONVENT IONAL
STRUCTURES. PERFORMANCE AND COST EFFECTIVENESS DATA NEEDED

PROPOSED TASKS:

1) PERFORM FEASIBILITY STUDIES. AND EXCHANGE INFORMATION AND DESIGN/ANALYSIS
METHODOLOGIES

COMMENT : FURTHER COOPERATIVE ACTIVITIES WILL BE EXPLORED IN THE FUTURE AND WILL
DEPEND ON ASSESSMENT OF RESULTS OF FEASIBILITY STUDIES.

F‘.'jur; .
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LMFBR GEMERAL SEISMIC DESIGN CRITERIA

TOPIC E - FLUID-STRUCTURE INTERACTION ANALYSIS METHODS
(PENDING: PNC WILL ARRANGE WITH JAPANESE INDUSTRIES)

OBJECTIVE: DEVELOPMENT OF FLUID-STRUCTURE INTERACTION DATA FOR VALIDATION OF
REACTOR SYSTEM ANALYTICAL MODELS

BENEFITS:  POTENTIAL REBUCTION OF PLANT COSTS THROUGH AVOIDANCE OF OVERLY
CONSERVATIVE DESIGN

PROBABILITY OF TECHNICAL SUCCESS: MEDIUH

STATUS: DOE SPONSORED EXPERIMENTAL PROGRAM TO BE INITIATED IN 1984, INDUSTRY
TESTS BEING PERFORMED IN JAPAN

PROPOSED TASKS (U.S, OHLY):

1) PERFORM INITIAL SLOSHING TESTS AND HEAD-MOUNTED COMPONENT TESTS
2) PERFORM TESTING ON INTERNAL COMPONENTS AND COMPLEX MODELS

3 PREPARE RECOMMENDED ANALYSIS METHODS BASED ON RESULTS OF TESTS

L) ISSUE FINAL REPORT

F-:ura 9.

In order to prepare for the detailed proposal for submittal to
the Executive Committee, PNC and DOE will jointly exchange specific
background information relative to the content, scope, and nature of

the proposed collaboration topics (see Figure 10).

NEAR-TERM SETSMIC COLLABORATION ACTIVITIES

o*
12/1/83 12/15/83 1/15/84 2/15/84 3/15/84
BACKGROUND INFO BOE & PNC FIRST FINAL ‘REPORT TO
EXCHANGED INDIVIDUAL DRAFTS JOINT Draft RIZZD/NOMOTO
EXCHANGED BRAFT
EV \V4 = \V4 } \V4 | JAN | |
NOV DEC JAN ' FEB MARCH ! APRIL
Fiqure. 10,
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LMFBR GENERAL SEISMIC DESIGN CRITERIA

0PICS IDENTIFIED FOR COLIABORATION

A,

PIPING SYSTEM

1, SODIUM PIPING DAMPING VALUES
2, PIPING PLASTICITY AND NON-LINEAR BEHAVIOR

FUNCTIGNAE QUALIFICATION OF ACTIVE COMPONENTS

1, CONTROL ROD DRIVE SYSTEM SEISMIC TESTING
2, PUMP HYDROSTATIC BEARING LOADS AND COASTDOWN TIME
3, SODIUM VALVE SEISMIC DESIGN METHODOLOGY

CORE DUCT ASSEMBLY IMPACT MODELS AND STRENGTH LIWITS
SEISMIC ISOLATION

FLUID-STRUCTURE INTERACTION ANALYSIS METHODS
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Appendix IX

JOINT RECOMMENDATION FOR COLLABORATIVE
LMFBR PLANT OPTIMIZATION EFFORTS

JOINT DOE-PNC TASK GROUP ON DEFINITION OF
STEAM GENERATOR DEVELOPMENT PROGRAM WITH
INTENTION OF ELIMINATING THE INTERMEDIATE SYSTEM

September 30, 1983

DEFINITION OF STEAM GENERATOR DEVELOPMENT PROGRAM
WITH INTENT OF ELIMINATING THE INTERMEDIATE SYSTEM

PRESENTAT 10N
1. OBJECTIVE OF MEETING
1. CONCLUSIONS
[11.  OBJECTIVE OF COLLABORATIVE EFFORT FOR CONCEPTUAL DESIGN STUDY
V.  POTENTIAL BENEFIT OF COLLABORATION FOR CONCEPTUAL DESIGN STUDY
V.  APPROACH FOR CONCEPTUAL DESIGN STUDY
VI,  SCHEDULE FOR CONCEPTUAL DESIGN STUDY

VII, RESOURCES FOR CONCEPTUAL DESIGN STUDY
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I; OBJECTIVE OF MEETING

REACH AGREEMENT ON THE FEASIBILITY OF COLLABORATIVE EFFORTS INVOLVING

A PRIMARY SYSTEW STEAM GENERATOR (PSSG)

11, CONCLUSIONS

8 HIGH RELIABILITY AND SERVICEABILITY OF S/6°s ARE REQUIRED FOR IMPROVED

PLANT AVAILABILITY AND. IN PARTICULAR, AS A PREREQUISITE TO IHTS
ELIMINATION :

8 ELIMINATION OF THE IHTS OFFERS THE POTENTIAL FOR SIGNIFICANT COST REDUCTION
FOR FUTURE-GENERATION PLANTS

& COLLABORATION 1S DESIRABLE AT PRESENT ONLY IN THE STUDY AREA

@ INITIAL EFFORT IS RECOMMENDED FOR A CONCEPTUAL DESIGN EVALUATION

-- DECISION ON FUTURE COLLABORATIVE EFFORT WilL BE REACHED AFTER
REVIEW OF CONCEPTUAL DESIGN EVALUATION RESULTS

Iii. OBJECTIVE OF COLLABORATIVE EFFORT FOR CONCEPTUAL DESIGN STUDY

& CLARIFY THE POTENTIAL FOR PLANT COST REDUCTION AND THE FEASIBILITY
OF A PRIMARY SYSTEM STEAM GENERATOR FBR PLANT

®  DEFINE R & D REQUIREMENTS FOR A PRIMARY SYSTEM STEAM GENERATOR
FOR APPLICATION IN FUTURE LMFBR PLANT

IV, POTENTIAL BENEFIT OF COLLABORATION FOR CONCEPTUAL DESIGN STHDY

@  SHARING KNOWLEDGE, IDEAS AND EXPERIENCE DURING INITEIAL CONCEPTUAL
DESIGN EVALUATION

8 FUTURE POTENTIAL FOR COST SHARING IN R & D PROGRAMS WHICH
ADDRESS THE CRITICAL ISSUES

COLLABORATION PLANNING TO NEXT PEWG

] EXCHANGE OF EACH DRAFT PROPOSAL ON PRE-"STUDY PLAN®® 12/31/83

* PRE-"STUDY PLAN" WILL INCLUDE THE PRELIMINARY INFORMATION
FOR FOLLOWING ITEMS:

{1} DESCRIPTION OF TASK ON GROUNDRULES (INCLUDING TASK CONCEPT)
{2) ASSIGNMENT OF WORK
(3) YorK SCHEDULE

~ (4) EXPECTED RESOURCES
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8 DRAFT OF JOIHT PROPOSAL ' 1/31/84

8 REVIEW JOINT PROPOSAL IN EACH COUNTRY

] SUBMIT JOINT PROPOSAL TO PEWG EXECUTIVE COMMITTEE 3/15/84
vi, SCHEDULE FOR CONCEPTUAL DESIGN STUDY
v
v v v v
lllllll]
6 12 18 24

1. COMPLETE STUBY PLAN

2, COMPLETE PRELIMINARY ASSESSMENT OF BENEFITS

3. COMPLETE DETAILED EVALUATION OF MAJOR CONCERNS
4, COMPLETE IDENTIFICATION OF R & D REQUIREMENTS

5. COMPLETE FINAL REPORT

v, APPROACH FOR COﬂCEPTUAL DESIGN STUDY

A, STUBY PLAN .
1. [IDENTIFICATION OF GOALS AND OBJECTIVES
2, DESCRIPTION OF TASKS AND GROUNDRULES
3. ASSIGNMENT OF WORK
4., DEVELOPMENT OF A WORK SCHEDULE

B.  PRELIMINARY ASSESSMENT OF BENEFITS

1. PRELIMINARY DESIGN OF A PSSG.PLANT AND COMPARISON WITH IHTS PLANT
2, EVALUATION OF THE BENEFIT
3, RECOMMENDATION FOR FOLLOW-ON ACTIVITIES

C.  DETAILED EVALUATION OF MAJOR CONCERNS
1. IDENTIFICATION OF THE WAJOR CONCERNS:

A. SAFETY
B‘. COMPONENTS
C. ETCiisas

2, EVALUATION OF EACH MAJOR ITEM
3. REASSESSMENT OF FEASIBILITY AND BENEFIT

D, - IDENTIFICATION OF R 2 D REQUIREMENTS

E.  FINAL REPORT

V11, RESQURCES FOR _CONCEPTUAL DESIGN STUDY

TO BE DEJERMINED BY EACH SEPARATE COUNTRY

{50 MM TO 120 MM)

RECOMMENDED INFORMATION EXCHANGE SESSIONS
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FROFMFMOEDH (TASK-work 2T 20 6EHT) 22 OBETIRE, Re-

 commend T3 C &AAE, ‘

I. preliminary Assesment of Benefits @ # 7 8% 5% Key milestone & LT

[follow—-on activity % BRI 5, \J
D BEEQ&A
RN
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Question

Answer

9/27 Separate Session
Q (FIED
TELEX AicEiF 3
Approach | : New Design SG}
Approachli: D. W, T, SG }@1@@
DREH,S, 9/BREZKBOTIE,“DWT
SG” ZANHRETAREITH A » LEER
s> ?
Q (FTER)

Institutional interface & {4 ?

A (Bieberbach)
() PSG & LTHEENLEEZAHFELTHE,
DW.TRRELED{bDEEZT,
(B) KEHTO study” OB E LTI
D.W. T ZRBATH3S,
(* WH preliminary study)

A (Bieberbach)
Safety, Licensing, Enviromertal,

Protection 4 CBd 2 &,
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9/ 28
A. KEBEf presentation (9/26) KB 2 ERIE KM, (Q & A D
B. AIBIC5[#t%, Joint Recommendation EREEH, EAMICHEMERE~—XIC
BHEEEDI,
{1) Conculusion
AIHOHRFIC BT 2 EFRXNARO 0T, HAMAIERIKIE»7 conculusion & L, $f
i collaboration {3 “study” ICfR3 Z &, EUEEROD collaboration & “study” @
FER%A review LT oI5 T EEMHREIC LT,
{(2) Objective of study
plant cost reduction @ potential & feasibility % “plant A7 iCBBRE(LT B T & &
L4, Q & A requirement & define {3 “PSSG” i€ focus 25T & & L,
(3) Potential Benefit
"BZED knowledge &iFER%E share $5C & T “study” 2%R/ BN TE ST
&, ERFPROBAEED share O RIBEHEIC DV TRid,
{4) Approach for Cdnceptual Design Situdy
9/ 26 FHHEABETDEE Recommendation £45C & & L7,
(5) Schedule

o kEM 20 4 A, BAfl 24 7 B A original ORETH B, 77 v MlE®
HBEZELHY, KERG U rHT L TER,

o Preliminary Assesment 2 T “Go” &® Recommendation 75H U SEMaEMEZ <
BT & &M BD, BAEM original RETIIERI RN 4 £ 52 &5, Preliminary
Assesment /b LBIBILICIKT L, ZEMFRE D Mm% R &322 & Ui (57 A
~ 9 B4t

o 38/ 2 £ Information Exchange Session %&%%E.

o START {3, Fall/ 1984 JCC Authorization &9 52 & TEF.

t&2a

il

(8] Resource
o SKEMI L 0 12 120 man—month (120 (5™ x 244 B) x 1058 5 g(10~155%/ 5 )
x 250 %/ ~300M%), BAR L 0 1 50 man—month (507 x 1M¥/ gsgMF)
BELEOFEREINLY, BRELBERRRETHZOT, ZHELIF T.B.D (50~
120 M/each) & LT 4/ 1984 D PEWG % TICBIE(LT BT & & L,
(7) Collaboration @HHIC>WT
{a) REHLY “study” 20T Guideline FAEDTHBL T EBBLEEIDI A Vb
D& - o, BEADS “study” DBDITE, Guideline Fb [ . Study Plan fEAk
72— X TERENANET & ELEIE,
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{b) & “Study” @ preliminary assesment (FBFRELic/ 7 K ER TS & HHEE
Snals, COXIUIMAT, “Collaboration” & LTEYP LB HXEMH L
SRS fu7eds, Collaboration & U THEREM Y = — XD HDh 5~ R & D EifED
bOETHESINS (REEFHH) ©T OK #5455 LHE,

D collaboration ~DREEHLZEZI LN ZDOT, BESTIR “Study” TLHTH
Yol O AN
C. REl PEWG £ T® Collaboration (9 B 20 0§ additional meeting) , & [ED

Joint Recommendation 721 Tid, PEWG & L THITE 30 oIt ¢RI 513

WZ &b, RlE| PEWG (4/1984) 3§ TOEMMKE & L T Preliminary Study

Plan 2/ER$ 5 T & TERE. (BAHE2B)

127 31/ 1983 & TITHK®D Draft Proposal 23452 & & Ui,

KER ™13, COEREMAD Fund AWHETHEV T &2 S (+ WH AORERN
Team Leader), T®KE PEWG % TOBIMIEEE L &> Tk, HECID
FaEicaE L7,
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Question

Answer

Q (FIE)
KEH TASK-C £ v =3 EFD k5
Bk, (BABIA vo~5— & TFBA B

Q (FJaR)
WH © “2 JRHEIE study” 13, WOEE
B L 72,

10% Cost Reduction DT EThH 5 A
Risk #F/E LT, 20 10%(d attrac-
tive Z»q

Q (FER)
A Study iTBI LT, Major Concerns
ELT, BFEMLSRENIARLTHS
PRERID A4 A — VB EATL DR,

Q (FIER)
T0MW D. W, T SG OBIKIE & Db,

A (Bieberbach)
Team Leader : J. Mangus (WH)
(WH: &y v ox— )
G. Bieberbach
(WH:R¥H%3a—-3)
F. Tippet (GE)
R. McCounell(EBR-ID
H. Brandt (WH)
A (Bieberbach)

o WH- &y /35— %7 (MangusG) iCTHE
ML oo BUl#E - 7o & B HIFEHIARE,
WH—private work.

o “10%" Cost Reduction &5 T &3,

“R&Z " Cost Reduction &E X T
%o
A (Bieberbach)

o “SBafety” TH 5,

ol} Z b &BFF - THIODTET Mangus
ITHE<

A (Bieberbach)

o FEIERE 50 %5E
o fabrication 40 %
o BPRHEEA 90 %

o ETEC ~D#th : 9°H/ 1985
BITE Pensacola™ TISiC TRk,
Tampa TIHE%AfE L T, PWR-SG
& B2 Pensacola (71 1} #) iKH -
Thvs,
A (Debear)
ETEC OEERIE~) Av s A v LD,
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Question

Answer

Q (FIED)

~ 1986 >, CKE.)
A (Bieberbach)

D.W. T SG &L Tix WH BlZFHRICL D.W.TSG ¢LT, WHELADLHD

T B,

BREEZZ ohin, (FIAE, GED
DIFHL A%D
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5. TV T gy —2rvRIcBET 23%

H f%: 83927 (k) p.m 530 ~ 630

% B U —IKOZ (Federal Blg 2 F, DOE Office)

Hi##& : AL. Rizzo, J. Laidler, Kruper, Absher, Davies
=B, th (FE), &K, 0¥, AHEH (ETEC BE4)

®MIERT . -
EEPOEBEOIERUFEREZRIALLL HRETRLOTEORMEREEL,
(1) #E4E (19824) 5 A®@ JCC # PEWG ic 5.2 fo457Ric Lz 4wy, Plant Performance
& Plant Cost Reduction OMED 7 — < \EfE YR b T 7 LT,
(2) WEHE 9 HO Joint PEWG Executive Mt'g T, 7 — v EEDHHEHRAL 1=,

Plant Performance & LT 2 b7y 7 & e 7 — < ik, (9L, IS &0l
T5HDTHY, 77~ MO specific design iCi@ { B4 5 DT, Plant Cost. Reduction
KEAZEEAT L L, KL, 2hdoF—=5Eaiicis Performance HEICEH S
T3, _

@) SEIDOZFETHRIT 257 — <, RE4LHD Joint PEWG T, LRFHOTT, 2D
F-vhoBREINODTH D,
@ SHLEDINT, JCC ORBIC LEHKOBOHEEIR SO THERIM LTV,
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POST % 27 7 n—7¥mER
1.1k H f & #

1.2 B & fij & ¥

B % R o

2.1 Hanford Science Center
2.2 FFTF
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FEASIBILITY ASSESSMENT ON
DEVELOPMENT OF PIPING BELLOWS

FOR LMFBR SERVICE
@ SUMMARY
) TECHNICAL BACKGROUND

@ FEASIBILITY ASSESSMENT

SUMMARY

e  USE OF BELLOWS IN U.S. LMFBR DESIGN

AUXILIARY HEAT REMOVAL SYSTEM

- SAFETY RELATED (SECTION ITI. CLASS 2)
- 610 IN,
- 30-100 PSIG :
- 950-990°F DESIGN TEMPERATURE
FAULTED TRANSIENT TO 1400°F

INTERMEDIATE HEAT TRANSPORT SYSTEM
- NONSAFETY RELATED (B31.1. EJMA)
- 24-40 IN,
- 300 PSIG
- 320-960°F

e  BASE TECHNOLOGY PROGRAM ON BELLOWS

. DESIGN
FABRICATION
,  ROOM TEMPERATURE TESTING
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SUMMARY (CON‘TD)

e  COLLABORATION IS FEASIBLE

INFORMATIGN EXCHANGE

-~ DOE BASE TECHNOLOGY AND PNC/ISES PROGRAMS

DESIGN

- COMMON BELLOWS DESIGN

COMPONENT TESTING

-- SWALL DIAMETER. SAFETY RELATED

SYSTEM TESTING

- SMALL DIAMETER AND LARGE DIAMETER IN Na [OOPS
o  INFORMATION EXCHANGE 1S HIGHEST PRIORITY

TECHNICAL BACKGROUND

e  SYSTEM DESIGN

APPLICAT LONS
COST INCENTIVES

. SAFETY AND LICENSING
ADVANTAGES/DISADVANTAGES

o  STATUS

EXPERIENCE

DOE BASE TECHNOLOGY PROGRAM
CODES AND STANDARDS

TESTING OPTIONS
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TABLE 1
APPLICATION OF PIPING BELLOHS IN ADVANCED LWFBR DESIGNS
Bellows Design Design
Plant System Type  Diameter Class Code  Haterial Temp Pressure Remarks

Large Scale Shutdown Heat Giwbal 10 in ASHE 1I1-2  BOOH 950°F3 30 psig Slow
Prototype Removal System ) Transients
Breeder ’

Cooling System Gimbal 8 din. ASME I11-Z2  600H 600°F 30 psig STou

for Ex-Vessel Transients

Storage Tank Gimbal 3 in. to B31.1 S5 910°F 300 psig

Auxiliary Sodium 6 In.

Systems
Hodular Interpediate Heat Gimbal 24 in. B31.1 SS 820°F 300 psig Slow
Breeder Transport System : Transtients
Reactor
Large Pool Intermediate Heat Gimbal 32 in, B31.1 5SS or 800H  960°F 300 psig
Plant Transport Systen .

Shutdown Heat Gimbal & in. ASHME III-2 BOOH 990°F3 30 psig & Slow

Removal System & 10 in. 100 psig Transients
Volkswagen Primary Heat Axlal approxl HhK UNK UhK UK Hote2
Design Transport System 40 in.

Intermediate Heat Axial ﬁpprﬂx‘ URK UNK UKK UHK Note?

Transport System 40 in.

