MPR ASSOCIATES. INC

June 19, 1986

Dear Mr. Paulson:

Enclosed are six (6) copies of the view-
graphs used at the meeting among USNRC,
the B&W Owners Group, and MPR on June 19,
1986.

Sincerely,

K. litest.

H. Estrada, Jr.
Enclosure

Mr. Walter Paulson

United States Nuclear Regulatory Commission
Philips Building, Mail Stop P-214

7920 Norfolk Avenue

Bethesda, MD 20814

VIA FEDERAL EXPRESS

cc: S. Rose, Duke Power 6;’;.
L. Reed, Duke Power
R. Skillman, GPU-N "\
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AGENDA

OPENING COMMENTS G. R. SKILLMAN

GENERAL OBJECTIVES OF
THE SENSITIVITY STUDY

DESCRIPTION OF MODELS

COMPARATIVE ANALYSIS
MATRIX

VERIFICATION PROCESS

SCHEDULE FOR PEER CHARLES TURK
REVIEW MEETINGS

CONCLUDING REMARKS 6. R. SKILLMAN




GENERAL OBJECTIVES OF THE SENSITIVITY STUDY

FOR B&W PLANTS VS. OTHER PWRs
- CHARACTERIZE RESPONSE
i NORMAL CONDITIONS
i UPSETS AND ACCIDENTS
INCLUDING COMPOUND UPSETS NOT
NORMALLY INCLUDED IN FSARs
" EVALUATE SAFETY MARGINS:
i OVERPRESSURE
i DNBR

o KW/FOOT

1 OTHER, IF APPROPRIATE

RECOMMEND CORRECTIVE MEASURES FOR B&W UNITS, IF
3 UPSETS OF A SPECIFIC KIND ARE MORE LIKELY

¥ SAFETY MARGINS IN SPECIFIC UPSETS ARE
SIGNIFICANTLY SMALLER



E.B.t
{2500 PSI
DESIGN SAFETY LIMIT ° 1.3 DNBR
KN/FTA
F B o
DES IGN
SAFETY
MARGIN
OPERATING
SAFETY
MARGIN
| PLANT PROTECTION SYSTEM
(REACTOR PROTECTION SYSTEM/
ENGINEERED SAFETY FEATURE
SYSTEM/EMERGENCY FEEDWATER
SYSTEM LIMITS)
I NORMAL OPERATION ENVELOPE
0 MARGINS

9 TIME TO RCACH LIMITS
0 FREQUENCY OF OCCURRENCE



DESCRIPTION OF MODELS

° UNITS ANALYZED

- TWO B&W UNITS

[(MAY ADD A THIRD]

" ONE CE UNIT, PRE-75S

WILL EXAMINE DIFFERENCES WITH A POST-75
UNIT

- ONE W UNIT, RECENT, D-TYPE RSGs

WILL EXAMINE DIFFERENCES WITH A PRE-75
UNIT



ANALYSIS MATRIX: STubDY OF THS E { 1V ITY OF BeW PWRs VS. OTHER PWRs

)
RE

TRANSTENTS ANALYZED MODEL FSAR FURPOSE

1. Smary DISTURBANCES. wWITHOUT CONTROLS

& ReactiviTy STEPS
(1) HicH Power :q
(2) Low PoOwWER X
B Steam FrLow StePs ° QUANTIFY TIME TO REACH
DEFINED LIMITS FOR KEY
(1) HKHien Power x VARIABLES WITH THE “BAREe”
(2) Low PoOwER e PLANT (NO CONTROLS) AS &
1 QUANTITATIVE MEASURE OF
SENSITIVITY FOR BRNW,
AnD CE pPLANTS.
C Feep FrLow Stees
(1) Hien PoweRr X
(2) Low Power X
D Reactiviry IMPULSES
(1) HieH Power ;}
(2) Low Power X
3 STeam Frow ImPuLSES ° DETERMINE TRANSFER FUNCTIONS
(INPUT-CUTPUT MAGNITUDE AND
(1) Hicn PoweRr # X L PHASE VS- FREQUENCY) FOR
(2) Low PowEeRr X PURPOSES OF CHARACTERIZING
DIFFICULTY OF CONTROL -
F Feep Frow IMPULSES
(1) HieH Power X
(2) Low Power :(J




