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July 8, 1382

SUBJECT: SUMMARY OF MEETING WITH COMBUSTION ENGINEERING OWNERS GROUP
(CEOG) ON JUNE 23, 1982, CONCERNINC THE PRESS!'RIZED THERMAL
SHOCK (PTS) ISSUE

A meeting was held in Bethesda, MD on June 23, 1982, will the CEOG to
review agreement and disagreement of concerns ex.ressed by the staff in
the June 9, 1982 meeting relating to the PTS issue, Information and
recommendations were presented in the areas of RT,,D predictions,
deterministic and probabilistic fracture mechanics, and thermal-hydraulic
transients.

Information was presented to substantiate their recommendation that the
current RG 1,99 be used to predict fae upper bound shift for high copper,
high nickel material at fluence >10'? pyt and that the Guthrie (HEDL)
correlation be used to predict the upper bound shift for medium/low copper,
high/low nickel material at fluence <1019 nvt., The prediction should be
integrated with the surveillance test data for plant specific RTNDT shift.

Fracture mechanics analyses using RT estimates in CEN-189 show acceptable
EOL toughness for all CEOG vessel we*gl. CEOG transient evaluation indicated
less severe PTS conditions than NRC T 250°F, P2500 psi. Their evaluation
of the Ginna and Rancho Seco events show RT where K, equal K,_. o7 360°F

(T. 335°F) and 315°F (T. 265°F), respectiv44§R CEOG dave cred 7€ to warm
prgstressing, small craEk size, negligible clad effect and heat transfer
coefficient of 300 BTU/hr/ft</F°, CEOG expressed the opinion that ductile
crack arrest would prevent loss of vessel integrity in the "worst case"

CE vessels.

A probabilistic fracture mechanics assessment of overcooling events was pre-
sented by the CEOG. Five initiating events were identified which were
expected to provide the greatest challenge in fault tree of about 220
scenarios with respect to PTS to vessel integrity. The events were bounded
by the main steam line break. The study was presented in CEN-212.

The meeting served to continue the dialogue and obtain feedback in the areas
of agreement and disagreement for resolution of the PTS issue. Enclosed are
handouts of the meeting which identify specific points made by CEGG. Also,
an attendance list is enclosed for record purpose.
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CEOG/NRC PTS MEETING

(6/23/82)

INTRODUCTION

RTypr SHIFT PREDICTIONS
A. RG-1,99 AND HEDL (GUTHRIE)
B. CEOG RECOMMEHDATION

FRACTURE MECHANICS

A. PARAMETER STUDY RESULTS
B. ACCEPTANCE CRITERIA

C. CEOG RECOMMENDATION

THERMAL-HYDRAULIC TRANSIENTS
A. CE NSSS DESIGN FEATURES

B, PARAMETER STUDY RESULTS

C. CEOG RECOMMENDATION

PROBABILITY STUDIES
A. RESULTS
B, COEG RECOMMENDATION

SUMMARY




RTypyr SHIFT PELDICTIONS

=

- BACKGROUND

6 1,99 AND RUTHRIE (HEDL) CORRELATIONS,
ADVANTAGES AtD DISADVANTAGES

CEOG POSITION ON SHIFT PREDICTION METHODS

- CED5 RECOMMEIDATIONS
CURRENT ACTION FOR MRC POSITION
MNEAR TERM ACTION

OTHER CONSIDERATIONS
VELD METAL RTypy AD INITIATION TOUGHNESS

Py St . ol S . Sl NIRRT ud O



RTyyr SHIFT PREDICTIONS
BACKGROUND

- VENDOR QURVES ( 1970)
PANDING CURVES
Cu AD FLUENCE

RERULATORY RUIDE 1,93 (1975)
BOUNDING CURVES
Cu, PHOS AD FLIELCE

CE MELD MDEL (1976 AMD 1978)
BEST ESTIMATE CURVES
Cu PLUS M1, St, v, M AD (R
WELDS ONLY

REV. 1, %6, 1.8 A977)
BUDING CLRVES
Cu, PHOS AD FLUENCE

MPC-6 AD ASTM (1374 - 1881)

‘ STATISTICALLY DERIVED CURVES

Cu AND FLUENCE (PHOS UNIMPCRTANT)
EVIDENCE FOR SATURATION

CURRENT CONCERNS/EFFORTS

i

; REDUCE RG. 1.93 CONSERVATISM AT HIGH FLUENCE

' ACCOUNT FOR NICKEL CONTENT

ACCOUNT FOR DAMAGE SATURATINN

ACCOUNT FOR PRODUCT FORM AND SPECIFICATICN DIFFERENCES
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TRANSITION TEMPERATURE SHIFT VS FLUENCE 8145 THURSDAYy JUNE 17, 1982 s
PLOT OF CV3IOIN®FF(CS SYMBOL IS VALUE OF PPF
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TRANST IO TEPECATURE SHIFT VS FLUENCE 12:26 FRIDAYs JUNE 18, 1942
UrPE R CONTENT <=0,30

PLOT OF Cv30INSFFCS SYMHBOL IS VALUE OF PNn:

REGULATORY GUIDE 1.99, REV. 1
GUTHRIE UPPER BOUND 0.30 wt % NICHEL COMNTENT

GUTHRIE UPPER BOUND 0.75 wt - MICKEL CONTENT
BASE AND WELD MATERIALS -0.30 wt < NICKEL CONTENT
BASE AND WELD MATERIALS <=J.30 wt % NICKEL CONTENT
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TRANSYION TEMPERATURE SHIFT VS FLUEMCE 3 JUNE
COFPER CONTENT <=20,.20 FRERS NI or A

FLOT OF CV3I0IN®FFCS SYMHOL 1S VALUE OF PNI

REGULATTRY ZUIDE 1.39, REV. 1

GUTHRIL UPFER 2CUND 0.30 wt % NICKEL CONTENT
GUTHRIE UPFER 30LND 0.75 wt % NICKEL CONTENT

BASE AND MELD MATERIALS >0.30 wt % NICKEL CONTENT
BASE AND WELD WATER[ALS <=0.30 wt ¥ NICKEL CONTENT
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TRANSTION TEMPERATURE SHIFT vS FLUENCE 2: FRIDAY
COPPER CONTENT <=3.10 12:26 FRIDAYs JUNE 18, 1982 -

PLOT OF CV30INSFFCS SYMACL IS VALUE OF PNI

REGULATORY GUIDE 1.99, REV. ¢
= == ——— GUTHRIE UP"R BOUND 0.30 wt % NICKEL CONTENT
== ¢ — o — GTHRIE UPPER BOUND ..75 wt % NICKEL CONTENT
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-

H BAST AND WELD MATERIALS >0.30 wt % NICKEL CONTENT
L BASE AND WELD MATERIALS <=0.30 wt % NICKEL CoaTeNT
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RTygy SHIFT PREDICTIONS

% 1,99 AD ATHRIE CORRELATIONS
ADVANTACES AD DISADVANTAGES
- RR1BPREY 1]
- CONSERVATIVELY DEPICTS UPPER LIMIT BEHAVNIR
FOR HIGH Cu A'D Ni VELDS
_ ROSSLY CONSERVATIVE FOR HIGH Cu, LM Mi,
MATERIALS
- OVERLY COHSERVATIVE AT HIGH FLUENCE
(N CEDIT AR SATURATION FOR LOWER
COPPER CONTEMT MATERIAL)

- GUTHRIE (HEDL)
- CREDIT AIVEN FOR SATURATION
- COEDIT AIVEN FOR NICKEL COMTENT
- SICNIFICANT (VERALL [MPROVEENT FROM 76 1,99
- RRNSSLY (ONSFAATIVE R HIRH O

= Al .y ——

wy Aly MATEDTAI C
T AT PR & NV T e

- M TNOMSISTENCIES WITH OBSERVED TRE'DS:

. DEPETDENCY ON N NOT CONTINUOUS
. DEPEIDENCY ON FLUENCE VARIES




Aypr SHIFT PREDICTIONS

CENG_POSITION
A\
RUTHRIE (HEDL) COPRELATION IS TO PRELIMINARY
AT THIS TIYE AS “YE BASIS FOR ESTAPLISHIM: A
REGULATORY POSITION

PG 1,98 IS PEST AVAILAPLE METHOD FOR DEFINING
CONSERVATIVE UPPER LIMIT RADIATION BEHAVIOR

"G 1.99 IS PEST AVAILARLE METHOD FOR DEFINIMG
TREND OF UPPER LIMIT SHIFT WITH NEUTRON FLUENCE

GUTHRIE CORRELATION IS REASOMABLE, BUT CONSERVATIVE,
METHT R SHIFT PRENCTIONS ABOVE APPONYMATELY
109 /0% upT 06, 1,00 DEEINING UPPER BOIMD
PRIAVIOR

BB T W ——— A ——— - YT Ty g YW 4y v - e —— ey 9. P



RTypr SHIFT PREDICTIONS

CEOG RECOMMENDATIONS - CURPENT ACTION

. 2 1,99 FOR UPPER BOUND FOR HiGH COPPER,

HIGH NICKEL

. GUTHRIE (HEDL) FOR MEDIUVLOW COPPER,

HIGH/LOW NICKEL

. CONSIDER AVAILABLE SURVEILLANCE DATA




CEOG RTypr PREDICTIONS

PLANT NAME

CURRENT RTypy ‘L

FT. CALHOUN
MAINE YANKEE
PALISADES
CALVERT CLIFFS-1
CALVERT CLIFFS-2
ST. LUCIE-1
MILLSTONE-2

NOTES: (1) 12/31/81 VALUE
(2) RG-1.99

(3) HEDL (GUTHRIE) CURVES

213
168
166
151

82

9
123

(2)
(2)
(2)
(3)
(3)
(3)
(3)

EOL RTypy

310
280

325

(2)
(2)
(2)
(3)
(3)
(3)

(3)



RTypr SHIFT PREDICTIONS
CEG RECOMENDATIONS - NEAR TERM ACTION

- DEVELOP IMPROVED SHIFT PREDICTION METHON(S)
INCORPORATING POSITIVE FEATURES OF RG 1,99, A'D
GUTHRIE CORPELATIONS PLUS OBSERVED TRENDS:

- 861,99 UPPER LIMIT

"BROKEN BACK" CIRVES

DISCRETE NICKEL CONTENTS
OTHER CHEMICAL EL2YEMTS (EG, Si, €, Mu, ETO)
PLATE VS WELD MATERIAL DIFFERBICES

- .



RTygr SHIFT PREDICTIONS
VELD METAL RTyyy M INITIATION TOUGHESS

ASE CODE SECTION XI KIC CURVES ARE COMSERVATIVE
FOR SUB-ARC WELDS (FIRURES)

RTypr DATA FOR OLDER VESSELS LIMITED TO WELD
WAL RESULTS AT 10F

GEIIERIC DATA FOR SUB-ARC WELDS SHOW MEA
ATy OF -S6F

Ho# DO VGl ESTIMATE VESSEL FRACTUR TOURHNESS?
CONSERVATIVE RTypyr PLUS CONSERVATIVE KIC
CURVES GIVES ULTRA-COMSERVATIVE INITIATIOM
TOUGHMNESS ESTIMATE
SEST ESTIMATE RTagyy REDUCES COMSERVATISM

O COMSEPVATIVE A%F ELD RTygyr VALUES?
VELD STy TYPICALLY SET BY DROP VEIGHT 1T

. DROP WEIGHT TEST AIVES ARREST TOUGHHESS, NOT
INITIATION TOURHNESS



FIGURE 2

Kic REFERENCE TOUGHNESS CURVE WITH SUPPORTING DATA

T 1 | l B I T

IN)

ch (KSI

# HSST.01

= HSST-02

+ HSST-03

4 AS509 CLASS 2 aa
© HSST-01 SUBARC WELD
o A533B CLASS 1 SUBARC WELD
Kic = 33.2 + 2.806 EXP [.02 (T - RTypy + 100°F)] ® A5338 CLASS 1 WELD
4 A533B WELD HAZ

ol L 1 e d 1 1
-150 100 -5U 0 50 100 150 200

T - RTypt (°F)
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180
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140
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FIGURE 4
Kic vs (T — RTNDT)

T

|

|

O LOWER LIMIT WELD DATA ASM~
SECTION X! K;. CURVE DERIVATION

4

.
A CE SUB-ARC WELDS, LI 0091 (MML75-152) Ao

O B&W SUB-ARC WELDS, LINDE 00t (EPR! NP-122)

@ B&W SUB-ARC WELDS,LI/IOE 80 (EPRI NP-122) .

