
. .

*

ATWS DISTRIBUTION LIST

ygMarch 14, 1977-

NOTE TO: Distribution

As per 3/9 ATWS meeting, the attachment prov.'. des Minners| Easterling's,
and Thadani's comments. j(hj%.t.* C & %*

o a

Ashok b. 'Ehadani

:: u.
G. Arlotto

' J. Murphy

R. Baer T. Novak

R. Boyd . L. Olshan

D. Bunch H. Ornstein

E. Case H. Richings

W. Dircks D. Ross

R. Easterling V. Rooney

D. Eisenhut B. Rusche

B. Grimes F. Schroeder

J. Guibert J. Scinto

S. Hanauer K. Seyfrit

R. Heineman M. Taylor

D. Hood A. Thadani

E. Imbro S. Varga

M. Kehnemuyi W. Vesely

H. Krug R. Vollmer

S. Levine I. Wall

W. Minners S. Weiss

R. Minogue. G. Wrobel

Coments by Frank Cherny on ATWS vs. Use of Faulted Stress
Limit are attached at the end of this report.

82 0417 o qw-



_.. _ _ . - _ . -

- -
.. . -- - . . . . _. .

- - -

' ~

-EJ
,

.

__.

I. SAFETY GOALS
.

a. WASH-1270

i 10~3/yr nationwide

Basis? arbitrary

1000 Reactors

May be fewer
'

10-6/R yr all accidents

Old vs. new plants

local variations

10-7/R yr for ATWS
,

1/10 assigned to ATWS ,

>

Basis? Arbitrary? Conservative?

Neces,sity

Regulate to the practical, possible or necessary?
,

Social question

Not limit but " goal"

Seems to have been successful

Demonstrable .

Not demonstrated, but " aiming point"

Requires assumptions of independence which is difficult to prove

Same assumption as RSS '

| s

RSS has many low probabilistics which are justified as being products
of several higher but more certain probabilities
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i b. WASH-1400

Core melt more probable (10-5)

Conservative because core melt criteria conservative
>

Uncertain whether all significant events included

Consequence less severe (10~I)

Uncertain consequence models
|

Risk appears low compared to other risks

'Oualified by latert cancers and generic effects

Neglects site features (population, meteorology)

ATWS Risk

Large Contributor

50% BWR .

20% PWR-
,

Underestimated in RSS

BWR

Containment failure underestimated

Short term: Boiling instability'

Vibrations, SLCS rate too small .

'

Long term: Less certain' Boiling Instability Problem
5-

Probability 10 rather than 10
'

PWR
,

Isolation valve operability neglected

For W .

! Q: S/V fail to reclose insignificant

Fail of turbine trip neglected

For B/W, CE

Pressures higher

- --- . . _ .
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Acceptance Criteria 3
2

Radiological

A) Part 100

Siting criteria

Doses used in conjunction with conservative model and 95%
;

site meteorology, not to be combined with realistic models'

1. Risk

Sensitive to site
>

Complicated
.

No accepted limit

2. Core Melt

More complicated

How much permissible*

B) RCS Integrity

Central issue

Emergency Stresses

Within yield

RPV not limiting component

Faulted Stresses ,

Uncertain material properties
- .,

Complicated analyses

Still limited by equipment operability
._.

!
C) Fuel Integrity

'

Intent: core coolability
,

' Not central issue
>.

!

>
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Pressure: ill defined
:

Above RCS pressure and therefore not limiting

Enthalpy: not appropriate for slow transient

CHF: easily calculated; conservative

PCI neglected in WASH-1270 but discussed in Status Reports

D) Containment

Pressure: not a problem

Isolation: omitted
;

'

> team quenching instabi1'ty: unrecognized; leak tightness
may not be necessary;
Water source necessary

)
,

.
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II. Arrival Rate of Anticipated Transientr;_
~

._

WASH-1270: The annual rate of a anticipated transient of
significance for ATWS is believed to be in the range of
0.1 to 0.5, and it appears prudent to assign unit
annual probability for such occurrences.

WASH-1400: WASH-1400 suggests that based on US. LWR experience the
annual likelihood of anticipated transients is between
five and twenty with a median value of ten.

However, likelihood of transients of significance for
ATWS in PWRs is judged to be about three per year.

EPRI: (Vol. 4) Basis. Ex9erience Data up to 1975

BWR: Transient Frequency Pean 9.33/yr.
PWR: 10/yr." " "

PWR loss of feedwater transient frequency mean 2.4/yr
.

If data trend extended to forty years
,

BWR: Transient Frequency Pean 4.19/yr.
PWR: 5.2/yr." " "

PWR loss of feedwater transient mean 1.16/yr.

Status Reports: Assumed transient frequency of once oer year.

Conclusion: Actual transient frequency nay vary from once per year to
ten per year, and thus the status report assumption may
have an error factor as high as ten in the non-conservative
direction. Consideration of forty year plant lifetime and
e' tension of experience trends would realistically suggestx
perhaps a factor of five error in the non-conservative

- direction.

.

*"****# ****M *e . , ,,, , , .

- - - -- p,ap. , - - --- - - - - . . , . - - - - - - - - _ - - - , y+, e,,-,------, -,- -



|

- ._ _ . . ._ _ _ . . . _ _ _ . _ . _ ..

!

*
.

t

&

%

III.- Probability Estimation for Scram Systems ,_
,

- - -- . . . . .

' A. Data

1. Systems Data

. _ _ __
. _ ...,___ EPRI gives the following summary of operating experience

through 'J.975: ,

. . . . ...... .-

- - Accumulated ^ Total Scram Demands *
Units Reactor Years (EstimatedI

U.S. Comm. Power 228
4

Army 57
L Total = 39,212 ,

N.S. Savannah 10 I
;

Foreign Comm. Power 673

Navy 1252 75.120
Total 2220t 114,332 .

.

* Includes tests and partial tests.-

tWASH-1270 used 1627 Reactor Years.
..

Two known failures have occurred, both early in reactor
development, and there is some question of whether one
or both should be " counted" in drawing inferences from
these data. There are also quesMons as to whether all
the estimated scram demands test the system to the same
extent that an anticipated transient would and whether
it's reasonable to assume no navy failures.

2. Component Data i <-

Attachment B, page 10, lists BWR rod failures identified
by EPRI from the Nucle.ar Safety Information Center. Among
BWR's there have been six incidents of less than full
insertion of one or more reds. The number of affected
rods ranged from 1 to 96. Three of these rods failed ~ t

to insert at least to position 02 and were countad by
EPRI as failures.

For PWR's,'EPRI considers only failures at never' reactors
which have a different control rod design from older
reactors. For the new design, there have been 2 failure
incidents, each involving ore rod failure.

Itappearsthattheonlyfaliurhdataincludedinthe
EPRI summaries are mechanical failures. Calibration
errors and failures of the electronic components of scram
system; cre not included. This is an area where more

.
information is needed. ___ __, __ _ _
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System and component failures have happened. Thus, there3. is more to work with than the no-alligators-in-the control-
room situation.

B. Methods

1. There are two approaches which have been used to obtain
estimates of the probability of scram system failure.
One is based on system data alone, such as in n reactor-
years of experience there have been f system failures,,

or in d system demands there have been f failures. This
is the approach of WASH-1270. The other approach is to
separate the system probability into its components, such

! !as hardware, test and maintenance, and human error; estimate
the probabilities associated with each . component; and then
add. This is the approach of WASH-1400'and followed by
GE in their ATWS analyses. EPRI takes both approaches,
then merges the results.

2. Some other differences: The assumption in WASH-1270 is
that scrau system unreliability, call it Qgg, is constant
across time and across reacto::=. In WASH-1400 it is
assumed, I believe, that Qgg varies among reactors, but
not over time, according to a specified distribution.
EPRI goes one step further and assumes that rod failure
probability varies from rod to rod in one reactor at one
time. GE, I believe, regards Qgg as a constant, but uses
WASH-1400 methods anyhow. All this makes comparison of
results difficult. For example, the upper 95% confidence
limit on Qgg, by WASH-1270 methods, is a bound on the

"unk, nown, but,, industry- wide, value of QWS * . If 1.t is ,, ,

assumed that Qgs varies among reactors, but not very
~

_

~

much, then the WASE-1270 95% confidence limit can be,

| regarded as an approximate 95% confidence limit on
the average Qws. The upper limits of WASH-1400, in

are to be interpreted as bounds for 95%,ofcontrast,
the Ve'accor population.' That is, in one case we have a- " ~

statistical bound on a population average; in the other,
a probabilistic bound on population individuals. The
numerical value of these bounds should not be expected
to be comparable nor should coincidence of the bounds
be taken as confirmation or support of one analysis for
the oth'er.

- -- - - . . .
_ _ , , _ ,

While the system synthesis approach of WASH-1400, EPRI,3.
and GE have the potential for providing more precise
estimates than the WASH-1270 approach, that potential
is not realized because of flaws in the methodology'

j which make the results highly questionable. Attachments
A and B describe in detail the quantitative errors which
result from the " square root" method of probability
estimation.used in these three analyses.

- -~~ - - - . . _ . . . . ._. ...
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4. The errors the square root approach leads to are that
failure probabilities are understated, relative to the
assumptier.s on which they are based. It may be that the
assumptions in these analyses are quite conservativa and' '

that the analysis method just of fsets this conservatism,
but this cannot be relied on. Before we can put any
trust in numerical results, we must be able to trust the
methods used to obtain those results. Incorrect probability

equations are as much of a problem or danger as incorrect
heat transfer or fluid dynamic equations.

5. The issue is not one of approach - Bayesian vs non-Bayesian
vs empirical Dayesian, or statistical vs risk analytic,
etc. - but one of mathematical correctness. Given a problem,
given some assumptions, how is the answer to be derived?
The mathematical rules of probability provide the ansvar.
Ad hoc approaches which violate those rules do not.

.

-

C. Probab111tv ' Estimates

1. From System Data
Under the not necessarily conservative assumptions that
the system failure rate has been constant across the

~

accumulated 2220 reactor years and continues to be, and
that 1 failure has occurred, the maximum likelihood

- estimate of the system failure rate, egs, is
Ogs = 1/2220 = .00045. Upper confidence limits on
0 at the 75, 95, and 99% levels, respectively, are

Corre afidence
2x10gpondinglowerand 5 x 10-6Underlimitsare1x10g3..001, .002, and .0

,,

the nonconservative assumption that the time between
transients is exponentially distributed with rate u
and the assumption of monthly testing which would detect
and correct failures, ATWS probability is approximately

i

1

I

!
l

t

e

|

_ . _ _ _ _ .
. ._ .
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(for small us) equal to 90/24. The following table
i

gives upper and lower confidence limits on AWS'

probability, given u = 10.

AWS Probability
,

Confidence Level Iower Limit Upper Limit

-5 -4
75% 4 x 10 4 x 10

95% 8 x 10" 8 x 10
~ ~

99% 2 x 10 1 x 10

If only central power stations are considered, all
these estimates would double. If no failures are

assumed, the upper 75, 95, and 99% gonfidence limits
on AWS probability become, 3 x 10 , 6 x 10-4, and
8 x 10 , respectively, little different from the upper
limits assuming i failure, and the lower limits all
equal zero.

An alternative to assuming constant system failure rate
is to assume a constant probability of failure on demand.
Urider the nonconservative assumption that there have been
114,332 independent demands, all of which had a probability
of failure, Pyg, and only one failure, the maximum likelihood
estimate of Pyg is Pgs = 1/114,332 * 10-5 Under the same
assumption as above concerning the arrival rate of transients,
AWS probability equals 1 - exp(-10 Pgs) . From confidence
limits on Pgg, the following limits are obtained on AWS

;
' probability:

AWS Probability

Confidence Level Lower Limit Upper Limit

75% 3 x 10" 2 x.10
-6 -4

95% 5 x 10 4 x 10
-7 -4

99% 9 x 10 6 x 10

If no failures are assumed, the upper limits become
1 x 10-4, 3 x 10-4, and 4 x 10-4 Note that the
estimates obtained in the constant failure probability
case are about 1/2 times those in the constant failure
rate case and the assumption of monthly testing. Test
frequency plays no direct role in the constant failure
probability case.

l

.. _ - . . _ _ . . . ._. . _ _ .. _ .
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2. From Component Data
Attachment B provides estimates of multiple control rod
failures, conditional on successful operation of the
reactor protection logic. The estimates are based on
simple models, chosen to fit the EPRI data. The models
are not particularly conservative because they entail
rather smooth, constrained variability.

To estimate the conditional system failure probability
from the results in Attachment B, a definition of system
failure is needed. For BWR's, EPRI and WASH-1400 define
it as failure of three adjacent rods. GE says 5 adjacent
rods. To estimate the probability of these events, the
probability of adjacency, given that x rods fail, is
needed. One approach is to assume all sets of x are
equally likely and then count how many of those yield
3 or 5 adjacent rods. EPRI and GE take this approach.
As a simpler, but no more arbitrary (in the absence of
any data perraining to the probability of adjacency)
approach one might consider a function of the form,

*~* +
Prob (a adjacent failures |x failures) = 1-6 , x-a, a+1, ...

=0 , x=0, 1, ..., a-1.

For the models in Attachment B, this lea $ds to .

.

. .

(1-o)
Prob (a adjacent failures | scram attempt) = Prob (xla) 1 1-p6D 8

. .

; where o is the bracketed term on page 12 of Attachment B,
namely p = p 0/ [1-(1-p)e] .

;

Consider the case of a - 5. GE estimates that the
conditional probabiligy of adjacency, given 5 failures in
obtains 4 = 1 - 10 g

. Thus, to coincide with this, onea 177 rod core as i
To choose b, we use the GE results.

that system failure occurs conservatively with probability
of .05 when 55 rods fail. Equating .05 to the probability
of 5 adjacent failures, given 55 failures, leads to b = 100.
Using the maximum likelihood estimates of r, 0, and p in
Attachment B thus leads to
/\ -7

Prob (system failure | scram attempt) = 2 x 10 ,

Using the upper 95% confidence limits on r, 0, and p leads
to

~0
95(system failure | Scram attempt) = 6 x 10Prob .

.. . . . .. . - - - . .. ---.
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These results are highly conjectural and would require
considerably more study. For example, the fact that
there may be some previously failed rods present has
not been accounted for. However, these results are

no more conjectural than previous analyses and are
at least consistent with available data and with the
rules of probability.

Por PWR's, failure is defined by EPRI as failure of 3
or more rods. An upper, approximate 99" confidence
limit on the probability of this event is, from Table 3
of Attachment B, 1.5 x 10-3 Thus, the PWR data, which
are much more limited than the BWR data, and the less
stringent system failure definition, lead to a considerably
higher bound than that of BWR's.'

D. Conclusion

There is too little information available right now to make a
reasonably precise assessment of system failure probability
from available component data. This leaves only the systems
data on which to base a quantitative assessment. Available
data do not resolve the question of whether an ATWS fix should
be electrical, mechanical, or both.

Attachments: (Available on request)

Attachment A - Failure Probability
Calculations for GE ATWS Analysis

Attachment B - Estimation of Control
Rod Pallure Probabilities

'

.

.
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IV. Equipment Reliability

Low probability single failures not required; however, if the
mitigating system unreliability was significantly greater than'

10 per demand, analyses assuming these failures were required.
-

The data source essentially was WASH-1400 median values. For

estimating population risks, selection of median values as
compared to mean values may be nonconservative.

.

4

-
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V. Assumptions and Input to Evaluation Model

Proposed ANS Industry Standard N661 on Anticipated Transients Without
Trip on PWR Plants recommends the following on plant conditions and
assumptions for evaluation of ATWS events.

,

The value used for each condition and assumption shall be selected by
one of the following methods.

1. Selection of a conservative value as specified or defined by
either the design basis FSAR analysis, or the technicai
specification limit.

2. Selection of the design operational value allowance for control
band, but excluding any allowance for measurement uncertainty,
for variables regulated either by automatic control systems
or manually under administrative control.

