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SUMMARY
The NRC staff developed the draft final 10 CFR 50.46c rule regarding performed-based fuel
cladding requirements for a loss-of-coolant accident (LOCA). The new rule also expands the
applicability of the rule requirements to all fuel designs and cladding materials. The rulemaking
is based on recent LOCA research findings. The NRC staff developed Regulatory Guides
1.222, 1.223 and 1.224 that provide guidance on measuring breakaway oxidation behavior,
determining post-quench ductility, and establishing analytical limits for fuel cladding,
respectively. In addition, the NRC staff developed Regulatory Guide 1.229 to provide guidance
for the rule provision allowing a risk-informed alternative to address debris effects on the longterm cooling following a LOCA.
The main purpose of the November 3, 2015, Subcommittee meeting was to review and discuss
the 10 CFR 50.46c rule and associated regulatory guidance. The meeting transcript and slides
are attached and contain an accurate description of each matter discussed during the meeting.
The significant issues discussed during the meeting are described in the following table.

SIGNIFICANT ISSUES
Reference Pages in
Transcript

Issue

(Presentation Slide
Number)

Opening Remarks by ACRS Subcommittee Chairman Ron Ballinger

6-8

Introduction by Director Lawrence Kokajko, NRC/NRR/DPR

8 - 10

Overview of 10 CFR 50.46c Rulemaking Activities
Alysia Bone, NRC/NRR
1. Discussion on the schedule to include the regulatory analysis in the rule
package (Note: the staff’s regulatory analysis was provided to the ACRS on
November 25, 2015).

10 - 21
(Slides on overview of
the 50.46c rule)

20

21 - 55

50.46c ECCS Performance Requirements
Paul Clifford, NRC/NRR

(Slides on 50.46c
ECCS performance
requirements)

2. ACRS question and related discussion on how a licensee would transition
from an Appendix K short-term cooling model to a long-term cooling model
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39 - 44

3. ACRS question and related discussion on whether the staff will review and
approve long-term cooling models.

46

4. ACRS questions and related discussion on whether fuel vendors could
adjust the frequency of periodic confirmatory testing on breakaway oxidation
behavior as time goes by.

48

5. Discussion and related ACRS questions on cost benefits and regulatory
stability that the 50.46c rule will provide.

50.46c Analytical Limits Regulatory Guides
Michelle Bales, NRC/RES

6. ACRS question and related discussion on how many cladding tubes can be
obtained out of an ingot (in relation to the discussion on the frequency of
periodic confirmatory testing on breakaway oxidation).
7. ACRS question and related discussion on what factors affect breakaway
oxidation behavior and whether the identification of affecting factors can be
used to define the confirmatory test frequency.
8. ACRS questions and related discussion on the industry comment that the
existing Quality Assurance program is sufficient to ensure adequate
breakaway oxidation behavior of fuel cladding. The related discussion
included the flexibility allowed by RG 1.222 in reducing the frequency of
periodic confirmatory testing.

50 - 54
(Slide 32)
55 - 98
(Slides on analytical
limits RGs)
59 - 60
(Slides 8 - 9)

60 - 61
(Slides 8 - 9)

63 - 68
(Slides 8 - 9)

98 - 112

50.46c Implementation: Existing Fleet
Paul Clifford, NRC/NRR

(Slides on
implementation for
existing fleet)

9. ACRS questions and related discussion on the industry implementation plan
(Gantt chart), effort levels required for the implementation (Levels 1, 2 and 3)
and consistency of the implementation plan with the draft final 50.46c rule.
10. Discussion and related ACRS questions on the implementation guidance for
legacy fuels in RG 1.224 (to meet the analytical limits of post-quench ductility
and breakaway oxidation behavior).

102 - 106
(Slides 3 - 6)

106 - 112
(Slide 7)
112 - 118

50.46c Implementation: New Reactors
Shanlai Lu, NRC/NRO

(Slides on
implementation for
new reactors)
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11. ACRS questions and related discussion on the compliance of the NuScale
reactor with the 50.46c rule given that the reactor is expected not to have
core unrecovery during a LOCA.

50.46c Risk-Informed Alternative for Long-Term Core Cooling
Steven Laur and CJ Fong, NRC/NRR

12. ACRS question and related discussion on the timeliness requirement for the
corrective action under 50.46c, paragraph (m)(7).

13. ACRS question and related discussion on the rule requirement for design
modifications or new reactor designs that introduce debris sources.

RG 1.229
Steven Laur, CJ Fong and Stephen Smith; NRC/NRR

14. ACRS questions and related discussion on the risk-informed approaches
that are provided in Appendices A and B of RG 1.229.

15. ACRS questions and related discussion on the plant-wide LOCA frequencies
that are addressed in Appendix C of RG 1.229.

16. ACRS questions and related discussion on the inclusion criteria that will be
used to determine which postulated scenarios will be included in the riskinformed analysis.
17. ACRS questions and related discussion on the status of NRC staff’s safety
evaluation regarding the South Texas Project pilot submittal to address
debris effects on the long-term cooling.

18. ACRS question and related discussion on site-specific issues (such as a
seismically-induced LOCA) in the risk-informed debris treatment.
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116 - 118
(Slide 11)

119 - 139
(Slides on the rule
provisions for a riskinformed alternative)
126 - 127
(Slide 8)

133 - 137

139 - 181
(Slides on RG 1.229)

148 - 151
(Slides 5 - 6)

152 - 166
(Slides 10 - 11)

166 - 167

167 - 168
(Slide 12)

168 - 169
(Slide 10)

19. ACRS questions and related discussion on the timing of seeking NRC RES
staff’s comments with respect to the public comment period during the
development of RG 1.229.

20. ACRS questions and related discussion on the schedule for an updated
version of RG 1.229 in light of ongoing comment resolution efforts.

Fuel Fragmentation, Relocation and Dispersal (FFRD) Information
SECY
Michelle Bales, NRC/RES
21. ACRS questions and related discussion on potential cladding failure during
normal operations (e.g., cladding failure assisted by fretting)

22. ACRS questions and related discussion on the basis for not including the
FFRD topic in the 50.46c rule

NEI Perspective on 10 CFR 50.46c Rulemaking
Gordon Clefton, NEI

23. ACRS question and related discussion on the industry recommendation to
move the requirements of 10 CFR 50, Appendix K to a regulatory guide.
24. Discussion on the industry recommendation to create: (1) a Regulatory Issue
Summary to clarify differing regulations for pre-50.46c and post-50.46c
compliance licensees and (2) a Review Standard to standardize NRC
reviews.
25. Discussion on the industry suggestion for a conditional switch to 50.46c rule
and the industry recommendation to delete the requirement for 84-month
compliance period.
Westinghouse Recommendations to ACRS on 50.46c and Regulatory
Guides
David Mitchell, Westinghouse
26. Discussion on the view that excessive conservatisms are associated with the
requirements to perform periodic breakaway oxidation testing and to use
upper bound hydrogen pickup fraction. Related ACRS questions and NRC
staff’s views were discussed, too.
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174 - 176
(Slides 10 - 11)

176 - 181
(Slide 12)

181 - 204
(Slides on FFRD)

187 - 189, 194 - 195

189 - 192, 195 - 203
(Slide 9)

204 - 219
(NEI slides)
206 - 207
(Slide 2)
208 - 209
(Slide 2)

209 - 219
(Slides 3 - 4)

219 - 234
(Westinghouse slides)

222 - 234
(Slide 4)

10 CFR 50.46c Rulemaking – GEH/GNF Perspective
Dr. Kurshad Muftuoglu, GEH/GNF

27. ACRS questions and related discussion on the view that there is no
particular reason why the breakaway oxidation should be elevated to a
higher level than any other performance metric of fuel cladding (so as to
include the periodic confirmatory testing in the rule requirement). Discussion
also led to process control as a potential approach to ensure acceptable
breakaway oxidation behavior.
28. Discussion on the view that streamlining reporting requirements is needed
and the current 50.46c rulemaking activities missed an opportunity to
redefine a significant change/error based on the margin to the regulatory limit
(Note: the NRC staff held a public meeting on November 23, 2015 after this
Subcommittee meeting and further discussed revised reporting requirements
during the public meeting).

29. ACRS questions and related discussion on how much effort is involved in
licensee reporting on the 50 °F trigger for peak cladding temperature.

Oral Comments
Lisa Gerken, AREVA

235 - 248
(GEH/GNF slides)

238 - 242
(Slide 3)

242 - 244
(Slide 4)

244 - 248
(Slide 4)

248 - 250

30. Discussion on the observation that controlled manufacturing processes have
consistently produced acceptable breakaway oxidation onset times.

248 - 250

250 - 341

10 CFR 50.46c Rulemaking
Tom Eichenberg, TVA

(TVA slides)

31. Discussion and related ACRS questions on the definition of a significant
error or change and associated reporting requirements (Note: as previously
mentioned, the NRC staff held a public meeting on November 23, 2015 after
this Subcommittee meeting and further discussed revised reporting
requirements during the public meeting).
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260 - 267, 287 - 309
(Slides 4 - 5)
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P R O C E E D I N G S
8:31 a.m.
CHAIRMAN BALLINGER:

The meeting will

come to some semblance of order.
of

the

ACRS

Subcommittee.

This is a meeting

Metallurgy

and

Reactor

Fuel

I'm Ron Ballinger, Chairman of the

Subcommittee.

At least temporarily.

ACRS members in attendance are well, not
John,

Steve

Schultz,

Dick

Dennis Bley, Joy Rempe.
presence

of

former

Skillman,

Dana

Powers,

And we're blessed with the

Chairman

Bill

Shack,

as

a

consultant.
Chris Brown of the ACRS staff is the
designated Federal Official for this meeting.

Dr.

Seung Kee Min is the ACRS cognizant staff engineer
for this meeting.
The purpose of this meeting is to receive
a briefing under 10 CFR 50.46c rulemaking activities.
In

particular,

we

will

hear

about

the

proposed

requirements for fuel cladding performance under loss
of

coolant

accident

conditions

and

associated

regulatory guides that have been developed to support
these requirements.
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We will also discuss implementation of
the proposed rule for both existing and new reactors.
In

addition,

requirements

we
and

will
guidance

discuss
for

a

the

proposed

risk

informed

alternative to address the effects of debris on long
term coolant GSI-191.
We will further discuss ongoing research
activities regarding fuel fragmentation, relocation
and disbursal due to loss of coolant accidents.
Subcommittee

will

gather

information,

The

analyze

relevant issues and facts, and formulate the visions
and actions as appropriate for deliberation by the
full Committee.
Today's meeting is open to the public.
We request that participants at this meeting use the
microphones properly.

Which is to say, when you

approach the microphone, identify yourself.
And these new micro -- these microphones
around the table here are -- you have to push to talk.
When you're not pushing to talk, push to off so we
don't get a lot of static.
We have a bridge line set up for remote
applicants.
only mode.

The bridge line will be in a listen in
At the end of the meeting, we'll open the
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line for public comments.
I should say that this has been going on
for -- since 2002.

I think that's the official time.

But actually before that.

My undergraduate thesis

in 1975 was on zirconium-water oxidation kinetics.
I almost can't remember that far back.
I will now proceed with the meeting and
turn it over to -- say what?

Oh.

To Larry Kokajko.

Did I butcher that name?
MR. KOKAJKO:

It's close enough.

CHAIRMAN BALLINGER:
will introduce the presenters.
MR. KOKAJKO:

Close enough.

Who

Here you go.

Good morning.

And thank

you for the opportunity to brief you today.

My name

is Lawrence Kokajko, Director of the Division of
Policy

and

Rulemaking

in

the

Office

of

Nuclear

Reactor Regulation.
The

purpose

of

today's

meeting

is

to

provide you an overview of the 10 CFR 50.46c draft
final

rule

criteria.

regarding

ECCS

cladding

acceptance

And an update on the staff's progress.
Later in the afternoon the staff will

provide

a

presentation

on

the

topic

of

fuel

fragmentation, relocation and disbursal, a subject
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that is related to, but not include in, the draft
final rule.

