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Benchmarking Process / Status
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Overview of PRA Scenarios
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Focus of MAAP4 Analyses

. MAAP4 cases have been defined to support the PRA event trees
for scenarios that require ADS actuation for successful core cooling

. Event trees are lumped into four groups:

- Loss of heat sink Transients

- Small LOCA (SLOCA) up to 2"
- Intermediate LOCA (NLOCA) up to 6"
- Medium LOCA (MLOCA) up to 9"

. Initial focus was on a clear correlation between equipment assumed
in the event trees and the equipment assumed in the MAAP4
analyses

» The logic on the event trees defines minimum equipment that is
needed, such as:

- At least | CMT

- At least 1 accumulator

E At least 2 stage 4 ADS

- At least 1 DVI line for IRWST injection
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General Analysis (Scenario) Assumptions

. Minimal heat removal by "normal” methods:

No main feedwater, no startup feedwater
No PRHR

. Either one CMT or one accumulator

Functioning CMT allows automatic ADS actuation
E No CMT requires manual ADS actuation

- Minimal number of ADS valves

Typically 2 out of 4 stage 4 ADS for IRWST gravity
injection

Typically 1 stage 2, 3 or 4 ADS for RNS pumped injection
. I DVI line for injection
. Containment Isolation Failure is assumed

. Nominal conditions
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Additional Scope of MAAP4 Analyses

. Break ize and location

. Number of tanks (CMTs and accumulators)
. Number of ADS lines

. Onerator action times

. Effect of containment isolation
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Transients and SLOCAs

. High pressure scenarios that require stage 1, 2, or 3 ADS prior to
stage 4 ADS, due to the RCS pressure interlock (—1000 psia) on
stage 4 ADS

E Loss of heat sink events, up to 2" break, where
SG heat removal plays a role
- Inventory loss through pressurizer safety valve may occur
Duration of event is 2 to 4 hours
. ADS success criterion:
| stage 2 or 3 ADS + 2 stage 4 ADS for IRWST gravity injection
I siage 2 or 3 ADS for RNS injection

. Example 0.5" hot leg break to illustrate plant response
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Transients and SLOCAs (Cont.)

0.5" Hot Leg Break

Sequence of Events Time (sec)
Reactor Trip on Low Pressurizer Level (or low 750
pressurizer pressure)

CMT Actuation 750
Pressurizer Empties 1200
Pressurizer starts to refill 4000
SG empties 9300
Pressurizer SV Setpoint Reached (greater rate of 10,700
RCS inventory loss)

CMT draining begins 11,500
ADS-1 Actuation (Fails - nothing happens) 12,060
ADS-3 Actuation (1 valve opens) 12,300
ADS-4 Actuation (2 valves open) 12,470
Top of core uncovers 12,500
CMT empties 12,750
IRWST begins to inject 12,850
Top of core recovers 13,000
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Intermediate LOCAs

. Defined to be large enough that break will reduce pressure below
ADS stage 4 RCS pressure interlock (~1000 psia)

. 2" to 6" breaks
- SG heat removal plays a small role
- Duration of event is 1 to 2 hours
. ADS success criterion:
2 stage 4 ADS for IRWST gravity injection
| stage 2 or 3 ADS or | stage 4 ADS for RNS injection

. Example 5.0" hot leg break to illustrate plant response
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Intermediate LOCA (Cont.)

5.0" Hot reak

Sequence of Events Time (sec)
Reactor Trip on Low Pressurizer Le\:; 10
CMT Actuation 10
Pressurizer empties 50
CMT draining begins 200
Vessel mixture level below hot legs 210
ADS-1 Actuation (Fails - nothing happens) 624
ADS-4 Actuation (2 valves open) 1170
CMT empties 1550
Vessel mixture level below hot legs 1700
IRWST begins to inject 1725
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Medium LOCAs

. Defined to be large enough that break will reduce pressure below
RNS shutoff head without any ADS

e 6" to 875" breaks
SG heat removal plays no role
Duration of event is less than an hour
. ADS success criterion:
2 stage 4 ADS for IRWST gravity injection
No ADS for RNS injection
. Example 8.75" hot leg break to illustrate plant response

The larger breaks do not need much "help” from the ADS to
depressurize

- Main issue is whether CMT can inject fast enough, in absence
of accumulator
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Medium LOCA (Cont.)

