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REMARKS

There has been considerable debate
over the need for protection against
ATWS events "specially since the
publication of WASH-1400. The attach-
ment provides my views on the need for
ATWS "fixes.'" Please provide your

comments by 1/10/77.
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1. BACKGROUND
The safety objective is that the likelihood of all accidents with
significant consequences not included in the design basis envelope
should not be greater than 10-6 per year. For the particular
potential failure path of ATNS, the staff believes that a failure
rate of the order of cne-tenth of the overall safety objective is

an appropriate goal. It should be noted that both the ACRS and the

«F
"Jh 4 reactor vendors have agreed in the past that the 10 aiming point

was appropriate for ATWS events. Use of this type of goal s

helpful to the staff in determining whether additional design re-
quirements are warranted such that the potential risk from accidents
is very low. The staff does not believe that technology exists to

rigorously demonstrate that the safety objecti i i

avents. Rather, an attempt is made to minimize multiple failures due

to common causes and require that the equipment needed in the short
l.,f'h ( term (few minutes) following an ATWS event be highly reliable and

automatically actuated.

“As discussed in detail in WASH-1270, the staff, based on the operating
_ experience to date, including several instances of incipient or partial
':a ;ﬂ':z%’ common mode failures of reactor shutdown systems and the evaluation of
7 ’f“é '!4 es Current reactor shutdown system designs, has conciuded that this safety

objective would not be met unless either shutdown system designs are

improved to provide greater assurancg of scram when needed, or measures
———————

are taken to make the consequences—of ATWS.acce table. The first

alternative, i.e., revision of designs to improve significantly the

reliability of reactor shutdown systems by providing shutdown




systems which would be diverse to the current reactor protection

system and control rod drives such that ATWS events need not be,

considered in the design envelope, was originally a requirement in
WASH-1270 for all applications filed after October 1, 1976. Although

g | this alternative is still acceptable, the staff has since concluded

’7'ﬂ6',bﬂ , shacr/
e ,gj that the desired safety objective can be approached for all classes
; of plant by means of the second alternative alone.

The second alternative, i.e., including ATWS events within the safety
design basis of plants and providing design changes to assure that
the consequences of anticipated transients would be acceptable in the

event of a postulated failure to scram, is the course currently being

pursued by vendors and reviewed_by_the_staff. With this safety goal

as an aiming point, the staff has developed several design and
evaluation guidelines which it believes are acceptable in evaluating
the response of reactor systems to the design basis postulated ATWS

events.
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3. RISK ASSESSMENT

Since the publication of the Reactor Safety Study (WASH-1400)

considerable controversy has arisen in terms of what fraction of

BE 1

risk can be attributed to ATWS and indeed if any design modifications

- —

are necessary for ATWS if the overall risk is not reduced sub-

stantially. We would make an effort to compare the ATWS risk
studies performed by the RSS and the staff interpretation of what
the risks might be.

3.1 Anticipated Transient Frequency

WASH-1270 WASH-1400
PR BWR

Ce— -
(1/RYR) ‘ 7RYR @.

3.2 Reactivity Shutdown System Unreliabi]it} Comparison

WASH-1270 WASH-1400
PWR BWR
95% Confidence Upper Bound Upper Bound
f- Med1an-—-7 \ Median ——
-4 \ -4 y -5 .. % -5 vy -5
1.0 x 10 1.0

x10 3.6x10///4.6 x10 1.3x 10
,4 X X

3.3 Accident Sequences : ?
For the BWR, the plant used in the safety study for detailed
examination was one to which a partial ATWS "fix" has already
been applied. The BWR unit has a recirculation pump trip which
would significantly reduce the peak pressure. The comparison
shall be made in spite of this difference and an assessment

of the impact on risk due to this fix will be made later in

this report. The PWR unit analyzed has higher primary re-

lieving canacity than some other PWR units, otherwise, the
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increased relieving capacity would result in lower calculated
peak pressure. The calculated peak pressure is expected to
be high enough that the isolation valves (RHR, CVCS etc.)

may experience permanent deformation and consequently i.ng-
term shutdcwn capability may be lost. It is not clear

whether the RSS had given consideration to this failure mode.
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T'}.3.1 WASH-1400 Estimates | !
3.3.1.1 BW\T Palesge categories |
e
T = Anticipated Transients ~i0/yr ! het
-
C = Fatlure of both the RPS and either the recire. ’
pump trip or the SLCS 1.3 x 1076 t

o( = (ontainment failure mode Steam Explosion «JO'Z

¥ = Containment Failure Mode Overpressure~0.39

7

(TC)-e4=1.3 x 107" (Category 1 release)

o)<z 1.3 x 10°°

(Category 3 release)