Additionally, later in the agenda, time

is allotted to hear the perspectives on 50.46c from
various external stakeholders.
In addition to this Subcommittee meeting
we look forward to briefing the ACRS full Committee
next month.

And we are expecting a letter from that

interaction.
The staff has been working diligently on
the draft final rule.
stake

holders

since

Having several meetings with
it

was

comment in March of last year.

first

published

for

The staff is on track

to provide the draft final rule to the Commission for
a vote in February 2016.
Before I begin with the introductions,
I'd like to take this opportunity to recognize a
significant contribution that Dr. Ralph Landry has
provided in the 50.46c rulemaking.
Dr. Landry was in the Office of Nuclear
Reactors and had served in 50.46c working group since
its inception.
fields,

He was a renowned expert in many

specifically

thermal

hydraulics,

fuel

performance and accident analysis.
And

his

vast

historical

knowledge
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continues to be a tremendous asset to this rulemaking
right up until his passing earlier this year.

We

were fortunate to have had him as such an integral
part of this team.

He was a friend and mentor to

many.
Now I'd like to introduce the staff who
will be presenting today.

Alysia Bone from NRR's

Division of Policy and Rulemaking.
from

NRR's

Division

of

Safety

And Paul Clifford
Systems.

They're

sitting at the table now.
And later today you'll hear from Michelle
Bales from the Office of Nuclear Regulatory Research.
And Shanlai Lu from the Office of New Reactors, as
well as Steve Laur from the Office of Nuclear Reactor
Regulation, a Division of Risk Assessment.
Thank you again.
hearing your feedback.
MS. BONE:
Alysia Bone.

And we look forward to

Alysia?
Good morning.

My name is

And I am the Project Manager for the

10 CFR 50.46c rulemaking.

And thank you for the

opportunity to brief you today.
As Lawrence mentioned, the purpose of
today's meeting is to provide an overview of the
50.46c draft final rule as it's nearing completion.
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On

slide

three

is

just

a

summary

of

the

staff

presentations that you'll hear today.
So, we're on number one.

I'm going to

be providing an overview of this -- the rulemaking
activities as well as brief background and historical
information regarding this rulemaking.
Then Paul will discuss the embrittlement
criteria, the new fuel requirements in the rule.
Michelle will cover the regulatory guidance after
that.

And then before lunch we'll also discuss the

implementation

of

50.46c

first

covering

existing

reactors and then new reactors.
In the afternoon we'll hear about the
draft final rule risk informed alternative, along
with the associated guidance, Reg Guide 1.229.

And

at the end of the presentation, Michelle Bales will
provide

an

update

on

the

fuel

fragmentation,

relocation and disbursal phenomena, which Lawrence
mentioned is related but not part of this rulemaking.
So,

slide

slide to most of you.

four

is

perhaps

a

familiar

This is a reminder of the

purpose of this rulemaking.

There really are five

key objectives for this rulemaking.
The first and really primary goal is to
NEAL R. GROSS
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revise ECCS acceptance criteria to reflect relatively
recent research findings associated with new cladding
embrittlement mechanisms.
prescriptive

The second is to replace

analytical

requirements

with

performance-based requirements when at all possible.
The third purpose of this rulemaking is
to expand the applicability to all fuel designs and
cladding material.
rulemaking

does

The forth bullet is that this

address

concerns

raised

in

two

petitions for rulemaking.
The first, PRM 5071 was submitted by NEI
in 2000.

And that is associated with the expanded

applicability which we already covered.
The second is PRM 5084, which a member of
the public, Mr. Mark Lacey submitted in 2007.
this

is

associated

with

requiring

licensees

And
to

address the effects of carbon oxide layers on fuel
platting surfaces.
And

finally,

the

last

bullet

is

in

response to the Commission direction on the proposed
rule.

This

50.46c

draft

final

rule

allows

an

alternative risk informed approach to evaluate the
effects of debris on long term cooling on a case by
case basis.
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I will also mention, as a reminder that
this

is

an

adequate

protection

rulemaking.

Specifically as it pertains to ECCS performance.
The

staff

proposed rule stage.

articulated

this

in

the

And the Commission approved and

confirmed this.
The

next

three

of

the

slides

are

background

a

brief

of

this

background,

recap

rulemaking.

In 2008 the regulatory basis for this

rule, RIL-0801 and NUREG/CR-6967 were published in
the Federal Register.
There were -- there was a public meeting,
a public workshop associated with that.

Then in

August 2009, the staff published the advanced notice
of proposed rulemaking.
And it specifically requested comment on
12 issues and questions.

There was additionally a

public workshop associated with that.
After

which

the

staff

revised

the

rulemaking package and presented it -- presented the
proposed rule to the ACRS in January 2012.

Following

which the staff provided the proposed rule to the
Commission in March 2012.
The Commission then provided their vote
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in January 2013.
approve

Most notably, the Commission did

publishing

the

rule

for

comment

in

the

Federal Register.
And that's when the Commission directed
the staff to include a provision allowing licensees
to use a risk informed approach for addressing the
effects of debris on long term coolant.
After the staff revised the rule package
to meet Commission direction, the staff published the
proposed rule for comment in March 2014.
comment

period

the

staff

had

During the

multiple

public

meetings.
There were three here that are mentioned
at -- as well as their summary reference ML numbers.
The purpose of these public meetings were really to
walk through the proposed rule, ensure understanding
of the proposed rule and facilitate receiving robust
public comments.
The public comment period was originally
75 days.

But we did receive a number of requests for

extension.

So the original 75 day comment period was

extended to around 150 days and ended in August 2014.
Separate from the proposed rule or prior
to the proposed rule I should say, the publishing of
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

15
the

proposed

rule,

the

staff

received

Commission

approval to publish the guidance associated with the
risk informed alternative separately from the rest of
the regulatory guidance documents.
So, on April 20 of this year, the staff
published

DG-1322.

Which

is

the

risk

alternative guidance for public comments.

informed
And that

75-day comment period ended in June of this year.
Slide seven is the last backup slide.
And this is just to recap what has happened since we
published the proposed rule and the public comment
period closed.
We have had several public meetings after
the public comment period.
continue

to

engage

And this was really to

stakeholders,

particularly

on

several of the public -- the main public comment
themes that we heard.
In particular, in March, we had a twoday public meeting to discuss potential alternative
implementation plans that the industry provided as
perhaps an alternative to what was in the proposed
rule.
Following that public meeting, there was
a

suggestion

to

have

additional

implementation
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meetings to really get into what the nuts and bolts
of that alternative plan would be.

So we had a series

of public webinars, public meetings, and Paul will
discuss

this

in

more

detail

when

he

discusses

implementation.
But

suffice

to

meetings on implementation.

say

we

had

multiple

Additionally there was

a two-day meeting on regulatory guidance that was
held at Oak Ridge National Lab.
The staff also had a specific meeting on
long term cooling.

Additionally there have been

closed meetings with some of the fuel vendors to
assist

with

some

of

the

cost

estimates

for

the

regulatory guidance update.
Slide eight is a brief summary of all the
interactions

that

we've

had.

As

Dr.

Ballinger

mentioned, this -- we have had the privilege to work
with the ACRS since 2002 on the Local Research Program
and

this

rulemaking

and

the

various

rulemaking

proposals associated with 50.46c.
You can -MEMBER POWERS:

We're dying to know how

long it took you to come up with that privileged
statement?
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(Laughter)
MS. BONE:

It came from the heart.

It's

a true statement.
MEMBER POWERS:
MS. BONE:
to me.

Oh, yes.

Uh-huh.

So it just -- it came right

So you can count the lines, but this --

including

today,

there's

about

ten

Subcommittee

meetings and seven full Committee meetings on this
list.
MEMBER

POWERS:

The

testimony

to

the

inefficiency of the ACRS I take it.
CHAIRMAN BALLINGER:
MS. BONE:

Or the diligence.

On slide nine this is an

overview of the public comments we've received on the
proposed rule, as well as all of the draft regulatory
guidance.

So four in total.
Both

submissions
individual

of

resulting
comments.

those

combined,

in

about

So

again,

830

43

comment

comments

since

the

--

risk-

informed guide was published separately, to give you
that breakdown on the proposed rule and the three
fuels reg guides, there were 36 comment submissions.
Approximately 630 comments.
And

then

on

the

reg

guide,

the

risk
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informed

reg

submissions.

guide,

there

were

seven

comment

About 200 comments.
You can see the breakdown of the various

subject matter in this slide.

And of course our

presenters of the rest of the day will get into these
changes in more detail.
Slide ten is a more administrative change
that I wanted to cover at a high level before were
get into the more technical nitty gritty.

This --

the purpose of this slide is to explain the rationale
for renaming 50.46(e) with parenthesis to 50.46c.
When 50.46c is published in final, it
will have a staged implementation plan.

So even

though 50.46c is an alternative or optional rule,
there will need to be a period of time where 50.46c
and 50.46 coexist before all of the licensees can
come into complete compliance with 50.46c.
So, this right -- this slide right here
shows when it's published, immediately after 50.46c
is

published,

criteria

for

we'll
ACCS

have

for

still

light

50.46

water

acceptance

nuclear

power

reactors, 50.46a, the acceptance criteria for reactor
coolant venting systems currently maintained, and
50.46c, the new rule.
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Once
compliance

all

date

is

licensees
complete,

or

then

replace 50.46 in its entirety.

once

that

50.46c

would

And it would be

renamed the ECCS during loss of coolant accident.

So

currently 50.46c.
So this is just an administrative change
that some, you know, can cause confusion.
wanted

to

cover

it

up

front

before

So I just

some

of

the

technical changes.
MEMBER SKILLMAN:
question.

Alysia, let me ask a

The way this is written right now, 50.46,

and specifically (a)(1)(i), -MS. BONE:
MEMBER

Um-hum.
SKILLMAN:

It's

directed

specifically to Zirc and ZIRLO.
MS. BONE:

Um-hum.

MEMBER SKILLMAN:
is,

when

this

rulemaking

What I heard you say
is

completed,

what

presently 50.46(a)(1)(i) completely disappears.
the proposed 46c replaces it.
MS.
period, right.

BONE:

is
And

Is that accurate?

After

the

implementation

Exactly.

MEMBER SKILLMAN:
MS. BONE:

Oh, okay.

When they no longer need to
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coexist, yes.
MEMBER SKILLMAN:

Okay.

And the reason

I ask that is because the way 50.46 is written right
now, one could conceivably use stainless steel clad
and ignore all that's going on.
However, the new 50.46c addresses that
dead on.
MS. BONE:

Right.

MEMBER SKILLMAN:

Got you.

Okay, thank

you.
MS. BONE:

My pleasure.

Slide 11 just

provides a recap of all of the documents that were
provided in the draft final rule package.

The ML

numbers associated here are the draft preliminary
versions that were made publically available for ACRS
and the public.
Just to note that the regulatory analysis
as is the case with most other -- all rulemaking is
being revised for this draft final rule.

And will

be put in the package upon completion.
And

just

to

sum

up,

we

anticipate

briefing the full Committee in December, next month.
And the -- we are -- the staff is on track to provide
the final rule package to the Commission in February
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of next year.
Any questions?
(No response)
MR. CLIFFORD:

Good morning.

My name is

Paul Clifford from the Nuclear Reactor Regulation
Division or Office.
From

the

slide

that

Alysia

showed,

there's been a long history of ACRS involvement in
this rulemaking.

And from looking at that table, I

think I've presented 12 times.
(Laughter)
MR. CLIFFORD:

So, today we're not going

to go through all the details of the rule.

I trust

you're all familiar with the rule.
We're just going to be summarizing the
major changes relative to the current regulation of
50.46c.

And then identify what's changed in the

final rule relative to the proposed package.
The

rulemaking

described by Alysia.

goals

were

already

So, this table here on slide

four presents a summary of the major changes in 50.46c
relative to 50.46, the existing regulation.
We'll be going through these in detail as
part of this presentation.

