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E publication of WASH-1400. The attach- b' '. .
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1. BACKGROUND 1

The safety objective is that the likelihood of all accidents with

significant consequences not included in the design basis envelope
-6

should not be greater than 10 per year. For the particular

potential failure path of ATHS, the staff believes that a failure

rate of the order of one-tenth of the overall safety objective is m

an appropriate goal. It should be noted that both the ACRS and the w.,
7

reactor vendors have agreed in the past that the 10 aimino coint. f
!-'

%/ was approoriate for ATWS ev.ents. Use of this type of goal is -

'/ 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
r .

rigorously demonstrate that the safety objective is achieved for ATR$ !-

9

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

o Ato comon causes and require that the equipment needed in the short

term (few minutes) following an ATWS event be highly reliable and b
i y

8automatically actuated.

~As discussed in detail in WASH-1270,'the staff, based on the operating-~
eexperience to date, including several instances of incipient or partial .

===-
J ?; $ ,

ref5. common mode failures of reactor shutdown systems and the evaluation of ';--so
/

current reactor shutdown system designs, has concluded that this safety g-'

e

objective would not be met unless ejher_ shutdown system designs are -yh

improved to provide greater apuranct of scram when needed, or measures p---

h.are_ taken to make theJo_n.s_equences-.of AIWS_acc. gtable. The firsts et
,

r*:.
alternative, i.e., revision of designs to improve significantly the M

k[reliability of reactor shutdown systems by providing shutdown ;

!

$
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systems which would be diverse to the current reactor protection
i

system and control rod drives such that ATWS events need nota |=$'":

cogd 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 p
Q p& [oi', SAw/g/ ( I

f5 y6 j that the desired safety _g.bjAc.tive can be acoroached for all classes |

f ' < ac==
.

f q of plant by means of the second alternative alone. ,

4I 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
o.-

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

$'[[ pursued by vendors and_ reviewed _by tbe_st.aff. With this safety goal muum
b.
?as an aiming point, the staff has developed several design and
O

evaluation guidelines which it believes are acceptable in evaluating i;

k*

the response of reactor systems to the design basis postulated ATWS ;-

h-events. . r
-
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2.

REACTTVITY SHUTDOWN SYSTEM UNREL
,

EA

IABILITY
The reactivity shutdown system

consistr
system, that is the s y s, signalof the reactor protection

logic circuits, trip breakers a dconditioning y uipment, bistablesng.
The unreliability of the reactivity shutdown system hpowerSup.ph,andthecontrolrod

,

estimated in WASH-1270 to be as beenper demand.

a conservative estimate of the[accThis unreliability is
Army and Naval power units inumulated operational experience of;

addition to U.S. and foreign centralstation power
units.

of theJnceLiabi.11ty_of_any iDdividThis ' estimate may not be a conservative estimate
the operating experience of indi i _uA Lg.gntral station design, since

_

'

'an evaluation'of v dual designs is limited.

determined by the direct applic ti_the unreliability of individual current desi
Therefore,

gns cannot bea

developed in WASH-1270. on of the unreliability estimates

staff has concluded that the areasBased on a review of current desi
'

gns, the

are particularly susceptible to comof reactor protection systems that
before an unreliability in the o d mon mode failure must be corrected

r er of 10~4to any individual system per demand would apply;
.

The staff also recognizes that th
protection system and the cortrol e unreliabilities of

.

. the reactor

are necessarily:'lNs)than the overallrod drive mechanisms individually4 ~~ ,'
~ ''

shutdown 'systemg's'//$whife
fa ilur. _ .

However,w/u/eunreliability of the d?EW-)-
, &

_

a
_

j ctual and potential common modees of control rod systems have occur
g

.

o spemhnf P'arth, Nr p
5Ha fe.om@pera: ting &'

'

redj M~#6hMwr/Nw $3 h
~

'

tTo'n' of the total unreliabilitnto is insufficient to determine the di
l

stribu- -

Mshutdown system. y among the portions of the reacti i
v ty N

*
,

sum
_ bWMEnRMw . . . (
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3. RISK ASSESSMENT

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

considerable controversy has arisen in terms of what fraction of i
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 m

studies performed by the RSS and the staff interpretation of what .
Of
ummu

- the risks might be.

