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AGENDA
IRIS Pre-Application Review

Introductions D 0. Szwarc 5 Min.

M. D. Carelli 5 Min.

Discussion of Westinghouse expectations of All 30 Min.
NRC review

Testing Program overview L. Conway 30 Min.
Break : 10 Min.

Discussion of Westinghouse's PIRT and L. Oriani 60 Min.
Scaling submittals ' - , ; M. Dzodzo

Discussion of scope and schedule for next All 15 Min.
meetings

Public comment period . All 10 Min.
Summary and Conclusion NRC/W 15 Min.
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Westinghouse Expectations of NRC Review

* Status of interactions to date
* Discussion of items included in pre-

licensing
- Adequacy of IRIS testing program
- Westinghouse/IRIS support of NRC advanced

plant licensing, focused on reduced emergency
planning

* Interest from US power producers
* Anticipated near term schedule and budget

vo 3
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Status of Interactions to Date

* Submitted documentation:
- Eleven IRIS overview papers
- WCAP-16062-P, "IRIS Plant Description Document"
- WCAP-16103-P, "IRIS Scaling Analysis, Part I"
- WCAP-1 6082-P, "IRIS Preliminary Safety Assessment"
- STD-ES-04-09, Attachment 1, "Preliminary Steam

Generator Tube Rupture Analysis for IRIS"
- WCAP-16318-P, "IRIS Small Break LOCA PIRT" and

Addendum 1 "IRIS SBLOCA Sensitivity Report ..."

* Near Term Submittals (April 2005):
- WCAP-16392-P, "IRIS Test Program"
- WCAP-16103-P, "IRIS Scaling Analysis, Part II"

Vo4
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Status of Interactions to Date

* NRC feedback on the information submitted to date
was provided by an informal meeting in April 2004

* The main conclusions of this meeting were:
- The NRC had no objections or reservations to the

documentation submitted, and -
- Westinghouse appears to have a complete set of Chapter

15 safety analyses and the results appear to be'acceptable

(BBNFL NRC Sungtk - Februam 22- 2005

va
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PROJECTED IRIS SCHEDULE

Pre-application Licensing
- Testing Program: Review and advice
- Review of IRIS PRA guided design approach
- Emergency Planning Requirements:

Approach consensus, methodology review,
plan forward

Submission first draft DCD and request to initiate
Design Certification '

Final design approval -

First deployment

3Q CY05
Mid 2006
End 2006

End 2006

2010

2014

VOG
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WESTINGHOUSE EXPECTATIONS OF NRC REVIEW

1. TESTING REVIEW AND ADVICE
Comments on testing program (some documents
submitted, others will be soon)

Is planned program adequate in terms of:
> Proposed tests
> Items investigated in various tests
> Test scaling approach
> Selected facilities

t BNFL NRC Meeting - February 22, 2000 9WestgUse

WESTINGHOUSE EXPECTATIONS OF NRC REVIEW (Cont'd)

2. EMERGENCY PLANNING REQUIREMENTS
- Background

> In March 14-16 Workshop discussion for longer term
assessment of modifications to EPZ

> IRIS has prepared top level strategy/methodology
> Five IRIS organizations participate to IAEA CRP on this

subject

- Projected effort (later this year, after testing)
> Review of IRIS suggested approach
> Cognizance of IRIS work performed under IAEA CRP
> Suggestionsldiscussion/agreement future effort

d)B1 NRC Meeting - February 22 2005 .Westkgause
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CY 05 SUGGESTED EFFORTISCHEDULE

* IRIS funding for staff review: 6 MM

* This meeting
- Outline from W of SBLOCA PIRT and overall

testing program. No immediate feedback required.
- Outline from W of work performed to date and

future work on scalingi approach. For info only.

