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I. SAFETY GOALS
a. WASH-1270
10'3/yr nationwide
Basis? arbitrary
1000 Reactors
May be fewer
1078/ yr a1l accidents
01d vs. new plants
local variations
10°7/R yr for ATHS
1710 assigned to ATWS
Basis? Arbitrary? Conservative?
Neces’s‘lty
Regulate to the practical, possible or necessary?
€arfal question
Not 1imiv 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

RSS has many low probabilistics which are justified as being products
of several higher but more certain probabilities



WASH-1400
Core melt more probable (10'5)
Conservative because core melt criteria conservative
Uncertain whethar ail significant events included
Consequence less severe (10'1)
Uncertain consequence models
Risk appears low compared to other risks
Quatified by late: t 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 irstability
Vibrations, SLCS rate too small
Long term: Less certain Boiling Instability Problem
Probability 10~% rather than 107
e ’
Isolation valve operability neglected
For W
Q: S/V fail to roclose insignificant
Fail of turbine trip neglected
For B/W, CE

Pressures higher



Acceptance Criteria 3
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
B8) RCS Integrity
Central issue
Emergency Stresses
Within yield
RPY not limiting component
Faulted Stresses
Uncertain material properties
Complicated analyses .
Stil1 limited by equipment cperability

C) Fuel Integrity
Intent: core coolability

Not central issue



Pressure: 111 defined

Above RCS pressure and therefore not 'imiting

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 1nstab11‘:y: unrecognized; leak tightness
may not be necessary;
Water source necessary



Arrival Rate of Anticipated Transients

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

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

However, 1ikelihood of transients of significance for

ATWS in PWRs is judged to be about three per year.
EPRI: (Vol. 4) Basis. Exuerience Data up to 1975

BWR: Transient Frequency Mean 9.33/yr.

PWR: " 10/yr.
PWR loss of feedwater transient frequency mean 2 .&/yr

1f data trend extended to forty years

BWR: Transient Frequency Mean 4.1%/yr.
m: " " " 5.2/"‘.
PWR loss of feedwater transient mean 1.16/yr.

Status Reports: Assumed transient frequency of once per 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 1ifetime and
extension of experience trends would realistically suogest
perhaps a factor of five error in the non-conservative
direction.



III.

A.

Probability Estimation for Scram Systems

Data

b
-

Systems Data

___EPRI gives the follewing summary of uvperating experience

2.

through .975:

Accumulated Total Scram Demands*

Units Reactor Tears (Estimated)
U.S. Comm. Power 228

Aoy - Total = 39,212
N.S. Savannah 10

Foreign Comm. Power 673

Navy 1252 75,120
Total 2220t 114,332

*Includes tests and partial tests.
+WASH-1270 used 1627 Reactor Years.

Two known failures have occurred, both early in reactor
development, and there is some question of whether cone

or both should be "counted" in drawing inferences from

these data. There are also ques™inns ae to whether all
the estimated scram demands test the syscem to the same
extent that an anticipated trznsient would and whether

{t's reasonable to assume no navy failures.

nent Data
Attachment B, page 10, lists BWR rod failures identified
by EPRI from the Nucliear Safety Information Center. Among
BWR's there have been six incidents of less than full
{nsertion of one or more rcds. The number of affected
rods ranged from 1 to 96. Three of these rods fafled
to insert at least to position 02 and were countad by
EPRI as failures.

For PWR's, EPRI comsiders only failures at newer reactors
which have a diffarent control rod design from older
reactors. For the new design, there have been 2 failure
incidents, each invoiving ore rod failure.

It appears that the only failure data included in the
EPR; summaries are mechanical failures. Calibration
errors and failures of the electronic components of scram
system. are not included. This Is an area where more
information is needed.
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System and component failures have happesed. Thus, there
{s 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 probabilicies associated with each component; and then
add. This is the approach of WASH-1400 “and followed by

SE in their ATWS analyses. EPRI takes both approaches,
then merges the results.