8.75" Hot Leg Break

Sequence of Events Time (sec)
Reactor Trip on Low Pressurizer Level 5
CMT Actuation 5
CMT draining begins <100~
Vessel mixture level below hot legs 120
ADS-1 Actuation (Fails - nothing happens) 480
ADS-4 Actuation (2 valves open) 1030
IRWST begins to inject 1100
CMT empties 1415
*  The time of CMT draining identified above may be sooner
than realisiic. )
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Rote (1bm/s)

Mass Flow
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Minimum Inventory

Inventory Trends for
PRA Scenarios
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Scenarios Without CMTs

(Manual ADS Cases)

. If both CMTs fail, the operator must manually actuate ADS

“ The operator action "clock” is started when the "S" signal fails to
actuate CMTs

. SLOCASs are not challenging due to slow inventory loss, allowing
ample operator action time (30 minutes is credited)

. Other LOCAs have 20 minute operator action time in PRA
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PRA Scenarios Without CMTs
I Accumulator, No ADS
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Manual ADS Cases (Cont)

Time (sec)

Sequence of Events 3 HL 6" HL g 75"
HL

Reactor Trip on Low Pressurizer Level 26 7 -+
Vessel Mixture Level Below Hot Legs 600 170 -
Accumulator injection starts - 200 90
Accumulator empties - 1025 400
Vessel Mixture Level Below Hot Legs - 1150 SO0
Top of core uncovers 790 730
Accumulator injection starts 940 - -
Manual ADS-4 Actuation (2 valves open) 1226 1207 1204
Top of core recovers 1300
Accumulator empties 1425 .
Vessel Mixture Level Below Hot Legs 1700 -
IRWST begins to inject 1900 1400 1205
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Inventory Trends for
PRA Scenarios
Without CMTs
(Manual ADS)
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PRA PIRTSs
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PRA PIRT Process

. A group of experts were assembled who have experience in AP600
systems design, small-break LOCA, PRA, and PIRTs

. The different transients which are used to describe the plant
performance for beyond design basis accidents were reviewed and

contrasted to the AP600 small-break LOCA

Focus was the role of different equipment for preventing and
mitigating core uncovery

- Discussion also focused on how MAAP4 does the calculations
relative to NOTRUMP
e  The small-break LOCA PIRT was the starting point to identify the
high ranked phenomena for the PRA scenarios
e  The PRA scenarios were categorized to develop two PIRTs:

Scenarios with CMTs

- Scenarios without CMTs
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PRA PIRT Process (Cont.)

. The "high" ranked phenomena were also ranked in a relative
fashion

The differentiation between the “really” high ranked
phenomena and the other highly ranked phenomena was the
expected tolerance of the calculation to increased uncertainty
in the lower ranked phenomena

- The lower ranked phenomena (which are still important) are
indicated as an "I"

- The small-break LOCA PIRT was then evaluated in this fashion to
create the PRA PIRT

. The highly ranked phenomena were grouped, where logical, and the
parameters which should be compared when benchmarking MAAP4
to NOTRUMP were identified

e The important PIRT items were cross-checked against the proposed
benchmarking cases to address the highly ranked phenomena

¢ \wp\apbDONOS0 3960 mig
May 2. 1996 Page 39



Nomencliature for PRA PIRTs

H  High Importance:

l High Interest:

- (Dash):

O  Omitted:

Has controlling influence on minimum vessel
inventory; high accuracy needed on
prediction

Phenomenon that is unique to AP600 and/or
PRA scenarios that should be examined, but
moderate aifferences in the predictions are
not expected to have contro’ ‘ng influence on
the minimum vessel inventory.  These
phenomena were identified as high
importance on the Chapter 15 SBLOCA
PIRT.

Neither a high importance nor a high interest
item for benchmarking.

Same as Dash, but it was a high importance
item on the Chapter 15 SBLOCA PIRT.