Ky SECTION XI

& 0 P Kic =300+ 272 EXP'0.0128{T RTyp + 244°F))
o= "'/ Kjc = 30.1 + 1.676 FXPI0.0171T-RTpypyy + 1969F)]
| | e | | | . |
-160 12 20 40 0 20 80 120
(T - RTNDT) %F

140



RTygy SHIFT PREDICTIONS

WELD METAL BEST
ESTIMATERTyyy APPROACH

- ROLFE/NOVAK /BARSCM RELATIONSHIP
(k) = 2 E (M )2

E = ELASTIC MIDULLS = 30.2x10P - o, u6x10MT
OV = CHARPY ENERRY AT 10F FOOM
WELD QUAL RESULTS

- AS'E COPE SECTION XI KIC RELATINNSHIP
KIC = 33.2 + 2,806 BP [0.2 (T-8Tygy + 100)]

- WELD SPECIFIC KIC RELATIOMSHIP (CEDY)
KIC = 30.1 + 2575 B [0,0172 (T-RTygyy + 135)]

- JMIARY OF APPRDACH
AV O FICM WELD UL PESULTS AT 10F
ESTIMATE KIC AT 10F USING ROLFE/NOVAK/
FARSOM RELATION

ESTIMATE RTygyy FROM AS'E CODE AND CEOG RELATIOMSHIPS




AV, C»”,i} i ;
AL_10F (FT-B)

FORT CALHOUN 61.0 (IS)*
57 3 (1S

A VERT CLIFS #1 .3 (I
5.0 (LS)

CALVERT CLIFFS # 73.0
131.7

MAINE YANKEE £1.0
£7.0 (] ¢

PAL ISADES *
MILLSTONE #2

ST. LUICIE #

INTERMEDIATE SHELL LOMG
WER SHELL LONG SEAM “FL!




RTypr SHIFT PPEDICTIONS
REST ESTIMATE RTypyy FOR WELDS

- SE OF R/\/B RELATIONSHIP AND SECTION XI K
CURVES YIELDS VERY LOW Ty FSTIMATES

IC

- USE OF RAVB PLUS VELD SPECIFIC Ky CURVES
YIELDS RTypy ESTIMATES CONSISTENT WITH
CEN-189 RTypyy ESTIMATES

- USE OF -20F RTyp FOR INITIAL YELD TOUGHMESS
MILL YIFLD SIANIFICANT UNDER-FSTIMATE
OF CRACK INITIATION TOURHNESS

- C2W-189 BEST ESTIMATE INITIAL RTypr VALLES USED
IN COULIICTION WITH ASME CODE, SECTION XI
CURVES WILL VIELD CONSERVATIVE ESTIMATES 0F Ak
INITIATION TOUGHNESS PROPERTIES

RECOMENCATION
- USE CEN-189 BEST ESTIMATE INITIAL RTnpr VALUES FR

EVALUATING C-E VESSEL PROPERTIES RELATIVE T0
REGULATORY POSITION RTypr LIMITS
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FRACTURE MECHANICS

PREVIOUS ANALYSES (CEN 189, ETC)
SHOW ACCEPTABLE TOUGHNESS AT EOL FOX "WORST CASE"
CE TRANSIENTS

NRC PROPOSED SCREENING EVALUATION TPANSIENT IS
MUCH MORE SEVERE THAN ACTUAL TRANSIENTS.

IF SCREENING EVALUATION IS TO BE USED IT SHOULD
8E BASED ON APPROPRIATE ASSUMPTIONS.
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GINNA SGTR EVENT 01/25/82

SYSTIMS DA:A

800+ { -
|
600+ | i
I |
‘CD.““‘—-- ! A % -
LEGEND ’
_REACTOR COOLANT |
200 I =
b
L 10 20 A0 60 70 00 920

TIMC (MINUTE 5)




. |
R.E. GINNA SGTR EVENT 01/25/82

COOLOOWN CURVES USCD FOR FRATURL MECHANICS ANALYSES

- B G oo Pr— T I T

=1, S CASE TMIN RATE
(DEG F)  (PER MIN)

1 333 0.1128

2 267 0.1460

450+
400~
350-

300 -

250 ~—
L

e LEGEND

| __T(D) MLCASURED

LEFM CASE 1
LEFM_CASE 2

|
100 +————y——— |

N l

0 ‘ 10 20 30 .0
TIME (MINUTES)




] L ] L

Time (min)

| %0 W TR CS/ 0
0 20 40 o0 Lo

Rancho Seco 1 03/20/78 Crercooling Tranriznt

NOTES:

O¢ W NSSS

Lo=2 of NNI/ICS I~4icators
SG refill wilh MY ¥

Prceaure Conlro!’c4d wilh SI

L J L] | J

— |

300 400 600 600
Termperature (Deg F)



FRACTURE MECHANICS
ANALYSIS ASSUMPTIONS LE

PARAMETER VALUE EFFECT
1. CRACK SIZE LONG AXIAL SHALL
2. HEAT TRANSFER 300 BTU/HR FT2OF MODERATE
3. ELASTIC MATERIAL  ASME CODE SMALL

PROPERTIES
4 Ky ASME SECTION XI -
5. RTypy SHIFT REG. GUIDE 1.99

UPPER LINIT MODERATE

6. FLUENCE EXPORERTIAL

ATTENUAT 10N
7. CLADDING STRESS FREE AT SSuF SiALL
8. LENGTH OF 90 MIN MODERATE

TRANSIENT

Pl 1704 S et L LU iy SEadc o O SLERR G 0 LA e e sk o i RS
X i 1 A



ANALYSIS OF NRC TRANSIENT

DURATION OF TRANSIENT RTyoT
AT

Kp = Kic
(MINUTES) b/3
30 320
60 290
90 230

BR SIS, ¢ 7.1 e § 72 N ke et L

RTnpT

300
270

260



1. WARel PRLSTRESS TG ACTS Tiv REAL TRANSIENTS

2. wlLCTILE CRACK ARReST PREVENTS LOSS OF REACTOR
VESSEL INTEGRITY
"ARGLIE AVAILASLE WILL ob JUANTIFIEL BY PRESENTLY
PLANNED DeVELOPricNT PRUGRAMS

P 8- S T s A7 T T i DR RS A e oA et



FRACTURE MECHANICS ANALYSES OF ACTUAL TRANSIEUTS
SIGNIFICANTL UIFFEREWT RESULTS FROM HRC
PRESSURE TEWPERATURE EWVELUPE

SUME DISAGREENENT STILL EXISTS O ASSUMPTIUNS
FUR FRACTUKE iitCHANICS ANALYSES

v i e i e L B L T Y S R ey
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SUMMARY OF C-E NSSS DESIGN FEATURES

LOW SHUTOFF HEAD HPSI PUMPS ON ALL C-E . /{ .

PLANTS BUT ONE S 00"
?

4
LON CAPACITY CHARGINS PUMPS 3M m 9

LARGE S. G. MASS INVENTORY AT TIME OF
AFW INITIATION fory

cork detern

AFW FLOW INITIATION (TIME DELAYS,

S e SN

e S
AUTOMATIC ISOLATION)
MSIS ON LOW STEAM GENERATOR PRESSURE
SEPARATION OF SAFETY AND CONTROL SYSTEMS

PRESSURIZER PORVs OPEN COINCIDENT WITH
REACTOR TRIP ON HIGH PRESSURIZER PRESSURE

REACTOR REGULATING SYSTEM DOES NOT
AUTOMATICALLY WITHDRAW CONTROL RODS
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COMBUSTION ENGINEERING
PROBABILISTIC RISK ASSESSMENT
APPROACH TO
PRESSURTZED THERMAL SHOCK

J. J. HERBST
June 23, 982



PROBABILITY
OF CRACK
INITIATION
PER R/Y

FOR SEVERE
TRANSTENTS

- 107

NC PROBABILITY APPROACH FOR PTS

"

PROBABILITY
OF
TRANSIENT

w1072

X

PROBABILITY

OF CRACK
INITIATION
GIVEN TRANSIENT

“107°
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EVENT PROBABILITY
FOR
CRACK INITIATION

EVENT
PROBABILITY

RTyyr MHICH INTTIATES CRACK

f\,/,: /Z(y(



KL= T =T D> OO =22 mam

104L

1070k

107 !

CEN-189 CASE 4
(240, €.0 x 107)

T I | 1

150 DAY LETTER SLB
(360, 2.8 x 107

CER-189 CASE 5
(235, 8.4 x 1072)

1 J

220 240

260 260 300 320 340 260

RTupT WHICH INITIATES CRACK
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C-E FECOMMENDATION FOR PTS PRA APPROACH

PROBABILITY OF }E: [ PROBABILITY
INITIATING = /_ |OF EVENT i
CRACK PER RY *

-

COMPARED TO SAFETY GOAL.

X

PROBABILITY
OF CRACK
INITIATION
GIVEN i




CRACK INITIATION PROBABILITY
(ARBITRARY SCALE)

A Probability
of crack initiation

per reactor cperating
.4 year due to uotential

1x 107" 4 occurrence of event(i)
only!

1x107° ¢

107° - S RT
e b R am 7 NOT
S FLUENCE
7

1 x 10 -



PROBABILITY
OF
1073 CRACK INITIATION
PER RY
MAIN STEAM LINE BREAK
-6
P.. 10
¢i,
10”7
1073
107

1.0 2.0 3.0 4.0 5.0
MEAN RTNDT X 1072 OF

hoTR TR L SRR
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OVERALL PROBABILITY OF CRACK
INITIATION AS A FUNCTION OF
RTNDT OR FLUENCE

(Arbitrary Scale)

A Probability of
Crack Initiation
- per Reactor
Operating Year
Based on all
Potentially Significant
Events ( 1 = 1, n)

T x 10‘4..
p
cxl
RTyoT.
A1l "n*
Events
5 PCEilRT
1x107¢ NOT,
¥

i
%

v

Significant
Contributor
Events

Event (1)

Event (3)

Event (2)

Event (1)

S RTynT

s FLUENCE

- —— - » —— e e A p——— g R - Pe—
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ADVANTAGES OF C-E APPROACH

RECOGIH[ZES PLANT SPECIFIC DIFFERENCES

ALLOWS CREDIT FOR DESIGN MODIFICATIONS

DIRECT INPUT INTO SAFETY GOAL COMPARISONS

PRESEHT FRAMEWORK FOR COST/BENEFIT ANALYSIS
FOR PROPOSED PTS ACTION
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C-E PLANT MITIGATION FEATURES FOR NR( SELECTED EVENTS

OPERATIONAL EVENT

H. B. Robinson 2 4/28/70 Condition 2
Non-Isolable Steam Line Break During
Hot Functionals

H. B. Robinson 2 11/5/72 Condition 2
Stuck Open Atmospheric Dump Valve

Rancho Seco 3/20/78 Condition 1
Loss of Power to ICS Resulting First in Loss of
and then in Excess Feedwater Flow

H. B. Robinson 2 5/1/75 Condition 1
Small Break LOCA - RCP Seal Failure

Three Mile Island 2 3/28/79 Condition 1
Small Break LOCA - PORV Stuck Open

Crystal River 3 2/26/80 Condition 1
Loss of Power to I{S Resulting in PURV Opening,
Partial Loss of Feedwater and Rod Withdrawal

R. E. Ginna 1/5/82 Condition 1
Steam Generator Tube Rupture - Stuck Open
PORY

MITIGATING FEATURES OF C-E NSSS REACTORS

AFW Termination to Affected Steam Generator.
“Low" Head High Pressure SI Pumps.
“Low" Capacity Charging (Make-Up) System.