3. Selection of either the measured or design value excluding any
allowance for design margin or measurement uncertainty.

4. Selection of a calculated value not exoected to be exceeded
(that is, more adverse) during the preponderance (at least 95%)-

of plant lifetime. Justification of this probability argument
need not consider allowance for calculational uncertainty or
for random statistical fluctuations.

In general, vendors used values consistent with 2 and 3 above except
for MTC where 4 above was used as basis.-

.

.. .._. _...-- .....

The present staff ATWS model input requirements are consistent with the
standa.-d except in the following areas.

a) Instead of 95% moderator temperature coefficient (MTC) use 99%
value. Transient frequency is high when MTC is high. See note from
A.Thadani to S.Hanauer dated 3/8/77 for more details on this requirement.

b) Purging in Progress during ATWS event. This requirement was im-
posed because of the staff belief that while some plants have
frequent purging, others may undergo continuous purging. In
any case, this requirement does not appear to require any
design modification.;

-

I

| c) Ten percent primary safety valve accumulation to open for water
discharge. Although the standard implies use of three percent'

accumulation, discussions with valve manufacturers indicate
,

the ten percent value to be more realistic. Vendors seem to
agree with us after discussing the problem with valve vendors.'

|

. ._ . . . . . . . - ... . . ,
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On the other hand, the staff has not required inclusion of:

i) over GPM Steam Generator leakage

ii) coincident loss of offsite power

iii) uncertainty in operating parameters

iv) any conservatism beyond 0.9* Homogeneous Equilibrium Model
for primary system water relief through relief and safety
valves (data lacking but the staff judges the model to pro-
vide low estimates on water relief)

v) no operator error

vi) no operator action in the first ten minutes of an ATWS event

vii) Seismic Events

|

I

I

|
-
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VI. Effect of ATWS fix on non-ATWS Accidents

BWR:

WASH-1400 Significant Core Melt Sequences

Category 3

TH Y l x 10-5

TC 3 1 x 10-5

Category 2

TW-T' 3 x 10-6

Category 1

2 x 10-7 .

Tel-e<
1 x 10-7T c_ - x

T z. Transient Event
C a Failure to Shutdown Reactor
W3 Failure to Remove Residual Core HeatContainment Failure due to Overpressure-Release throughy q,

Reactor Building
Y,E Containment Failure due to Overpressure-Release direct to atmosohere

_=_ Containment Failure due to Steam Explosion in the Vessel4

WASH-1400 suggests that two types of accidents i.e. TC (ATWS) and
TW (failure to remove decay heat) are major contributors to core melt.

As discussed elsewhere (note from A. Thadani to S. Hanauer dated April 8,
1977).
The probability of unacceptable consequences due to ATWS is 10-4 per

'

reactor year and one of the indicated design 'fix' was to add a high
pressure special ATWS make up system (SAMS).

The failure probability of the decay heat removal system (W) is
dominated by the failure probability of cower conversion system to
perform the function of transferring fission product decay heat to the
environment. A careful consideration of this failure made in the design
of SAMS is expected to result in lower probability of core melt from
TW sequences.-

. .-- . . - . . . . - ... .. . _. . .
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BWR

RESIDUAL HEAT REMOVAL SYSTEM

Failure to Remova Decay Heat
0M 1.6 x 10

-

4.6 x 10 0 (Loop)~

| I

FailureofRhR 27 hours Failure of Power Within
Conversion System (PCS) 27 hours

4-

2.3 x 10 -37 x 10
-2{L,,,ogoff,it,2 x 10t

power '(loop)}

-%

Failure of Failure

4/4 LPCI of HPSW
Pumps

1.2 x 10* 1.1 x 10 ' -
-

:
.

Note the probability of Core Melt due to Non-Loss of Offsite event!

-6 -510 x 1.6 x 10 ~ 10 dominating over loop event. Success of Power Conver-~

sien System (PCS) depends on ability to

a) Operate one complete condensate feedwater piping i.e. condensate
and feedwater pump.

' b) Open one Isolation Valve and open bypass valve.

c) One condenser recirculating pump operable.

It is not clear in WASH-1400 what the individual contributions to PCS un-
availability are but the contribution of a_ above would be expected to be
reduced by availability of SAMS.

.- . .- _.. - . . . . _ . . . . . . . . _ .
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PWR:

WASH-1400 Significant Core Melt Sequences are:

1. Small LOCA followed by failure of containment and core
cooling systems.

2. ATWS

3. Check Valve - Interfacing System LOCA

4. Transient followed by failure of main feed and auxiliary
feedwater system.

Comments:

The Interfacing System LCCA probability has been reduced by recent
NRC requirements.

It is not clear why transient followed by failure of main feed and
auxiliary feed is assumed to result in core melt. In any case ATWS
fix may help reduce this probability by cooling the reactor using
high pressure injection system.and pressurizer relief valves.

ATWS probability resulting in exceeding criteria is believed to be
Thus, if ATWS fix is providedhigher than the WASH-1400 estimate.

the core melt probability may be controlled by small LOCA (10-5 v10-6),

.- -- .. .. - - . ..
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Preliminary Considerations --

ATWS vs. Use of Faulted Stress Limit
.

.

The Faulted Limit permits primary membrane (average stress across vessel

wall) stress levels considerably in excess of the yield strength of the

material.

A. Reactor Vessel

Discontinuity regions of the vessel could be expected to deform plastically,
a

1.e. they would not return to their original shape after load relaxation.

Such regions would include intersections of primary coolant nozzles to

vessel shell, flanges to shell, and head dome to vessel shell or to

closure head flange. Regarding the latter item, the extent of the

resulting permanent deformation could conceivably be great enough to

prevent manual insertion of at least some of the control rods. The

effect of vessel distortion on the position of the control rod blade

passages relative to their design location would also have to be

considered. .

.

Another major consideration to be evaluated would be the behavior .

of the bolted closure head to vessel flange joint. At such high pressures

leakage would probably be severe,i.e. the bolts are only torqued for normal
|

| operating pressure. What would be the effect of severe coolant leakage

on such things as local fuel rod overheating etc.? Regarding the

~

behavior of the vessel to head juncture and possible head distortion
;

| MEB currently has a contract with INEL to evaluate the effects of a

pressure of 3750 psi on these areas of a B & W 171 FA reactor vessel.

i

I

|
-

.
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In light of the ongoing ATWS re-evaluation, perhaps we should have

INEL evaluate the effects of 4500-5000 psi instead. Structural

integrity of instrumentation tube and control rod drive housing

partial penetration welds would have to be evaluated. Section III

of the ASME code only allows the use of such welds when the penetration
,

nozzle is subjected to essentially zero piping reactions. Pressures

which result in faulted limit stresses and consequent deformations of

both vessel heads some of these welds may fail - consequences must be

evaluated. Instrumentation probes and any control rods in core could
be ejected. '

B. Pumps and Valves

Active Valves
,

Valves of this type which have to function af ter the ATWS so that
,

i

ECCS, CVCS etc. systems can be brought into play to shut down the

plant would experience large permanent deformations. Their capability

to function af ter exposure to such stress and strain levels could

probably only be convincingly verified by test. Additionally, the

comments below for inactive pumps and valves would apply.

Inactive Pumps and Valves

From a structural integrity point of view, these components, for the

most part, can be likened to small stainless steel pressure vessels.
.

.' !

Permanent deformations in regions of discontinuity would be severe. ,

t

The extent would have to be evaluated on a component by component basis. i

'

Behavior of large bolted bonnets of these components, again, as for

reactor vessel only torqued for 2500 psi, is open to question and would
g

T-
.t
,-

.
_

_ _
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have to be evaluated.f

/

j ..

/ C. Pressurizers .

Permanent deformations and their effects would have to be evaluated.

Areas of concern - bolted manway covers and pressurizer heater to

bottom head welds (burst pressure of these welds could be exceeded).

D. Steam Generators
~

Effects'of pressure per se on tubes would probably not be a problem.

However, again, parts of this vessel would deform severely. The

effects of such deformations on " tender" spots such as tube to tube

sheet veld integrity would be dif ficult to evaluate with any degree

of confidence.

Also bolted manway covers could be a problem.

E. Safety'and Relief Valves

Valves could be expected to open and relieve because this occurs,

for ATWS transients, at normal valve set pressure. Question here

would be to what degree would they reclose af ter experiencing some -

deformation. From discussions with safety valve manufacturers, it

| would appear that from basic structural integrity point of view, the
i

valves should be o.k.
/

F. Piping

Exposure to pressures which result in the stresses at the faulted limit

would not be expected to result in any breach of piping from this

effect alone. However, plastic deformation of other components

.

Ug

t .
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in the system, together with that in the piping would result in

increase of nonpressure mechanical loads in various locations in the

piping, such as at intersections with other large components, elbows

etc.

The effects of the high pressure in combination with the other resulting

mechanical loads on the dimensional stability of the piping would have

to be evaluated. For instance, even though the pressure boundary of

the piping may not be violated, dimensional distortion of piping at a

critical location could impair flow of fluid from ECCS, CVCS etc. alternate
.

shutdown systems.

.

General Remarks

The use of the Faulted limit allows for considerable inelastic deformation

of the material. Permitting the use of this limit for pressure loading

means that for the first time NRC would permit the entire reactor coolant

pressure boundary to deform plastically for a postulated event. Thus far

this stress limit has only been applied for relatively concentrated high

load situations i.e. LOCA, LOCA plus SSE and always for events where the -

control rods are in. Although we say that we will accept the Faulted

Limit for SSE alone; in general, the majority of components under just

the SSE environment are not exposed to stress levels anywhere near the

Faulted limit

.

In order to fully evaluate the consequences of going to the Faulted limit

on pressure loading, all components would have to be analyzed inelastically.

Then a complete system inelastic analysis would have to be performed to

.

:
j . , - r-- *

|
l
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determine the effects of the component deformations on the piping. NRC

would have to review all such analyses. From the vendor's point of view,

going this route would'be expensive and would not necessarily result in'

an NRC approval that such high pressures would have no adverse impact on

the public.

Also in performing these types of annlyses, it is not always possible to

accurately define the actual magnitude of the loads to be input to

the analyses. Thus it is not clear at this time that with all of the

unknowns and uncertainties involved in going to such a high stress limit,

on such a gross basis, that safe shutdown of the plant could be demon-

strated within the level of confidence NRC would require.

.

r

i

'
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ITEM 4 - MAY l MCCRELESS MEM0

We interpret this question as asking the following:

"What is the probability of an ATWS-induced LOCA provided the staff

fixes are implemented?"

More precisely, addressing the staff criterion recomended in NUREG-0460,

which is most relevant to the probability of a LOCA, i.e., the recomendation

to permit RCPB stress levels to reach ASME Code Service Limit C, we further

characterize this ACRS question as "What is the probability of an ATWS-induced

LOCA, providing the RCPB Service Limit C stress criterion is implemented?".

In response, we reply that we have not quantified this probability. However,

based on engineering judgment we believe that considering the relatively

low probability of ATWS as stated in the report, combined with an admittedly

unquantified but, in our judgment, very low probability of RCPB failure

utilizing the proposed Service Limit C criterion, that the overall probability
-7of such a failure is on the order of 10 or less per reactor year (per scram

demand?) and thus not worthy of further evaluation.

To put this in better perspective a few further remarks are worthy of note.

The Service Limit C criterion, as has been noted in the report, essentially

limits stresses to the yield strength of the material or below for primary

membrane stresses. This is what the criterion, in theory, permits. However,

analyses submitted by the vendors have shown that, in reality, there is one,

or at the most, a few areas within the RCPB that reach Service Limit C "first",

i.e., at the lowest pressure, and are thus controlling. Such areas are:

reactor coolant pump bolts and casings, or valve bodies.

_ -- . _ .
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Analyses further show that considerable margin exists between calculated stress

levels at these " controlling" pressures and those that would be pennitted for

other "noncontrolling" components if they would actually be exposed to

pressures that the Service Limit C criterion would permit. More'specifically,

the analyses show that the majority of compunents when exposed to the

pressures that the few limiting components can tolerate before reaching

the Service Limit C stress level, would see stress levels somewhere between

those of Service Limit B nd C. Note that Service Limit B limits pressure

stresses to roughly 10 percent less than Limit C for this type of application.

It's important to recognize that in conjunction with imposition of the

Service Limit C criterion, the primary concern which we have had is with

regard to shutdown system isolation valve operability. Service Limit C,

while limiting primary membrane stresses to below the yield strength does

permit bending stresses above the yield strength thus raising concerns over

permanent deformation that active valve bodies and discs might receive from

exposure to pressures permitted by the Service Limit C criterion. As stated
;

in the report, we have taken the pos'tiion that for those few valves where
|

operability 'is a concern, assurance of operability must be provided by tests

i or analyses, approved by the staff, which demonstrate that any resulting

deformations will have no adverse effect on operability.

By way of clarification, it should also be noted that analyses have shown

that the reactor vessel is not the " weak link" in the " chain" of RCPB

components. Generally, there is several hundred pounds of pressure, psi,

of margin between that which the so-called " limiting" RCPB components can

- , . - - ~.
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take without being exposed to stresses in excess of Service Limit C, and

that pressure which would stress the controlling location of the reactor

vessel to that level . An indapendent analysis performed for us for a typical

PWR reactor vessel has provided confinnation of this,fer s,

|

| |

|

|

;
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ITEM 4 - MAY l f1CCRELESS MEMO s

We interpret this question as asking the following:

"What is the probability of an ATWS-induced LOCA provided the staff

fixes are implemented?"

More precisely, addressing the staff criterion recormiended in NUREG-0460,

which is most relevant to the probability of a LOCA, i.e., the recomendation

to permit RCPB stress levels to reach ASME Code Service Limit C, we further

characterize this ACRS question as "What is the probability of an ATWS-induced

LOCA, providing the RCPB Service Limit C stress criterion is implemented?".

In response, we reply that we have not quantified this probability. However,

based on engineering judgment we believe that considering the relatively

low probability of ATWS as stated in the report, combined with an admittedly

unquantified but, in our judgment, very low probability of RCPB failure

utilizing the proposed Service Limit C criterion, that the overall probability
-7of such a failure is on the order of 10 or less per reactor year (per scram

demand?) and thus not worthy of further evaluation.

|
To put this in better perspective a few further remarks are worthy of note. i

The Service Limit C criterion, as has been noted in the report, essentially

limits stresses to the yield strength of the material or below for primary

membrane stresses. This is what the criterion, in theory, permits. However,

analyses submitted by the vendors have shown that, in reality, there is one,

or at the most, a few areas within the RCPB that reach Service Limit C "first",

i.e., at the lowest pressure, and are thus controlling. Such areas are:

reactor coolant pump bolts and casings, or valve bodies.

. ___ _
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Analyses further show that considerable margin exists between calculated stress

levels at these " controlling" pressures and those that would be pennitted for

other "noncontrolling" components if they would actually be exposed to

pressures that the Service Limit C criterion would permit. flore specifically,

the analyses show that the majority of components when exposed to the

pressures that the few limiting components can tolerate before reaching

the Service Limit C stress level, would see stress levels somewhere between

those of Service Limit Band C. Note that Service Limit B limits pressure

stresses to roughly 10 percent less than Limit C for this type of application.

It's important to recognize that in conjunction with imposition of the
,

Service Limit C criterion, the primary concern which we have had is with

regard to shutdown system isolation valve operability. Service Limit C,

while limiting primary membrane stresses to below the yield strength does

permit bending stresses above the yield strength thus raising concerns over

permanent deformation that active valve bodies and discs might receive from

exposure to pressures permitted by the Service Limit C criterion. As stated

in the report, we have taken the postiion that for those few valves where

operability is a concern, assurance of operability must be provided by tests

or analyses, approved by the staff, which demonstrate that any resulting

deformations will have no adverse effect on operability.