* Next submittals from W (April)
- IRIS testing program - -;-
- Part 11 scaling approach

voW
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CY 05 SUGGESTED EFFORT/SCHEDULE (Cont'd)

* Next meeting (June-July)
- NRC review feedback on testing program

* Submittals from W (July-August)
- Revisions to testing program, addressing NRC review

feedback
- First set of info on emergency planning

* Next meeting (October)
- Documented consensus on testing program
- Kick off emergency planning effort

va *0
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CY06 EFFORT

* Estimated effort - I - 1.5 MY

* Review of IRIS PRA guided design approach
and its implications

* Consensus on emergency planning scope
and methodology

* Close pre-application licensing

§BNFL NRC MWil.9 - F brwuy 22 22005 9westiouse

IRIS TEST PLAN OVERVIEW
L. E. Conway

Presentation to the U.S. NRC

February 22, 2005
I NRC MWting - Februwrv 22.2005 963BNI
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IRIS TEST PLAN
- Presentation Overview -

New IRIS Design Features/Components
- Integral Reactor Coolant System
- Passive Safety Features
- Reactor Vessel and Containment Interaction

* Features/Components Based on Previous Tests

* Types of Tests Required

* Test Program Overview

VG 13

QBNFL FNR bu- F.i22. 2005 O Westinghouse

'NEW DESIGN FEATURES & COMPONENTS
-Integral Reactor Coolant System-

* Integral RCS
- Entire RCS in a single pressure vessel
- No connecting loop piping, supports

* Integral Reactor Vessel includes:
- Axial-flow, "spool-type," coolant pumps with high-

temperature bearings & high-temperature sealed
rotor and stator windings

- Helical-coil, once-through SGs
- Internal CRDMs (l-CRDMs) designed for in-vessel

environment
- Pressurizer & heaters

QBNFL NRCMM Meena -Fdrnfy 22.2005 GWestnghouse
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INTEGRAL REACTOR COOLANT
SYSTEM

~UPPER HEAD

ENEREATOR PRESSUNUZ

IETNOZZLE 1 3 STEAC
OF 9) _ OUT

HELICAL COIL CONTROL
TUBE BUNDLE RODS DRIVE

GENERATOR
(11 OF 9) s _ E

STEAM iK_ ISER

I NLET NOZZ LE WATER IN

or 8
DOWNCOMER

_-CCOME
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NEW DESIGN FEATURES & COMPONENTS
-Passive Safety Systems-

* EHRS (Emergency Heat Removal System)
- Removes heat directly from RCS using SGs as the heat

transfer surface for all DBEs
- Depressurizes RV thus reducing LOCA break flow rate
- CV pressure reduced (RV/CV interaction)
- 4 EHRS HXs submerged in RWST outside the CV
- EHRS HX connects to SG steam & feed lines

* PSS (Pressure Suppression System)
- Limits CV peak pressure
- Floods RV cavity following CV pressurization

* PCCS (Passive Containment Cooling System)
- PCCS HX provides CV cooling diverse from EHRS HXs

QBN3FL N RC Meeting - February 22, 205 eftsthghouse
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NEW DESIGN FEATURES & COMPONENTS
-Additional Features-

* Fuel Assembly
- 17x17 with increased moderation

* In-vessel, ex-core flux detectors
- Based on established SiC detector development

* SG shroud check valves
- Provide natural circ. cooling path when RCS water

level is reduced
* RV electrical penetrations and connections

- In-vessel component power cables
In-vessel instrumentation signal cables

V0 *,

BNFL - .0WesthlgouseQ BNF _NRC t4 a- F* ry 22, 2005

IRIS DESIGN FEATURES & COMPONENTS
-Previously Tested-

* EBTs (Emergency Boration Tanks)
- Similar to AP600/1000 CMTs but much smaller (450 ft3 vs.

2000 ft3)

* ADS (Automatic Depressurization System)
- Similar to AP6001000 ADSIIRWST but much smaller

(equivalent to the AP Of'fstage)

* Spargers for PSS
- AP600 air clearing loads simulate IRIS CV N2
- AP600 single-phase steam test data applicable

* LGMS (Long-term Gravity Makeup System)
- Similar to AP600/1000 containment sump recirculation

* IVR (In-vessel retention of corium)
- Same as AP600

ZaBNFL -OWesthighouseQBF SR fangh - Fewnr 22.20 NWS
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IRIS TEST PLAN
-Types of Tests to be Performed-