1Estimated from sketch in published material
2PIant design described in Power Engineering September 1982 detailed information not availabie
3Additiunal end of 1ife plant faulted condition, DRACS emergency condition temperature to 1400°F for up 100 hr

COST INCENTIVES

] PRIMARY HEAT TRANSPORT SYSTEM
e MAJOR INCENTIVE IS REDUCTION OF CONTAINMENT BUILDING (98%)

] REDUCTION CAN BE ACHIEVED BY ALTERNATE METHODS
-~ SIPHON BREAKERS AND VERTICAL LooPps
- ALTERNATE MATERIALS (Mop. 9CR-1Mo)

8 INTERMEDIATE HEAT TRANSPORT SYSTEM
] MAJOR INCENTIVE 1S BUILDING REDUCTION
8 CURRENTLY IN 3 OUT OF 4 CONCEPTS
e DECAY HEAT REMOVAL SYSTEM
] SPACE REQUIREMENTS
] PIPING SUPPORT REDUCTION

8 SYSTEM PERFORMANCE (LOW HEAD LOSS)
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SAFETY AND LICENSING

BASED ON CONSESUENCES OF LOSS OF FUNCTION

SYSTEM (E.G.. COOLING CAPABILITY)
SPECIFIC BELLOWS (E.G.. Na FIRES)

CORRELATED WITH ASME CODE CLASSIFICATION/REQUIREMENTS

PRESSURE
CYCLIC FATIGUE

LICENSING REQUIREMENTS DEPEND ON TIMING

DEVELOPMENT PROGRAM DEFINED FOR CONSTRUCTION PERMIT
DEVELOPMENT COMPLETED FOR OPERATING PERMIT

TECHNICAL ADVANTAGES/DISADVANTAGES

ADVANTAGES

REDUCTION IN PIPE, FITTINGS AND SUPPORTS
REDUCED CELL SIZE
SMALLER SODIUM INVENTORY

REDUCED SUPPORT SYSTEM REQUIREMENTS
- COOLING,  HEAT TRACING

REDUCED NOZZLE LDADS

DISADVANTAGES

DEMONSTRATED RELIABILITY
-~ LEAK BEFORE BREAK

TRANSITION JOINTS

LEAK DETECTION REQUIREMENTS
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TECHNOLOGY STATUS/EXPERIENCE

o  SODIUM SERVICE
SUCCESSFUL EXPERIENCE AT ETEC
e  NUCLEAR POWER

WIDESPREAD IN COMMERCIAL NUCLEAR (PENETRATIONS. ETC.)
SOMEWHAT MIXED EXPERIENCE

o  ReD PROGRAMS
. DOE BASE TECHNOLOGY PROGRAM
a  AEROSPACE
TECHNOLOGY DEVELOPED FOR RELIABLE, CONSISTENT PERFORMANCE
o  PETRO-CHEMICAL

MANY APPLICATIONS IDENTIFIED

DOE BASE TECHNOLOGY EXPANSION JOINT PROGRAM

e  CODE CASE SUPPORT

CODE CASE N290 PASSED FOR CLASS 1 BELEOWS

» CODE CASE N253 MODIFIED FOR ELEVATED TEMPERATURE
CLASS 2 AND 3 BELLOWS

e  ENGINEERING AND DESIGN

PROTOTYPIC EXPANSION JOINT DESIGNS COMPLETED FOR PHTS
AND IHTS

+  BELLOWS ANALYSIS TECHNIQUES CONFIRMED
e  MATERIAL DEVELOPMENT

. LUBRICANTS AND MATERIAL COUPLES INVESTIGATED FOR HINGE
JOINTS

WELDING AND HEAT TREATMENT PROCESS CONTROL DEFINED FOR
MANUFACTURING BELLOMS
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FLEXIBLE JOINTS FOR LMFBR PIPING SYSTEMS

TEST RESULTS CONFIRM
ANALYTICAL #ODEL

s o TEST
3 == ANALYSIS

A AR
EAVAvES

[
BELLOWS POSITION

]

STRAIN {in/in. % 105
WO Lo - N W

PREDICTED FAILURE PRESSURE — 275 pig
ACTUAL FAILURE PRESSURE — 280 psig

DEVELOPFMENMT PROGRAR
ACCOMPLISHMENTS

o ESTABLISHED FABRICATION,
INBPECTION CRITERIA

o IN FINAL AFPROVAL STAGES

© OBTAINED ASME I, CLASS ) \ OF CASES SIMPLIFYING
© VALIDATED ELASTIC-PLASTIC 111-1 RULES, EXTENDING

CODE CASE FOR S0DIUM . HODS,
SYSTEMS f::ﬁ‘f;ms MET FAILURE ill-Z2and 3 TO HIGH
’ : TEMPERATURE

81-F26-1-20A

DOE BASE TECHNOLOGY EXPANSION JOINT PROGRAM
(CONTINUED)

o  TESTING

ROOM TEMPERATURE SUBSCALE TESTING COMPLETED TO VERIFY
ANALYSIS TECHNIQUES

Crer
ACCELERATE\DVTESTING METHODOLOGY DEFINED
HIGH-TEMPERATURE STATIC TESTS VERIFY FABRICATION TOLERANCES

® MANUFACTURING AND DEVELOPMENT

TOTAL OF 41 BELLOWS, 18 IN. DIA. X 0.036 IN. WALL DELIVERED
T0 ASME CODE REQUIREMENTS

' INSPECTION TECHNOLOGY DEFINED AND DEMONSTRATED

- SURFACE AND YOLUMETRIC NDE
- GEOMETRY CONTROL
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COBES AND STANDARDS

8 SAFETY RELATED

e  CC-N-290 FOR ASME CLASS 1
- REDUNDANT BELLOWS

- ACCELERATED CREEP TESTING
@ SAME HEAT

~ TIGHT FABRICATION TOLERANCES

) CC-N-253 FOR ASME CLASS 2
- No REDUNDANT BELLOWS
-~ ACCELERATED CREEP TEST -~ NOT SAME LOT
- TIGHT FABRICATION CONTROL

@ NON-SAFETY RELATED

8 B31-1, EJMA

- ProbucT LINE TESTING

TESTING OPTIONS
¢ SAFETY~RELATED SMALL DIAMETER COMPONENT TEST

] OVERTESTING TO DEMONSTRATE DESIGN MARGIN

e CYCLIC LOADING AND SEISMIC
@ SYSTEM TEST

8 INSTALLED IN SODIUM LOOPS

e DEMONSTRATE SUCCESSFUL DESIGN, PROCUREMENT, INSTALLATION,
OPERATION AND MAINTENANCE

FEASIBILITY ASSESSMENT

e  BENEFITS

e  CAPABILITIES

o  RESOURCE REQUIREMENTS
o  EQUITABLE PARTICIPATION
o  ALTERNATE APPROACHES

e  CONCLUSIONS
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FEASIBILITY ASSESSMENT

@ BENEFITS

] PLANT USAGE
~ DIRECT REACTOR AUXILIARY CooLING SysTeEMS (DRACS)

- IHTS

] BELLOWS TESTING
- CoMPONENT TESTING REQUIRED FOR SAFETY RELATED
- SYSTEM TESTS TO DEMONSTRATE FEASIBILITY

& COLLABORATION
- CONSERVE MONEY AND MANPOWER

- ENHANCE LICENSING

] CAPABILITIES

-] COMPONENT TESTING

~ DBASE TECHNOLOGY PROGRAM

o MTIS SYSTEM, ANGULATION TEST FIXTURE, DATA
ACQUISITION, INSTRUMENTATION

8 SYSTEM TESTING
- EBR-II
- FFTF
- ETEC
- ANL
- ORNL
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TABLE 3
FACILITY CAPABILITIES

Design Canditions

Sodium - Temp,  Pressure Flow Pipe

Facility °F psig gpm Size Status
EBR-II Secondary 875 4a 5,800 12 Operating
EBR-11 Recirculation 685 23 60 2 dperating
EBR-1I Purification 585 23 20 2 Operating
FFTF Secondary 906 220 14,500 16 - 18 Operating
ETEC-SCTI . 1100 150 8,000 14 Operating
ETEC-SPTF 1100 250 85,000 18 & 36 Being Hodified
Cooler 1100 143 585 4-6
ETEC-SCTL ' 1200 225 3,500 B~ 10 {perating
ETEC-Static Na o

System 1500 300 Static - Operational

ANL-CCTL 1200 1o 800 445 Standby )
ANL-SGTF 1200 85 56 ‘ 4 Operational
ANL-IPTL 1260 180 1.5 2 Operating
ORNL-THORS . 1300 150 600 6 Operating
CRNL-TTF : 1100 700 100 6 Standby

RESOURCE REQUIREMENTS

& COMPONENT TESTING

8 $250 - $500 K + COST OF BELLOWS ASSEMBLIES

8 SYSTEM TESTS

a DESIGN AND FABRICATION (INc, BELLOWS) $ 600K

0 INSTALL A 150 K
e INSTRUKENT 50 K
8 MONITOR, ETC. ZﬁO K

$ 1,000 K

EQUITABLE PARTICIPATION

e U.S, DEVELOPMENT PROGRAM LACKS HIGH TEMPERATURE CYCLIC DATA
o  PNC/ISES WOULD BENEFIT FROM DOE DEVELOPMENT PROGRAM

e  COMMON DESIGN ENHANCES LICENSABILITY
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ALTERNATE APPROACHES

] PHTS

] SIPHON BREAKERS AND VERTICAL LOOPS ACHIEVE SAME
BUILDING SIZE REDUCTION

@ IHTS
o USE OF BELLGWS NOT CONCEPT LIMITING
] COST PENALTY UNDEFINED

- ESTIMATE IN $10-30 M RANGE

o DRACS
] TECHNICAL ADVANTAGES (LOW HEAD LOSS, ETC.)

e TESTING TO GET CODE STAMP

CONCLUSIONS

o  COLLABORATION IS FEASIBLE IN SEVERAL AREAS

o  INFORMATION EXCHANGE IS HIGHEST PRIORITY FOR COLLABORATION

POTENTIAL ACTIVITIES FOR COLEABORATION

1, INFORMATION EXCHANGE

o  PNC AND ISES 1826 PROGRAMS
. ELEVATED TEMPERATURE CYCLIC TESTS

o  DOE BASE TECHNOLOGY PROGRAM

CODES AND STANDARDS
ENGINEERING AND DESIGN
. MATERIALS
. TESTING
MANUFACTURING
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2.

ql

BESIGN

e  COMMON BELLOWS JOINT CONFIGURATION ENVELOPING

. DESIGN REQUIREMENTS
. TEMPERATURE

. PRESSURE

. MOVEMENT

N (8

COMPONENT TESTING

o  DESIGN MARGIN TESTING IN IMERT ATMOSPHERE

. ELEVATED TEMPERATURE CYCLING
. SEISMIC
. ASME CLASS 2 GUIDELINES

SYSTEM TESTING

o  [INSTALLED IN GPERATIONAL Na PIPELINE

DESIGN

FABRICATION AND INSPECTION
INSTALLATION '

1S1

OPERATION

VERIFICATION OF DRACS

® DEVELOPMENT OF A TECHNICAL UNDERSTANDING OF THE TRANSIENT

THERMAL-HYDRAULIC BEHAVIOR ADEQUATE FOR CONFIDENCE IN

DESIGN AND LICENSING.
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LooP PLANT

Pump

-t

Intermediate
Locp

DEFINITION OF PROBLEM

1

Alr
Loop

DRHX

THX

@ IN-vESSEL FLOW AND HEAT TRANSFER

Core
]

—
[,

Primary

J | Loor

-- THREE DIMENSIONAL

-- COMPLICATED BY STRATIFICATION

Stack

-~ DEPENDENT ON SEQUENCE OF CONDITIONS

@ OVERALL SYSTEM PERFORMANCE
-- GENERALLY. ONE DIMENSIONAL
-- LONG DURATION TRANSIENTS
-- DEPENDENT ON HEAT TRANSFER SYSTEM STATUS

COMPUTER
ANALYSIS
DEVELOPMENT

PooL PLANT

APPROACHES TO DRACS VERIFICATION

SPECIAL
PURPOSE
TESTS

CoMPUTER
Cope
VALIDATION

1N

DRACS
DESIGN

— 100 —

Alr '
Loop Stack
Intermediate HDHX
Loop
¥
Pump DRHX
18X
./
adl |
- Primary
c;#‘-‘ &/ | Loop
ANALYTICAL u.s.
VERIFICATION APPROACH
AY
PROTOTYPICAL
TeST JAPANESEO
VERIFICATION APPROACH?
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STEPS IN VERIFICATION

¢ DEVELOPMENT oF COMPUTER CODES
~~ OVERALL SYSTEM ANALYSES
-~ IN-VESSEL ANALYSES
-- HOT CHAMMEL ANALYSES

@ VERIFICATION TESTING '
—-- REDUCED-SCALE, SPECIAL PURPOSE TESTS
-- TESTS IN EXISTING REACTORS

-- LARGE-SCALE SODIUM TESTS

@ VALIDATION oF COMPUTER CODES

CurreNT U.S. APPROACH

@ CoDE DEVELOPMENT

~-- OVERALL SYSTEM ANAL?SES —- DASHR, ARIES, SASSYS AnND COMTRAN CURRENTLY
IN USE
-- IN-VESSEL ANALYSES -- COMMIX~-1A anD TEMPEST IN USE WITH 500 NODE

2D AmD 4000 NoDE 3D MODELS. COMMIX-1B WITH
NUMERICAL INTEGRATION AND 2-EQUATION TURBULENCE =
MODEL DUE IN LATE 198%.

-- HOT CHANNEL ANALYSES -- COBRA AND CORTRAN AVAILABLE
@ VERIFICATION TESTING
-- SPECIAL PURPOSE TESTS -- STATIC SODIuUM TEST FaciLiTy (SSTF) oPERATION
' INTO 1985

~~ HATER SIMULATION OF SSTF WITH ABOVE
~- SIMONE WATER TESTS WITH LASER--DOPPLER ANEMOMETRY
-- THORS-SHRS soDIUM BOILING IN TUBE BUNDLE TESTS
INTO 1985
== TESTS IN EXISTING REACTORS -- WELL INSTRUMENTED NATURAL CIRCULATION TESTS IN
EBR-IT (MID-1984 vo mMID-1986)
== LIMITED TESTS IN FFTF
-- LARGE-~SCALE SODIUM TESTS -- NoT IN PROGRAM (DESIRABLE BUT NOT ESSENTIAL)

& CoDE VALIDATION —— COMPLETION EXPECTED WITH SUCCESSFUL CALCULATION
OF ABOVE TESTS

- 101 —
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CANDIDATE AREAS FOR LS, - JAPANESE COLLABORATION

@ Cobe DEVELOPMENT
——- (OVERALL SYSTEM ANALYSES
-~ IN-VESSEL ANALYSES .
-~ HOT CHANNEL ANALYSES

© VERIFICATION TESTING
-- SPECIAL PURPOSE TESTS

-- TESTS IN EXISTING REACTORS

—- LARGE-SCALE $0DIUM TESTS

@ CoDE VALIDATION

TRADE FOR ADVANCED VERSIONS OF CODES
EXCHANGE EXPERIENCE IN THE USE OF CODES
-- MODELLING APPROACHES

-- NUMBER OF COMPUTATIONAL CELLS

\ == TIME STEP SIZE

-= ETC.

EXCHANGE OR TRADE TEST DATA AND/OR MEASURE-
MENT TECHNIQUES

JOINTLY PLAN AND CONDUCT CURRENTLY PLANNED
OR NEW TESTS

COLLABORATE ON TEST IN OEC 50 MWT SGTF oR
AT ETEC

CoLLABORATE ON DRACS TEST IN FFTF

ExcHANGE COMMIX VALIDATIONS AGAINST U.S. AND
JAPANESE DATA SETS

EXCHANGE RESULTS OF ANALYSES BY EACH COUNTRY'S
CODES ON THE SAME PROBLEM

CONCLUSIONS AND RECOMMENDATION

COLLARORATION ON DRACS VERIFICATION IS FEASIBLE

Two LEVELS OF COLLABORATION SHOULD BE EVALUATED:

® EXCHANGE OF:

-- EXPERIENCE IN THE USE OF CODES BY DESIGN AMALYSTS

-- TEST DATA FOR USE IN CODE VALIDATION

-~ RESULTS OF ANALYSES TO SUPPORT CODE VALIDATION

® A JOINT EQUITABLE PROGRAM BASED ON:

~= PROVIDING JAPAN WITH:

-~ ADVANCED VERSIONS oF U, S. copes (E.G., COMMIX-1B)
-~ SIGNIFICANT TESTING TECHNIQUES (E.G., LASER-DOPPLER ANEMOMETRY)
-- RESULTS OF SPECIAL PURPOSE TESTS {(E.G., SSTF, SIMONE., THORS-SHRS}

-- JOINTLY PLANNING, CONSTRUCTING AND COWDUCTING:

-- FUTURE SPECIAL PURPOSE TESTS
-- A LARGE-SCALE SODIUM TEST AT SGTF, ETEC or FFTF

— 102 —
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BENEFITS TO U.S,

BROADER BASE OF EXPERIENCE

-~ EASIER JUSTIFICATION OF CODE VALIDATION
-- FEWER PROBLEMS AND GREATER EFFICIENCY WHEN USING CODES

INVOLVEMENT IN A LARGE-SCALE SODIUM TEST WITH REDUCED INVESTMENT

-~ ADDED INSURANCE AGAINST PROBLEMS IN LICENSING OR OPERATIONS
-- POSSIBLE REDUCTION IN REQUIRED DESIGN MARGINS
-- POSSIBLE REDUCTION IN LICENSING EFFORT

-~ ACCELERATION OF DRACS VERIFICATION, IF SUCH A TEST IS FOUND
TO BE ESSENTIAL

- 103 —



PNC TN960 83-05

LIMFBR GENERAL SEISMIC DESIGH CRITERIA

TOPICS IDENTIFIED FOR DISCUSSION

-

REACTOR EQUIPMENT DAMPING VALUES

2, CONTROL ROD DRIVE SYSTEM SEISMIC TESTING

3. CORE COMPONENTS LIMITS TESTING AND DESIGN CRITERIA
4. PIPING INHERENT PLASTICITY

5. FLUID/STRUCTURE INTERACTEON ANALYSIS METHCDS

6. PUMP HYDROSTATIC BEARING LOADS AND COASTDOWN TIME
7. CONCRETE DAMPING N STRUCTURES

8, SEISHIC ISOLATION

9. SOIL STRUCTURE INTERACTION ANALYSIS

TOPICS SELECTION BASIS

A)  POTENTIAL REDUCTION OF PLANT COSTS
B) POTENTIAL [MPROVEMENT IN PLANT PERFORMANCE
C) LIKLIAOOD OF SUCCESS

D) ULATORY RISK
ReGLA D 830902

TOPIC 1. REACTOR EQUIPMENT DAMPING VALUES

OBJECTIVE: ESTABLISH DAMPING VALUES FOR LMFBR DESIGN
KHICH ARE HIGHER THAN THOSE USED IR CURRENT
STANDARD PRACTILE.

BENEFITS:  REDUCED PLANT COSTS
PROBABILKTY FOR SUCESS: HIGH
REGULATORY RESK: Lo
STATUS: SOME DATA EXIST; FURTHER TESTING NEEDED
PROPOSED TASKS:

A) ASSEMBLE AND EVALUATE AVAILABLE DAMPING TEST DATA

B) IDENTIFY AND PERFORM ADDITIONAL WECESSARY BAMPING TESTS

) PREPARE REFERENCE REPORT WHECH CAN BE USED FOR
JUSTIFTCATION, ACCEPTANCE, AND IMPLEMEKTATION OF HIGHER
DAMPING VALUES

AWD 830803

TOPIC 2. CONTROL ROD DRIVE SYSTEM SEISMIC TESTING

CBJECTIVE: EXCHANGE CONTROL ROD DRIVE SYSTEM SEISHIC

TEST DATA
BENEFITS:  OBTAIN CLEARER UMDERSTAMDING OF SEISHIC
BEHAVIOR FOR APPLICATION TO MORE EFFICIENT
AND ECONOMICAL DESIGNS

PROBABILITY OF SUCCESS: HIGH
REGULATORY RISK: LOH
STATUS: US AND JAPANESE DATA EXIST

PROPOSED TASKS:

A) IDENTIFY SEISMIC TESTS WHICH HAVE BEEN PERFORMED
B} DOCUMENT TEST DETAILS

C} EXCHANGE AND EVALUATE DATA

AWD 830904

TOPIC 3. CORE COMPOWENTS LIMITS TESTING
AND DESIGN CRITERIA

OBJECTIVE: EXCHANGE DATA, PERFORM ADDITIONAL TESTING
THROUGH JOIKT PROGRAM, FOR ESTABLISHMENT OF
CORE COMPONENT SEISMIC LIRITS

POTENTIAL COST REDUCTIONS IN REACTOR STRUCTURES
AND BUILDINGS

BEREFITS:

PROBABILITY OF SUCCESS: HIGH
REGULATORY RISK: LOW
STATUS: SOME TEST DATA EXIST; ADBITIONAL TESTING PLANNED
PROROSED TASKS:

) REVIEW CORE COMPONENT SEISMIC DESIGN TECHKNOLOGY

=

B) IDENTIFY NEEDED DATA, ANALYSIS AND METHCDS

C) PREPARE COOPERATIVE TEST, DEVELOPHENT AWD STUDY
AGREEMENTS

D) PERFORM TESTS AND PREPARE ASSOCIATED REFORTS

AWD 830905

TOPIC 4. PIPING IKHERENT PLASTICITY

OBJECTIVE: ESTABLISH DESIGN PROCEDURES AND CRITERIA FOR
SMALL BORE PIPING WHICH RECOGNIZES ENERGY
ABSORBTION PROVIDED BY PLASTIC DEFORMATION,

BENEFITS:  POTENTIAL COST REDUCTIONS IN COSTS OF PIPING,

PIPING SUPPORT STRUCTURE, AND DESIGN ENGINEERING

PROBABILITY OF SUCCESS: MEDIUM
REGULATORY RISK: LOW-HEDIUM

STATUS: SONE STUDIES AND TESTS HAVE BEEN PERFORMED;

DESEGN APPROACH HAS BEEN PROPOSED.
PROPOSED TASKS:

A) REVIEW PERTINENT TECHNOLOGY AND IDENTIFY NEEDED TESTS
AND METHODS DEVELOPMENT.

B) PREPARE PLANS FOR COOPERATIVE TESTING AND METHODS
DEVELOPMENT FOR APPLICATION TO SMALL BORE PIPING.
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C) PERFORM TESTS, DEVELOP METHODS, AND PREPARE ASSOCIATED
REPORTS.

D) REVIEW REPORTS, RECONWCELE COMMENTS, PREPARE AND ISSUE
FINAL REPORTS FOR DESIGN USE.

AWD 830806

TOPIC 5. FLUID-STRUCTURE IWTERACTION ANALYSIS METHODS

OBJECTIVE: DEVELOPMENT OF FLUID-STRUCTURE INTERACTION DATA
FOR VALIDATION OF REACTOR SYSTEM ANALYTICAL
MODELS

BENE®ITS:  POTENTIAL REDUCTION OF PLANT COSTS THROUGH
AVOIDANCE OF QVERLY CONSERVATIVE DESIGN

PROBABILITY OF SUCCESS: MEDIUM
REGULATORY RISK: LOH

STATUS: DOE SPONSORED EXPERIMENTAL PROGRAM TO BE
IHITIATED IN 1984

PROPOSED TASKS:

A} PERFORM IRITIAL SLOSHING TESTS AND HEAD-MOUNTED
COMPONENT TESTS :

B} PERFORM TESTING ON INTERWAL COMPONENTS AND COMPLEX
MODELS

C} PREPARE RECOMMENDED ANALYSIS METHODS BASED ON RESULTS
CF TESTS

D) [ISSUE FINAL REFORT

AWD 830807

TOPIC 6. PUMP HYDROSTATIC BEARING LOADS
AND COASTDOHN TIME

OBJECTIVE: DEVELC? AND VERIFY GUIDELINES FOR PREDICTING
HYDROSTATIC BEARING LOADS ARD FAILURE MARGINS

BENEFITS:  OBTAIN VERIFIED DESIGN GUIDELINES FOR DESIGN OF
HYDROSTATIC BEARINGS AT MINIMUM COST

PROBABILITY OF SUCCESS: HIGH
REGULATORY RISK: LoH

STATUS: ANALYTICAL METHODS EXIST. CONFIRMATION IS
NEEDED

PROPOSED TASKS:

A) REVIEW CURRENT DESIGN METHODS AND DATA, AND IDENTIFY
TECHNCLOGY NEEDS FOR LARGE PLANTS

BY IF APPROPRIATE, PREPARE COOPERATIVE TESTS, DEVELOPMENT,
AND STUDY AGREEMENTS

C) PERFORM TESTING, DEVELOPMENT, AND STUDIES

D) PREPARE AND ISSUE DESIEN GUIDELINES DOCUMENT

AWD 830908

TOPIC 7, CONCRETE DAMPING TN STRUCTURES

OBJECTIVE: ESTABLISH CONCRETE DAMPING VALUES WRICH ARE
HIGHER THAN THOSE USED IN CURRENT STANDARD
PRACTICE

BENEFITS:  REDUCED PLANT COSTS

PROBABILITY OF SUCCESS: HIGH

REGULATORY RISK: LOW

STATUS: SOME DATA EXIST; FURTHER TESTING HEEDED

PROPOSED TASKS:

A) REVIEW AND EVALUATE AVATLABLE DATA

B> DEFINE ADDITIONAL REQUIRED TESTING

C> PERFORM ADDITIONAL TESTS

D) PREPARE REPORT ON RECOMMENDATIONS FOR DAMPING VALUES

AWD 830909

TOPIC 8. SEISHIC ISOLATION

OBJECTIVE: DEVELOP AND EVALUATE REACTOR PLANT SEISMIC
ISOLATIOK SYSTEMS

BENEFITS:  POTENTIAL REDUCTION OF PLANT ENGINEERING AND
CONSTRUCTION COSTS, [IMPROVED PLANT RELIABILITY
AND SAFETY

PROBABILITY OF SUCCESS: MEDTUM

REGULATCRY RISK: HEDIUN

STATUS: ISOLATION SYSTEMS HAVE BEEN APPLIED TO LWR's
AND CONVENTIONAL STRUCTURES. PERFORMANCE AND
COST EFFECTIVENESS DATA NEEDED

PROPOSED TASKS:

A) PERFORM FEASIBILITY STUDIES, DEVELQP DESIGN/ANALYSIS
METHODOLOGIES, AND PREPARE TEST PLANS

B) PERFORH SMALL-SCALE TESTS
C) EVALUATE COST EFFECTIVENESS & PLAN LARGE SCALE TESTS
1) PERFORM LARGE-SCALE TESTS

E} PREPARE REPGRT FOR DESIGN USE
AWD 830910

TOPIC 9. SOIL-STRUCTURE INTERACTION ANALYSIS

OBJECTIVE: DEVELOP AND VERIFY SSI ANALYSIS METHODS WHICH
ARE APPROPRIATELY CONSERVATIVE BUT LESS
RESTRICTIVE THAN CURRENT PRACTICE

BENEFITS:  REDUCED PLANT COSTS

PROBABILITY OF SUCCESS: MEDIUM-HIGH
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REGULATORY RISK: MEDEUM

STATUS: ADVANCES IN COMPUTATIONAL TECHMIQUES HAVE BEEN
MADE. ADDITIONAL TEST DATA AND VERIFICATION
NEEDED

PROPOSED TASKS:

A) REVIEW AVAILABLE DATA AND SSI COMPUTER PROGRAMS

B) IDENTIFY PROGRAMS FOR VERIFICATION AND SELECT DATA

C) PERFORM PROGRAM VERIFICATION STUDIES & PREPARE REPORTS

AWD 830011
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A. W. DALCHER
GE - ARSD
September, 1983

LMFBR SEISMIC DESIGN TOPICS

[y

Reactor Equipment Damping Values ,

There 1s wide agreement that some data already exists to
substantiate higher damping values in certain systems, although
further testing 9s needed to make a solid case for all elements
+ of reactor equipment. Benefits in equipment (and support) cost
reduction could be substantial. The probabiiity of a successful
program is high, and in the US regulatory risk is low, as the
;ggglations already allow for higher damping values when justi-

2 Control Rod System Seismic Testing
Data on this subject 45 known to be available in both
countries, but has not yet been exchanged. The potential for
control rod drive designs with improved seismic capability is
high, as 1s the potential for cost reduction in future testing.
Downside visk is low to non-existent, and program costs up to
the tima further testing 1s {dentified will be Tow.