By way of clarification, it should also be noted that analyses have shown

that the reactor vessel is not the " weak link" in the " chain" of RCPB

components. Generally, there is several hundred pounds of pressure, psi,

of margin between that which the so-called " limiting" RCPB components can

. _ _ - _ _ _ _
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take without being exposed to stresses in excess of Service Limit C, and

that pressure which would stress the controlling location of the reactor

vessel to that level . An independent analysis performed for us for a typical

PWR reactor vessel has provided confinnation of this for us.

:

,

e

i
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ITEM 4 - MAY l itCCRELESS MEMO

We interpret this question as asking the following:
'

"What is the probability of an ATWS-induced LOCA provided the staff

fixes are implemented?"

More precisely, addressing the staff criterion recomended in NUREG-0460,

which is most relevant to the probability of a LOCA, i.e., the recomendation

to permit RCPB stress levels to reach ASME Code Service Limit C, we further

characterize this ACRS question as "What is the probability of an ATWS-induced

LOCA, providing the RCPB Service Limit C stress criterion is implemented?".

In response, we reply that we have not quantified this probability. Powever,

based on engineering judgment we believe that considering the relatively

low probability of ATWS as stated in the report, combined with an admittedly

unquantified but, in our judgment, very low probability of RCPB failure

utilizing the proposed Service Limit C criterion, that the overall probability

of such a failure is on the order of 10-7 or less per reactor year (per scram

demand?) and thus not worthy of further evaluation.

To put this in better perspective a few further remarks are worthy of note.

The Service Limit C criterion, as has been noted in the report, essentially

limits stresses to the yield strength of the material or below for primary

membrane stresses. This is what the criterion, in theory, permits. However,

analyses submitted by the vendors have shown that, in reality, there is one,

or at the most, a few areas within the RCPB that reach Service Limit C "first",

i.e., at the lowest pressure, and are thus controlling. Such areas are:

reactor coolant pump bolts and casings, or valve bodies. |
6
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Analyses further show that considerable margin exists between calculated stress

levels at these " controlling" pressures and those that would be permitted for

other "noncontrolling" components if they would actually be exposed to

pressures that the Service Limit C criterion would permit. More specifically,

the analyses show that the majority of components when exposed to the
'

pressures that the.few limiting components can tolerate before reaching

the Service Limit C stress level, would see stress levels somewhere between

those of Service Limit Band C. Note that Service Limit B limits pressure

stresses to roughly 10 percent less than Limit C for this type of application.

It's important to recognize that in conjunction with imposition of the

Service Limit C criterion, the primary concern which we have had is with

regard to shutdown system isolation valve operability. Service Limit C,

while limiting primary membrane stresses to below the yield strength does

permit bending stresses above the yield strength thus raising concerns over

permanent deformation that active valve bodies and discs might receive from

exposure to pressures permitted by the Service Limit C criterion. As stated

in the report, we have taken the postiion that for those few valves where

operability is a concern, assurance of operability must be provided by tests

or analyses, approved by the staff, which demonstrate that any resulting

deformations will have no adverse effect on operability.

By way of clarification, it should also be noted that analyses have shown

that the reactor vessel is not the " weak link" in the " chain" of RCPB

conponents. Generally, there is several hundred pounds of pressure, psi,

of margin between that which the so-called " limiting" RCPB components can

1
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take without being exposed t'o stresses in excess of Service Limit C, and

that pressure which would stress the controlling location of the reactor

vessel to that level . An independent analysis performed for us for a typical

PWR reactor vessel has provided confimation of this for us.

,

;
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COMMENTARY ON EPRI AWS REPORT
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h

General Comments
_

1. The philosophical viewpoint is shaky. If the nuclear community r

is,orcanbe[ convinced,basedondataandonanunderstanding

of scram system design, fabrication, and operation, that the
sumumm
Nsyst s are OK, then let's state it that way. To give that %-

conclusion an aura of precision and quantification by a Bayesian
t

. '

analysis is phony, a numerical game, not a communicatior, of Q,-..

[:.
.

information. .

.

g...
2. .The report propoqes a model in terms of de=and probabilities w..

rather than in terms of time to failure, but then estimates puumr
,,

*.

AWS probability under the latter approach, not the former. .

'

If they followed their model through correctly, their estimates .. s.,
e4 -

.

would doubic. The confusion lies in apparently thinking a constant ,[
,.N. ,failure rate model is identical to a constant failure probability ,,

*

model. They are not identical. Jumping back and forth as they

do yields an erroneous factor of 2.
-

.

-
s

3. The report proposes a Bayesi,on approach rather than a non-Bayesian e- r w -

a Un a r p rsa 14 .h>,'e / n U e d'ff" *-u-- %
one, but the n-failrto-dirringuish -them. What is presented as a >C ..,

#
e

classical (i.e., non-Bayesian) analysis is actually a Bayesian -

,

[analysis.

R.
L

g.

re
P'"*

..

$e

.
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4. The level of understanding evidenced by this report cause# ene

to shif t my prior distribution on AWS probability further to

the right CIna X ma/ b be. ,

f
7

Specific Comments

Page Comment _
ucac

3 The last sentence of the first paragraph gives first en
.

estimate of FT (probability of scram failure, on demand) meder

and then* an estimate of F /2, but without an explanation.
T .

The latter is appropriate only if F i* d p""d t " th"
T ,

elapsed time since the last scram system test. The report ,,y
poss:bb/ Q. ~ is quite'' confused or. this score, app 2Wy in an attempt p u,

to have the best of both worlds. F is assumed not dependent -

T

on elapsed time in order to rack up a large number of
-,>

'' '
historical de= ands, then it is assumed to be time dependent r-

:

in order to justify the factor of 1/2 in approximating ;g- -
.

* *

unavailability.

5 Second paragraph. It's not the usefulness of statistical

confidence bounds that is questionable. Rather it's the*

n==Own
usegof past data to predict future performance. g

?
'

6. I'm surprised that the Bayesian approach only got them a k[
w,

factor of 2. A good Bayesian would have gotten at least %.

-

an order of magnitude out of his prior. E

R2'

-

'
.

.*

L

e4

ma

g
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Page, Comment

6 The authors call the Bayesian approach "a more comprehensive
***'

it .o

statistical method." I would replace comprehensive by
r ,"I

arbitrary'. . The decision of what to do about ATWS wt44-n
-

dependson many factors, one of which is historical experience.

To force all of these factors to be quantitative and then to
6

Nalgebraically merge them imparts an unwarranted aura of
'

-precision to what in the end is a judgment.
-

18 All the authors have done is replace 0/N by F . Thus,
,

they have not switched from a model in which failure
mamma:

probability is time dependent to one in which it is not. ..

$. ..

t^l-If they had, unavailibility on demand would be given by
N

# s belo r.) * bn per!n w (#1ereF , no t F / 2. Y, !' "- e
3 3

c..

22 The Com=ent is confused. The failure probability is not .

L-

exponentially distributed; the time to failure is. The |'-

data are not chi-squared distributed with 2r + 2 degrees of ._.

L
freedom. Rather, for time-censored data, and the exponential

model, the expression for determining confidence limits can

be reduced to an expression involving the cumulative chi-square P
-:===

distribution with 2r + 2 degrees of freedom. %-#"-
,,

,,

'
, .. i ?,,

^ --,m yry-- , ., ~ 7,, . . .,
-

F.f>f22 The exponential model has a constant failure rate. Thus
,

the ref erence to " continued degradation" is misleading.
I-
. . .

-

*
r;

.

-
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.ta Y
22 If they wish to model the scram system as a demand failure, hg L_

then they will have to estimate unavailability by estimating

F , n t F /2. They cannot take credit for the fact that .
_

T T
& 4 a. I

only 1/N yeard elapses between tests and that the system
f

.

failure could be anywhere in that interval.

t.===

To model in terms of demand, they have to assume that a .

failure, when it occurs, would have occurred on that demand, y
regardless of whether the previous demar.d was one day ago j,.

or one year ago. Thus, in essence, they must assume that .

the failure occurs immediately after the preceding demand . " . . ,..

' ' '
and successful scram so the factor of 1/2 is not justified.

~

j

TThis discrepancy is not so important quantitat ve y as iti l -;,s

0:
isinshowingthemodelingandanalysisflhwsinthereport. p_.I

(il''

.

25 What we are really after when we calculate a confidence

limit is an indication (in this case) of .how high the AIWS ,,,

prot bility might be, consonant wir.h experience to date.

We don't require confidence in the result. In fact, there

are many reasons not to be too confident - simplistic models pummme
-

for example. In summarizing past experience, there's no d
N

reason why one can't calcula whole battery of confidence

or whatever. *'Dlimits, 50%, 75%, 84%, 95%,1r p. .

h

25 Last paragraph, second sentence. I suggest replacing
, ,

" systematically" by " arbitrarily "
-

.

. ..

.

_ _ _
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Page Comment

I don't know what a " fault tree prior" is. I s-fai, Gj N //#26

n .. w . a ,,, a .i... , aast C,,fre groke b /;O *>.,,..., . . .n~.. f) g,,, ;, wossp J fa< aff esn ~~J U*~
o,f:s t,a: L. O .-s

or
u,

39 The cohstant failure rate and the failure-on-demand (with ,j]',#
t

' '~
~'*a constant failure probability) models are not compatible.

' ' ' ' '
Thus, they both cannot be applicable as the second sentence

.

of the first paragraph states.
== mum

40 Usual terminology is " binomial model", not binary. Is -

.m
there a * reason for the authors using the latter? ,-

''
. ,

i

41 You may not treat P(r,p) as a probability density function.
3 """"

The authors claim they are following Wilks, P. 469, but they
. . .

are not. What they are actually doing is a Bayesian analysis 3

.. N
with a uniform prior over the (0,1) interval. Only then ; .,

can treating P(r, p) as a probability density function of p, -

. .,

given r be justified. I find it strange that the authors y'

i.

would propose a Bayesian analysis yet not recognize one when
,

, , ,_,.

they did it. b

| 41 The correct expression for determining an upper 100 C0

( confidence limit on p is to solve y
sc===

-n ee

b ($) .2 (1 -d')" ~ hh1-C = M0
Q j.h.wC ,X=0

-

|

for p. For r = 0, the solution is h
,FA = 1 - (1 - C *

O *

-

. ' . '[
,

.

.

-

7
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Page Coceent

For large n, the quantitative difference is negligible,but

the conceptual distinction still holds. Their formulation

yields Bayesian posterior probability limits, given a

uniform prior, not statistical confidence intervals.-

43 With 0 failures in n trails, a failure probability of zero
amm==
*

or arbitrarily close to zero can't be' ruled out, at .any

confidence level. Yet, the authors do so, giving a lower
.

**s .. .

-7 1;

bound of 3.2 X 10 .
.

"

49 Appendix B uses different notation from Appendix A, but no

explanation for the change is given. This can happen when.

. reports are written by co=mittee. P becomes p, p becomes f, W.

5

and n is inserted where before it wasn't. Moreover, it's -

not clear whether f '.s the occurrence of a failed state or
*

}
,

--

the probability of that event. Equation (B-3) is incorrect. . ' -

'' 'All that can be said is that the left side is proportional . .

F
'

to the right. Their claim that this is the classical result
,

v
is incorrect because they have the classical result incorrect.

'

-

sumam
-50 The binomial distribution doesn't require the prior to be a

beta distribution. That's merely a convenient choice. ~ . ' .'

>%
Haven't the authors read WASH-1400? Don't they know all (ga',

our priors are log-norc:al?;

u
.

i
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1

50 Numerical correspondence between (correct) classical results
"

.

and certain Bayesian results doesn't mean we regard ATVS as

a single toss of a (fair) coin. They're two different I_
l

analyses for two different purposes. The authors have

been misled down the path of Bayesian mysticism by an
.

semiseaccident of prior,
-

.

52 The assertion of the last sentence of the second paragraph Q
"

I.

can easily be shown to be wrong. This is pointed out not .

.:,

because it affects the quantitative results of the report ,

b
but because it reflects the level of understanding the :,,.

.

N' '

authors brought to their task. I'm a good Bayesian so 2 .,

. usuur
iam trying to incorporate all information in making a
,

decision on the acceptability of this report. ,

L

53 The first sentence of the last paragraph is mysticism. ,Y
.

' '

55 Why is this appendix called numerical analysis? The appendix

content is rough estimation df the number of historical N
/,.~.Js ht.

scram system tpsts.

T.o g.
p.4
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COMMENTS ON THE USE OF RECTIFIABILITY AS PROPOSED IN ( |
"

"ATWS A REAPPRAISAL PART I
waw

The effective recipe in Reference [1] for statistical analysis -

involving rectified failures is given in the quotation from page 3

as "Hence, we argue that the lower limit to the scram failure rate
Cis correctly calculated using zero failures." This recommendation

of such an absolute device seems implicit elsewhere in Reference [1]
-

' '

and is made despicc
'

,

a) the rather weak premise that "any common mode failure that
e*

is discovered is not expected to occur again (certain1v not
Q'.. . ..

with the same f requency) since either redesign, test and i
puuun

maintenance, or other quality assurance methods will be .4

adjusted to eliminate this failure mode. This rectification -

eliminates potential failure modes and produces a# better than L__*

original ' condition." %.
..,

. _
. -

b) the explicit recognition that "One could argue that redesign
.

"

might introduce a new mode of failure. The counter-argument

is that we must in any event alter the design or QA methods to -

b
eliminate, or maintain surveillance for, known failure modes Qw
and careful FMEA will tell us whether the alteration has J

't

4\.

introduced any new mcde."
$.

t,-[ Emphasis added for (a) and (b)]
~

.~

|*

.
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,

-
L

~
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Even if one assumes that any discovered failure does not occur again

and that no new modes are introduced, the proposed statistical
,

Laus:,
analysis is worthless as demonstrated by the example below. The

analysis will be worthless even if, in the process of removing _

discovered failures, some undiscovered modes are also removed.

The fallacy of eliminating failures for which explanations or
(-

presumed explanations have been found can be demonstrated by the |-
.

-
.

following hypothetical example. Let us suppose there are 100
'

different ways in which a scram system can fail and that' each way
,

'

manifests itself independently of the others at a constant rate of -

one per 100,000 reactor years. If we had observed 10 failures in ..;.

'

10',000 reactor yea'rs and " corrected" each failure then the " principle
-

of rectifiability" leads us to an "u' nbiased estimate" of zero for the -

il

'

failure rate of the scram system. The 95% upper confidence limit
(-

would be computed as 3/10,000 = .0003. It is perhaps idle to
.s.

'

speculate what the actual failure rate of the system might be at
t -. ""this stage. Under the simplistic assumption that the 10 obscrved

ways have been eliminated and the others are still unaffected the .

failure rate is 90/100,000 = .0009. If three failure modes were .'
_'J _removed every time one was discovered, the failure rate would still

be .0007.

%
The upper 95% upper confidence limit in this hypothetical case is b(-

%
very unsatisfactory and the unbiased estimate is grossly misleading.

p ..

The numbers could have been contrived to paint an even worse picture s'

.M,

8,and such a choice might be as plausible as any other. Blind
yt
' '

.

T

e

4

e
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I,bii

acceptance of such statistical procedures is in fact dangerous. The

oversimplification used in this example does not detract from the

basic logic used. The example clearly shows that selective elimination =~ -

of failures from the data base and application of conventional statistical*

_

Fmethods to the remaining data violate the very principles on which

conventional statistical analysis is based.

"*
The reliability improvement due to rectification may be treated by

'

reliability growth models. Even this raises very difficult problems
w._

relating to appropriate models and possibly to the sufficiency of ],
..

.
'-

the data base. Another possibility of treating rectification is in
% *

the framework of selecting populations. This in turn requires rather

rigid selection procedures and adequate samples.
-

p h S.' Af O' $'

p
*

.

'

,V, . .

S..
, -

. I

|

_

M'

n

c..
.

pu-

m

.

t>.