* Engineering Development Tests
- Demonstrate feasibility
- Verify engineering capability before fabricating large scale or

prototype components
- Not scaled and not part of design certification, EMDAP

* Separate Effects Component Tests
- Includes the design, fabrication, operation, and qualification

(accelerated aging, radiation, seismic, etc.) of large scale prototype
components

- Datalperformance Input for and verification of computer models
- Establishes boundary conditions and equipment parameters for

IETs
* Integral Effects Tests

- Scaled simulations of combined systemsifeatures
- Demonstrates Integrated performance
- Shows Interactions between systems (safety & non-safety)
- Thermal-hydraulic performance Input for and verification of analysis

models

va N2Q BNF NRC Meeting - February 22. 2005-9 Westh~inouse

PRELIMINARY IRIS TEST PLAN
-Engineering Development Tests-

TABLE I
P ASIC ENCINEERING DESICN TESTS

Tent Descripton Telt Objectlve(s) Scale Trnsur

RCP Pump Impeller and Perform preliminary design and verify the purnp
Diffres Prciminary Design imioellor and diftl'tee to define the overall purm

Verificatkin Test layout

RCP S nd Rotor W nd Demonstmate the materials and techniques foe
i Te ,ng mstn ai the RCP cne4 high tempenture

Dsisn toter and mrot r indingn
RCP Highb Temnperatue. Water Verify the materials and ianufacturbdity of the

Lubricated Bearing Test high entp "ter lubricated bearit s

-CRDM Ds Tt Dnontrle the miatrtals and trchniqusr for
D ig anutacturing CRDM for in-,,essel eniromment

1-CRDM Rod Poshoa Vtnfy mtateriat and operauon of the I-CRDM in-
lodiatre D"en Test vsel rod posihtn instrumnent

Steam Generator Tube to Tube Verify the matertals. unertion. expansion. railing
Sheet Attachment Tent seal elding electro-eating rcnirrments

Steam Generator Tube aundle Produce. codL an heat teat a prtlotoptc Sc tube.
MSaturfcturabili T<en Confirnm lube burde asmbly techniques

Stea~cnnto Hea~raler Verifyioverall heattntnsfer pertbrotnimeand tidte
Stam GTncane HeatuTrnsfer iotte ritnce size needed to prevent excensire

STability Test p fllel flow path instability in the helical coil
bundle

Steam Generatur Simdate and verify acceptable eicondary aide lvel
intrimaetn Tes meurenn at low possr

Steam GeneratorTube Determine tube ioSteaoa tooling prnarmters and
Cleaning and Inspection Test vnify tht the SC iubes can be elfectively cleaned.
C____________________5 intpecte4 antd maintained

voan

Q BNFL NRC Meeting - February 22. 9westk1Nuse
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PRELIMINARY IRIS TEST'PLAN
-Separate Effects Component Tests-

TABLE 2 (Sert I o 2)
SEPARATE EMCTS COMPONENT TESTS

Component Test Objective Scale Temp.
Description __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ Temp._

EHRS HX Verify beat transtfrcharactntsicsa ofthe EHRS HX and
ixisng ehameteristios bn the RWST

Deronsratne m ufacurability and operation of
prototYpe cnned. high sersemtrwre sttor and winding

Demnsoratn traufacrbility and operation of full size.
prototype high temperature. water lubricated bearing

Reactor Coolant Pump Demoescrate pump performance partmeters and
erabilitr at fall range of fluid temperaturs/prtnsures

Demonstrte pump coast down performance
Demonstrate long-trrmoperabibty and qualitfy pump for

inuclear application
Interal Control Rod Demonstrate manufacturabihtry operability, and qualify
Drive Mechanism nrimcnism and RPI

In-core ianstrumentation Demcisoate ina-vesel instrannaon. egor-cin scutroa
reits deector eperfomnnce and lone-term orosbilim

Demonstrate fiat no abnornal flow diasibution occurs
In the reactor vessel downcomr, and tower plnu

Reactor Vesse flow est Deiotnsntg that to abnoroul flow distribution occuas

hi the . reaearml spper ri er/RCP auction plenum
_Demonstrate boron addriion to downcomer and mixing