3 Core Components-Limits Testing and Design Criteria

As reactor cores grow larger, the potentfal for crushing
loads on fusl elements increases, with the result that the
reactor cord imposes proportionately greater restraints on the
reactor structures. There is reason to belfeve that the ducts
can accommodate considerably Tlarger impulsive loadings than
present analysis techniques predict., Testing 1s already planned
in the USA, and is believed to be proceeding in Japan. Facility
requirements and program costs are low, regulatory risk is low
and program success probability 1s high. Assuming program
success, cost benefits are realfzed in reactor structures and
buildings. '

4 P1p1n? Inherent Piasticity .

here 15 wide agreement that design rules for small bore
piping are urgently needed, with the potential for cost reduc-
tion both in design analysis and piping supports. There is less
comwon agreement that large plant designers would wish to take
on the regulatory risk of substantiating plastic piping deforma-
tion as a standard method for large piping design. This aspect
of the program therefore runs the risk that, even {f technologi-
cally successful, 1t will not translate into the expected plant
cost reduction. In addition, large plant designers are explor-
ing alternate approaches to large piping systems, in which
saf?ty functions are diminished and rigid piping restraints are
utilized.

5 Fluid Structure Interactions
There is some disagreement as to whether present analytic
techniques for modeling 1iquid masses and their connections to
reactor structures are adequate, or are overly conservative, As
reactor systems get larger, and particularly for pool plants,
sodium masses become a larger proportion of total system mass,
and conservatisms, if they exist, increase. Program costs would
be low to medium, depending on the extent of testing required.
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Regulatory risk 1s low, program success uncertain, as 1s the

cost benefit.The extent to which Japanese designers would

embrace the proposal approach needs to be explored. Regulatory

risk {5 judged to be higher than for Tasks Al-A3, but probably
s acceptable,

6 Large Sodium Pump Hydrostatic Loads and Coastdown Time
There 1s the potential for pump hydrostatic bearings to

malfunction under the dynamic loading of an earthquake, and
thereby to damazge the bearing or, more sericusly, affect the
reactor flow coastdown. The magnitude of this problem for large
plants 1s uncertain. There is a high probability that such a
program would be successful, the regulatory vrisk 1s low and the
plant cost benefit is small to zero. ’

7 Concrete Damping in Structures
As for Task Al, some data exists and the probability of &

successful program is high. However, the ability of a relative-
1y small breeder program to change design rules for the whole
civil structural arena must be questioned, and the regulatory
risk is Judged to be medium. It is acknowledged that the
breeder system, because of its large components and thin struc-
tures, has & greater incentive for success than other fields of
civil or nuclear design. Cost benefits could be substantial and
program costs are expected to be modest. This task 1s therefore
top priority in the B category.

8 Seismic Isolation
As the detailed evaluation points out, there has been a

recent surge of 1international interest in seismic {solation
systems, although their cost benefit 1in specific cases 1s
uncertain. Regulatory risk of acceptance s judged to be medium
to low, although the first project to employ the system in the
USA would expect problems. Differences 1n seismic requirements
in the USA apd Japan are an impediment to common design, which
sefsmic isolators have the potential for eliminating. This
aspect needs further exploration with our Japanese colleagues.
Program costs, up to the point of any large scele testing
required, should be modest.

9 Soil Structure Interaction Analysis
There 1s general agreement that the approach taken by

regulatory bodies to this topic 1s conservative, and that a
combination of analysis and data can be assembled to prove the
point. The probability of program success is therefore high and
program costs ere medium, As with other topics in this area,
the extent of the breeder program to influence established LYR
regulatory practice s uncertain, and in this particular case
the regu]atorg risk 1s judged to be medium. This task should be
discussed with the Japanese to elucidate their interest.
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THERMAL AND LOAD
CYCLING CRITERIA FOR
SODIUM COMPONENT AND
SYSTEMS

SUB-TOPICS

LARGE COMPONENT THERMAL TESTS
HIGH TEMPERATURE STRUCTURAL DESIGN CRITERIA
THERMAL STRIPING

STRATIFICATION

HIGH TEMPERATURE STRUCTURAL
DESIGN CRITERIA

THE DEVELOPMENT OF IMPROVED HIGH TEMPERATURE DESIGN CRITERIA
15 ESSENTIAL TO GUARD AGAINST TIME DEPENDENT FAILURE MODES

BENEFITS

THE U.S. HIGH TEMPERATURE STRUCTURAL DESIGN
TECHNOLOGY PROGRAM IS ORGANIZED TO PROVIDE THE
DESIGN LIMITS, GUIDELINES AND PROCEDURES
REQUIRED TO CREATE STRUCTURES PROTECTED FROM
FAILURE MODES ASSOCIATED WITH HIGH TEMPERATURE,
TIME DEPENDENT MATERIAL BEHAVIOR -

CREEP RUPTURE _
CREEP-FATIGUE INTERACTION

CREEP-ENHANCED RATCHETTING
CREEP BUCKLING

EVALUATION

THE U.S. TEAM WAS ASKED:
1. WHAT NEEDS REMAIN FOR FURTHER DEVELOPMENT?

2. WOULD A COOPERATIVE PROGRAM BE HELPFUL N
SATISFYING THESE NEEDS FOR BOTH DOE & PNC?
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RESPONSE

1. THE NEEDS OF THE U.S. PROGRAM INCLUDE:

@ DESIGN METHODOLOGY FOR WELDMENTS

@ IMPROVED CREEP-FATIGUE AND CREEP-RUPTURE CRITERIA FOR
GEOMETRIC NOTCHES

® IMPROVED ELASTIC ANALYSIS DESIGN LIMITS

® VALIDATION TESTING OF PIPING COMPOMENTS

@ EXPAND MATERIALS DATA BASE

2. SINCE BOTH DOE AND PNC HAVE EXTENSIVE DEVELOPMENT PRO-
GRAMS IN HIGH TEMPERATURE STRUCTURAL DESIGN TECHNOLOGY, A
COOPERATIVE EFFORT TO SHARE TEST INFORMATION AND TO
COORDINATE FUTURE TESTING WILL:

@ HELP REDUCE DEVELOPMENT COSTS '
¢ EXPAND THE DATA BASE AVAILABLE TO BOTH SIDES
® MAKE DATA AVAILABLE SOONER

RECOMMENDATIONS

THE U.S. PROPOSES THAT A COOPERATIVE PROGRAM BE UNDERTAKEN
BETWEEN DOE AND PNC ON:

© DESIGN METHODOLOGY FOR WELDMENTS

6 IMPROVED CREEP-FATIGUE AND CREEP-RUPTURE CRITERIA FOR
GEOMETRIC NOTCHES

@ IMPROVED ELASTIC ANALYSIS DESIGN LIMITS

2 VALIDATION TESTING OF PIPING COMPONENTS

FEASIBILITY STUDY REPORT FOR DOE/PNC
COOPERATIVE PROGRAM ON THERMAL
STRIPING

EXCESSIVE CONSERVATISM IN REACTOR STRIPING DESIGN MAY LEAD TO
INCREASED COSTS FOR MORE RESISTANT MATERIALS OR A SACRIFICE OF
) CORE COMPONENT LIFETIME '

BENEFITS

THE U.S. HIGH TEMPERATURE STRUCTURAL DESIGN
TECHNOLOGY PROGRAM IS ORGANIZED TO PROVIDE THE
DESIGN LIMITS, GUIDELINES AND PROCEDURES
REQUIRED TO CREATE STRUCTURES PROTECTED FROM
FAILURE MODES ASSOCIATED WITH HIGH TEMPERATURE,
TIME DEPENDENT MATER!AL BEHAVIOR -

CREEP RUPTURE

CREEP-FATIGUE INTERACTION
CREEP-ENHANCED RATCHETTING
CREEP BUCKLING
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EVALUATION

THE U.S. TASK TEAM CONSIDERED:
1. WHAT ARE THE NEEDS 6F THE U.S. PROGRAM?

2. WOULD A COOPERATIVE EFFORT WITH PNC BE
HELPFUL IN FULFILLING THE U.S. NEEDS IN AN
EQUITABLE FASHION? '

RESPONSES

1. THE THERMAL STRIPING PROGRAM MUST:
© ESTABLISH A WATER-TQ-SODIUM CORRELATION
@ DEVELOP DYNAMIC FILM COEFFICIENT INFORMATION

@ DETERMINE THE EFFECTS OF THERMAL STRIPING ON STRESS
CONCENTRATIONS

2, PUE TO THE VERY HIGH COSTS ASSOCIATED WITH PERFORMING LARGE
SCALE SODIUM THERMAL STRIPING TESTS, AN EQUITABLE PROGRAM
UTILIZING DOE AND PNC FACILITIES SHOULD MAKE IT POSSIBLE

TO SATISFY THE-NEEDS OF BOTH COUNTRIES AT GREATLY REDUCED
COST

RECOMMENDATION

S8INCE A COOPERATIVE PROGRANM HAS THE POTENTIAL TO LEAD TO
REDUCED CAPITAL COSTS
IMPROVED OPERABILITY AND RELIABILITY
REDUCED DEVELOPMENT COSTS

THE U.S, PROPOSES THAT A PROGRAN BE UNDERTAKEN TO COORDINATE
TESTING TO:

@ ESTABLISH A WATER-TO-SODIUM CORRELATION
© DEVELOP DYNAMIC FiLM COEFFICIENT INFORMATION

© DETERMINE THE EFFECTS OF THERMAL STRIPING ON STRESS
COMCENTRATIONS

LARGE COMPONENT THERMAL TESTS

THE PURPOSE OF A LARGE COMPONENT THERMAL TEST IS TO EVALUATE
COMPLEX SODIUM FLOW AND THE THERMAL BOUNDARY CONDITIONS
WHICH EXIST IN A REACTOR VESSEL DURING THERMAL TRANSIENTS

— 111 -



PNC TN960 83-05

BENEFITS

KNOWLEDGE OF THE SODIUM FLOW DISTRIBUTION AND
THERMAL BOUNDARY CONDITIONS PERMITS THE
DESIGNER TO DETERMINE THE TEMPERATURES AND
STRESSES IN REACTOR VESSEL COMPONENTS DURING
THERMAL TRANSIENTS

EVALUATION

THE U.S. TEAM WAS ASKED:

1. 1S VERY MUCH MORE INFORMATION NEEDED FOR US
TO PREDICT FLOW DISTRIBUTIONS AND THERMAL
BOUNDARY CONDITIONS OF LARGE LMFBR'S?

2. ARE LARGE COMPONENT THERMAL TESTS WITH
SODIUM THE MOST COST EFFECTIVE WAY TO GET THE
NEEDED INFORMATION?

RESPONSE

1. THE U.S. HAS DEVELOPED CODES WHICH CAN PREDICT THE DETAILED
FLUID AND METAL TEMPERATURE INFORMATION TO SUPPORT THE
STRUCTURAL ANALYSIS OF LARGE REACTOR COMPONENTS.

THESE CODES HAVE UNDERGONE SUFFIGIENT VALIDATION IN
PREDIGTING LMFBR FORCED FLOW TEMPERATURE AND VELOCITY
DISTRIBUTIONS. )

2, THE U.S. HAS NOT IDENTIFIED A FIRM NEED FOR A LARGE SCALE TEST.

ANY NEEDED VALIDATION CAN BE ACHIEVED WITH SMALL SCALE
S0DJIUM AND WATER TESTS.

RECOMMENDATION

DPOE RECOMMENDS THAT PLANS FOR A COLLABORATIVE EFFORT ON
LARGE COMPONENT THERMAL TEST BE DEFERRED

STRATIFICATION

THERMAL STRATIFICATION IS OF IMPOARTANCE TO LMFEBR PLANTS IV
THAT IT AFFECTS EMERGENCY CORE COOLING AND CAN DELAY
RECOVERY FOLLOWING SCRAMS
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BENEFITS

THE MAJOR BENEFIT OF STRATIFICATION STUDIES [S TO
UNDERSTAND THE SODIUM TEMPERATURE AND FLOW
BEHAVIOR IN PLENA DURING SEVERE TRANSIENTS
FOLLOWED BY NATURAL CONVECTION FLOW.

RECOMMENDATION

THE U.S, RECOMMENDS THAT ANY COLLABORATIVE
EFFORT ON STRATIFICATION BE CARRIED OUT AS PART
OF THE EFFORT ON DRACS -
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DEFINITION GF STEAM GENERATOR DEVELOPMENT
PROGRAM WIiTH INTENT OF ELIMINATING
THE INTERMEDIATE SYSTEM

BEMEFITS

0 PLANT CarIvalL CosT REbucTioM oF ABouT 103,

0 SHARING THE L0ST OF DEVELOPMENT AND TESTING
PROGRAMS.

0 SHARING KNOWLEDGE,

0 POSSIBLE BENEFITS IF COMPLETE GOAL NOT REACHED.

- HIlGHZR AVAILABILITY.
~  SWRPRS ELIMINATION.

ASSUMPTIONS

o ALL PSG Prant Concepts Meep ProveEM RELIABLE SG.

0 START IMMEDIATELY TO ACCELERATE DRT FABRICATION &
TEST PROGRAM.

0 DJE TO PROVIBE DWT UNIT.
0 FENC 10 PROVIDE TEST OF DHT.

0 DOE/PRC SHARE IN DESIGN, FABRICATION AND PERFORMANCE
[(KNGWLEDGE .

G IN PARALLEL, START DEsiGN COHCEPTS FOR PLANT SYSTEMS,
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DEFINITION OF STEAM GENERATOR DEVELOPMENT
PROGRAM WiTH IMTENT OF ELIMINATING
THE INTERMEDIATE SYSTEM

U. S. EXPERIENCE IN DOUBLE-WALLED TUBE SG's

SUBMARINE INTERMEDIATE REACTOR PROGRAM {SEVERAL MODELS)
SODIUM REACTOR EXPERIMENT (3 MODELS)

HALLAM NUCLEAR POWER FACILITY (6 MODELS)

YEARS OF SUCCESSFUL OPERATION IN EBR-II

SMALL STEAM GENERATOR MODEL - DWT TESTED.

FEW TUBE MODEL - DWT TESTED.

THIRD FLUID LEAK DETECTION SYSTEM TESTED.

o O o O O o o ©

70 MW MODEL - DWT BEING FABRICATED FOR TEST.

PHASE I APPROACH

0 SELEcT DWT CONCEPT AS REFEREMNCE.
0 DeFINE TEST PROGRAM FOR DWT,
0 DEFINE SYsTeEM DesicGN FoRr PSG.

0 DEFINE IMPLEMENTATION PLAN FOR PHASE II.

OBJECTIVES

PHASE [A -
0 DEVELOP DOUBLE WALL TUBE TESTING PROGRAM

PHASE IB -

0 DEVELOP SYSTEM DESIGN FOR DWT/PSG

0 QUANTIFY SAVINGS POTENTIALLY AVAILABLE

0 IDENTIFY CHARACTERISTICS AND REQUIREMENTS
o DEFINE COOPERATIVE R&D PROGRAMS

PHASE 11 -
0 IMPLEMENT COOPERATIVE R&D PROGRAMS
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DEFINITION OF STEAM GENERATOR DEVELOPMENT
PROGRAM WITH INTENT OF ELIMINATING

PHASE 1A ACTIVITIES
Identify Testing Goais/Regmnt's.

identify General Testing Program.
identify Eduitable Exchange.

Firal Report on Proposed Prog.
ang Exchange Agreements

PHASE i3 ACTIVITIES

identification of Frogram Goals
identiTication of Regqmnt's.

identification of Institutional
Interfaces

Design of Plant Systems

Final Report and ldentification

THE INTERMEDIATE SYSTEM
SCHEDULE

: HONTHS FROM START
1234567837011 1213141516 1718 19 20 21 22 23 24

of Deveiopment Program and Exchange

Agreemsnis

EQUITABLE PARTICIPATION

PHASE | - EQUAL BENEFITS OBTAINED BY BOTH

U. S, anb Jaran.

- EQUAL RESOURCES EXPENDED BY BOTH

U, S. AND JAPAN.

PHASE 11- NoT DEFINMED

~- EXPECTED TO BE POSSIBLE TO DEFINE

PROGRAM WITH EQUITABLE PARTICIPATION.

CONCLYSIONS-

0 RECOMMEND THAT PHASE I BE IMPLEMENTED AS A

JOINT DOE/PNC COOPERATIVE PROGRAM,
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1.2 B A& il & B
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SA013 DWG83-02(1) NOT FOR PUBLICATION

PNC PRESENTATION

PNC/DOE PEWG EXECUTIVE COMMITTEE MEETING

ON PLANT OPTIMIZATION COLLABORATION FEASIBILITY

RICHLAND, WASHINGTON

SEPTEMBER 26-30, 1983

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION

JAPAN
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CONTENTS

General Seismic Design Criteria

A-1

A-2

A-3

A4

Development of Isolation System

Rationalization of Seismic Analysis Method for
Piping System

Development of Vibration Analysis Method for Fluid
Structure Interaction

Functional Qualification of Active Components

Verification of DRACS

B-1
B-2

B-3

B-4

Information Exchange of Safety Concept
Basic Test Data for Verification

In-Vessel Natural Circulation Verification Test
in JOYQ

Validation of Computer Codes

Definition of Steam Generator Development Program with
Intent of Eliminating the Intermediate System

Development of Piping Bellows for LMFBR Service

Thermal and Load Cycling Criteria for Sodium Components
and Systems

E-1

E-2

E-3

Development of Procedures for Design of FBR
Components Using Inelastic Analyses

Development of Analytical Codes for Thermal
Stratification

Development of Design Method Free from Thermal
Striping Damage
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic
* IMFBR Seismic Tests Program : Development of Isolation System

Objectives of Study

* Investigation of the applicability of isolation system for FBR and
clarification of the problems to be solved for practical use
{Feasibility study)

* Development of isolation system considering the application for FBR
and performance of R & D works needed for practical use.

Potential Benefits

#* Reduction of an amount of materials for components and numbers of
supports and hangers for pipings and components.

#* Standardization of seismic design.
% Reduction of R & D cost each other.

* Authorization of the concept of isolation system by mutual
recognition.

Background

* Both Japanese and US LMFER designers are much interested in the
development of isolation system, reduction of an amount of materials
and standardization of seismic design.

* Long term R & D works and much money are necessary for practical use
of isolation system.

* There exist many residual works teo be conducted until license.

*# Isolation system is potential technology to solve the problem of
higher thermal stress at large scale reactor.
Schedule for Study

Month (1) (2) (3 (4) (5) (8)
12 24 36 48 60

(1) Complete information investigation(I) (Japan & US)
(2) Complete information investigation(II) and preliminary analysis to
decide the scale of test models and test conditions (Japan & US)
(3) Complete review of Japanese and US test proposal (Japan & US)
(4) Complete design and manufacturing of test models
Japan: Isclation system model of reactor vessel
us : Isoclation system model of reactor building
(5) Complete vibration tests (Japan & US)
(6) Complete the evaluation of test results {Japan & US)
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Resources
* Estimated direct labor required for study
Japan: 63 man-months
Us : 63 man-months
-* Estimated cost for study
Japan: ¥360M (51,44M)
Us : ¥360M (51.44M)
* Personnel exchange

(1) and (2) Japan and US mutually have specialist’s visit
. once a year,’
(3) (4) (5) and (6) A Japanese stays at US for 6 months a year.
An American stays at Japan for 6 months a year.
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

* LMFBR Seismic Tests Program: Rationalization of Seismic Analysis
Method for Piping System.

Objectives of Study

* Development of analysis method to evaluate non-linear vibration
behavior of large scale piping system including gap.

* Development of vibration analysis method for large scale piping system
including expansion joint.

*# Test of vibration response of piping system in elastic-plastic region
and, therefore, confirmation of design margin and rationalization of

design.

Potential Benefits

* Ralionalization of seismic design, for example, increase of damping
factor.

* Establishment of vibration analysis method.
* Reduction of numbers of supports and hangers for piping system.
* Reduction of R & D cost each other

Background

# Both Japanese and US LMFBR designers are much interested in the
development of seismic analysis method for piping system and the
rationalizaion of seismic design.

