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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINCTON, D.C. 20566-0001

'.'..

December 1, 1695

APPLICANT: Westinghouse Electric Corporation
PROJECT: AP600

SUBJECT: SUMMARY OF MEETING TO DISCUSS THE USE OF MAAP4 FOR AP600
PROBABILISTIC RISK ASSESSMENT (PRA) SUCCESS CRITERIA ANALYSIS

The subject meeting was held in Westinghouse's Rockville, Maryland office on
October 24 and 25, 1995, between representatives of Westinghouse and the
Nuclear Regulatory Commission (NRC) staff. The purpose of the meeting was to
discuss details and limitations of the use of the MAAP4 code in the analysis
of AP600 Level 1 PRA accident sequence success criteria. An overview of MAAP4
basic modelling, input parameters conservatisms, effect of input parameter
variations, and application guidelines was provided. This meeting was part of
an ongoing effort to resolve T/H uncertainty concerns raised bv the staff in
an August 14, 1995, letter to Westinghouse.

Highlights of the discussion are summarized ! low:

Peak Cladding Temperature Output:

It was noted that the peak cladding temperature (PCT) calculation does not
represent the hot pin PCT. This is because the lTumped radial peaking factors
used in the MAAP4 core noding do not model the hot pin radial peaking factor.
Therefore, the MAAP4 calculated PCT margin to the 2200°F criterion for various
success sequences is not as large as it appears to be.

Accumulator:

The accumulator modelling assumes an isothermal expansion of the gas in the
accumulator to calculate pressure. The staff requested that Westinghouse
examine the impact of an adiabatic expansion of accumulator gases and how
MAAP4 results are affected.

Condensation Effects:

The staff noted that condensation effects, especially in the core downcomer
region, played a significant role in the OSU testing data. Wescinghouse
stated that the maximum condensation efficiency was assumed for ECCS water
(MAAP4 parameter FCDDC) as recommended by EPRI. Westinghouse had not looked
at the sensitivity to condensation effects and was not specifically aware of
its importance in the OSU test results. The staff requested Westinghouse to
assess the importance of this parameter to the AP600 design calculations.
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Benchmarking

MAAP4 uses many simplified models to address thermal-hydraulic phenomena in
the accident sequences. The staff emphasized the importance of careful
benchmarking to determine the adequacy of the MAAP4 application in the
analysis of the success criteria. The staff requested Westinghouse to provide
a written benchmarkicg plan for review before the next meeting.

The staff and Westinghouse agreed that the overall path to resolution on the
use of MAAP4 for selecting the bounding PRA success criteria depends on a
thorough benchmarking plan. The staff reiterated the importance of a well-
formulated benchmarking plan which satisfies the concerns discussed in the
meeting summary issued by the staff on August 14, 1995. A commitment was made
to have the next meeting on T/H uncertainty following completion of a docu-
mented benchmarking plan by Westinghouse. Attachment 1 is the list of meeting
attendees. Attachment 2 contains handouts provided by Westinchouse during the
meeting to supplement the presentation and discussions.
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Benchmarking

MAAP4 uses many simplified models to address thermal-hydraulic phenomena in
the accident sequences. The staff emphasized the importance of careful
benchmarking to determine the adequacy of the MAAP4 application in the
analysis of the success criteria. The staff requested Westinghouse to provide
a written benchmarking plan for review before the next meeting.

The staff and Westinghouse agreed that the overall path to resolution on the
use of MAAP4 for selecting the bounding PRA success criteria depends on a
thorough benchmarking plan. The staff reiterated the importance of a well-
formulated benchmarking plan which satisfies the concerns discussed in the
meeting summary issued by the staff on August 14, 1995. A commitment was made
to have the next meeting on T/H uncertainty following completion of a docu-
mented benchmarking plan by Westinghouse. Attachment 1 is the 1ist of meeting
attendees. Attachment 2 contains handouts pruvided by Westinghouse during the
meeting to supplement the presentation and discussions.

Wi cn >

William C. Huffman, Project Manager
Standardization Project Directorate
Division of Reactor Program Management
Office Of Nuclear Reactor Regulation

Docket No. 52-003
Attachments: As stated

cc w/attachments:
See next page



Westinghouse Electric Corperation

cc:

Mr. Nicholas J. Liparulo, Manager
Nuclear Safety and Regulatory Analysis
Nuclear and Advanced Technology Division
Westinghouse Electric Corporation

P.0. Box 355

Pittsburgh, PA 15230

Mr. B. A. Mcintyre

Advanced Plant Safety & Licensing
Westinghouse Electric Corporation
Energy Systems Business Unit

Box 355

Pittsburgh, PA 15230

Mr. John C. Butler

Advanced Plant Safety & Licensing
Westinghouse Electric Corporation
Energy Systems Business Unit

Box 355
Pittsburgh, PA 15230

Mr. M. D. Beaumont

Nuclear and Advanced Technology Division
Westinghouse Electric Corporation

One Montrose Metro

11921 Rockville Pike

Suite 350
Rockville, MD 20852

Mr. Sterling Franks

U.S. Department of Energy
NE-42

Washington, DC 20585

Mr. S. M. Modro

Nuclear Systems Analysis Technologies
Lockheed Idaho Technologies Comrany
Post Office Box 1625

Idaho Falls, ID 83415

Mr. Charles Thompson, Nuclear Engineer
AP600 Certification

U.S. Department of Energy

NE-45]

Washington, DC 20585

Docket No. 52-003

Mr. Frank A. Ross

U.S. Department of Enargy, NE-42
Office of LWR Safety and Technology
19901 Germantown Road

Germantown, MD 20874

Mr. Ronald Simard, Director
Advanced Reactor Frogram
Nuclear Energy Institute
1776 Eye Street, N.W.

