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MEMORANDUM FOR: Warren Minners, Technical Assistant to the Director, 1

Division of Systems Safety

FROM: Malcolm L. Ernst, Assistant Director, Environmental |

Technology, DSE '

SUBJECT: ORAFT SUMMARY OF ATWS VALUE-IMPACT ANALYSES

I found the recent exchanges between ourselves and our respective staffs
to be useful in the development of this subject draft. Based on our
brief conversation today, I think you agree with my evaluation of the
deficiencies in the previous draft. The enclosed redraft is a major
rewrite which I trust will accomplish the following:

1. Correct some factual inaccuracies; *

2. Improve communications through some editorial changes;

3. Improve communications by rearranging portions of the draft to
eliminate some confusing redundancy and make other improvements.
The flow of the enclosed draft is:

a. A brief statement of the staff's ATWS safety goal and the
structure of the value-impact analysis.

,

'

b. A sumary of the impact analyses, including the parameters
, considered, assumptions, possible uncertainties in analysis,
| and an evaluation of the cumulative impacts of making modifica-

tions on all reactors for the next 30 years,
f

c. A summary of the value analyses, including the parameters con-
sidered, assumptions, possible uncertainties in analysis, and
an evaluation of the 30-year cumulative values of making
modifications.

d. A description of the staff's philosophy in judging the value-
impact analysis to be supportive of the staff's safety goal.

e. A summary value-impact analysis demonstrating that ATWS modi-
| fications can be phased in over a reasonable time period, rather

than requiring prompt retrofit.
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4. Improve the understanding of how the staff utilizes the value-impact
analysis to support the ATWS decisional process. This is hopefully
done to everyone's satisfaction by an addition to the previous draft,
and is item 3.d., above.

Please advise, if you have any comments or suggested changes to the enclosed
dra ft.

Malcolm'. -L. Ernst, Assistant Director
for Environmental Technology

Division of Site Safety and'

Environmental Analysis
*

Enclosure:
Draft Sumary Value-Impacc Analysis -

cc: HDenton
RMattson
BJYoungblood
SCoplan
AThadani
TNovak
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2.1 ATWS Safety Objective, , . .

2.1.1 Introduction

Safety objectives are needed for nuclear power plants to assure that

the risks to the general public from nuclear power plants remain below

acceptable levels. The liRC staff believes that ATWS should be a design-

,
,

. basis accident and therefore it should have a safety objective associated

with it which limits the risk from ATWS to a small portion of the
,

,

overall reactor risk. Safety objectives come in two general categories:,

deterministic, and probabilistic. An example of a deterministic objec-'

" tive is that of LOCA:

The LOCA objective is to meet assuming a spectrum of pipe breaks,
.

with loss of either on-site or off-site power only, and assumi.ng a

single active failure.

v
d

This sort of objective takes no account of the probabilities of pipe break,

cower loss, or single failure (or their combined probabilities). One advantage
,

is that it is relatively easy to understand and regulate. One disadvantage
.

(according to some industry) is that such deterministic objectives are excessively

| conservative. We could quite easily postulate a similarly deterministic ATWS

safety objective. As for LOCA, it could be easy to understand, and to regulate.

We have, however, explored the alternate, probabilistic method in order to better-

take into ac:ount the likelihood of ar. event in combin'ifion with its consequences,

as part of the decision process in specifying the need to either reduce the

likelihood or mitigate the consecuences.-

|
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" 2.1.2 History in WASH-1270

Part of our exploration was a reassessment of the cojective of WASH-1270. The,

_

objective there was to limit the recurrence frequeacy of a serious accident

to no more often thdn once per 1,000 years. From that, we assumed a 1,000

reacters ,1r.,00eration (ultimately) which would generate the per-reactor-year
-6number of 10 This number has been interpreted in two ways:.

(1) The probability of achieving core melt shculd not exceed 10-6 per

RY (although not all core melts exceed 10CFR100 guidelines), and _.

(2) The probability of exceeding 10CFR100 should not exceed 10-6 per RY'

.