* There is no experience of vibration analysis for piping system
including expansion joint.
Schedule for Study

Month (1) 2 (3) _(4) (5
12 24 36 48

(1) Complete information investigation (Japan & US)
(2) Complete review of Japanese and US test proposal.
Japan: Test of piping system including gap.
Test of expansion joint
Us ! Test of piping system in elastic-plastic region.
(3) Complete design and manufacturing of test models
Japan: Test model of piping system including gap.
Test model of expansion joint
Us : Test model of piping system in elastic-plastic regiom.
(4) Complete vibration tests (Japan & US)
(5) Complete the evaluation of test results (Japan & US)
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A-2

Resources o
* Estimated direct labor required for study
Japan: 105 man—~months
Us : 60 man-months
% Estimated cost for study
Japan: ¥415M (51.66M)
US @ ¥215M ($0.86M)
* Personnel exchange

1 Japan and US mutually have specialist's visit
once a year.
(2) (3) (4) and (5) A Japanese stays at US for 6 months a year.
' An American stays at Japan for 6 months a year.
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A-3
DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION
Study Topic
* ILMFBR Seismic Tests Program : Development of Vibration Analysis

Method for Fluid Structure Interation

Objectives of Study

* Development of analysis method to evaluate sloshing behavior

* Development of analysis method for vessel wall deformation by fluid
impact

# Development of analysis methed for cbmponent vibration in fluid

Potential Benefits

* Establishment of analysis method for fluid structure interaction at
large scale reactor

* Clarification of vibration behavior relating to fluid structure
interaction

#* Rationalization of seismic design.
* Reduction of R & D cost each other.

Background

* Both Japan and US recognize that fluid structure interaction is
severer and more important probelm by scale up of reactor.

* US developed FLUSTER code.

% Perto-chemical industry examined sloshing behavior of storage tank.

Schedule for Study

Month (1) () (3) 4) (5
12 24 36 ' 48

(1} Complete information investigation (Japan & US)

(2) Complete review of Japanese and US test proposal (Japan & US)

(3) Complete design and manufacturing of test models (Japan & US)

(4} Complete vibration tests (Japan & US)

(5) Complete the evaluation of test results and verification of
analysis code (Japan & US)
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Resources

* Estimated direct labor required for study
Japan: 57 man-months
US : 57 man-months
*# Estimated cost for study
Japan: ¥330M ($1.32M)
Us ¢ E330M ($1.32M)

* Personnel exchange

(1) Japan and US mutually have specialist's visit
: ohce a year, )
(2) (3) (4) and (5) A Japanese stays at US for 6 months a year.
An American stays at Japan for 6 months a vyear.
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DOE/PRC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic
% LMFBR Seismic Tests Program: Functional Qualification of Active
Components

Objectives of Study

* Information exchange of analysis and evaluation method for functional
qualification of active components: integrity of hydrostatic bearing
of mechanical pump, insertability of control rod and function of
sodium valve at reactor scram.

* Development of analysis and evaluation method for functional
qualification of active components used for large scale reactor.

% Mutual recognition of necessary R & D work for functional
qualification of active components.,

Potential Benefits

% Establishment of analysis and evaluation method for large scale
reactor,

* Reduction of R & D cost each other.

Background

% Both Japan and US developed the analysis and evaluation method of
active components for MONJU and CRBR, respectively.

*# Both Japanese and US designers are much interested in the modification
of analysis and evaluation method for active components used for large
scale reactor.

* Functional qualification of active component is much important for the
safety security at reactor scram.

Schedule for Study

month (» (2) (3)
12 24 36

(1) Complete information exchange. (Japan & US)

(2) Complete establishment of analysis and evaluation method for large
scale reactor. (Japan & US)

(3) Complete pointing out of R & D work necessary in future.

Resources

* Estimated direct labor required for study

Japan: 27 man-months
us :+ 27 man-months
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A4
* Estimated cost for study
- Japan: ¥215M ($0.86M)
Us ¢ E215M ($0.86M)
* Personnel exchange
(H Japan and US mutually have specialist's visit once a year.

(2) and (3) A Japanese stays at US for 6 months a year.
“An American stays at Japan for 6 months a year.
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

. Information exchange of safety concept.

Objective of Study

. Consolidation of concept for safety, licensing and design when the
design such as shrinkage of safety system would be adopted.

Potential Benefits

. Possibly establish the common concept for criteria mentioned as above
of a shutdown heat removal system between Japan and U.S..
Back ground

. Safety concept such as diversity give an Impact on the plant design.
« It is important to collaborate such concepts between Japan and U.S5.
or among various countries.

Schedule for Study

Y ; 1984 ‘ 1985

Information exchange

Resorces

. Estimated direct labor required for completion of study

Japan 37.5 man-months
U.8S. 15.0 man-months

. Total estimated cost for study

Japan $0.25 M
U.S. 50,25 M
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

. Basic test data for verification

Objective of Study

. Obtaining the data necessary to verlfy various types of DRACS and
providing the data to validate computer codes.

Potential Benefits

. Saving the R & D cost when R & D for pool-type reactor would be

performed in Japan and R & D for loop-type reactor would be done in
U.s.

Back ground

. 1t is important to verify the non-symmetrical heat removal
characteristic with interaction between in—vessel and primary system
and to obtain basic heat transfer characteristic in DHX.

Schedule for Study

o 1984 . 1985 . 1986 .
Design, Fabrication Operation &
& Installation Testing
Resorces

. Estimated direct labor required for completion of study

Japan 58.5 man-months
U.S. 23.5 man-months

. Total estimated cost for study

Japan §$§ 2.7 M
U.8. $1.5¥
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B-3

DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

. In-vessel natural circulation verification test in Joyo.

Objective of Study

. Verification of in-vessel natural circulation capability and
providing the data necessary to validate the computer code.

Potential Benefits

. Obtaining the test data in a large scale experimental facility
{J0Y0).
Back ground

. JOYO is the only reactor to have capability of performing the
in-vessel natural circulation test. In-pile data are always valuable
especially for licensing.

Schedule for Study

FY 1984 . 1985 ' 1986 .
Prediction and Test Natural circulation
planning test

Resorces

. Estimated direct labor required for completion of study

Japan 35.0 man-months
U.S. included in study topic "Validation of computer
codes"

. Total estimated cost for study

Japan $0.4 M
U.S8, included in study topic "Validation of computer
codes"
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

. Validation of computer codes.

Objective of Study

. Validation of computer codes and obtaining regulatory agency
approval.

Potential Benefits

. Btandardization of thermo-hydraulic behavior analysis code.

Back ground

. There are many problems to be solved in order to confirm the natural
circulation based design.

Analytical model and method with high potentiality are required.

Schedule for Study

Y 1984 1985 1986 1987

Development and verification of 1-D code
Verification of 3-D code

Resorces

. Estimated direct labor required for completion of study

Japan 52 man-months
U.S. 35 man-months

. Total estimated cost for study

Japan $0.5 M
U.8. $0.8 M
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic
Definition of Steam Generator Development Programwith Intent of

eliminating the Intermediate System.

Subtheme
) Conceptual Design Study of IHTS( Intermediate Heat Transport System)-less
FBR Plant Using High Reliable-SG (Steam Generator)

Objective of Study
o Study the feasibility {(especialy philosophical concept of safety) of IHTS-less

FBR plant by establishing water leak-tight SG concepts and provide the
material for evaluation of probability adopting this concept of plant.

0 Evaluate the merit and demerit and plant capital and operation cost
reduction benefit by elimination of IHTS.

0 Study the requirement and define R&D programs for the establishment of
high reliable water leak-tight SG and licensable IHTS-less plant system.

Poiential Benefits

o Combine both countries experience to evaluate the feasibility of an IHTS-
less FBR plant.

o Understand the mutual current status and future programs for the

development of SG and establish the basis for the further collabaratiove

activities.

Background
o High reliability and serviceability of SG's are required for improved plant

availability and as a prerequisite for IHTS elimination.
0 Elimination of the IHTS offers a potential for major plant cost reduction but
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it should be recognized that such plant is not available to be adopted to the
next stage FBR plant in near future, For that purpose accumulation of plant
experience based on water leak-tight SG's are required.

Schedule for study

VNN WA
3 12 18 24

Month 0

Identification of study goals, specification of the study in detail and sharing
of the work.

V Conceptual design to set up the specific IHTS-less plant concept show the
' outline of plant by drawing the piping system, arrangement of major
components in building, especialy in reactor container.

Evaluation of expecting benefits and reducing plant capital and operatihg
costs comparison of the cost with the existing plant cost.

W Extraction of items to be studied further )

*  Requirements for SG to realize this plant such as water-leak probability
evaluation, water-leak detection system, large scale water-leak proof
system and so on. - _

# Same for safety and overall system such as establishment of safety
scenario and event iree, analysis of structural safety of reactor due to
pressure propagation by large scale water-leak, evaluation of the effect of
reactor blockage by sodium-water reaction product, accident analysis of
water-steam pipe rupture in reactor container and so on.

W Discussion and evaluation in detail for extracted items. Show the conceptual
design and drawing of 3G configulation to satisfy the requirement to

establish the IHTS-less plant.

@ Extraction of required R&D items and setting of development programs.

v Completion of Report.
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Resources _
o Estimated cost for study
u.S. TBD
Japan TBD

Remarks: This work should be restricted to research and feasibility study. Further

collaborative work should be discussed after completion of this work.
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Totic

o]

Development of piping bellows for LMFBR service.

Objective of study

o)

Establish the advantages, limitations, special requirements, design
approaches, R&D needs, and cost savings associated with the use of bellows

expansion sections in LMFBR piping systems.

Establish and/or consolidate codes and standards for design, fabrication and
inspection for piping bellows in a cooperatiove effort between U.S. and
Japan.

Potential Benefits

o]

Bellows applications in main heat transport and auxiliary piping systems
offer potential construction cost savings by(l) reduction in quantities of pipe
and fittings, piping support hardware, building support locations, and piping
construction welds (with associated post weld heat treatment, examination
and ISL costs); (2) reduced cell sizes and containment structure sizes; (3)
smaller sodium inventory; and (4) reduced support systems requirements,
such as cell cooling, heat tracing, and leak monitoring. All these savings can
be related to reduced piping lengths if bellows expansion sections provide
the major flexibility for thermal growth.

Plant functional improvements also result from the reduced piping length.
These include reduced pressure drops and heat losses, particularly important

to natural circulation heat removal systems.

Increased plant reliability can be achieved by reduction in piping stress and
equipment nozzle load contributor to early fatigue cracking. A reduction in
the number of wilds and associated heat-affected operational problems, also
increases reliability. Finally, support steel thermal movement due to
excessive cell temperatures (sodium fires, loss of cell cooling) can be more

readily accommodated without piping lines using expansion joints.
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Collaboration of U.S./Japan parties who share common interest and
objecteves should not only save cost and man power but also produce
workable codes and standards that are backed up with thoroughly reviewed
experimental data which have achieved consensus from the expertise of both
countries.

Codes and standards as a product of cooperative effort between the two
leading countries should be favorably accepted by licensing authorities.

Background

0

U.S. has taken the initiative in consolidating codes and standards on piping
bellows such as EJMA and ASME CC N-290 and is making a continuing
effort in this area.

Whereas in Japan, PNC is about to take a position of leap-frogging to
complete a feasibility study on the use of bellows for an FBR piping system
by the end of1986.

PNC is accelerating its effort in the piping bellows development program by
constructing several test units subjecting convolutions to various loadings up
to and including failure. Tests include fatigue, creep-fatigue, mechanical
ratchet, buckling, vibration, etc. Proof test on plant size expansion joints in
sodium is also in line. Along with this testing, development of codes and
standards on design, fabrication and inspection is another majhor task

included in the program.

Therefore, it is appropriate for the two countries to consider unifying their

program plans to reach a common goal.
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Schedule for study

VY VOV W

Month 0 12 24 36 43

Complete review of U.S. and Japan piping bellows R&D program
Agreement on the framework and scheme of collaboration program
Ist year review meeting '

2nd year review meeting

<J<€d g€

3rd and last year of 1st phase review meeting.

Resources

0 Estimated direct labor required for completion of study:

U.S. 200 man-months
Japan 220 man-months

o Utilize U.S, and Japan test units
Annual review meeting by specialists
Total estimated cost for study

u.s.  $5M

Japan $7M
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E-1
DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topics

o De'velopment of Procedures for Design of FBR Components using Inelastic
Analyses

Objective of Study _

o Develop guidelines or procedures for design of FBR components using
inelastic analyses validated by comprehensive R&D

Potential Benefits . .

0 Reduce construction cost by allowing to adopt more simplified structures,
smaller dimensions and cheaper fabrication methods.

o Reduce restraining factors for plant operation.

o Contribute to establish more rational design procedures based on elastic
analyses.

Background
o ASME Boiler and Pressure Vessel Code C.C. N-47 provides design rule based

on elastic analyses as well as inelastic analyses.

o Design rule based on elastic analyses give unduly conservative results in

s0me cases.

0 U.S. has provided rather detailed guideline for design based on inelastic
analyses.
o PNC provided 'Structural Design Guide for Class | Components of Prototype

Fast Breeder Reactor for Elevated Temperature Service'.

0 Design rule in 'PNC Design Guide' using elastic analyses considers inelastic

response of structures in simplified way.
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o PNC is preparing guideline for design by inelastic analyses.

o Currently available procedures for design based on inelastic analyses have
many aspects for improvement. More reasonable design procedures should be
established by extensive material tests, structural tests and analytical
works,

Schedule for Study

VY ¥V 9 9 W

Items 1984 1985 1986 1987 1988 1989 1990
Review and Planning I —

Analyses SO S— S E—
Material Test _— ' _

Structural Element Test

Structural Component Test

Evaluation and Guideline
—=———Step 1 e Step 2 ——=

Review of available results and experiences; Basic planning (specialists
visit,S.V.) _

Detailed planning for collaborative study (S.V.)

Interim evaluation and report (S.V)

Evaluation and drawing.up of guideline (S.V.)

Interime evaluation and report (S.V.}

44449 4

Evaluation and drawing up of guideline (Rev. 1), (5.V.)

Remarks ;Both countries should contribute to each item equally in princeple.
Resources

o Estimated direct lavor required for completion of study.

UISI

Japan 300 man-months

o Utilize U.S. and Japanese test facilities.

o Long term stay of each one engineer at counterpart’s laboratory.
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E-1
o Specialists visit.
o Total estimated cost for study
(excluding personnel expenditure)
U.S.  $1.2M
Japan $1.2M
Remarks; In the course of progress of this study, it will be possible to extend

scope of this study to wider area, for example to establish more rational
creep-fatigue evaluation criteria or to develop more improved high

temperature design criteria.
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DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic
. Development of Analytical Codes for Thermal Stratification.

Objective of Study

To clarify accuracy and problems of analytical code(s) through
validation by existing data

To improve analytical code(s) by desolving problems such as
"carry-over" by using data cobtained from basic tests

To determine rational thermal boundary conditions upon studying the
application of test data to design

Potential Benefits

The measure for thermal stratification mitigation can be rationalized,
for example, to reduce the amount of materials and to simplify
structure and fabrication procedure, resulting in the reduction of
plant construction cost.

The rational design thus achieved will mitigate the limitation
otherwise set for the plant operation procedure.

Background

Thermal stratification phenomenon has been thoroughly studied in the
MONJU upper plenum test including its initiation, rising speed of
density interface, resulting temperature distribution and dissipation.

Analytical codes are available to simulate the phenomenon with
sufficjient accuracy.

It was found from the test that the "carry-over" was an important
mechanism to describe the rise of density interface, *

Further test is necessary to understand the mechanism of "carry-over"
in order to improve existing analytical codes.

Sodium data from a large scale model may be necessary in future befdte
completing the development of analytical codes.
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Schedule for Study

Step I: Validation and
Improvement of Analytical
Codes

Code Validation
Code Improvement

Step II: Basic Test for
"Carry-Over"

Water Test

Sodium Test

Code Improvement

Both countries
principle,

Remarks:

Resources

0 12 24 36 48
O— C
[e—— o]
Plan Test Test Evalu-
Rig ation
[o: L o] . a]
Plan Test Test Evalu-
Rig ation
o= <y == 0

O

should contribute to each item equally in

. Estimated direct labor required for completion of study

us
Japan:

120 Man~Months

. Utilizationon of U.S. and Japanese test facilities,

. Speclalists visits

. Total estimated cost for study (excluding personnel expenditure)

US i $1.0M
Japan: S$1.0 M
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E-3

DOE/PNC LARGE PLANT OPTIMIZATION STUDY
STUDY TOPIC FEASIBILITY EVALUATION

Study Topic

Development of Design Method free from Thermal Striping Damage

Objective of Studf

To develop analytical code describing temperature fluctuation from the
data obtained from basic tests

To establish an appropriate evaluation method for high cycle thermal
fatigue by performing high cycle thermal fatigue test on FBR material
and comparing it with existing high cycle mechanical fatigue data

To determine rational thermal boundary conditions so as to be
applicable to design loading conditions

Potential Benefits

-

The measure for thermal striping mitigation can be ratiomalized, for
example, to reduce the amount of materials and to simplify structure
and fabrication procedure, resulting in the reduction of plant
construction cost.

The rational design thus achieved will mitigate the limitation
otherwise set for the core design.

The improvement on accuracy in the LMFBR design can be achieved.

Background

The design data are now available for the MONJU upper plenum from
water tests performed with plant size 1/3 sector model and 19 assembly
model,

A comparative test in water and in soduim is planmed in the summer of
1984 using a 7 assembly full scale model.

The development of analytical code with K-¢ model has begun to study
the striping phenomenon.

The urgent need exists to develop analytical code by performing basic
tests on -temperature fluctuation and by understanding its mechanism.

Little data are available on high cycle thermal fatigue of FBR
materials in sodium, which should be supplied at the earliest possible
time,

It is necessary to develop a simplified method such as a curve or a

chart which epables one to assess the effect of thermal striping on
the structural design. ’
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E-3
Schedule for Study
0 12 24 36 48 Mo
—_ ] .y ] :
Basic Test on Temperature Plan Test Test Evalu—-
Fluctuation Rig ation
O o — ~»]
Development of Analytical Development
Code - o - 5
High Cycle Thermal Fatigue
Test on FBR Materials
Sodium Test Plan Test Test Evalu-
Rig ation
G o)
Mechanical Test at High Plan Test Test Evalu-
Temperature Rig ation
o v £ £ ‘o)
Development of Evaluation Development
Guide for High Cycle Thermal o .
Fatigue
Remarks: Both countries should contribute to each item equally in
principle,
Pesources

. Estimated direct labor required for completion of study
us :

Japan: 120 Man-Months
. Utilization of U.S. and Japanese test facilities
. Specialists visits
. Total estimated cost for study (excluding personnel expenditure)

Us : 81.0M
Japan: $1.0M
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" INTRODUCTION

OPTIMIZATION STUDY FOR SEISMIC DESIGN AREA

OBJECTIVES

= REDUCTION OF PLANT CAPITAL COST AND OPERATION COST
+« REDUCTION OF R & D'S COST
+ RATIONALIZATION AND STANDARDIZATION OF SEISMIC DESIGN

« SUPPLY OF IMFORMATION TO RATIONALIZE SEISMIC DESIGN
CRITERIA

INTRODUCTION

PROPOSALS FOR PNC /DOE COLLABORATION STUDY

o DEVELOPMENT OF ISOLATION SYSTEM
« FEASIBILITY STUDY
« TEST
© RATIONALIZATION OF SEISMIC ANALYSIS METHOD FOR PIPING SYSTEM

= NON-LINEAR VIBRATION BEHAVIOR
+ EXPANSION JOINT
» PLASTIC VIBRATION BEHAVIOR

o DEVELOPMENT OF VIBRATION ANALYSIS METHOD FOR FLUID STRUCTURE

INTERACTION

« SLOSHING
« VESSEL WALL DEFORMATION
« IN-FLUID STRUCTURE VIBRATION

o FUNCTIONAL QUALIFICATION OF ACTIVE COMPONENTS

= CONTROL ROD
« MECHANICAL PUMP BEARING
« SODIUM VALVE -

INTRODUCTION

LARGE SCALE -—h.i RATIONARIZATION OF DESIGN CRITERIA
REACTOR

DATA SUFPLY

ANALYTICAL METHOD
DESIGN LIMIT
DAMPING FACTOR

SLOSHING
WALL DEFORMATION ANALYSIS AHD
ARALVSIS BY FLUID EVALUATION
PIPE SURCRTING MPACT FOR FUNGTIONAL
SYSTEM ANALYSIS COMPONENT VIBLATION QUALIFGATION
ANALYSIS
T i - i
BIPING SYSTEM FLUID STRUCTURE ACTWE COMBONENT
RESPONSE ARALYSIS RESPONSE ANALYSIS RESPONSE AHALYSIS
1ISOLATION | ________ % A 5 SR ¥
SYSTEM T’ { - I

f
FEASIBILITY STUDY |_FLOOR HESFONSE ANALYSIS i

——i SOIL STRUCTURE INTERACTION |LWR ACTIVITY

f
GROUNA MOTION | EA ACHVITY

DEFINITION
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BACKGROUND ISOLATION SYSTEM

« BOTH JAPAN AND US ARE MUCH INTERESTED IN THE DEVELOPMENT OF ISOLATION SYSTEM,
THOUGH THEY HAYE NGO EXPERIENCE TO APPLY IT FOR NUCLEAR PLANT

FRENCH PEOPLE APPLIED ISOLATION SYSTEM FOR PWR.

« SCALE UP OF REACTOR

+ [HCREASE OF AN AMOUNT OF MATERUNLES+—— COST REDUCTION
+ THICKER WALL +—— MITIGATION OF THERMAL STRESS = ISOLATION SYSTEM
» MASSIVE STRUCTURE OF PLANT SYSTEM +—— MIMIGATICN OF SEISHIC RESPONSE  NEEDED

ECORCMICS

» DECREASE OF AN AMOUNT OF MATERIALS

+ DECREASE OF NUMBERS OF SEISRIC SUPPORTS on
. RATIONALIZATION OF SEISMIC DESIGN MITIGATION OF SEISMIC RESPONSE =ISOLATION SYSTEM

NEEDED
» STANDARDIZATION OF SEISMIC DESIGH

» ISOLATION SYSTEM IS MORE IMPORTANT IN FBR THAN IN LWR BECAUSE OF THE REQUIREMENT
OF THIN-WALLED STRUCTURE TO MITIGATE THERMAL STRESS IN FBER

» LONG TERM R & D WORKS AND MUCH MONEY ARE NECESSARY FOR PRACTICAL USE OF
ISOLATION SYSTEM

- THERE EXIST MANY RESIDUAL WORKS TO BE PERFORMED UNTIL LICENSE

[SOLATION SYSTEM

STATUS OF TECHNOLCGY

» NEW CONCEPT . « PERMISSION OF LICENSE SHOULD BE OBTAINED
. IN FUTURE.

+ LACK OF PRACTICAL USE . ONLY FRANCE HAS EXPERIENCE TO APPLY
: ISOLATION SYSTEM FOR PWR.

« NO PRACTICAL USE FOR LARGE SCALE REACTOR
AND STRONG SEISMIC AREA LIKE JAPAN

« SUBJECTS TO BE SOLVED AND CONFIRMED
« LONG TERM RELIABILITY
» ENDURABILITY TO ENVIRONMENTAL EFFECT
« MAINTENANCE AND EXCHANGEABILITY
» CONSIDERATION OF RELATIVE DISPLACEMENT

+ RESPONSE CHARACTERISTICS TO LOW FREQUENCY
SEISMIC WAVE

+ RESPONSE CHARACTERISTICS TO VERTICAL MOTION
, ETC.