N
I

e

e

|

| _ ~~ . g

-""2%%~; . :,atK+4:,t;y,mm,&.w;j;:.|y'h



_ __

-
.

'

-4-'. ,, ; -
1t . .., -

|*,q ..
*

,-
.
t-

i
i

REFERENCE !
_

,..

[1]AIVS: A Reappraisal Part I, An Examination and Analysis of -

"WASil_1270, Technical Report on ATWS For Water-Cooled Power k
Reactors", dated June 1976.
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INSTANCES OF RELAY FAILURES IN REACTOR PROTECTIVE SYSTEMS 4
?,

1. 0 Summary |
@

Nine instances of RELAY FAILURES IN THE WNITORING AND REACIOR %
PROTECTIVE SYSTEMS OF REACTORS are described in this report. 8
Although the significance of any individual relay failure depends on N

. the particular circumstcnces, the proper operation of rest of the h.
control, prote.c,tive , and engineered safety feature systems for nuclear

'

.

power plants depends on the successful functioning of relays. Relay w
failures of the types illustrated by the occurrences reported here M.
could, under different circu= stances, have significast adverse effects ?.C

[d
|

- on plant cafety. None of these occurrences resulted in damage to

}
the reactor nor in radiation exposure of any individual.

a.
2.0 Circumstaneen pj.!

BY
2.1 During a period of about two months during preoperational [

testing of a power reactor, there were four failures of reh q.
in the Reactor Protection System or the Containcant Isolation p

g in each instance, the relays that had been designeci d.
to open when de-energized failed to drop out on loss of power. 4
These relays were all of the same general type, and supplied by [.A
the same manufacturer. There are approximately 400 of them in d.
this plant. Af ter inves tigation, the manufacturer directed that 7

all relays be innpocted for r.tisalignment and chipped or broken .;

self-aligning tabs, which were thought to be the cause of the

(nalfunctions.

A few days af ter the e.emorandum calling for this inspection was 3
isoued, a new relay, which had been installed to replace one of k;

| thooe cantioned in the previous paragraph, failed to drop out Q'

when its coil ves de-energized. It was evident that this relay Qwas r.ot misaligned, and since there was no obvious reason for .g

3{.
the failure, it was returned to the f actory for core extensive
te a es .

W
Purther investigation disclosed that the relay malfuncition wag [h

to thq_ pater (contact erd) Nge_to heat bonding of the arusture -

pole piece. The bonding agent was a black chromate primer which i
hNN

6

' '
' '
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had been applied to the
."

Evi den t 1v.
had not bqgn,,f,nl.godur;g3

t

ion of some of these relays,ieces as a corrosion inhibitorduria
-

1m d,.
.a

and the buildup of primer between lamias a result of this lack of curing
the primer1

generation during
the field for periods of approximinitial extended energizing of thnations, the internal heat

,

,

armature to bond to the pole pieceately 12 hours caused the
e relays in

.

Field instructions were issued s tatiwas to be mechanically removed from thng that the chromate
field memorandum also specified addi i e pole piece faces. primer
in their finally installed condition The

t onal testing of the relays
reactor involved in this instanceprimer . The memorandum was sent net o lfollowing removal of the

,

n y to the operator of the
other reactors that might have re;,eiv db ut

also to operators of threemanuf act ure r.
similar relays from the

e

2.2
Dugeventive maintenance on thi

gesearchyog, Wione of the scram relays wase plant protective system at
q -

its contacts appeare

[s ts b7 fore reactor ope ration. ~wjlen__ the mMal screplaced bge

I *

~~short

rty and pitted.
~During subsequentthe console was depressed

, the control rods did not drop.ramRTo n""t$F'
The t roub,le was trac,_ed,.,J.p Eag pqyJy 1circui

lvas'founghat shunted the console scramTE
,

, , , . , ,pstalled relay.thus nulli fying the ma m l An internal
into service, butITdlity hTd' been tested on a relay check All relays at thisic. sam acttqa. rras7 '

d
vision for testing "for internalt h,e chocking ins trumenter prior to being placedcdid not

ar'Uow checked for this defect when th.rhnrt eircuits. include pro- ;'I

All new relays t,s upplier.
ey are received from !a2.3

While manually withdrawing a contr l

seconds after the selector switch wasoperator observed that the rod continu da never reactor, the
1o rod at c.

e

to move out for several h
insertion and withdrawal.name occurrence was observed severai timoved to another rod.The ;(

Current is supplied to the rod drivmes during tests of rodthrough th'c contacts of a relay in th
''

e g
The armature spring that e rod control circuit. $p,'

(
be weak. ',

Tightening of the spring resolved thopens the relay contacts was found to
;
'

in2.4 e problem.
During a routine shutdown of a rese s

were being driven in by operation ofarch reactor, all the rods W
yr

rods were about a gang switch. When the 6suddenly stopped moving.six inches from full insertion, sMm rod #1
had possibly j a:::med, turned the gangThe operator, thinking that the rodk
position, and the s topped rod started mswitch to the neutral f $'
then returned the gang switch to th oving out. The operator ?'

e insert position and shim [,

" *

*

**
.
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rod #1 stopped moving outward but still did not insert. By '

rapidly turninr the gang switch from neutral to insert, the g,
operator was able to accomplish full insertion of all the rods, $
including shin rod #1. Subseq uent investication showed that a p.
loose arnature sprine. on a relav was the cause of this situation.

At this facility, the direction of rotation of each of the rod
drit e notors depends upon which of two relays in the rod drive k.
circuit is enerr.ized. 7

Y
The arnature spring of the withdraw relay of shim rod #1 drive |d
circuit had cone loose, thus permitting the relay contacts to y
remain closed. With the gang switch in the insert position pyl
the rod drive notor stopped because it had two simultaneous fp
signals, one to insert and the other to withdraw. When the %
gang switch was turned.to its neutral position, removing the A.
insert signal, the rod.was free to withdraw. Evidently, when h*-
the operator rapidly turned the gang suitch from neutral to k
insert, he enernized the insert relav and the vibration of its rA

contacts' closing caused the loose armature spring of the with- h'
'~

draw relay to realign itself to open the. withdraw relay contacts Id
and pernit the rod drive motor to energize in the insert Y
direction. Replacement of the faulty withdraw relay corrected h
the problem.

p[fIn order to increase reliability, additional relays were inserted
.

in series with the existinn control relays. The springs on both
relays in series would have to fail at the same time in order y,

, to cause the same situation to recur. Maintenance procedures Q
were changed so that relays will be replaced, checked and visually f
inspected for proper operation every six months. g

h'

2.5 During the' daily checko_ut of a pulsed research reactor, it 4.

was observed that the transient rod did not drop consistently g
upon a scram sinnal. A relay in the control power circuit to to

fthe air solenoid for the transient rod was found to stick in
the energized position intermittently. With the relay stuck,
the solenoid is energized, and air pressure is applied to the 6 ,

f)transient rod piston preventing dropping of the transient rod
until the power supply is shut off. It could not be determined 7j
whether the cause of the intermittent failure was residual 6
nannetism in the relay arnature or sticking contacts. The 4
relav was replaced. and the scram circuitry for the transient [.{
rod perforned normally. (f/

ri
'
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A pulsed research reacto
.s.

at a

constant power level, wi th thr had beenpulse operated for
rod "UP" button depressed b about 8 hourscoil.

y hold-in powe pulse rod withdrawn and thThe pulseto this
rod had performed properlyrun.

bar was At the er on its e

conclusion ofrelease. depressed, relay1.

the run, when the manon scram t'ests priorthe "UP" button on theAs
"4 - J other two rodsa result the pulse pulse ual scram

The pulse rod dropped whsince the "UP" button wasscrarned properly and shutrod did not drop, althoughrod failed
| to

s_. I

en the "DOWN" button was dthe reactor down.
the

withdrew
-

the "DOWN" button.still depressed, the rod iepressed but
upon release ofof

the "DOWN" button was dthe "DOWN" button prod
''

Repeated actionmmediatelyuced
the same

the "UP" button was results.
released andepressed for an estimated 15 Finally, wheni .

#

The "UP" button the rod dropped. to 20 seconds
3
70 Current

on the pulse. rod is ? Id ito the coil iscurrent was supplied by the n by a holding coil.associated light operatedapparently interrupted satiscram
circuit and the

,.gg circuit action.
correctly to indicate rod scsfactorily since thebinding of theof the "UP" button may havThe investigators conclud d

qM , ,
,

'

rame been e that the
electromagnet core due to hswitch or by aresidual magnetic flux in thcaused either by eechanicalsticking

n
6 some seconds ysteresisafter'-

acaembly wsecond explanation was thcurrent collapse, .Since the button releas d
e

it w
as judged that the

e

obvious defect was disassembled, cleanedmost likely.
et

.

and reassembled and noThe switch and coil
(

.

tion of the observed.
as

Further testing, afterOperating procedures weassembly, failed to reprod
i

observed. Ooperator to turn reins talla-
re issued to instructuce the effect previouslyshould this off

the Rea
situation recur.ctor Key or Reactor Power imthe

A few w mediately
again removed and tested feeks later, a similar situati

was

and plunger were on did occur.
observed or residual magnetism.The assemblyeliminated by a degaussingto

cent switch wconcurrence of the Reactor S fexhibit some magnetism
the The coil Ucoil.

Operation was resu,medwhich wasas installed. Repeated testing ofa ety Coenittee, af teron a raock-up test , with
[.

following degaussing.circuit failed to reproduc
a repla ce-

the old switth !
2.7 ~

e the effect .3
During checkout prior t W
found that none o M

automatic teramstartup of a research reactInves tiga tion of the

could be reset. '

g%revealed
the scramall of which cust be in ththat one of the sixcircuits

or, it was

!Q.scram
system, was open,e closed position in reset switches, $thus interrupting theorder to reset

comon return 4

[
.~

o
o ?.. .'

i
-v
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} from all six of the automatic scran relavs to the power supply p$
for the rod nannets. The defective switch was replaced and the 6

scram systen was reset.

Durinr. the investigation of the cause of the inability of the *

scram system to reset, analysis of the circuit revealed that
the magnetic and automatic shutdown circuit was not protected b

from a single failure in the scram relav power supply for the Pp
six automatic scram relavs. One or more of these six relayr. pmust be enercized in order to interrupt the current to the f?,

magnets in the control rod drivec (by de-enerrizine the normally {,'closed master scram relav in the circuit to the magnet power
supply). These individual automatic scram relays would not be h.

henergized in the event of a failure of any component in the ,

relay power supplv, if such failure caused the power supply W.*voltage to drop signi fican tly . The normallv-closed, series-wired $contacts in the vital scram hus remain closed so long as the g*automatic shutdown relavs are de-energized. To correct this 7?condition, a new relav has been added to the circuit, which is Cenergized by the scran relay power supnly via a voltare divider
network. One set of contacts on this new relay is used to,

interrupt the magnet power to the control rods in the event of
i

a failure of the scram relay power supply or one of the scram
reset switches. Another set of contacts is used for an indicator

.,

.light which indicates that the relav is energized. A similar [
} problem in the reactor protection-system at another research $-reactor was reported in ROE: 69-16, dated June 13, 1969. W,

*

%2.8 At a sodium-cooled reactor a leak detector is provided to trip i'the auxiliary primary coolant sys ten pump if sodium leakage is
fidetected. During_the performance of monthly tests of the lea) k~( de_tectors, the leak detector' trip contacts in the sa fety chassis

'

were jumpered to nrevent trinnine of the pump eaen N % o cete_ Tor
Das tested. During subsenuent removal or the jumper, one end was~

e
i n aave rTen g,1v grounded resulting in ntch current. The control
c1rcuit fuse opened. was innediatelv replaced and the detecTtof'

|-

,g
_

was returned to service. ^
_

4A_ rnon th _ l a t e r , durine the nonthlv leak detector testinc. the
'

pump failed to triL,yhen a leak was simulated by shorting -
*

at r'os s the detector output. Investigation disclosed thar_r_he
.Teak detector relav contacts in the punn control circuit had

benn Frided torether, evidently as a result of the maintenance,
g']error the previous conth.

mf
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,

2.9 The sirnals from the stack effluent sensors, at a power reactor, ,

feed into indicators, enutpped with containment isolation
trip contacts, of the tvoc sonetimes referred to as reter-relavs.

'

In meter-relavs. the indicator needle noves unscale until it ~econtacts an internal trip contact. at which point the trip is
*

initiated. The indicator cover is sealed bv a sponge rubber .

gasket.
*' | r,

In this instance, the rasket evidentiv had are-hardened, dried j,'.

out and cracked into pieces. One snall piece of nasket naterial '-

<lronred into one of the indicator needle rechanisms and_orevenied
it fron coinc unscale (tSe containment isolation would still ,

r eqini re d . by redundant trip unitsj. TheIHve been fnitianad ir

ono rnror discovered the_ problan durinr the daily trio te_s t o fTe_ 4

gsyste3 Other reters of the same desipn were also found to havr .

r , c h a t- The nask p 311 the noters wereg ec n

renlaced with a core resilient naterial of a guaranteed longer,
life,

t _

r
. -...

Division of Reactor Licensing a

C. S. Atonic Enernv Connission .
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QUESTIONS FOR NAVY

1. Do Naval RPS Systems utilize equipment diversity?

2. What, if any, are the significant differences in the design of
Naval and Commerical Scram systems? _

r-

3. What, if any, are the significant differences in the Naval and
the Commercial Scram systems quality assurance programs?

P-

4. How frequently is Scram system tested?
Do the tests consist of partial tests? azze

Do the tests include the CRDMs? s
How would the tests compare with the commercial tests?
Do the operators perform the tests? 4

5. Would the tests detect CMFs in the electronics?
'

6. Would the tests detect CMFs in the CRDMs?

7. Has the testing contributed to any CMFs in the Scram system? p
8.* Have there been'any CMFs or potential for CMFs in the Scram systems?

9. Is the EPRI use of Naval data appropriate?

4
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PRELIMINARY DRAFT

A CURSORY REVIEW 0F THE REACTOR SAFETY STUDY DRAFT WITH RESPECT TO ATWS

1. Introduction

Since the publication of Technical Report of Anticipated Transients

Without Scram for Water-Cooled Power Reactors (WASH 1270) in September 1973,

some additional technical infonnation has become available that bears

on the ATWS problem.

t a. The light water reactor vendors have each published detailed analyses

(0 .*/' ,y of the reliabilities of their protection systems including some coninon mode-

3

[ Q ailure considerations.
b. The light water reactor vendors have each published detailed evaluations

of the course of postulated ATWS events, thus extending the evaluations referenced

in WASH 1270. These more recent evaluhtions have included improvements in

the calculational models used, and more nearly consistent assumptions, initial'

conditions, and value of parameters.

The Reactor Safety Study draft issued in August 1974 (WASH 1400).c.
I

included considerable detail in its consideration of both anticipated transients

and scram failures.

In their publications, and in letters to the NRC staff, the light water

reactor vendors have suggested forcefully that the staff position set forth

in WASH 1270 is technically incorrect, and that this is easily and convincingly

demonstrated by the analyses contained in the industry publications referred to

above and in the Reactor Safety Study. This present review was undertaken -

i

__ -. . -- -- - - - -. . - _ __ _ _ __
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to consider a part of the question thus raised; to review the infomation

contained in the Reactor Safety Study draft that is relevant to ATWS and

to evaluate whether this infomation is, in fact,in technical contradiction

to WASH 1270.
,

This review is not intended to be exhaustive and cannot be final. We are

dealing with a draft of the Reactor Safety Study and are mindful of the

Commission's admonition (39FR 30964) that the draft and comments on it from

interested individuals and institutions must be thoroughly evaluated in its
,

final form before it is to be used as a basis for licensing decisions.

However, it seemed appropriate to take into account the new information

contained in the study draft and to make this preliminary review in view of

the considerable time yet remaining before a final study report can be

issued and evaluated.