But, in summary, the rule
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structure was changed to be more performance based.
The applicability was expanded beyond Zircaloy or
ZIRLO to all LWR claddings.
We've
findings

from

research

captured

the

Argonne

program.

three
high

We've

key

research

temperature

added

an

Local

explicit

requirement relative to consideration of debris.
We've included an explicit performancebased requirement for long term cooling.
explicit

analytical

requirements

to

We've added
address

the

thermal effects of crud.
And as directed by the Commission, we've
added a risk informed alternative to the treatment of
debris.

Now, before we get into the changes, it's

important

to

just

summarize

what

hasn't

changed

relative to the current regulation.
The first is peak cladding temperature.
The

criteria

in

the

degrees Fahrenheit.

existing

regulation

That has not changed.

is

2200

And I'll

be describing that in more detail later on.
The core wide oxidation criteria of one
percent has not changed.

Although we added explicit

rule language for debris, the requirement to address
debris

exists

today.

So

that

is

not

a

new
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requirement.
Corrective actions and reporting.
you'll

look

at

the

rule,

you'll

see

If

substantial

revision to the structure of what's required.

But

the actual requirements have not changed with the
exception of two small changes.
The first is there was a relaxation in
the time at which the licensee reports a change.
Which

is

significant

but

does

not

exceed

the

acceptance criteria.
Current regulation is 30 days for notice.
We relaxed that to 60 days based upon public comments.
The second change.

And this was in the

proposed rule, was that there is now a requirement to
report

changes

regulation
temperature.

is

to
just

local

oxidation.

changes

to

peak

Current
cladding

Now they'll be required to quantify the

impact on both PCT and local oxidation calculations.
And finally, Appendix K, which provides
an acceptable, conservative, analytical technic to
develop an evaluation model, that has not changed.
Nor was it a goal of rulemaking to change that.
Okay.

The first major change.

There's

been a significant revision to the structure of the
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rule relative to the existing regulation.

And that

is to kind of develop a performance-based scheme.
And also to address the risk informed alternative.
The first thing you'll notice in this,
slide eight provides kind of a table of contents of
the rules' structure.

It's significantly different

then the existing regulation.
Paragraph (d) is really where the meat
starts.

And that is, you start with basically tier

one principal performance objectives that for any
ECCS system in any light water reactor, regardless of
fuel type.
And

these

principal

consistent

with

performance

objectives

are

the

current

regulation.

And that is to maintain acceptable core

temperatures and to remove decay heat following the
transit.
Now, in addition, you also need to define
principal analytical requirements for the evaluation
model.

In other words, is it going to be Appendix

K? Is it going to be a risk informed?

What does it

mean to be an acceptable risk informed model?
So, you need to build upon the principal
requirements that are applicable to all ACCS designs.
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Because you need to capture the unique performance
features of the fuel that you're trying to cool.
So, for each fuel design, you need to
define

specific

performance

requirements

and

analytical limits which form the basis of what is an
acceptable core temperature.

And that would be based

upon research which identifies all known degradation
mechanisms and any unique performance features of the
fuel under local conditions.
Separately

you

would

need

to

define

specific analytical requirements, which impact the
ability

of

your

evaluation

model

to

perform

a

simulation of the fuel under those local conditions.
For the current fuel designs, we have an
extensive research program that was conducted.

That

builds upon an earlier research program.
And

so

we

have

defined

all

known

degradation mechanisms and any unique performance
features.

And so for current fuel designs, we've

defined the performance objectives, the analytical
requirements and the analytical limits for that fuel.
And that fuel is UO2 with a cylindrical zirconium
cladding.
However,

for

future

fuel

designs,
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additional research will be necessary.
to

identify

conditions

how
so

that

that

fuel

you

performs

can

performance objectives are.

You'll need
under

local

what

those

define

Because they may be

different then for zirconium.
And you'll need to define not only the
performance

objectives,

but

also

what

limits preserve acceptable performance.

analytical
And also any

analytical requirements that need to be considered in
the evaluation model.
And if you look at the rule structure,
you'll see that there are several paragraphs that
have been reserved for future fuel designs.
The next major change is the expansion of
the applicability.

The current rule is limited to

zircaloy or ZIRLO cladding.

Paragraph (a) of 50.46c

is very general in nature and it's applicable to all
LWRs.
So it removes the limitation for just
zircaloy or ZIRLO, which was one of the rulemaking
objectives.

And

it

eliminates

the

need

for

an

exemption for new zirconium alloys.
I think at last count we've issued 20
exemptions

for

20

reactors

for

M5

and

optimized
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ZIRLO.

And we expect a significant, another wave of

changes.
People

are

moving

away

from

Zirc-4.

People are going to start to move away from ZIRLO.
So, we're going to see more of these exemptions.

So

this serves one of the purposes of the rule.
CHAIRMAN BALLINGER:

Do we have any idea

of when -- when ultimately there will be a complete
change over?

There will be no more Zirc-2 or Zirc-4

cladding?
MR.

CLIFFORD:

Right

now

I

believe

there's only one plant that's receiving Zirc-4 today.
And they have plans.
CHAIRMAN BALLINGER:
MR. CLIFFORD:
to move to M5.

Okay.

I believe they have plans

So, that will be the last commercial

delivery of Zirc-4.
CHAIRMAN BALLINGER:

But it's at least

another five or ten years?
MR.
been

a

lot

manufacturing.
well.

CLIFFORD:
of

Well,

advancements

Zirc-2,

since

there's

Zirc-2

in

So the modern Zirc-2 behaves very

There's not as much of a need to move off of

Zirc-2.
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The next change involves key research
findings from the Argonne program, which identified
burn

up

phenomena

related
and

phenomena,

fabrication

corrosion

related

related

phenomena

that

needed to be considered in the requirements.
I think we've all see this slide before
briefly.

Hydrogen

embrittlement.

enhanced

beta

layer

The plot at the bottom left shows

that the allowable time to temperature to reach null
ductility decreases with cladding hydrogen content.
The second finding was cladding ID oxygen
diffusion.

And this micrograph was taken from, I

believe, a Halden test, which showed that oxygen,
which is in the fuel cladding bond layer can defuse
into

the

base

embrittlement.

metal

and

increase

the

rate

of

Just like oxygen which would defuse

from the OD goes into the based metal.
And
breakaway
layer

the

oxidation.

becomes

third

research

Where

unstable

the

when

finding

protective
exposed

to

was
oxide
high

temperature steam oxidation for long periods.

And

this

and

results

in

rapid

hydrogen

uptake

embrittlement.
So

Paragraph

(g)

defines

the

fuel
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performance requirements for the current fuel.

And

that is of course, uranium oxide within cylindrical
zirconium alloy cladding.
Peak cladding temperature is the first of
five fuel temperature analytical limits which are
used to judge ECCS performance.

So that's the first

of what is an acceptable core temperature.
The research concluded that the rate of
embrittlement is extremely rapid above 2200 degrees
Fahrenheit.

So the testing was limited to 2200

degrees Fahrenheit.
PCT

could

also

prevent

other

high

temperature degradation mechanisms other then oxygeninduced embrittlement.
2200

is

still

a

And we recognize that the

prescriptive

limit

and

not

a

performance-based limit, which was one of the goals
of the rulemaking.
So, we had a specific request for comment
in the SOC where we asked the industry to -- or the
public to provide us some information where we could
make this requirement more performance based and less
prescriptive.
We

received

no

new

performance-based

metrics for high temperature cladding performance.
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No new empirical data for defining a PCT other then
2200.
And we received no testing procedures to
identify all high temperature degradation mechanisms
and

testing

procedures

for

criteria other then the 2200.

defining

acceptable

So as a result, there

were not changes made.
The second paragraph (g)(1)(ii) is postquench ductility.

The changes to this paragraph --

MEMBER

SKILLMAN:

Paul,

before

proceed, let's back up to that slide, please.
comments,

no

challenge,

no

request

for

you
No

something

different then 2200.
Is that because the fuel designers have
run out of gas?
hard.

They're just saying hey, it's too

Just leave it.
Is there -MR. CLIFFORD:

We did receive comments

that said there was no current -- how do I want to
word this?

There was no current desire to above

2200.
We did receive those comments.

But, what

we're saying here is, you're defining a performance
objective to maintain cladding ductility so that you
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don't have gross brittle failure of the cladding upon
quench.
But, as temperatures go above 2200, you
start running into different degradation mechanisms.
You start running into say gross ductile failure of
the core.

Which would essentially also result in

the loss of a coolable geometry.

You run into a

runaway exothermic reaction.
So

there

are

other

degradation

mechanisms.

And a true performance-based rule would

develop

analytical

an

limit

for

each

of

those

degradation mechanisms.
Recognizing that one may be governing. It
may limit it.
effects

But, you would have tests, separate

tests

that

degradation concepts.

would

target

each

of

the

But we don't have that in our

tactical basis.
MEMBER SKILLMAN:

I can understand the

finances that would be involved in pushing for a
higher number.

But what I was really probing at

least in my own mind was, are we at a point where
industry has simply said hey, there's no reason to
push this.
This is as far as we really need to go
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with

the

current

technology,

with

the

current

materials that are available, with current designs.
And so at least for now, enough's enough.

This is

where we stop.
MR. CLIFFORD:

I believe that to be true.

We did not receive comments where there was a lot of
push back on the 2200 originally.

And maybe when

industry gets up here this afternoon, you could ask
them that question.
MEMBER

SKILLMAN:

Okay.

Thank

you,

Paul.
MR.

CLIFFORD:

It's

my

understanding

that there's no desire to go above 2200 at this point.
MEMBER SKILLMAN:
MEMBER SCHULTZ:

Okay.

Thank you.

Paul, was the statement

of considerations conditional upon providing metrics
data procedures?
interested?

In other words, was it, are you

And if you are interested, tell us more

about how you would proceed and upon what basis you
would justify going above 2200?
Is that how it was posed?
MR. CLIFFORD:

Um-hum.

Yes, well, the

question or the specific request for comment was, you
know,

we

recognize

that

it's

still

prescriptive
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limits.
And

if

we

wanted

performance

base,

performance

limit,

would

we

how

go

information we don't?
did

not

investigate

to

achieve

objective

about

it?

Do

a

true

for

this

you

have

Because our research program
these

higher

temperature

degradation mechanisms.
I wouldn't say it's -- let me see.

So,

lacking any positive feedback that would allow us to
make changes, then the default was we would maintain
the existing provisions in the proposed rule.
MEMBER SCHULTZ:

So the -- maybe it's a

better question for the vendors.

But, you're saying

that there just wasn't the interest.

It wasn't we

have the data, but we don't want to share it with
you.
MR. CLIFFORD:

I don't believe that was

true.
MEMBER SCHULTZ:
MR. CLIFFORD:

All right.
I don't believe they had

data.
MEMBER SCHULTZ:

So, where are we at

because these questions can't be answered at this
point?

To justify the elevation of the limit?
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MR. CLIFFORD:

Well -- right -- well,

right now it will be a prescriptive limit in the rule.
So, if anyone -MEMBER SCHULTZ:
MR. CLIFFORD:

Understood.
Right.

MEMBER SCHULTZ:

Yes.

But that's how

the process moved forward?
MR. CLIFFORD:

Yes.

CHAIRMAN BALLINGER:

But, back again to

that, the rule now covers all cladding types?
MR. CLIFFORD:

Correct.

CHAIRMAN BALLINGER:

So in theory, there

could be a non-zirconium alloy cladding.

For example

like silicon carbide or something like that for which
the 2200 would just be not relevant.
MR. CLIFFORD:

Correct.

Paragraph (g)

only applies to zirconium cladding.
CHAIRMAN BALLINGER:
MR. CLIFFORD:

Yes.

So, if someone came on

with silicon carbide, they would have to run research
and identify what the performance-based metrics and
what the analytical limits are.

And maybe their

analytical limit is 3000.
But they would have to justify that.

And
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then that would be incorporated into the rule.
The

second

performance

objective

is

specific to maintaining post-quench ductility, which
is consistent with the current regulation.