AFW Termination to Affected Steam Generator.
“Low" Head High Pressure SI Pumps.

“Low" Capacity Charging (Make-Up) System.
ADV Not Automatically Controlled.

Large S. G. Inventory.

Independent MFW Control Systems for Each S. G.
“Low" Hcad High Pressure SI Pumps.

“Low" Capacity Charging (Make-Up) System.
Separation of Control and Safety Systems.

"Low" Head High Pressure SI Pumps.
RCP Restart for Boration Not Required.

S. G. Inventory.
Turbine Bypass Valve Size,
"Low" Head High Pressure SI Pumps.

Large S. G. Inventory.

“Low" Head High Pressure SI Pumps.
Control Rod Withdrawal Pronibit.
Separation of Control and Safety Systems.
PORVs Actuated on High RCS Pressure Trip.

PORVs Not Specified for RCS Depressurization.
“Low" Head High Pressure SI Pumps.

Main Feedwater Flow Rampback to 5% on Reactor Trip.

MSIS Occurs on Low S. G. Pressure,

|5 S §98TEms



Systenn Status - vs. Plant Operating States

GLOSSARY:

- OPERATING UNDER AUTO. CONiLOI
- OPERATING UNDER MANUAL CONIROL

r ] SYSTEM RELATED PLANT OPERATING STATES
= SYSTEMS
; I conDITION 1 CONDITION 2 CONDITION 3 CONDITION 4
i | TURBINE A B D 0
' | 1ursine Byeass c B A OR B B
ATMOSPHERIC DUMP VALVES 3 i B 8
CHARGING A A A . A
LETDOWN A A A A
MAIN PRESSURIZER SPRAYS A A A A OR B
AUXILIARY PRESSURIZER SPRAYS D D D 8 OR D
ENGINEERED SAFETY FEATURES ACTUATION SYSTEN C C £ CORE
PORY A/ PORV B C* C* C* c
REACTOR REGULATING SYSTEM C INSERT £ INSERT £ F
: E WITHDRAWAL B WITHORAWAL £ F
a MAIN FEEDMATER A B D 0
H MAIN FEEDWATER BYPASS ¢ B D D
1| AUXILIARY FEEOWATER C B ** B B
i | SHUTDOWN COOLING SYSTEM F F F 8
g MAIN STEAM ISOLATION VALVES OPEN OPEN OPEN OPEN
i | MAIN FEEDWATER ISOLATION VALVES OPEN OPCN/CLOSED CLOSED CLOSED

* PORV B BLOCKED

*% EOTH MANUAL AND AUTOMATIC AFW

ISOLATION CASES ARE EVALUATED
WHILE THE SYSTEM IS UNDER MANUAL

CONTROL
== POWER
&E SYSTEMS

STANDBY - CONTROL/ACTUATION SYSTEM AUTOMATIC
- STANDBY - COMPLEX MANUAL FROCEDURE TO ACTUATE
- STANDBY - SIMPLE MANUAL ACTICN T ACTUATE

- QUT-OF-SERVICE
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Initiating Events vs. Plant Operating States

PLANT OPERATING STATE

INITIATING EVENTS
s Lok L 2 3 U
e eamma e e T e -
1. Decrease in Feedwater Enthalpy
a) MFW Heater System Failure X X
b) AFW Delivery X
2. Excess Feedwater Flow
a) MFW Flow Increases Above That for a Particular Power Level X X
b) AFW Flow Increases Above That for a Particular Power Level X X X
¢) Reactor Power Decreases and MFW Fio. fails to Adjust X X
d) Reactor Power Decreases and AFW Fluu fails to Adjust X
e) Turbine Trip and MFW Fails to Ramphac ®
3. [Excess Steam Flow
e Steam Flow Increases Above That Req'd tor a Particular Power
Level
a) Steam Line Break X ) X X
b) MFW Line Break d/s of Check Valve X X X X
c) ADV Inadvertently Opens X X X
d) TBV Inadvertently Opens X X X
e) MSSV Inadvertently Opens X X X X
f) Excess Steam Flow Through Turbine X X
e Reactor Power Decreases and Steam Flow Fails to Adjust
g) ADV is Open and Fails io Close X X X
h) TBV is Open and Fails to Close X X X
i) Turbine Fails to Decrease Steam Flow X X
J) Reactor Trips and Turbine Fails to Trip ® X
k) Reactor Trips, Turbine Trips, and 1LV Fails to Close After X X
Quick Open or During Medulation
1) Hi Pressure Transient, MSSV Cpens and Fails to Close X ® X

[S135SVsTems



: ' Initizting Events vs. Plant Operating States

PLANT OPEFATING STATE

INITIATING EVEN/S

b s w e N e

‘mﬁn‘_- b - A - A 2 _1 _Q
; 4. Large LOCA
f a. Large Pipe Break X X X 4
} 5. Small LOCA
% a) Non-Isolable Pipe Break X X X X
: b) Isolable Pipe Break (Letdown Line) X X X X
c) RCP Seal Failure H X X X X
d) PORV Inadvertently Opens ® X X X
e) RCS Overpressure Scenario and One PuR\/PS/ Fails to Reclose £ X X X
f) SG Tube Rupture X X X X
6. Pressurizer Pressure Control Failures*
a) Spurious Main Spray Actuation X X X X
b) Spurious Aux. Spray Actuation®
¢) Pressure Transient Actuates Main Spray, Spray Fails to
Decrease X X X X
d) Excess Main Spray During a Contirolled Depressurization or X X X X
Boron Mixing
e) Excess Aux. Spray During a Controlicd Depressurization X

7. Inadvertent SIAS When Below Shutcff Head

a) Failure to Block SIAS Setpoint
b) Spurious SIAS

+ Spurious auxiliary spray actuation is not considered plausible due
to complexity of actuation procedure.

> 2

* Pressurizer control system failures which result in over-pressure
transients are included in Category 5. This category refers to
RCS de-pressurization events.

ES S svstems
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Event Tree Branch Cescripticns

EVENT
CODE

DESCRIPTION

M5

PV
MV

MF
17

0o w >

MAIN STEAM LINE BREAK OUTSIDE CONTAINMENT, UPSTREAM OF MSIV B. OCCUKS DURINC
PLANT CONDITION &,

PORV INADVERTENTLY OPENS DURING PLANT CONDITION 1,

A HIGH PRESSURE TRANSIENT ON THE SECCNDARY SIDE CAUSES THE HS%VS TO LIFT, ONE
M55V ON SG B FAILS TO RESEAT, OCCURS DURING PLANT CONDITICY £,

REACTOR/TURBINE TRIP AND MFW FAILS TO RAMPBACK DURING PLANT CONDITION '
THE REACTOR TRIPS AND THE TURBINE FAILS TO TRIP DURING PLANT CONDITION 1.

THE MSIS 1S NOT GENERATED DUE TO AN ACTUATION LOGIC FAILURE.
MS1V A FAILS TO CLOSE AUTOMATICALLY.
MS31V B FAILS TO CLOSE AUTOMATICALLY,

THE AFW SYSTEM 1S IN MANUAL AND THE OPERATOR FAILS TO iSOLATE AFW FLOW TO THE
RUPTURED SG WITHIN D MINUTES AFTER THE INITIATING EVENT.

THE AFW SYSTEM 1S_IN MANUAL Ar‘D THE OPERATOR FAILS TO TERMINATE AFW FLOW TO THE
INTACT SG WITH!Y 15 MINUTES AFTER THE INITIATING EVENT.

TIE OPERATOR FAILS TO THROTTLE HPSI FLOW WITHIN 10 MINUTES AFTER THE iNIVIATING
EVENT,

AFit FLOW IS LOST TO SG A BETWEEN 10 MINUTES AND 1 HOUR AFTER THE INITIATING
EVENT,

THE TURBINE FAILS TO TRIP ON REACTOR TRIP, MSIS GENERATED.

MFW FAILS TO RAMPBACK ON TURBINE TRIF,

ONC MFW PUMP DISCHARGE VALVE FAILS TO CLOSE AUTOMATICALLY ON MI SG LEVEL.

ONE MFW PUMP FAILS TO TRIP ON HI=Hl SG LEVEL.

THE OPERATOR FAILS TO CLOSE THE PORV BLOCK VALVE WITHIN 30 MINUTES AFTER THE
PORY INADVERTENTLY OPENS,

THE OPERATOR FAILS TO THROTTLE HPS! FLOW WITHIN T0 MINUTES TO AN HOUR AFTER THE
INITIATING EVENT,

MFW BYPASS FLOW IS LOST SETWEEN 10 MINUTZS AND 1 HOUR AFTER TUE IMITIATING SVENT
FAILURe TO AUTOMATICALLY DELIVER AFW FOLLOWING LOSS OF MFW JYPASS,

LOSS OF AFW FLOW FOLLOWING SAFETY INJECTION UP TO ONE HOUR AFTER SAFETY
INJECTION.