Some other differemces:. The assumption in WASHE-1270 is
that scrau system unveliability, call it Qug, is constant
across time and across reactoUse. In HASB-liOO it is
assumed, I believe, that Qug varies among reactors, but
pot over time, according to a specified distribution.
EPRI goes one step further and assumes that rod failure
probabilicy varies from rod to rod in one reactor at omne
time. GE, I believe, regards Qug as a constant, but uses
WASH-1400 methcds anyhow. All this makes comparison of
results difficult. For example, the upper 95% confidence
1imit on Qug» bv WASH-1270 methods, is a bound on the
unknown, but industry-wide, value of Qug. If it is
assumed that Qus varies among reactors, but not very
mach, thea the WASH-1270 95% confidence limit can be
regarded as an approximate 95% confidence limit on

the average Oys. TIhe upper limits of WASHE-1400, in
contrast, are to be interpreted as bounds for 95% of

the reactor population. That is, in one case we have a
statistical bound on a population average; in the other,
a probabilistic bovad on population individuals. The
aumerical value of these bounds should not be expected

to be comparabie nor should coincidence of tne bounds

be taken as confirmation or support of onme analysis for
the other.

While the system synthesis approach of WASH-1400, EPRI,
and GE have the poteatial for providing more precise
estimates than the WASH-1270 approach, that potential

{s not realized because of flaws in the methodology
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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The errors the square root approach leads to are that
failure probabilities are understated, relative to the
assumptions on which they are based. It may be that the
assumrtions in these analyses are quite comservative and
that che analysis method just offsets 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.

The issue is not one of approach - Bayesian vs non-Bayesian
ve empirical layesian, or statistical vs risk analytic,

etc. - but one of mathematical correctness. Given a problem,
given some assumntions, how is the answer to be derived?

The mathematical rules of probability provide the answer.

Ad hoc approaches which viclate those rules do not.

C. Probability Estimates

1.

From System Data

Under the not necessarily conservative assumptions that
the system failure rate has besn 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, Sys, is

Ows = 1/2220 = .00045. Upper confidence limits on

8 at the 75, 95, and 99% levels, respectively, are

.001, .002, and .003. Corregponding loversconfidencc
limits are 1 x 1074, 2 x 1077, and 5 x 107°. Under

the nonconservative assumption that the time between
transients is exponmentially distributed with rate u

and the assumprion of monthly testing which would detect
and correct failures, ATWS probability is approximately
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(for small ué) equal to u@/24. The following table
gives upper and lower confidence limits on ATWS
probability, givem u = 10.

ATWS Probability

Confidence Level Lower Limit Upper Limit
752 Asi0 4 x 107
952 8 x10°° 2220
992 2x10° 1x10°

1f only central power stations are considered, all
these eitimates would double. If no failures are
assumed, the upper 75, 95, and 99% 2on£id¢ncc limits
on ATWS probability become, 3 x 107%, 6 x 10'“, and

8 x 10"‘. respectively, little different from the upper
limits assuming 1 failure, and the lower limits all
equal zero.

An alternative to assuming constant system failure rate

{s to assume a constant probability of failure on demand.
Under 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 maximm likelihood
estimate of Pys is Pyg = 1/114,332 * 1073, Under the same
assumption as above concerning the arrival rate of transients,
ATWS probability equals 1 - exp(-10 Pus). From confidence
limits on Pyg, the following limits are obtained on ATWS
probabilicy:

ATWS Probabilicy

Confidence Level Lower Limit Upper Limit
75% 3x10° 2x 107
95% T s 21e™
-7 -4
99% 9 x 10 6 x 10

If oo 311uru are assumed, the upper limits become
1x107, 3 x1 .andloxlO"‘. Note that the

estimates obtained in the constant failure probability
case are about 1/2 times those in the comstant failure
rate case and the assumption of monthly testing. Test
frequency plays nc direct role in the constant failure
probability case.
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From Component Data
Attachment B provides estimates of multiple control rod

failures, conditional on successful cperation of the
reactor protection logic. The estimates are based on
simple modols, chosen to fit the EPRI data. The models
are not particularly comservative 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 pertaining to the probability of adjacency)
approach one might consider a function of the form,

Prob(a adjacent failures | x failures) = 1-6b(x..)+1, x=a, a+l, ...