B{f3.1 Anticipated Transient Frequency

WASH-1270 WASH-1400
PWR BWR mese-

' . ' ' _

p

-

3.2 Reactivity Shutdown System Unreliability Comparison
.

WASH-1270 WASH _1400 L..
PWR BWR f

95". Confidence Upper Bound hpperBound b*

; \ Median -- ; 'dMedian
-4 -4 Y -5 T -5 9 -5 $

1.0 x 10 1.0 x 10 3.6 x 10 4.6 x 10 1.3 x 10 i-' -

|73.3 Accident Sequences $
For the BWR, the plant used in the safety study for detailed g

4%
"examination was one to which a partial ATWS "fix" has already
i===-

been applied. The BWR unit has a recirculation pump.t'ip whichr ,,

would significantly reduce the peak pressure. The comparison p'g.-
g.* -

,

shall be made in spite of this difference and an assessment ("y'.

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

this report. The PWR unit analyzed has higher primary re- h3,.e
8

lieving cacacity than some other PWR units, otherwise, the
f
,

e

e.

em

,

s v - _ __ h"

1
- . _.
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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 lang- ,-

term shutdcwn capability may be lost. It is not clear

whether the RSS had given consideration to this failure mode.
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h3.3.1 WASH-1400 Estimates (

3.3.1.1 Sk^ ' 9 2se categories

g.
T s Anticipated Transients -10/yr ,V -

-

C s Failure of both the RPS and either the recirc.
pumo trip or the SLCS. 1.3. x 10-6,

.

c(. * Containment failure mode Steam Explosion ~10~2
n===.

T 55 Containment Failure Mode Overpressure ~0.99
'

m-
(TC)-pQe 1.3 x 10"7 (Category 1 release) y
(iC)-(M 1.3 x 10-5 (Category 3 release) ,,_

'

Risk from all Accidents M

-Category 1 1 x 10-6'
-

Category 3 2 x 10-5 y
,

g.
,

Therefore by WASH-1400 estimates ATWS contributes greater than
y

50 percent to the Category 3 release consequences.
. >-

_w

3. 3.1. 2 PWR Release Categories bru .
-
-.

T s Anticipated Transients of Significant
Consequences - 3/yr -

'
K 2 RPS Unavailability ~3 6'x ,

_

Q c Primary System Relief / Safety Valves N
fail to Reclose ~ 10-2 kg_,

M= -- j .

As Containment failure Mode Steam .Q
Explosion ~ 10-2 g,

.<.

@EContainmentLeakage ~ 10-' "

t-
6 :__. Containment Rupture by Melt through ~1.0 - -

N. .
if. .
p
1.
;

&W 4L J 6" ", k
,

I
.- - -
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TKQ -d. = 3 x 10-8 (Category 3 Release)

TKQ -c4 = 1 x 10'O (Category 3 Release) 7

TKQ-9 = 3 x 10-10 (Category 5 Release)

TKQ-6 = 3 x 10-6 ( 7 ) Fo .

TKMQ-G = 1 x 10-6 ( )o . o

Risk from all Accidents

Category 3 4 x 10'6
-

i, .
- so m

5 7 x 10-7 ;" ,

.

7 4 x 10-5 /"

b,ew--

Therefore by WASH-1400 estimates ATWS in general is not a signtficant b'
4. -...

contributor except for category 7 where it contributes about 10 percent

to the releases, h

_ _ -

.(3.3;2 NRR Staff Estimates Using WASH-1270 f I

.W-
3.3.2.1 BWR Systems ;**

; T = Anticipated Transient al/yr p
C' = RPS Failure ~.10-4

U E SLCS Failure ~ 10'I (WASH-1400)

H sHPCI Failure ~10'I ( ) Q" "

S ES/V Fails to Reclose ~10'I ( ) g*-" "

-6 ppTC ' -(c<.) 10=

i.e. even if the standby liquid control system were to
e..be manually initiated several minutes after the initiation of L,,

an ATWS event, the consequences would be very severe in that

core covery would be difficult and in addition the suppression
.

- - -
_,

*

i

~ * -

,



-d-. .-

.i.

,*. .

fpool conditions could be such as to cause damaging vibrations
'and consequently affect long term core cooling capability.
~

TC' - b l0- -

N
TC'U d (WASH-1400 TC- ) = 10-7 r"-

-

TC'U- T ( TC-tr ) =10-5 |"

|
TC'H-cC %10-7

TC'H-y =10-5

TC'S 's ~.J0-5 ,

,

Assuming similar release categories as in Section 3.3.1.1 M*
c

ATWS Risk from Release Category #1-1.2 x 10-6 3

#3 -1.3 x 10-4 ).. .. ..