OPERATOR FAILS TO DECREASE AFW FLOW WITHIN 30 MINUTES AFTER THE REACTOR TRIPS,

OPERATOR FAILS TO ISOLATE THE LETDOWN LINE
BREAK,

MFIV A FAILS TO CLOSE AUTOMATICALLY
MFIV B FAILS TO CLOSE AUTOMATICALLY

::?E :EFAILS TO PREVENT AFW DELIVERY TO RUPTURED SG A DUE TO AM ACTUATION LOGIC
u

AFAS B FAILS TO PREVENT AFW DELIVERY TO RUPTURED SG B DUE TO AN ACTUATION LOGIC

———————

e i R I T
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Scenarfo Occurrence Frequency Categorization
Condition 1 Events

. 0 i R et £ ahioin VO

CATEGORY MODERATE INFREQUENT LERITING TNy T VERY LOw
l FREGUENCY
S 1 2 3
MAY OCCUR MAY OCCUR LOM PROGABILITY VERY LOW PROBABILITY | EXCEEDINGLY LOW l

i OF OCCURRING O OCCURRING PROBABILITY OF

3 ¢ HEQUENCY DURING A DURING A DURING A URING A OCCURRING DURTNG A

{ CALENDAR YEAR PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME

{ I

¥ " PV-0) PV-MQ PV-P

j PY-M PV-LO PV-N

: HF PV-L PV-LM PV-NQ

* PY-LMQ PY-MN

i PY-1 PV-LN

! MF <M H PV-1Q

i MF-Q 17-Q PV-IM

*’ - iy

: MF-OM =

| PV-1LQ
PV-1LM

j PV-H

EVENT ‘

: SEQUENCES : MF-J
MF -JM
MF-J()
TT-MQ

| T1-1

i TT-10

} TT-T™M

17-S
1T-5Q
TT-SM

n

i

% |

4 " _r -

|

EEITH N
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Scenario Occurrence Frequency Categorization
Conditicn 2 Events - Manual AFW lsolation

|

CATEGOPY MODERATE INFREGUENT LIRTYING Find VERY L
" & 9 2 FREQUENCY
MAY OCCUR MAY OCCUR LOW PROBABILITY VERY LOM PROBABILITY | EXCEEDINGLY LOM
C OF OCCuR
FREQUENCY OURING A OURING A ot A i OCCRRING RRING A
CALENDAR YEAR PLANT LIFETI FLANT LIFETIME PLANT LIFETIME PLANT LIFETIME
Mv-D MV MS MV-DG
MV-DF MV-F MS-E MV-DFG
MV-DE MV-E MS-F MV-CD
MV-DEF MV-EF MS_EF MV-COF
<D My-CDE
MS-DEF MS-DF z:—ggff
MS-0E el
MV-BODF
MV-BDE
MV-BDEF
MV-AD
MV-ADF
EVENT MV-ADE
SEQUENCES MV-ADEF

=S N
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Scenario Occurrence Frequency Categorization

Condition 2 Events Automatic AFM Isolation

CATEGORY MODERATE INFREQUE T LIS s VERY Liw
FREGUENCY
- ‘. 1 o 2 T
MAY OCCUR MAY OCCUR L0 PROBABILITY VERY LOW PROBABILITY | EXCESOINGLY LOW
momer oer  wen [EERRTeE |
CALENDAR YEAR PLANT LIFETIHE PLANT LIFETIME (AT LIFETIME PLANT LIFET IME
Hv 1HS-F MS MV-BD
MV-F MS-EF MS-E MV-BDF
MV-E MV-BDE
MV-EF My-cDEF
MV-AD
MV-ADF
MV-AGE
Mv-ADEF

!
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Most Severe

Scenario Occurrence Frequency Cateqorization
Sequences - Manua) AFW Isolation for Ltondition 2 Sequences

CATEGORY MODERATE INFREQUENT LIRITING FALY VERY Low
. FREQUENCY
1 y J 1
MAY OCCUR MAY OCCUR (04 PROBABILITY VERY LOW PROBABILITY | FXCEEDINGLY LOW
OF OCCURRING OF OCCURRING PROBABILITY OF
FREQUENCY DURING A DURING A DURING A DURING A OCCURRING DURING A
CALCNDAR YEAR PLANT LIFETIME PLANT LIFETIME PLANT | IFETIME PLANT LIFETINE
FV Py-1! PY-MQ
MF-Q MF-OM
CONDITION
1
EVENT
SEQUENCES
MV-DEF MY -EF
MS-DEF MS-DE
CONDITION
2
EVENT
SEQUENCES .

-

EE
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Scenario Occurrence Frequency Categorization

Most Severe Sequences - Automatic AFW Iso’ation for Condition 2 Sequences

T

CATEGORY MODERATE INFREQUENT LEITING Tt VERY LOW
FREQUENCY
= 1 , 2 2
MAY OCCUR MAY OCCUR LON PROSAYILITY VCRY LOW PROBABILITY | EXCEEDINGLY LOW
, X OF OCCURRING OF OCCURRING PRUBABILITY OF
FREQUENCY CURING A DURING A DURING A GURING A OCCURRING DURING A
CALENDAR YEAR PLANT LIFET (i PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME
PV Fi-M PV-MQ
MF-Q MF-QM
CONDITION
e
EVENT
SEQUENCES
MV-EF (MS-EF)* F
CONDITION
2
EVENT
SEQUENCES
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Freguency Categories of Initiating Events

- ————

FREQUENCY
INITIATING EVENTS CATEGORIES
; e bt A e
1. Decrease in Feedwater Enthalpy
a; MFW Heater System Failure I
b} AFW Delivery LF1
2. Excess Feedwater Flow
a; MFW Flow Increases Above That for a Particular Power Level 1
b) AFW Flow Increases Above That for a Particular Power Level LF1
¢) Reactor Power Decreases and MFW Flow Fails to Adjust 1
d) Reactor Pawer Decreases and AFW Flow Fails to Adjust LF1
e) Turbine Trip and MFW Fails to Rampback M + Add. Fail. = LF]
3. Excess Steam Flow ;
® Steam Flow Increases Above That Req'd for a Particular Power
Level
a) Steam Line Break LF2
b) MFk Line Break d/s of Check Valve LF2
¢) ADV Iradvertently Opens LF1
d) TBV |-advertently Opens 1
e) MSSY [nadvertently Opens LF1
f) Excess Steam Flow Through Turbine 1
® Reactor Power Decreases and Steam Flow Fails to Adjust
g) ADV is Open and Fails to Close LF1
h) TBV is yen and Fails to Close 1
12 Turbine “ails to Decrease Steam Flow I
J. Reactor irips and T.rbine Fails to Trip M + Add. Fail. = LF3
k) Reactor Trips, Turbine Trips, and TBV Fails to Close After
Quick Open or During Modulation M + Add. Fail, = ]
1) Hi Pressure Transient, MSSVY Opens and Fails to Ciose I + Add. Fail. = LF]
4. lLarge LOCA
a) Large Pipe Break LF2
5. Small LOCA
a) MNon-lsolable Pipe Break 1
b) lsolable Pipe Break {Letcown Line) LF]
c) RCP Seal Failure 1
d) PCRV lInadvertently Opens LF1
e) RCS Overpressure Sceraric and One PORV/PSY Fails to Reclose 1 + Add. Fail, = LF1
f) SG Tube Rupture I
6. Pressurizer Pressure Control Failures
2) Spurfous Main Spray Actuation LF1
b) Spurious Aux. Spray Actuation
c) Pressure Transient Actuates Main Spray, Spray Fails to
Decrease M + Add. Fail. « |
d) Excess Main Spray During a Controlled Depressurization or
Boron Mixing LF1
e) Excess Aux. Spray During a Controlled Depressurization LF1
7. Inadvertent SIAS When Below Shutoff Head
a) Faflure to Block SIAS Setpoint & 1
b) Spurious SIAS h 1
8. Decrease in Charging Enthalpy
a) PLCS Failure (Max. Charging, Loss of Letdown) LF1
9. Maximum Shutdowr Cooling LF1
* Spurious auxiliary spray actuation is not considered plausible due
to complexity of actuation procecure.
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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COMBUSTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEZRING
NOR ANY PERSON ACTING ON IT§ BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS QR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
SOMPLETENESS, OR USEFULNESS OF THE INFORMATICN CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATICN, APPARATUS, AMETHOD,
OR PROCESS DISCLCSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS;OR *

8. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, CR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFCRMATION, APPARATUS,
METHOD OR PROCESS OISCLOSED IN THIS REPORT.
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1.0 INTRODUCTION

This report #¢scribes the results of an assessment of the probability of
various over-cooling transient scenarios at nuclear plants which have
Combustion Engineering (Z-E) Nuclear -team Supply Systems (NSSS). The
asss:3ment was directed specifically towards those scenarics which are
expected to provide the greatest challenge to the reactor vossel with
respect to the phenomenon known as Pressurized Thermal Shock (PTS).

The assessment consisted of the identification of initiating events with
the potential for significant cooling of the reactor vessel, the expansion
of the most severe initiators into complete scenarios using event tree
analysis, the quantification of the probabilities of thcse scenarios and
the identification of the most limiting scenarios with respect to PTS.

A total of 95 initiating events occurring in four plant operating
conditions were considered for their over-ccoling potential. Five of these
were chosen as having the most challenging cooldowns and were evaluated
further using event tree analysis. The event trees yielded approximately
220 scenarios each of which wat evaluated to select the most limiting with
respect to PTS.

This report takes credit for a number of gesign features which are
considered typical among plants with a C-E designed NSSS. Several of
these features are specific only to these plants, The report represents a
scoping study of the general topic of cver-cooling transients and should
not necessarily be considered specific to any C-E plant,

There are some variations in plant re:zponse wnich are considered in the
report. For example, as described in Section 3.0, the scenario
probabilities for the events occurring in Condition 2 (See Table 2-2) were
calculated twice, once with manual isolation of AFW assumed and one with
automatic isolation assumed., The effect of including automatic isolation



was showr to be significant in that it reduced the occurrence frequencies

of severa' of the most challenging sequences to much less than 10‘5.

1.1 PLANT SPECIFIC CHARACTERISTICS

The specific characteristics of a nuclear plant, including those associated
both with the NSSS design and with the balance-of-plant, strongly influence
the occurrence frequency and the severity of over-cooling events at the
plant. Plants which have a C-E designed NSSS contain a number of design
features which tend to limit the occurrence frequencies of over-cooling
events and which 1imit their potential for evolving into severe PTS
transients. Examples of these features are provided below.

Features which limit the occurrence frequency of over-cooling events
initiated on either the primary or secondary side of the plant -

1. Steam generators in the C-E NSSS design contain a large volume of
secondary water, This volume of water tends to minimize the
sensitivity of the C-E NSSS to minor secondary system perturbtations
such as feedwater oscillations, etc., that may be expected to occur on
a relatively frequent basis. A large fraction of this volume of water
is still in the steam generator at the low level setpoint at which the
Auxiliary Feedwater System (AFW) is actuated.

2. Turbine by-pass valves are sized to minimize potential challenges to
main steam safety valves, power operated relief valves (PORV's) and
RCS safety valves.

3. Atmospheric Dump Valves upstream of the Main Sgeam [solation Valves
(MSIV's) are not normally operated in automatic.

4. The PORV's on operating C-E designed NSSS units are not normally used
for manual depressurization. They are actuated automatically only
coincident with a high pressure reactor trip, their function being to
minimize challenges to RCS safety valves. It is part of C-E's design
philosophy to maintain the integrity of the primary system boundary to

D



the greatest extent possible. This philosophy is reflected in the C-E
Emergency Procedure Guidelines., While those guidelines do not
preclude using the PORV's to depressurize the plant as a last resort,
they do not recommend manual actuation of PORV's until all o*her
methods have been attempted,

C-E nas also maintained complete separation of control and safety
grade systems in the NSSS designs. This separation tends to minimize
the impact of events which may be initiated by control grade systems
but which may require safety grade systems to respond.

Features which tend to 1imit the potential for the evolution of over-

cooling events into TS scenarios -

A

A safety grade Low 5! :2am Generator Pressure signal causes reactor
trip, main feedwater isolation and main steam system isclation. This
would tend to minimize any excessive cooldown transient initiated on
the secondary side downsiream of the MSIV's «nd minimize the potential
of over-cooling due to excessive fued events.

Prudent design philosophy has been followed by older C-E plants
implementing automatic auxiliary feedwater initiation systems
(Automatic initiation required by TMI Action Plan). This philosophy
has led to features such as staggered AFW pump starts, time delays in
AFW pump starts and automatic isolation of depressurized steam
generators. These systems do not all exist on all plants and some are
still in the process of being upgraded to safety grade status in
accordance with the TMI action plan, All of these features, however,
tend to minimize the cooldown from excessive AFW flow, particularly
under conditions where an over-cooling event is already in progress.