Suite 300

Washington, DC 20006-3706

STS, Inc.

Ms. Lynn Connor
Suite 610

3 Metro Center
Bethesda, MD 20814

Mr. James E. Quinn, Projects Manager
LMR and SBWk Programs

GE Nuclear Energy

175 Curtner Avenue, M/C 165

San Jose, CA 95125

Mr. John E. Leatherman, Manager
SBWR Design Certification

GE Nuclear Energy, M/C 781

San Jose, CA 95125

Barton Z. Cowan, Esq.

Eckert Seamans Cherin & Mellott
600 Grant Street 42nd Floor
Pittsburgh, PA 15219

Mr. Ed Rodwell, Manager

PWR Design Certification

Electric Power Research Institute
3412 Hillview Avenue

Palo Alto, CA 94303




MEETING ON THE
USE OF MAAP4 FOR AP6OC
THERMAL-HYDRAULIC ANALYSIS
OF PRA SUCCESS CRITERIA
OCTOBER 24 AND 25, 1995
MEETING ATTENDEES

NAME

Jim Scobel

Debra Ohkawa

Cindy Haag

Ralph Caruso

Walt Jensen

Giuseppe Marella (part time)
Brad Hardin (part time)
Bi11 Huffman

Tim Collins

Gene Hsii

Tom Kenyon (part time)
Constantine Tzanos

ORGANIZATION

Westinghouse
Westinghouse
Westinghouse
NRC
NRC
NRC
NRC
NRC
NRC
NRC
NRC
ANL
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HANDOUTS PRESENTED

AT THE OCTOBER 24 AND 25, 1995, MEETING

BETWEEN WESTINGHOUSE AND THE NRC ON

THE USE OF MAAP4 FOR AP600 THERMAL-HYDRAULIC ANALYSIS

OF PRA SUCCESS CRITERIA

Attachment 2



OVERVIEW OF MAAP4
AS USED IN
AP600 LEVEL 1 SUCCESS CRITERIA

Debra Ohkawa
Jim Scobel

October 24-25, 1995
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MAAP4 Overview for AP600 Success Criteria Analyses

INTRODUCTION
MAAP4 RESULTS FOR SAMPLE 2.0" BREAK
REACTOR COOLANT SYSTEM

. Noding

. Natural Circulation and VFSEP

. RCS Pressure and Temperature Calculations
. Break Flow

. Effect of Selected Input

. Modelling
. Heat Transfer
. Effect of Selected Input

"GENERIC" MODELS INTERFACING WITH RCS

. Pressurizer
. Accumulator
. Steam Generator

AP600-SPECIFIC MODELS

. CMT
. ADS
. IRWST

. Effect of Selected Input

MAAP4 APPLICATION GUIDELINES



INTRODUCTION

Purpose of Meeting

To provide an introduction to the MAAP4 code and how it was applied for the AP600
level | success criteria analyses

. Discussion of basic models
. Discussion of input
Level of conservatism
Effect on analyses



INTRODUCTION - MIAAP4 Overview

MAAP4 was developed for post-core damage accident analyses
MAAP4 was used for pre-core damage accident analyses because
Upgraded T&H models in MAAP4 (compared to MAAP3B)
Informal comparisons with other codes were good
Easy to model operator actions
IT IS FAST TO RUN
Two official EPRI versions

BWR
PWR. includes er.hancements for AP600

MAAP4 input comes from
Default code values

Parameter file
Input file



EXAMPLE 2.0" BREAK

Accident Assumptions

¥ A o b
. 20" hot leg break -~ O-7* \ / '
. I CMT
- No Accumulators
. No PRHR

. 2 stage 4 ADS lnes
. IRWST gravity injection s o
. (lUl\ L"ner' IS"’(,L(»»« g‘n'_../e/

Sequence of Events

Reactor tnips on low pressurizer pressure
CMT actuation on low pressurizer pressure
VFSEP is reached

CMT transitions from recirculation to injection

CMT low-1 level setpoint is reached

"‘V‘ 1 SCMT low-2 level setpoint is reached

é~e‘

Break uncovers (hot leg empty)

Top of core uncovers

Stage 4 ADS actuates (b/c RCS pressure < 1000 psia)
IRWST injection begins

Minimum core level

Peak core temperature is reached

Top of core recovers

[ime (sec)
62

71
1740
1790
2179
2855
3285
3849
3973
4189
4212
4465
4800

e
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PRELIMINARY

2.0 in NLOCA, 1 CMT, 2 staoage 4 ADS
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PRELIMIN ARY

2.0 in NLOCA, 1 CMT, 2 stage 4 ADS

VFES 0 0 0 RCS Void Fraction
e SESES 0 0 0 VSEP Input
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in NLOCA.