2. Logical Framework

Briefly describe (and attach all the considerations which must be taken

into account).The reasoning in WASH 1270.is. as.follows: The frequency of an.

ATWS event is given by the product of the frequency of occurrence of anticipated

| transients multiplied by the conditional probability of failure to scram. Such
!

t events have a spectrum of consequences. An estimate was made of the
l

frequency of ATWS events leading to consequences in excess of 10 CFR 100

guidelines.0n the basis of this evaluation the staff concluded that a staff

improvement in reactor shutdown system reliability should be implemented.

Our review of the Reactor Safety Study draft information as it affects

ATWS therefore naturally questions the following topics: -
,

i

I

!i

|
l
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r

Ia

J a. The frequency of occurrence of anticipated transients with
.

potentially severe consequences.

b. Reliability of reactor shutdown on the occurrence of such an2

anticipated transient.

\ c. The consequences of various possible postulated ATWS eventsp

' turned up in Items a and b.-

'
d. The safety objective for the frequency of severe accidents.
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'!* NUCLEAR REGULATORY COMMISSION
$.' ,* W ASHINGTON. D. C. 20555

Stephen H. Hanauer, Director, Office of Technical Advisor

For the past two weeks I have been reviewing the reactor
safety study (RSS) draft report ATWS evaluation. Tiic F.7N'

it4cn4'cwc ,wlt, hcwaver- censervative,- hasr-been maintained.
With the assumption that the unreliability of the reactor
protection system is about 10-4 per demand, I looked at the *
frequency of the significant transients, the reliability of,

certain significant systems and the sequence of events that
may lead to core melt. In summary, the safety study may have WS " p'gJ.

been tec cons,er. vat 4ve -in U;e ,enimai.im. J the significant
transientoccurrencerat(in'd'ipp'e'arsnottohaveconsidered-

some events,1 t,,may_ lead to ,cocq,.rgelt. Using the RSS criteria3
t ' appears tfiat conservatively the probability offor core mel
ATUS events may be about 10-b, per reactor yearvuh'* 5

-
'

co.e melt fr *

Attached are details of my evaluation.i

-

..

Ashok Thadani
Reactor Systems Branch
Division of Technical Review-

| Enclosure:
i Evaluation

l cc: T. Novak, RSB:TR d ik yte
W. Minners, RSB:TR ,\ \p'-
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Section 1. ANTICIPATED TRANSIENTS FREQUENCY

Anticipated Transients

Any deviations from normal operating conditions occurring
with a frequency of one or more times during the service life '.

of a plant are called " Anticipated Transients'. There are a
number of anticipated transients, some of quite trivial nature
and others that are more significant in terms of the demands
imposed on plant equipment.,

Anticipated transients are condition 11 events Incidents
of Moderate Frequency, as defined by ANSIl.

.

PWR Limiting ATWS Events
s

In the case of transients with failure of scram system, only
a limited number of transients need to be considered for the PWR
plants. Transients such as complete loss of feedwater, loss of
offsite power and turbine trip concurrent with failure of scram
system result in the fuel heat imbalances and consequential over-
pressurization of the reactor coolant system.(2, 3, 4 & 5) It
is possible that the reactor coolant system boundary may be
compromised as a result of overpressurization and in the mast,

i unlikely case may result in core melt. %
.

| PWR Transier.t Occurrence Freauency

f Complete loss of feeowater, loss of o'ffsite power and to a
lesser degree loss of load ATWS events could conservatively lead
to a core melt. The Reactor Safety Study only evaluated loss
of offsite power and loss of feedwater transients in ATUS events
and assigned an occurrence rate of one per year. During the
year of 1973, ten PWR plants experienced the severe anticipated
transients at the following frequencies.

Complete loss of feedwater 1

Loss of offsite power 3

-Loss of load (Tuscu E h) 33

Of these thirty seven occurrences about half of them occurred
when the power level was pretty high ( 75% or higher). This then
results in about 19 anticipated transients for ten reactors which
may result in severe consequences if the scram system were to fail.
Il & wl ,c /r A. bi f m'(g d h,p w/ W icene w ab^

'' W- h N 'n M m ,.IE s
e c.eps Uc ,cmsj~M " .b ~eue p n i., & n p,e a ~~ m e

q w .,;e s A u 4 h* A w?ns Pf" "
feb*Sg obed /0 8 ' y e in /0 hM ^
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Therefore assigning a value of one anticipated transient
per reactor year 6, 7 appears to be appropriate. It should
be pointed out that the frequency of occurrence of the most
serious transient namely the complete loss of feedwater is
about 10-1 per reactor year based on the 1973 data. But some
analyses 5 have shown that loss of load ma
pressure values in excess of the limits 7,y also yield primary g

BWR Limiting ATWS Events
ovna m:,,9A r e.' a . J e h e n ") b'*h ai"!* )BWRsystemscharacteristics}aresuchthataturbinetrip

concurrent with,' frilure of scram system causes the pool
temperatures to reach very high values 8, 9 Most anticipated
transients, by virtue of the BWR plant design, cause turbine
trip and therefore most anticipated transients have to be in-
cluded in this evaluation. Only a few transients such as
rr: circulation pump controller malfunctions concurrent with
failure of scram system do not yield severe consequences.8

BWR Transient Occurrence Frequency

The reactor safety study assigned an occurrence rate of
ten per year per reactor. The 1973 data for eleven BWR plants
showed that 79 anticipated transients requiring scram action were
experienced. ALout half of these transients were of little in-
terest whereas the remaining 40 suyfhave resulted in severe
consequences had the scram system not responded to demand. However,
it was not clear what the power levels were prior to occurrence of ;

these transients. Based on the PWR exoerience half the transients
were assumedjt,o h4ye occurred at high power levels. Therefore ai

value of two anticipated transients per reactor veer appears to3
be most appropriate for ATWS evaluation. ,

.

.

I
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Section 3. ATWS EVENTS-

3.1 ATWS Consequences
.

3.1.1 PWR Plants

The reactor safety study group issued a draft report 6
in August 1974 evaluating probabilities of radiological re-
leases as results of various possible accidents. As a part
of its study, the report evaluates the hazards presented by
a possible occurrence of an ATWS event. The study correctly
points our that the most severe anticipated transients with-
out scram are those that cause an imbclance between heat
generation and the heat removal capability. Any reduction
in heat removal capability results in primary pressure in-
crease and in some cases may exceed 4031 psi.2, 3, 4 It is -
pointed out that if the scram system were to fail as a result
of a common mode failure in the RPS logic, neither the turbine
trip nor auxiliary feedwater pumps wouldi be actuated and thus
perhaps resulting in severe damage to the reactor coolant
system. Transients that fall into this category are a) a
complete loss of feedwater, b) loss of effsite power and to
a lower extent c) loss' of load./eThe e cevere path that
might lead to severe consequences (possiiHy even core mettM)\
is described below/,C s sw 4.6 p.w wpt .6.~l Ec c4 J- '

T: Probability of occurrence of a severe anticipated
transient per year.

K: Unreliability of the R.oS to work on demand

Q: Probability that the valves :nay fail to fully reclose

E: Containment failure mode

It is assumed that a transient carurs with failure of
the RPS to trip the reactor. The resultiing imbalance between
the heat generation and the heat removall causes primary pressure
rise and the primary relief and safety elves open to limit
the pressure rise. The safety valves are assumed not to fully
reclose resulting in a small LOCA with ifailure of the RPS system
(conservatively ass'umed to lead to core melt).

The probability of the occurrence ofdhir sequence of
c davelnned as follows:-- -

q,

? -

.

. -~~-~~e -~~~~~~ ~- ~ ~ ~

, , - , - - .-- ,
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in Section 1.The frequency of transient occurrence was discussed
the RPS has bee'n discussed in Section 2.The value chosen for the unreliability of'

Since ATWS
events cause high primary pressures and discharge solid
water through the pressurizer safety valves, consequently
the valves are exposed to high reaction forces ands

conditions for which on test data are available.Opinions
vary as to the likelihood of these valves to fail to re-

'

close ranging from valves certainly failing to reclose fully
i

g

to valves possibly failing to reclose.
-
*

;Therefore, a valueof 10-1
is assigned to the probability of these valves i

failing to reclose fully with perhaps an uncertainty factor Ij of 10. The probability of containment failure mode is'

Therefore if a very conservative assumption is made thatessentially the same as that used by the safety study group.|
!

this sequence of events may result in core melt, thei

probability associated with this event tree is aboutj
10-5 reactor year.e one below/(

- . . ..
c - n,

-

. . . . . . , . _ -
-

. _ . . - . _ _ . --

j T e 1/yr-

j K ::F.,10'4/dama d
2,

ns

| Q % 10-I

( E % 1.0
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3.1.2 BWR Plants

The reactor safety study assigns a failure probabilityof 4 x 10-7 per demand to the reactor shutdown mechanism (C).
This value is arrived at as follows.

.

C = RPS failure + Failure of recirculation pumps
to trip and manual insertion of poison

C = (1.3 x 10-5 x10-2j
-

v

4 x 10=

.-
-

The study assumes that the availability of the re-;

circulation pump trip and manual actuation of the poison f: system such that the reactor is made suberitical in thirtyi 1 eight minutes is a successful mode. However, studies 8, y :
g

have shown that extremely high suppression pool temperaturesi will be attained even with recirculation pump trip andj
manual actuation of the standby liquid control system. The

1

i effectiveness of the pool decreases as the pool temperature
increases and in particular around 180*F the water vapor

; pressure increases significantly causing a highly reduced
! pool functionability. Further the. data available10 have shown*

that the vibratory oscillations 6'ccur around 180*F and may
well result in cogpromising the[) integrity of the suppressionI,

j pool. Ther+fweA value of 10- failure probability is
assigned to this failure mode. Thus the failure of the:

j suppression pool may well result in core melt. This sequencei

:
i

..-
. --e .. --. - ..-.- . -==-e- -. .== - =,.---% === -~+ - - --6 ma eh 6he.m. e.g .OA e.g- e e..-g*

+ h Gee . .m mee..h eeeogh . w. -.#h, ya e e.,m . ,% g g .

.
-

* =
, . . . - . . . . . _ _ . . . . _ _ . . . . . .. . . . ,... . . . . . . _ , , .

- - . . .
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of events is further developed below:

T: Probability of occurrence of anticipated
transient per year

C: Unreliability of the RPS per demand
'

P: Probability of cor tainment failure as
a result of high pool temperatures

T = 2/yr (seesection1), '

C = 10-4/ demand (see section 2)'~
P = 10-I

Therefore, an estimate of core melt as a result of'

this sequence of events is about 2 x 10-5 pod *A fo-4
Ac in nah el kt the Es: -

There is ye't another sequence of events that might
lead to a core melt that was apparently not considered by
the reactor safety study. This sequence is discussed below .

a) Assume the recirculation pumps trip and the
poison system is actuated manually such that the.

reactor is made subcritical in about 35 minutes,
i b) If the HPCI system fails, it is likely that the'

I vessel level may not be maintained and core melt
The probability of HPCI fmay occur.'

is 10-1 Therefore TC'U' 2 2 x 10-5,ailure (U') -!
'

From these sequences it appears that the probability of
core melt as a result of an ATWS event is about 10-5 and not 10-6

,

as noted in the safety study.

| 'ATWS Limits

The light water reactor yendors have published detailed
evaluations of the ATWS events.1, 2, 3, 4, 5, 8, 9 These
analysis have shown that if no plant modifications are made,
an ATWS event may well result in exceeding WASH-12706 criteria.
In particular the reactor coolant system pressures may well
exceed 4000 psig and the reactor coolant boundary pressure
may well be compromised. Just as the Reactor Safety Study made
a conservative assumption that core me,1,t, cccu,r,s ,if ,the ,qla_d
temperature exceeds.2300 F, it is our op w, that if WASH-12703 '

limits are exceeded core melt may occur with a probability in
the range of 10-4 to 10-6 per reactor year. Admittedly these

.

-
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evaluations have uncertainties associated with them but
'

it seems to us that a responsible position would be to
apply conservative limits to minimize the risk of any
errors in the evaluations.
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Some rather amusing observations, in which you may be interested, are
obvious when the major contributors to risk (per WASH-1400) are listed
in order of importance.

. :

The WASH-1400 Final Report Tables 5-1 and 5-2 indicate the relative
importance of the various accident sequences studied. Table 1 attached
summarizes these results in terms of the percent contribution to the
total core meltdown probability. The Table presents the results in a
cross-matrix of initiators vs. subsequent failures.

Table 2 lists the public risks which we inferred from WASH-1400 data.
The results are weighted in terms of both probability and fractional
iodine release to the environment. This consequently is an approximate
measure of the percent public risk contribution of the various sequences.

Comparison between Tables shows a shift in the ranking of controlling
sequences reflecting that different meltdown scenarios have different
consequences.

I
-

It is interesting to note that if there were no large break ECCS in-
stalled - the number for the probability of large LOCA and ECCS
unavailable (meltdown) would increase by a factor of 30. The total
meltdown probability (all events) would increase by a factor of 3.
The public risk would increase by approximate 3% -- an apparently

'
_

i

|

:
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negligible amount considering the cost savings achievable by deletinga large LOCA as a design basis event.

It is further presumed that if no large break ECCS were installed, there
would be no cold leg connections to a low pressure ECCS outside the
containment and hence - the check valve interfacing LOCA event wouldbe. absent. Since this event is dominant in terms of public risk
(estimated at ~53%), it can only be concluded from WASH-1400 that theaddit #c e#

D increase in public ris Q1arna 10CA ECCS for Surry has actually resulted in a factor~

~

This is not to suggest that deleting the large LOCA low head injection
system would reduce risk; but to illustrate that in some cases the
addition of safeguards can in fact result in increased public risk
if the risk from new failure modes ex'cesds the risk averted.It is"

noted that the impact of the check valve interfacing LOCA can be
greatly reduced by simple measures such as testing and a third checkvalve.

The results on Table 2 also indicate to us the total lack of impact
of WASH-1400 on the licensing and regulatory process. If WASH-1400
is to be believed, attention should be devoted to the major contributors
to risk; ocuble check valve failure; total loss of AC power; small
LOCA; and loss of main and auxiliary feedwater. Instead, large LOCA,
ATWT, and upgrading qualification requirements of safety-related
equipment have dominated the licensing scene.

.
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DOMINANT PWR CORE MELT PROBABILITIES

Ref: WASH-1400, Table V-3-14

Large LOCA * 3.4 x 10-

\
Largest contributors . . . '

...
-

) ADE - 2 x 10-6 (failure of ECC injection system)
[3 ." # , r\' AHE - 1 x 10-6 (failure of ECC recire. system)

*

3
'

)( 10 ~

Small LOCA : 6.9 x 10-.

-| Largest contributors

| S D - 3 x 10-6 (f ailure of ECC injection system)
7

S H - 3 x 10" (failure of ECC recire. systen)

-5I Small Small LOCA : 2.6 x 10
|

Largest contributors-
,

! S.,D - 9.1 x 10-6 (failure of ECC injection system)
. .

i S H - 6 x 10-6 (failure of ECC recire. system)
2,

S C - 2 x 10- (failure of containment spray injection system)% 2

t

-5Transients : 1.6 x 10

Largest contributors

TML - 6 x 10 (failure of secondary system relief valves
& auxiliary feedwater system and power
conversion system)

IMLB' - 3 x 10" (failure of secondary system relief valves
and auxiliary feedwater system and power
conversion system and failure to recover -

either onsite or offsite ele. power within
about 1 to 3 hours following an initiating
transient which is a loss of offsite AC power) ,

.
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ATUS (total 4 x lb-6) f TKQ - 3 x 10-6 (RPS f ilure and. a
,

Y}
. primary system relief valves!

to reclose after. opening).|

!

| TKMQ -'1 x 10-6 (RPS f ila ure and
primary system relief valves.