Bold H or [ indicates that item was not identified as high importance on the Chapter 15

SBLOCA PIRT.
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TABLE 1A
PIRT for PRA Scenanios with CMTs
Component / Phenomena Blow- Nat ADS IRWST Discussion of High Imporance and High faterest hems Beachmarking §ocus
down Curcu- Blow Gravaty
laton down Dran

Break Break Integrated break water

Crtical Flow (in complex H H H Crtical break flow occurs when the break s the mam veat Integrated break vapor

geometries) path from the reactor system. The break flow rate ROS pressure

deternunes the rate of mventory loss, the system
depressunization, aad the tmung of the acadent progression.
For larger trcaks, the predscuion of break flow and
depressunzation 15 most imponaat during the blowdown
phase because it can impact coolant inventory in the core
region. For smaller tecaks. macouracies w break flow
predicions may have a cumulatve effect, impacung the
unung of the acaident progression

T

Subsonic Flow

*

Line Resistance

Discharge Coefficient

CMT Rearculavon
Natural caculation of CMT and
CL. balance leg

CMT Recirculavon

CMT recirculation conssts of cold water bemg ingected w0
the downcomer through the DVI e, and hot water
returmeg o the CMT via the cold keg and balance line.
This results 1 a small aet injection to the RCS. OM;
rearculation ccaurs for a long pentod of tme 1n smaller

condensate, and CMT liquid

Liguid mixieg of CL balance leg,

Thermal mixing and stratfication was observed in
expeniments, but code numencal diffusion s not expected
to have a sigaificant impact on the overall recirculating and
dramng behavior.

CMT water mjpection flow rate
Balance hine water flow rate
CMT water mass mventory

Flashing effects of hot CMT
hiquid layer

(S 5SS e e

CMT wall heat wansfer

clwplap6Oipert.tla
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TABLE 1A

PIRT for PRA Scenanos with CMTs

water surface

important for larger bresks. The overall drasmng rate of the
CMT is important since 1t determunes the ume of ADS
actuation.

Component / Phenomens Blow- Nat. ADS IRWST Discussion of High Imponance and High Interest tems Beachmarkiag Focus
down Cireu Blow Gravity
taton dowa Dran
OUMT Balasce Lines CMT Transwmuon o Draming Ralance line water flow rate
Pressure Prop 1 ! The phenomena in the balance lines and cold legs Balance hac vapor tlow rate
i determune when vapor will enter the balance hine, cading CMT kewet
Flow Composiuon I ! the recurculauon perod of the CMT. Phas separation lime recuculaton eads
mdicates whea the CMT starts o dran.  Drasmog of the
CoMd CMT muates ADS. These phenomena are umgue 1o the
:f»roul " : | APS0O plant, and have been the focus of testing and
. . S analyses. However, differences ia the predicuon of the
Phase S 1 1 raasion from recirculation o dramung do sot have a
controlbag 1eflucace on core cooling.
Hashing
r Siored Energy Release
CMT Draming Effects CMT Draming CMT water inpecuon flow rate
Thermal straufication and muxing 1 i These phenomena are related o the deternunation of the CMT mass mvestory
of warmer condensate with pressure at the top of the CMT, which controls the dramng | CMT level
colder CMT water rate of the CMT. The impact of the mierfacial CMT wemperatwe
condensaton 15 1 reduce the pressure at the top of the Tune drasang starts
Interfacial condensaton on CMT H CMT such that the CMT dramn flow 1 reduced; this s more

Condensation on cold tack steel
surfaces

Transient conducuon i CMT
walls

—*

Dynamuc effects of steam
mjecuon and amuung with CMT
iguid and condensate

O

This 1s only a possible effect for the larger breaks: the
CMT diffusor helps 0 mutigate thas effect.

c\wplap6OO\purt tia
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TABLE 1A