WWEBB

-~ -~ WGBB

1 CMT, 2 stage 4 ADS
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om Breaoak Flow

2.0
’*\120'
w
a2
o100
s
BO -~
m o
i t
A 50—:
= A
© 40+
L. -
n 20+
o L
c -
= 0:
0

<+ Ty 1

Jll}.LL_l_ll

gt ,

-
d- 4 4 4 4. 1 3 O

1000 2000

3000
Time

4000 5000 6000 7000

(s)

(1bm/s)

Mass Flow Rate



2.0 in NLOCA, 1 CMT, 2 staoge 4 ADS

WWMT 1 0 0 CMT Flow to RCS
- = WHCLMT 1 0 0 Bolance Line Water
- === WGPSMT 1 0 0 Bolaoance Line Steam
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PRELIMINARY

stage
0 CMT Maoss

4 ADS
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PRELILGNARY

2.0 tn NLOCA. 1 CMT. stage 4 ADS
IWMT 1 0 0 CMT Level

- === MTHO0O018 1 0 0 Low=1 Level

- - MTHOOO18 1 0 0 Low=2 Level

7 -

- !
5-:‘—_\/\/“.\ - 20
54'-_—'

- - 15
L e
3 4 - 10

E L
24 |

gt Tl e i, i e e e - 9
14: :

0 :J Lad 8 l Ldhcd lLi Ll 1 l Bl 1 - lJ - S S 1 | S . | Lb 0

0 1000 2000 3000 4000 “000 6000 7000

Time (s)



PRELIMINARY

2.0 in NLOCA, 1 CMT, 2 stage 4 ADS

MWPS 0 0 0 RCS Mass
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2.0 in NLOCA., 1 CMT, 2 stage 4 ADS

ZWV 0 0 0 RPV Mixture Level
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PRELIMIWARY

O in NLOCA, 1 CMT., 2 stage 4 ADS
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PRELIMINARY

2.0 in NLOCA., 1 CMT, 2 stage 4 ADS

WWGO 3 0 0 IRWST Injection
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Temperature

PRELIMINARY

2.0 in NLOCA, 1 CMT, 2 stage 4 ADS
TCRHOT 0 0 0 Core Temperature
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PRELIMINARY

2.0 in NLOCA, 1 CMT, 2 stoge 4 ADS

QSGTOT 0 0 0 SG Heat Transfer
-~ =~ = =~ QDECAY 0 0 0 Decay Heat
100
) [
j _—43E+09
80 + [ e
— I L 256409 =
= A - ~—
= i ; =
~ 60 4! - 26409
b4 t (@ -]
- s L 156409
[«B) 40 — :
=z . ! —
) - e @
~ O Wl BT - : 1£+409 >
20 + i ot
- - . SE+08 -
i [
0 - - lTlll i 1,][!11 ., JJ%I_LI l?llil %Jlll i O
0 1000 2000 3000 4000 5000 6000 7000

Time (s)

\



PRELIMINARY

2.0 in NLOCA, 1 CMT, 2 stage 4 ADS

IWBS 0 0 0 SG Waoter Level
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MAAP4 Primary System Modeling

Main Subroutines

- PRISYS RCS Mass, Energy, Water Distribution
- FLOW Gas Flows in RCS

- PSHS RCS Structural Heat Sinks

6 Water Pouis

Core (inc. Hot Legs, Hot Tubes)
Broken Loop Cold Tubes
Broken Intermediate Leg

Downcomer (inc. Lower Head, Cold Legs)

Unbroken Loop Cold Tubes
Unbroken Intermediate Leg

(intermediate pocis model the loop seal in coolant loop, N/A to AP600)

14 Gas Nodes
RPV Core

RV Dome
Loops Broken Hot Leg

Broken Hot Tubes
Broken Cold Tubes
Broken Intermediate Leg
Broken Cold Leg

19 RCS Heat Sinks

RPV Lower Core Barrel (2)
Upper Internals
RV Wall

Loops Hot Leg Pipe (2)

Cold Tubes (2)
Cold Leg Pipe (2)

Global Pressure Assumption

| %

Upper Plenum
Downcomer

Unbroken Hot Leg
Unbroken Hot Tubes
Unbroken Cold Tubes
Unbroken Intermediate Leg
Unbroken Cold Leg

Upper Core Barrel (2)
Dome Plate (2)
Dome Wall

Hot Tubes (2)
Intermediate Pipe (2)



Inputs

MAAP4 Primary System Modeling
(continued)

Geometry of system - volumes, elevations
Masses of structures

Some control system setpoints

RCP coast-down curve

Insulation characteristics



MAAP4 PRISYS

*Unbroken” Loops *‘Broken” Loop

>/

Legend

CR - Core

BY - Broken Loop Steam Generator Tubes
BIL - Broken Loop Intermediate Leg

DC - Downcomer

UIL - Unbroken Loop Intermediate Leg

UT - Unbroken Loop Steam Generator Tubes

BE880006.COA
05-24-94

Figure 3 Primary system water pool nodes.

VOLUME II . DATE: 05/01/94
18- O REVISION: 0.0



I FINNTOA

0’0 ‘NOISIATY
v6/10/80 ‘A1VA

Cold Leg Hot Leg Hot Leg
Steam Generator Steam Generator Tubes

Sheli

Pressurizer—

6 —— Intermediate
Leg A Leg
1 'Broken’ Loop
{Nodalization Same as

Figure 1 PWR primary system nodalization for Westinghouse 4-loop design.
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MAAP4 PRISYS

Dome Gas Node

Dome Wa.l

&y b

18 |J Upper Plenum

/ Gas Node
4 | s
H 7

3

e Upper Plenum

Core Gas Node /

-

Figure 5 Heat sinks and control volumes in reactor vessel.