The nigh pressure safety injection pumps on C-E designei operating

plants, with one exception, are "low head" high pressure safety
injection pumps. While this operating characteristic of these pumps

X
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would not prevent complete repressurization in all rapid cooldown
events, (operator action would be required to turn off the low
rapacity positive aisplacement charging pumps) these lower head pumps
would give the operator significantly more time to control the plant
respons2 once he had established subcooling.

These features have been considered in the analysis described in this
report, particularly in the identification of the most limiting over-
cooling transients and in defining the structure of the event trees.

1.2 CPERATING EXPERIENCE

The NRC has identified seven events which it considers to be sufficiently

severe over-cooling transients to qualify as potential PTS precursors. A
review of C-E plant operating history failed to identify any events

resulting in comparable cooldowns.

Table 1-1 illustrates some of the C-E plant design features which tend to
minimize the severity of the cooldown or the repressurization associated
with events of the types represented by the NRC selected transients,

PRCCEDURE

The development of a complete list of potential over-cooling scenarios
involves the identification of relevant event initiators and the evaiuation
of each one, using, for example, event tree analysis technigues to define
the relevant sequences of additional failures. This is essentially the
process that was used in this evaluation. However, the development of
event sequences and the construction of event trees was focused on those
few initiating events with the greatest potential for eve’ving into PTS
scenari s.

The following sections describe each step in the evaluation process.



Table 1-1

C-E PLART MITIGATION FEATURES FOR NRC SELECTED EVENTS

OPERATIONAL EVENT

H. B. Robinsen 2 4,28/70 Condition
Non-Isolable Steam Line Break During
Hot Functionals

H. B. Robinson 2 11/5/72 Condition 2
Stuck Open Atmospheric Dump Valve

Rancho Seco 3/20/78 Condition 1
Loss of Power to ICS Resulting First in Loss of
and then in Excess Feedwater Flow

H. B. Robinson 2 5/1/15 Condition 1
Small Break LOCA - RCP Seal Failure

Three Mile Island 2 3/28/79 Condition 1
Small Break LOCA - PORV Stuck Open

Crystal River 3 2/26/80 Condition 1
Loss of Power to ICS Resviting in PORV Opening,
Partial Loss of Feedwater and Rod Withdrawal

R. E. Ginna 1/5/82 Condition 1
Steam Generator Tube Rupture - Stuck Open
PORV

MITIGATING FEATURES OF C-E NSSS REACTOR:

AFW Termination to Affected Steam Generator.
“Low" Head High Pressure SI Pumps.
"Low" Capacity Charging (Make-Up) Sy-tem.

AFW Termination to Affected Steam Generator.
"Low" Head High Pressure SI Pumps.

“Low" Capacity Charging (Make-Up) System.
ADV Not Automatically Controlled.

Large S. G. Inventory.

Independent MFW Control Systems for Each S. G.
“Low" Head High Pressure SI Pumps.

"Low" Capacity Charging (Make-Up) System.
Separation of Control and Safety Systems.

“Low" Head High Pressure SI Pumps.
RCP Restart for Boration Not Required.

5. G. Inventory.
Turbine Bypass Valve Size.
"Low” Head High Pressure SI Pumps.

Large S. 6. Inventory.

"Low" H-ad High Pressure SI Pumps.
Control Rod Withdrawal Prohibit,
Separation of Control and Safety Systems.
PORVs Actuated on High RCS Pressure Trip.

PORVs Not Specified for RCS Uepressurization,
“Low" Heal High Pressure SI Pumps.

Main Feedwater 7low Rampback to 5% on Reactor Trip.

MSIS Occurs or Low S. G. Pressure.




.. INITIATING EVENT TYPES

The first step in the process was to identify the types of initiating
events which may have the potential for significant cooling of the reactor
vessel, Generally these are events which lead directly to a bulk cooldown
of the reactor coolant, or lead to a substantial primery system
depressurization with resulting safety irjection, Tabie 2-1 presents a
1ist of the types of initiating events that were considered,.




Table 2-1

INITIATING EVENT TYPES

DECREASE IN FEEDWATER ENTHALPY

EXCESS FEEDWATER FLOW

EXCESS STEAM FLOW

LARGE LOSS OF COOLANT ACCIDENT

SMALL LOSS OF COOLANT ACCIDENT
PRESSURIZER PRESSURE CONTROL FAILURES
INADVERTENT SAFETY INJECTION ACTUATION
DECREASE IN CHARGING ENTHALPY

EXCESS SHUTDOWN COOLING




2.2 PLANT CONGITIONS

The second step was to define various plant operating states that couid
possibly increase the likelihood of certain over-cooling scenarios or
maximize the severity of the over-cooling effects.1 Table 2-2 defines

four "plant conditions" in terms of the operational states of major

systems. These plant conditions are associated with Power Operation, Start-
up, Hot Standby, and Cooldown, respectively,

2.3 INITIATING EVENTS

The third step was to identify the initiating events for each event type
presented in Table 1 anc determine which should be considered credible
during each of the plant conditions defined in Step 2. Table 2-3
identifies the applicable event/conditia: combinatione,

2.4 EVENT SELECTION

The fourth step was to choose se-¢~al ¢! the event/condition combinations
identified in the previous step for further analysis. The basis for these
selections was the desire to investigate sequences with the greatest
likelihood of representing PTS events, and to provide a representative
cross-section of initiating event types., The event/condition combinations
selected are circled on Table 2-3.

2.5 SEQUENCE OF EVENTS

The fiftn step was to determine the expected sc¢quence of a2vents associated
with each sele-ted initiating event., This was based on the segquence of
events, tables and diagrams in various FSARs (Chapter 15) and CEN-128

For example, a MSLB would cause the most severe transient when SG inventory
is the greatest and reactor power is the lcowest, This situation is defined
by Condition 2 in Table 2-2.



Table 2-2

System Status - vs. Plant Operating States

SYSTEM RELATED PLANT OPERATING STATES

SYSTEMS

CONDITION 1 CONDITION 2 CONDITION 3 CONDITION 4
TURBINE A B D D
TURBINE BYPASS c B AOR B B
ATMOSPHERIC DUMP VALVES 3 3 B 8
CHARGING A A A A
LETDOWN A A A A
MAIN PRESSURIZER SPRAYS A A A A OR B
AUXTLIARY PRESSURIZER SPRAYS D D D B OR D
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM c c c CORE
PORV A/ PORV B C* C* C* c
REACTOR REGULATING SYSTEM C INSERT E INSERT £ F

E WITHDRAWAL 8 WITHDRAWAL £ P
MAIN FEEDWATER A ¢ D D
MAIN FEEDWATER BYPASS c B D D
AUXILIARY FEEDWATER c g B B
SHUTDOWN COOLING SYSTEM F F F 8
MAIN STEAM (SOLATION VALVES OPEN OPEN OPEN OPEN
MAIN FEEDWATER ISOLATION VALVES OPEN OPEN/CLOSED CLOSED CLOSED
GLOSSARY: A - OPERATING UNDER AUTO. CONTROL * PORV B BLOCKED

B - OPERATING UNDER MANUAL CONTROL ** BOTH MANUAL AND AUTOMATIC AFW
- STANDBY - CONTROL/ACTUATION SYSTEM AUTOMATIC ,',3‘,’,2743’; ;6352,,‘“,‘5 S;‘:Qtﬁ“&ﬁgm
D - STANDBY - COMPLEX MANUAL PROCEDURE TO ACTUATE CONTROL

E - STANDBY - SIMPLE MANUAL ACTION TO ACTUATE
F - OUT-OF-SERVICE
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Table 2-3

Initiating Events vs. Plant Operating States

a)
b)

. - TJFO @ O OONT O
e St St S St N S S N St S’

—
~—

INITIATING EVENTS

PLANT OPERATING CONDITION

PSS T O S R o T 1 S ¥

1. Decrease in Feedwater Enthalpy

MFW Heater System Failure
AFW Delivery

2. Excess Feedwater Flow

MFW Flow Increases Above That for a Particular Power Level
AFW Flow Increases Above That for a Particular Power Level
Reactor Power Decreases and MFW Flow Fails to Adjust
Reactor Power Decreases and AFW Flow Fails to Adjust
Turbine Trip and MFW Fails to Rampback

3. Excess Steam Flow

e Steam Flow Increases Above That Req'd for a Particular Power
Level

Steam Line Break

MFW Line Break d/s of Check Valve
ADV Inadvertently Opens

TBV Inadvertently Opens

MSSV Inadvertently Opens

Excess Steam Flow Through Turbine

Reactor Power Decreases and Steam Flow Fails to Adjust

ADV is Open and Fails to Close

TBV is Open and Fails to Close

Turbine Fails to Decrease Steam Flow

Reactor Trips and Turbine Fails to Trip

Reactor Trips, Turbine Trips, and TBV Fails to Close After
OQuick Open or During Modulation

Hi Pressure Transient, MSSV Opens and Fails to Close

1 2 3 4y
X X
X
X X
X X X
X X
X
@
X ® X X
X X X X
X X X
X X X
X X X X
X X
X X X
X X X
X X
® X
X X
X Q® X
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Table 2-3
(Cont.)

Initiating Events vs. Plant Operating States

INITIATING EVENTS

PLANT OPERATING CONDITION

S T S————

Large LOCA

a. Large Pipe Break

Small LOCA

a) Non-Isolable Pipe Break

p) Isolable Pipe Break (Letdown Line)

c) RCP Seal Failure

d) PORV Inadvertently Opens

e) RCS Overpressure Scenario and One PORV/PSV Fails to Reclose

f) SG Tube Rupture

Pressurizer Pressure Control Failures*

a) Spurious Main Spray Actuation

b) Spurious Aux. Spray Actuation®

c) Pressure Transient Actuctes Main Spray, Spray Faiis to
Decrease

d) Excess Main Spray During a Controlled Depressurization or
Boron Mixing

e) Excess Aux. Spray During a Controlled Depressurization

Inadvertent SIAS When Below Shutoff Head

a)
b)

Failure to Block TIAS Setpoint
Spurious S1°°

Spurious auxiliary spray actuation is not consic.

. 3 4

X X X X
X X X X
X X X X
X X X X
® X X X
X X X X
X X X X
X X X X
X X X X
X X X X
X

X

X

to complexity of actuation procedure.