-0 s 30, 1, «oop 8=1.

For the models in Attachment B, this lea&s to

Prob(a adjacent failures|scram attempt) = Prob(x2a) [1-§§§%&-],

where o is the bracketed tarm on page 12 of Attachment B,
namely p = p©/ (1-(1-p)B].

Consider the case of a = 5. GE estimates that the
conditional probabiligy of adjacency, given 5 failures in

a 177 rod core as 10™°. Thus, to coincide with this, one
obtains § = 1 - 10™°. 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 l1ikelihood estimates of r, @, and p in
Attachment B thus leads to

Ve -7
Prob(system failure|scram attempt) = 2 x 10 ,

Using the upper 951 confidence limits on r, 9, and p leads
to

Probgs(systen failure|scram attempt) = § x 1078,
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These results are highly conjectural and would require
considerably more study. For examnle, the fact that
thers may be some previously failed rods preseant has
not been accounted for. However, these results are

no more conjectural than previous analyses and are

at least comsistent with available data and with the
rules of probability.

For PWR's, failure is defined by EPRI as failure of 3

or more rods. An upper, approximate 997 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 Probabilicy
Calculations for GE ATWS Analysis

Attachment B - Estimation of Control
Rod Pailure Probabilities



IV. Equipment Reliability

Low probability single failures not required; however, if the
mitigating system unreliability was significantly greater than
10-3 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 noncouservative.



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.

¢

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

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.

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

Selection of a calculated value not expected 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 follow’ng areas.

a)

b)

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.

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,

Ten percent primary safety valve accumulation t> 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.



On the other hand, the staff has not required inclusion of:
i) over % GPM Steam Generator leakage
11) coincident loss of offsite power
i11) 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



V1. Effect of ATWS fix on non-ATWS Accidents

BWR:
WASH-14C0 Significant Core Melt Sequences

Category 3
TW-Y 1x 107
] 1x107°
Cateaory 2
W% 3 x10°°
Category 1
TW -o¢ 2 x 1077
Te-oc 1 x 10"
T = Transient Event
C s Failure to Shutdown Teactor
w = Failure to Remove Residual Core Heat
¥ = Containment Failure due to Overpressure-Release through
; Reactor Building
Y'= Containment Failure due to Overpressure-Release direct to atmosphere
& = Containment Failure due to Steam Explosion in the Vessel

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).
4

The probability of unacceptable conseyuences due to ATWS is 107" per
reactor year and one of the indicated desi '"fix' was to add a high
pressure special ATWS make up system (SAMS?T

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

TW sequences.



BWR
RESIDUAL HEAT REMOVAL SYSTEM

Failure to Remova Decay Heat

1.6 x 10°°

6.6 x 10~8 (Loop)

)

Failure of RHR 27 hours Failure of Power Within
4 Conversion System (PCS) | 27 hours

2.3 x 107

7x10°°

2 x 1072 (Loss of offsite
power (loop)}

Failure of Failure
4/4 LPCI of HPSW

Pumps
1.2 x10°° 1.1 x 10

4

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

~10 x 1.6 x 10-§~_10-5 dominating over loop event. Success of Power Conver-

sion System (PCS) depends om ability to

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

b) Open ome Isolation Valve and open bypass valve.
¢) One condenmser recirculating pump operable.
It is not clear in WASH-1400 what the individual contributions to PCS umn-

availability are but the contribution of a above would be expected to be
reduced by availability of SAMS.



PWR:
WASH-1400 Significant Core Melt Seguences 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 LC7A 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
higher than the WASH-1400 estimate. Thus, if ATWS fix is provided
the core melt probability may be controlled by small LOCA (10-5~10-6).



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 stremgth of the

material.

Reactor Vessel

Discontinuity regions of the vessel could be expected to deform plastically,
i.e. they would not return to their original shape after load tel;xation.
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 covld conceivably be great enough to
prevent manual insertion of at least some of the control rods. The

ef{ect 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.

L
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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.

Pumps and Valves

Active Valves

Valves of this type which have to function after the ATWS so that
ECCS, CVCS etc. systems can be brought into play to shut down the
plant would experience large permanent deformations. Their capability
to function after 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.