VOLUME Il DATE: 05/01/94
-17- 9 ) REVISION: 0.0



MAAP4 PRISYS

'\/S/G Gas Node
6(8), 14(V) . zh:'T bes 7(B), 15(U)
Hot Tubes old Tubes 719,
Hot Tubes l@/ Lokd Tubes
Gas Node e~ Gas Node

Cold Leg
Pipe

9(B), 17(U)

Hot Leg Pipe

5(8). 1300 __-/—\ j—\-_ Cold Leg
/——/\ Gas Node

Hot Leg Gas Node

Intermediate Leg Pipe —¥ )
8(B), 16(V)

Intermediate Leg
Gas Node

Figure 6 Heat sinks and control volumes in U-tube steam generator loop.

VOLUME II DATE: 05/01/94
18- 373 REVISION: 0.0



RCS Thermal-Hydraulic Parameters

Parameter values are set to EPRI recommended values for Westinghouse plant.
Recommendations are based on the Thermal-Hydraulic Qualification work.

Parameters related to single and two phase natural circulation modeling

HTSTAG = 850 m* K/W

VFSEP = 0.6

VECIRC = 0.4

SG primary side film resistance when | or 2 phase
natural circulation is occurring in the coolant loops.

Void fraction above which two phase natural circulation
is assumed to stop and phases separate to gas over liquid
configuration

Void fraction bulow which it is assumed the separated
system resumes 2 phase natural circulation

Parameters related to post core uncovery natural circulation of steam and hydrogen

FFRICR = 0.1

FFRICX = 0.25

FAOUT =03

FWHL = 0.115

Friction coefficient for axial gas flow in the upper
plenum natural circulation model

Friction coefficient for gas cross-flow in core for natural
circulation model

Fraction of SG tubes carrying flow “out" (away from the
core) in the stratified single phase gas natural circulation
flow model (not applicable to AP600, since no loop seal
all tube flow is same direction)

Coefficient in hot leg stratified gas natural circulation
model (not applicable to AP600)

Parameters related to void fraction and calculation of the vessel water level

FCHTUR = 153

FVOL = 2.0

FSPAR = 135

Churn-turbulent critical velocity coefficient (drift flux
parameter)

Volumetric steam generation void fraction coefficient
(drift-flux parameter)

Sparged pool void fraction coefficient

34



Parameters related to the calculation of flooding in the pressurizer and core

FCRHY =03

FFLOOD = 3.0

FROUPZ = 04

Core hydrodynamic limit Kutateladze number for
reflooding heat transfer and oxidation calculations

Flooding critical velocity coefficient

Froude number for counter-current draining of pressurizer
through surge line



Void Fraction and Water Level Sensitivity Cases

= =

Minimum Maximum
Vit - Input PCT Input PCT
FCHTUR | Churn-Turbulent 1.53 1.0 1092 5.0 1095
Crincal Velocity
Coefficient
FVOL Volumetnic Steam 2.0 0.0 634 5.0 1172

Generation Void
Fracuon Coefficient

FSPAR Sparged Pool Voud 1.35 0.0 1081 50 946

Fracuion Coefficient

PRELIMINARY

2 KW




PRELIVIKARY

2.0" NLOCA - Effect of Steam Generation Input

ZWV 0 0 0 Base
- - - TWV 0 0 0 FVYOL=5
- - - MTHOO0O001 0 0 0 Top of Core
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2.0" NLOCA - Effect of Steaoam Generation Input
TCRHOT 0 0 0 Bose
- = = = TCRHOT 0 0 0 FVOL=S
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Single and 2-Phase Natural Circulation in RCS

» Calculated in PRISYS

. RCPs pump primary coolant “mixture” until tripped by SI signal or by high void
fraction in the loop. Coast down is modeled with user input flow vs. time table.

. RCS water and steam assumed to be mixed and circulating in the primary loops until
void fraction VFPS exceeds user defined parameter VFSEP

. Phases instantaneously separate into & steam over water configuration



EFFECT OF VFSEP

VFSEP Input

e

Sample of Affected Output 0.4 0.6 08
VFSEP is reached 1135 s 1740 s 2480 s
CMT transitions to injection 1580 s 1790 s 2480 s
Break uncovers 3080 s 3285 s 2480 s
Core uncovers 3641 s 3849 s 4565 s
P_Peak core temperature 1096°F 1081°F 1061°F

PRELY ZiNARY




PRELIMINARY

2.0" NLOCA - Breaoak Flow for VFSEP = 0.4
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PRELiuiARY

2.0" NLOCA - Breok Flow for VFSEP = 0.8
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2.0" NLOCA - RCS Waoter Inventory
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PRELINIIARY

2.0" NLOCA - Mixture Level in Core
e e T WY 0 0 0 VFSEP=0.4
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RCS Pressure and Temperature Calcalation

"Coupled Mode" -  small temperature differences between water pools, pressure calculated
by PTCAL

. Water solid condition
- RCS pressure equal to pressurizer pressure
- If pressurizer is solid also, pressure required to remove “excess volume”
through flowpaths (safety valves, break)

. Water pools mixed with gas phase (VFPS < VFSEP) saturated conditions
determine pressure

"Uncoupled Mode" - large temperature differences between pools or phases separatec
(VFPS > VFSEP)