ANALYSIS MATRIX: STuby OF Ingagf?g=zgx¢lv OF B&W PWRs VS. OTHER PWRs
Page 2
TRANSIENTS ANALYZED MODEL FSAR PURPOSE
Z-  S1GNIFICANT DISTURBANCES, WITHOUT CORRECTIVE ACTION
AL Roo Drors
SMALL &K x X "° ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
LarRGE &k X X ; THIS DISTURBANCE -
® "CALIBRATE" MODEL FOR SAFETY
MARGIN ESTIMATION FOR DIS~
’ TURBANCES OF THIS TYPE.
® VERIFY MODEL DYNAMICS FOR
\ REACTIVITY DISTURBANCES.
B- Turpine TRIP X ® ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE -
g Loss of One Feep Pume X ° ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
THiS DISTURBANCE -
D- Loss of AvLL Feep Pumes X ° ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE .
E- Loss ofF Owne CooLANT Pump X
5. Suemificany DisTuRBANCES, wiTH CORRECTIVE ACTlon
A. Rop WitHorawaL Accipent, Hieu Powenr X . SS DIFFERENCES AMONG

AsseEss
PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE -

8- TurBing Tr1iP

(1) NormAL STEAM RELIEF W/RX CUTBACK X ° EVALUATE cAPABILITY OoF PWRs
TO WITHDSTAND LOAD REJECTION
WITHOUT TRIP.

(2) NorMAL STEAM RELIEF wW/Rx TriP X X ° ASSESS DIFFERENCES AMONG
PHRS IN SAFETY MARGINS FOR
THIS DISTURBANCE -



(2)

(3)

(4)

Devavep EmercenNcY FEED

No EmerceENCY FEED, BLEED-AND-
FEED DECAY HEAT REMOVAL

Excessive Emercency FEED

OTHER ANALYSES
VERIFIED FOR
THE PURPOSE

ANALYSIS MATRIX: STUDY OF THE SENSITIVITY OF BaW PWRs VS. OTHER PWRs
PRELIMINARY
Pace 3
TRANSIENTS ANALYZED MODEL FSAR PURPOSE
3. SIGNIFICANT DisTumBANCES, wiTh C(ORRECTIVE ACTION
B Tursing Taip (ConTINUED)
(3) Steam RELIEF SYSTEM X ° EVALUATE SUSCEPTABILITY OF
MALFUNCTIONS WRS TO OVERCOOLING ON STEAM
RELIEF CONTROL MALFUNCTION-
C- Loss of One Feep Pump X ° ASSESS DIFFERENCES AMONG
PHRS IN SAFETY MARGINS FOR
: THIS DISTURBANCE -«
° EVALUATE cAPABILITY oF PHRs
TO WITHSTAND THIS DIS~
TURBANCE WITHOUT TRIP.
D- Loss of ALL reep Pumps
Kx Trip
(1) NomrmaL Emercency FEeEEeD X X ° "CALIBRATE" MODEL FOR SAFETY

MARGIN ESTIMATION FOR DIS™
TURBANCES OF THIS TYPE-

ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
HIS DISTURBANCE .