Risk from all Accidents

- ' f
“Category 1 1 x 10’6 AN 1’&£\°

] |
Category 3 2 x 1072 v

Therefcre):y WASH-1400 estimates ATWS contributes greater than

50 percent to the Category 3 release conseguences.
3.3.1.2 PWR Release Categories

T = Anticipated Transients of Significant

Conseguences ~3yr
I v 4

= RPS Unavailability Avélé‘x lﬁlé’/

>~

= Primary System Relief/Safety Valves
fail to Reclose  ~-10-2 s
W ——————" 5

/

£

<
u

o« = Containment failure _Mode Steam

Explosion ~10

=r : ' . -2
@ S Containment Leakage ~-10

& =-Containment Rupture by Melt through ~-1.0
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TKG =L = 3 x 1078 (Category 3 Release)
TKQ -0 = 1 x 10'8 (Category 3 Release)
TKQ-F = 3 x 10'10 (Category 5 Release)
T*Q-6 = 3 x 107 F oo Ly iy
rkMQ-6 = 1 x 1075 (= v )

Risk from a'l Accidents

Category 3 4 x 1078
“ 5 7 x 1077
“ 7 4 x 10°°

Therefore by WASH-1400 estimates ATWS in general is not a significant
contributor except for category 7 where it contributes about 10 percent

to the releases.

\
| 3.3.2 NRR Staff Estimates Using WASH-1270 |

Nm—

3.3.2.1 BWR Systems

T 2 Anticipated Transient 1/yr

C' = RPS Failure 10"

J =SLCS Faflure ~ 10" (WASH-1400)

H =HPCI Failure ~10"! RO

S =5/Y Fails to Reclose ~10"! iz .3
¢ -(x) = 198

i.e. even if the standby liquid control system were to
be manually initiated several minutes after the initiation of
an ATWS event, the conseguences would be very severe in that

core covery would be difficult and in addition the suppression




pool conditions could be such as to cause damuging vibrations
and consequently affect long term core cooling capability.
' - ¥=107t
TC'UCC (WASH-1400 TC- ) =107
- (" TC-®) =10
TC'H-oC 2107
TC'H- & =10
TC'S- ¥ ~10"°
Assuming similar release categories as in Section 3.3.1.1
| ATWS Risk from Release Category #1~1.2 x !O'GF#]
t‘ X . » . : #3~1.3 x 10'{4)

Therefore by NRR estimates the probability of exceeding 10 CFR 100

limits for a BWR plant fis aporoximate and there-

fore protection against ATWS events is warranted.

3.3.2.2 PWR Systems

ATWS calculations ror various types of PWR systems vary in
the severity of consequences. For example, if no plant modifications
Are assumed, the calculated peak primary pressure would be in the
range of 4000—5000 psia for different PWR systems using essentially
a realistic model. We believe that such high pressures are un-
acceptable and could result in core melt. One such path that could
lead to core melit is the loss of isolation valves oocerability.
while the safety study assumes that more complex ATWS events (TKQ,
TKMQ) Tead to core melt, the staff believes that the consequences
of ATWS (TK) are potentially serious and in view of the “"realistic”

nature of the calculations in contrast to the highly conservative
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calculations used for determining licensing acceptability, the

staff judges that the TK sequences would exceed 10 CFR 100-Timits
——  —

Further, the PWR unit analyzed in the RSS, due to higher relievin

capacity, would be expected to result in less severe consequences
than some other PWR units. On the other hand, if either
auxiliary feedwater system or turbine trio were disabled due to
the CMF that caused scram failure, the RSS would have concluded

this sequence to result in core melt.

™ -al ~ 10" (category 3)

™ -€ ~ 10°% (Category 7)
Therefore by NRR estimates if either turbine trip or auxiliary
feedwater system is not available for plants with higher relievin
capacity (e.g. unit analyzed in the RSS study) and for other PWR
units, the probability of exceeding the 10 CFR 100 1imits 1s
approximately 1074 per year.

3.4 WASH-1400 Vs. Sta‘f Risk Comparisons

P WASH-1400 STAFF
- -
:j,f Total Probability BWR 2 x 10 s Discussion B
Exceeding of 10 CFR 100 -5 .4
PWR ~ 10 10
BWR ~t 1™
ATWS Probability of - b -4
Exceeding 10 CFR 100 PWR ~2x10 ~10
3WR ~50% Single Most 04
ATWS Contribution SR ~20% Single Most 0O¢

*tstimate based on discussion with RSS Personnel. Althouagh

RSS consicered core melt probabilities, not all release categories

N Bl T - L - L
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would probably result in exceedina 10 CFR 100 doses. However, the
RSS estimates that the probability of exceeding 10 CFR 100 limits
SD

is about 107~ per reactor year.