[SCLATION SYSTEM

(1) BUGYANCY

& FLUID STRUCTURE
INTERACTION

LIQUID METAL

METHOD BY FLUID

ISOLATION OF COMPONENT
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1SOLATICN SYSTEM

| L
im
Pl IHX
E il FLOATING SUPPORT T
s ]
ﬂ.@,_
N
., [
2 ! B . =
[ 1

ISOLATION OF CORMPONENT

1SOLATION SYSTEM

SCHEDULE FOR COLLABORATIVE STUDY

ACTIVITY (1 {2) (3) {4) {5) (6}
MONTH 12 24 38 48 &0

ACTIVITY
(1) COMPLETE INFORMATION INVESTIGATION{I)}{JAPAN & US)
(2) COMPLATE INFORMATION INVESTIGATION(II} AND PRELIMINARY ANALYSIS TO
"DECIDE THE $CALE OF TEST MODELS AND TEST CONDITIONS(JAPAN 2 US)
{3) COMPLETE REVIEW OF JAPANESE AND US TEST PROPOSAL{JAPAN & US)
{4) COMPLETE DESIGN AND MANUFACTURING OF TEST MODELS
JAPAN © ISOLATION SYSTEM MODEL OF REACTOR VESSEL
US  :ISOLATION SYSTEM MODEL OF REACTOR BUILDING {VICE VERSA)
{5) COMPLETE VIBRATION TESTS(JAPAN & US)
{8) COMPLETE THE EVALUATION OF TEST RESULTS(JAPAN & US)

BACKGROUND FIPHQ SYSTER

.

BOTH JAPAN AND US ARE MUCH INTERESTEC IN THE DEVELOPMENT OF

SEISMIC ANALYSIS METHOD FOR PIPING SYSTEM AND THE RATIONALIZATION

OF SEISMIC DESIGN

NON-LINEAR VIBRATION CHARACTERISTICS HAVE BEEN OSTAINED ABOUT PIFING
SUPPORT SYSTEMS FOR FROTOTYPE REACTOR

SEISM [C ANALYSIS IS MAINLY CARRIED OUT ONLY AT ELASTIC REGION, THOUGH
SEISMIC DESIGN CRITERIA OF S: EARTHQUAKE PERMITS PLASTIC DEFORMATION
WITHOUT COOLANT LEAKAGE

SCALE UP OF REACTOR AND ECONOMICS

» PMGCDIFICATION OF NON-LINEAR VIBRATION ANALYSIS METHOD FOR LARGE
SCALE REACTOR

» COST REDUCTION —REDUCTION OF CONTAINMENT VESSEL SIZE — USEQF
EXPANSION JOINT

ARPLICATION OF EXPANSION JOINT TO PIPING S\‘"STEM-——'
VIBRATION ANALYSIS METHOD NEEDED

» RATIONALIZATION OF SEISMIC DESIGN— INCREASE OF DAMPING FACTOR

AND CONFIRMATION OF DESIGN MARGIN—VIBRATION TEST AT ELASTIC-

PLASTIC REGION ESTABLISHMENT OF VIBRATION AMNALYSIS METHOD AT
PLASTIC REGION
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PIFING SYSTEM

STATUS OF TECHNOLOGY

BEING DEVELOPED NON-LINEAR VIBRATION ANALYSIS METHOD FOR PIPING
SYSTEM OF PROTOTYPE REACTOR
NO VIBRATION ANALYSIS FOR PIPING SYSTEM INCLUDING EXPANSION JOINT
FEW EXPERIENCES CF VIBRATION TEST IN PLASTIC REGION FOR PIPING SYSTEM
SUBJECTS TO BE SOLVED AND CONFIRMED
« ESTABLISHMENT OF NON-LINEAR VIBRATION ANALYSIS METHOD FOR LARGE
SCALE REACTOR
+ COFIRMATION OF VIBRA TION BEHAVIOR AND ESTABILISHMENT OF SUPPORTING
METHOD FOR EXPANSION JOINT
= CONFIRMATION OF VIBRATION BEHAVIOR IN PLASTIC REGION

PIFING SYSTEM

OBJECTIVES OF COLLABORATIVE STUDY

INFORMATION SURVEY
CLARIFICATION OF THE PROBLEMS TO BE SOLVED
PLANNING OF R & D WORKS REQUIRED
ALLOTMENT OF R & D WORKS BETWEEN JAPAN AND US
DEVEL.OPMENT AND VERIFICATION OF NON-LINEAR VIBRATION ANALYSIS METHOD
FOR LARGE SCALE REACTOR
VIBRATION TEST OF EXPANSION JOINT AND DEVELOPMENT OF VIBRATION
ANALYSIS METHOD
VIBRATION TEST OF PIPING SYSTEM IN PLASTIC REGION AND DEVELOPMENT OF
VIBRATION ANALYSIS METHOD
CONFIRMATION OF DESIGN MARGIN AND RATIONALIZATION OF SEISMIC DESIGN
COST REDUCTION
SUPPLY OF INFORMATION TO RATIONALIZE SEISMIC DESIGN CRITERIA

(EX. INCREASE OF DAMPING FACTOR) A

PIPING SYSTEM

POTENTIAL BENEFITS BY COLLABOLATION

= REDUCTION OF PLANT COST
« DECREASE OF AMOUNT OF MATERIALS
« REDUCTION OF SUPPORTS AND HANGERS

« ESTABLISHMENT OF VIBRATION ANALYSIS METHOD FOR LARGE
SCALE REACTOR

+ RATIONALIZATION OF SEISMIC DESIGN

+« REDUCTION OF R & D COST
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REACTOR VESSEL

N

PRIMARY SYSTERM INCLUDING EXPANSION JOINT

CONSTANT HANGER NG SYSTEM

RESTRAINT
L7

EXPANSION JOINT

REACTOR VESSEL
INLET NOZZLE

PUMP EXIT
NOZZLE

SUPPORTING SYSTEM OF EXPANTION JOINT

PIPING SYSTEM

SCHEDULE FOR COLLABORATIVE STUDY

ACTIVITY M @ (3) {4) _{5)
mMoNTH © 12 24 36 48
ACTIVITY

(1) COMPLETE INFORMATION INVESTIGATION(JAPAN & US)
2 cQMPLETE REVIEW OF JAPANESE AND US TEST PROFOSAL.
JAPAN : TEST OF PIPING SYSTEM INCLUDING GAP.
TEST OF EXPANSION JOINT
US  :TEST OF PIPING SYSTEM IN ELASTIC-PLASTIC REGION.
(3) COMPLETE DESIGN AND MANUFACTURING OF TEST MODELS
JAPAN : TEST MODEL OF PIPING SYSTEM INCLUDING GAP
TEST MODEL OF EXPANSION JOINT
US : TEST MODEL OF PIPING SYSTEM IN ELASTIC-PLASTIC
REGION.
(4) COMPLETE VIBRATION TESTS{JAPAN & US)
(5) COMPLETE EVALUATION OF TEST RESULTS(JAPAN & US)
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(SCLATION SYSTEM

OBJECTIVES OF COLLABORATIVE STUDY

FEASIBILITY STUDY
+ INFORMATION SURVEY OF ISOLATION SYSTEM
» INVESTIGATION OF THE APPLICABILITY OF ISOLATION SYSTEM FOR FBR
« CLARIFICATION OF THE PROBLEMS TO BE SOLVED FOR PRACTICAL USE

R & D TESTS
+ PLANNING OF R & D WORKS REQUIRED
» ALLOTMENT OF R & D WORKS BETWEEN JAPAN AND US
» DEVELOPMENT OF VIBRATION ANALYSIS METHOD FOR ISOLATION SYSTEM
+ PERFORMANCE OF R & D TEST NEEDED FOR PRACTICAL USE-
+ RATIONALIZATION AND STANDARDIZATION OF SEISMIC DESIGN
+ COST REDUCTION
« SUPPLY OF INFORMATION TO RATIONALIZE SEISMIC DESIGN CRITERIA

ISOLATION SYSTEM

POTENTIAL BENEFITS BY COLLABORATION

» REDUCTION OF PLANT COST
+ DECREASE OF AN AMOUNT OF MATERIALS
+ REDUCTION OF NUMBERS OF SUPPORTS AND HANGERS

« RATIONALIZATION AND STANDARDIZATION OF SEISMIC DESIGN

« AUTHORIZATION OF THE CONCEPT OF ISOLATION SYSTEM BY INTERNATIONAL
RECOGNITION

« REDUCTION OF R & D COST

ISQLATION SYSTEM

METHOD OF ISOLATION FOR NUCLEAR PLANT

+ [SOLATION OF BUILDING STRUCTURE
« BULK ISOLATION OF BUILDING STRUCTURE : ISOLATION PAD SAME
TO FRANCE METHOD
= PARTIAL ISOLATION OF BUILDING FLOOR

+ ISCLATION OF COMPONENT (ESPECIALLY REACTOR VESSEL)
« ISOLATION PAD
= ISOLATION SPRING
+ FLOATING SUPPORT
» METHOD BY FLUID
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ISOLATION GYSTEM

>

700

ISOLATION PAD

BULK ISOLATION OF BUILDING STRUCTURE

ISOLATION SYSTEM

ISOLATION PAD ISOLATION SPRING

ISOLATION OF COMPONENT

BACKGROUND

+ IMPORTANT REACTOR COMPONENTS IMMERSED IN SODIUM ARE AFFECTED BY
THE FLUID MOTION DURING EARTHQUAKE
+ CURRENTY AVAILABLE SIMPLIFIED APPROACHES SHOW CONSERVATIVE DESIGN
VALUES AND MAKE PLANT COST EXPESIVE
+ THEREFORE, APPROPRIATE MODELLING OF FLUID BEHAVIOR NEEDED
+ US DEVELOPED FLUSTER CODE
+ SCALE UP OF REACTOR AND ECONOMICS
» FLUID STRUCTURE INTERACTION INCLUDING SLOSHING IS SEVERER AND
MORE IMPORTANT PROBLEM
» CONFIRMATION OF THE RESISTANCE TO BUCKING FOR THIN-WALLED
VESSEL
« ESPECIALLY IMPORTANT FOR TANK TYPE REACTOR
« TEST I3 PERFORMED FOR REACTOR VESSEL IN JAPAN

STATUS OF TECHNOLOGY

+ NO SUFFICIENT ANALYSIS METHOD FOR FLUID STRUCTURE INTERACTION
_« NO BUCKLING TESTS FOR IMPORTANT VESSELS

+ CURRENTLY AVAILABLE APPROACHES SHOW CONSERVATIVE DESIGN VALUES
AND BAKE PLANT COST EXPENSIVE

+ SUBJECTS TO BE SOLVED AND CONFIRMED

» APPROPRIATE MODELLING OF FLUID STRUCTURE INTERACTION
+ DEVELOPMENT OF ANALYSIS METHOD
» CONFIRMATION OF RESISTANCE TO DEFORMATION BY FLUID MPACT
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OBJECTIVES OF COLLABOLATIVE STUDY

» INFORMATION SURVEY

» CLARIFICATION CF THE PROBLEMS TO BE SOLVED

» PLANNING OF R & D WORKS REQUIRED

* ALLOTMENT OF R & D WORKS BETWEEN JAPAN AND US

« DEVELOPMENT AND VERIFICATION OF ANALISIS METHOD TO EVALUATE
SLOSHING BEHAIOR

« TEST RELAT INGTO VESSEL WALL DEFORMATION BY FLUID IMPACT AND
DEVELOPMENT OF ANALYSIS METHOD

» IN-FLUID VIBRATION TEST OF IMPORTANT COMPONENTS INSIDE VESSEL
AND DEVELOPMENT OF ANALYSIS METHOD

« CONFIRMATION OF DESIGN MARGIN AND RATIONALIZATION OF SEISMIC
DESIGN

« COST REDUCTION

» SUPPLY OF IMFORMATION TO RATIONALIZE SEISMIC DESIGN CRITERIA

POTENTIAL BENEFITS BY COLLABORATION

« REDUCTION OF PLANT COST

+ ESTABLISHMENT OF ANALYSIS METHOD FOR FLUID STRUCTURE
INTERACTION AT LARGE SCALE REACTOR

« CLARIFICATION OF VIBRATION BEHAVIOR
+ RATIONALIZATION OF SEISMIC DESIGN
+ REDUCTION OF R & D COST

31
SCHEDULE FOR COLLABORATIVE STUDY

AcTiviY. ) _e2 @ @ (s
MONTH 12 24 36 48
ACTIVITY

{1) COMPLETE INFORMATION INVESTIGATION {JAPAN & US)

{2) COMPLETE REVIEW OF JAPANESE AND US TEST PROPOSAL
(JAPAN & US}

{3) COMPLETE DESIGN AND MANUFACTURING OF TEST MODELS
(JAPAN & US)

{4) COMPLETE VIBRATION TESTS(JAPAN & US)

{5) COMPLETE THE EVALUATION OF TEST RESULTS

AND VERIFICATION OF ANALYSIS CODE{JAPAN & US}
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BACKGROUND FUNCTIONAL QUALIFICATION

« BOTH JAPANESE AND U.S. DESIGNERS ARE MUCH INTERESTED IN THE
MODIFICATION OF ANALYSIS METHOD FOR ACTIVE COMPONENTS USED FOR
LARGE SCALE REACTOR

» JAPANESE SEISMIC DESIGN STANDARD {DRAFT) REQUIRES FUNCTIONAL
QUALIFICATION FOR ACTIVE COMPONENTS IN NUCLEOR PLANT

+ FIRM EVALUATION METHOD AND ALLOWANCE LIMITS DO NOT EXIST
FOR FUNCTICNAL QUALIFICATION OF ACTIVE COMPONENTS UNDER
SEISMIC LOAD

* DEVELOPMENT OF THE ANALYSIS PROGRAM FOR ACTIVE COMPONENTS
SODIUM PUMP — IMPACT FORCE AT THE HYDROSTATIC BEARING

CRD — INSERT TIME
VALVE — QPEN OR CLOSURE TIME
STATUS OF TECHNOLOGY | FUNCTIONAL GuauRGaTion

« INTEGRITY OF COOLANT BOUNDARY

+ ASME CODE
« WITI 501
+ MONJU DESIGN STANDARD

« PROGRAM DEVELOPMENT
« CONTROL ROD INSERT TIME ANALYSIS PROGRAM FOR “MONJU”

« ALLOWABLE LIMIT

+ RUBBING ENDURANCE OF HARDFACING MATERIALS FOR "MONJU"
MECHANICAL PUMP HYDROSYATIC BEARING

« TESTING
» HYDRO-STATIC BEARING
+ CRD
« SODIUM VALVE

FUNCTIONAL QUALIFICATION
OBJECTIVES OF STUDY
« INFORMATION EXCHAGE OF ANALYSIS AND EVALUATION METHOD FOR
FUNCTIONAL QUALIFICATION
+ SEISMIC DESIGN PHYLOSOPHY
» FUNCTIONAL QUALIFICATION EVALUATION LOGIC
» SEISMIC TESTING
« DEVELOPMENT OF ANALYSIS AND EVALUATION METHOD FOR FUNCTIONAL
QUALIFICATION OF ACTIVE COMPONENTS USED LARGE SCALE REACTOR
« PUMP | IMPACT LOAD, DAMPING AT HYDRO-STATIC BEARING
GYRATE EFFECT OF SHAFT .
» GRD INTERACTION BETWEEN CONTROL ROD AND GUIDE TUBE
! HYDRAULIC RESISTANCE EFFECT
= VALVE | EVALUATION LOGIC
SIMPLIFIED VALVE SEISMIC ANALYSIS MODEL IN PIPING SYSTEM
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FUNCTIONAL QUALIFRCATE
— CONTINNED —

OBJECTIVES OF STUDY

» MUTUAL RECOGNITION OF NECESSARY R & D WORK FOR
FUNCTIONAL QUALIFICATION OF ACTIVE COMPONENTS

« ANALYTICAL COMPUTER PROGRAM DEVELOPMENT

» TESTING FOR PROGRAM VERIFICATION

FUCTIONAL QUALIFICATION

POTENTIAL BENEFIT

« ESTABLISHMENT OF ANALYSIS AND EVALUATION METHOD FOR LARGE SCALE
REACTOR

» EFFECTIVE USE OF R & D RESULTS OF BOTH JAPAN (MONJU)
AND U.S (CRBRP) FOR LARGE SCALE FBR

+ REDUCTION OF R & D COST EACH OTHER

+ DIVIDE TOTAL AMOUNT OF COST INTO HALF FOR EACH
COUNTRY

« EFFECTIVE USE OF EXISTING TEST RIGS

FUNCTIONAL QUALIFICATION

/CONTROL ROD
GYRATION OF SHABT

L™
| ' GUIDE TUBE

e -~COLUSION 'geainG BusH

/ ¥
SHAFT— ] A
SLEEVE A-A’ CUTTING FIGURE

OF HYDROSTATIC BEARING

VIBRATION CHARACTERISTICS OF VIBRATION CHARACTERISTICS OF
MECHANICAL PUMP CONTROL ROD AND GUIDE TUBE
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FUNCTIONAL QUALIFICATION
ACTUATON

SNUBBER /EXI ENSION ROD

TWO DEFORMATION MODES OF SODIUM
VALVE DURING EARTHQUAKE

b
VIBRATION CHARACTERISTICS .
OF SODIUM VALVE WITH EXTENSION ROD

FUNCTIONAL GUALIFIEATIM

SCHEDULE FOR STUDY

ACTIVITY (1) (2} {3)
MONTH 12 24 16

ACTIVITY
{1) COMPLETE INFORMATIOHN EXCHANGE.(JAPAN & US)

{2) COMPLETE ESTABLISHMENT OF ANALYSIS AND EVALUATION METHOD FOR
LARGE SCALE REACTOR{JAPAN & US)

(3) COMPLETE POINTING. OUT OF R & D WORK NECESSARY IN FUTURE.
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VERIFICATION CF DRACS

e NATURAL CIRCULATION HEAT REMOVAL SUPPORT
ACTIVITIES 1IN JAPAN

o INTRODUCTION
o DISCUSSICNS TO IDENTIFY R&D ITEMS

o CONCLUSION

1983- 9726 - 30

NATURAL CIRCULATION HEAT REMOVAL SUPPORT ACTIVITIES

® O

EXPERIMENT
[ SUBASSEMBLY

e ELECTRICALLY HEATED 91 - PIN BUNBLE TEST
USING WATER L)

o ELECTRICALLY HEATED 37 - PIN BUNDLE TEST
USING SODIUM

[N VESSEL

o THO-DIMENSIONAL INTER FLOW REDISTRIBUTION
AND INTER HEAT TRANSFER JEST

o THREE-DIMENSIONAL SMALL SCALED TEST IN
VESSEL 2)

« IN-VESSEL TEST UNDER HEAT TRANSFER CONDITION
BETWEEN VESSEL WALL AND ATOMOSPHERE

[ PIPING
e STRATEFICATION TEST IN PIPING USING WATER

NN

* STEADY STATE HEAT TRANSFER TEST L4
LOW Pe  REGION IN JOYO

= NATURAL CIRCULATION TEST IK 50 MY SG
FACILITY

IK AIR COOLER

o NATURAL CIRCULATION TEST IN 50 MW SG
FACILITY

IN  PLANF

¢ THREE TYPES OF NATURAL CIRCULATION TESTS
IN Jove 3)

1) TEST FROM ISOTHERMAL CONDITION
2) TEST FROM PARTIAL POMER CONDITION
3) TEST FROM FULL POWER CONDITION

OTHER  ACTIVITIES
o UTILITIE’S EFFORTS
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O ANALYSIS
© DEVELOPMENT OF ONE-DIMENSEONAL PLANT SIRULATION CODE
¢ MIMIR - N2 5), 6)

¢ VERY GOOD AGREEMENT BETWEEH PREDICTED TEMPERATURE/FLOW
BEHAVIOR AND MEASURED GNE IN JOYO NATURAL CIRCULATION
TEST

» THE CODE WAS BRUSHED UP BY POST ANALYSIS OF TESTS

@ DEVELOPMENT OF THREE - DIMENSIONAL ANALYSIS CODE
o THAUPR 7)

e riHAUPR, CODE FULLY EXPLAINS THE INTERACTION
PHENOMENA BETWEEN UPPER PLENUM FLOW PATTEN
AND CORE EXIT FLOW IN JOYO NATURAL CIRCULATION
TEST

» OTHER THREE-DIMENSIONAL CODES HAVE BEEN DEVELUPED
AND SUCCESSFULLY APPLIED

OBSERVATICNS

@ [N THE GENERAL NATURAL CIRCULATION HEAT REMOVAL
Ral} AREA, BOTH U.S. AND JAPAN HAS POTENTIAL ENOUGH
TO REACH THE CQONCLUSIONS TO CONFIRM “MATURAL CIR-
CULATION BASED DESIGN”, SEPARATELY,

© THEREFORE, POTENTIAL BENEFITS OF COLLABOLATION ARE
LITTLE IN THIS FIELD,

@ HOWEVER, THERE ARE MANY ITEMS TO COLLABOLATE IN R2D
AREA OF DRACS,

AEFERENCES

1) “NATURAL CIRCULATION DECAY HEAT REMOVAL EXPERIMENTS AND
ANALYSIS IN AN LMFBR FUEL ASSEMBLY” International Tapical
Meeting on Liquid Metal Fast Breeder Reactor $afety and
Related Design and Operational Aspects, LYON {1982)

2)  "EXPERIMENTAL STUDY FOR IN-VESSEL THERMAL WYDRAULICS IN A
LOOP-TYPE LMFBR DURING NATURAL CIRCULATION DECAY HEAT
REMOVAL™ trans. ANS (1983) a4

3) “NATURAL CIRCULATION TESTS IN THE EXPERIMENTAL FAST REACTOR
JOYOY IAHR Speciailist Meeting, Sunnyvale {1983)

4)  PUBLISHED IN I1AHR Specialist Heeting (1983}
PREPARED FOR ASME 1983 Winter Annual Heeting {1983}

5)  VERIFICATION OF THE PLANT SIMULATION CODE BY THE JOYO
POHER ASCENTION TEST DATA” Lvon (1982)

6) “NATURAL CIRCULATION PHENOMENA IN THE UPPER PLENUM OF JOYQ”
EAHR Specialist Meeting {1983)

7) “COMPUTER CODE DEVELOPMENT FOR THREE-DIMENSIONAL THERMO-

HYDRAULIC AWALYSIS OF COOLANT BEHAVIOR IN AN LMFBR™
ANS/ASHME/NRC International Topical Meeting  (1980)