Pressurizer control system failures which result in over-pressure

transients are included in Category 5. This category refers to
RCS de-pressurization events.

ausible due
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(Reference 1). From the expected plant responses, failure modes were
hypothesized which had the potential for worsening the cooldown or
increasing any subsequent repressurization,

2.6 EVENT TRFES

The sixth step involved the construction of an event tree for each of the
selected initiating events. The purpose of this step was to determine all
logical combinations of the failure modes (or e\:nt tree branch points)
defined in Step 5. These combinations represent over-cooling scenarios of
varying severity. The event tree was constructed using the computer code
CEETAR, CEETAR is designed to accept the failure modes and logic "rules"
as input and to produce an event tree as output. The logic rules are used
to eliminate those scenarios which are not possible due tc the physical
processes involved or which are not relevant to the PTS concern, The code
also calculates the probability of each scenario and categorizes it (see
Section 2.8) with respect to its accurrence prabability. In this report
the system interaction effects involving dependent failures (of particular
interest in the Main Steam Line Break event) due to shared location,
components, or auxiliary systems were not taken into account in the
quantitative evaluation of the =vent tree branches. The event trees (along
with the scenario probabilities and frequency categories) are plotted on a
line-printer,

An option is also available which allows scenarios below a specified "cut-
off" frequency to be eliminated,

2.7 DATA

The seventh step was to determine the initiating event frequencies and the
corresponding event tree branch probabilities. Fault tree analysis was
used to determine the branch point probabilities, C-E's Reliability Data
System and other industry sources were used to determine the initiating
event frequencies. No probabilistic credit was taken for the plant

-13-



condition in which the initiating event was assumed to occur, The
possibility of operator error was modelled for systems requiring manua!l
control and credit was taken for manual backup of automatic systems
provided there was adequate time during the transient to aliow for operator
response. Operator errors within the mitigating actions were limited to
failure to respond to legitimate demand, The probabilities for operator
error were obtained from Reference 3,

2.8 FREQUENCY CATEGORIZATION

This step invoives the ¢l ssification of each of the event sequences
according to its occurrer > frequency. Five frequency categories have been
defined in accordance wit che procedure followed in the St, Lucie 2 FSAR,
These five categories are listed below:

o} Moderate Frequency Event

A Moderate Frequency event may occur during a calendar year for a
particular plant, [t is assumed that a Moderate freguency event has
at least a 50 percent probability of occurring in any calendar year

for a particular plant,
(4] Infrequent Event

An Infrequent event may occur during the lifetime of a particular
plant. It is assumed that an Infrequent event has less than a 50
percent probability of occurring in any calendar year, but at least a
50 percent probability of occurring in the assuiied 40 year lifetime
for a particular plart.

o Limiting Fault

A Limiting Fault is not expected to occur during the lifetime of a
particular plant., It is assumed that a Limiting Fault has less than a
50 percent prodbability of occurring in the assumed 40 year plant

-6

lifetime, but at least a 107" probability of occurring in any

-14-



calendar year. This broad frequency group is divided into thre-
subgroups to allow comparison of events with similar frequencies.
These three subgroups of Limiting Faults are consistent with the
acceptance guideline divisions suggested by the Standard Review
Plans. The subgroups are defined below:

- Limiting Fault - 1

A Limiting Fault - 1 event has a low probability of occurring during
the assumed 40 vear lifetime for a particular plant.

Limiting Fault - 2

A Limiting Fault - 2 event has a very low probability of occurring in
the assumed 40 year lifetime for a particular plant.

- Limiting Fault - 3

A Limiting Fault - 3 event has an exceedingly low probability of
occurring in the assumed 40 year lifetime far a particular plant,

3.0 RESULTS
Tre following sections include the qualitative and quantitative results of
the event tree/fault tree analyses for each of the following initiating

events:

Main Steam Line Break

PORV Inadvertently Opens

MFW Fails to Rampback

Turbine Fails to Trip

Main Steam Safety Valve Fails to Reclose

o O © o o




A 1ist of general assumptions concerning plant response 1is preseated in

section 3.1. Section 3,2 pioyide; qualitative and quantitative

descriptions of each initiating event and event tree branch point, \
Diagrams of tne event trees and) correspond ng scenario frequency summary |
tables are provided ip jection 2.3 and section 3.4 presents the scanario
frequency categorization tubles discussed in Section 2.8.

Since automatic isolation of auxiliary feedwater flow to a broken steam
generator is a major factor in dwtéfmining the severity of a cooldoim it
was given special cons deratlo1 n the analysis. The AFW system mode 1Y ed
in the analysis was as umed tc ¢ designed to dutomatically prevent AF
flow to a broken steam gene”ator when it is operating in automot1c 1ode.
For initiatigq events i1 condition 2 during which tne AFW system is ascSuued
to be in manual mode Lwo sezs of tables in Secyicn 3 4 are presente’s one
with automatic is®lation assumed and one with manua’; action reqaired.

4 e
3.1 ASSUMPTIONS v : o {

The following assumption:’ wsre made in determining the! sequence of egerxs
and hypothesized failure mddes, WNote that these as: mettons do not A
describe a specific plant )u. are representative of d "typical™ (<E N3S

A The RCPs are trifped By the erator follow g an SIAS on low RCS
. !
pressure. s e /

o The MFI”3 co aot clgse on SIATL | t

2 There is one MF'/ per Steam 3enzrator.

%

o The Auxiliary “mefweter Actuation System (AFAS) does not generate a
signal to claze the WFIVs,

I}

0 The AFAS is designed to arevent’ AFW delivery to a "broken™ steam

yenerator when it is operating in the automatic mode (i.e.,7in
Londition 1).




(0] No credit is taken for a MFw control valve block valve,

0 when “turbine fails to trip" is included as a potential failure
following the initiating event, an MS1S is assumed to occur and to
successfully close the MSIVs and MFIVs,

0 For the initiating event "Reactor Trip, Turbine Fails to Trip" ,MFW is
assumed not to rampback.

0 Allowable operator response times were based on a chronological study
of the sequence of events for each initiating event.

0 Each MFW pump has one associated MFW pump discharge valve.

0 Isolation of AFW flow from the "broken" steam generator is
accomplished using two valves, in series, in each >f two lines feeding
the generator.

3.2 EVENT TREE BRANCH DESCRIPTIONS AND FAILURE DATA

The event tree branch points representing failures during the plant
responses are defined in Table 3-1.

'he failure probabilities and initiating event frequencies used in
constructing the event trees are provided in Table 3-2.

3.3 EVENT TREE RESULTS

Each of the following sections contains a list of the sequence of events or
expected plant responses to each of the pre-selected initiating events.1
Following the sequence of events is a discussion of the logic rules that
were input to CEETAR along with the failure modes or event tree branch
points specific to that event., Finally, a computer drawn event tree and
corresponding scenario frequency summary table is presented for each

initiating event.

ey .



Tacle 3-1
Event Tree Branch lescriptions

EVENT
CODE PESCRIPTION
M3 MAIN STEAM LINE BREAK OUTSIDE CONTAINMENT, UPSTREAM NF MSIV B, OCCURS DURING
PLANT CONDITION Z,
PV PORV INADVERTENTLY CPENS DURING PLANT CONDITION i,
MV A HIGH PRESSURE TRANSIENT ON THE SECONDARY SIDE CAUSES THE MSEVS TO LIFT, ONE
MSSY ON SG B FAILS TO RESEAT. OCCURS DURING PLAMT CONDITION Z.
MF REACTOR/TURBINE TRIP AND MFW FAILS TO RAMPBACK DURING PLANT CONDITION 1,
T THE REACTOR TRIPS AND THE TURBINE FAILS TO TRIP DURING PLANT CONDITION 1.
A THE MSIS 1S NOT GENERATED DUE TO AN ACTUATION LOGIC FAILURE.
B MSIV A FAILS TO CLOSE AUTOMATICALLY.
c MSIV B FAILS TO CLOSE AUTOMATICALLY.
D THE AFW SYSTEM IS IN MANUAL AND THE OPERATOR FAILS TO ISOLATE AFW “LOW TO THE
RUPTURED SG WITHIN 5 MINUTES AFTER THE INITIATING EVENT,
E THE AFW SYSTEM IS_JIN MANUAL AND THE OPERATOR FAILS TO TERMINATE AFW FLOW TO THE
INTACT SG WITHIN 15 MINUTES AFTER THE INITIATING EVENT.
3 ECEN?PERATOR FAILS TO THROTTLE HPSI FLOW WITHIN 10 MINUTES AFTER THE INITIATING
G QCSN;Low IS LOST TO SG A BETWEEN 10 MINUTES AND 1 HOUR AFTER THE INITIATING
- THE TURBINE FAILS TO TRIP ON REACTOR TRIP, MSIS GENERATED.
1 MFW FAILS TO RAMPBACK ON TURBINE TRIP,
J ONE MFW PUMP DISCHARGE VALVE FAILS TO CLOSE AUTOMATICALLY ON H! SG LEVEL.
K ONE MFW PUMP FAILS TO TRIP ON HI-Ml SG LEVEL.
L THE OPERATOR FAILS TO CLOSE THE PORV BLOCK VALVE WITHIN 30 MINUTES AFTER THE
PORV INADVERTENTLY OPENS.
] THE OPERATOR FAILS TO THROTTLE HPSI FLOW WITHIN 30 MINUTES TO AN HOUR AFTE" THE
INITIATING EVENT.
N MFW BYPASS FLOW IS LOST BETWEEN 10 MINUTES AND 1 HOUR AFTER THE INITIATING EVENT ¢
0 FAILURE TO AUTOMATICALLY DELIVER AFW FOLLOWING LOSS OF MFW BYPASS,
P LOSS OF AFW FLOW FOLLOWING SAFETY INJECTION UP TO ONE HOUR AFTER SAFETY
INJECTIUN.
e OPERATOR FAILS TO DECREASE AFW FLOW WITHIN 30 MINUTES AFTER THt REACTOR TRIPS,
R OPERATOR FAILS TO ISOLATE THE LETDOWN LINE
BREAK,
$ MFIV A FAILS TO CLOSE AUTOMATICALLY
T MFIV B FAILS TO CLOSE AUTOMATICALLY
u ::?ﬁUQEFAILS TO PREVENT AFW DELIVERY TO RUPTURED SG A DUE TO AN ACTUATION LOGIC
v AFAS B FAILS TO PREVENT AFW DELIVERY TO RUPTURED SG B DUE TO AN ACTUATION LOGIC

FAILURE,




Table 3-2

Event Tree Failure Data

EVENT FAILURE
CODE I BRANCH TITLE PROBABILITY
— ——————

MS Main Steam Line Break (U/S of MSIV B)* 4.6E-04 /Yr,
PV PORY Inadvertently Opens 8.8E-03/Yr.
My Hi Pressure Transient, MSSV Cpens and Fails to Reclose FACIESTP.
MF Reactor Trip, MFW Fails to Rampback 1.7E-03/Yr.
1T I Reactor Trip, Turbine Fails to Trip 3.4E-05/Yr.
A MSIS not Generated 9.9E-05

B MSIV A Fails to Close 1.5E-04

c MSIV B Fails to Close 1.5£-04

D AFW Flow to SG B not Terminated 9.0e-01*

E Excess AFW Flow tc SG A 5.0E-01

F HPSI Flow Delivered, not Throttled (short-term) 7.0E-01

G Loss of AFW Flow to SG A 6.3E-05

H Turbine Fails to Trip on Reactor Trip (MSIS Successful) 6.5E-06

I Fail to Rampback MFW c¢n Turbine Trip 3.3E-04

J MFWP Discharge Vlvs. Fail to Close on Hi SG Level 5.0E-04

K MFWP Fails to Trip on Hi-Hi SG Level 7.0E-04

L Operator Fails to Isclate PORV 1.0E-01

M HPSI Flow Delivered, not Throttled (long-term) 1.0€E-01

N Loss of MFW Bypass Following Safety Injection 2.5E-05

0 Fail to Deliver AFW Following Loss of MFW Bypass 2.5E-04

P Loss of AFW Following Safety Injection 2.9c-06

Q Excess AFW Flow 1.0E-01

R Failure to Isolate Letdown Line Break 3.0E-02

S MSIV A Fails to Close 3.7E-03

T MSIV B Fails to Close 3.7E-03

U Fail to Isolate AFW to SG A On Actuation of AFW System 1.0E-05

v Fail to Isolate AFW to SG B 1.0E-05

* Break location is specified for modelling purposes only.
No probabilistic credit is taken for break location.
+ Value for manual isolation is 9.0E-01, for automatic isolation it is 1.7E-05.