So, we

maintain this performance objective consistent with
the existing regulatory requirements.
However, we capture the research finding,
which was hydrogen enhanced beta layer embrittlement.
And

the

regulation

analytical limits.

requires

that

you

define

And you show compliance with

those analytical limits.
Now, we have a reg guide, which Michelle
will be talking about later on where we provide an
acceptable
allowable

analytical
time

and

limits.

Which

temperature

based

would

be

relative

to

cladding hydrogen content.
So

we're

providing

an

acceptable

analytical limit for all the current alloys.

So

there's no need to run tests if they choose not to.
However, if they want to run tests -CONSULTANT SHACK:

I got confused as I

tried to read that as to whether that did apply -- I
got confused as to whether that did apply when you
changed to a new fuel load.

Even though you were

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

36
using one of the current claddings.
But it is the case?

That for the current

set of alloys, you don't have to run tests.

You can

opt for that figure?
MR. CLIFFORD:

That is correct.

I hope

it's not confusing.
CONSULTANT SHACK:

Well, there's -- you

know, well.
MR. CLIFFORD:

And if a licensee or an

applicant wants to run tests to come up with more
explicit requirements for their alloy or wants to
come up with temperature dependent criteria for their
alloy, we provide a reg guide which provides one
acceptable experimental technique.
Public
requirement.

We

comments
did

not

on

this

receive

specific

any

industry

comments questioning the validity or the need for
this new requirement.
There
clarifications.

were

only

requests

for

minor

We did receive one comment from a

private individual requesting that a prescriptive
analytical limit be placed in the rule itself and not
in the reg guide.
As a result of the comments received, we
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made

minor

clarifications.

Which

was

the

--

requested by the industry.
The third performance objective relates
to breakaway oxidation.

Here the applicant would

need to run tests to identify the duration -- time
duration at which the cladding becomes susceptible to
breakaway oxidation and then show compliance.
Still

maintains

That's still the objective.
degradation

mechanism

cladding

ductility.

This is just a different

with

respect

to

cladding

ductility.
The paragraph on this page captures the
research finding.

Which was the new phenomenon which

is identified in the research program.
And we provide -- there's a reg guide
which provides an acceptable experimental technique
for

the

applicant

to

follow

to

generate

the

analytical limits.
We

received

no

industry

comments

challenging the need to define an analytical limit
for breakaway oxidation.

However, there were many

comments directed at the reporting requirements and
the testing frequency.
As a result of the comments received, we
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made significant changes to the requirement.

We

deleted the annual reporting requirement by each of
the licensees.
And we revised the confirmatory periodic
testing procedure in the reg guide.

And in the rule

itself, there's no specified frequency.
So, each of the fuel vendors can define
the

processes

they

manufacturing

shop

have

to

in

justify

place
the

in

their

frequency

of

testing.
So,
flexibility.

the

industry

requested

additional

And that was granted.
Any questions?
(No response)
MR. CLIFFORD:

Paragraph (g)(2), I'm on

slide 22, here we've added an explicit analytical
requirement.
an

Which was (g)(2)(i), which specifies

analytical

source

requirement

present

on

the

if

there

cladding

ID,

is

an

it

oxygen

must

be

considered.
And this captures the research finding
about

oxygen

surface.

ingress

from

This is unchanged.
On

slide

23,

the

cladding

inside

Okay.

there

were

no

industry

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

39
comments challenging the need for this analytical
requirement.

And there were not significant comments

at all about the text of the rule language.

So there

were no changes as a result of comments.
Okay.

The next major change relative to

the existing regulation is debris considerations.

As

I mentioned, debris is not explicit in the existing
requirements.
However, it's been judged that it -- that
all licensees need to address it.

So, even though

we've added explicit rule language about debris, this
is not a new requirement.
I

don't

believe

there

were

any

significant comments on this.
CONSULTANT

SHACK:

Well,

there

was

a

comment that if you're using Appendix K, how you
transition to the long term cooling?

Whether it

makes sense to have for example, the conservative
decay heat requirement as part of it.
MR. CLIFFORD:
CONSULTANT
clarified?

Right.

SHACK:

And

has

that

been

Or do you have an understanding of how

they would transition from an Appendix K short term
model to a long term cooling?
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

40
MR. CLIFFORD:

Right.

So, there were a

lot of industry comments where -- and I mentioned
this in one of my earlier slides.
of

industry

comments

where

they

There was a lot
propose

removing

Appendix K.
Taking the meat out of Appendix K and
putting it into a reg guide.

And that way there

would be more flexibility with respect to adjusting
the specific requirements in Appendix K.
The staff did not believe that was a good
approach.

Just because Appendix K has been a safe

harbor for the industry for 40 years.

And there are

still many plants using Appendix K.
And there is always the option of going
to a best estimate with uncertainties.

That exists

today for both short term and long term analytical
models.
So, that option exists.

But if someone

wants to maintain the safe harbor that Appendix K
provides, we did not want to revise that.
CONSULTANT SHACK:

So, he would maintain

all the conservatism of Appendix K through the -MR. CLIFFORD:

I would say a majority of

the conservatism wouldn't apply.
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CONSULTANT SHACK:
MR. CLIFFORD:

Apply, right.

When you start talking

about, you know, rate flow and everything else.

It

wouldn't apply to long term cooling.
But

correct.

If

they

wanted

to

say

they're at Appendix K -- compliance of Appendix K
requirements even though the majority of them aren't
directly applicable to long term cooling, they would
still need to satisfy the analytical characteristics
that are applicable.
But, there's always the option of doing
a best estimate loss theory.
on this with the industry.

And we've had meetings
And one of the proposals

is that we would work with the industry to develop
guidance on what is -- what are acceptable attributes
of a long term cooling model.
And we would work with the industry to do
that.

And one of the things we could address is

well, okay, I don't want to use 120 percent.
should I use?

What

How do I account for uncertainties?

You know, we would work through all those details.
But, I just want to say, the resolution
of the long term cooling piece of this does not really
apply because the resolution of debris and GSI-191 is
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on its own schedule.

We'll be talking about that

when we get to implementation after the break.
So, and that really leads into this next
discussion

on

requirements.

long

term

cooling

performance

The rule language has changed existing

requirements, and I'm paraphrasing here, was after
any calculated successful initial operation ECCS, the
calculated core temperatures shall be maintained at
acceptably low values.
But there was no performance metric as to
what is an acceptably low value.

And I believe that

approach was acceptable in the past when long term
cooling was -- as the Commission described it, self
evident and non-controversial.
In other words, you would quench, refill,
and

it

would

just

have

sufficient

long

term

recirculation flow.
But, if you start to consider debris, and
that debris impedes ECCS delivery such that you're no
longer removing decay heat.
begin

to

existing

raise,

you're

requirement.

And core temperatures

no

longer

That

you

satisfying
have

the

continued

effective core cooling.
Because if you're interfering with the
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system's ability to perform its function, then you're
not meeting the intent of the existing regulation.
So, in order to resolve these debris issues, we felt
that there -- a more explicit performance requirement
was necessary.
And that new performance requirement is
that after you go into long term research, you should
show that you don't fail any additional cladding.

If

there's not debris and there's no ECCS interruption,
there's no new requirement.
So,

this

change,

this

more

explicit

performance objective is intended to help resolve
GSI-191.

So that if a licensee with a plant that has

a high debris loading shows that there's a minor
interruption of ECCS flow, they now can say well,
that

minor

interruption

is

not

going

to

be

significant.
And

what's

Well, we've defined it.

the

level

of

significant?

That means no more cladding

failure.
And

that's

the

path

being taken by the industry.
testing

showing

acceptable

that

function.

their
And

that's

currently

They're performing
cladding

they

performs

don't

fail

an
the
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cladding.
So,

this

change

in

the

regulation,

although it wasn't one of the original objectives, is
intended to pave the way for the resolution of GSI191.

And

to

really

satisfy

the

Commission's

directive.
And that is no exemptions for GSI-191.
So, by defining a specific performance objective that
they can satisfy, they don't need to take an exemption
from the regulation.
MEMBER

SKILLMAN:

Paul,

what

is

a

calculated successful initial operation?
MR. CLIFFORD:
existing rules.

Okay.

So those are the

I mean, those are the -- that's the

existing rule language.
I think what they mean there is during
the short term period ECCS performs its intended
function.

And that is to reflood, refill, quench the

core.
MEMBER
mechanics.

SKILLMAN:

I

understand

I understand the plumbing.

the fluid flow.

the

I understand

I don't understand the calculate.

If this had been written, if the initial
testing or if the periodic testing demonstrates, then
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I

could

understand

this

quite

easily.

Is

this

suggesting that if your design-based calculations
prove successful, keep on going?
It just seems to me to be an awkward
sentence structure that -MR. CLIFFORD:

I don't disagree.

MEMBER SKILLMAN:

Since you're revising

the rule, you might want to get it straightened out.
MR. CLIFFORD:

Right.

I think we're

trying -- I think this prefix is trying to divide the
analysis between the short term and the long term.
However,

there's

no

specific

boundary

in

many

applications.
You
between

short

can't
term

define
and

a

long

specific
term.

boundary

There's

a

discussion in the statement of considerations where
we state the applicant needs to define at what point
they move transition from a short term performance
analytical

model

to

a

long

term

performance

analytical model.
And I agree.
awkward.

The structure is a bit

You know, one of the things you try to do

when you're doing rulemaking is change as little as
possible.

So, that was the existing prefix, so we
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kept it.
MEMBER SKILLMAN:
MEMBER

SCHULTZ:

Thank you.
Paul,

are

all

the

methodologies that are described here reviewed and
approved by the staff?

Are there -- as you go as the

analysis goes into the long term evaluation and the
demonstration

that

occurs,

those

are

no

further

cladding

methodologies

failure

reviewed

and

approved?
MR. CLIFFORD:

I would say historically

long term cooling models have not been explicitly
reviewed.
MEMBER SCHULTZ:

I understand that.

I'm

asking what's happening going forward.
MR. CLIFFORD:

Correct.

With respect to

debris resolution and long term cooling, then yes.
They

would

need

to

be

specifically

reviewed

and

approved.
MEMBER SCHULTZ:
MR. CLIFFORD:
Okay.

Thank you.
That's my understanding.

Next major change, and this is in response to

one of the petitions for rulemaking, is treatment of
crud.
We

added

a

specific

analytical
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requirement that the thermal effects of crud and
oxide layers that accumulate on the fuel cladding
during plant operations must be evaluated.

This

achieves the objective of the rulemaking.
So, there were a few comments, of which
I didn't summarize them here.

There were a few

comments related to crud.
None of them were -- none of them cause
the staff to change the words in the rule relevant to
the proposed package.
And the last major change which Steve
Laur

will

be

describing

after

the

break

optional risk informed debris treatment.

is

the

Okay, so

this slide just kind of summarizes what the major
revisions are in the final rule relative to the
proposed rule.
And we've been talking about this.

So I

figured it would be good to get it on one slide.
The first one, the first major change is
the breakaway oxidation testing and reporting.

We

deleted the annual requirements by the licensees.
We put the emphasis on the vendors.
we

revised

the

confirmatory

periodic

And

testing

frequency.
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Right now there used to be a defined
frequency.

Now there is not.

And it's up to the

vendors to justify how often they run these tests.
And

that

was

in

response

to

public

comments.
CHAIRMAN

BALLINGER:

Could

this

frequency be adjustable as time goes on?
MR. CLIFFORD:

It is.

It is and the reg

guide even describes that.
CHAIRMAN BALLINGER:
MR. CLIFFORD:

Okay.

We expect it.

We would

expect initially there may be a periodicity that is
more frequent.

And then that would be relaxed.

time

testing

goes

on

accumulates

As

and

knowledge

that

allowance

accumulates.
MEMBER

SKILLMAN:

Is

written in the guidance?
MR. CLIFFORD:

The guidance, yes.

And

Michelle has the presentation right after the break.
And she can talk about that.
MEMBER SKILLMAN:
MR. CLIFFORD:
was

as

we

just

talked

performance requirements.

Okay.

Thank you.

The second major change
about,

long

term

cooling

Initially in the proposed
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rule,

we

defined

performance

cladding

objective.