(although part 100 can be exceeded by other events than core melt)"

_

~0Of the derived 10 per RY, one-tenth ww allocatej fo ATWS, giving the
~

of t-quoted goal, objective, or " aiming-point" of 10 per RY for ATus,

v
.4

The specific ;ogy of WASH-1270 was that:

...the safety objective will require that thera be no greater than one' "

chance in one million per year for an indi'vidual plant of an accident with

pctential consegneuces greater than the Part 100 guidelines".

Again, the objective was keyed to w4 a recurrence interval of at least;

a thousand years, on the average, of accidents net included in the designI

basis envelope.
-

_

.1-
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- On reexamination of the WASH-1270 viewpoint, we note that:
-.

(1) the number of reactors, by the year 2,000,may be close to 500
|

(2) " b/M- " +f core melts may not exceed part 100, yet are not in-

the design basis envelope (i.e., are not considered on individual
'

plants).
.

'

As a result of the staff's reevaluation of ATWS, the staff has revised
'

its ATA3 safety objective. The revised safety objective is less conserva-

tive than that of the WASH-1270. It can be summarized as follows: the

a probability of ATWS events leading to serious consequences (see Section 3.2

for details) should be of the order of 10-6/RY when calculated in a
'

realistic manner. L..3 .: . ; ::' - ,2 2 % d'e- ::d ... L ..u

- .) Achievement of this objective would make the ATWS risk an

y acceotably small contribution to the total risk, even if ou:er safety
a

improvements later decrease the overall risk.
,

# In view of the difficulty and controversial nature of calculations intending

to demonstrate compliance of a given plant with such an objective, the

ATJ5 safety objective is to be regarded as an aiming point rather than
"

as a fixed number which must be demonstrated for a given plant design.

2.1.3 Present Status

At present, LWR plant designs do not include any specific ATdS safety objec-

| tive. In 1973 via WASH-1270, a specific set of ATWS safety objectives
~~

was provided by the AEC Regulatory staff. To date, the MSSS vendors and

the licensees have not imolemented the desicn chances which are necessary
'

.

.
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to meet the WASH-1270 safety objectives. Based upon the staff's recent-

reevaluation of ATWS, the staff recorrends an ATWS safety objective--

(section 3.2) which is less stringent than that of WASH-1270. ": 1 --

'IEe present reactor designs are not able to meet the staff's new, less
'

'

I stringent ATWS safety objective without plant modifications.

The staff reevaluation is based ucon the methodology and resultri of the
.

Reactor Safety Study. The Reactor Safety Study provided a quantitative
,

estimate of the relative risks for various events, including ATWS, for the
"" two r2 actors studied. The RSS did not in itself deal with safety objec-

tives but did illustrate the cumulative effect of the safety objectives and
.

licensing requirements on the risx due to accidents in the reactors that

were assessed. The RSS provided insight in terms of core melt probability

/ and consequences and the relative contribution that different events
.

have upon core melt. The RSS showed that the lar ' 0CA was not a signifi-
~%w hsp%& W

cant contributor to the overall reac, tor risks Si flarly, for the PWR 78Ela -
~

Mjr ' *,

A
studied (Surry 1), the RSS showed that ATWS constitutes a smai1 fraction 221

Hewever, for the BWR studied (Peach Bottom 2), %of the overall reactor ritk, g fwg
i %iATWS was shown to be a significant contributor to overall reactor risk. A_. s

<h y
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,

~': :t:T" ; gr;;m... ,c. ._m l_;!;. F i an A7..; aa.c y u;...; ::- be.a

YR
-.

*



._.

.

- . , s

*a man
.-

The probability of having an Anticipated Transient Wi,tho'ut Scram in which
-

'> s'.

there are rQous consequences should be of throIder of one chance in._,

one million cer'~ reactor year. (10-6/ReactIr'/Year). This safety objec-.