— 169 —



PNC TN960 83-05

INTRODUCT]ON
% ROLE OF DRACS IN PLANT DESIGN

= REDUCTION OF PLANT CAPITAL COST
o REDUCTION OF POTENTIAL RISK

@ [TEMS T0 BE DISCUSSED

= BASIC SAFETY REQUIREMENTS WHEN SAFETY
SYSTEM WOULD BE SHRINKER

« APPLECABILIIY OF DESIGN CODE TO NON-
SAFETY GRADED BoOP

¢ REGUIRED ReD FOR DRACS IN LOGP

= REQUIRED RsD FOR DRACS 1N POOL

DISCUSSIONS TO IDENTIFY ReD ITEMS

BASIC SAFETY REQUIREMENTS

@ BASIC REQUIREMENTS
SINGLE FAILURE  REDUNDANCY VERSITY

JAPAN o] o} NOT MANDATORY
BUT DISCUSSED
U s. B o) 0 o

] DTHER CONSIDERATIONS
o LICENSABILITY/RELIABILITY
= ABILITY TO PERFORM AS PREDICTED - CONFIDENCE IN DESIGN
*  MAINTAINABILITY AND INSPECTABILITY
e TESTABILITY
e (PERABILITY
e AVOIDANCE OF THERMAL TRANSIENTS
« INTEGRATION WITH PLANT FEATURES
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]

CONSIDERATIONS GF DIVERSITY

@ [RACS F/C N/C (IRACS IS RECOGNIZED AS DRACS FOR POOL)

@ DRACSZ DRACSH (FOR LOOP)

® DRACS2 DRACS3

@ DRACS2 DRACSE

® DRACS2 PRACS (FOR  POOL) BRACS?
DRACS1 DRACS4 DRACS4

DRACSE DRACS3
DRACSL F/C (SECONDARY) N/C

DRACSZ F/C (SECONDARY) N/C (PRIMARY F/C MAY BE AVAILABLE}
DRACS3 F/C (PRIMARY/SECONDARY} N/C

PRACS  F/C (PRIMARY/SECONDARY) N/C  (FOR POOLY
IRACS  DRACSL COLD POOL

IRACS  DRACS2

N

@ ® § © @ © @ @

® SYSTEMS WITH HIGHER DIVERSITY

AF-PLICABILITY OF DESIGN CODE

© DESIGN CODE
JAPAN  MITT 501
u.s, ASME SEC, II  ASME SEC. VII B3l

© S6B STRUCTURE/IHTS & SG SYSTEMS DESIGN PHILOSCPHY
o SEISMIC DESIGN

o  STRUCTURAL DESIGN

o [SOLATION BETWEEN SAFETY GRADE SYSTEM AND
NON-SAFETY GRADE SYSTEM

@ SAFETY CONCERNS

o EFFECT OF LARGE SODIUM SPILL ON
» SHUTDOWN HEAT REMOVAL SYSTEM
 STURCTURES/SYSTERS/COMPONENTS [MPORTANT TO SAFETY
¢ SITE-RELATED CONSIDERATICGNS

REQUIRED R&D FOR LOOP

DRACS OPTEON PROBLEMS T0 BE SOLVED REQUIRED ReD
DRACS1 o HEAT REMOVAL CAPABILITY = FLOW DIODE
= HOT SODIUM ENTRANCE °

THERMAL HYDRAULIC BEHAVIOR
INTO VESSEL IKLET IN HOT PCOL :

e FLOY DISTRIBUTION BETWEER
IH-VESSEL AND PRIMARY SYSTEM
OR CHECK VALVE WITH POWER

DRACS2 = HOT SODIUM ENTRARCE »  FLOW DISTRIBUTION BETWEEN
INTO VESSEL INLET IN-VESSEL AND PRIMARY SYSTEM
« CORE BYPASS FLOW = FLOW DIODE/CHECK VALVE
DRACS3 o CORE BYPASS FLOW o FLOW DIODE/CHECK VALVE
e FEASIBILITY OF EMP « EMP [N SODIUM
IN SODILM
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DRACSY

ReD COMMON

RELIABILITY o

T0 ALL TYPES OF DRACS

MIXING CAPABILETY

1) FLOW DISTRIBUTTON BETWEEN IN-VESSEL AND PRIMARY SYSTEM
2)  NON-SYMMETRICAL NATURAL CIRCULATION CHARACTERISTICS
3) DHX HEAT TRANSFER

REQUIRED ReD FOR POOL

BRACS OPTION

PROBLEMS T0 BE SOLVED

REAUTRED R&D

IRACS o LOW SODIUM LEVEL AT = CONTROL OF SODIUM LEVEL
VESSEL LEAKAGE BY COVER GAS SYSTEM
PRACS o LOW SODIUM LEVEL o CONTROL OF SODIUM LEVEL
o COMPLICATED IHX DESIGN BY COVER 6AS SYSTEH
DRACS1 o LOW SODIUM LEVEL o THERMAL HYDRAULIC
* HOT SODIUY ENTRANCE BEHAVIOR IN HOT POOL
INTO VESSEL INLET
DRACS2 e HOT SODIUM ENTRANCE o THERMAL HYDRAULEC
INTO VESSEL INLET BEHAVIOUR [N HOT POOL
o CORE BYPASS FLOW o SHUT-OFF YALVE OF IHX WINDOW
o SHUT-OFF VALVE CF THX WINDOW
DRACS3 *  CORE BYPASS FLOW e SHUT-OFF VALVE OF TRACS
o FEASIBILITY OF EMP o EMP IN SODIUM
T SOBIUM

ReD COMMON 70 ALL TYPES OF DRACS
1) FLOW DISTRIBUTION BETWEEN DHX AND PRIMARY SYSTEM FOR DRACS
2} HON-SYMMETRICAL NATURAL CIRCULATION CHARACTERISTICS
3} DHX KEAT TRANSFER EXCEPT IRACS

IDENTIFIED RaD [TEMS

R&D LTEMS SYSTER Loop POOL
o NON-SYWMETRICAL NATURAL ALL TYPES o o

CIRCULATION CHARACTERISTICS
o DHX HEAT TRANSFER ALL TYPES o o

EXCEPT IRACS

FLON DISTRIBUTION BETHEEN

DRACS AND PRIMARY SYSTEM DRACS 1 ~-4 ° O
*  FLOW DIOJE DRACS 1,2,3 (LOOP)  © A (FOR PUNP BYPASS)
o CHECK VALVE DRACS 2,3 {LOOP) © %
o ENP 1IN SOD[UM DRACS 3 )
o SHUT-OFF VALVE OF IHX WINDOM DRACS 2 (POOL) 0
o SHUT-OFF VALVE OF IHX WINDOW DRACS 2,3 (POOLY  x o
o THERMAL HYDRAULIC BEHAVIOR o

IN HOT POOL DRACS 1 ©
o CONTROL OF SODIUM LEVEL IRACS, PRACS N o

BY COVER GAS SYSTEM
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SUMMARY

e RED ITEMS COMMON TO ALMOST ALL TYPES OF DRACS

(A} IN-VESSEL NON-SYMMETRECAL KATURAL CIRCULATION
(B} DHX HEAT TRANSFER
(C) FLOW DISTRIBUTION BETWEEN DHX AND PRIMARY SYSTEM

s  APPROACH

(i)} SCALED MODEL EXPERIFENT
¢} IN-VESSEL EXPERIMENT
Gith  COMPUTER CODE

(D) CRITERIA FOR SAFETY, DESIGN
= PLANT SPECIFIC ReD ITEMS

(A) FLOW DIODE / CHECK VALVE

(B} EMP IN SODIUM

(CY SKUT-OFF VALVE OF IHX WINDOW

(D) SHUT-GFF VALVE OF DHX WINDOW

(E) CONTROL OF SODIUM LEVEL BY COVER GAS SYSTEM

SCHEDULE

1984 1988
PHASE 1 = o o

PHASE 2 . -

PHASE 1 R&D FOR DESIGN

PHASE 2 ReD FOR CONSTRUCTION

o BASIC ReD ITEMS ARE
PREFERED FOR PHASE 1

@ PROTOTYPIC RED ITEMS ARE
PREFERED FOR PHASE 2
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VERIFICATION OF DRACS
@ OBJECTIVE
» VEREFICATION OF POSSIBLE DRACS
+ CONFIRMATION OF WATURAL CIRCULATION BASED DESIGH

© POTENTIAL BENEFITS OF COLLABOLATION
*  SAVE REQUIRED R&D COST
+  EXTENSIVE INFORMATION EXCHANGE

@ RESTRICTION AT THIS STAGE

+  PLANT DESIGN CONCEPT IS NOT SPECIFIED

» TIME PERIOD OF PHASE 1 COLLABOLATION IS LIMITED
© REDUCTICN OF COLLABOLATION CONCEPT

1) INFORMATION EXCHANGE ON SAFETY CRITERIA
2) BASIC TEST DATA FOR VERIFICATION

3) [N-VESSEL MNATURAL CIRCULATION VERIFICATION
TEST IN JOYO

4y VALIDATICN OF COMPUTER COLES

DUE TO THE RESTRICTICN,
PROTC TYPIL ReD ITEMS
SHALL NOT BE IDENTIFIED

INFORMATION EXCHANGE ON SAFETY CRITERIA

@ OBJECTIVE .

+ CONSOLIDATION OF CRETERIA FOR SAFETY, LICENSING
AND DESIGN

© APPROACH
*  INFORMATICN EXCHANGE ON THE FOLLOWING TOPICS
* REQUIRED REDUNDANCY AND DIVERSITY
»  GENERAL SAFETY REQUIREMENTS
» DESIGN CRITERIA FOR BOP

© POSSIBLE COLLABORATION
= INFORMATION EXCHANGE MTG. BETWEEN JAPAN AND U, S.

TEST DATA FOR VERIFICATION
@ OBJECTIVE

= OBTAINING THE DATA NECESSARY TO VERIFY VARICUS
TYPES OF DRACS AKD PROVIDING THE DATA TO VALIDATE
COMPUTER CODES

@ APPROACH
+  THO TYPES OF TESTING
+ SWMALL SCALED TESTING USING WATER

FOR POCL TYPE REACTOR
FOR LOOP TYPE REACTOR

*  BASIC HEAT TRANSFER TESTING IN SODIUM
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@ POSSIBLE COLLABORATION

+ JAPAN  +  SMALL SCALED TESTING FOR POOL TYPE REACTOR (FIG., 1)

BASIC HEAT TRANSFER TESTING IN SODIUM
VERTFICATION OF COMPUTER CODES

+ Us, + THE SAME ITEMS (PODL TYPE IS REFLACED BY LOOP TYPE)

> n A
—a—C C—>a—~  PUNP
D Sy i
COOLER S— e
- 3 |
o )
‘ PUMP E:; ' B
i | I —
| O J @ PUMP
PUMP = Tn‘ _ l—i
cooLTiE [f COOLING
© TANK ’ TANK
L 3
&
WATER i 'wATER
Frlr;. 1 SCHEMATIC OF TEST FACILITY FOR DRACS
MNa ET NaK ET
{
O—
HX Na/MaK TEST SECTION O

Z )
o EMF  EMP O
=
=
EMF EMP

- EMP o S |
- . o

Ut t Ar—an

Pl EMP
7 OPI
Na_ DT Nak DY -

FIG. 1B BASIC HEAT TRANSFER TEST
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IN-VESSEL NATURAL CIRCULATION VERIFICATION TEST

@ OBJECTIVE

= VERIFICATION OF IM-VESSEL NATURAL CIRCULATION CAPABILITY
) AND PROVIDING THE DATA NECESSARY TO VALIDATE THE COMPUTER

CODES

© APPROACH

= IN-VESSEL NATURAL CIRCULATION TEST IN JOYO

( Fl6. 2

© POSSIBLE COLLABORATION
+  JAPAN

< U, 8, .

AN

(L N W W W 5?\

CONTAINMENT
YESSEL WALL

Nz GAS
COOLER

N2 GAS Y]
COOLER | ]

T

+  IN-VESSEL NATURAL CIRCULATION TEST

VERIFICATION OF COMPUTER CODE

VERIFICATION OF COMPUTER CODE

B o

=0

CONCRETE SHIELD
N: GAS BLOWER (: | 0

.

PEDESTAL BCOSTER BLOWER

Fies. 2 SCHEMATIC OF IH-VESSEL COOLING SYSTEM QF JOYO
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VALIDATION OF COMPUTER CODES
© (BJECTIVE
*  VALIDATION OF COMPUTER CODES

@ APPROACH
»  DEVELOPMEKT OF ONE DIMENSIONAL FLOW NETWORK MODEL

*  VERIFICATION OF THE MODEL ¢ FIG. 3
«  VERIFICATION OF THREE DIMENSICGNAL CODES
@ POSSIBLE COLLABOLATION

= JAPAN = DEVELOPMENT OF 1-D FLOW NETWORK MODEL
« VERIFICATION OF THE MODEL

= Us *  VERIFICATION OF 3-D CODES
SPECIFIC ITEMS
@ [N - VESSEL AND SYSTEM MATURAL CIRCULATION

@ [NTERACTTON -BETWEEN DHX AMD PRIMARY CIRCUIT
@ HON -~ SYMMETRICAL FEATURE IN VESSEL

FIG, 3 VERIFICATION SCOPE OF THE MODEL
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us

Us

Us

DOE/PNC LARGE PLANT OPTIMIZATION STUDY

STUDY TOPIC  DEFINITION OF STEAM GENERATOR DEVELOPMENT PROGRAM V
WITH INTENT OF ELIMINATING THE INTERMEDIATE SYSTEM

ps [ I. IDENTIFICATION OF STUDY J
« IBENTIFICATION OF STUDY GOALS

» SPECIFICATICN FOR EACH STUDY ITEM
+ ASSIGHHENT OF HORK
* PROCEDURE OF WORK

* HORK SCHEDULE
- T 7
[T1. COMCEPTUAL CONSIDERATION OF IHTS-LESS FBR PLANT Jo

"« {TENTATIVE} SAFETY BESIGH-SPECIFICATION
ON IHYS-LESS FBR PLANT

+ (TENTATIVE} PRINCIPAL SYSTEW SPECIFICATION
ON IHTS-LESS FBR PLANT
« PLANT LAYOUT OF MAJOR COMPONENTS
(HRAHING OF PRELIMINARY PLANT LAYOUT)

* QUTLINE OF HAJOR COMPCHENT
(STRUCTURE / DIFENSION)

0. EVALUATION OF BENEFITS

+ EVALUATION OF MERIT AMD DEMER[T GENERALLY DUE TO
ELIAIHATION OF FHTS

« EMALUATION OF [HTS-LESS FBR PLAKY CAPITAL COST . S S 01 SIFETY A SYSTEN
AND QPERATION COST -+ EXTRACTICH UIREHE! v

SPECIFICATION
"+ ESTABLISHMENT 0F SAFETY SLENARIO

» COMPARISCH OF THTS-LESS FBR PLANT COST TO
F3R PLANT COST WiTH [HTs.

» 1N THE CASE THAT LARGE WATER LEAK
IS EXCLUBED FROM "DBA"™ EVENTS.

+ EXTRACTION OF REQUIREMENTS  ON S5 SYSTEM OF IHTS-LESS ' - N THE CASE THAT LARGE WATER LEAK de
FBR PLANT TN THCLUDED IH "BBA" EVENTS.
« TTEMS + REQUIREHENTS - REQUIREMENTS TO EXCLUDE.
* BACKGROUAD OF REQUIRSHENTS LARGE HATER LEAK FROM “DBA" EVENTS,
IV. STUDY OF MAJOR CONCERNS ON IHTS-LESS FBR PLANT
Y,  DISCUSSION / EVALUATION J.

« CONCEPTUAL DESIGN OF SG » EVALUATION OF IFPACTS OF WATCR/STEAH LINE

BREAK ACCIDENT TO CONYAINMENT VESSEL STRUCTURE
« CCMPARISON OF PRIMARY S6 QUANTITY (OR COST) T0 E )

SECODARY SG GUARTETY (CR COST) . EVALUATICN OF HYDROGEN THANSFER TO/FROM PRINARY
« PROGABILITY OF WATER LEAK TO SODIUR. SYSTER FROW/TO WATER-STEAH SYSTEN.
IHSTE MY GF N RATOR « RE-FVALUATION OF SYSTCH SPECIFICATION WUTIE

REFLECEFON OF THESE STUBIES SUCH AS SAFETY
SCENARIO, ACLIDERT AHALYSIS, ABOVE EVALUATIONS
* EVALUATION OF EMPACTS OF PRESSURE WAVE €,

PROPAGATIOR LUE TO LARGE WATER LEAK TO SODIUA,

« WATER LEAK DETECTION SYSTEM AMD DETECTABILLTY

|
US-I VI. EXTRACTION OF REQUIRED R & D ITEMS | Y-

US. | yii COMPLETION OF REPORT | ¥*
( INCLUDING RE-EVALUATION OF BENENITS OF IHTS-LESS FBR PLANT )
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DOE/PHC LARGE PLANT OPTIMIZATION STUBY

STUDY TOPIC FEASIBELITY EVALUATION

STULY TOPIC

° DEFINITION OF STEAM GENERATOR LEVELOPMENT PROGRAM
WITH INTENT OF ELIMIBATING THE INTERMEDIATE SYSTEHM

SUB-THEMA

o CONCEPTUAL DESIGN STUDY OF IHTS (INTERMEDIATE HEAT
TRANSPORT SYSTEM)-LESS FER PLANT USING HISH RELIABLE
S6 (STEAM GENERATOR)

OBJECTIVES

= STUDY THE FEASIBILITY (ESPECIALY PHILOSOPHICAL CONCEPT
OF SAFETY) OF INTS-LESS FBR PLANT BY ESTABLISHING
WATER LEAK-TIGHT SG CONCEPTS AND PROVIDE. THE
MATERIAL FOR EVALUATION OF PROBABILITY BY ADDPTING
THIS CONCEPT GF PLANY

= EVALUATE THE MERIT AND DEMERIT AND PLANT CAPITAL AND
OPERATING COST REDUCTION BENIFIT BY ELIMINATING IHTS.

* STUDY TWE REQUIREMENT AND DEFINE R & D PROGRAMS FOR
THE ESTABLISHWENT OF HIGH RELEABLE WATER LEAK-TIGHT
SG AND LICENSABLE IHTS-LESS PLANT SYSTEM

BACKGROUND

© HIGH RELIABILITY AND SERYICEABILITY OF SG'S ARE
REQUIRED FOR IMPROVED PLANT AVAILABILITY AND AS A
PREREGUISITE FOR IHTS ELIMINATION

= ELIMINATION OF THE IHTS OFFERS A POTENTIAL FOR HAJOR
PLANT COST REDUCTION, BUT LT SHOULD BE RECOGNIZED
THAT SHCH PLANT IS NOT AVAILABLE TO BE ADOPTED T0
THE NEXT STAGE FBR PLANT EN NEAR FUTURE. FOR THAT
PURPOSE ACCUMULATION OF PLANT EXPERIENCE BASED ON
HATER LEAK-TIGHT SG'S ARE REGUIRED

POTENTIAL BENEFITS

= COMBINE BOTH COUNTRIES EXPERIENCE TO EVALUATE THE
FEASIBILITY OF AN IHTS-LESS FBR PLANT
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MONTH 0 6 12

o UNDERSTAND THE MUTUAL CURRENT STATUS AND FUTURE
PROGRAMS FOR THE DEVELOPMENT OF SG AND ESTABLISH
THE BASIS FOR THE FURTHER COLLABORATIVE ACTIVITIES

SCHEDULE

Y .Y

Y ¥YY' Y

Ny ILENTIFICATION OF STUBY
S&/+ CONCEPTUAL CONSIDERATION
\&/: EVALUATION OF .BENERITS
N/ STUDY OF MAJOR CONCERNS
57: DISCUSSION/EVALUATION
N§/: EXTRACTION REQUIRED R & D
N7/ COMPLETION OF REPORT

I, ITENTIFICATION OF STUDY

+ QBJECTIVE

TO IDENTIFY THE CONTENTS OF STUDY TO BE PERFORMED
IN THE POST TASK-C COLLABORATION.

= WORK SCOPE us, J.

o IDENTIFICATION OF STUDY GOALS
= SPECIFICATION FOR EACH STUDY I1TEM

ASSIGNMENT OF WORK

+ PROCEDURE OF WORK
° WORK SCHEDULE

o SCHEDULE
 PRELIMINARY DISCUSSION, (SEP, 1983)
e MUTUAL ADJUSTMENT & RECOMMENDATION, (BY MAR. 1984)

« ESTABLISHMENT OF WORK PLAN AFTER AUTHORIZATION BY JCC.
AUTUMN 1984, (BY WINTER 1985)

1T, CONCEPTUAL CONSIDERATION OF IHTS-LESS FBR PLANT

= OBJECTIVE

T0 SET-UP THE SPECIFIC IHTS-LESS FBR PLANT AS THE
PRELIMINARY PLANT IMAGE FOR THE FOLLOWING CONSIDERATION.
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= WORK SCOPE » EXTRACTION CF REQUIRENEWTS 0% SAFETY AND SYSTEH
SPECIFICATION J
> (TENTATEVE) SAFETY DESIGN SPECIFICATION J
0N THTS-LESS FBR PLAKT < ESTABLISHYENT OF SAFETY SCENARID

» 1 THE CASE THAT LAREE WATER LEAK
IS EXCLUDED FROM "DBA™ EVENTS.

° [N THE CASE THAT LARGE WATER LEAK

* HEAT TRASPORT SYSTEW IN INCLUDED 1t "DBA" EVENTS.
DECAY HEAT REMDVAL SYSTEM, « REQUIREMENTS T0 EXCLUEE.

* WATER LEAK DETECTION SYSTEM, LARGE WATER LEAK FROM "DBA” EVENTS.
° SDPIUM WATER REACTION RELIEF SYSTEM,
= ACCIDENT ANALYSIS / EVALUATION

o ANALYSIS 0% STRUCTURAL SAFETY BY LARGE SCALE
WATER LEAK EVENT.

= (TENTATIVE) PRINCIPAL SYSTEM SPECIFICATION J
" ON IMTS-LESS FBR PLANT

= PLANT LAYOUT OF MAJOR COMPONENTS J
(DRAWING OF PRELIMINARY PLANT LAYOUT)

 OUTLINE OF MAJOR COMPONENT J
(STRUCTURE / DIMENSIOND '

V. DISCUSSION / EVALUATION

. EVALUATION OF BENEFITS » OBJECTIVE

T0 DISCUSS AND EVALUATE THE CONCERHS AND REQUIREMENTS
o OBJECTIVE EXTRACTED FOR IHTS-LESS FBR PLANT.