Internal Component Demonstrate electrical pesatranon and connecton
electrical connections performance,

Passive C nuin tn Verify beat trasfer chaactesritics of the PCCS HX
Cooling Sy tem HX versus CV pressure wib and without the presence ofCoolingSy ___ nX on-condn le guna__

vost
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PRELIMINARYIRIS TEST PLAN
-Separate Effects Coomponent Tests (Cont'd)-

TABLE 2 (Sheet 2 of2)
IRIS SEPARATE EFFECTS COMIPONENTTESTS

Compoest- Press.re/
Description Tet Objective Scale Temp,

Demonstrate SG beat transfer peformance and SG
operability over entire range of flow. pressure, and '

temperature
Verify tube inlet ornfices prevent parallel channels flow

Steam Generator ltnstability
Verify absence of primary and tecondary side flow

- induced vibration, and acceptable tube suppon
, ~perormance.

Demonstrate abilty to clean, inspet, plug. and re-orifice
' ' tibes via header nozzles

SG Shroud Check Deteamine flow vs. differential pressure for prototypic
Valve SG shsoud cheek valves

Demonstrate acceptable operating characteristics
Pressurizer including annulus venting, fluid mixing, heat losses, and

isurge and outsurge DP
Internal Component Vetify acceptable electrical penetration performance

Determine the etical heat flux correlation for IRIS fuel
assembly DNB analyses including flow conditions

Fuel Assembly ' ' imulating a LOFA
Qualify IRIS fuel assembly (vibratiot mixing. seismic

response. e) -

ID BNFL N'Uaning-Fibsaiay2 2005 WWestighuse
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PRELIMINARY IRIS TEST PLAN
-Integral Effects Tests-

TABLE 3
IRIS INTEGRAL EFFECTS TESTS

Pressure/
Test Description Test Objective Scale Temp.

EHRS and SG Simulate heat transfer operation from the SG to the RWST via
Integrated the EHRS and verify EIIRS operability over the full range of

Peformance Test expected operating conditions.
Provide data to evaluate the integrated operation of the RCS,

IRIS Integral ADS, SG/EIRS/RWST, containment, PSS, and LGMS, with
Systems Test and without active systems operating, to mitigate postulated

events including transients such as a loss of feed water, and
accidents SBLOCA, SLB. SGTR. and station blackout

Long-term Provide data to evaluate the long-term core makeup operation
Cooling Test of the LGMS at low RCS pressures

vo 23
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IRIS TEST PLAN OVERVIEW
-Comments/Conclusions-

* Separate Effects Component Tests will
include qualification of new components for
nuclear application (environmental, aging,
radiation, seismic, etc.)

* Separate & Integral Effects Tests will address
PIRT guidance and will be designed to
support EMDAP
- Component I facility / test conditions will be scaled

for important phenomena
- Test parameters and test matrix selected to

provide data required for V&V of computer models
used for safety analyses

G3BNFL
VO2
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IRIS Small Break LOCA (SBLOCA) Phenomena
Identification and Ranking Table (PIRT)

Dr. Luca Oriani, Westinghouse Electric Co.

Presentation for NRC
February 22nd, 2005

*BNFL NRC MStno - Feb.lary 22.2005 West ho use

IRIS SBLOCA PIRT
- Presentation Overview -

* IRIS SBLOCA PIRT Documentation
* IRIS SBLOCA PIRT Program Overview

- Topical Report Review
- Panel Composition
- PIRT Process
- Key Results

* Westinghouse Interpretation of SBLOCA PIRT
Results

* Westinghouse Expectations of NRC Review

vowe

(DBNFL NRC Meetng- Peay 22.00 @)9Weskithdouse
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IRIS SBLOCA PIRT
- PIRT Documentation -

* Final PIRT Report (WCAP-1 6318-P and WCAP-
16318-NP) Issued to the NRC in September 2004
- Final Report Includes a 200 pages Addendum with SBLOCA Sensitivity Studies

* Key PIRT Results Presented in a ICAPP 2005
paper
- T. K. Larson, F. J. Moody, G. E. Wilson; W. L. Brown, C. Frepoll, J. Hartz, B. G.