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

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

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

L R T T T T S ———————————_e-



have to be evaluated.

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).

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" spo;s such as tube to tube
sheet weld integrity would be difficult to evaluate with any degree

of confidence.
Also bolted manway covers could be a problem.

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 after experiencing some
deformation. From discussions with safety valve manufacturers, it
would appear that from basic structural integrity point of view, the

valves should be o.k.

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

&
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in the system, together with that in the piping would result in
increase of nonpressure mechanical lecads 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
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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 arzlyses, 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.



ITEM 4 - MAY 1 MCCRELESS 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 recommended in NUREG-0460,
which is most relevant to the probability of « LOCA, i.e., the recommendation
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 prcoability. However,
based on engineering judgnent 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, esventially
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 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 compunents when exposed to the

pressures that the few 1imiting components can tolerate before reaching

the Service Limit C stress level, would see stress levels somewhere between
those of Service Limit BSnd C. Note that Service Limit B 1imits 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 1imiting 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 postﬁion 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 1ink" 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 comporents 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 confirmation of this, for—us
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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 recommended in NUREG-0460,
which is most relevant to the probability of a LOCA, i.e., the recommendation
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 Uelieve 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 remerks 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:

réactor 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 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 1imits 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 1ink" 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 lTocation of the reactor
vessel to that level. An independent analysis performed for us for a typical

PWR reactor vessel has provided confirmation of this for us.
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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 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.

t'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 1imiting 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 confirmation of this for us.
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COMMENTARY ON EPRI ATWS REPORT

b

e
General Comments ﬁ

——

1. The philosophical viewpoint is shaky. 1f the nuclear community

is, or can be;léonvinced. based on data and on an understanding
of scram system design, fabrication, and operation, that the
nystb%s are OK, then let's state it that way. To give that
conclusion an aura of precision and quantification by a Bayesian

analysis is phony, a numerical game, not a communication of

information.

2. .The report proposes a model in terms of demand probabilities

rather than in terms of time to failure, but then estimates .
ATWS probability under the latter approach, not the former.

If they followed their model through correctly, their estimates

would double. The confusion lies in apparently thinking a constant N
failure rate model is identical to a constant failure probability 1 .
model. They are not ideatical. Jumping back and forth as they
do yields an erroneous factor of 2.
3. The report proposes a Bayesi;n approach rather than a non-Bayesian
aeliors avmaronTly domt Ao the Filorenes,

one, but thea—fails to distinguish -them. What is presented as a
/I

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

analysis.




4.

Specific Comments

to shift my prior distribution on ATWS probability further to

the right, thea i vl o se,

-2-

5 meE.

The level of understanding evidenced by this report caused eme

’

Page
3

6.

Comment

The last sentence of the flrst paragraph gives first//:;
estimate of FT (probability of scram failure, on demand)

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

The latter is appropriate only if FT is dependent on the
elapsed time since rhe last scram system test. The report

1s quite confused orn this score, g;;:;:ﬁéiq in an attempt

to have the best of both worlds. FT is assumed not dependent
on elapsed time in order to rack up a large number of

historical demands, then it is assumed to be time dependent

in order to justify the factor of 1/2 in approximating

i dean e | it 1]

unavailability.

Second paragraph. It's not the usefulness of statistical
confidence bounds that is questionable. Rather it's the

o"""))
use,of past data to predict future performance.

I'm surprised that the Bayesian approach only got them a
factor of 2. A good Bayesian would have gotten at least

an order of magnitude out of his prior.
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Page Comment

6 The authors call the Bayesian approach "a more comprehensive
statistical method." I would rcplacc,;onptehensivé'by
'crbltraryf The decision of what to do about ATWS witd
dependson many factors, one of which is historical experience.
To force all of these factors to be quantitative and then to
algebraically merge them imparts an unwarranted aura of

precision to what in the end is a judgment.

18 All the authors have done is replace O/N by Fr. Thus,
they have not switched from a model in which failure

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

-
-

VIR OIW

If they h;d, unavailibility on demand would be given by

FT. not FT/Z. W P f’fLL‘T‘l ( Mare on this Ap/,..,.)