PIRT tor PRA Scenanos wath CMIs

Component / Phepomena Blow- Nat ADS IRWST Discussion of High Importance and High laterest ltems Benchmarkong Foous
down Curcu- Hlow- Gravity
lation down Draun
Upper Head
l Drasmng Fticas
r Upper Head (Cont)
i Hashing
Mixture Level O O O O - | Mixture level m the upper plesum s considered below
nuxture level 1n the upper head 15 not a concern.
Eagamment / De-catramment I
Upper Pleaum
Drasmung Effects
Hashing
Entrammment / De-entramment -
Mixture Level H H H H Core Cooling ROS mass mpventory
These phenomena are ranked hagh since the two-phase dnfi Vessel mass iaventary
flux and muxture level models determune the distnibution of Core muxture level
VessclACore a two-phase muxture, which deternunes if the core would Cowe collapsed level
) become uncovered snd expericnce a clad temperature heat
i i H H H H
Muxtuwre Level / Mass Inventory y i S for PRA on
Decay Hoat H H " H The decay heat 10 be removed 15 a sensiuve bormdary
condition.
Forced Convection -
- ]
Natural Curcalaton Flow and
Heat Transfer
Mass Flow

How Resistance

c\wplap6OO\part tla
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TABLE 1A

PIRT for PRA Scenanos with CMTs

Component / Phesomena Blow Nat. ADS IRWST Ihyscussion of High Importance and High laterest lems Benchmarking Focus
down Ciren- Hiow Giravaty
lation down Dran
VesselAore (Cont ) Downcomer ROS Pressure
‘Wall Stored Faergy H H The stored energy in the vessel wall can impact the Downcomer Mass lnventory
pressure of the RCS duriag the IRWST gravity mjection
. The stored encrgy 15 a potential source of addwonal
Downcomer / Lower Plenum -
S . Rel / Boil H H steam generation, which may provade addstonal challenges
e to RCS venung capacity.
Level H H This 1s haghly ranked since it provides the gravity doving Downcomer Level
head for flow nto the core. It s specilically of greatest
interest dunng the IRWST imjecuon penod.
Hashing
Loop Asymmetry Effects
Hot Legs
Countercurrent Flow
Eotas
Fashing
Horizontal Flud Strauficaton AlSN-4 Integrated ADS 4 water
e ADS-4 s a key componeat for the PRA success entena. lotegrated ADS -4 vapor
Phase Separauon e Tees (Flow H The reduced venung capacity (compared to DBA) 15 the ROS pressure
Region) reasoe for the increased imporance.  The flow regume Hot leg water level
) the hot leg determuznes the muxture that is eotraned mto the
ADS 4 ADS stage 4 hnes. The ADS stage 4 lines are the pimary
Critical Flow H venung path (o reduce system peessure o achieve /
Sub A maintare [RWST gravaty imjection.

cwplapoOO\prttla
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TABLE 1A
PIRT for PRA Sceasnos with CMTs

Beachmarking ;um

Component / Phenomena Blow- Nat. ADS IRWST Discussion of thgh Imporance and High Interest fems
down Cucu- Blow Gravity
latos down Dran
ADS Suages | -3 ADS 1-3 lategrated ADS 13 water
Criucal How O O H in PRA full depressunization scenanos (to IRWST gravuy Integrated ADS 13 vapor
mpecuon), ADS stage 1 1o 3 arc only used 1 hugh pressure ROS pressure
Two-Phase Pressure Drop I scenanios 1 reduce the pressure below the 4th stage
mtertock. ADS 1 - 3 do not have a controlimg ieflucnce
Valve Loss Coefficient 0 on the event Progression.
IRWST IRWST IRWST flow rate
Pool Level H The IRWST ingecuon provades core cooling. The pool IRWST level
2 level 15 a boundary condiion that provides the elevation IRWST temperature
Gravity Dramung head © drive the mveatory injecuon.  Gravity draumng aiso | ROS pressure
depends on the primary system pressure. pressuse drops i
Temperature " the vent paths, and hae resistances e the mpecuon hines.
DV Line Pressure Drop (Flow
Resistance)
Discharge Line Flashing
Flow and Temperature
Diswibuton i PRHR Bundle
Region
Vapor Condensation I
chwplap6O\pen tla Page 45
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TABLE 1A
PIRT for PRA Scenanos with OMTs
Component / Phenomena Blow- Nat. | ADS IRWST Discusston of High Imporance and High Interest lems Beachmarking bocus
down Cucu- Hlow- Gravity
laton down Drain
Pressunizer Surge Line
Pressure Drop
Fooding / CCFL : 1 i - Pressunzer Pressunzer level
The pressunizer of hagh interest because it can impact e Pressunzer mass mvesory
Pressunzer redistribution of mass in the RCS. Once ADS 4 is
Hashang ! : 3 : actuated, the pressunzer drains.
Level (laventory) . 1 i
Level Swell - 1 1
CCFL
Entamment / De-cntrammment
Stored Energy Release
Vapor Space Behavior
Steam Generator Steam Generator SG Mass laventory
2¢ Nauveral Cuculavon i i - - The steam gencrators are the oely source of energy removal | 56 Heat Transter
excepi the CMTs and the break flow. For breaks oo small
Secondary Mass laventory I I - . 1o remove the decay heat. the steam geaerators play a role
w the unusg of the event.
Steam Generator Heat Transfer
Secondary Conditons
U-wbe Condensation
Secondary Pressure
Steam Generator Tube Draimng
clwplapbDOipert tla Page 36
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TABLE 18