Woods; L. Oriani, 'IRIS Small Break LOCA Phenomena Identification and Ranking
Table,' International Congress on Advances in Nuclear Power Plants, ICAPP 2005,
May 15-19 2005, Seoul, Korea

* PIRT Process Overview in a BE2004 Paper
- Brent E. Boyack and Gary E. Wilson, "Lessons Leamed in Obtaining Efficient and

Sufficient Applications of the PIRT Process," Proceedings of BE-2004 Topical Meeting,
ANS Winter Meeting, November 14-18, 2004, Washington, DC.

VO 27

BNFL R9Westhighouse(O NLNRC MWtIng - Fetwuary 2t 2005

IRIS SBLOCA PIRT
- Program Overview, WCAP-1 6318 -

IALIt OFCOMLN.IS
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IRIS SBLOCA PIRT
- Program Overview, PIRT Process -

PIRT Program Follows Approach Outlined in
Boyack and Wilson (2004)

It' BNF M-Y2 205 *estPgtou
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IRIS SBLOCA PIRT
- Program Overview, Step 3 -

* Database:
1. Extensive IRIS Design Information made available to the panel. with full access to IRIS designers

and analysts,
2. Panel Selection to cover all anticipated critical areas and assure complete independence from the

IRIS consortium

PIRT Panel Composition
- Independent Experts: Mr. G. E. Wilson,

Dr. F. J. Moody, Dr. T. K. Larson (INEEL)
- APIOOO/AP600 Experts: Mr. W. L. Brown,

Dr. C. Frepoli, Mr. J. Hartz,
Dr. B. Woods (OSU)

IRIS "Experts" Present at the PIRT meeting to
address key Panelists questions/issues

- IRIS Experts: Mr. L. E. Conway; Dr. M. Dzodzo;
Dr. L. Oriani

VO 31
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IRIS SBLOCA PIRT
- Program Overview, Step 4 -

* Detailed System/Components Description and System
Decomposition

* Scenario Identification:
I

I h-F .,.Glant Anidt ILOCA I orIRS

S511 B-k LOCA.

4' 5mak in the 2' Bremk In the sa[ely V.1b
CVCS DVI S1rtVu
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t Rea C-'r - .. tc4nb* bum.d by . 4
P-P P%- HawCVCs d_ CM~ bag. W A.

B %d -y n P i

A_ A x . By. In IV.cmi- hed- a-kICVC5

sword d- . U. V%1

P_ 1bth.
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IRIS SBLOCA PIRT
- Program Overview, Step 5.

Figure of Merit Rationale

RV coolant inventory Maintain sufficient vessel coolant inventory to remove the inithl stored
energy and subsequent decay heat without significant fuel clad

temperature excursions (Core Cooling)

Containment pressure and Prevent an initial over-pressurization of the containment, followed by
successful heat removal to - containment depressurization.

the environment

* B N FL FiR6 MefiGW -Febmu y 22. 20059 We kgto e

IRIS SBLOCA' PIRT
-Program Overview, In'dependent Panel Members Evaluations -

*Appendix E of WCAP-1 6318-P provides independent comments,
from each of the panel members

*Identifies limitations and m~ajor -successes of the program
* G.E Wilson:

- 'The IRIS design/experimentaLlanahivtcal database provided to the Vanel was
Impressive In Its breadth and contributed largely to the panel obtaining sufficient
knowledge to feel confident In its ioncldsions concerning potential plant behavior'

- 'Although four members of the panel were either Westinghouse employees or an
experimental subcontractor, their complete independence from the IRIS project and
their objectiveness was noticeable. Thus, an original minor concern with a
potential conflict of Interest was quickly alleviated early In the prolect.

- 'As might be expected from a panel of highly informed and knowledgeable
individuals, expert in a broad range of fields, there were occasional strong differences
of opinions. Fortuniately. [J. almost without exception, the panel was able to
resolve these differences to come to an acceptable consensus.'