And

ductility
that

peak

as

our

cladding

temperature as our analytical limit.
We received numerous comments on that
where people identified that cladding ductility may
not be the only degradation mechanism that needs to
be addressed during long term cooling.

And that PCT

may not be the only analytical limit or the best
analytical limit for which to judge the performance
of the cladding.
So, we've adjusted that in response to
the comments.

We've left it a little more open ended

saying that you just need to demonstrate that there's
no cladding failure.
And the burden only applies to plants
which have significant debris loading.
possibly interrupt ECCS delivery.

Where it can

If there's no

interference with ECCS delivery, then existing models
and methods and results remain valid.
And
implementation

I'm
plan

not

going

because

we

to

summarize

have

a

the

separate

presentation on this right after the break.

And

finally, Michelle will be describing the changes to
the three draft guides right after the break.
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This slide is maybe a bit controversial.
But, I like it.
(Laughter)
MR. CLIFFORD:

There's going to be a lot

of discussion about what the cost benefits are to
this rulemaking.

And I think this is a good summary

from my perspective of the changes in 50.46c relative
to the existing regulation and what they accomplish.
The rule structure is more performance
based.

I think that gives more flexibility to the

industry when it comes to coming up with explicit or
different analytical limits.
If

they

choose

to

explicability has been expanded.

run

tests,

its

And I think that

eliminates the needs for exemptions.

Which I think

is a benefit.
And there are three new phenomena which
are addressed in the new rule that aren't in the old
rule.

There's a burn up related phenomena.

And I

believe that supports the current high efficiency,
high burn up or loading patterns.
There's
that's addressed.

a

corrosion-related

phenomenon

And that supports the current high

efficiency extended operating cycles.
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There's
And

which

fabrication

improve

overall

related

cladding

phenomena.
performance

without interfering with manufacturing flexibility.
The
there's

no

explicit

immediate

regulatory stability.

debris

benefit

considerations,

other

then

maybe

Now they know that they need

to account for it.
The

explicit

long

term

cooling

performance-based requirement supports a closure of
GSI-191.

And hopefully helps high debris plants show

acceptable consequences without the costly removal of
fiber.
The

explicit

crud

again, no immediate benefit.
more regulatory stability.

treatment.

Once

However, maybe it's

Now they know that crud

needs to be accounted for.
And finally, the risk informed debris
treatment.
later.

Which Steve Laur will be talking about

It certainly supports the closure of GSI-191.
MEMBER

BLEY:

So

Paul,

what's

the

controversial part of this one that you referred to
when you started?
MR. CLIFFORD:

I would say it -- to me

it's the burn up and the corrosion related phenomena.
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Fuel management techniques have increased fuel design
advancements,

advancements

and

computational

methods.
You know, core loading patterns are much
more

efficient

then

they

used

to

be.

And

this

regulation is catching up to that.
We
phenomena.

didn't

We

didn't

identify

these

burn

these

corrosion

identify

up

phenomena when we -- in 1973.
MEMBER BLEY:

Well, I guess I should have

asked, with whom are they controversial?

And they

just

me

then

consider

them

sound

more

straightforward

to

controversial.
MR.

CLIFFORD:

I

controversial because if we didn't have 50.46c, I'm
not sure how I would regulate the current high power,
how efficient core loading patterns.

I think that's

controversial.
So, what's the cost benefit?

There's a

cost to implement the rule, yes.
But without the rule, what would I do if
someone comes in for a power up rate that's going to
be at -- they're going to be at the current limits of
62 gigawatt-days.

They're going to have two year
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cycles.
I'm

going

to

say

regulation says 17 percent.

well,

the

existing

Seventeen percent's not

valid out to 62 gigawatt-days.
MEMBER BLEY:
MR. CLIFFORD:

Right.
And these two year cycles.

So I'm not sure how I would deal with it.

So, that's

kind of the controversy.
MEMBER BLEY:

Okay.

MEMBER SCHULTZ:
with regard to the costs?

So Paul, are we talking

The costs of analysis and

reviews and methodology associated with all of this
to

make

these

elements

explicit

of

consideration

explicit?
And that the gain benefit then is the
clear demonstration that at high burn up, the rules
are

met?

The

limits

are

met

associated

with

implementation of the rule?
MR. CLIFFORD:
costs.

Right.

Those are the

And I think the industry will elaborate on

the costs.
And certainly when it comes up updating
all these local models and implementing these local
models, there is significant cost.
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MEMBER SCHULTZ:
MR. CLIFFORD:

Right.
I think there's also a

significant benefit.
MEMBER SCHULTZ:
MR. CLIFFORD:
slide.

Understood.

Thank you.

And conclusions.

Wrong

The first one is on implementation.

We'll

be getting to that later.
But

we've

worked

with

the

industry

significantly on the implementation plan.

And I

think you'll see later on that we've provided the
flexibility that's needed by the industry to reduce
the overall costs.

And the commitment that's needed

by the NRC to manage this workload.
Many of the changes that were made to the
proposed rule were intended to reduce the burden on
the industry.

And you know, the changes to break

away observation certainly, reduces the burden.

The

changes to the implementation certainly reduces the
burden.
And finally, the NRC staff maintains that
the ECCS safety assessment, which provides a level of
assurance

that

the

existing

fleet

continues

operate relative to the new requirements.

to

So, we can

justify this long implementation stretch because on
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an annual basis, we show that the plants continue to
be safe.
And that is it for me.
CHAIRMAN

BALLINGER:

I

don't

quite

understand why, but we're actually ahead of schedule.
MR. CLIFFORD:

That's efficiency right

there.
(Laughter)
CHAIRMAN BALLINGER:

So -- but, the next

group of presentations is the better part of two
hours.

We're scheduled for a break at 10:00.
So I think we probably should take a

break now.

Because there will be continuity.

can we take a break until 9:43.
(Whereupon,

the

So,

Fifteen minutes.

above-entitled

matter

went off the record at 9:28 a.m. and resumed at 9:43
a.m.)
CHAIR

BALLINGER:

We

will

reconvene.

Thanks.
MS. BALES:

Good morning.

My name is

Michelle Bales and I work in the Office of Research
and today I will be presenting some details about
three of the regulatory guides that are supporting
the performance-based features of 50.46c.
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The Proposed Rule calls for analytical
limits

that

account

performance

for

consistent

burnup
with

effects

avoiding

and

ECCS

breakaway

behavior and three reg guides were developed in order
to support this performance-based rule.
The
consistent,

reg

guides

comparable

provide

generation

a

means

of

of

data

to

establish these analytical limits and simplify the
staff's

review

process

and

reduce

regulatory

uncertainty, minimizing the costs associated with
implementation.
The first two regulatory guides are just
test

procedures.

The

first

one

provides

test

procedures to measure breakaway oxidation behavior
and periodically confirm breakaway behavior.

The

second reg guide is focused on post-quench ductility
testing

and

provides

a

test

procedure

oxidation and ring compression tests.

for

steam

And the third

reg guide discusses how to use the data generated in
the first two guides to support analytical limits,
how

to

use

the

measure

data

to

introduce

conservatism, develop an analytical limit that can be
reviewed and approved by the staff, and discusses
approaches

to

demonstrate

compliance

with

the
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analytical limits.
So, Paul showed the rule language in his
presentation but I wanted to revisit it just to
highlight how the rule calls forward the reg guides.
The rule -- sorry.

I'm trying to do

these animations and they always trip me up.
The
language

says

technique

first
that

must

be

reg
an

guide

--

NRC-approved
used

for

or

the

rule

experimental
the

initial

characterization of an alloy's breakaway oxidation
behavior, as well as for periodic testing.

And this

is defined in Reg Guide 1.222.
The

rule

language

also

says

that

an

analytical time limit that has been shown to preclude
breakaway oxidation must be determined and specified.
And again, Reg Guide 1.224 provides a way to -- a
method that the staff has approved to support a
specific analytical limit.
And the construction of the rule language
for post-quench ductility follows the same structure.
Now, I'm going to get into a little bit
of detail on each of the reg guides, starting with
Reg
This

Guide

1.222

guide

for

defines

breakaway
an

oxidation

acceptable

testing.

experimental
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technique

that

determining

the

the

staff

effect

of

believes

is

capable

of

composition

changes

or

manufacturing changes on breakaway oxidation.

The

guidance includes flexibility in the experimental
technique, whenever possible, to allow variation of
equipment and procedures that may be in use at the
various

vendor

discusses

both

laboratories.
initial

And
testing

the

reg

and

guide
period

confirmatory testing.
Regarding
guidance

says

that

the
one

initial
must

testing,

examine

the

breakaway

oxidation behavior at a range of temperatures in
order to identify the critical temperature that will
be associated with the shortest time to breakaway
oxidation.
And

the

staff

was

very

sensitive

to

compliance demonstration for the existing alloys and
especially compliance on day one of the rule, the
final rule.

And so it is now clear in the guidance

that the ANL test data can be used for the existing
alloys to show initial compliance with 50.46c.
Regarding periodic testing, the guidance
describes how to use periodic testing to confirm that
the initial testing performed remains applicable for
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the

entire

manufacturing

life

cycle.

And

the

guidance requires that to use this approach, fuel
vendors

would

develop

Periodic

Confirmatory

Test

Program Plans and submit these for NRC review and
approval.
The
periodic

guidance

testing

can

makes
be

it

clear

focused

only

that

the

on

the

temperature that had the shortest time to breakaway
oxidation, rather than repeating the entire spectrum
of tests.
The reg guide specifically asked vendors
to define a periodic testing frequency but, again,
the

staff

approach

was
and

trying
so

to

offered

outline
a

one

default

acceptable

frequency

of

testing once per ingot, while the guidance clearly
states that other frequencies could be reviewed and
approved.
The guidance also asks that the periodic
-CONSULTANT SHACK:

How much cladding do

you get out of an ingot?
MS. BALES:

How many tubes?

CONSULTANT SHACK:
MS. BALES:

Yes.

I'm actually not sure.

I
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think that the cladding vendors would be able to
address that question or maybe -MR. MITCHELL:
from

Westinghouse.

This is David Mitchell

You

get

approximately

10,000

tubes out of an ingot.
CONSULTANT SHACK:

Oh, okay.

That's not

a whole -MS. BALES:
asks

that

plans

the

include

periodic

So the guidance specifically
confirmatory

parameters

that

test

would

relaxation of test frequency with time.
question was asked earlier.

program

allow

for

So, this

The guidance says that

parameters that once met could induce relaxation and
then specifically how the frequency could be relaxed.
The staff's expectation is that that discussion would
be included in the Periodic Confirmatory Test Program
Plans that are submitted for review and approval by
the staff.
And the guidance makes it clear that the
periodic testing results are not -- they don't need
to be submitted because that was removed from the
rule but that they should be available for a staff
audit.
MEMBER SKILLMAN:

Michelle, are there
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specific ingredients, if you will, in an assay that
would suggest the very earnest need for testing,
whereas, other markers in an assay would suggest
there really isn't a need for the more frequent
testing?
MS.

BALES:

So,

just

regarding

the

alloying composition, we do know that some alloying
elements

are

more

problematic

than

others.

But

against the whole spectrum of manufacturing changes,
that type of information to specify these are the
culprits, these are the vulnerable things that either
a service, manufacturing changes, or every alloy.

We

don't have the level of information.
We know some culprits that we have seen
in the past but I would say that we don't have 100
percent confidence that our list would capture every
single one.
MEMBER SKILLMAN:
MS. BALES:

Thank you.

And that is really why we

instituted this confirmatory testing approach because
it

is

the

alternative

to

listing

every

single

culprit.
MEMBER SKILLMAN:

Okay, thank you.

CHAIR BALLINGER:

But again, as time goes
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on, the rule allows the option of adjusting the
frequency.
MS. BALES:
sensitive

to

the

Right.

comments

we

No, we were very
received

from

the

industry for the draft rule that this was -- that the
testing that we outlined in the draft rule was annual
testing.

It was reported by licensees, which meant

that there had to be traceability from fuel delivered
to each licensee from the vendor, which is very
different than a vendor-based program or an ingot
testing.