22 The Comment is confused. The failure probability is not
exponentially discributed; the time to failure is. The
data are not chi~squared distributed with 2r + 2 degrees of y R
freedom. Rather, for time-censored data, and the exponential

model, the expression for determining confidence limits can

L i AE A

be reduced to an expression involving the cumulative chi-square

distribution with 2r + 2 degrees of freedon. ——ms .
T —— e PP <~¥1-17p-—w‘-!r—t--‘-

22 The exponential model has a constant failure rate. Thus

the reference to "continued degradation" is misleading.

R e R T T e R
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25
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Comment
At
1f ;hq&wvish to model the scram system as a demand failure,
then they will have to estimate unavailability by estimating
FT. not FT/Z. They cannot take credit for the fact that
i o a
only 1/N,yeart elapse between tests and that the system

failure could be anywhere in that interval.

To model in terms of demand, they have to assume that a
failure, when it occurs, wauld have occurred on that demand,
regatdlg;s.of whether the previous demard was one day ago
or one year ago. Thus, in essence, they must assume that
the fallure occurs immediately after the preceding demand
and successful scram so the factor of 1/2 1is not justified.

This discrepancy is not so important quantitatively as it

is in showing the modeling and analysis flévs in the report.

What we are really after when we calculate a confidence
limit is an indication 7in this case) of how high the ATWS
prot.bility might be, consonant with experience to date.

We don't require cunfidence in the result. In fact, there
are many reasons not to be too confideat - simplistic models
for example. In summarizing past experience, there's no
reason why one can't calculate : whole battery of confidence

21.9¢ /o,

limits, 50%, 75%, 8434, 95%.\0: whatever.
’

Last paragraph, second sentence. I suggest replacing

"systematically" by “arbitrarily."

PR

.t

: AL I
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41

41

Comment

I don't know what a "fault tree prior"” is. " § r-f"", ““j“, ot prier
vt Liea the

: ' / »
Aislr baliomy ars 055 pomodd Yov o/ c.»,am.r-ﬁ- are prokmis (iwy ooy Py LK lree i

F o/~ A bt len o systom dallare proits L by ‘s eppron meted a fa ik - "
The cofstant failure rate and the failure-on-demand (with )% P
S[s""' @ larw 85
a constant {ailure probability) models are not compatible.| ° JL.I:;o
'Y
[’,l/ulf‘,

Thus, they both cannot be applicable as the second sentence

of the first paragraph states.

Usual terminology is "binomial model”, not binmary. Is

there a'reason for the authors using the latter?

You may not treat P(r,p) as a probability density function.
The authors claim they are following Wilks, P.‘369. but they
are not._~Uhat they are actually doing is a Bayesian analysis
with a uniform prior over the (0, 1) interval. Only then
can treating P(r, p) as a probability density function of p,
1 find it strange that the authors

given r be justified.

would propose a Bayesian analysis yet not recognize one when

they did it.

The correct expression for determining an upper 100 COZ

confidence 1imit on p is to solve

r -
1-¢y= ¢ @ 2fa-n" "%
X=0
for p. For r = 0, the solution is
J*-l-(l-co)un. i

S ‘.‘ - ' 2 o e R ~,|, Yo T ¢ 8
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49

50

Comment

For large n, the quantitaiive difference is negligible, but
the conceptual distinction still holds. Their formulation
yields BAyesian posterior probability limits, given a

uniform prior, not statistical confidence intervals.

With 0 failures in n trails, a failure probability of zero
or arbitrarily close to zero can't be ruled out, at any
confidence level. Yet, the authors do so, giving a lower

bound of 3.2 X 10,

Appendix B uses different notation from Appendix A, but no
explanation for the change is given. This can happen when
reports are written by committee. P becomes p, p becomes f,
and n is inserted where before it wasn't. Moreover, it's
not clear whether £ ‘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 sic: is proportional
to the right. Their claim that this is the classical result

is incorrect because they have the classical result incorrect.

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

our priors are log-normal?