--s., to reclose af ter opening and

; C''. failure of'the power conversion
system)'

, .

i.
-6

Other : 4.8 x 10
j - .* _.

! Largest contributor

1- -

6 (interfacing systems LOCA (check valve)) _V - 4.4 x 10

i
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Conclusions w

PWR's

r'
For PWR's transient events repersent about 28% of the total

core melt probability with ATWS events representing 25% of

the transient events. At first glance, it appears that

significantly reducing the probability of core melt due to

ATWS events will not have much of an impact on the overall

core melt probability. However, improvements made to mitigate

ATWS would reduce the probability of core melt from other

transient events. If all of the status report fixes were

made the best possible improvement in core melt probability
-5would be a drop from 5.7 x 10- to 4.1 x 10 ,

.
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D0"INANT SWR CORE MELT PROBASILITIES

Ref: WASH-1400, Table V-3-16

Large LOCA : 2.8 x 10~

Largest contributor

-7 (failure of2 CC cooling injection)
-

AE - 1.4 x 10 E

.-

~ I- R , ,|-

-o ~7"|0 Stall LOCA : 3.2 x 10$

Largest contributor.

-7 (f ailure of ECC cooling injection); 5 E - 1.5 x 10
i

.
Small Small LOCA : 5.6 x 10~

f

| Largest contributors
,

5 1 - 1.1 x 10 (failure f 1 w pressure recire, system)
2

5,HI - 1.1 x 10~ (f ailure of low pressure recire, syste:/ core
~

spray recire. system),

'

S,J - 1 x 10-7 (failure of high pressure service water syste=)
s . .

w

' .. c
Transients : 2.''"''

Largest contributors

ATWS: 2 TC-y 1 x 10~ (RPS failure)
'l

-5 (failure to remove residual core heat (RHR))N- - TW 1.5 x 10

.

e - p==== e e e
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Conclusions

Bh'R ' s
i fj i-j.||r y Co

The[ b , d c6re melt
dominatedbytransientevents)- 8 / D f # '#i b/> rent- /// 35*7o fs-s+v''*'? s v w f to h /r /.q./

which OS-%-of--the risk is-make-up-ef A'1% The core melt '

probability from the combination.of all LOCA's (large and
.

small) represent 12% of that f6F AWS, 4% of ' .a t for all

transient events.

.

" Status report fixes" short of fixing RHR could improve core

melt probability from 3 x 10- to 2 x 10- However, by also.

improving RHR, the core melt probability from all events would

be lowered by an order of magnitude.
.

.

The AWS status rr. port fixes and the RHR fix do not appear to

have an effect upon the LOCA sequences which leads to core

melt.
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ISSUE 8: Use of Probabilistic Assessment of Reliability
' Introduction

This issue was identified in a meeting of the Electrical. Instrumentation

and Control Sys*: ems Branch held on September 10, 1976. In the attachment

to the November 3,1976 memorandum from the Director, NRR to the NRR Staff

it was listed as Issue #8 and defined as follows:

"The development of probabilistic evaluation techniques has led the industry

to propose designs based on probabilistic assessments of the reliability of

and need for certain systems. Numerical reliability goals and methods of analysis

have not yet been established by the NRC, which continues to rely on the single

failure criterion and other design rules pending further development of the

methods."

A meeting of all members of the Electrical, Instrumentation and Control Systems

Branch was held on November 12, 1976 to discuss, clarify and redefine this

issue as necessary in order to aid in developing a staff response. As a

resuit, the issue was redefined by one or more concerned members of the Branch

as follows:

"The development of probabilistic evaluation techniques has led thea.
|

industry to propose designs based on probabilistic assessments of the

reliability of anaiysis have not yet been established by the NRC

which cantinues to rely on the single failure criterion and other

design rules. This lack of acceptable reliability goals and methods

has led to marked inconsistencies in the conduct of reviews by

different branches. Some branches have accepted the goals, rethods,

1
' cocponent failure data and results while others continue to rely

-

on the single failure criterion pending further development of the

{ new methods."

I

L



. .

.

-2-

,

b. " WASH-1270 goals are not attainable for present day nuclear power

plants (see letter from H. C. Kouts to B. C. Rusche dated April 6,1976).

The Reactor Shutdown System of the Clinch River Breeder Reactor Plant

(CRBRP) is purported to be designed to meet WASH-1270 goals by taking

a Class A design approach. Cons Mering the fact that the CRBRP design

of the Reactor Shutdown System is tha basis for excluding Core

Disruptive Accidents (CDAs) from consideration as Design Basis

Accidents (DBAs) such exclusion was not made on a sound technical basis.

Resolution of this matter was suggested but not materialized

(see letter from R. L. Tedesco to R. P. Denise dated August 17, 1976)."
.

The following sections will address each issue separately.

Sumary of Issue

a. The industry is using probability techniques to support proposed

designs of safety related equipment. The NRC has not established

numerical reliability goals or analysis methods to be used by the staff.

Inconsistencies exist between branches in the conduct of safety reviews.

b. The technical concern raised on the Clinch River reactor shutdown

system is that a decision had been made to permit credit for

( system reliability to a degree which excludes core melt accidents

from the design basis accident spectrum; because of expressed

opinions that the required reliability cannot be attained, this

decision is not technically sound.

Summary Response-

a. The prime bases for licensing evaluations and decisions are the

General Design Criteria, related guidance, and the engineering

.

' ~ " ~
,_._, , _-.
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judgment of the staff. In some cases engineering decisions are made'

using reliability information as a factor in safety evaluations.

Within the total context of WASH-1270, including recognition that

the stated reliability goal was not demonstrable, the staff believes

that there is no conflict between the engineering implementation
\yVj f prescribed in WASH-1270 for reliable shutdown systems and the staff
,

e'[f[ implementation on CRBRP. The staff also believes that the philosophical
,

< l
and technical basis for the decisions made thus far are sound and

3'
? well known, and have been well ventilated. The staff is not relying '7

*on reliability goals or analyses to preclude core melt accidents from I

the design basis accident spectrum.

Detailed Discussion

a. The prime baseline requirements for licensing nuclear power facilities

are set forth in the General Design Criteria. These requirements

are interpreted and implemented through Regulatory Guides, industry

standards, and numerous other documents containing guidance as presented

| in the Standard Review Plans.

h(jewtud ;
Statistical and reliability methods have not been established by the< , )" J+

,

|
s

g|c g NRC as the means for assessing safety related equipment designs and

gh) !$; '
I processes proposed by the industry. In the vast majority of the*

f' \ b engineering evaluations conducted by the NRC the bases for acceptance
,

# for rejection stem from the General Design Criteria. Oury .

| [Y\ plations require that the consequences of accidents be successfullyf.

@. ,,, . .

v),y
-

.
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mitigated despite the occurrence of a series of independent events.

The intent of this approach is to provide a high degree of assurance

that postulated accidents can be successfully mitigated. In those

cases where an event could both initiate an accident and possibly cause

a failure of a safety system or subsystem, additional design features

iare required to prevent such an occurrence.
W. y

V x

f In some instances, statistical and reliability methods have been used'

't t

y" W . to aid our engineering judgment. This has been done on those problems
4

V ' e

yfps / > where well simulated experimental data or actual plant operating data
f -I'9

V 5- were available from which applicable statistical infomation could.jdW .u .ve ~%, ,xnt.m Aruajwml,e A;a4, tj fp
}sW N\y be derived.{ Examples are listed in Table 1.

s,

We will continue l'

,s

y V to endorse the use of such infomation in guiding and assisting our

p engineering decisions. Since the information available varies with
r

F the technology, the application of risk assessment varies, and to that

degree could be termed inconsistent.

I probabilistic criteria have been used to define the severity of certain

external hazards involving nearby industrial, military and transportation

facilities against which nuclear power plants should be designed. In
p .. u

these cases considerable data bearing directly on a specific issue has'

been available or well established mathematical models have been used

with considerable conservatisms. This approach is intended to provide

assurance that a consistent level of protection is provided against
~

,

external hazards which might result in both initiating an accident
|

| and disabling the equipment provided to ope with that accident.

|

|

.

. . _ _ . . - . _ _ . .
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In sumary, the prime bases for licensing evaluations and decisions'

;
are the General Design Criteria and related guidance, coupled with the'

engineering judgment of the staff. This engineering judgment can be

based on many factors, including any available infomation with respect

to the reliability of systems and components or the probability of'

occurrence of certain events.

.

I

*

.
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|
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\f
Y A contrasting, and less conservative, viewpoint on reliability is discussed

'

y
/ further in Section b, on Clinch River; however, to the extent it may be

considered applicable to LWRs, it is discussed below:

\ 1) From WASH-1400, the LWR calculations (using Peach Bottom, Units 2 and .

A h andSurryasbaseplants)showthatthelikelihoodofexceeding
# ', -5y \o pf y ' 10 CFR 100 is of the order of 10 per year; any requirement

@ ?k /,N
to protect to a level of 10 per year could be construed asO" gyoe unnecessary or not needed, and,yt ,A e

U ## ib) The probability of death from 100 LWRs is only 10-4 of all ot W

(y)[ p societal risks, and a factor of 100 lessthan the next smallest

( contributor.,

While these conclusions may be acceptable from a research viewpoint, other

important considerations include:

1. our licensing philosophy for requiring design basis events,

irrespective of an initiating mechanism is an important part of
i

and played a major role in reducing risk to the level calculated to

be achieved in WASH-1400.

2. our regulatory policies have continuously evolved since design and

construction of Peach Bottom Units 2 and 3 and Surry (the base
,

plants of WASH-1400) . We consider it inappropriate to base

regulatory decisions only on the calculated risks for those two plants

Therefore, we would not conclude that a plant needs to be designed
I risk
l only to the levels calculated to be achieved by those two plants.a

.

3. as noted earlier, more work is needed before risk assessment

methodology can be used routinely in licensing decisions. For

i

.

- - - - - - - - - -. - ,-- , _ . - , . - - - - - - - , - - - - - - -.
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>

allocation goals of risk fraction per individual contributor
3

i
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Table 1

EXAMPLES WHERE PROBABILISTIC CONSIDERATIONS
' WERE USED AS AN AID IN REACHING DEC.!SIONS

1. We decided not to backfit rod sequence control on certain GE plants on

the b3 sis of very low combined probability of six low-probability
'sindependent events which had to occur in succession.-

2. We decided that for ATWS the probability of exceeding our guidelines

should be on the order of 10-7 per reactor year.

3. We concluded that the likelihood of a catastrophic reactor vessel failure

was sufficiently low (10-6-10-7 per service year) that ECCS would not

have to be designed to cope with vessel failure.

4. We included in oar Standard Review Plan Section 2.2.3 a probabilistic

target for extreme man-made events.

5. We used some techniques of the RSS to study the marginal effect of ECCS

equipment outage times (for test and maintenance) on the overall

availability of ECCS to perform its function. Based on this we made

some adjustments in the PWR STS.

6. The probability of a seismically-induced fire was estimated and found

to be small compared to the overall probability of fire. This perspective

was one factor considered for the draft Regulatory Guide on fire protection

which requires most fire protection systems to be designed as seismic

Class II rather than Class I.

7. As part .of the work leading to the draft Regulatory Guide on pre-operational.

and surveillance testing of diesel-generators, alternative sequential testing

schenes were evaluated. Diesel generators are also required to have high

probability of successful starts and acceptance of load in tha

|
___ , - . _ _ . _ .. . _ . _ _ _ _ _ _ _ _ _ , . _- __ .. . ___ _ _
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Table 1 Continued

predicted time span.
, '

|

8. On the Big Rock Point Nuclear Power Station, reliability methods were
i

utilized as part of the basis for recommending an exception from the ECCS

acceptance criteria (10 CFR 50.46), thereby not requiring this licensee to

backfit a redundant emergency diesel generator for this facility.

9. The Auxiliary Feedwater Systems, used in PWRs, are required to provide

diverse power sources based on the unreliability estimates of the RSS.

10. In the calculation of radioactive releases following a postulated LOCA,

some aspects are treated on the basis of probabilistic consideratton

(pennissible time for purge system operations are treated probabilistically).
a.

11. Turbine missiles generated as a result of destr\ctive overspeed subsequently

hitting vital equipment such as primary piping or containment are treated

probabilistically to assure that the probability of exceeding 10 CFR 100

doses are acdeptably low (10-6-10-7 per year).

.

!

r

.

|

|

|
|

c
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Appendix 8.1
%.

Single Failure Discussion

Single Fa' lurei

Appendix A to 10 CFR Part 50 contains requirements for design to preclude loss

of system functions due to single failures. There are about ten General Design

Criteria which make specific reference to a requirement that the safety function

be accomplished even in the presence of a single failure that is assumed to

occur. Appendix A to part 50 contains a definition for single failures to

guide the designer.

" Single Failure. A single failure means an occurrence which results

in the loss of capability of a component to perform its intended safety

functions. Multiple failures resulting from a single occurrence are

considered to be a single failure. Fluid and electric systems are

considered to be designed against an assumed single failure if neither

(1) a single failure of any active component (assuming passive components

function properly) nor (2) a single failure of a passive component (assuming

active components fur.ction properly), results in a loss of the capability

of the system to perform its safety function.

Single failures of passive components in electric systems should be assumed in

designing against a single failure. The conditions under which a single failure

of a passive component in a fluid system should be considered in designing

the system against a single failure are under development."

.

.

__
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In using the guidelines provided in Appendix A it seems straightforward to arrive'

. judgment that says a system that is required to meet the single failure criteric

will have to have redundancy of components. If pumps are r-quired, then at least

two will be needed; if isolation valves are required, then at least two in each

line will be required; there will need to be at least two independent sources of

motive power - independent vital buses; and if a credible failure of one component

can indace the failure of another redundant canponent, such as through flooding

of compartments, then suitable protection must be provided.

An example of a specific area which has received considerable attention is the

question of spurious action of valves in meeting single failure criteria.

This topic was addressed in a recent ANSI Standard ANSI-N658, which included

in the context of " active" failure the following definition.

" Spurious action of a powered component originating within its

actuation or control system shall be regarded as an active failure

unless specific design features or operating restrictiois preclude

such spurious action."

We have not accepted this definition completely but have eliminated spurious

actions as a design deficiency in some cases by application cf the EI&CS Branch

Technical position Number 18. The most commonly used solution is to provide

a lockout feature in the valve control system so that spurious action is not

possible. For example, this approach is suited for designs such as isolation valves

in the accumulator lines.

.

.
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It might be argued that the single failure requirements in the General Design'

Criteria do not consider probabilities of failure. This is not generally true.

The " active-passive" distinction is or.e way in which failure likelihood is already

taken into account. During an actual design process, when a failure modes and

effects analysis should be done, decisions must be wade regarding the disposition

These decisions re' uire knowledge of.theor resolution of each single failure. q

likelihood of failure of an item.

The Use of Failure Rate Estimates

Estimated failure rates for electrical gear from failures per demand for

" active components" varies from 3x10-2 for the start of a diesel plant, to

1x10-4 for failure of a relay to energize. Failure rates of " passive components"

are substantially less.

In some instances alternate methods may be used to cope with single failures.

Examples include the motor-operated valves and the check valves in ECCS accunulator

lines, not to mention the accumulators. To design away these single failure

" points" would require redundant lines and valves from each accumulator to the

primary pressure boundary. This redundancy would introduce complexities in

fabrication, testing, hydraulic, and control. A preferred position is the

electrical power lockout fea-ture for " active" valves and which includes

acceptance of the rather small likelihood of fa.ilure of check valves and piping,

which are relatively high reliability " passive" components. This and our

testing and inspection requirements provide substantial assurance that these

accepted " single failure points" are sufficiently unlikely to result in loss.

of safety function.

.

-- - _ _ _ . . . . - . _



,

. , . . . : ..

- .,- .

The principal ATWr events of WCAP 8330 have been re-analyzed in order to

reflect the following assumptions:
,

Moderator temperature coefficient valid for 99 percent of core life1.
.