And the staff was very sensitive to the

amount of testing that might be required with the
construction of our original rule.

And we were also

sensitive to the fact that our rule is driven by our
state of knowledge today and that in the next 10 years
or 20 years, if we have report after report that shows
no change in breakaway oxidation behavior, that it
would

be

reasonable

periodic testing.

to

revisit

the

frequency

of

And so that is why the frequency

was removed from the rule into the reg guide and why
the reg guide really has a lot of mention of relaxing
the

frequency,

having

the

vendor's

support,

and

justify alternative frequencies.
So, this is sort of leading into how the
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reg guide has been changed from the draft guide to
reflect and to respond to public comment.
The industry commenters expressed that
requiring licensees to report breakaway oxidation
results

was

unnecessary

and

suggested

that

fuel

cladding vendors could address the concern regarding
breakaway

oxidation

with

their

quality

assurance

program.
And

I

think

it

is

arguable

essentially, that is what we have done.

that,

The burden

of confirmatory testing has moved from the licensee
to the vendors.

And the vendors have a lot of

flexibility in justifying appropriate parameters for
their test programs.
MEMBER SCHULTZ:

So, do you agree with

that comment that they could justify the approach
with

their

quality

assurance

program.

Have

you

accepted that as a way to move forward, once some
element of testing is done and the QA Program could
-- how does this work?
MS. BALES:

It is a summary statement.
So, I am going to start and

then if Paul wants to interrupt me if I misspeak, he
can do that.
existing

But we are not totally relying on the

vendor

quality

assurance

programs

to
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identify

any

changes

in

trigger a periodic test.

manufacturing

that

might

We are requesting this

periodic program test plan that sort of supplements
what

a

vendor

might

already

do

in

that

quality

assurance program.
We

had

contemplated

including

in

the

guidance some attributes of vendor quality assurance
programs, things that could be added to the existing
Appendix B programs, and the staff just didn't have
enough information and enough background in order to
specify features that should be added to the quality
assurance program.

And it wasn't obvious that that

would be more desirable anyway.
So, I would say that this exact comment
to move -- that the quality assurance programs as
they stand today are already adequate we do not agree
with, but the sentiment of it that this should be
something that the vendors are responsible for and
that the vendors have knowledge to define was what
the staff accepted in the changes and the reg guide
reflect that.
MR. CLIFFORD:

Yes, I would add we wanted

to provide as much flexibility to the industry as
possible.

Now, that flexibility could be that I'm
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going to commit to certain manufacturing processes
and not perform the test or I'm not going to commit
to any specific manufacturing processes, and then
just perform a confirmatory periodic test.
In other words, there are multiple steps
that go into production of zirconium tubing.
do you want the NRC involved?

Where

Do you want us involved

in the selection of zircon sands?

Do you want us

involved in the type of processes you use to go from
-- to separate hafnium or to generate your spun
zirconium?

Where do you want us involved in your

shop?
I think the way it is worded now gives
them the flexibility.

They could say okay, we are

always going to use the Kroll process.
going to use fluorine.

We are never

We are always going to get

our sands from this location and because of that, we
are only going to run this test once a year.

You

might find that acceptable but I believe the industry
would prefer the flexibility of saying I am not going
to commit to any of those limitations on how I am
manufacturing the tubing.

However, I am going to run

this test.
So, they can do it either way.

We are
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just trying to provide that flexibility.

But at the

end of the day, it is a performance-based rule and
the simplest performance-based requirement is just a
simple, inexpensive test.
CHAIR

BALLINGER:

But

what

you

are

saying, in effect, is that the normal QA procedures
and manufacturing technique that are used by the
vendor to ensure performance to the customer, the
general performance of the fuel are not sufficient to
guarantee

adequacy

with

oxidation.

In other words -MR. CLIFFORD:

respect

to

breakaway

That is a true statement.

CHAIR BALLINGER:

That is what you are

saying.
MR. CLIFFORD:

There are no barriers in

place that would prevent a vendor from changing some
of these fundamental aspects of their fabrication
process

that

would

introduce

a

poor

performing

analytical.
E110 meets the regulatory definition of
M5.

E110 exhibits breakaway in under 400 seconds.

M5 exhibits breakaway in over 5,000 seconds.

So,

what we are trying to do is make sure that M5 doesn't
get manufactured in a different process, although it
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still

meets

performance

the

regulatory

with

respect

definition
to

where

breakaway

its

becomes

unacceptable.
CHAIR BALLINGER:

But E110's processing

was unique and that was changed as well.
MR. CLIFFORD:

Correct, but there was no

-CHAIR

BALLINGER:

And

they

stopped

getting breakaway -- well the short time breakaway.
MR. CLIFFORD:

So, once again, they could

commit to using certain processes, commit in their
regulatory definition to those processes, which would
make the need to run periodic tests less likely or
the periodicity could be extended.
just run some tests.
nothing

that

would

Or they could

It is their choice.
have

stopped

There is

AREVA

from

diversifying their tubing supplier and going to the
Russians

and

saying

hey,

look,

this

tubing

is

virtually identical to M5 and meets the definition.
So, we are going to diversify our supply chain and we
are going to get some tubes from you.
CHAIR BALLINGER:

Yes, I just was going

through the numbers; 10,000 tubes from one ingot,
that is about 120,000 feet then if you got 10,000
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tubes and that is about a batch of fuel.
MR. CLIFFORD:
CHAIR

A little less.

BALLINGER:

A

little

bit

less.

So, there is every batch of fuel.
MR.

CLIFFORD:

That

is

just

acceptable frequency defined in a reg guide.

one

I mean

as a regulator, we are saying if you put no barriers
in place in the manufacturing QA program, this is
acceptable.

However, if you start putting barriers

in place in your manufacturing specifications and QA
program, then you can relax that.

It is up to them.

We are just giving them flexibility.
And the one test per ingot is something
that we find acceptable without any other barriers in
place.
MS. BALES:

So, as we have talked about,

a number of commenters discussed that the sample
frequencies should be reduced and more flexible and
we have done that, both reducing the default limit
and also making it clear that there is a lot of
flexibility

in

each

vendor's

program

defining

alternative frequencies.
There was also a number of comments of
the

testing

protocol,

such

as

the

temperature
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calibration approach and sample preparation should be
more flexible and we made a lot of changes to the reg
guide relative to the draft guide to allow for these
flexibilities.
MEMBER

REMPE:

Michelle,

I

saw

the

comment about the Type K thermocouple and I agreed
with that but I was kind of puzzled that you are so
specific that you are only allowing like a Type R or
an S-cut rhodium thermocouple for controlling furnace
power and not a Type B, which furnaces I used to buy
sometimes had Type Bs, which were also platinumrhodium ones.
Why are there are so many details of
certain aspects in the procedure and not others?

I

mean why did you rule out Type B thermocouples?
MS. BALES:

Yes, so, I wouldn't say that

we ruled out specifically all other.

That is the

implication but the test procedures started from just
documenting the tests that were done at Argonne.

And

then when we received comments to make them more
flexible, we expanded from that.
And

so

the

details,

where

there

are

assigned details, it is because that is how it was
done at Argonne and we don't have information to
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guarantee expanding beyond that is acceptable but as
we got comments on specific areas with information
that allowed the staff to consider that expansion, we
always tried to accommodate that.
So, it was really driven by the NRC's
local

program

at

Argonne

and

then

expanded

from

there.
MEMBER REMPE:
MS. BALES:

Okay, thanks.

Finally, on this reg guide

in particular, a member of the public commented that
the test protocol were not similar enough to the
expected conditions in a LOCA.
MEMBER REMPE:

And could you talk about

your response on that?
MS. BALES:

Yes, we described the test

procedures, particularly for breakaway oxidation as
screening

tests

and

not

designed

simulate every aspect of a LOCA.

to

specifically

And really what we

are doing is screening for poor-performing alloys to
this particular phenomenon.

And so we responded to

this commenter by explaining that, that it functioned
as a screening test more than a simulation of all
aspects of a LOCA.
The guidance in Reg Guide 1.223 defines
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an experimental technique to measure the ductile-tobrittle

transition

for

zirconium-alloy

cladding

material.

Again, we have included flexibility, where

possible,

to

allow

variation

of

equipment

on

procedures that may be at use at vendor laboratories.
And I realize this language is left over
from so many past presentations but when I say used
at other laboratories, I am referring to Argonne.
So, what Argonne did and then allow flexibility for
equipment and other laboratories other than Argonne.
Finally,

the

guidance

provides

some

detailed discussion about determining the ductileto-brittle transition for a given hydrogen level and
allows for binning results of a similar hydrogen
content.
And I will say a little bit more about
that because when the draft guide was written, it was
written to suggest that if you wanted to define the
ductile-to-brittle

transition

for

a

particular

hydrogen content, you would be expected to be able to
produce cladding samples with the exact same hydrogen
content level because you need multiple samples in
order to run oxidation tests at a series of ECRs in
order to find the ductile area and the brittle area.
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And we got a lot of comments that the
test procedures are not practical.

It is not easy

to pre-charge hydrogen to a very specific level and
that there needed to be some accommodation to close
proximity to a target hydrogen level, in order to
create a large enough group of samples that could be
run at different ECRs and then compared to identify
the transition between the ductile samples and the
brittle samples.
And so we described a binning approach in
the final reg guide and there was also a lot of
comments that there is expected to be data scatter in
ring compression test results and the draft guide
really didn't speak enough about how to deal with
that data scatter and how to treat uncertainty.
And so you will in the final reg guide
the staff has outlined two separate approaches that
might be used to deal with when you do have scatter
in your ring compression test results.

The first is

treating the rings that are sectioned from a single
oxidation sample as a set.

And this is really what

the draft guide kind of set forth.

So, where you

have one oxidation sample that is segmented into
three rings, four ring compression tests, you would
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average

them

ductile,

altogether.

you

would

And

declare

if

that

all

three

oxidation

are

level

ductile and the same with brittle results.
And
certain

if

oxidation

you

have

sample

a

situation

segmented

where

into

a

three

produces some brittle and some ductile results, the
guide now discusses how to treat that sample.
But again, this is sort of what the draft
guide said and what is new is a curve-fit approach,
which

would

compression

allow
test

vendors

result

to

treat

individually

each
and

ring

develop

enough points on a line where you could draw a curve
through results that were ductile and results that
were brittle to identify the transition with the
ductility limit.
So, again, I wanted to point out some of
the

industry

comments

that

you

can

see

have

influenced the revisions that the staff has made to
the draft -- between the draft and the final.
Again, we comments on the test protocol
and we accommodated those whenever justified.

There

was, again, discussion about adding more flexibility
to define acceptable sample sets, binning hydrogen
results, and that has been added to the final guide.
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Commenters

expressed

that

acceptable

methods to evaluate data scatter and determine the
ductile-to-brittle transition should be more clear
and anticipating the kind of scatter we would expect.
And so those methods have now, a new method has been
included in the guide and the guide just spends a
little bit more time talking about expected data
scatter and how to treat it.
We also got a comment that the function
and content of this reg guide and the next one I will
talk about Reg 1.224 should be better differentiated.
There were some subjects that were dealt with in both
guides and there was a possibility that they could be
interpreted differently.

So, we really wanted to

differentiate the function and content so those two
reg guides and so some changes were made to move
approaches or discussion from one guide to another to
really separate and make Reg Guide 1.223 strictly a
test procedure reg guide with discussion of defining
and built in just for a specific hydrogen level.
MEMBER

SCHULTZ:

A

comment.

Alicia

presented a rough schedule of the interactions that
have been held since the draft guides have been put
out for comment and in a reasonably short comment
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period.

But since then, what you are describing here

are changes that have been made.

Is the interaction

period for resolution of the comments over now?
are describing changes that have been made.

You

But once

those -- have those changes been made in interacting
with the members of the public or how has that been
done?
Can you explain, perhaps, or describe how
satisfied

the

commenters

are

with

regard

to

the

current results?
MS. BALES:

I might not be able to say

how satisfied they are but what I can say is -MEMBER

SCHULTZ:

I

know

it

was

challenging.
MS. BALES:

Well, I think you will hear

a little bit about it this afternoon.