N /
tive s less conserv3ttive than the'' staff's previous (WASH-1270) ATWS

.. .-

safety objective. i.e., WA -1270 states that the probability of having

an ATWS in which the seriou gonse h ld be no greater-

than one chang vin ten million per r \ quences s ou/i

ear (10-7/ Reactor Year). The
*

eactor
/

acceptancFl'imits and other detailed requirements re given in Chapter 3
'

/'

of this report..

a

2.1.7 Risk Allocation for Other Events-

~

Specification of an appropriate safety objective for 'ATWS should consider

what we have said for objectives for other potential accident situations.

, As noted earlier, the LOCA safety objective is purely deterministic, We.

" have provided some probabilistic acceptance criteria in Section 2.2.3 of the

flRC Standard Review Plan. This plan pertains to potential accidents. involving
i

hazardous materials or activities in the vicinity of ' he plant (as contrasted-t

to ATWS or LOCA, which arise within the plant). According to SRP 2.2.3, design

basis events resulting from the presence of hazardous materials or activities
=

.

: in the vicinity of the plant are acceptable, provided that:

(1) the design accomodates those for which a realistic estimate of the---

probability of occurrence of potential exposures in excess of 10CFR100

guidelines excees the obj-ctive of approximately 10' per year, or

(2) the design similarly acco=nodates the events having a probability-~

of occurrence of potential exposures in excess of 10CFR100 guide-
:,

, . . - . , .- . , _ . , - - . - - - -
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lines of approximately 10~6 per year, using a conservative
p

.

!
<

calculation, provided that a reasonable qualitative argument can
,

,

el show the realistic probability is lower.
,j

.
, Our observations are that

1) these objectives do not take into account the probability of ex-
| ,

ceeding part 100 guidelines from reactor system related eventsY/i
i (e.g.,LOCA,ATWS).'

- ) 2) they do not consider what the overall safety objective is, nor thei ss
' [,

( allocation to materials or events in the plant vicinity.

3) they are plant-related, as contrasted with the WASH-1270 objective
.

which averaged the safety objective over the national LWR population.

The Reactor Safety Study, NASH-1400, concludes that the core melt probability
v

is approximately 5 x 10-5 per reactor year. Another finding of the RSS
.

was that most core melts are benign and that some core melts in the 10-5
m

probability range probably do not even exceed the 10 CFR 100 guideline values.'

During the review of the RSS, the Regulatory Staff cencluded (Ref......)

that the RSS estimates on core melt frequency had been assessed rather
a

conservatively. This conclusion did not include the Regulatory staff
Yetpositions on ATWS which had been previously enumersted in WASH-1270."

another indication of the possible~ overestimate of core celt frequency was
'

the .... study on the Oyster Creek ?!uclear Power Plant. This study
;
'. concluded that a significant core melt sequence (Transient followed by decay~

heat removal system failure) on Oyster Creek had lower orobability of

r4~ h , y-[tv| [ / l
.

, - +, mp,
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occurrence than had been estimated for Peach Botton in the RSS. There

are uncertainties in the applicability of the RSS to a large population_.

of reactors. In particular, improvements are being implemented in the
'

nuclear power plant designs which would further reduce the frequcqcy of

events with potentially serious consequences. Some examples of these4 .

improvements are requiring changes to reduce interface LOCA frequency,.

modifications in the decay heat removal systems, suggested modifications to
,

reduce ATWS can'.ributions , etc. . . . . These changes and improvements in

the availability of systems are expected to reduce the probability of
"

exceeding 10 CFR Part 100 guideline values to less than 10-5 per reactor yr.-)
h

f If one accepts the view that the probability of exceding 10 CFR Part 100
-5is held to 10 or less per reactor year (more serious consequences have,

^@r.-)wel %
)\ / much lower probabilities as can be perceived from Figure 6-1 of the RSS,),

then it is necessary to assess the impact in the future when several
;

f) N hundred reactors may be Openting. If a very r.onservative analysis,
,

assuming 500 reactors and addition of latent effects to prompt effects

i from accidents, is performed, the risk fren nuclear accidents is a small

fraction of total man-caused accidents and only slightly lower than the
,

risk to people on the ground from aircraft crashes. A realistic assessment

would in all likelihood suggest that the nuclear risk is considerably'

lower than the risk to persons on the ground from aircraft crashes. There-
,

fore, it is prudent to reduce the ATWS contribution to a small fraction,
- e.g. la percent of total probability of exceeding 10 CFR 100. Details of