L ;
_

Therefore by NRR estimates the probability of exceeding 10 CFR 100 N.
,

limits for a BWR plant is approximate '10-4 per yea and there~ f
,

Ifore protection against ATWS events is warranted.

b3.3.2.2 PWR Systems
'

ATWS calculations ior various types of FWR systems vary in -

the severity of consequences. For example, if no plant modifications ,N
-

t are assumed, the calculated peak primary pressure would be in the i

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 melt is the loss of isolation valves coerability. *

\ r .:
While the safety study assumes that more comalex ATWS events (TKQ,

h{.TKMQ) lead 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
-
I

i
'

|

| . ;-

1 .lih&D. - D M M M M I- M D ?.::ic ^' h M ,X # M"
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calculations used for determining licensing acceptability, the

staff judges that the TK sequences would exceed 10 CFR 100 limite

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

capacity, would be expected to result in less severe consequences

than scre other PWR units. On the other hand, if either

auxiliary feedwater system or turbine trio were disabled due to

the CMF that caused scran failure, the RSS would have concluded

this sequence to result in core melt.

TK-c6 ~ 10-6 (Category 3)

TK - 6 ~ 10'4 (Category 7)

Therefore by NRR esticates 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 limits is

approximately 10- per year.,

3.4 WASH-1400 Vs. Sta'f Risk Comparisons

WASH-1400 STAFF
,F[ Total Probability * BWR 2 x 10-5 Discussion Bi

Exceeding of 10 CFR 100
PWR ~ 10-5 10'4

BWR ~10-5 ~ 10'#
.

ATWS Probability of
Exceeding 10 CFR 100 PWR ~ 2 x 10~6 ~10"

*

BWR ~ S 0" Single Mest Cc

ATWS Contributien PWR --20% Single Most Cc

* Estimate based on discussion with RSS Personnel. Althouch -

RSS considered core melt probabilities, not all release categorie:

h $WWN0?$$=$$$$b$DizfG., 4&si''
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would probably result in exceeding 10 CFR 100 doses. However, the
!-

RSS estimates that the probability of exceeding 10 CFR 100 limits

is about 10'5 per reactor year. !* * *?

.

In some limited areas quantitative probabilistic safety goals or
i

criteria exist in NRC requirements. In WASH-1270 and elsewhere

the AEC Regulatory staff suggested as a long-range safety goal a

frequency of exceeding 10 CFR 100 guidelines in the 10-6/ range.
IT"""

This is derived in WASH-1270 from a nationwide goal therein ge.

prcposal of 10 / year or lower frequency of accidents involving ||

( significant overexposure of members of the public, and a
projected ADJ2j0 number of power reactors of the order of 1000g[f v h..*

*- zofc p

Today, with ~50 power reactors operating, the proposed nationwide

goal would lead to a present-day. safety goal of 2 x 10-5/ y for h
exceeding 10 CFR 100 guidelines.

.

~
. .

M.,
But since present-day reactors are expected to be operating in

1 n.

| AD 2000, the long-range goal will presumably apply to them also p
w

2in the future.
_

Since not all potentially serious postulated accidents are ATWS events, ;

p@g[. 1 a goal for ATWS frequency should be lower than the goal for severe

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

m
L
p ._

N) '** ':y ,.
~.

L
.
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'
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A goal of this prt1s compatible with present licensing practice

in some areas. An example of such an application of probabilistic --

-

reasoning in safety evaluation is the evaluation currently performed
of airplane crashes. If the calculated frequency of plane crashes P

|-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 r._basis of the facility. -

The WASH-1400 calculations show that the likelihood of exceeding

10 CFR 100 is of the order of ' d-5 4-=
er reactor year and any require- -

.
..

ment to protect to a level of f per year could be construed as un- g
necessary or not needed. Our regulatory policies have continuously "

evolved since design and constructit.n of Peach Bottom Units 2 and 3 ~

'

1
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 and ;ncorporation of two [
discharge lines instead of one from the refueling water storage

d} - tank would reduce the overall risk and we consider it inappropriate ;.e. -

to base regulatory decisions only on the calculated risks for those me----
'

t===-
two plants.