I know that

the industry presentations do address this to some
extent.

But I want to make it clear that these reg

guides went out for comment with the Proposed Rule
and had 150-day comment period.

One of the guides

that

the

Alicia

described

towards

end

of

her

presentation was the risk-informed alternative.
MEMBER SCHULTZ:
MS. BALES:

Okay, that helps.

And that really had a short
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time frame and a short turnaround schedule.
We

received

the

comments

that

I

am

describing here a year ago and once we received the
comments and started processing them, we noticed a
couple of themes.

And in one of our early industry,

our public meetings, those themes came up again.

And

what we decided to do, because there was a lot of
detail to discuss, is host a public meeting at our
Oak Ridge National Lab back in April, in which we
reiterated -- we explained what we interpreted from
the comments, what we thought the major themes were,
and started to speculate on how we could address them.
And so a lot of the material that you see here was
presented as a possible approach that the staff could
take for a revision back in April.

And so we did

have some industry comment and feedback on where we
were going.

And in particular, with frequency, we

came to that meeting with a couple proposals on what
an

acceptable

frequency

relaxed than annual.
of

that

meeting

might

be

that

was

more

And we asked the participants

what

they

though

a

reasonable

frequency would be and the response was ingot level.
And that is what really drove the changes in the reg
guide.
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MEMBER SCHULTZ:
directly.

And so -- let me ask it

Are we at a point where it would be

beneficial to put the reg guides out for another set
of comment, another comment period?
MS. BALES:

So, my belief is that the

comment, the reg guides and the major factors that
have changed were discussed at the April meeting and
we received enough feedback that we are comfortable
with moving them forward as final without another
comment period.

But I guess that is always something

that the industry could address this afternoon.
MEMBER SCHULTZ:

Maybe I missed it.

The

changes you are describing here were made prior to
the April meeting and discussed in the April meeting?
MS. BALES:

So, these two approaches,

just as an example, these figures were a slide at the
April meeting.

The staff said one idea would be to

treat each set of results together and average them.
And alternatively, we could have a curve-fit approach
and this is what it might look like and these are the
parameters

for

determining

the

ductile-to-brittle

transition, again relaxing -- and actually you will
see it in the next reg guide where we have talked
about conditions where you could alleviate the need
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for irradiated testing and there are some specific
parameters that we contemplated.

That was a slide

also from the April meeting.
So, when we were at the April meeting, we
wanted to come forward with thoughts that we had.
They weren't final.

We didn't say that these are

going to be in the final guide but we said we heard
your comment.

We understood it to mean this and here

is something that we think is reasonable that we could
do to make a change.

What do you think of that?

MEMBER SCHULTZ:

So, how did you comment

on what you presented in the April meeting?
MS. BALES:

Just from discussion period.

There was a lot of time allocated to discussion.
MEMBER

SCHULTZ:

Discussion

at

that

point.
MS. BALES:

Yes.

MEMBER SCHULTZ:
full

sense

of

what

you

And you feel you got the
had

done

and

what

was

acceptable, sufficient to move forward and finalize?
MS. BALES:

That was our opinion, yes.

MR. CLIFFORD:

And it is a reg guide.

So, when they come in with the test procedure, they
can deviate from it, as long as they are justified.
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It is not a regulation.
MEMBER SCHULTZ:
MS. BALES:

Understood.

Thank you.

Okay, so I will speak to that

a little bit when I talk about this guide as well
because, again, there were a number of things that we
have changed in this guide that we previewed at the
public meeting.
So,

the

third

reg

guide

deals

with

analytical limits and it describes an approach to
established analytical limits for the post-quench
ductility

requirements

in

(g)(1)(ii)

and

the

breakaway oxidation requirements in (g)(1)(iii) -oh, there is a typo there.

I have the nomenclature

memorized, so I know that that is not correct.
It

also

provides

guidance

on

how

to

consider oxygen diffusion from inside surfaces, which
is

required

by

(g)(2)(i)

and

provides

default

cladding hydrogen update models for all currently
approved cladding materials.
CONSULTANT SHACK:

Just to point out that

if you read that bullet (g)(2)(i), it reads if an
oxygen source is present on the inside surface of the
cladding at the onset of the LOCA.

So, if you don't

have an oxygen layer but you balloon, you don't have
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to consider double-sided oxidation?

Because it is

not present at the onset of the LOCA.

It is only

present after it balloons.
MR.

CLIFFORD:

The

treatment

of

ID

cladding oxidation is addressed in the reg guide
differently than the treatment of oxygen not due to
oxidation but just due to the presence of oxygen in
the field clad bonding, which we know is a high burnup
phenomenon.

So,

we

put

the

word

"if"

in

there

because you know up to 30 or 40 gigawatt-days, you
are not going to have that source because you are not
going to have a bonding layer.

Does that address

your question?
So the treatment of ID oxidation if you
balloon and burst and you get steam inside, is treated
differently and it is described differently.
CONSULTANT SHACK:

Well it is just that

the performance requirement seems to obviate the need
to consider that if it is not present at the onset of
the LOCA.
MR. CLIFFORD:

That is certainly not what

it means.
CONSULTANT SHACK:
you really intended that.

Well, I didn't think
I am just reading the
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words literally as a lawyer might.
sure you need the "if" clause.

I mean I'm not

Just make it the

effects of oxygen diffusion from a cladding inside
surface must be considered.

If you can show that

it's not there, it's not there.
MS. BALES:

Just a comment.

Thank you.

Okay, I am going

to now walk through some of the sections that are in
the reg guide because it deals with a lot of things.
The first thing it does is provide an acceptable limit
for approved alloys.

And it is clear in the reg

guide that this limit can be accepted without any
further testing for Zircaloy-2, Zircaloy-4, ZIRLO, M5
and Optimized ZIRLO.
And

this

is

an

empirically

based

correlation that was developed based on the Argonne
test data and because the data was interpreted using
the Cathcart-Pawel equation, in order to use this
correlation, you would also have to evaluate LOCA
conditions with Cathcart-Pawel.
And you will also notice that because
this correlation is a function of hydrogen, there is
-- oh, sorry.

That is many slides later.

mind what I just said.

So never

I will get to the hydrogen

correlations later.
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Okay.

So, we talked a little bit about

or somebody asked a question about adopting this
figure for new cladding alloys.

And so what the

guidance says is that one can submit a small amount
of data in order to show a new cladding alloy has
comparable behavior to that depicted in Figure 2.
And the cladding testing should include
material

in

the

as-received

condition,

in

the

unirradiated condition, where a pre-hydriding has
brought it to within 100 weight ppm of the maximum
hydrogen content that would be expected at end of
life.

And also, hydrogen contents, half of that

value, as well as irradiated testing.
Now one thing that is really new in the
reg guide versus the draft guide is conditions in
which irradiated testing would not be necessary.

We

got a lot of comments pointing to statements in the
technical basis that hydrogen charged samples were
acceptable surrogates for irradiated testing in the
samples -- or in the program that Argonne conducted.
And so there was comments that suggested
that proof has already been made.

We have already

proven that pre-hydrided samples are good surrogate
for irradiated testing, irradiated testing is very
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expensive and difficult to and, therefore, the staff
should

identify

conditions

where

the

pre-charged

surrogate's argument is valid and could alleviate
irradiated testing for new alloys.
So,
defined

some

argument

of

the

staff

conditions
hydrogen

thought
where

about

we

pre-charged

this

thought

samples

and
that

being

a

surrogate for irradiated material would remain valid.
And

again,

these

criteria

public meeting in April.

were

discussed

at

the

We already had these in

mind and we presented a slide discussing these four
criteria and got feedback.
Some of like the percent deviation was
not yet specified or maybe we have changed it since
then but the idea that there would be an alloy element
deviation criteria was discussed.
CHAIR BALLINGER:

So you are exempting

them from going back one previous step so is that the
source of the powder or the Kroll process?
MS.
regarding

BALES:

post-quench

Okay

so

ductility.

this

is

Before

just
I

was

talking about breakaway oxidation.
And so what we are saying is that the
material

that

was

tested

at

Argonne

was

all
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manufactured using the Kroll process.

And so we want

to restrict the pre-charged surrogate argument to
materials similar to those already tested at Argonne
because that is sort of all that we can really say
anything about.

And so the Kroll process was one

aspect of that, as well as the maximum burnup.
We

wanted

to

say

that

the

alloying

elements, any alloying element that was in a cladding
tested at Argonne, as long as those are the only
alloying

elements

in

the

new

alloy,

that

the

material, we were going to have criteria to specify
that those alloying elements were included and new
alloying elements may not -- wouldn't be included.
And then again, we wanted to specify that
if a particular alloy element deviated significantly
from the types of cladding tested at Argonne, that
that

also

would

prompt

the

need

for

irradiated

testing.
CHAIR

BALLINGER:

What

about

uncontrolled alloying elements that might appear,
which -MR. CLIFFORD:

Trace elements.

CHAIR BALLINGER:

-- trace elements from

a different source of powder, for example.
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MR.
trace

CLIFFORD:

elements

have

We

an

ductility performance.

don't

effect

on

believe

that

post-quench

However, there is evidence

that suggests that it does have some breakaway.
CHAIR BALLINGER:

Yes, that is what I was

getting at.
MR. CLIFFORD:

So, this is only for post-

quench ductility.
CHAIR BALLINGER:
MR. CLIFFORD:

Okay.

That's why here they don't

have to run tests they choose not to because we have
enough

of

a

database;

whereas,

breakaway,

it

is

mandatory that they run at least initial tests to
find the performance of their cladding.
MEMBER

SCHULTZ:

Michelle,

then

in

bullets two and three, the maximum fluence in the
alloying elements materials tested, that is referring
to what is in the Argonne program, what was done in
the Argonne program?

What was the maximum fluence?

MS. BALES:

I knew that that was going

to come up.
MEMBER SCHULTZ:
MS. BALES:

Do you have the answer?

And I knew I needed to look

it up last night.
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MR. CLIFFORD:

Well there was one as high

as 73 gigawatt-days.
MS. BALES:
MEMBER
sufficient.

Yes.

SCHULTZ:

Okay,

that

is

Thank you.
And it just seems that include only the

alloying elements present in the material tested in
the Argonne program, that seems somewhat restrictive.
MS. BALES:
the

Argonne

program

So the idea there was that

did

testing

of

a

number

of

materials and showed that pre-charged samples behaved
similar to irradiated samples at that same hydrogen
level.

So,

demonstrated

we
that

feel

that

the

pre-charged

Argonne
samples

program
were

an

adequate surrogate for irradiated material but we
don't know how far that extends.
to set up some boundaries

And so we wanted

that seemed technically

reasonable for where we could say that conclusion
would extend.
So, it is not that -- yes, it is sort of
arbitrary, you could say that there is a restriction
based on what Argonne tested.

It is really more the

conclusion that Argonne made that the pre-charged
samples were a surrogate that we want to bound.
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MEMBER SCHULTZ:

All right and so it goes

back also to Paul's comment that this is a reg guide
so arguments could be made that the alloy -- the
materials that I have are suitably close to what was
tested are Argonne and so on and so forth and present
that to the staff.
MR. CLIFFORD:
tests

that

are

There is a minimum set of

required

for

a

new

alloy.

The

question is if you do a minor set or you have to
expand that -MEMBER SCHULTZ:
MR.

CLIFFORD:

I have that.
--

to

something

with

irradiated.
MEMBER SCHULTZ:
MS. BALES:

Okay, thank you.

Okay, I just talked about how

a new cladding alloy could provide data to adopt the
Figure 2 limit.

There are a couple of situations we

can imagine where a fuel vendor may want to adopt a
different post-quench ductility limit.
is

for

a

particular

alloy

that

One of those
had

superior

performance and maybe has performance that would give
them margin relative to the Figure 2.

And so the

guidance outlines a set of an amount of testing that
the staff would find acceptable to prove -- to create
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a curve that is different from Figure 2.