-19-
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3.3.1 Main Steam Line Break

The following plant responses are expected to occur following a Main Steam
Line Break during Plant Condition 2:1

#ain Steam Line Break, SG B

Reactor Trip (Turbine is on stand-by)
MSIS generated

MSIVs close

Operator terminatss AFW flow to SG B2
Operator throttles HPSI

Operator decreases AFW flow to SG A

¢ © ©O 0o © ©o o©

Tne following logic rules were input to CEETAR to eliminate failure modes
or branch combinations which were illcgical or not relevant to the PTS

concern,

1. If an MSIS is not generated then MSIV A and MSIV B are not required to
close, therefore, branch point A will not appear in a scenario that
centains branch points B or C.

2e If AFW flow is lost to SG A then there will not be excess AFW flow to
SG A, therefore, branch points E and G will not appear in the same
scenario.

The Main Steam Line Break event tree appears in Figure 3-1 and the scenario
frequencies are presented in Table 3-3.

1. The following initial conditions are applicable to the two initiating events
that ara assumed to occur during Plant Condition 2:

AFW is in use and under manual control

The turbine bypass valves are open and under manual control
The MSIVs are open

The MFIVs are closed

2. If this event were analyzed as occurring in Condition 1, automatic termination
of AFW flow to SG B would be assumed.

o0 OO0
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Table 3-3
SUMMARY TABLE
FOR

MSLB, UPSTREAM MSIV, CUTSIDE CONTAINMENT, CONDITION 2

BRANCH NUMBER COMBINATION CODE RECURRENCE FREQUENCY
s M8 6,9 08
e MS = 6 4,3E=10
3. MS e F 1,67=05
4, M§ = FG 1,0E=09
Se MS « F 6,9 «00
b, MS e tF 1,6E=05%
Te MS « D 6,2E=05
8, »§ « DG 3,9E=09
9, MS e 0Ff 1,4€e04

10, M8 = 0iG ¥, 1E=09
11, MS = DE 6,2E-05
12, MS = DEF 1,4E=04
13, MS o C 1,0E=09
14, MS = CC 6, ,5Ewliu
1S, MS = CF 2,609
1u, M8 =« CFG 1.,5€=13
37, M§ = CE 1,0E=09
18, MS = CEF 2,4E=09
19, M3 = CO 9,3E=09
2o, »s = COG 5.9€«13
et M5 « COF 2,2E=08
P % M3 = CDFG {,4Ee12
23, MS e CDE 9,3E=09
24, »3 e COEF 2,2E=08
25. M5 =« B I.OEOOQ
28, MS « BG 6,5€=14
7. M5 = BF 2,4E=0%
28, M3 - BFG 1,5€=13
29, M5 « BE 1,0E=09
30, MS = BEF 2,4E«09
| MS « BD 9,3E=08
32, M8 « BOG $,9 13
,3. MS - 80F 2.2!'00
34, ¥S « BDFG 1,8Eeli2
3s. M3 « BDE 9,3E«09
36, M8 = BDEF 2,2€«08
37, MS « BC 1,66«13
38, ; M§ = BCF J,0€=13
39, M8 = BCE 1,0E=13
4o, »S e BCEF 3,0E«13
a1, MS e BCO 1,4E=12
“2, M8 o BCOF 3,3E=12
a3, ¥5 « BCDE 1,4Ee12
e, ~8 « BCDEF 3,3E=12
as, M o A 6,8E«10
“n, MS = AG 4,3Ee14
a7, MS « AF 1,0E«09
“8, M8 = AFG 1,0E=13
4“9, MS » AE 6,8E=10
so, M3 = AEF 1,6E=09
Si. M§ « AD 6,1E=09
S2. ~8 « ADG J,%Ee]3
$3. MS = ADF 1,4E=08
Y4, M8 = ADFG 9,0Ee1}
55, MS = ADE 6,1E=009
Se, M8 =« ADEF 1, 4E=08
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The event tree and summary table are shown for the case where

manual isolation of AFW to a broken steam is required while the AFW
system is in the manual mode. This implies that the probebility of
Branch D (see Table 3-2) is 9.0E-01.

3.3.2 PORY Inadvertently Opens

The following plant responses are expected to occur following an
inadvertent opening of a PORV during Plant Condition 1:

PORV inadvertently opens
Reactor trip

Turbine trip

MFW rampsback to 5% flow
Safety injection
Operator isolates break
Operator throttles HPSI

O O 0O © 0 © O

The following 'agic rules were input to CEETAR to eliminate failure modes
or branch combinations which were illogical or not relevant to tne PTS
concern,

1. If the turbine fails to trip, an MSIS will close the MFIVs which will
result in loss of MFW. Therefore, branch point H will not appear in
scenaiios containing branch .oints I, J, K, N or 0.

2. [f MFW successfully rampsback then a HI SG level will not occur.
Therefore, J and K will only appear in combination with I.

™ [f the MFW pump discharge valves close on HI SG level a HI-HI SG level
will not occur. Therefore, K will only appear in combination with J,

4, If MFW fails to rampback and the MFW pump discharge valves close on HI
level, or the MFW pump discharge valves fail to close and the MFW

2%




pumps trip on HI-HI leve! then loss of MFW will occur. Therefore,

branch points N and 0 will not appear with the above failure
combinations because MFW bypass is never established,

5. If MFW fails to rampback and the MFW pump discharge valves fail to
close and the MFW pumps fail to trip then MFW flow will continue.
Therefore, branch points N, 0, P and Q will not appear with the above
failure combination.

6. 1f AFW is never delivered then it will not be lost. Therefore, 0 will
not appear with P,

1o [f MFW Bypass is never lost then AFW delivery will not be required.
Therefore, branch point 0 will not appear without branch point N.

8. If AFW is never delivered or is lest then excess AFW cannot occur,
Therefore, neither O nor P will appear with Q.

The PORV Inadvertently Opens event tree appears in Figure 3-2 and the
scenario frequencies are presented in Table 3-4.

3.3.3 Reactor Trip, Turbine Trip, MFW Fails to Rampback

The following plant responses are expected to occur following a reactor
trip, turbine trip, and MFW fails to rampback during Plant Condition 1:

0 Reactor tiip, turbine trip, and MFW fails to rampback

0 MFW pump discharge valves close on HI SG level (MFW pumps trip on
HI-HI G level)

0 SG Tow level

0 AFW delivery

-28-



Figure 3-2
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Table 3-4
SUMMARY TABLE
FOR
PORY INADVERTENTLY OPENS, CONDITION 1

BRANCH NUMBER COMBINATION COOE RECURRENCE FREQUENCY
LA L L L L L L LA A L A L A A AR L ER LR LT ] LA A B R L R

1, Py b,4E=03
e PY = @ : T.1E=04
b Py = P e,1E=08
4, PV =« N 1.,0E=Q7
L 1 PV = NQ 1,8Ee00
6, PV = NO 4,5Ee11
T Py =« M 7.1E=04
8, PV = MQ 7,9€«08%
9, PV = MNP 2,3E=09
10, PV = MN 1,8E=08
11, Py =« MNG 2,0E=09
12, PV = MNO S,0Ee12
l’. PV = L 7.15004
14, PV « LG 7,9€=05%
5 PV « LP 2,3E«089
ie, PV = N 1,8E~08
17, PV = L NQ 2,0E=09
18, PY = LUNO S,0E=12
19, PV = (M 7-'!'05
20, PY = MG 8,8E=0b
21, PY = LMP 2,6E=10
ez, PV = LMN 2,0E=09
23. PV = LMNG 2,2E=10
24, PV = ] 2,1E=00
2%, Py = 10 2,4E=07
26, PV = 1P 6,812
&%, PV = [M 2,4E=07
28, PV = IMQ 2,0E=08
29, Py = JL 2,4E=07
3o, Py = ILGQ 2,sE=08
31, PV = LM 2.0Ee08
32, PV = JLMQ 2,9E«09
33, Py = 1J 1,1E=09
34, Py = 1JG 1,26=10
1S, PV » IJm 1,2€=10
3o, PV = 1JMG 1,3E«11
37, PY =« 1JL 1,26«10
38, Py « 1JLG 1,3E=11
39, PV e 1JLM 1.36=11
40, PV = 1JLMG 1,5€«12
ay, PV M G,2E-08
“z, Py = WO 4,0E=09
a3, Fy = MM 4,6E=09
“a, PV = MMy S.,2E=10
as, PV « WL 4,6E=09
“o, Pv » W G S5,2E=10
47, Py & MM S,26=10
ae, PV & miMQ S.,7€E=11
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The following logic rules were input to CEETAR to eliminate failures modes
or branch combinations which were illogical or not relevant to the PTS
concern,

1. If the MFW pump discharge valves fail to close and the MFW pumps fail
to trip then full MFW flow will continue. Therefore, branch points P
and Q will not appear with the above failure combination.

2. If the MFW pump discharge valves close on HI SG level a HI-HI SG level
will not occur. Therefore, K will only appear in combination with J.

The MFW Fails to Rampback event tree appears in Figure 3-3 and the scenario
frequencies are presented in Table 3-5,

3.3.4 Reactor Trip, Turbine Fails to Trip

The following plant responses are expected to occur following a reactor
trip, and turbine fails to trip during Plant Condition 1:

Turbine fails to trip

MSIS

MSIVs close

MFIVs close

Safety injection

AFW delivery

Operatc~ throttles safety injection
Operator throttles AFW

© ©O 0 © 0 0 o o©

The following logic rules were input to CEETAR to eliminate failure modes
or branch combinations which were illogical or not relevant to the PTS
concern,

1. If an MSIS is not generated then MSIV A, MSIV B, MFIV A and MFIV B are
not required to close, therefore, branch point A will not appear in
combination with branch pouints B, C, Sor T.

=07



Figure 3-3
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Table 3-5

SUMMARY TABLE

FOR

RT/TYT AND MAIN FEEDWATER FAILS TO RAMPBACK, CONDITION 1

BRANCH NUMBER

COMBINATION CODE

mF
“F
“F
mF
“E
wF
MF
“F
Ll
mE
mE
mF
wF
mE
“F

GMP

JP
JM
Ja
Jom
Jx
JKM™

RECURRENCE FREQUENCY

1,4E=03
4 0E=09
l.SEOOE
4, 4E=10
1,5€=04
4,4E=10
1,7€=0%
“.OE-I‘
6,9€=07
2,0E=12
7,0E=08
7.6E%08
8,5E=09
S,UE«10
6,0E=11



8.

[f either MFIV fails to close and the MFW pump discharge valves fail

to close and the MFW pumps fail to trip, then MFW flow will continue.
Therefore, branch points P, Q, U, and V will not appear in the above

failure combinations.,

If a SG is intact, the Auxiliary Feedwater Actuation System is not
required to preven: AFW delivery to that SG. Therefore, U will only
appear with B, and V will only appear with C.

If both MSIVs fail to close, a HI SG level will not occur. Therefore,
neither J nor K will appear with B and C.

If MFW flow is successfully terminated by closure of the MFIVs, a HI
SG level will not occur. Therefore, neither J nor K will appear
unless S or T appears.

If the MFW pump discharge valves close on HI SG level a HI-HI SG
level will not occur., Therefore, K will only appear in combination
with J.

If AFW is lost then excess AFW cannot occur, Therefore, P will not
appear with Q.

If the MSIS is not generated, MFW flow will continue. Therefore, Q
will not appear with A,

The AFAS isolates a ruptured SG by noting the pressure differential
between the two steam generators. J and V will not appear in the same
scenario.

The Turbine Fails to Trip event tree appears in Figure 3-4 and the scenario

frequencies are presented in Table 3-6.