In some limited areas quantitative probabilistic safety goals or
criteria exist in NRC requirements. In WASH-1270 and elsewhere
the AEC Reaulatory staff suggested as a long-range safety goal a
frequency of exceeding 70 CFR 100 guidelines in the 10'6£g§'range.
;l This is derived in WASH-1270 from a nationwide woal therein
\kg preposal of 10:3/year or lower frequency of accidents involving
(b significant overexposure of members of the public, and a
projected AQéggpo number of power reactors of the order of 1000, é{,co, zo%*
Today, with %50 power reactors operating, the proposed nationwide
goal would lead to a present-day safety goal of 2 x 10'5/7§ for

exceeding 10 CFR 100 guidelines.

But since present-day reactors are expected to be cperating in
AD 2000, the long-range goal will presumably apply to them also

in the future.

Since not all potentially serious postulated accidents are ATWS events,

1
ww" ? a goal for ATWS frequency should be lower than the goal for severe
| ...

:i accident frequency. WASH-1270 suggests a factor of 10 for this margin.

| —_—
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A goal of this 3ert™is compatible with present licensing practice

S e — ~-p
.

.

in some areas. An example of such an application of probabilistic
reasening in safety evaluation is the evaluation currentl, performed
of airplane crashes. If the calculated frequency of plane crashes
onto a proposed facility that could interfere with safe shutdown

is lower than a threshold value, no plant protection is required.

A predicted frequency higher than the threshold value results in
inclusion of airplane crashes of some severity in the safety design

basis of the facility,

The WASH-1400 calculations show that the likelihood of exceeding
10 CFR 100 is of the order of(fésg;éer reactor year and any require-

ment to protect to a level of 10"

s

necessary or not needed. Our regulatory policies have continuously

per year could be construed as un-

evolved since design and constructicn of Peach Bottom Units 2 and 3

and Surry Unit 1, the base plants of WASH-1400. Several improvements
in the ECCS systems, for example, such as automatic transfer

from injection to recirculation mode ar< «ncorporation of two

discharge lines instead of one from the refueling water storage

7
¥ tank would reduce the overall risk and we consider it inappropriate
,;l'ﬂ s A T e e
to base regulatory decisions only on the calculated risks for those

two plants, Rather more work is needed before risk assessment

methodology can be used routinely in licensing decisions. [t {g also

the staff belief that ATWS "fix' would reduce risk from other contributors.




For example, the two significant contributors to the core)meIt

probability in WASH-1400 for the BWR plant are the transient

events followed by the failure of 2ither scram system or the
decay heat removal system. [t is believed that any ATWS fix that
includes high pressure feed system would also reduce the core melt

probability due to decay heat removal system failure.

il “EE‘ 8 " '
4 ¥

In summary, the staff believes that the ATWS events are thmmees

/'ﬁ?,mfgé'ﬁ)‘ ; o ‘
4 Semempat contributors to the probability of exceeding 10 CFRI00— .

limits. Accordingly, the staff would require that protection

against ATWS events be provided to protect the health and safety

of the public.
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Combustion Engineering, Inc.
ATTN: Mr. A.E. Scherer

Licensing Manager (35460-401)
Nuclear Power Systems Division
1000 Prospect H111 Road
Windsor, Connecticut 06095

Gentlemen:

CENPD-158, REVISION 1, "ANALYSIS OF ANTICIPATED TRANSIENTS WITHOUT SCRAM
IN COMBUSTION EPBINEERI‘ISSS'S'

The Nuclear Regulatory Commrission (NRC) staff has completed 1ts initial
:v';a; oflmtion Engineering’s (C-E) topical report, CENPD-158,
sfon 1.

In our review of CENPD-158, Revision 1, we have noted severs! parametric
analyses which have been unful in our evaluation of the sensitivity of
ATWS analyses to variations of input parametars and primary relfef area.
However, additional information concerning the sensitivity of the analyses
to parametric variations 1s necessary before we can complete our roview
of C-E's analyses. The enclosure {dentifies the specific information
required.

If you have any questions, please contact us.

Sincerely,

O Igine] signed By
“m‘*

Dersood F. Ross, Jr., Assistant Director
for Reactor Safety

Division of Systems Safety

0ffice of Nuclear Resactor Regulation

Enclicsure:
Information Request

cc: M™r. C.8. Brinican
C-L, Bethesda, nr{
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