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MEMORANDUM FOR: Stephen Hanauer, Technical Advisor, OEDO
FROM: Ashok Thadani, Reactor Systems Branch, 0SS

=+

At the January 27th meeting you suggested that there was a
need to assess the probability of ATWS events exceeding ATWS criteria,
given the plants meet Status Reports' requirements. A suggestion
was made that a working group be formed to conduct this study. In
order to accomplish this, you suggested that the scram failure
probability (including the control rod drives) be assumed as 1074
and consideration be given to the percent of time significant
parameters would have values which would result in exceeding
acceptance criteria. As I stated at the meeting and continue to
believe that the range of parameter values in BWRs have an insignifi-
cant effect on the results. The significant impact on consequences
1s from unavailability of various systems. Thus the probability

ceed1n9 criteria for BWRs assuming Status Report fix is between

to 10~/ per reactor year., Figure 1 of the slides I handed out
at the meeting (a copy attached) and never got an opportunity to
discuss, shows sequences that would lead to unacceptable consequences
if the design modifications assumed in NED0-20626 (Automatic SLCS,
Recirculation Pumn Trip, and Main Feed Pump Trip) are used. However
if the Status Report fix is applied, the following are some of the
sequences that would probably exceed criteria.

TC C] = 10

TC Cy = 10

TCu, (NFS) = 1077

where NFS is New Feed System ~10
L M*+R+S+CC+.... )

-2

= TC (1073
= 10°7
Where M1*= Safety Valve Fails to Open a-—IO'4
R = RHR System Fails ~1074
Contact: S = Service Water System Fafls ~1074
; dani, NRR .
x2734? - CC = Component Cooling System Fails ~10-4

$104170204



FEB 0 3 77

S. Hanauer y -2«

While this is not an exhaustive 1ist of sequences that would exceed
criteria, it shows that with Status Report fix, the 8robab111ty of
unaccegtable consequences have been reduced from 10=* to about 10-6
to 10-/ in BWRs.

The thrust of your remarks at the meeting seemed to address the

PWRs and in particular the moderatnr temperature coefficient (MTC)
value used in the analyses. Over a year ago I had indeed constructed
several event trees including the moderator temperature coefficient
effects to assure that the staff requirements were not excessive.
Enclosure two provides these event trees. The loss of offsite power
was drawn separately to determine the effect of diesel failures on
consequences. Conservatively one could go through the event trees
and assume the sequences shown on page 3 of enclosure two result

in unacceptable consequences since the analyses for these events
have not been performed. However, the following few sequences would
be realistically expected to exceed the criteria.

— R o7
T LI, =107-10"" ~ 5 x 10

TC *I*=.5x10"
TCF*  =.5x 10"

Where I2 13, F*, G* indicate MTC value between 399 and

99.9%, complete failures of auxiliary feedwater and high
pressure injection system respectively.

TC[R+S+CC+...]

= 1¢ (1073

~ 1077

This sequence covers the variety of failures (such as RHR,
Service Water, etc.) that would cause exceeding ATWS criteria.

Having looked at these few sequences one concludes, based on analysis and
judgment, that even with the inclusion of the moderator temperature co-
efficient and with the assumption of Status Report Fix applied to PWR
pIants. the probag11ity of exceeding the criteria has been reduced from
104 to about 10° to 10-7 in PWRs. The consequences are indeed more
affected by parameter values in the PWRs than in the BWRs.
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Thus for PWRs, one could extend the event trees by including other
parameters such as power, Dappler Coefficient, gap size, auxiliary
feedwater initiation time, etc. In most analyses expected values of
these and other parameters have been assumed with the possible excep-
tion of power and for B&W reactors auxiliary feedwater initiation
time (although recent B&W analyses have assumed a highly optimistic
auxiliary feedwater actuation time). It is my judgment (and I thought
others who concurred in our August 13, 1976 letter to the AIF

agreed with this judgment) that the selection of parameters and the
determination of their interactions, distributions, probability and
consequence functions would require considerable research before

such data could be incorporated into a probabilistic model. This
could of course be our long range goal but in the interim the simple
staff approach provides the desired degree of protection from ATWS
events,

[t is my belief that if there is a significant conservatism in the
staff Status Report approach, it might well be the unreliability
estimate of the control rod drive mechanisms (CRDOM) although I do agree
with you that CROM unreliability lower than 10-4 ~10-5 cannot be
ggm§g§§;§*gg. I think the B&W approach (20 electrical failures, no
mechanical failures;conclusion: 1/20%10=2 CROM unreliability) is poor,
at best. Recently we 1ave been mired in arguments with GE over failure
data, statistical methods, assumptions, etc., used in their estimates
of the control rod drive mechanisms unavailability.

With this as background, if a working group is formed, the work function
should also address the safety goal ?cou]d the goal be different for

tne first 100 reactors and future reactors), value impact, etc.?
(enclosure 1 provides some preliminary thoughts on options, etc.)