. Safety injection, heating in the core pool, superheating of gases
. Pool thermodynamics calculated by POOL subroutine

. Gas thermodynamics calculated by PTCAL subroutine for saturated or
superheated conditions



BREAK MODEL

Break model is in subroutine PRISYS. which also calls:

- Subroutine WFLOW to determine mass flow rate

- Subroutine VFBRK to determine void fraction entering break
Input

- Break Area

- Discharge Coefficient (0.7)

- Break Elevation
Break Location (Node)

20
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BREAK FLOWRATE

Break mass flow rate is calculated in subroutine WFLOW.
. Simplified version of Henry-Fauske two-phase critical flow model

- subcooled water
- two-phase mixture

. Choked flow condition applies for majority of break flow discharge
. All water flow is a function of
Break area

- Discharge coefficient
RCS Pressure
Critical pressure ratio
Water specific volume

. Two-phase flow is a function of

Break area
- Discharge coefficient
RCS Pressure
Cntical pressure ratio
Density of two-phase mixture
Void fraction of mixture
Y. Ratio of specific heats of steam



BREAK VOID FRACTION

Break void fraction is calculfated in subroutine VFBRK.
For two-phase flow regime:
. Vertical orientation of break is assumed

. Acceleration of flow to break is accounted for by defining an effective break area
that is four times the break area

96% of the pressure drop from the stagnation region to the break occurs
between that region having four times the break area and the break itself.




I FNNTOA

0'0 *NOISIATY
v6/10/$0 ‘4LVd

Figure 7

Charactenstic dimensions used for break flow calculation.
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2.0" NLOCA - Effect of Break Discharge Coefficient
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2.0" NLOCA - Effect of Breok Discharge Coefficient
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2.0" NLOCA - Effect of Breok Dischaorge Coefficient
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CORE MODEL OVERVIEW

Subroutine HEATUP models the thermal-hydraulic behavior of the reactor core and the
response of core components during all accident phases.

. Core is divided into a maximum of 175 nodes (25 axial rows, 7 radial rings)
AP600 model has 17 axial rows, 5 radial rings
. Inter-node heat transfer

Axial convection and conduction
Radial radiation (uncovered nodes only)

. Lumped mass approach is used for all mass and energy balances
. Quasi-steady state

Exit flows are determined by inlet flows (internal core flow rates due to
pressure changes are neglected)



SUBROUTINES

The subroutines called by HEATUP that are relative to the pre-core damage state
(geometry type 1) are:

. TFUEL

. NFCLAD
. TCLAD

. TCROD
. COVER
. RATESI
. CIRCUP
. ROW

. STRETH
. HTRADI

Temperature and thermodynamic properties of fuel rod

Fraction of components in the U-Zr-O mixture

Temperature and thermodynamic properties of fuel cladding
Temperature and thermodynamic properties of control/water rod
Thermal-hydraulics and H, generation in the covered region
Steaming rate in the core

Core-to-upper plenum natural circulation

Thermal-hydraulics and H, generation in the uncovered region
Fuel cladding ballooning and rupture

Radiation heat transfer into core nodes



Upper Gas Plenum
Upper Core Plate

}

Fuel Region
(15 Axial Nodes)

!

Support Plate
Lower Core Plate
Lowser Gas Plenum

HME5-17

AP600 MAAP4
Axial Core Model

Axial Power

e

Total of 17 Axial Nodes
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AP600 MAAP4
Radial Core Model

Peaking
Factors

Percentage
of
Core
Volume

HME5-15

4%



AP600 MAAP4
Example Core Node

Peak Power Node
¢ 0.8% of core volume
* 1.36% of core power

4 i Fo= .7
I | Nl
I g IR T l ' ‘ .
A e e s S >
* & N '{-' £
D C:QZG....'.'.‘O‘.;.:"I: o : F“.'
RRILR * Clod

* Control/Water Rod

Temperatures

¢ Separate colculation
for each component

* "Core Temperature” Is
average of 3 components,
weighted by the mass

HMES-18
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2.0" NLOCA - Temperature of Core Components
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2.0" NLOCA - Average Core Node Temperatures
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CORE HEAT TRANSFER

Heat transfer for all covered nodes is determined in COVER subroutine.

. Heat transfer from fuel to cladding

thermal conductivity of fuel (3.3 W/m-C)

fuel pellet-to-cladding gap conductance

- contact heat transfer (5000 W/m*-C)
radiation hcat transfer (€ = 0.85)
change in fuel pin diameter is considered

. Heat transfer from cladding to water
convective heat transfer
Dittus-Boelter if pumps are running
film boiling heat transfer if pumps are not running (300 W/m*-C)
radiation heat transfer (€ = (0.90)

. Heat transfer from control rod to water

convective heat transfer (same as above)
radiation heat transfer (¢ = 0.90)

. Radiation heat transfer is also considered for

fuel to water € = (.90)
fuel to control rod (¢ = 0.8S)
cladding to control rod (¢ = 0.85)




CORE HEAT TRANSFER (Cont)

Heat transfer for uncovered nodes is determined in ROW subroutine.
. Heat transfer from fuel to cladding same as COVER subroutine

. Heat transfer from cladding to steam

convective heat transfer is based on Nusselt number (h = NU*k/D)
radiation heat transfer (¢ = 0.€¢)

. Heat transfer from control rod to steam

convective heat transfer is based on Nusselt number
radiation heat transfer (¢ = 0.6)