(-7 pcm/*F)

10 percent pressure accumulation on the pressurizer safety valve setpoints2.

when discharging water (normally,3 percent accumulation is applied)

Failure of the turbine-driven auxiliary feedwater pump causing half of3.

the total auxiliary feedwater capacity flowrate to be unavailable

4. Failure of a high head safety injection pump

5. Failure of a pressurizer safety valve to re-seat properly

The results of these ATFT re-analyses show the effects of the imposition of certai
i

equipment failures, and a higher pressure accumulation on the pressurizer

safety valves during water relief, in addition to a more positive moderator

temperature coefficient. The reference case of each of the ATWT transients,

listed below, is based upon the 99 percent moderator temperature coefficient.

..

1. Loss of feedwater

2. Loss of load

3. Station blackout

4. Rod withdrawal at power with turbine trip

| S. Rod withdrawal from suberitical

6. Primary system depressurization

.

Each of these selected ATWI events results.in high primary system pressure
Theor large discharge of reactor coolant into the containment, or both.

[
homogeneous equilibrium subcooled water relief was assumed to be a function



.

*

, .

. .e

of pressurizer pressure with a constant water enthalpy at the initial value.

1. Loss of feedwater
.

.

The loss of main feedwater ATWT generates the highest reactor coolant

system pressures. The highest of these pressures occur at the discharges

of the reactor coolant pumps 113 seconds into the transient, shortly after

the pressurizer fills. The peak pressure, 2842 psia, is dependent upon the ra

homogeneous equilibrium subcooled water relief through the pressurizer

relief and safety valves. If the safety valves do not fully open to

discharge the water until the pressure accumulates to 10 percent over

the set pressure, then the peak pressure attained is higher, 2882 psia.

The peak pressure ia also dependent upon the heat-up and swell of the reactor

coolant. Impairment of the heat sink leads to a greater coolant swell and

higher peak pressure. If half of the auxiliary feedwater flow is not

available due to a pump failure, then the peak Pressure attained in the

| reactor coolant system is 3017 psia, at 117 sec. These pressures are

higher than those reported in WCAP-8330, due mainly to the more positive

( moderator temperature coefficient and other conservative assumptions; but

they are still within emergency stress limits.

___. ._ __ _ __.._ .._ __.--.._-.-__ _..________ _ . .. . . . _ _ _ . _

In the long term, the plant may be shut down by one of the boration

systems, such as the safety injection system, following an ATWT

occurrence. Failure of a high head safety injer. tion pump reduces thej

boron insertion rate; but does not significantly degrade the effectiveness

( of the safety injection system. A comparision of the reactivity transients

in figures 5 and 14 demonstrates that operator-actuated safety

I

injection can easily shut the plant down, even if a safety injection

pump is not available. Failure of a pressurizer safety

-
-' ^ -- - - - - -

_ . . -

- - - - . . . . _ - - -

.

.

!
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valve to reseat properly, once opened during a loss of feedwater AT9T, actually

aids baron insertion by depressurizing the reactor coolant system, allowing more

borated scfety injection water to enter the primary system.

2. Loss of Load

|
Generally, the loss of load is similar to the loss of feedwater ATWT ; ,but

The main difference is that the turbine is tripped immediately~' -less severe.
.

(the loss of load) rather than later in the transient when a steam generator

low level signal is generated. Therefore, only a reference case and a case

with 10 percent pressure accumulation were analyzed. The peak pressures

,

of both transients are lower than the corresponding loss of feedwater
!

transients.

|

3. Station Blackout ATWS

|
1

The station blackout ATWT generates low DNB ratios and high primary

It was shown, in an earlier analysis, that the 99 percentsystem pressures.

mod 3rator temperature coefficient does not result in unacceptably low DNB

ratios. Furthermore, any assumptions that produce higher primary system

pressures would tend to also raise the DNB ratios. A failure in the

auxiliary feedwater system does not affect the DNB ratio because the

minimum DNB ratio occurs long before the auxiliary feedwater system

delivers water to the st am generator. The station blackout cases presentede

here verify that primary system pressures are not excessive. In fact, the

pressurizer safety valves pass only steam at the time of peak pressure.

This means that the assumption of 10 percent pressure accumulation for

water relief has no effect on the peak pressure. Table -1 - - .

1 -

_ _ . _. _ . ._ __
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and figures 28, 33 and 37 show that peak pressures are unchanged and

very little coolant is discharged into the containment.

4. Rod Withdrawal at Power with Turbine Trip

The rod withd awal at power with turbine trip produced the highest

reactor coolant pressure of all the rod withdrawal at power cases presented

in WCAP 8330. The peak pressure in Table l'and in Figure 40 is higher
' than that of WCAP 8330 due to the more positive moderator temperature

coefficient. The pressurizer does not fill during this ATWT, so 10
| percent pressure accuniulation for water relief is not applicable.

The rod w'.thdrawal at 50 and 25 percent power were based upon the moderator.

temperatura coefficients consistent at those powers and the full power

moderator temperature coefficient of -7 pcm/*F. That is, the moderator

temperature coefficients at these lower powers were more positive than

-7 pcm/*F. These cases resulted in reasonable peak pressures and very

low steam releases from the pressurizer.
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5. Rod Withdrawal from Suberitical'

The rod withdrawal from suberitical ATWT is based upon a zero power

moderator temperature coefficient dE0 pcm/*F. The pressurizer fills

at 317 seconds and a peak pressure of 2683 psia is attained 23 seconds

later.

.

6. RCS Depressurization

This ATWT produces low DNB ratios; but like th6 blackout ATWT, the

DNB ratios resulting from the ~7 pcm/*F moderator temperature

coefficient have been shown to be satisfactory. The main concern

then becomes the reactor coolant release into the containment, and
~

the effectiveness of the safety injection system in shutting down the

plant and replacing the mass.
.
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Mass and Energy Releases from the Reactor Coolant System

A plot of the total mass released into the containment during the first
ten minutes of the loss of main feedwater ATWT is given on figure 66. By

approximately 250 seconds, the pressurizer pressure has decreased to below
the pressurizer relief valve setpoint, causing all valves to close and
terminate coolant discharge. This is evident on the plot, as the total
mass release curve levels off to a constant value.

Superimposed on this plot is another plot representative of the same ATWT
event; but with one pressurizer safety valve stuck in the fully.open
position. This is the same assumption as in the RCS depressurization ATWT.
Then the stuck safety valve during the loss 6f feedwater ATWT constitutes
a depressurization ATWT on top of a loss of feedwater.. Mass is discharged
at higher temperature and pressure than the simple depressurization ATWT,
and therefore envelops the most conservative amount of mass / energy release

attributable to the depressurization ATWT.

Figure 66 is a good basis for the calculation of energy releases. The
total energy released is merely the mass shown in figure 66 multiplied by-
the saturated water or steam enthalpy at 2250 psia. The tLae at which
water relief begins is marked on the curve, "pzr fills."
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Table 1

.

Presented in Time Prz. Peak Press at Pump :-
'

figures: Fills Discharge
(Sec) (psia) (sec)

1. Loss of main feedwater 1-7 82 2842 ,;13
,

with 10% pressure accumulation 8-11 82 2882 109-

with SI failure 12-14 82 2842 113'

with aux. FW failure 19-21 84 3017 , 117

with safety valve failure 15-18 82 2842 113

2. Loss of load 22-24 89 2833 11

25-27with 10% pressure accumulation 89 2874 114
.

! 3. Station Blackout 28-32 28 2593 13
!

33-36
I with 10% pressure accumulation 28 2593 13

7~ '
with aux FW failure 28 2593 13

4. Rod Withdrawal at Powe'r; turbine trip 40-44 2658 25-

2658 25with safety valve failure 45-48 52
2425 - 79at 50% power 49-51 --

at 25% power 52-54 2422 489--

5. Rod Withdrawal from subcritical 55-58 317 2683 340

6. RCS depressurization
' .;; . 59-62 126'' -- -

| with SI failure 63-65 126 - --

!
'
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ATWT Moderator Coefficient

One of the most important parameters in 'the ATWT analysis is the moderator
coefficient. Without scramming the control rods the major source of
negative reactivity is the moderator heat-up. The PWR is designed

to assure a negative temperature coefficient at operating power. The
coefficient is typically less than -8 pcm/*F at beginning of cycle with
equilibrium xenon, and decreases linearly to about -35 pcm/*F at the
end of cycle.

One of the requirements in the ATWT status report was to show the effects
of ATWT events with a moderator coefficient valid 99% of the time.
This implies the coefficient may be more positive during only 1% of
core life. Typically, the time between annual refuelings is about 7000
full power hours, which means that the time the coefficient can be more
positive is only 70 hours, less than 3 days per cycle!

There are three major effects that' determine the moderator coefficient:

1) core burnup,
' 2) reactor power level,

3) xenon concentration.

As stated earlier, the burnup effect of the coefficierit varies from about
-8 at beginning of cycle to about -35, at end of cycle. The use of a
99%' coefficient (approximately 70 hours) means that burnup will have a
small, but beneficial effect. The second term, reactor power, affects
the coefficient in the following ways: 1) as power increases so does

the average coolant temperature; reducing the coefficient and 2) as
power increases, the average boron concentration decreases to compensate

| for the doppler feedback; also reducing the coefficient. The net effect
t

| is that by the time full power is obtained the coefficient is reduced
to at least -3 pcm/ F.

|
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The last term, xenon, is a neutron poison which is produced in the fuel
and as it builds in, the boron concentration in the coolant is reduced

to keep the core critical. The effect of equilibrium xenon is to reduce
the noderator coefficient by -5 pcm/*F.

The least negative coefficient for current ;r; fuel designs at begin-'

ning of cycle, full power, equilibrium xenon is then -3 plus -5 or -8
pcm/ F. The time to build in equilibrium xenon is about 3 days. There-
fore, one definition of a 99% coefficient is -8 pcm/ F. This is the
value used in WCAP-8330 except that it was defined to be valid 95% of

the time. This was done so that the effects of shutdowns early in core
life, when the xenon concentration and power vary, wo~uld be covered. If

the same design philosophy is used to define a 99% coefficient, the value
is -7 pcm/ F. This value can be met even with the foll,owing conservative
variation in plant operation:

1) Two long shutdowns per month where the xenon concentration is
reduced te zero,

2) T:.o short shutdowns per week of less than 12 hours,

3) Continuous load follow of 12 hours at full power ramping down
over three hours to half power for six hours then ramping back-
up to full power in three hours,

o

4) Power ramp rates following shutdown of at least 20%/ hour, and
!

5) Initial pop:r ramp rate follow 16g refueling of at least 3%/ hour.

.

|
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Single Failure

In safety analyses for SAR applications, single failures are assumed in
order to ensure that the conclusions drawn are valid even when various
systems or components do not operate. This has provided a conservative

basis for the sizing and design of equipment. The probability of single
failure, no matter how small, is not considered in a SAR analysis. For

ATWT event, however, the probability of a single tailure must be con-
sidered. This is because the acceptance of all ATWT events is based on

,a probability goal of 10-6 to 10-7 per year. This implies that if the

reference case, without single failures, has a lower probability than
the WASH-1270 limits of less than 10-6 to 10-7, then additional failures
need not be considered.

The safety goal defined in WASH-1270 is that the total probability of
exceeding the limits (limited fuel damage and emergency stress limits)
from all anticipated events should be on the order of 10-6 to 10-7 ,

This implies that the total probability of a severe ATWT is composed of
at least three terms. The first of these terms is the probability of

an avent happening. The second term is the probability that the rods
fail to scram given the event. And the third term is given the fact
the event happened, and the rods failed, that the consequences exceed
the limits. These probabilities are shown on the attached event tree
(Figure 1).

o
|

| The probability of not scramming has been defined to be 10-4 in WASH-
| 1270. This number is the probability that a common mode failure (CMF)
| prevents a scram. This value was calculated in a very conservative

manner in WASH-1270; as an upper bound with a very high confidence level.
The value has also been accepted by the NRC Staff as a very conservative
value*. The real value is significantly less than 10-4 However, the.

value given in WASH-1270 will be used in order to be consistent with
previous calculations.

*ACRS testimony 12/11/75 by Warren Minners, page 21.

.
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The probability of the event must also be considered. The value used
in WASH-1270 was 1/ year as a very conservative upper bound for all

anticipated events. Data from WASH-1400 indicated that the probability

of events that could it 1 to severe results is much smaller. For example,

the probability of a loss of offsite power is on the order of 0.04/ year
and the probability of all other transients which coulcf lead to severe
ATWT results is s0.04/ year (see note on Figure 1). There are only five
anticipated events that have a potential for severe results. If the

~

combined probability of these events is used, then the probability of
an anticipated event that could lead to severe results is bounded by
0.1/ year, not 1.0/ year. However, a value of 1.0/ year will be used to
be consistent with previous submittals.

The last term in the total probability of a severe ATWT is the proba-
bility that the results could exceed the limits. All of the potentially
severe events result in a heatup of the reactor coolant system. This
heatup will result in a power decrease due to the negative temperature
reactivity coefficient. The rate at which the power decreases is directly
dependent upon the magnitude of the temperature coefficient. The tempera-
ture coefficient decreases throughout core life such that the ATWT results

get better (lower peak pressure, higher DNBR's). In fact, the results

can only be severe or approach the limits for a very short' time, early in
core life. For this analysis, a coefficient valid 99% of the time is

As snown in WCAP 8330 the resu,lts are acceptable with a 95% andused.

! it will be shown later in this report that the results are acceptable
even when using a 99% coefficient. It it is conservatively assumed

| that a coefficient greater than the 99% value leads to severe results
then the probability that the results may exceed the limits is less than

| 1%.

I
For the reference cases, the pro'oability of severe ATWT conservatively

represented by:

!

l

!
|

|

1
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Event x CMF x tenperature coefficient

10 x 10 x10-2 ;)g-60

This means the reference cases already meet the safety goal of 10-6 to

-7
10 The effect of single failures is to add another branch to the.

event tree. The single failures that we were asked to evaluate are the
loss of one power operated relief valve, a failure in the auxiliary
feedwater system, and a failure in the safety injection system. A very
conservative uppar bound of the probability of the tailure of all of
these systems is 0.032. (See Figure 1)

4 _,

When the total probabilities are calculated with and without single
failures the results are:

No single failure .1 x 10-6
With single failure 1.032 x 10-6

This means that if cases with single failures must show acceptable
results then only a M gain in the safety goal for all ATWT events is

{ obtained.
: -

One of the problems of using probabilities is that very little data
exists for the probabilities of a common mode failure and for the pro-

;

bability of the event itself. The nt/mbers used in this argument are
conservative and are supported by the existing data. Even if the pro-
babilities are questioned, the simplified event tree does show the effect
of single failure, only E, and also shows the importance of including
the moderator coefficient in the total proability. It also shows that
the reterence cases already meet the safety goal.

The status repor' requests that analyses be presented with single fail-| t

These analyses will be presented; but the results should not be| ures.
judged against the criteria stated in WASH-1270. The addition of single
failures makes the probability of severe ATWT smaller than the safety
goal of 10-6 to 10~I , for which the criteria in WASH-1270 were developed.

:
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ADDITI0flAL TRAflSIEflT Af1ALYSIS

The status report requested that additional analyses be presented.

These additional analyses were made using the same assumptions used in
WCAP-U330 except:

1. A moderator coefficient valid 99% of the time is used. This value
corresponds to -7pcm/ F at hot full power.

2. The water relief model used in WCAp-8330 assumed a constant fluid

enthalpy throughout the transient. A more detailed treatment of
water relief is included in this analysis, such that the calculated

enthalpy in the pressurizer is used.