I[f a semiprobabilistic study is initiated and if such a study cannot be
completed in a couple of months what option would you recommend the
staff follow in the interim?

i .
¢ Dbl 7

Ashok Thadani
Reactor Systems Branch
Division of Systems Safety
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BWR ATWS RISK

B:R RPS LNRELIABILITY
ASH-144%)

UPPER BOLND MEDIAN
4.6 x 107 1.3 x 1075

AUTICIPATED TRANSIENT FREQUENCY
WASH-1400
10 PER PLANT YEAR

AT“S PRORAR[LITY
WASH- 140
(MEDIAN)
1.3x 104

WASH-1270)

95% COMFIDENCE
1.0 x 10t

HASH-1271
1 PER PLANT YEAR

HASH-1271)

1.0x 107



WASH-1400 STUDIES
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COMTAINME'T FAILURE MODES

X

n

CONTAINVENT OVERPRESSURE, CORE MELT STEAM EXPLOSICH,
MISSILES TO ATMOSPHERE

~ 10’2

Y = CONTAINMENT OVERPRESSUPE, CORE MELT (BLOWOLT PANELS BLOWN
PROVIDING LEAKAGE PATH)

~ 1

- < 1.3x107

- & 1.3x107°

TOTAL RISK 2 x 107
ATYS RISK 1.3x 107
ATYS FRACTIONS 653

FOR PLANTS WITHOUT RPT, ATWS RISK ~100%



RSB ESTIMATES USING WASH-1270 & WASH-1400

ms =1 = 1077 WASH-1270

ASSUMPTION :(1) SLCS MANUALLY INITIATED AT TEN MINUTES
(2) RECIRCULATION PUMPS TRIPPED

CONSEQUENCES:  CORE UMCOVERS
DAMAGING VIBRATIONS IM THE POOL

CORE MELT

WASH-1400 DID NOT CONSIDER CONTAINVENT OVERTEMPERATIRE  (VER-
PRESSURE FAILURE MODE

INPLICATIONS: EVEM WITH AUTOMATIC RPT, MEED TO UPGRADE SLCS
T0 REDUCE PROBABILITY OF UNACCEPTABLE CONSEQUENCES
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FIGURE |- GE EVENT TREE (using Neso.20626 Fix)
~ B @I €2 Up TUs My MpT P T EYENT  PROBABILITY CONSEGUENCES
FPT  RPT SLC WPC1 RCIC R/v sV s
— 16 e 10T ~guig? ~10T ~j0* ~10°7(1) T S BN
= EURCINL. - - ) )
g F 1x10° (1 vv) Unaccepéable ™
BT NN, W SUNN SO . . S SRt
SRERINEE SRS s SRENRNNL, NSNS {1 . NN
R L oMy I1x1078 Awcepiadle
: TCM,P 1x1077 | Unacccbbasle
e TCUs . L.x0 I SO
L TCuP 1.x10¢ Unacee ptable
=gy JECITER R _TeUsMy  exler? e 3
e R ARy Ca s e T ews | %1075 Unacceftable
e T qeuMy - IxloT Lo N
¥ BS | T mowe 1 ox10® Unknown™ .
TeuweMy ) x107® N/A
TCC: <1077 N/A
TCC! <107 N/A
T2
tx\t‘.“‘ -
T TCF, <107 N/A
\ ) Lk )




UMACCEPTABLE CONSEQUETICES PROBABILITIES

BRU4EOS
rpm— o
NOIE 10
RPT 107
RPT, SLCS 10
RPT, SLCS, HPCI 107 - 176
RPT, SLCS, HPCI, QR 106 - 107
ARSS (ASSUMING 107> WNRELIABILITY
FOR THE RIVES) 107
BRE
NPT COSENENE
NONE ™
RPT 1074
RPT, SLCS 1075 - 10° @E 10 HPCS)
RPT, SLCS, HPCS 106 - 197

ARSS 107




OPTIONS:

1. CRD UNRELIABILITY 1072

A. ATWS SAFETY GOAL FOR FIRST 100 REACTORS 1070

[MPACT:

RPS - ELECTRICAL MODS.
NO SINGLE FAILURES FOR PWRS
LIMITED SINGLE FAILURES FOR BWRS
SMALL COST TO FIX PNRS < $1 M
REDUCED COST TO FIX BWRS

B. ATWS SAFETY GOAL FOR STANDARD PLANTS
(FUTURE)

IMPACT:

STATUS REPORT REQUIREMENTS

2. CRD UNRELIABILITY 1074

WHETHER THE SAFETY GOAL IS 1075 or 1077

STATUS REPORT FIXES WOULD BE INDICATED



3, CRD UNRELIABILITY 107°

A. ATWS SAFETY GOAL FOR FIRST 100 REACTORS 1070
[MPACT :
SIMILAR TO (A) OF OPTION 1 EXCEPT
CONSIDERABLE COST REDUCTION FOR BWRS
B. STANDARD PLANTS SAFETY GOAL 10”7
IMPACT:

SIMILAR TO (A) OF OPTION 1 WITH
SIGNIFICANT UPGRADING OF THE RPS

RECOMMEND:
OPTION # 1

A. CONSISTENT WITH OUR PHILOSOPHY 103 /UNACCEPTABLE
CONSEQUENCES

B. DOES NOT DISAGREE WITH RSS RISKS

C. DIFFICULT, IF NOT IMPOSSIBLE, TO DEMONSTRATE
CRD UNRELIABILITY LESS THAN 10-2

D. ASSURES FUTURE NUCLEAR RISK TO BE A FRACTION
OF OTHER RISKS
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NOTE TO:

ATWS DISTRIBUTION LIST

March 14, 1977

Distribution

As per 3/9 ATWS meeting, the attachment provides ‘dnners,

and Thadani's comments.

. Arlotto

R. Baer

Comments by Frank Cherny on ATHS vs. Use of Faulted Stress

. Boyd

Bunch
Case
Dircks

Easterling

Eisenhut
Crimes
Guibert
Hanauer
Heineman
Hood
Imbro

. Kehnemuyi
. Krug

. Levine

. Minners

. Minogue
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Easterling's,

Ashok C. Thadani
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Limit are attached at the end of this report.
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. Ornstein

Richings

. Ross
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Vesely

. Vollmer

Wall
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