. Radiation heat transfer is also considered for
fuel to steam (£ = 0.60)
fuel to control rod (¢ = (.85)

cladding to control rod (¢ = 0.85)

. Inter-channel flow rates are calculated in subroutine REMIX
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DECAY HEAT

Decay heat can either be calculated or input as fraction of power vs. time

Decay heat calculation is performed in POWER subroutine, called by PRISYS
subroutine

Decay heat calculation is based on best estimate 1979 ANS standard, with the
following input

Irradiation time 9.5e7 sec = 3 years
Fuel ennchment 0.0247

Exposure at shutdown 31205 MWD/metric ton
Conversion ratio at shutdown 0.6

Ratio of total capture rate to 0.3

total fission rate of all fuel constituents

50



SENSITIVITY TO SELECTED INPUT

. Axial peaking factors
Radial peaking factors

Decay heat

57




4. Reactor
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Typical Caiculated versus Measured Axial Power Distribution

Revision: 3
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4. Reactor
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1.003 | 0957

0.984

0.725

CALCULATED F-DELTA-H = 134

KEY: VALUE REPRESENTS ASSEMBLY
RELATIVE POWER

Figure 4.3.7

Normalized Power Density Distribution
Near Beginning of Life, Unrodded Core,
Hot Full Power, Equilibrium Xenon

Revision: 3
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4. Reactor
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4. Reactor
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! Comparisen of Radial Peaking Factors
| Peaking Factors hased on AP60 SSAR, Chapter 4
Node Area Used in MAAPY BOL MOL EOL
i 4% L1 112 I 0OUR
2 12% 513 1.OX 1.15 103
3 204 1OR 1.08 117 110
4 284 1.00 01 101 14
5 6 H .90 0492 0.83 09 I
Sensitivity Analyses on MAAPS Radial Peaking Factors 1
Rase RADI RAD2 RAD3 I
Area Peaking Area Peaking Area Peaking Area Peaking j
4% 1.1 49 1.1 <1% 04 <1% 1.04
129 113 12% 1.15 6% 1.12 6% 1.12
206 1 OR 209 1.17 115 1.15 1% 115
2R% 1.00 2R% 1.01 7% 1.19 17% 1.27
364 0,90 6% 0.%3 22% 1.07 22% 1.02
I 25% 088 25% 087
7 2 ‘ 19% 0.79 199 0.79
PCT 1081°F 1092°F 1302°F 1349°F
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Pressurizer Modeiing

. Subroutine PZR calculates mass and energy distribution, operation of sprays and
heaters

. Subroutine FLOEXP calculates the pool thermodynamics steaming, flashing and
condensation, surge line and relief flows including water draining, counter-current
draining, and flooding

. Inputs
. Geometry
. Masses

- Spray and heater setpoints and characteristics
. Safety valve and ADS 1-3 characteristics



V. GENERIC MODELS INTERFACING WITH RCS
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Figure 1 Schematic Description of the Pressurizer.
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VOLUME 1l

Figure 2.

Flowchart for Subroutine

PZR in ICALL=3 mode and
Interface with the Subroutine

FLOEXP

Subrouting PZR
ICALL = 3 mode

Restore vanables for
subrounne reproduciblity

“

CALL PHEATR for
PZR heaters

Y

Call HTGPL for mass &
heat transfer between
water and gas

¥

CALL PSEQPT for
pressunzer heat sink

v

CALL SPRAY
for PZR Spray

.

CALL FLOEXP

v

Subroutine FLOEXP

Intiakze Local Vanables

B

CALL RATES 1 for
flashing ana rainout

3

CALL DRAIN for
Counter-current fiow

Y

CALL STMCON for
Condensation and Vapo'
Stpping n Water Pool

v

Calcuiate Surge Line
Flow and Rele! Flows
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Accumulators

. Calculated in Subroutine ACCTM

- number of accumulators

- initial water mass in one accumulator
- volume of one accumulator

- initial pressure and temperature

- L/D of the injection line

. Injects to downcomer node
. Assumes isothermal expansion of the gas in the accumulator to calculate the pressure
V.,
P, = 2P
) 0
Ve,
. Calculates injection flow from Bernoulli equation
2[F -P ] 1

Does not inject nitrogen into RCS




ACCUMULATOR SENSITIVITY CASES

Case
g Current Min Nominal Max
Parameter Accum Flow | Accum Flow | Accum Flow
File
’ =T
Fipe Diameter 0.1731 m 0.1778 m 0.1778 m 0.1778 m
Eq. Pipe Length 157 m 157 m 144 m 128 m
Initial Pressure 715 psia 050 psia 715 psia 783 psia
Water Temp. 322°K 322°K 303°K 283°K
. Sample case for this meeting does not have any accumulators modelled
. Base case for Accumulator Sensitivity:

4.0" hot leg NLOCA

I Accumulator

No CMTs

2 stage 4 ADS (manual - operator action at 30 minutes)

. Sensitivity Results
Peak Core Temperature (°F)
Base (Defined Above) 1314
Minimum Accumulator Flow 1432
Nominal Accumulator Flow 1285
Maximum Accumulator Flow 1165

PRELIANARY



RCS
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SG Model

Subroutines BSTGEN/USTGEN model the thermal-hydraulic behavior in the secondary
side of the steam generators.