Rather more work is needed before risk assessment D
$5rc,

methodology can be used routinely in licensing decisions. It is also

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

-

L
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n
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For example, the two significant contributors to the core) melt [.

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

< .
.

events followed by the failure of alther scram system or the

decay heat removal system. It 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. ,mIm=r--

'

In summary., the staff believes that the ATWS events are +simmere. .-

im p:: nfrrr/:
g - ' wt contributors _.to_the probabilittgLexce,edJng_lD_.CFR 100---.

limi ts. Accordingly, the staff would require that protection (
mmmer

against ATWS events be provided to protect the health and safety
'

,

of the public. cG
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bec: S. Hanauer Distribution:>

R. Heineman Central File
W. Minners NRR Rdg. File

NAY 111977 R. Easterling RSB Filei

T. Novak D. Ross,

G, Mazetis Thadani chron-

A. Thadani NRC PDR

Combustion Engineering, Inc.
I ATTN: Mr. A.E. Scherer
i LicensingManager(9460-401)
'

Nuclear Power Systems Division
1000 Prospect Hill Road
Windsor, Connecticut 06095

,

Gentlemen: -

CENPD-158. REVISION 1. " ANALYSIS OF ANTICIPATED TRANSIENTS WITHOUT SCRAM'

INCOMBUSTIONENGINEERIgNSSS'S"
'

,

|
The Nuclear Regulatory Commission (NRC) staff has completed its initial,

i review of Combustion Engineering's (C-E) topical report, CEMPD-158,
Revision 1.

In our review of CEMPD-158, Revision 1, we have noted several parametric
analyses which have been useful in our evaluation of the sensitivity of
ATWS analyses to variations of input parameters and primary relief area.
However, additional infonnation concerning the sensitivity of the analyses
to parametric variations is necessary before we can conglete our rsview
of C-E's analyses. The enclosure identifies the specific infonnation
required.

If you have any questions, please contact us.

Sincerely,
Mginel etgnal &

; bEJass > ~
,

Dec.vood F. Ross, Jr., Assistant Director
l for Reactor Safety
! Division of Systems Safety
' Office of Nuclear Reactor Regulation

Encle:ure:
Inforration Request

cc: Mr. C.S. Brinkran
C-E, Bethesda, d

W 8IOYt7005Y ( / A fi
_hMDSS:JSp _
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AThacani:cj GMazetis Tnovak Dross, . , , , , , , ,

_ /// /77 05/j[/77 j,05////77
_

05/11/77 05.., ,
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COMBUSTION SET
The following tables d CALCULATIONS

OF

simplified study to dete
escribe the set of calc l

on the
method consequences.

'

rmine the effectsto glean
The table was develop dtional effort

u

of sensitivity of key paations required to perf
maximum

at pressures . In

of interest (s3200 psi) thamount of information whilorder to e
systems to be using a factorial experi

orm
understand rameters-

relief and safejy val , includingoperable the e
sensitivity ofminimizing thearea ment

of .075 ft .
e

reference3800 MWt plants relief valves,uld assume allthese parameterscalcula-
ve

Theseaccumulation forpressurizercase sho
studies water

or boundsFollowir.g completionaddressed in CENPD-158should be conducted for trelief, and primary flten percer.t'

of
. Revision 1.

he 2560 MWt andparameter valueson these parametersthe sensitivity studiI ow

determine the frequwould be
ency of ATWS events thatconvoluted using Monte C, probability distributionand assuming distributio

esi
?

arlo technique toassociated with
: ns

might exceed criteria
.
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INITIAL CONDIT10NS

Combustion Engineering '

lbm
U PCM AK/K/of Mils Total FtSeC $'

T FLevels Power AV MTC Doppler Gap SGI T/T(g) RCS AFW(2)
I

|

+ 104% I 064 -4 0+25% 0160% 0+5% 0+20 OtS% 0+20

- 96% 0-4 -15 0-25% 0-60% 0-5% 0-10 0.

0-

;

! '
O 100% 0 -6 0 0 0 0 0 0

,

i | |
,

CE - Reference Case Pressurizer Total Relief & Safety Valve Flow

Area Should Be 0.075 ft
1

! 0 - Reference Value

(1) - Turbine Trip Time

(2) - Auxiliary Feedwater Actuation Time

_