T0 CLARIFY THE BENEFITS DUE TO ELIMINATION OF IHTS,
= HORK SCOPE

+ WORK SCOPE « COMCEPTUAL DESIGN OF SG us, J.
- EVALUATION OF MERIT AND DEMERIT GENERALLY DUE TO  US « SELECTION OF SG TYPE AND STRUCTURE TO MEET
ELIMIXATION OF THTS FROM THE VIEW POINT OF: THE REQUIREMENTS.
(1) ECOROMICS > SIZING AND DESIGNING SG STRUCTURE.
- INCLUDING THE EVALUATIOM OF DIFFERENCE OF CONP. CONCEPTUAL DRAHING OF SELECTED SG.
TION.
§ SYSTEN SPECIFICATL « ESTIMATION OF THE QUANTITY ON SG STRUCTURE.
(2) OPERABILITY (HEIGHT ETC.)
(3) SAFETY ' > CONSIDERATICN ON THE FABRICABILITY
(4) LICENSABILITY ENSPECTABILITY, MAINTENABILITY,
(5) RESEARCH & DEVELOPHERT o CONPARISON OF PRIMARY S6 QUANTITY (OR COST) TO
- EVALUATION OF IHTS-LESS FBR PLANT CAPITAL COST SECODARY $6 QUANTITY €OR COSD) Us. J.
MD CPERATION COST : us « FTEHS TO BE CONSIDERED/EVALUATED, Us. J.
FBR PLANT COST WITH THTS. us IN STEAN GENERATOR

» WATER LEAK BETECTION SYSTEM AND DETECTABILITY
» EVALUATION OF IMPACTS OF PRESSURE WAVE

IV, STUDY OF HAJOR CONCERNS ON THTS-LESS FBR PLANT PROPAGATION DUE TO LARGE WATER LEAX TO SODIUM.
+ T0 REACTOR CODLANT BOUKDARY
+ OBJECTIVE ' o TO REACTOR SHUTDOWN FUNCTION
70 CLARIFY THE ITEMS AND REQUIREMENTS TG BE DISCUSSED « TO DECAYHEAT REMOVABLE SYSTEH,

FCR THIS-LESS FER PLANT ° EVALUATION OF IHPACTS OF SODIUN-HATER REACTION

PRODUCTS DUE TO WATER LEAK TO SODIUM.
= TG REACTOR COOLANT BOUNDARY
= TO REACTOR SHUTDOWN FUNCTLON
« TO DECAY HEAT REMOVABLE SYSTEM

+ WORK SCOPE

» EXTRACTION OF REQUIREMENTS ON S6 SYSTEM OF IHTS-LESS
FBR PLANT us

o JTEMS o RERUIREMENTS
= BACKGROUND OF REQUIREMENTS
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« EVALUATION OF IMPACTS OF WATER/STEAN LINE
BREAK ACCIDENT TO CONTAINMENT VESSEL STRUCTURE

o EVALUATION OF HYDROGEN THANSFER TO/FROM PRIMARY
SYSTEN FROM/TO WATER-STEAM SYSTEM.

= IMPACT T0 PURIFYING SYSTEM OF PRIMARY
COOLANT.

= REDIDACTIVITY TRANSFER TO WATER-STEAM
SYSTEM.

= RE-EVALUATEON OF SYSTEM SPECIFICATION WITH
REFLECTION OF THESE STUDIES SUCH AS SAFETY
SCENARIO, ACCIDENT ANALYSIS, ABOVE EVALUATIONS
ETC.

© HEAT TRANSPORT SYSTEM

o DECAY HEAT REMOVABLE SYSTEM

° WATER LEAX DETECTION SYSTEM

o SODIUM WATER REACTION RELIEF SYSTEM

VI. EXTRACTION OF REQUIRED R & D ITEMS

« OBJECTIVE

TO CONSIBER THE REQUIRED R & D AND DEVELOPHMENT
COST FOR THE IHTS-1ESS FBR PLANT

= HORK SCOPE

 EXTRACTION OF REQUIRED R & It Us. J.
° FOR IHTS-LESS FBR PLANT
» FOR STEAM GENERATOR

= CONSIDERATION ON R & D PROGRAM s, J.

JAPANCSE ACTIVITIES ON IHTS-LESS FBR PLANT

« TNFORMATION INVESTIGATION OF HIGH RELIABILITY SG.

= CONCEPTUAL DESIGH STUDY OF HIGH RELIABILITY SG

o INVESTIGATION OF D.W.T. FABLICABILITY

* PRELIMINARY CONCEPTUAL DESIGN STUDY OF IHTS-LESS
FBR PLANT ‘

(D.H.7 : DOUBLE WALL TUBE)
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OUTLINE QF PRELIMINARY DESIGH STUDY PLAN OF [HTS-LESS FBR PLANT

= TERM OF STUDY : SEP, 1983~ JUN. 1984

= OBJECTIVES AND CONTENTS OF STUDY :

(D SUPPLY THE MATERIALS TO SHDW THE POSSIBILITY OF
IHTS-LESS PLANT

(2) SHOW THE POTENTIAL BENIFITS OF THIS PLANT, PARTICULARY
EVALUATE PLANT CAPITAL AND OPERATING COST REDUCTION
BY ADOPTIHG THIS PLANT
(3) EXTRACT THE TOPICAL ITEMS TO BE STUDIED FURTHER
(&) SHOM THE OVERALL IMAGE OF THE PLANT
(® EXTRACT AND EVALUATE THE R & D ITEMS
MAJOR PLANT COMDITIONS FOR THE STUDY .

APPLY CORRESPONDINGLY THE CORDITIONS OF PHC DEMO, FBR
PLANT DESIGN STUBY

3

JAPANESE CURRENT STATUS FOR DOUBLE-WALL-TUBE SG

(1) WE HAVE NO DECISION OR CONCLUSION FOR D.M.T SG,
JUST STARTED INFORMATION INVESTIGATION

(2)  IHTS-LESS PLANT IS THOUGHT TO HAVE A CAPABILITY
FOR PLANT COST REDUCTION, FOR REALIZATION OF THIS
PLANT, HIGH RELIABILITY S& NEED TO BE USED,
$0, IF THERE IS LARGE POSSIBILITY OF IHTS-LESS
PLANT, HIGH RELIABILITY SG DEVELOPMENT SHOULD
BE CONSIDERED,

(3) SOME SPECIAL REASGNS ARE NECESSALY FOR D.W.T. SG
TC BE SELECTED FOR DEMO. PLANT AND START
DEVELGPMENT, SUCH AS RELATIVE LOW COST AND HIGH
RELIABILITY

PHC FACILITY FOR $6 TEST

(1) 1M S6 TF

(2) 50 M/ 86 TF

(3) SWAT-1

(4)  SHAT-2

(5} SWAT-3

(6} SWAT-4

(7} HYDRODYNAMIC T.F
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PNGC PROPOSAL FOR THE DEVELOPMENT OF PIPING
BELLOWS FOR LMFBR APPLICATIONS

1. AREAS TO BE COVERED
1. SYSTEM DESIGN

OBJECTIVE : TO ESTABLISH THE OPTIMAL DESIGN - METHOD
FOR THE LLOOP TYPE FBR PLANT WITH THE INTRODUCTION

OF BELLOWS EXPANSION JOINTS INTO THE MAIN GOOLANT
SYSTEM.

STUDY |ITEMS:

e TO GLARIFY THE PLANT DESIGN TO FIT IN WELL WITH B. E. J.
e TO SELECT THE MOST SUITABLE TYPE OF BELLOWS
o TO ESTABLISH THE DESIGN PHILOSOPHY ON THE LEAK BEFORE

BREAK (LBB) WHICH CAN ACHIEVE THE CONSENSUS OF MUTUAL
OPINION. '

eTO STUDY THE SYSTEM DESIGN FROM THE POINT OF ISI, ISM
OR REPAIR INCLUDING THE RE-INSTALLMENT OF FAILED BELLOWS.

2. FABRICATION

OBJECTIVE : TO STUDY THE STATE OF THE ART AND
IDENTIFY THE AREA FOR IMPROVEMENT ON THE
FABRICATION TECHNOLOGY OF FBR BELLOWS, AND
TC BRING FORTH THE STANDARDIZATION ON
ACCOUNT OF ITS QUALITY CONTROL

STUDY ITEMS : ‘
o TO SURVEY THE CURRENT PRACTICE OF PIPING BELLOWS
FABRICATION IN JAPAN AND IN THE U. S.

2 TO SURVEY THE FACT OF DIMENSIONAL STABILITY AND

TO CLARIFY THE APF’R‘OPRIATENESS OF THE FABRICATION
TOLERANGCE RULED BY ASME C. C. N-290 .

e TO REVIEW CLOSELY THE EXAMINATIOM AND QUALITY

CONTROL IN EACH STEP OF FABRICATION PROCESS WITH
INTENT TO STANDARDIZE IT AS MUCH AS POSSIBLE.

3., DESIGN STANDARD

OBJECTIVE : TO DEVELOP MORE RATIONAL DESIGN STANDARD

BY MAKING REFERENCE TO EXISTING ONES SUCH AS
EJMA AND C. C. N-290

STUDY ITEMS:

2 TO LOOK FOR THE POSSIBLE AREA FOR IMPROVEMENT
IN C.C.N-290 FROM, E.G., THORQUGH SURVEY OF ITS
BACKGROUND DOCUMENTS.

o TO IDENTIFY THE PROBLEMS TO BE SOLVED IN.ORDER

TO REPLACE THE C.C.N-290 REQUIREMENTS OF DESIGN BY
TESTING WITH DESIGN BY ANALYSIS,
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e TO ESTABLISH A RATIONAL EVALUATION METHOD FOR
OREEP-FATIGUE AND BUCKLING WHICH ARE PARTICULARLY
IMPORTANT iN THE DESIGN BY ANALYSIS, BASED ON THE
WELL-DESIGN TEST PROGRAM.

I SCHEDULE

CY 84 85 86

WORK PLANNING o
WORK AUTHORIZATION - |
' 'SYSTEM DESIGN =
FABRICATION | ==
DESIGN STANDARD
REPORT —
SPECIALISTS VISIT *J oU | ' :

APPLICATION OF BELLOWS TO LMFBR

BELLOWS (1)
FLEXIBILITY OF PIPING (HINGE TYPE GIMBAL TYPE)

BELLOWS (2} BELLOWS (3)
(UNIVERSAL TYPE) {AXIAL TYPE}

ABSORBER OF THERMAL EXPANSION
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1. APPLICATION IN MAIN COOLANT SYSTEM
(PRIMARY PIRPING)

SEAL BELLOWS AGAINST
ATMOSPHERE

EXPANSION
HOT LEG

REACTOR
VESSEL

L CROSSOVER LEG
GUARD VESSEL

ARRANGEMENT OF PRIMARY COOI_ANTSYSTEM (A)

CE,

REACTOR
VESSEL

IHX

N

7
ARRANGEMENT OF PRIMARY COOLAN SYSTEM (B)
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PUMP

ARRANGEMENT OF SECONDARY COOLANT SYSTEM

2. DESIGN CONDITION OF PRIMARY COOLANT SYSTEM

A

B.

. DESIGN TARGET

o C/V DIAMETER SMALLER THAN §0 (M)
o SIMPLE LAYOUT OF PIPING SYSTEM
o MAINTENABILITY AND INSPECTABILITY
eG/V FREE FROM SUPPORTS

THE BASIC PHILOSOPHY OF BELLOWS DESIGN

o MITIGATION OF FLOW INDUCED VIBRATION AND THERMAL SHOCK
—EXTERNAL PRESSURE TYPE TO AVOID DIRECT CONTACT OF MAIN FLOW

o PREVENTION OF EXCESSIVE DEFORMATION
—USE OF TIE RODS OR PIN JOINTS

® BACK-UP FOR BOUNDARY BELLOWS FAILURE
—BACK-UP BELLOWS

o LEAK DETECTION

—+ON LINE MONITORING OF GAS IN THE SPACE BETWEEN BOUNDARY BELLOWS
AND BACK-UP BELLOWS '

e REPAIRBILITY
—G/v TO BE FREE FROM BELLOWS

o DRAINABILITY
—EXTERNAL PRESSURE TYPE FOR HORIZONTAL BELLOWS
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C, DESIGN SPECIFICATIONS

HOT LEG CROSS OVER LEG |COLD LEG
GRADE CLASS ] CLASS [ CLASS 1
MATERIALS .
PIPING SUS 304 SUS 304 SUS 304
BELLOWS SUS 304 : SUS 304
TEMPERATURE
DESIGN 550 C 405 l"C 405 °C
SERVICE 530 ‘C 7 385 - 385
PRESSURE -
DESIGN 2.0kg/cni 2.0 kg /el 12.0kg/cn
SERVICE 1.5 _ 1.5 9.5
NOM. PIPING DIA, 42 IN 42 N 38 IN
3. COST EFFECTIVE
W/0 W/ W/
PIPING BELLOWS | BELLOWS (A) | BELLOWS (B)
C/V DIAMETER (m) 64 50 50
PIPING LENGTH (m) 390 160 210
NO. OF ELBOW 60 33 30
NO. OF SUPPORT 170 36 222
NO. OF BELLOWS 0 6 21
TYPE OF BELLOWS AXIAL GIMBAL &
DESIGN BASED ON EJMA S0 N-2%0

TECHNOLOGY STATUS/EXPERIENCE FOR BELLOWS APPLICATIONS

1. SODIUM SERVICE

JOYO IHX JOYO AUX. HX JFffg Jovo (JSJSR)PEMQEY
SR o P [ - S ey v
DIAMETER (mm) 402.5 162.2 159.5 5B1.5 3657 gig2 670 §03
NO. OF CONVOLUTION 4 5 3 2 3 8 3§ 4~5
DESIGN TEMP. () 550 550 550 550 550 450 550 450
DESIGN PRESS. (Atg) 1 1 1 1 1 0.5 1 1
BELLOWS TYPE AXIAL / U-SHAPED
MATERIAL SUS 304
FLUID It | INNER Na Na Nt (Na)
CONTAGT |OUTER [N, 4-(AIR) | NaH{AIR) N+ (AIR)

HNOTE ; M.+ {Na) MEANS NORMALLY N.: Na, ONLY WHEN SODIUM LEAKING
ML+ (AIR) MEANS NORMALLY N AIR, ONLY WHEN MAINTENANCE TAKING PLACE
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TECHNOLOGY STATUS/EXPERIENCE

2. RESEARCH AND DEVELOPMENT PROGRAMS

MONJU_THX
N X o7 [SPTF |LMFBR PIPING BELLOWS
BELLOWS
TYPE A |TYPE B IvesT N 5 c
(W/0 RING) [(W/ RING)
DIAMETER (am) 720 35 | 700 | 100 | 300
NO. OF GONVOLUTION 7 | 5, 5 7
DESIGN TEMP. (1C) 400 500 | 500 550 | 550
DESIGN PRESS. (Atg) 2 10 2 1.5 | 5~9.5
BELLOWS TYPE AXIAL / U-SHARED / 2-PLY v vt B g i
MATERIAL sUS 316
FLUID INNER Na
IN CONTACT | OUTER Ne

3. OTHER THAN LMFBR APPLICATIONS
SCOPE OF RESEARCH FOR BELLOWS APPLICATIONS OTHER THAN LMFBR

. {1) NOMINAL DIAMETERS -GREATER. THAN 300 mm
(2) DESIGN OR MAXIMUM WORKING TEMPERATURE HIGHER THAN 400 C _
{3) ALSO INCLUDED IN THE PRESENT RESEARCH ARE:
e BELLOWS CONTAINING SODIUM
e BELLOWS LOADED HIGH PRESSURE (HIGHER THAN -30 kg/cn)
e BELLOWS EXPOSED TO ‘THE SIGNIFICANTLY CORROSIVE ENVIRONMENT
o EXTERNAL. PRESSURE TYPE BELLOWS

(4) FOUR JAPANESE BELLOWS FABRICATORS WITH 10 TO 15 YEARS
EXPERIENCES ARE SURVEYED.

A, APPLIED TEMPERATURE AND ITS FIELDS

TEMPERATURE T o T 5 T100 [ 200 [ 300 [ 400 [ 425 | 450 [ 500 | 550 | 600 | 650 | 700 [ 750 | 800
el s sty s sy [ s 153 ]%
FIELDS 100 | 200 | 300 | 400 | 424 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 8OO
CHEMICAL PLANT 1 3 3 2 3 2 4 1 6 3 4
STEEL. WORKS 4 1 i 1] 2 E 3

CEMENT, PLANT 1 1

PETROCHEMISTRY vzl lz2lal2]4 s|alz2]|1]3
FGSSIL FOWER ]
STATION : 2

GEQTHERMAL 2
POWER STATION

NICLEAR POWER '
STATION 1

JET ENGINE & 1 1 1
GUS TURBINE

OTHERS 2 1 2 | L 1 1
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D, MAXIMUM WORKING RRESSURE VS WITH/WITHOUT ENFORCEMENT RINGS

TYPE | EXTERNAL PRESSURE TYPE INTERNAL PRESSUR TYPE
PRESSURE—Z|—B[— 50— 5[ —3]—2]—] 0 J ¢ {1 |23 |5 [ O["[2[z]|»]|3s]®
e HEHERNHEEEREE
. _
£ 2
21
i 12 |
|
=
4B
m Ig
u|=Z 2
C1zE 0 il 1 |
2l I
2|
B2 7
2|2
0
zi5 1
73]
n o
=
i 20

NOTE : OBLIQUE LINED PORTION SHOWS SERVICE TEMP.

OVER 425°C [797°F)

B. USED MATERIALS AND APPLIED FIELDS

MATERIALS
FIELDS

5Us
304

Sus

ML {316

3Us

sus
JI6E

.5uUs
321

sUs
310

INCOLOY
400

sSUs

Az 625

INCOLOY

INCONNEL
600

NICKEL | MONEL

8424

B4031B429

CHEMICAL PLANT

4

7

1 1o

F3 2

' 1

STEEL WORKS

4

4

L]

CEMENT PLANT

2

PETRD

CREMSTRY 9 | 3 4 v ] 3 3 ) 1 1
FOSSIL POWER 2 1

STATION

GEOTHERMAL 5

POWER STATION

NUCLEAR POWER ,

STATION

JE| ENONE & . )

0AS TURBINE

OTHERS 2 | 2 4 2

CODES/STANDARDS OF BELLOWS EXPANSION JOINTS

STRENGTH EVALUATION

EJMA (1980)

ASME. C.C.N-290-1

STRESS EQ. ® -
PRIMARY STSESS LIMIT o @
STRAIN LIMIT - N
FATIGUE a O EXp.
CREEP-FATIGUE — O EXP,
BUCKLING O O EXP:
TORSION O -
VIBRATION A —
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1. EVALUATION OF CONVOLUTION DESIGN BY EJMA AND C.C.N-290-1

® SATISFACTORY METHOD
AVAILABLE

O METHOD AVAILABLE

QEXP.

D

EVALUATION. BY

EXPERIMENT

METHOD AVAILABLE BUT
UNSATISFACTORY

— METHOD NOT AVAILABLE
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2. AREAS FOR IMPROVEMENT

» EVALUATION OF LOCAL. BUCKLING (IN-PLANE INSTABILITY) BY EJMA IS -NOT

SATISFACTORY. |P-—_‘—x1 7x95553111|

W2 Gy
o RESONANT FREQUENCY OF LATERAL. VIBRATION EVAILUATED BY EJMA IS

OVER-GONSERVATIVE." [ ¢ _4§xdp /735[

eEJMA’S DESIGN FATIGUE CURVE PREDICTS THE FATIGUE LIFE EXPECTANOY
ON UN-SAFE SIDE.

e WITH DIMENSIONAL TOLERANGES RULED BY ASME C.C.N-290, STRESSES
EVALUATED BY EJMA GIVE SOMETIME SMALLER VALUES THAN THOSE
OBTAINED BY ELASTIC FEM.

o DIMENSIONAL TOLERANCE RULED BY C.C.N-290 IS A LITTLE TOO SEVERE
FROM . CURRENT LEVEL OF FABRICATION TECHNOLOGY.

aIN THE STRAIN LIMIT RULE OF C.C.N-290, THE EVALUATION OF
X-PARAMETER BY CONVENTIONAL O-P METHOD YIELDS OVER-
CONSERVATIVE VALUE DUE TO THE DOUBLE COUNTING OF
STRAIN BY BENDING

olN ORDER TO ESTABLISH “DESIGN BY ANALYSIS” FOR CREEP-
FATIGUE DAMAGE IN C.C.N-290, FOLLOWING ITEMS MUST BE
INCLUDED FOR DISCUSSION

STRAIN CONCENTRATION - FACTOR
ELASTIC FOLLOW-UP FACTOR
INITIAL DEFORMATION FACTOR

CALCULATION OF
STRAIN RANGE

FATIGUE DAMAGE
FATIGUE DAMAGE
CURVE MODIFICATION FACTOR FOR’
THIN MATERIAL
MODIFICATION FACTOR FOR CREEP RUPTURE CURVE

PREPARATION OF STRESS RELAXATION PROCESS
PREPARATION OF SAFETY MARGIN FOR TOTAL DAMAGE

CREEP DAMAGE{

GUIDE LINE FOR THE DEVELOPMENT OF
BELLOWS EXPANSION JOINTS AT PNC

1.R & D FLOW )

SPECIFIC DATA IN NEED

1979~ 1982

ALTERNATIVE
DESIGN

(PHASE [)

{PHASE D)

[T .

|

i

| [SURVEY ON THE STATE R & D PROGRAM PLAN R & D PROGRAM FLAN
| [oF THE ART OF BELLOWS FOR B.E.J (PHASE 1} FOR B.E.J (PHASE I}
| [EXPANSION JOINTS (B.E.J ;

| I | ] 1983 !

| -

I IDENTIFICATION OF L R & D WORK R & D WORK

|

{

l 1984— 1986

}

ICOMPREHENSIVE

ASSESSMENT FCR B.E.J
—~APPLICABILITY TO DFBR

1986
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PNC TN960

R & D WORK (PHASE I)

83-05

2. SCOPE

e PREPARATION OF R & D PROGRAM PLAN (PHASE 1}

STUDY.

e PREPARATION OF DESIGN -CRITERIA (DRAFT)
o PREPARATION OF FABRICATION STANDARD (DRAF)

o ASSESSMENT OF THE STATE OF THE ‘ART OF B.E.J

o DESIGN, FABRICATION -AND INSPECTION PRACTICE WITH B.E.J MODELS
e TRIAL USE OF B.E.J IN SODIUM TEST LOOPS ‘
o STRUCTURAL STRENGTH TESTS ON BELLOWS CONVOLUTIONS

e ASSESSMENT OF B.E.J IN CONNECTION WITH DFBR SYSTEM DESIGN

e COMPREHENSIVE ASSESSMENT ON THE APPLICABILITY OF B.E.J

TO DFBR

o PREPARATION OF R & D PROGRAM PLAN (PHASE 1)

R & WORK (PHASE 1)
@ SPECIFICATIONS FOR DFBR B.E.J

PROPOSED SCOPE_OF THE CURRENT POST-D ACTIVITY

eR & D PROGRAM PLAN FOR B.E.J (PHASE ])
eR & D WORK (PHASE 1)
e COMPREHENSIVE ASSESSMENT FOR B.E.J— APPLICABILITY

TO DFBR
STRUCTURAL STRENGTH TEST PROGRAM AT PNC
DIA. |NO. OF
No| TYPE OF TESTS TEST MoDEL [P [N2.O7 S| TEST cowmpiTions
1| CREEP-FATIGUE CONVOLUTION (1100 20 |IN-AIR : 600°C, 650T
2| cREEP-FATI GUE CONVOLUTION | 500 10 |W-AIR:RT. 600, 650°C
|3 | THERMAL TRANSIENT |BELLOWS EXP. 444, 2 1IN-Na :250m650C
4|RATOHET CONVOLUTION (1100 6 |IN-AIR:RT. 500C,550°C, 600
500 IN-AIR T RT., ~650°C
5| BUCKLING convoLuTion  [5% 1 1 30k / o MAX
6|FLOW VIBRATION GIMBAL 500 1 |[IN-WATER: ~8m/$S
VIBRATION OF
7| BELLOW PIPING GIMBAL 500 P [N-AR
HINGE, GIMBAL 280 :
8 | SHock e e 1.8, 3| WATER HAMMER
Y 1100 15 ]IN-AIR : RT. 4007C,550C
=
&I FATIGUE CONVOLUTION | 700 6§ | IN-AIR:RT. 500C
& 300 27 |IN-AR:RT. 400°C,500°C, 550
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INELASTIC DESIGN METHOD

ANALYSES

MATERIAL
TEST

. . DESIGN PROCEDU-

+|REVIEW F—PL ANNING RE  (GUIDELINE) I~
' STRUGTURAL :

LEMENT TEST]

STRUCTURAL.
COMPONENT TEST]

r
|
!
|
|
1
I
|
|

FLOW OF STUDY

DESIGN BY INELASTIC ANALYSES (PNC PROPOSAL)

[ MATERIAL TEST |

(1) BASIC MATERIAL TEST
(DEFORMATION, STRENGTH)

{2) DEFORMATION TEST UNDER COMPLICATED LOAD HISTORY.