SSESS DIFFERENCES AMONG
WRS IN SAFETY MARGINS FOR
H1S DISTURBANCE -«

SSESS DIFFERENCES AMONG
WRS IN SAFETY MARGINS FOR
HIS DISTURBANCE -

VALUATE SUSCEPTABILITY OF
WRsS TO OVERCOOLING ON THIS
I

T
.
P
T
t
p
T
E
P
DISTURBANCE -



ANALYSIS MATRIX: STUDY OF THE SENSITIVITY OF BgW PWRs VS. OTHER PWRs
PRELIMINARY
Page &
TRANSIENTS ANALYZED MODEL FSAR PURPOSE
S-Le.u.LLm.n.}Julnm.uu_um_Lumz_nlLu
(ConvinveD
E. Conrror SysTem Uprsevs )
ICS Power FAILURES® wWIiTH
(1) Varvine FeEep SvysTem IniTiAL ° ASSESS DIFFERENCES AMONG
ConpDiT1ONS X PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE -
B . Svntuart SUSCEPTABILITY OF
WRS TO OVERCOOLING ON THIS
DISTURBANCE -
(2) Varving FEeD SysTEm X
CONFIGURATIONS
F. Losses ofF Coovant FrLow
(1) Loss ofr One Pump X ° ASSESS DIFFERENCES AMONG
PHRS IN SAFETY MARGINS FOR
THIS DISTURBANCE .
= ° EVALUATE caPaBILITY oF PHRs
TO WITHSTAND THIS DIS
TURBANCE WITHOUT TRIP.
(2) Loss of ALL Pumps X X r' ASSESS DIFFERENCES AMONG

FOR PLANTS OTHER THAN BRW,

PLAUSIBLE
AD HOC BASIS. :

PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE .

“CALIBRATE" MODEL DYNAMICS
FOR DISTURBANCES OF THIS
TYPE -

ASSESS DIFFERENCES AMONG
PHRS IN SAFETY MARGINS FOR
THIS DISTURBANCE .

POWER SUPPLY FAILURES WILL BE EVALUATED ON AN



ANALYSIS MATRIX: STUDY OF THE SENSITIVITY OF BaW PWRs VS. OTHER PWRs
PRELIMINARY
Page 5
TRANSIENTS ANALYZED MODEL FSAR PURPOSE
G- Losses ofF CooLANT
SpecTrRuM ofF Breax Sizes e ASSESS DIFFERENCES AMONG
PWRS IN SAFETY MARGINS FOR
THIS DISTURBANCE .

4. Cowreor Sysyem AwaLyses AnD OperarionAl BURDEN
A Rx TRIP WITH AND WITHOUT
(1) SECuUrRING STEAM LOADS
(2) INCREAS!ING MAKEUP
B. UPERATOR MANUAL CONTROL REQUIRE™
MENTS IN RESPONDING TO SELECTED

FAILURES OF AUTOMATIC CONTROL LOOPS
S VERIFICATION ANALYSES
BAW UNIT RESPONSES

(1) TumrpiNe TRIP WiITH Rx TRIP

(Z) Loss OF ONE FEED PUMP

(3) TurRBINE TRIP wiTHOUT Rx TRIP

(4) Loss OF ALL MAIN FEED PUMPS
DELAYED EMERGENCY FEED

OTHER ANALYSES AND TEST DATA WILL BE USED

XX X x x

IN THIS

ASSESS DIFFERENCES AMONG
~ PWRS IN OPERATOR BURDEN FOR
A RELATIVELY FREQUENT UPSET.

ASSESS DIFFERENCES AMONG
PWR3 IN BACKING UP AUTO-
MATIC CONTROLS-

COMPARE MODEL PREDICTIONS
AGAINST ACTUAL PLANT
RESPONSES FOR SELECTED
TRANSIENTS .

EVALUATION, AS APPROPRIATE-.




ANALYSIS MATRIX: STuDy OF 1"; éEISllAVITV OF B&W PWRs VS. OTHER PWRs
RELIMINARY
Pace b
TRANSIENTS ANALYIZED MODEL FSAR PURPOSE

B CE uNIT RESPONSES

(1) Loss OF ALL MAIN FEED PUMPS X
C- N UNIT RESPONSES

(1) PARTIAL LOAD REJECTION X

(2) Turpine Trip withw Rx Trip
(3) PARTIAL LOSS OF FEEDWATER



APPROACH TO VERIFICATION OF MODELS

ADD COUOMPLEXITY AS REQUIRED

BCUNDARY CONDITIONS

CONTROLS AND PROTECTION DETAILS

MODELING SUPHISTICATION




OVERALL PLANT

?