PIRT for PRA Scenanos without CMTs

Blow- Nat. ADS IRWST Ihscussion of High Importance and High lnterest leme Beachmarking Foces
down Creu Blow- Gravity
lauon down Draun
Break Break Intcgrated break wates
Critical Flow (10 complex H H H Coucal break flow occurs when the break s the mam vemt Integrated break vapor
geometnes) path from the reactor system. The break flow rate ROS pressure
deternuncs the rate of aventory loss. the sysiem
depressun zation. and the tining of the acadent progression.
For larger breaks, the prediction of beeak flow and
T | depressunization 1s most inportant during the blowdows
phase because #t can wmpact coolant ventory i the core
region. For smaller breaks, maccuracies 1 break flow
predicucas may have a cumulatve effect. impactung the
umung of the accident progression.
Subsontc Flow
Line Resstance
[ischarge Coeflicient
Accumulators Accumulators
lngecuon Flow Rawe H H H The accumulators provade the osly source of reactor coolant
make-up pnot w ADS acuauon.  The rate of delivery can
play a key role 1 the pnmary inventory status.
Noncondensible Gas Eatrunment
Upper Head
Drasming Effeas
Upper Head (Cont)
Hashing
Mixiwe Level O O O O Mixture level e the upper plenum is considered below:
nuxwre bevel i the upper head 15 not a concern
[ Entramnment / De-entrapment




TABLE IB

PIRT tor PRA Sceaanos without CMTs

Blow: Nat. ADS IRWST Discussion of High lmportance and High Interest ems Beachmarkang Focus
down Cucn- Blow Graviry
latsion dows Draun
H H H H Core L ROS mass smventory
These phenomens are ranked hugh since the two-phase deft Vessel mass soventory
flux snd muxtwe level models deternune the distnbution of Core nuxture level
VosadiCais 2 two-phase muxture, which deternunes if the core would Core collapsed level
) become uncovered and expencace a clad temperature heat
el / Ia H H H H
BN Samis 7 B Wpsstieey up. These are the key phenomena for PRA success cntenia
Decay Heat H H H H The decay heat 10 be removed 1s a seasitive boundary
conditson.
Fosced Coavecuon
Plashung -
Natural Cieculation Flow and
Heat Transfer
Mass Flow
How Resistance -
\wplap6OO\pirttla Page 49
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TABLE {B

PIRT for PRA Scenanos withowt CM s

IRWST Dhiscussion of High Importance and High laterest lems Beachmarking Foous
Gravaty
Drain
Dowscomer ROS Pressue
H The stared energy 1o the vessel wall can impact the Downcomer Mass laventory
pressure of the RCS dunng the IRWST gravity mpection
phase.  The stored energy 1 & potental source of additional
H steam generation, which may provude additonal chalienges
1 RCS veaung capacity
H Thus 15 hughly ranked siace ot provides the gravity dnving Downcomer |evet

head for flow into the core. It s speailically of greatest
imterest dunng the IRWST injection period

Loop Asymmetry Effecs

Hullzgs
Countercurrent Hlow

——

Fatramment

Flashsng

Horizoatal Flud Stratificauon

Phase Separation i Tees (Flow
kegion)

ADS 4
Cnucal Flow

Subsomc Flow

ADS 4

ADS-4 15 a key component tor the PRA success cotenia
The reduced ventng capacity (compared o DBA) s the
reason for the moreased importance.  The flow regime
the hot leg deternunes the nuxture that s eatraoed into the
ADS stage 4 lises. The ADS stage 4 hines are the prmary
ventung path o reduce system pressure to achaeve /
mantan [RWST gravity injection.