- 'in summary, execution of this arolect Is considered one of the best of the
several such arolects undertaken, in the context of efficiency, sufficiency, accuracy
and usefulness of the results'

... 14

BNFL *WestiuiftuseNBc U..t ng - Fd"wY 2. 205
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IRIS SBLOCA PIRT
- Program Overview, Step 6-8 -

* Phenomena Identification: Over 50 phenomena identified and discussed
* Importance Ranking: 158 ranking rationales discussed
* Knowledge Level: 85 states of knowledge discussed

* Detailed Documentation of Results in WCAP-1631 8. Final PIRT Panel
Recommendation:

1f..J Experimental data and analytical tool development in the following areas, in
decreasing level of significance, are perceived as important with respect to
satisfying the safety analysis and licensing objectives of the IRIS Program:
1. Steam generator;
2. Pressure Suppression System, Containment Dry Well and their interactions;
3. Emergency Heat Removal System (this item and #2 immediately above are

considered to have the same level of significance);
4. Core, Long Term Gravity Makeup System, Automatic Depressurization

System, and Pressurizer;
5. Direct Vessel Injection System and Reactor Vessel Cavity."

$0 3$

dBNFL C2WesthinhouseJOBNF NRC Meeting - Faary 22, 2005

IRIS SBLOCA PIRT
- Westinghouse Interpretation of IRIS PIRT -
* A PIRT developed for a new plant design has inherent differences from

traditional (i.e. CSAU-like) PIRTs:
- It is understood by Westinghouse that the incomplete level of knowledge existing at

this time requires that the PIRT be considered a living document, that will be used to
guide experimental activities and analytical methods development;

- Rather than being used to justify the capability of a methodology in analyzing a given
scenario on the basis of existing experimental data, the PIRT is used to guide the
testing program. Thus, the PIRT will need to be re-evaluated during the development
of the testing program to evaluate its continued validity;

- Uncertainty breeds conservatism: in the current PIRT it can be expected that several
medium importance phenomena have been ranked high, and several low importance
phenomena had been ranked medium. Analysis of test data will allow a thorough
review of the PIRT and development of a final PIRT.

* This limitations are considered acceptable for the primary objective of this PIRT
which is to provide an effective guidance to the test program.

* Note that several of these issues have been highlighted by the Panel Members
in their individual feedback in Appendix E of WCAP-1 6318

(BNFL NRC Meting - Febmarn 22 2.5 9Weslin
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IRIS SBLOCA PIRT
- Westinghouse Expectations of NRC Review -

Concurrence that this PIRT is appropriate and
sufficiently complete ,for defining and reviewing the
IRIS test plan.

Va 3?
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IRIS Scaling Analysis Program

Dr. Milorad B. Dzodzo

Presentation for NRC
February 22nd, 2005

^BNFL Westighiousep- NRCAM Mtn -Febary22. 205
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IRIS Scaling Analysis

- Outline
- Submitted and Planned Documents
- Applied scaling methodology - Hierarchical, Two-

Tired Scaling Analysis (H2TS)

- Stage I - IRIS System Decomposition

- Stage 2 - IRIS Scale Identification

- Stage 3 - IRIS Top-Down System Scaling Analysis

- Stage 4 - IRIS Bottom-Up Process Scaling Analysis

vow1

(3BNFL NRC Metibng-_ Febn~r 22. GX Wethighouse

IRIS Scaling Analysis - Submitted and Planned Documents

• SUBMITTED
- Document WCAP-16103-P, IRIS Scaling Analysis

Part I, was submitted in April 24, 2003
- IRIS Scaling Analysis Part I covers Stage 1

(System Decomposition) and 2 (Scale
Identification) of the Hierarchical, Two-Tired
Scaling Analysis

* PLANNED
- Stage 3 (Top-Down System Scaling Analysis) and

Stage 4 (Bottom-Up Process Scaling Analysis) will
be submitted as Part II and Part III respectively

QBNFL NRC Meeting - FebruiaY 2 2005e sighouse
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IRIS Scaling Analysis -'Applied Scaling Methodology