ATWS sequences from RSS are discussed in Apoe'ndix ..... .
n

-- - - , , - - . . . .- -. -. .. - - . . . - . . . - . - - - - .
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FIGURE 6-1 Frequency of Man-Caused Events Involving *

Fatalities.
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This objective of assuring probability level below 10-6 for exceedir.g

10 CFR 100 from ATWS' could be looked upon to include some implicit

conservatisms. While the evaluation models are essentially realistic,

the conservatisms are introduced in the form of CROM unreliability estimate,

fuel damage limits and the primary system pressure limits.

This objective of limiting A7WS to 10-6 level is not entirely inconsistent

with the SRP 2.2.3 recommendation. The SRP 2.2.3 addresses external

events of which there are many (e.g. natural gas explosion, aircraft

impingements, missiles, etc.) and further the consequences of such events

may be considerably greater than the guideline values of 10 CFR 100. .

This would suggest that maintenance of the same level' of risk (Prob-

ability x Consequences) the frequency'of these events should be shown to

be 10-6 or less in a conservative manner. Thus, if there are any-

differences between the SRP 2.2.3 and the present safety objective, they

are limited to the degree of conservatism for ATWS may be lower than that

used in the evaluation of external events. The potential for more

seriots consequences from external events thin ATWS events may be judged

to be a sufficient reason for the more conservative estimate.

T

2.1.[
General Design Criteria

In consideration of a safety objective for ATWS we considered the initial

and boundary conditions appropriate to the event. GDC 2 states that '

structures, systems, and components important to safety shall be designed

to withstand the effects of natural onenomena without loss of safety

function. The design bases should reflect:
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1) appropriate consideration of history of natural phenomena

2) appropriate co-binations of normal and accident phenomena,

with the natural phenomena, and
.

.

3) the importance of the safety function to be performed.

> ..

This criterion does not address whether events such as LOCA or ATWS can

be caused by natural phenomena. It states, rather, that mitigating features

be designed to withstand them (at least witrout loss of safety functi;, ,

Adherence to this criterion would require use of so-called " safety-grade"

equipment for all ATWS mitigating features.

v

Similarly the proposed ATWS approach may be in conflict with other General

Cesign Criteria (e.g. #34 on RHR safety function). The GDCs, various

codes (IEEE and ASME), Regulatory Guides, etc. were developed at a period ,

when very little quantitative information on initiating accident probabilities

and the mitigating system unreliabilities was available. The present

approach on ATWS does not restrict the applicant from proposing ATWS fixes

which satisfy the GDCs, however, it does go further in recommending that

alternative proposals on mitigating systems (e.g. reliability based) would
_

also be acceptable. The staff believes sufficient experience has been

gained to warrant the application of this alternative. The saaff has used

the results of the RSS to develop criteria for mitigating systems as dis-

cussed in Chapter 3 of this report. It should be noted that the use of

the RSS in this apolication is not in conflict with the AEC's August 1974
._

.- .. . . . . - - - - - . - - - ... -_ . ,-. - - . - - - - .
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Interin General Statement of Policy (IGSP). The IGSP addresses the

draft version of the RSS. Subsequent to the issuance of the IGSP, public
.

'

comments on the safety study were received and a final report was issued in

1975. The staff believes that the combination of information obtained

from WASH-1400 (regarding specific equipment and system failure, accident

sequences and societal risk), and from independent calculations which

use the WASH-1400 type probabilistic analysis methods, when coupled with

additional data (shutdown system experience data) and engineering judgment
,

..__

justify the relaxation of the ATWS safety objective. The staff believes

that tne net result of this relaxation will not pose an undue risk to

the public. Mcwever, the staff believes that the application of the -

aforementioned methodology and experience data leads to the conclusion that

many plants are not in compliance with the relaxed safety objective. .This
.d

report provides detailed bases for this conclusion.

.
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!

1. Ian Wall, private communication.

,

t .
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