3. A new option in LOFTRAN is used such that pressure is calculated
around the loop. This modification means that-the 80 psi that was
added in WCAP 8330 to account for the pressure difference between

the RCS pressure and pump discharge pressure is no longer required.
This change does not affect the pressurizer pressure calculation.

i
,

J
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1.1 ROD WITl!DRAWAL FR0|1 SUCCRITICAL

The rod withdrawal from subcritical was reanalyzed. The only changes
to the case presented in WCAP-8330 was the use of a moderator coeffi-
cient valid 992 of the time. The sensitivity studies done for WCAP-
8330 are still valid to show the effects of coolant flow, amount of
inserted rod worth, reactivity insertion rate, and initial steam gen-
erator water mass.

The reference case is a 4-loop plant with a model 51 steam generator.
The rod withdrawal is simulated by withdrawing 1% ak/k at the maximum

rod speed. The average coolant system temperature is shown on Figure
1 and core power on Figure 2.

To show the effect of a single failure, a power operated relief valve
was assumed not to operate. 1he power and temperature trans1ents are

shown on Figures 3 and 4.

The key results of the transient are shown in Table 1. The peak system

pressure for both of these cases are well below emergency stress '11mits.
Because of the low core power and nominal core flow, the DNB ratio is

very high throughout the transient.
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ROD WITHDRMIAL FROM SUCCRITICAL
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1.2 RUD WITif0RAWAL AT POWER

The rod withdrawal at power transient was reanalyzed with a moderator
coefficient valid 99% of the time. The sensitivity studies presented
in WCAP-8330 are still valid to show the effects of inserted worth,
initial power, turbine trip, rate of reactivity insertion and initial
steam generator mass.

Figures 5 through 7 show the transient response of the reference case
with 99% coefficient. Figures 8 through 10 show the effect of an average
temperature 8* higher than the reference and Figures 11 through 13 tor
an average temperature 20* lower than the reference case.

To show the eftects of a single failure the reference case was reanalyzed
assuming that one power operates relief valve failed. The pressure
transient is shown in Figure 14. This single failure increases the
minimum DNBR above t'ne no single failure case.

The key results are summarized in Table 2. The peak system pressure

for this transient are well below the emergency stress limits. The
minimum DNBR's for all cases are greater than 1.30.

|

t

!

I

l

I

!

!

k

t

1 E_L
-



- _ . . . - . . . . - - . - .. _ . _. . . - .

.

! .

|

tat:LE 2

R0D tlITilDRA'!AL AT POWER

Peak System
| Case Pressure psia flinimw:1 D*1CR
4

Reference 2401 1.48

15 x 15 fuel 2401 1.49

Tave + 8 F 2401 1.30

. -

Tave - 20*F 2401 1.77

Assume 1 relief valve failed 2421 1.49 ,

.
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l.3 00R0tl DILUTION ,

j
:
1
'

lhe boron dilution was shown in WCAP-C330 to be less severe than the
rod withdrawal at power. This conclusion was based on the integral
amount of inserted reactivity due to the dilution. Thus the conclusion
is not affected by the change to a 99L moderator coefficient and there-;

! fore not reanalyzed.
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1.4 PARITAL LOSS Of FORCED REACTOR C00LAflT FL0tl

The partial loss of forced reactor coolant flow was shown in WCAP-0330
to be less severe than the loss of offsite power transient. This tran-

,

sient will be affected by the change in the moderator coefficient but
the conclusion that it is less severe than the loss of offsite tran-
sient is still valid. For this reason, this case was not reanalyzed,'
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1.5 STARTUP 0F Atl IllACTIVE LOOP

! In WCAP-8330 the startup of an inactive loop was shown to be less severe

I than the rod withdrawal at power. llhile the change in the coefficient
i will affect the results, the rod withdrawal reaains more severe. The

conclusion in WCAP-3330 remains valid and, hence, not reanalyzed.
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1.6 LOSS OF EXTERNAL ELECTRICAL LOAD A!!'D/0R TURBIllE GEflCRATOR TRIP _#

.

Only the reference case was reanalyzed for the loss of external elec-

trical load transient with a moderator coefficient valid 99" of the
time. This was done because of loss of external electrical load is
less severe than the loss of normal feedwater which will be considered
later.

TheFigures 15 through 17 show the system response to this transient.
peak system pressure obtained was 2680 psi, and the DNB ratio did not

decrease below its initial value.
1

i

!

i

'
.

I
e

i

|

!

!

.

1
-

[

'
,

7/1|
.- - - . . . _ _ , _ ._ _ _ - _ _ _ , _ _ _ _ _ _ _ , _ __



_. .

.

.

.

2.0000 ? : : : : ;

..

1.7500 --
. .

1.5000 - -

,
<
5 - -

u
=> I 1.2500 - -

do =
E 'o

- -

1.0000 -w
z z
U$ - -

.75000 - -o uv <
E - -

.50000 - -

-

.25000 --

/

098000 -- 6 6 6 6 6 ci.
.

.

o o o o o o

& 5' d & & o
o o

o,o. o o o o u>
- <u m

o
,

l

TIME (SEC)

(

|
Figure 15. Loss of Load - Reference Case

!
,

I

'

i

.
- , . ----- ., - - . - . , , - - - , -- - . - . . , _ , , . . . _ . - - - - - . . , . . . _ , . , , - - . , - - . - - , . - . . - , - . . , . . - , , , . . . . - , .-



. _ _.
,

a

1

I

.

'700.00 : : : : :
'

w

d 675.00 - - - -

w
a

w 650.00 - H- -

a
i?
5 625.00 - - - -

w
a.
z
W 600.00 - - --

"-
z
<
g 575.00 - - --

a
w

O 550.00 - *--

<
a
w
> 525.00 -- --
<

i

i 500.00 : : : : : 9-

o o o o o o
t o o o o o o
'

o o 6 o o o o,o o, o,o o o.

o n. m o e-

TIME (SEC)
i

Figure 16. Loss of Load - Reference Case

t

.-
.



._ _ _ _ _ - . .- . _ . . - _ _ . - - - . .

.

f

.

2700.0 : : : : :.

-

2600.0 - -

i <
e
*

;

- -

2400.0 - -

&

w --

$ 2200.0 - -

e
i M

w
m.

'A --
i

I = 2000.0 - -

w
N

I G
o

l + --
t 0 1800.0 - -

a
Q.

: : : --4'

1600.0 6 o e o o o
o o o o o o

& 6 65 o' o
a. o o o o o o

- ru m a e w
o

TIME (SEC)

Figure 17. Loss of Load - Reference Case

,

o

_, . - - - . - - . . - _ _ , _ _ _ . _ . ~ , . - - - - - - , - . _ - . . - . , , . . . _ . . _ - - . . . . _ ...-_. . -



.

1.7 LOSS OF NORMAL FtEIMATER

The loss of normal feedwater is the limiting transient with respect to

peak system pressure. This transient was reanalyzed using a nederator
coefficient valid 99% of the time and the pressurizer modelling dis-
cussed in previous submittals. All other parameters are those assumed
in WCAP-8330. The sensitivity studies done in WCAP-8330, i.e. , no
turbine trip, no pressurizer spray, use of rod control, initial pres-
surizer level, and initial power, are still valid.

The system response to the reference case is shown in Figures 18 - 20.
The response of the system for initial average temperature 8" higher

,

than the reference are shown in Figures 21 - 23. For an initial tem-
perature 20" less than the reference the system response is shown in
Figures 24 - 26.

To show the effects of single failure only, the reference case was re-
~

analyzed. If a power operated relief valve fails to open, the peak
pressure will be somewhat higher because of the reduced relief capa-
bility. The system response to this case are shown in Figures 27
through 29. Another single failure, that was asked for, was the response
given that a motor-driven auxiliary feedwater pump was assumed to fail.
For this case, the pressures are again higher dut to the reduction in
the heat sink. Figures 30 through 32 show the system response.

o

Table 3 summarizes the key results of the loss of nortaal feedwater
transient. The peak system pressure for this case are somewhat larger
than the emergency stress limits quoted in WCAP-8330. These stress
limits were calculated in a very conservative manner. The stress 1imits
are currently being recalculated for limiting components using more
realistic input. When these calculations are submitted, it is expected
that the peak system pressure will be below the new emergency stress
limits.

!
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TABLE 3
,

LOSS OF fl0PJML FEEDSIATER

Peak Systen Pressure, psia
Case

2738
Reference

2958Tave + 8'F

2641
Tave - 20*F

2888Assume 1 relief valve fails

Assume 1 motor driven auxiliary
2811feed pump fails

>
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ATWT Moderator Coefficient

One of the most important parameters in the ATWT analysis is the rnoderator
coefficient. Without scramming the control rods the major source of
negative reactivity is the moderator heat-up. The PWR~is designed

to assure a negative temperature coefficient at operating power. The
coefficient is typically less than -8 pcm/*F at beginning of cycle with
equilibrium xenon, and decreases linearly to about -35 pcm/'F at the
end of cycle.

One of the requirements in the ATWT status report was to show the effects

of ATWT events with a moderator coefficient valid 99% of the time.
This implies the coefficient may be more positive during only 1% of
core life. Typically, the time between annual refuelings is about 7000
full power hours, which means that the time the coefficient can be more
positive is only 70 hours, less than 3 days per cycle!

There are three major effects that determine the moderator coefficient:

1) core burnup,
2) reactor power level,
3) xenon concentration.

As stated earlier, the burnup effect of the coefficient varies from about
-8 at beginning of cycle to about -35,at erd of cycle. The use of a .

99% coefficient (approximately 70 hours) means that burnup will have a
small, but beneficial effect. The second term, reactor power, affects
the coefficient in the following ways: 1) as power increases so does

the average coolant temperature; reducing the coefficient and 2) as
power increases, the average boron concentration decreases to compensate
for the doppler feedback; also reducing the coefficient. The net effect
is that by the time full power is obtained the coefficient is reduced
to at least -3 pcm/ F.

1
.

.
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1.8 LOSS OF OFFSITE POWER

The loss of offsite power is the limiting transient with regard to the
;

approach to DNB. The reference case from WCAP-8330 was reanalyzed
assuming a noderator coefficient valid 997 of the time. -One of the
consequences of a loss of offsite power without a reactor trip is a
change in the axial flux shape due to the increased temperature. The

axial shape was determined for these analyses from a three dimensional
nuclear code that allows for feedback effects duE to Coolant temperature

and fuel temperature.

The sensitivity studies presented in WCAP-8330 can be used to see the
effects of: initial steam generator mass, initial power, flow coastdown
rates, and automatic rod control.

The system response for the reference are shown in Figures 33 through

36. For the initial coolant varying from +8 to -20, the resulting OflBR's
are shown in Figures 37 and 38 respectively. For the case of Tave +8*F

the calculated radial peaking factor was used. For plants with 15 x 15

fuel, the corresponding maximum power and average temperature were used

with the resulting minimum DNBR shown in Figure 39.

To show the effect of a single failure, a power operated relief valve
was assumed to fail. The resulting pressure and DNBR are shown in

Figures 40 and 41. Failures in the auxiliary feedwater system do not

effect the minimum DNB".
i

Key results are shown in Table 4 in WCAP-8330 All of the resulting DNBR's

were greater than 1.30. For these analyses the reference case minimum

DNBR 1s 1.296 which is so close to a value of 1.30 that the conclusions
that no fuel demage is still valid.
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1.9 LXCESSIVE LOAD INCREASE

As discussed in UCAP-8330, a reactor trip is not requi- d for this tran-

sient. Therefore, the effect of using a 99',; coefficit..t versus 95"'

will not change the conclusion.
.
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1.10 ACCIDENTAL DEPRESSfJRI7ATION OF Tile REACTOR C00LAflT SYSTEfl

The accidental depressurization of the reactor coolant system vas re-
analyzed using a 99; moderator coefficient. The reference case in
WLAP-8330 was for a 4 loop plant with 15 x 15 fuel. To be consistent
with all of the other analysis presented, the reference case has been
changed to a 4 loop plant with 17 x 17 fuel and the 15 x 15 case was treated
as a sensitivity study. The sensitivity studies presented in WCAP-8330
should be used to judge the effects of initial power level and relief
rates.

The system response for the reference case is shown in Figures 42 - 45.
The effect of varying the initial average temperature by +8, -20 is
shown in Figures 46 through 49. The effect of 15 x 15 fuel on the mininum
DilBR is shown in the table. If automatic rod control is assumed to
operate, the average temperature is somewhat higher and hence the minimum
DNBI. is lower. This is shown in Figures 50 and 51.

Table 5 summarizes the.results. For all cases the minimum DNBR is

greater than 1.30.

'

I

|

|

|

1
. . ._. - - - _ . - ~_ . . _ . _. _ _ __. _



. _

.

TABLE 5

ACCIDEf1TAL DEPRESSURIZATI0f! 0F Tl!E REACTOR C00LAilT SYSTD1

f4inimum D.lBR'

Case-
.

1.570
Reference

1.496Tave + 8'F

1.707Tave - 20*F
- 4 _,

,

1.44115 x 15 fuel

1.416Automatic rod control
i
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1.11 ROD DROP

As discussed in !! CAP-8J30, a reactor trip is not needed f or this

tra nsient.

i

&

1
1

(
1

|}



.

2.0 Lp,ne! _Tgr:1,Sh,ut,doun

A revieu of all the ATUT transients shou tint af ter ten minutes the
plant is in a near equilibriun cendition, i.e. system parameters are
not varying greatly. The operator is assumed to tote actinn at this
time to bring the plant to a shutdown condition. For some of the
ATWT events, the turbine uay not trip, e.g. rod withdrawal and
accidental depressurization. For these cases the operator would
trip the turbine. Followinn the turbine trip, the operator would

take action to add negative reactivity.

The operator may add negative reactivity in several ways, he can
manually scram the control rods, or he may use the boration systems.
'he safety injection system can provide borated water from the
i efueling water storage tank and also insert the hichly concentrated
boric acid (s2J,0^0 pon) through the boron injection tank. The
chemical volume control system can also provide boron to the core
via the charging pumps. These pumps may be realigned to provide
water from the refueling water storage tank with a boron concentration
of about 2,000 ppm.

Once the core is subcritical (accomplished by scraming rods or
boration systems) the operator can cool the plant down and/or remove
decay heat. The decay heat is removed by dumping stean to the
condensor or to the atmosphere, if the condensor is not available.
If offsite power has been lost, the operator can control the steam

. dump manually. During this period o'f time the core is being borated,
|

; steam generator water level is being maintained by auxiliary feedwater

| and pressurizer water level is controlled by the charging and letdown
fl ow.

( Cooldown to the cold shutdown condition requires steam dump. Steam

( dumping continues throuqhout the cooldown until the plant is cool
enough to penait the operation of the residual heat r& oval synten

(350 F). The stea:n dumpinq, low tennerature auxiliary feed, and relie r

valves pressurizer spray, and the charninn of borated NLe-up vater all

( contribute to the cooldoun and depressurization of the reactor coolant
i

l

|
|

|
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systen, over a period of c.cyoral hnurs, to the RI'R connection
conditions (P;400 psia, T y50"f). At that t hie the Pl!R isolat ion
valves are opened, steam dumping is teminated, and the cooldoun
continues via the RllR heat exchanocr. The cooldnen rate is liniteri

Uto a rate of 50 F/hr; but 100 r/hr nay tua pennitted if required.

To show the effects of these actions, the rod withdrawal at power
and the loss of normal feedwater transients were reanalyzed assumino
the operator started safety injection and steam dumping at 10 minutes.

Figures 1 .4 show the effect of safety injection at 10 minutes.
Note that in about 40 minutes for the rod withdrawal case, and 30
minutes for the loss of feedwater case, the tenperature and pressure
are both low enough for the operator to switch to the residual
heat removal system.

The status report requested to see the effects on the shutdown
capability if a pressurizer safety valve failed to reset. The
loss of feedwater was reanalyzed assuming that a safety valve did
not reset once it had opened. These results are shown in Figures
5 - 7. Note the effect of the open safety valve is to reduce the
pressure faster thereby reducing the time needed to go to RHR.
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