ELE.MENT I - ESTABUSII REQUIREMENTS FOR EVALUATION
MODEL CAFABILITY

.* I& # Sr /

EI.EEIEWT 2 - DEVEl.OP ASSESSIENT BASE'

& Pb..Od. 4 .In .. M.17 I

* fl ,j

EM.E.SIENT 3 - DENELOP EVALUATI N MODEL

Ii. r :dn~a..la . -S -

.,:; :'. ., 1 I"

_ _

[LENIENT 4-ASSESS EVALUATiON MODEL. ADEQUACN
eb...&4�... �
I,. - v-I�� --

I.�q.dLVf7.p.4J
St £e��i*� .U.q,.b. ..J .w.W

II P�q.. - - rrwa�.dSrna.
7

... ne..,
It A d.pd..,....d I.. fr4...

Scaling Analysis as a part of
Transient and Accident
Analysis Methods

(According to "Elements of
Evaluation Model
Development and
Assessment Process -
EMDAP")

VO 47
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IRIS Scaling Analysis - Applied Scaling Methodology

* Flow Diagram for Hierarchical, Two-Tired Scaling Analysis
(H2TS)

Stage I Stage 2 StageS 4
SYSTEM SCALE TOP.DOWN/SYSTEM BOTTOM-JUP/PROCESS

DECOMPOSmON IDENTIFICATION SCALING ANALYSIS SCALING ANALYSIS

PROVIDE: PROVIDE HIERARCHY PROVIDE: PERFORM:
System hierarchy FOR: Consevatson equations Detailed scalng anatysis for

Imlportant local processes
IDENTIFY: Vdumerctcctncentation, DERIVE:

Characteristic: Scahtng groups and DERIVE AND VALIDATE:
Concentratons Area concentratons , Charactertstics tine ratios Scaling groups
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IRIS Scaling Analysis- Applied Scaling Methodology

Time ratios represent the total change of a conserved property in the control
volume, during the residence time, caused by the relevant transfer process.

Time ratios will be used to establish a hierarchy and ranking for various
processes to be tested.

If time ratio is small (P<<1) only small quantity of the corresponding property
would be transferred In the limited available time. As a consequence the specific
process would not be important to the overall transient.

If time ratio is large (P>>1) the specific process has a high transfer rate of the
conserved property during the residence time period. The larger the time ratio
the more Important is the transfer process.

The characteristic time ratio must be preserved for the prototype and the model
(Pm=Pp).

The effect of a distortion in the model can be estimated from D = (Pm-Pp)I Pp.
VO 42
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IRIS Scaling Analysis - Applied Scaling Methodology

The H2TS method is used to develop sets of specific and characteristic time
ratios for the transfer processes. The control volume balance equation for
constituent "I Is *-m-

d A[Qiua]-+ j ( jik~jk) + Si
dt k=l

or in dimensionless form

dV1~i' -A,+ [QJV I± M- k: :)r s'
dt [ ] 1 ik ok i

Each specific time ratio is composed of a specific frequency and residence time
constant. \ ~ N

Ji__ iki.0 Aj 0 _ it.o Aik.o VI. 0 S
-i~ = III = ~Oik ri

Qi'OrV i O V1 y',O/ Q1.0
This is done for every component, constituent, phase and geometrical configuration
interaction.
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IRIS Scaling Analysis - Stage I - System Decomposition

- IRIS Plant is decomposed Into Systems (S), Subsystems (SS) and Modules (M)
- Various Materials - Constituents (C) are decomposed Into Phases (P) and

Geometrical Configurations (G)
- Mass, Momentum and Energy fields were considered as well as various Processes
affecting them

An example: SYSTENI(S) |$ b.=.s. mits W--.M ..&C-dFs F

SUBSYSTEM (SS) ISS,-- P..Sn..SSmOS) I TS I

MODULES (M) Km, B I h PM (M-ssyCOO)

CONSTITUENTS C, r.my.
(C)

PHASES (P) l . q,:id *

GEOMETRICAL _ _
CONFIGURATIONS _

FIELDS (F) _ W __

PROCESSES

M._ VO4
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IRIS Scaling Analysis'- Stage 2 - Scale Identification