Page Comment
50 Numerical correspondence between (correct) classical results

and certain Bayesian results doesn't mean we regard ATWS as
a single toss of a {fair) coin. They're two different
analyses for two different purposes. The authors have
been misled down the path of Bayesian mysticism by an
accident of prior.

52 The assertion of the last sentence of the second paragraph
can easily be shown to be wrong. This is pointed out not
because it affects the quantitative results of the report
but because it reflects the level of understanding the
suthors b}ought to their task. I'm a good Bayesian so

am trying to incorporate all information in making a

decision on the acceptability of this report.
53 The first sentence of the last paragraph is mysticism.

55 Why is this appendix called numerical analysis? The appendix

content is rough estimation of the number of historical

t"-—nJ‘;
scram system tasts.

Robert G. Easterling

Applied Statistics Croup

Office of the Executive Director
for Operations
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"ATWS A REAPPRAISAL PART 1[1]"

The effective recipe in Reference [1] for statistical analysis

involving rectified failures is given ir the quotation from page 3
as "Hence, we argue that the lower limit to the scram failure rate
is correctly calculated using zero failures." This recommendation

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

and is made despi%e

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

is discovered is not expected to occur again (certainly not

with the same frequency) since either redesign, test and

maintenance, or other quality assurance methods will be
adjusted to eliminate this failure mode. This rectification

eliminates potential failure modes and produces a’' better than

original 'condition."”
’ o |

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
eliminate, or maintain surveillance for, knoun failure modes

and careful FMEA will tell us whether the alteration has

introduced any new mcde."”

Il

[Emphasis added for (a) and (b)]
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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
analysis is worthless as demonstrated by the example below. The
analysis will be worthless even 1if, in the process of removing

discovered failures, some undiscovered modes are also removed.

The fallacy of eliminating failures for which explanations or

L 1

presumed explanations have been found can be demonstrated by the
following hypothetical example. Let us suppose :her; are 100
different ways 1nn§hich 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 years and "corrected" each failure then the "principle
of rectifiability" leads us to an "unbiased estimate" of zero for the
failure rate of the scram system. The 95% upper confidence limit
would be computed as 3/10,000 = ,0003. It is perhaps idle to
speculate what the actual failure rate of the system might be at

this stage. Under the simplistic assumption that the 10 obscrved
vays have been eliminated and the others are still unaffected the

failure rate is 90/100,000 = .0009. If three failure modes were

removed every time one was discovered, the failure rate would still

be .0007.

The upper 95% upper confidence 'imit in this hypothetical case 1is
very unsatisfactory and the unbiased estimate is grossly misleading.

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

and such a choice might be as plausible as any other. Blind

SRR S S0l W i DI R N A S e
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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

methods to the remaining data violate the very principles on which

The reliability improvement due to rectification may be treated by

reliability growth models. Even this raises very difficult problems

relating to appr&hriate 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’ 206345‘(3'\'\

|
\
|
|
|
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conventional statistical analysis is based.




[”AWS: A Reappraisal Part I, An Examination and Analysis of
“WASH_1270, Technical Report on ATWS For Water-Cooled Power
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UNITED STATES ATOMIC ENERGY COMMISSION

71-16 September 15, 1971

INSTANCES OF RELAY FAILURES IN REACTOR PROTECTIVE SYSTEMS

Surmary

Nine inatances of RELAY FAILURES IN THE MONITORING AND REACTOR
PROTECTIVE SYSTEMS OF REACTORS are described in this report.

Although the significance of any individual relay failure depends on
the particular circumstances, the proper operation of most of the
control, protective, and engineered safety feature systems for nuclear
pover plants depends on the successful functioning of relays. Relay
failures of the types illustrated by the occurrences reported here
could, under different circumstances, have significa~t adverse effects
on plant safety. None of these occurrences resulted in damage to

the reactor nor in radiation exposure of any individual.

Circumstances

2.1 During a period of about two months during preoperational

testing of a power reactor, there were four failures of relays
solation

in the Reactor Protection System or the Containman
_Syatem..” In each instance, the relays that had been designed

to open when de-energized failed to drop out on loss of power.
These relays were all of the same general type, and supplied by
the same manufacturer. There are approximately 400 of them in
this plant. After investigation, t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>