SPRAY

a

N

PIR
= |NSURGE
== UUTSURGE
®  Seray/PORV
SSv

t 1

ADIABATIC STEAM/WATER INTERFACE

HOMOGENOUS STEAM/WATER MIXTURE

0

RX LOOPS
1 Group KINETICS, ® Hor Lec Eneray
L*=0 STORAGE

DoppLER COEFFICI
MoperATOR COEFF1

ENT  ° (Coup Lec Enercy
C1ENT STORAGE

1 Lume FueL ENereY Y PROGRAMMABLE

STORAGE

SincLE Nooe FueL
/COOLANT HEAT
TRANSFER

FrLow

L

MISV
TSV
v

2 XD

6

1 EquivaLent SG

° 1 "Dummy” fFOR
AsyMMETRIC FLOW

MODELING APPROACH

o

Fp
® 1, 2 Pumps
VariaBLE SP



UTSG

NEGL1GIBLE CHANGE
IN VAPOR PHASE Mass
STORAGE

1002 ErFecTivE
SEPARATOR

® CoNSTANT HeaT
AppiTioN RATE IN
Tuse BunpLe Recion

EquaL STEAM AND
Liouip PHase
VELOCITIES

1 Lump Dynamic
EnERGY BALANCE
PRIMARY HEAT
TRANSFER TO TUBE
BunpLE FLuID

e

EFW

?

-

——

MODELING APPROACH

THERMAL EQUIL IBRIUM
BETWEEN VAPOR AND
Liouip PHASES

ProGRAMMED RISER FLOW
WITH STEAMING RATE

= CAN [MPLEMENT
Dynam1c MOMENTUM
BALANCE

DynamicaLLY CONSTRAINED
Downcomer Frow

1 Lump Dynamic Enercy
BALANCE AROUND EACH OF
FoLLOwING:

= Drum

- Downcomer UppPER

= DowncoMer LOWER



0TSG

]

1 Lump DUynamic ENERGY
BaLance Around SH REGION

Rate oF CHANGE OF VAPOR

MAss NEGLIGIBLE IN Mass
BaLance Arounp SH REGION

ConsTANT RATE OF HEAT
ApDITION IN BOILING
Section of Tuse BunDLE

Steam anp LiQuiD
Puase VELOCITIES EQuAL

1 Lume Dynamic ENERGY
BALANCE AROUND DOWNCOMER
AND BOIL ING SECTION

TH

o o

EFW {

\/

$1C

MODELING APPROACH

ww

EVAPORATIVE HEAT
TRANSFER UVER ENTIRE
BunpLE

OR

EVAPORAT IVE HEAT
TransrFer OVER
“SUBMERGED” SECTION
UNLY

INSTANTANEOUS HEAT
BaLance wiTk ASPIRATING
FLow

Downcomer FLow
DynamicaLLY CONSTRAINED
By MOMENTUM BALANCE
CONS IDERING

- Heap of FLuip
iN TuBe BunDLE

- Heap ofF FLuID
IN Downcomer

- 1 Lume EorLING
Rec1onN PRESSURE
Loss

= 1 Lump LOWNCOMER
Pressure Loss
(OriFIcE PLATE)



Neutron 100
Power, %
80
60
W
120
10
Thermal 100
'gnr' z 90 /—"’-”4
‘o . 4’/
70 -
60 1 | o i
Average 0
Core -5
Mogerator - 10
Temperature -5
Change, F -2
-25
200
Reactor
System 2100
Pressure,
: 2000
psia
KEY:
FSAR Analysis -
— === PWR Mode! (Bfw)
Biw PWR

0.65% Ak/k CRA OROP FROM RATED
POWER AT EOL CONDITION



CORE POWER, % OF 2700 MWt

120

110 -

60 -

0 !