-30-



Figure 3-4
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Table 3-6

SUMMARY TABLE

FOR

REACTUR TRIPS AND TURBINE FAILS TO TRIP, CONDITION 1

BRANCH NUMBER

COMBINATION CUDE

AR

L")
PM

TQ
™
MO
T
TJe
TJIM

80
M
L L]
sJ
sJe
SJM™
8T
$13
STm
STMQ

cQ

cMae
cY

cTe
cT™
cs

cse
Cs™

8w
B~
BMQ
8y
870
8T™
8s
836
LR L)

AM

RECURRENCE FREGUENCY

2,7E=05
3006.00
3, 0E=00
3, 4E=07
8,8E=11
9,8E«12
1.05.07
1,1£«08
1,1€=08
1,3E«09
S, 1E=11
S.0E=12
S,0E=12
1,06«07
1,1E=08
3.1&'00
1,3E«09
SQ‘E.l‘
S.,bE=12
S.0E=12
3.‘(’!0
4,2E~11
4,2E-11
“.7£.‘2
4,1E=09
4,6E=10
a,6E=10
S,1E=11
1,5€=11
1,7E=12
1,7€=12
l.SE.ll
1,7E=12
1,7€=12
4,1E=09
4,06=10
4,6E=10
S.1E=11
1,5€=11
1,7E=12
1.,7E=12
1,5E=11
1.75'12
1,7E=12
3,0E=09
3.“[’!0



3.3.5 HI Pressure Transient, MSSVs Open and One Fails to Reclose

The following plant responses are expected to occur following the failure
of an MSSV to reclose during Plant Condition 2:

MSSV on SG B fails to reclose
Reactor trip

MSIS generated

MSIVs close

Operator terminates flow to SG gl
Operator throttles HPSI

Operator decreases AFW flow to SG A

O O © © © o o

The logic rules for MSSV Fails to Reclose are identical to the logic rules
for Main Steam Line Break.

The MSSV Fails to Reclose event tree appears in Figure 3-5 and tne scenario
frequencies are presented in Table 3-7.

The event tree and summary table are shown for the case where
manual isolation of AFW to a broken steam is required while the AFW
system is in the manual mode. This implies that the probability of
Branch D (see Table 3-2) is 9.0E-0..

3.4 SCENARIO FREQUENCY CATEGORIZATION

The results of the frequency categorization are summarized in Tables 3-8
and 3-9. The tables contain a list of all sequences in the moderate,
infrequent and limiting fault categories which were obtained from the event
trees in Section 3.3. In addition, a number of sequences identified as
being ¢” Very Low Frequency (VLF) are listed on the tables. The VLF
sequences fell below the range specified as Limiting Fault 3 (i.e., less
than 10'5/yr) but above an arbitrary cutoff frequency specified as

10'12 for all of the event trees except the Main Steam Line Break event

If this event were analyzed as occurring in Condition 1, automatic termination
of AFW flow to SG B would be assumed.

=33-



Figure 3-5
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Table 3-7

SUMMARY TASBLE

FOR

Wl PRESS TRAMSIENT, MSSV OPENS AND FAILS TO RECLOSE, CONDITION 2

BRANCH NUMBER

LA R B b b L LA L RO

CUMBINATION CODE

My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My

£
EF

oG
DF
OFG

DEF

ADG
ADF
ADFG
ADE
ADEF

~35.

RECURRENCE FREQUENCY

2,2E=04
| ,4E=08
5,2€=04
3,3E=08
2.26.0‘
5.2(’00
2,0E=03
l.)EOO"
4,7€=03
3,0E=07
2.0"03
4,703
’.‘E‘o‘
2.‘!-‘2
7.9€=08
S,0Ee12
).“E'OO
7.9€=08
3,0E=07
‘.’t.‘l
7.35'07
4,5€E=11
J,0E-07
T.1E=07
3, 4E-08
2,1E=12
7.9€=08
S,0E=12
J,4E-08
7.9E=08
3. 0€=07
lo'e.“
T.1E«07
4,5E=11
3,0E=07
7.1E=07
5,1E+12
1,2Eell
S, 1E=12
1,26=11
“.6(.‘1
3.!(-!0
d,0E"11
lgl[OlO
2,26«08
{,4Ee12
5,2E=08
3,3E=12
2,26=08
S,2E=08
2,0Ee07
1,3E=11
4,7E«07
e,% 11
2,0E=07
4,7E=07



tree whicn used a cut-off of 10-1%, Since a large number of sequences
fell in tnis range, only those with a frequency greater than 107 vere
listed.

Table 3-8 contains sequences in which the initiating event occurs in
Condition 1 (see Table 3). Table 3.9 contains thcse which occur in
Condition 2.

Table 3-10 provides a list of wnat are considered to be the most severe PTS
scenarios of the sequences presented in Tables 3-8 and 3-9.

As described in Section 3.0 the scenario probabilities for the Condition 2
events (i.e., MV and MS) were calculated twice, once with manual AFW
isolation assumed and once with automatic isolation assumed. This changed
the probability of the "D" branch from 0.9 to 1.7x10'5, respectively,

The =ffect of this change can be seen by comparing Tables 3-9 and 3-10 with
Tables 3-11 and 3-12. The first two tables were constructed assuming
marual isolation, Tables 3-11 and 3-12 sho« the effect on these scenarios
of changing to automatic isolation. The m:st significant effect is the
elimination of the severe scenarios which contain the manual isolation
branch (D) due to their greatly reduced frequency.

Table 3-12 was constructed by selecting events from Table 3-10 which
remained after the probability of Branch D (Manual Auxiliary Feedwater
Isolation) was reduced to represent the failure probability of automatic
isolation, This eliminated all MS cases from Table 3-10. The highest
probability MS case was selected from Table 3-11 and shown in Table 3-12
for illustrative purposes.

Table 3-13 presents the frequency categories for each of the initiating

events listed in Table 3-3. This table demonstrates that a full range of
Anticipated Operating Occurrences (AOO) and accidents was considered,
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Table 3-8

Scenario Occurrence Frequency Categorization

Condition 1 Events

LIMITING FAULT

CATEGORY MODERATE INFREQUENT : YUY Lo
“ s : FREQUENCY
MAY OCCUR MAY OCC!R LOW PROBABILITY VERY LOW PROBABILITY | E)CEEDINGLY LOW l
OF OCCURRING OF OCCURRING PROBABILITY OF
FREQUENCY DURING A DURING A DURING DURING A OCCURRING DURING A
CALENDAR YEAR PLANT ' ** (TIME PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME
PV PY-0 Py-MQ PV-P
PV-M PY-L0 PY-N
MF PV-L PY-LM PV-NQ
PY-LMQ PV-MN
PY-1 PV-LN
MF-M TY ﬁ"'iﬂ
MF-Q Tr-Q V-
Ti-M PV-IMQ
M!,‘_m PV‘IL
PV-1LQ
PV-ILM
PV-H
EVENT
SEQUENCES MF-J
MF -JM
MF-JQ
TT-MQ
1T-T
T7-T0
TT-T™
TT1-S
TT7-S0Q

TT-SM




-ac-

Table 3-G

Scenario Occurrence Frequency Categorization
Condition 2 Events - Manual AFW Isolation

T g i
CATEGORY MODERATE INFREQUENT - LTI S VERY L
FREGUENCY
1 2 3
MAY OCCUR MAY OCCUR LOM PROBABILITY VERY LOM PROBABILITY (XCEFDINGLY LW
. OF OCCURRING OF OCCURRING FROBABIL ITY OF
FREQUENCY OURING A DURING A DURING A DURING A OCCURRING DURING A
CALENDAR YEAR PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME
r MV-D My MS MV-DG
MV-DF MV-F MS-E MV -DFG
MV-DE MY-E e MV -CD
MV-DEF MV-EF MV-CDF
MS-EF MV-CDE
MS-D 7
MS-DEF MV-CDEF
MS-DF MV-BD
MS-DE i
MV-BDF
MV-BDE
MV-BDEF
MV-AD
MV -ADF
EVENT 1 MV-ADE
SEQUENCES MV-ADEF




Most Severe

Table 3-10

Scenario Occurrence Frequency Categorization

Sequerces - Manual AFW Isolation for Condition 2 Sequences

CATEGORY MODERATE INFREGUENT LINITIN Fanet VERY Low
VENCY
¥ » 2 FREQUENC
MAY OCCUR MAY OCCLR LOW PROBABILITY VERY LOM PROBABILITY | EXCEEDINGLY LOW
OF OCCURRING OF OCCURRING PROSAGELITY OF
FREQUENCY DURING A SURTSG A DURING A DURING A OCCURRING DURING A
CALENDAR YEAR PLANT LIFETIME PLANT LIFETIME PLANT LIFETIME PLANT L IFETIME
PV PV-M PV-M)
MF-Q MF-OM
CONDITION
1
EVENT
SEQUENCES
MV-DEF MV-EF
MS-DEF M3-DE
CONDITIOM
2
EVENT

SEQUENCES
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Table 3-13
Frequency Categories of Initiating Events

*

FREQUENCY
INITIATING EVENTS CATEGORIES
- oo
Decrease in Feedwater Enthalpy
a) MFW Hecter System Failure 1
b) AFW Delivery LF1
Excess Feedwater Flow
MFW Flow Increases Above That for a Particular Power Leve!l I
AFW Flow Incresses Above That for a Particular Power Level LF1
Reactor Power Decresses and MFW Flow Fatls to Adjust 1
Reactor Power Decreases and AFW Flow Fatls to Adjust LF1

RONTOS

Turbine Trip and MFW Fails to Rampback

Excess Steam Flow

e Steam Flow Increases Above That Req'd for a Particular Power
Level

01 Steam Line Break

b) MFW Line Break d/s of Check Valve
cg ADV Inadvertently Opens

d) TBY Inadvertently Opens

e) MSSY Inadvertently Opens

f) Excess Steam Flow Through Turbine

¢ Reactor Power Decreases and Steam Flow Fails to Adjust

) ADV is Open and Fails to Close

) TBY 1s Open and Fails to Close

) Turbine Fails to Decrease Steam Flow

) Reactor Trips and Turbine Fails to Trip

) Reactor Trips, Turbine Trips, and TBV Fails to Close After
Quick Open or During Modulation

1) Mi Pressure Transient, MSSY Opens and Fails to Close

ol - T

Large LOCA
a) Large Pipe Break

Small LOCA

Non-lsolable Pipe Break

Isolable Pipe Break (Letdown Line)

RCP Sea) Failure

PORY Inad - ~tently Opens

RCS Overpressure Scenario and One PORV/PSV Fails to Reclose
SG Tube Rupture

-, OO

Pressurizer Pressure Contro! Failures

a) Spurious Main Spray Actuation,

b) Spurious Aux. Spray Actuation

¢) Pressure Transient Actuates Main Spray, Spray Fails to
Decrease

d) Excess Main Spray During a Controlled Depressurization or
Boron Mixing

e) Excess Aux. Spray During a Controlled Depressurization

Inadvertent SIAS When Below Shutoff Head

lz Fatlure to Block SIAS Setpoint
b) Spurious SIAS

Decrease in Charging Enthalpy
a) PLCS Failure (Max. Charging, Loss of Letdown)

Maximum Shutdown Cooling

M + Add. Fail. =

LF2
LF2
LF1

LF1

LFi

M + Add. Fail, =

M + Add. Fail, =
1 ¢+ Add. Fail.

LF2

LF1

LF1
1 ¢ Ada. Fali, =

LF1

M + Add. Fail, =

LF1
LF1

LF1
LF!

LF1

LF3

LF1

LFl

le

Spurfous auxiliary spray actuation is not considered plausible due
to complexity of actuation procedure.
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