. Secondary side of the SG is modeled as one control volume containing steam and
water
. The SG mode! includes equilibrium and non-equilibrium thermodynamics

Subroutine PTCAL determines the pressure and temperatures using the
nonequilibrium model. unless the SG is near-solid.

. Secondary side water is assumed to fill the downcomer and bundie to the same
collapsed level

. SG safety valve flow rate is calculated by subroutine GFLOW

. Collapsed water level is determined from input of volume vs. level table

. High and low SG level setpoints are input as collapsed ievel

. The boiled-up water level is calculated using a drift flux model (function VFVOL)

Average bundle void fraction includes a correction factor, which is based on
input vs. calculated boiled up water level

1%



SG HEAT TRANSFER

Heat transfer from primary side to secondary side water is calcuiated by subroutine
HXFRSG

When the primary side is homogeneous:

RCPs are on, subroutine QSGCV calculates the forced convection heat
transfer coefficient using Dittus-Boelter correlation (function HXDBW)

Natural circulation, the heat transfer coefficient is user-input (HTSTAG)

When the primary side is stratified:
If water is in the SG tubes

Subroutine QSGCF is used; the primary side heat transfer coefficient
is based on conduction from stagnant water in the tubes

if steam and/or hydrogen are in the SG tubes

Reflux cooling, where primary side steam is drawn into the tubes
from the hot leg. and condensate flows back through the hot leg to
the core

Heat transfer from primary side to uncovered tubes on the secondary side is found
by subroutine PSHS and PSEQPT



V1. AP600-SPECIFIC MODELS



Core Makeup Tank Models

. Subroutine CRMKTK

mass and energy balance

- flashing and rainout

heat transfer, condensation/evaporation between gas-water interface
discharge line flow

- balance line flow

. Single node lumped parameter model

. Inputs
- Geometry
- Elevations
- Discharge line area and L/D
- Balance line area and L/D
- Initial mass and temperature of water in CMT

. System actuation
- "User Events” model the signals
- "Action Blocks" mode! the actuation of the system

e
¢ Z1 SIGNALS
e

500 PPZ < 1.28B6E7 PA LOCK // LOW PRZ PRESSURE SETPOINT

NTAINMENT PRESSURE SETPOINT

502 PRE(6) > 1.3583E5 PA LOCK HIGH

“C4 PBE < 4.1237E6 PA LOCK // LOW S5 AND STEAMLINE PRESSURE SETPCINT
505 PUS <« 4.137E6 PA LOCK

506 TWBI < 541 K LOCK /¢ LOW COLD LEG TEMP SETPOINI

$07 EVENT 50C 7R EVENT 502 TRUE

$0& EVENT 50 Ok EVENT 505 TRUE

$09 EVENT 507 TRUE OR EVENT 508 TRUE

512 EVENT 509% TRUE OR EVENT 506 TRUE

¢ OMT ACTUATION LOGIC

531 ZWCPS < Z8CGTS

$33 ZWPZ < 2.6Z2 M LOCK LOW-2 PRZ LEVEL SETPOINT (i0%)
** 8C Level 18 collapsed; corresponding J-phase (evel i 10.63
534 2WBE < 8.3 M LOCK LOW SG LEVEL WR SETPOINT (67%)
535 ZWUE < 8.3 M LOCK

36 EVENT 531 TRUE AND TGBH > 594 K LOCK HIGH HOT LEG TEMP SETPOINT
37 EVENT 531 TRUE AND TGUH » 594 K LOCK

538 EVENT 534 TRUE OR EVENT 535 TRUE

%39 EVENT 536 TRUE OR EVENT 537 TRUE

540 EVENT 538 TRUE AND EVENT 539 TRUE

541 EVENT 533 TRUE OR EVENT 540 TRUE

542 EVENT 541 TRUE OR EVENT 512 TRUE

¢+ ACTION 2 ACTUATES THE '8

o -

542 ACTION 2 or LOW-2 PZR LEV or LOW 56 LEV and HIGH HL TEM:

ACTION 2
EVENT 275#1 OPEN CMT #1 Discharge
e FVENT 277=1 OFEN CMT #Z Discharge

END




CMT Flows

CMT Recirculation

. water solid CMT

- equal volumetric natural circulation in discharge and balance line
sufficient water head in RCS

CMT Injection to Downcomer
- water head in RCS not sufficient to sustain recirculation flow
calculated by Bernoulli flow based on head difference

Balance Line Flow from Cold Leg to CMT, if CMT not solid

- water flow if RCS head > CMT head

- no flow if water covered balance line and RCS head < CMT head
- gas flow if balance line uncovered or if Py > RCS head

B X
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Pps
(Pressure
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1) Water Flow if

Pes +Ppc 9 AZwer > Pewr +Poc @ AZcur.cL

2) No Flow if

Pow < Pps + Poc 9 8ZweL < Pomt +Poc 9 AZoyrcL

3) Gas Flow if

AZyc <0 or Peyr>Ppg +Ppc 0 AZy oL

Figure 3 Calculation of water flow rate in the cold leg balance line.
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CMT SENSITIVITY CASES

Case
g Base Min Nominal Max
CMT Flow | CMT Flow | CMT Flow

'LCold Leg to CMT - - 1
R [ saseam | 24sesm | 248c2m | 248e2m’ |
SRR s N T ws | 295 | 263

CMT to Doewncomer - g
TR B riseam | 248esmt | 24Se2m’ | 248e-2m’ |
BT I s | | 2 | 417 |