100 V____L

FSAR Anal\fsis

PWR Made!l (CE)

-

0 20

 TIME, SECONDS

CE PWR - Q.04% 4% CEA

ELI ! ! ! 1 1
4 60 8 100 120 140 160 180 2CQ

FULL LENGTH CEA DOROP
CORE POWER VS TIME




REACTOR COOLANT SYSTTM TEMPERATURES, °F

x
S

5&0

3

560

un
in
O

540

Tave
TN S S Wy -
FSAR Analysis
PR Model (C&)_
- | T[N
{ L : | 1 1
50 100 150 200 250 <C0

TIME, SECONDS

CE PWER - 0.04 % 4K/x CEA

| FULL LENGTH CEA DROP
EACTOR COOLANT SYSTEM TEMPERATURES VS TIME




REACTOR COOLA

NT SYSTEM PRESSURE, PSIA

250

240 r -
FSAR Anglysis

2230 : PWR Mad;l (cE) -
2220 "
210 o
2200 - b
2190 3 | W 1 1

0 50 100 120 200 250 3C

TIME, SECONDS’

CE PWR = 0.04% Ak/k CEA

1 FULL LENGTH CEA DROP
REACTOR COOLANT SYSTEM PRESSURE VS TIME




Fag2-27~|

5/27/86
Test D.ta

Modge! Simulation

bY)

-

Y

-l

(o

ﬁA
-

T ¥

- 48 "
¥ -70
e =
‘J—
O

)

3

-

v

Time
(seconds)

CE PWR MODEL
VERIFICATION RUN
PUMP/REACTOR/TURBINE TRIP = 73%




MPR ASSGCIATES
F-62-27-2
S/27/86

Test Data
- = = Mode! Simulation

I' Py - “ e

1100

1050

950

Steam Generator Pressure
(psig)

900

850

800 1 ] | | |
0 20 40 60 80 100 120

Time
(secondas)

CE PWR MODEL
VERIFICATION RUN

FEED PUMP/REACTOR/TURBINE TRIP - 73% POWER




.5/727/86

600

580

560

540

(°F)

Temperature

520

500

480

Test Data
- == - Model! Simulation

NOTE: Test Data for TSAT unavailable,

I \ ] i
20 40 60 80 100
Time

(seconds)

CE PWR MODEL
VERIFICATION RUN
FEED PUMP/REACTOR/TURBINE TRIP - 73% POWER

120



MPR ASSOCIATES
F=8§2-27-4
5/27/86

—  TRSTt Data

- w - Moge! Simulation

Note: Makeup to reactor coolant system not simulated, leading

to discrepancies in reactor coolant voiume and pressure
response in the long term,

300 1 T
! l

250

200
=
>
b
-
X2 150
i
et
w
-
G

100 \

\
\
50
0 | i i ' i
0 20 a0 60 80 100 120
Time
(seconds)

CE PWR MODEL
VERIFICATION ARUN
FEED PUMP/REACTOR/TURBINE TRIP - 73% POWER



MPR ASSOCIATES
Fe§2-27-8
5/27/86

Test Data

- = = Mogel Simulation

2400

ol o en——

2200

2200 -

Reactor Coolant Pressure
(psia)

2100
2000 T
1900 |
i

1800 :

0 20 40 60 80 100

Time
(seconds)

CE PWR MODEL
VERIFICATION RUN
FEED PUMP/REACTOR/TURBINE TRIP -~ 73% POWER

120



------ |
MODEL EVALUATION | | ‘ FINAL REPORT,
MPR  loescripTion vemncamonl ResuLts |TT ¥ " CONCLUSIONS
----- | - RECOMMENDATIONS
BWOG BWOG
TEAM WORKING TEAM
DESCRIPTION
REPORT
"REPORT"
PEER A
REVIEW / CONCLUSIONS
- WE
- o
INCLUDES:

* OPERATOR BURDEN
* LOCA ASSESSMENT