For example volume and residence time for water as one constituent are

V. =a V.w~
V. he V.."i,r* = *WV = V-T.

ZQ~P Q-..1, + Q .8..
P

Volumes and residence times for various phases (liquid and gas) of water are

V* w I = a*,w,lV.,w

V* wg = a* V*'W19 ,W1g '

-: V V.W

V.WW V
r Q. = *= Q-.J A + +________

Ej Qg,G Q.,wgbulk + Q*.wg,bubble
gG
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IRIS Scaling Analysis - Stage 2 - Scale Identification

Volumes and residence times for various geometrical configurations
(for example bulk liquid water) are

*,Wj,bulk awj,bulkV*, 1  ,lVbulk *vj

Q, w,l ,bulk

Transfer area concentrations for various geometrical configurations (for
example for area between bulk liquid water and bulk steam) are

A(*,lvlbulk),(*,ivg,bulk)

*,w,l,bulk
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IRIS Scaling Analysis - Stage 2 - Scale Identification

Bulk liquid water process times (for example between bulk liquid water and bulk
steam) are

( ib)( bk mass(1.w.I.bulk ).(.,w.g.bulk) A-inwl,bu~k).(**wg~bujk)

,rmass(nw.w.bulk).(*,w,g.bulk) -w- V

P,wl.bulJ;uo+,.Ibulk *.wl.bulk

s __ jenerg (iw,/,bulk),(*.w,g bulk) .*,w,lbulk),( *, wg,bu/k)

evo *
P*,w1,b~kUw,,buk V.wdl~bulk
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IRIS Scaling Analysis - Stage 2- Scale Identification

Bulk liquid water specific time ratios (for example between bulk liquid
water and bulk steam) are

mass(*,w,I,bulk),(*,w,g,bulk) s
nmass(*,wI,bulk),(*,w,g,bulk) *,wI,bulk

j-jmomentum(*,w,l ,bulk),(*, w,g,bulk) S
1w omentum(*,w~lbulk),(I,w,g,bulk) *,w,l,bulk

flenergy(*,w,lbulk),(*,w,g,bulk) s
energy( ,w,l,bulk),(*,w,g,bulk) v,1,bulk

Other bulk liquid water specific time ratios (for example between bulk liquid
water and bubbles) could be calculated by using the same procedure and
subscripts

vo 4B
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IRIS Scaling Analysis - Current Status
Stages 1 and 2- System Decomposition and Scale Identification

* Report WCAP-16103-P,- IRIS Scaling Analysis Part I,
April 24, 2003 was submitted:

- IRIS System Decomposition is performed (Stage 1)
- IRIS Scale Identification Is performed (Stage 2)
- Interactions on all levels are identified (Stage 2)

This was done to present all possible interactions
This part of the report reflects formally Stage 1 - System
Decomposition part

BNFL -- )WestinghouseQINJ NRC MUllr - Fobnrwr 22 2005
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IRIS Scaling Analysis - Current Status
Stage 3 - Top-Down System Scaling Analysis

* Report is in preparation
- Small Break LOCA transients are considered

Includes interactions between Reactor Vessel and
Containment

- Analyses performed are:
o Derivation of governing equations
o Specification of time ratios
o Quantification of some specific time ratios

- Will guide the identification and selection of test facility

)BNFL NRC Meing - Fbruary 22, 05 9 Westhigiouse

IRIS Scaling Analysis - Current Status
Stage 4- Bottom-Up Process Scaling Analysis

* Analysis will be performed following selection of test
facilities.

* It will define:
* Geometrical configuration

- Ratio of volumes
- Ratio of areas

* Power
* Flow Rates
* Operating Pressure and Temperature
* Simulation Fluid

* Key factor in the detailed design of scaled facilities to
properly simulate complex phenomena

va 52
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IRIS Scaling Analysis -Westinghouse Expectations of
NRC Review

Concurrence that the IRIS implementation
of scaling analyses and methodology are
appropriate for selecting and defining
characteristics of test facilities and
adequacy of testing program

VB 53
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