DVILD® 281 260 234 208

Initial Water 322.0°K 322.2°K 302.8°K 283.3°K

Temperature
| Peak Core Tcmperature%r 1081°F 1096°F 1106°F 1110°F

=

* DVI L/D is a part of the CMT to Downcomer L/D

PRELIMINARY



t of CMT Flowrate

2.0" NLOCA - Effec
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2.0" NLOCA E ct of CMT Flowrate
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2.0" NLOCA - Effect of CMT Flowrate
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2.0" NLOCA - Effect of CMT Flowrate
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ACCUMULATOR / CMT INTERACTION

Sample case for this meeting does not have any accumulators modelled

If accumulator is creditted

- it does not inject until the ADS lines are opened
it injects after the CMT is already empty

To show interaction of accurulator with CMT, must analyze larger break size

4.0" NLOCA

- When accumulator injection starts, accumulator pressure gradually decreases
with RCS pressure

Small accumulator flow rate
- CMT flow rate is minimally impacted

- When ADS lines are opened

Large accumulator flow rate
CMT flow stops until accumulator empties
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4 .0" NLOCA - Effect of Accumulaotor
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4. 0" NLOCA - Effect of Accumulator
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4.0" NLOCA - Accumulaotor in Addition to CMT
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4.0" NLOCA - Accumulator in Addition to CMT
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Automatic Depressurization System

ADS Stages 1, 2, 3 modeled with the pressurizer PORV model (Subroutine FLOEXP).

Flow is directed to the IRWST node in the containment.
- Inputs

- Discharge coefficient (C,, = 1.0)

- Flow Area

ADS Stage 4 modeled using “generalized opening”, a user defined primary
system/containment interface

- Inputs

- Elevation in RCS model

- Elevation in containment model

- RCS node number

- Containinent node number

- Flow directional flag (set to allow flow in both directions)
Discharge coefficient (C;, = 1.0)

- Fiow area

Minimum equivalent flow areas are used to model the flowpaths (as calculated by
designers). Area adjusted to include losses.
- Discharge coefficient = 1.0

System Actuation
- User events and timers model the system signals
Low CMT level event signals stage 1
Timer signals stages 2 and 3
Low-2 CMT level, timer and RCS pressure signals stage 4

Action blocks model the actuation of the flowpaths

TG



ADS SENSITIVITY CASES

Effective Area (in”
ADS Valves Minimum (Used in Base) Maximum
I
Stage 1 46 7.0
Stage 2 and 3 21 26
Stage 4 38 45
Sensitivities
Peak Core Temperature (°F)
. 2 Stage 4
Minimum ADS Area (Base Case) 1081
Maximum ADS Area 986

e All Stage 2.3

Minimum ADS Area 455
Maximum ADS Area no uncovery

. All Stage 2,3, Cold Leg Break

Minimum ADS Area 1321
Maximum ADS Area Yo i
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2.0" NLOCA - Effect of ADS Flow Path Area
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2.0" NLOCA - Effect of ADS Flow Path Area
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2.0" NLOCA - Effect of ADS Flow Path Arec
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2.0" NLOCA - RCS Pressure for Staoge 2.3 ADS
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2.0" NLOCA - RCS Pressure for Stoge 2.3 ADS
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2.0" NLOCA - Pressurizer Maoss for ADS Stage 2.3
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2.0" NLOCA - Core Mixture Level for ADS Stoge 2.3
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2.0" NLOCA - Core Temperoture for Stoge 2.3 ADS
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IRWST to downcomer DVI injection line modeled with “generalized opening"

. Inputs

IRWST Injection Modeling

Elevation in RCS model

Elevation in containment model

RCS node number

Containment node number

Flow directional flag (set to allow flow into RCS only)
Discharge coefficient

Flow area

Containment mode! tracks IRWST water mass, temperature and elevation

0%



44. MAAP4 Code Description and AP600 Modeling

Containment Nodal Network (11-=Node)

-
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| L | ucu.l/ll
Node | = SG Compt | Node 7 = Upper Compt Outer Volume
Node 2 = SG Compt 2 Node 8 = Upper Compt Dome
Node 3 = Low Compt, CMT, Accum Node ¢ = PCCS Dome
+ Valve Rooms Node 10 = PCCS Annuius
Node 4 = Reactor Cavity Node 1] = Middle Annulus
Node 5 = [IRWST Room Node 12 = Environment
Node 6 = Upper Compt lnner Volume
+ Refueling Canal
Figure 44-]
AP600 MAAP4 Containment Model Nodalization
Revision: 3 m
February 28, 1995 - Westinghouse
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IRWST SENSITIVITY CASES

[T
Case
fnput Base Min Nominal Max
IRWST Flow | IRWST Flow | IRWST Flow
- =
| Area 0.01364 m’ 0.0248 m’ 0.0248 m’ 0.0248 m’
Discharge 0.365 0.2327 (0.2663 0.3205
Coefficient
Area * C, 4 98e-3 §.77e-3 6.66e-3 7.95¢e-3
Initial Water 10.52 m 1021 m 1051 m 1081 m
Height
Initial Water 322.0°K 322.2°K 302.8°K 283.3°K
Temperature
Peak Core 1081°F 1061°F 1016°F 978°F
Temperature
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2.0" NLOCA - Effect of IRWST Flowrate
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