(3) STRENGTH TEST UNDER COMPLICATED LLOAD HISTORY.

(STRUCTURAL ELEMENT TEST ]

SPECIMEN

o BEAMS

e TUBES (WITH AND WITHOUT STRUCTURAL DISCONTINUITIES)
LOAD

o MECHANICAL LOAD

e THERMAL 1LOAD
o COMBINED LOAD

TEST

@ DEFORMATION TEST
@ STRENGTH TEST

TEST RIG

e SODIUM PIPING THERMAL TRANSIENT TEST LOGQP (SPTL)
e SMALL THERMAL SHOCK TEST LOOP (STST)
¢ AIR-COOLED THERMAL TRANSIENT TEST FACIUTY (ATTF})
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Hot Cirecuit Cold Clrouit Purlfication Clreuit
[it]
i
sg __ Test Section __ .
fControl Control | u Plugglng Meter
Flow |Val\}'e Valve | H §,
| neter (| | , < b
Test Cell
- x x | | .
Electric : Load dell Test Bel T
Heater v ‘ Specimen Lopder g a‘:ﬁ;
ﬂ I 'F-XJ.‘ jis] .
-3 Economizer
. % I I
. ¢ 1 |
Electro 3 lj'qu §
Magnetic O J\ =T ] '
Pump ] :[ T T A\ Electro
5 < g Magnetic
K
[3

(
e !
' : %E pume Cold “Trap
= % ><1—L: | |

. /7 =Tlow Meter
-/

| =
{ - Draln Tank '

Schematio of Sodium Piping Thermal Translent Test Loop
for Struclitrad Elpment Test

HOT @?@P ?

% —
AXIAL
AND ) 5
T S : . —[FORCE
,V p—tp
COLD .
SODIUM : 1000

W WELDED JOINT
N : CIRCUMFERENTIAL NOTCH

STRUCTURAL COMPONENT TEST (EXAMPLE 1)
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ATMOSPHERE

&SILENCER )

<LLF
VALVE.c VALVE-D

COMPRESSOR

TEST SECTION

AR TANK

RUPTURE
DISC

-
FLOW METER VALVE-B VALVE-E

COMPRESSOR
FACILITY SPECIFICATIONS

TEST TEMPERATURE - 550C  MAX
TEST PRESSURE 8kg /o MAX
MAIN PIPING SIZE 8 -IN
COMPRESSED AIR SUPPLY  35kg /oG
THERMAL TRANSIENT 550C—150°C
(DOWN RAMP) . IN~ 4 MIN

MECHANICAL LOAD 'To BE CONSIDERED

FIG. AIR-COOLED THERMAL _
TRANSIENT FACILITY (ATTF)

4068 -
’I - Ty 2} Cr —1Mo
E== ¥ ,
< :
% | TUBE HOLES (37)
" T TUBE-SHEET
THERMAL [ “ELEGTRIC HEATER
INSULATOR P*HEAT TRANSF. TUBE
E . [—
_ l ] .
{ \ APPROX. Y5 SCALE-DOWN MODEL

DUcT LOADING FRAME

FIG. EVAPORATOR TUBE-SHEET STRUCTURE
TO BE TESTED AT ATTF
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DESIGN BY INELASTIC ANALYSES (PNG PROPOSAL)

[STRUCTURAL COMPONENT TEST |
SPECIMEN.

o VESSELS WITH STRUCTURAL DISCONTINUITIES
o NOZZLES
o PIPING COMPONENTS

LOAD

o MECHANICAL LOAD
o THERMAL LOAD
o COMBINED LOAD

TEST

o DEFORMATION TEST
e STRENGTH TEST

" TEST RIG.
o THERMAL TRANSIENT TEST RIG FOR STRUCTURES (TTS)

HOT SODIUM . COLD SODIUM
~ UPP(Eer}J)/\NK UPPER TANK. —~

HOT LOOP D ' [] COLD LOOP
HEATER ) ) JHEATER

(880KW)_
_COLD TRAP
GOLD LOOP
_AIR COOLER
i : . ,
HOT LOOP HOT LOOP J COLD LOOP COLD LOOP
PUMP DUMP TANK . DUMP TANK  PUMP
{1.3m?»/min} (14m?) ~ {14m3) {i.3m3*/minj

SODIUM STORAGE TANK
(10Qm?) .

Fig. 1 FLOW DIAGRAM (PLAN) TTS
FOR STRUCTURAL COMPONENT TEST

— 184 —



PNC TN960 83-05

(DTEST MODEL

()HEAD TANK {3d)

() HEAD TANK {5}

(4) DUMP TANK (13a1) |

G DUMP TANK (1301)

STORAGE TANK (toon)
DELEC. HEATER (1180kw)
BIELEC. HEATER (60%w)

(99AIR COOLER {800000kcal/H)

4O ACTUATOR (::20ton,+ 100mm}
JQVACTUATOR (20ton 100mm)

(2 ELEC. MAG. PUMP {1.31 /min}
(BELEC, MAG, PUMP (1,3n /min)
19 FLOW METER {1.5¢ /min)

9 FLOW METER (1.5d /min)

(8) FLOW METER (5.0 /min)

7 FLOW METER (5.0n /min}

B VALVE

{9 BELLOWS

€9 VAPOR ,TRAP

THERMAL. TRANSIENT TVE,'_ST RIG FOR STRUCTURES (TTS)

HOT & COLD SODIUM

§

6B NOZZLE
&
)
- <
- J.
1=
o $500 AF 40
i
B &
it =]
'SCD
=~
B
6 40
NOZZLE ~f—
| S |

VESSEL MODEL TO BE
TESTED AT TTS
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I AXIAL
ﬂ Vot FORCE
[ Y —_
= HOT JL AND COLD_SODIUM IT =

- T 77 7 7 77
(SPAGER) 7\

2 2 i
_— | Foroe

|- I

> HOT AND OOLD SODIUM

STRUCTURAL ELEMENT TEST (EXAMPLE)

THERMAL STRACTIFICATION (PNC PROPOSAL)

STEP I. VALIDATION AND IMPROVEMENT OF HEAT TRANSFER/FLOW
ANALYSIS CODES BY EXPERIMENTAL DATA SUPPLIED BY BOTH PNC/DOE

o EXCHANGE OF EXPERIMENTAL DATA BETWEEN PNC AND DOE

o CODE VALIDATION USING EXCHANGED DATA

o STUDY ON THE ACCURACY AND PROBLEMS OF ANALYTICAL CODES
o PREPARATION OF R & D PROGRAM

o IMPROVEMENT OF ANALYTICAL CODES

STEP TI. BASIC TEST ON “CARRY-OVER" PHENOMENON

e PREPARATION OF TEST PROGRAM AND DESIGN OF
TEST MODEL.

e WATER TEST

e SODIUM TEST

e EVALUATION OF TEST RESULTS

e IMPROVEMENT OF ANALYTICAL CODE

STEP §l. PROCF TEST BY LARGE SGCALE MODEL

o PREPARATION OF TEST PROGRAM AND DESIGN OF TEST MODEL
e SODIUM TEST

LOOP TYPE :IN CONNECTION WITH DRACS
TANK TYPE :IN CONNECTION WITH IHX AND DRACS

e EVALUATION .OF TEST RESULTS
e VALIDATION OF ANALYTICAL CODE

STEP @ WILL BE PROCEEDED AFTER THE PLANT TYPE OF
DFBR. BEING DECIDED
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THERMAL STRATIFICATION

TCPICS NECESSARY DATA |CURRENT STATUS [!DENTIFIED PROBLEMS FUTURE R & D
1) THERMAL @ CONDITIONS FOR GBTAINABLE BY ) CODE VERIFICATICN BY
STRATIFICATION INITIATION ANALYTICAL o IMPROVEMENT ON EXISTING DATA
o (NITIATION e RISING SPEED CODES (E.G. ACCURACY-UNDER- @) IDENTIFIGATICN OF PROBLEM
sFISE OF DENSITY OF INTERFACE SKORT, THAUPR STANDING OF [E.O. *CARRY-QVER"} AND
INTERFACE o TEMP. DISTER. IN NAGARE, COMMIX) “CARRY-QOVER" AND IMPROVEMENT ON ACCURACY
¢ DISSIPATION THE INTERFACE ' ITS CODE SIMULA- @ BASIC TESY
2 DISSIPATION TIME TION @ CORE. IMPROVEMENT
s« DETEAMINATICN OF | & PROCF TEST -
DESIGN LOADING @& APPLICATION OF TEST DATA
FROM TEST DATA TO DESION
2} THERMAL TEMPERATURE DISTRIBUTION
BEHAVIOR GF DISTRIBUTION IN OBTANABLE BY
STRUCTURES STRUCTURES ANALYTICAL GODE
3 LOADING STRESSSTRAN OBTAINABLE BY INELASTIC IMPROVEMENT OF [NELASTIC
CONDITIONS OF DISTRIBUTION IN STAUTURAL SEHAVIOR OF ANALYSIS CODE
STAUCTURES STRUGTURES ANALYSIS CODE STRUCTURES
4) CREEP-FATIQUE MATERIAL LINEAR ACCUMULA- [TOC CONSERVATIVE DEVELOPMENT OF CREEP-FATIGUE
BAMAGE STRENGTH DATA TION DAMAQGE DESIGN MARGIN DAMAGE EVALUATION METHOD
RULE {HTSD RULE) WITH REASONABLE DESIGN
MARGIN

THERMAL STRIPING (PNG PROPOSAL)

(1} BASIC TEST ON TEMPERATURE FLUCTUATION AND DEVELOPMENT
OF ANALYSIS CODE

e PREPARATION OF TEST PROGRAM AND DESIGN OF SIMPLIFIED
BASIC TEST MODEL

e WATER TEST
o SODIUM TEST
e EVALUATION OF TEST RESULTS
e DEVELOPMENT OF ANALYTICAL CODE

(2) ESTABLISHMENT OF EVALUATION METHOD FOR HIGH CYCLE
THERMAL FATIGUE OF FBR MATERIALS

e PREPARATION OF TEST PROGRAM AND DESIGN OF TEST
RIG/MGDEL

eHIGH CYCLE THERMAL FATIGUE TEST IN "SODIUM

e HIGH CYCLE MECHANICAL FATIGUE TEST IN HIGH TEMPERATURE

ENVIRONMENT
o COMPARATIVE EVALUATION OF TEST RESULTS BY THERMAL -
LOADING AND BY MECHANICAL LOADING

e STUDY OF RATIONAL EVALUATION METHOD FOR HIGH CYCLE
THERMAL FATIGUE
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TOPICS

NECESSARY DATA

CURRENT STATUS

IDENTIFIED PROBLEMS

FUTURE R & D

1} TEMPERATURE AMPLITUDE WATER TEST DATA o GEOMETRY DEPENDEN- | BASIC TEST WITH SIMPLIFIED MODEL
FLUCTUATION FREQUENCY BY PLANT SIZE MODEL| OY-+ANALYTIOAL CODE j(¢ CODE DEVELOPMENT '
REPRESENTATIVE WATER/S0DIUM o DETERMINATION OF 3 PROOF TEST
WAVE FATTERN CORRELATION DATA DESIGN LOADING FROM |@ CODE VALIDATION
TEST DATA B APPLICATION OF TEST DATA
TO DESION
2) TRANSIENT TRANSIENT TEST DATA LITTLE DATA AQUISITION OF DATA
HEAT TRANSFER |HEAT TRANSFER AVAILABLE

BETWEEN FLUID/

STRUCTURE
3) THERMAL TRANSIENT OBTAINABLE BY
BEHAVIOR OF TEMPERATURE STRUCTURAL
STRUCTURES DISTRIBUTION ANALYSIS CODE
»
4} LOADING STRESS/STRAN OBTAINABLE BY . INELASTIC BEHAVIOR IMPROVEMENT OF INELASTIC
CONDITIONS OF DISTRIBUTION IN STRUCTURAL OF STRUGTURES ANALYSIS CODE
STRUCTURES STRUCTURES ANALYSIS CODE
8) HI-GYCLE HLCYCLE THERMAL |LINEAR ACCUMU- o RELATION BETWEEN (@ HI-CYCLE THERMAL FATIGUE TEST
THERMAL FATIQUE STRENGTH | LATION DAMAGE HI-GYCLE THERMAL/ @ RELATION BETWEEN FRACTURE
FATIGUE DATA RULE {HTSO RULE) HI.CYCLE FATIGUE CRITERIA/HI-CYCLE FATIGUE

APPLICABLE TO
LOW/MEDIUM CYCLE
FATIGUE REGION

STRENGTH BY MECH.
LOAD NOT KNOWN
o TOO CONSERVATIVE
DESIGN MARGIN

STRENGTH BY MECH. LCAD
(3 DESIGN CURVE FQR HI-CYCLE
THERMAL FATIGUE
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2.1 Hanford Science Center
198349 A 30H 10:30~11:30

REH . b, i, g2m, M, FIE8, N, HE

Hanford Science Center (& Hanford O#fiBROFE A ZRd L LBEREEA DY ¥ T
b, B¥iE DOE D 4 AOEHILE VITH oo AD%EA - I Hanford OEEE OFRNH
BRENT W, ZOPIORIE TSN FRBEOLBOFEIENS - LOBHRNTH -7

BRIECR, Bhtscd@EeneTn, FIAEERMHT 200, KEFHT L 0FLH
D, TOMRZEFHOEANEHE (—RARCERTEIIEEOBRYELILD) 2LETF4%E
FALELOHE »1o X, FFTF OBBESEFEOETRETFTVERRENTV IS,

BT o
-

AUDITORIUM

MANRGER |-
N\
- APPLIED SGIENCE
OFFIGE ana ]
HANFORD ' DOES CONTRACTORS
HISTORY, : '
0L il VARDRBRE
HANFORD SCIENCE CENTER GUIDE
The Hanford Science Center is operated by Rockwell Hanford Operations
for the Department of Energy and its Hanford Contractors.
HOURs The Hanford Sclence Cenler, Faderal Bida.,
ENTRANCE Sunday 12 noen - 6 pm Box 800, Richland, WA 99352 (509) 376-6373
Monday. | re vallants o viasing In the audtioriam.
Salurday am - 5 pm N

DE Rishizng, Wh
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2.2 FFTF
19834 9 H30H 14:00~ 15:30
R o /ME, fRE, f0H, WS, L0, FE

£9° PR €5 T, REOHR 7, BHEARKNSORRERD 1k, HAEEHLE
STHEERINEE Y7 2RE LI, COBMR, FFTF OBR & I OFHERNEL-TEY,
FHRESONMEERVEN L L FAUEET, LrsELEEicREINTVS, RERSD,
BT EON TG - 1203, PHNICH 3 ¥ ADIMELRTRI 52 37T, HROTLTH
BMNIAVE2a— S EDB Va2 I V—Ya VEESRLEDI L THE, LT TE, BCIEERK
- 1BERS, 2 1E, COMRTT X hERTBLERE-TVEEITHE,

WIT, Fa)F4—Fxy/OFART, SIHEERE LI, 8mx8m MOKEETHY,
CLAEDEFLEE-TVE, (RBWB) 75 MWt OEih T, EEEILTHELA T,

o fRREHE

— N//”\ BIER

CERERTEMABNARRE N, BEHEEER TGS, BY - KRS LRy
BVFCNITHWEb00FEE TR, HTREBCE= Y F = v 7 2SR ETTH - 12

MARETTHD 1 RRIBANT, EEREZR¥E L. 1 RER Y 7OEESHENES
HiIcEEbiz- T,

BB ENOEIR T, W I0ABEEDNTH - 7eds, v—F v 7 -7 DIEEETE T3S
LD TH o7 BERRDOBEOMEIRB O, FEKIEDTE - d, RIS v 7FH20T
B, A RBLOARO =271 -5, BREEFOREESSERFE LI RN 20 m2
FORVWEDEFEEARO VR TERRONW IO L, BE4OBH 3 2EH,SBh 2 5HIE
BTV EE, BERBEET L -TIHEbhb0&E 1,

HERLD 2BRETOURAVETHD, BHI% HEIEHO—MERSE LD, BRI LEY
RS, BT REL R -RMRBEZTREOEDEB T, 2IRRT =K b Ty 7RUHE
Y7ueRFELLE, EE7IE YV SEEI 280 °F (~140°C) Th-7

EEMRSEERAUN, P TREL, Bl -4 (VT4 97 e ATV T 4T 0908
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DAH=HVRF 9 = KHRZ bR LBV TO R, ZBIEEY g oh T2 RRERE
Lice MR& o N—DOBEBHEIRICIE, £y MEDF = » 7 ZRT <7 7V ORER~ — 74
BENTHI, '

BAOEIHRIB4E (93T MWt/ &) i1, GL Vv RARENT &0, BEMICEVHER S
7P THBEHBIRODOVIBREN ZFXTH 3,
EJEHBOEBEZBITRT, N1 V—TOAPRELDFHEELE L THREA N -HBOF6NT
W5, THAFRZCO FFTF R EE - T, HEAREZOBRBRGEIF R PBITRbIhILH
WIoH, BEZE DRIICESREENE - THILSICRA B,

(SGRRER =—2R)

No 3

No 2 e

FEBOWMADORII, bad FHEOH, BABRELLDLLTHEERLTH- W, KE
BHROBREIKLEEDEEST, X, TO FFTF OFEBEERT, ABBN RO PITRT S
h, —FEVHES (PWR %&EiT) £ TTb5km DLEHNTEY, TOLHEER~OREREH
i, FFTF BEOLOTRVWI ERBALMER ST,

uo ok
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at Honferd were shur down
between 19465 ond 1971 becouse

N Reocor-Hanford 1
Generating Projea

The N.Reactor. Hanfard's only

rernatning eperating production .

reocror, produces phurdnham fof the
noron’s defense pregrams. The
teocter oo ies waom 10 the
adjocert Hanford Generating
Prafecwhers the Washingron Poblic
Power Supply Sysiern generotes 560
megawotts of elearidy, enough to
ierve a city the se of Seonle. The
rwe lecililes produce approx-
imately 4 billion hilowat hous of
elearary per yeol.

d need for plutonuem. In
fecent yeon extensive work hos
been carrled our ro dismanrie

portiors fom these reoctos duing
the 1980 a3 POIT of © prOQrom o

develop the oopohilfies o
decommiasien ourdated nucleor
focites.

—

PUREX 3

The PUREX (which stands lor
Prutanium Lraniurm Exraction) Plont

I3 whete Henford's produetion

ciher Honford fodiines for Ruther
procesing

Defense Waste 9
Menagemen?

Rodlaociive wosres generared in
production of dafense matenak
of Hanford are stored and
on o plateou neor the
tenter of rhe site. Oider highievel
tiquids stored In tonds ore betng
solidilfied into Q salt fooms improved
ranks are being bullt 10 srave
remaining hends ond rechnology is
balng developed and oplions
evouctad 1oruittnnore disposcd of oll
defense woues o Honford.

DBasalr Waste ) 4 W
Isclation Project

The Department of Energy i
studytng vatous geologic
formattons In the Undted Stotes 1o
fecare suitoble sires for under-
ground repositories for nuclear
wate. One geology being sudieds
e deme Columbia Bain Dasalt
How that underdies the Hanford Site.
A3 part of the Dosgit 'Weste holofion

Projea. o Near Sutoce Test Focliny
{NSTF} hos been mined o of the
fide of o bosalr gurcropplag In
Gaoble Mounicinin the center of the
Honford Sire, Bledric haaters b
been implonred in the basalt 1o
studly the effacts of heat on the 1otk

The nextphase afthis program s the-
contrucrion and operarien of o
4,000 explonorony shoft re fodily.

— !
'JJ_J-'_ R
:—‘rl ‘_"'-1
y
Fay ‘g? L{
N L
canpgl |
? y.,! \
o
|
Jseaain 4 i
_ -t 1

Environmental 6
Resaanch

The 1204quare mile drea of the
Hanford Site locared west of

40 4 a dedicored sre for
the shedy of the ecclogy of the semi-

The entire Honford Ste wos
d o M | Erovi

maental Nesecreh Pari (NERPY In
1977. making It avolloble re
qualified olfsite clennsts tor
controlied emdronmental research,

e,

HANFORD TODAY:
A Malor Depanment of Enengy Fleld lnsrallatien

57Csquore mile site

Multiprogrern muliizontractor operation

$800 mitlion budger

12,000 Federally - funded emplayees

Missions of netlana! signlficance

Fuslon Moteriois
Resaanch

Hem.
rodianion test

reoaos.

The Fusion Moreris irodiarion Tesr
H Faclliry {FMIT) proposed for the

sourheast comer of the Honferd Ste
wilt enable resting and
deveicpment of allays kr potential
vie In advonced fusion reacror
Tha PMIT will be the fist
faetliry In the worltd offering

hose onidpoted in Aslon power

7

dler 1o
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Breeder Recdor 5
Development

Honferd plevs 0 prominent fole in
e development of Liquid Merol
Fawre Jrmeder Reotlors, o new

of rudhect planm. whith
can exiend fwel suppiles ftor
cennsies. The focal paintof i effor
Is the Fast Fiux Tep Faalny (FFTF), rhe.
warld’s largest and most
sophisticoted reacior for testing
oreeder fuels, marerials ond
COMmpanents,

The FFTF 4 locored In the 403 Area

Fuels $iezage Focillry. ond rhe
HMalntencnce and Storage Focdliny.

y )

~
rRemcm:h

and Development 6

Deportmens of Energy conmadtons of
Hanford are In the forelrent of
research and develeprment in
viwally ail tormy af energy.
Reseqrch on fos), soiar, nycleor
fisslen ond fusles energy. |s
undénwiny, Inthe 300 Area
Just narthy of Richland. Exrenshve
environmentel, blomedical and
marerial ressonh s olso underwary,

Werh 8 abo being conduced on
corverting Bquidradiaacive wasres
Inro glam. This moferial sindor o
pyrex. provides onexcellent form for
long-term storoge In an
underground formaiton. Currentty
nearty kolf of the Honford budgern.
gdavoted 0 energy research
developmens