Integrated ADS 4 water
Integrated ADS 3 vapor
ROS pressure

Hot leg water fevel

clwplap6OUiyprt la
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TABLE !B
PIRT for PRA Scenanos without CM1s

Component / Phenomena HBiow Nat ADS IRWST Discussron of High Imporance and High lnterest liems HBencamarkang ocus
down Cucu-~ | Blow Gravity
lauson down Drauin
ADS Stages | - 3 ADS 1.3 lstegrated ADS | 3 water
Crtical Flow 8] O H - tn PRA full depressunization scepanos (to IRWST gravity lntegrated ADS 13 vapor
mpecton), ADS stage | to 3 are only used 1n hugh pressure ROS pressure
Two-Phase Pressure Drop - - ! . scesanos 1o reduce the pressure below the dth stage
wierfock. ADS 1 - 3 do st have a controthng mfluence
Vaive Loss Coefficient - - O . o the event progression
Single-Phase Pressure Drop
IRWST IRWST IRWST flow rate
Pool Level - - H The IRWST injecuon provides core cooling.  The pool IRWST level
fevel s a boundary condiion that provides the elevation IRWST temperature
Gravity Drasming ~ 1 : " head 0 dnve the mventory inection.  Gravity dramag aso ROS pressuwe
depends on the prumary system pressure, pressure drops i
Temperature - - . H the veot paths, and line resistances ia the mpecuon hises.
DVi Line Pressure Drop (Flow
Resistance)
Discharge Line Flashung - I
Flow and Temperature
Distibuton s PRHR Bundic
Region
Vapor Condensauon I
Clwplap6iOiparttla Page 51
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TABLE 1B

PIRT for PRA Scenanos withow CMTs

Level (laventory)

Level Swell

The pressunizer of hugh interest because it can impact the

redistribution of mass m the RCS. Once ADS 4 &
actuated, the nressunzer drams

Component / Phenomena Blow- Nat. ADS IRWST Discussion of High !mponance and High Interest lems Benchmarkeng bocus
down Caeu Blow Giravaty
lauon down Dran
Pressurizer Surge Lige
Pressure Drop
Fooding / CCHL i 1 Pressunzer Pressunizer level

Pressunzor mass mventory

CCFL

Earanment / De-entranment

[l

Stared Encrgy Release

Vapor Spa ¢ Behavior

Steam Geaerator
2@ Nawral Cuculatuon

Secondary Mass Inventory

Steam Geperator

The steam generators are the caly source of encigy removal
except the break flow. Since the acuation of ADS s
controlied by operator action, the SGs play a smaller role
the umung of the event.

SO Mass laventory
SO Heat Transfer

Steam Generator Heat Transter

Secondary Conditons

Usmbe Condensauon

Secondary Pressure

Steam Generator Tube Draang

CwplapbOOipert tla
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Selection of Benchmarking Cases
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Summary / Open Items
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Summary

. PRA scenarios have been discussed by a panel of experts to
develop the PRA PIRTs

. The key phenomena which significantly affect the core inventory
have been identified for a range of break sizes and avaiiable
passive safety system equipment

. Benchmarking cases have been selected which capture the key
phenomena

. Benchmarking process between NOTRUMP and MAAP4 will
verify the AP600 PRA success criteria

- NOTRUMP and MAAP4 will confirm successful core cooling
for a spectrum of PRA scenarios that have been chosen to
fully demonstrate the phenomena of interest

- MAAP4 will be used for additional sensitivities to support the
PRA

¢ \wp\ap600\050 3960 mig
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OPEN ITEMS

NRC Actions

. Feedback on 2/29/96 plan

. Review PRA PIRTs

. Review selection of benchmarking cases

. Further clarification of T&H uncertainty concerns
Westinghouse Actions

. Continue with benchmarking activities

. Plan for resolution of long-term recirculation issues

Joint Actions

. Next meeting
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