So, they

are showing them similar to Figure 2 or creating my
own.
for

And there is more data that the staff expects
creating

a

distinct

criteria

--

a

distinct

analytical limit.
Another situation that might arise that
would cause a vendor to want to use a limit other
than Figure 2 is if they want to gain credit for
slower embrittlement behavior that we know occurs at
lower

temperatures.

And

so

the

guidance

also

describes how much data the staff would expect for a
lower temperature limit.
This is the slide I thought was next, the
hydrogen pick up models.

As you see, Figure 2 is a

function of hydrogen and so it is necessary for alloys
to

have

alloy-specific

cladding,

hydrogen

uptake

models to show where they fall relative to Figure 2.
And one of the comments that we got on
the draft guidance, on the draft rule, is that the
lack of approved hydrogen pickup models really could
present a hurdle for implementation of this rule.
And

so

the

staff

added

acceptable

models

as

an

appendix to this reg guide to support implementation
on day one, to say these are limits that the staff
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has already approved.

If you want to use these, you

can do so without any of your own data and if you
want to have a less conservative limit, obviously,
that is also acceptable and data can be provided for
staff

review

and

approval

of

a

cladding-specific

hydrogen uptake model.
CONSULTANT
statistically-based
realistic

large

SHACK:

one,

break

where

LOCA

Could

they

they

are

calculations

and

do

a

doing
they

would just sample from that the way they would sample
from any other distribution?
MR. CLIFFORD:

I believe in the newer,

best estimate LOCA models, there is sampling, as you
identified and in one parameter you would sample
would be on burnup.

And so once you sample on a

burnup or a burnup history, then you could sample on
hydrogen content.
CONSULTANT SHACK:

Okay, so that would

be at least an acceptable alternative, perhaps.
MR. CLIFFORD:

Right but the sampling is

done in the evaluation model for the prediction of
PCT and integral time and temperature.

Here, you are

applying it at the tail end, where you are saying
well okay, now that I know what my calculated value
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is, is it acceptable?
MS.

BALES:

Okay,

the

guidance

also

describes some details of showing compliance for the
post-quench

ductility

straightforward,

limit.

A

identifying

lot

that

of

the

this

is

limiting

conditions and assumptions maximize predicted peak
clad temperature and local oxidation and, obviously,
the models must demonstrate that the peak cladding
temperature and maximum oxidation are below the given
analytical limit.
One important thing that I want to point
out is that their guidance describes how to deal with
legacy fuel and compliance for legacy fuel because,
obviously, fuel that is in the spent fuel pools are
manufactured before these guidance documents were
available

will

not

have

the

ability

to

conduct

testing on archived material or anything to show
compliance or consistency.

And so the staff has

accommodated legacy fuel, specifically, in the reg
guide.
MEMBER SKILLMAN:
a consideration?

Michelle, why is that

Are you anticipating that you would

pull legacy fuel back into active use?
MS. BALES:

Yes, it is our understanding
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that there is times when that makes economic or
financial sense to look in the spent fuel pool for
low burnup rods or I'm sorry for previously spent
rods and put them into the core.
MR.

CLIFFORD:

Right,

that

is

the

practice today, to mine the spent fuel pool looking
for high burnup rods but along the periphery and we
certainly didn't want to restrict that practice.
MEMBER SKILLMAN:

Okay, I understand.

Thanks.
MS. BALES:
describes

the

Okay, Reg Guide 1.224 also

analytical

limits

for

breakaway

oxidation, again provides discussion of legacy fuel
and the analytical limits that can be established to
show compliance for 50.46c.
The guidance discusses the possibility of
establishing

conservatism

for

an

analytical

limit for breakaway relative to the test data.
this

was

really

to

accommodate

--

make

time
And

periodic

testing easier so it can focus on or acknowledge the
ECCS

performance

and

reduce

the

time

that

the

periodic testing needs to show performance behavior.
And the reg guide describes the analysis
that would be done to compare against the breakaway
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performance.

And so what it says is that the time

spent above 800 degrees C, that is the default value
that

is

provided,

is

oxidation performance.

compared

to

the

breakaway

So, if you have a cladding

material that shows breakaway oxidation performance
at its shortest amount of time, that 4,000 seconds,
for example, but you choose to say that the analytical
time limit that you are going to subject or that you
are going to use for your analysis is 2,000 seconds,
then what you would do is evaluate all of the, through
the spectrum analysis, which scenario would have the
longest time spent above 800 degrees C and you compare
that time duration to your analytical limit, in this
case, the way I described it, would be 2,000 seconds.
And in the draft guide, the value that
was provided as a default was 650 and one of the
comments that we got from the industry suggested that
it should be 800 degrees C and they also provided
some recent experimental results and general articles
supporting that.

And so the staff reviewed those and

determined

800

that

degrees

C

was

an

acceptable

value, rather than 650.
So, I think that is a good example of
where the industry's comments really were supported
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by technical data that the staff could review in order
to make changes and that wasn't always the case but
that was definitely the case here.
I

shouldn't

have

said

that

that

way.

What I mean is that sometimes there was just a general
argument that there should be more flexibility and
sometimes there was an argument that there should be
more flexibility because these are five examples of
where that flexibility clearly shows that there is
not an impact on the final results and, therefore -you know so it is just that there was differences in
the

type of comment that we got.

And so that was

just an example of one that was very detailed.
I

shouldn't

have

said

that.

Anyway.

Okay.
So,
pointed

out,

inner

the

rule

diameter
says

oxidation,

that

if

a

as

source

you
of

oxidation is present on the inner diameter, one must
consider in your evaluation model and the reg guide
describes two scenarios that could arise where you
have an ID oxidation source.

One is when cladding

ruptures and one is the fuel-clad bond.

And in both

cases, the guidance suggests that calculating twosided oxidation using the Cathcart-Pawel correlation
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would be appropriate in these situations.
And the cladding rupture approach is the
same one that was previously in the rule language
itself.

We just moved it from the rule language into

the guidance and then the fuel-cladding bond has a
similar construction but, instead of rupture being
the

event

that

starts

the

fuel-clad

bonding

calculation, it is a default limit of 30 gigawattdays per ton.
We
conservative.
performance

recognize

that

this

is

pretty

This really is coming from our fuel

calculations

of

when

the

gap

closure

occurs but that is a distinct phenomenon from the
formation of a diffusion couple, where you actually
have oxygen transferring from the fuel to the bond.
But with information that we had available, we wanted
to set a conservative limit but it is clear in the
guidance that other higher limits can be reviewed and
approved and it even describes some of the data that
we might expect for defense of a higher limit, looking
at metallography and results, a function of burnup to
see how the ID oxidation layer forms.
CONSULTANT

SHACK:

This

really

isn't

quite relevant to this but it is sort of like the
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most logical place I think I can bring it up.

In the

RIL, and even in the new version of the RIL, you
include

a

lot

of

information

mechanical properties.

on

ballooning

in

There is always a paragraph

at the end that discusses discussions with IRSN over
other issues that we associate with ballooning like
flow blockage and it just has been ongoing since 2007.
Have you come to any conclusions or is
that still ongoing or agree to disagree?
MS. BALES:

So, there is nothing in this

rule that changes the staff's approach to dealing
with

flow

blockage

and

the

staff

continues

to

coordinate with IRSN on some of their test programs.
And

they

are

actually

starting

a

program

called

PERFROI that is going to look at generating new
experimental
behavior.

data,

flow

blockage

and

ballooning

And we just signed an agreement to be a

part of that, actually, last week.
So, we are continuing to work with IRSN
and it is a very difficult phenomenon to simulate and
to have complex models that you really feel confident
to

deal

ongoing.

with

everything.

So,

I

would

say

it

is

And also that there is nothing that changes

that approach in this rule.
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MR. CLIFFORD:

There is also a separation

between the U.S. performance objective and the French
performance objective.
strictly

a

performance

separate

They are moving away from
effects

requirement.

cladding

They

are

ductility

moving

to

an

integral LOCA test that shows survival at the burst
region, as their performance metric.
MS. BALES:

Okay, just to wrap up with

the reg guide, I wanted to point out a couple industry
comments that you will see are now reflected in the
revisions that the reg guides -- or the revisions
that the staff has made to the reg guides.

compliance

The

treatment

was

definitely

of

legacy

raised

in

fuel
a

to

show

number

of

comments and we were very sensitive to this and we
made a number of changes to facilitate compliance on
day one of the rule.

What I mean is that to make it

possible, to have models and methods available that
could be used from day one.
Again, the function and content of this
reg guide and the previous one should be better to
find.

That was made in a number of situations and

we were very careful in our revisions to separate the
function and the content.
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I already pointed out that the evaluation
of

breakaway

oxidation

time

should

consider

time

above 800, rather than 650 and we made that change.
The

guidance

should

include

a

set

of

conditions that could eliminate the need for testing
of irradiated material.

And again, we have done

that.
There was comments that said the lack of
approved hydrogen pick-up models present a challenge
to implementation and the staff has addressed that by
providing acceptable methods for all of the approved
alloys.
And I didn't get a chance to mention
earlier but those default models were also presented
at

the

April

meeting

and

so

we

did

have

the

opportunity to get comment on where the staff was
going with the hydrogen pick-up models; what they
might look like, and what kind of conservatism was
embedded in them, and where the data was coming from.
So,

in

conclusion,

three

regulatory

guides have been developed in order to support the
performance-based embrittlement criteria that is in
the 50.46 rule.

The reg guides provide guidance on

developing material specific analytical limits on key
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embrittlement mechanisms.
The industry stakeholders were heavily
engaged

in

changes

were

clarify

the

public

made

to

requirements,

comment
the

process

regulatory

increase

and

many

guidance

flexibility,

to
and

reduce burden on the industry.
And that is my last slide.

Are there any

questions before we move on to the implementation
presentations?

Okay, thank you.

MR. CLIFFORD:

Okay, good morning.

I

will be presenting a brief presentation on 50.46c
implementation for the existing operating fleet.
Just to remind you, the Proposed Rule
included a table where the existing 100 reactors were
divided into a three-track implementation scheme and
so the table lists the name of the plant and when
they were required to be in compliance.

We received

36 comments on this approach.
Now,

when

we

developed

the

proposed

three-track staged implementation plan, what we were
intending to do was balance the workload based upon
existing margin and what we perceived is the level of
effort

required

by

each

licensee

to

come

into

compliance because that is the key to any successful
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implementation plan is to balance the workload.
So, we received 36 comments and here is
some common themes.
replace

that

with

We should remove Table 1 and
a

specific

requirement

that

licensees provide individual compliance plans within
180 days of the effective date.

There was a lot of

comments that said by codifying the plant names and
the schedules, we may inadvertently produce a lot of
exemption requests because people couldn't meet the
schedules.

We certainly want to avoid that.
We should replace Table 1 with sort of an

implementation performance metric.

It was also noted

that the alternate risk-informed approach for debris
is

optional.

So,

we

shouldn't

include

any

implementation requirements for an option portion of
the rule.

We accept that.

There was also a comment

that the debris resolution strategies have been -have existed for a long time.
livelihood.

They have their own

They have their own schedules.

They

have their own hurdles to overcome and that is really
outside of 50.46c compliance.

So, the comment was

we should develop an implementation plan separate for
50.46c requirements than the existing schedules for
the debris resolution.
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And finally, a comment that the level of
effort to bring plants into compliance varies widely
and is difficult to estimate.
As
essentially

a

result

accepted

the

of
NEI

these

comments,

proposal,

we

which

was

endorsed by many different licensees as identified on
the spot.

And that one I will talk about next.
We

recognize

that

50.46c

is

a

big

undertaking for both resources in the industry and
NRC

resources.

So

you

know

there

has

been

an

exceptional level of cooperation and coordination
with the industry in an attempt to reduce burden.
We

had

a

two-day

public

workshop

in

March, specifically on implementation and this was
followed by three subsequent webinars in April, May,
and June.

During these presentations, the industry

put together a comprehensive integrated Gantt chart
which

showed

compliance.

how

each

plant

would

come

into

And the benefit of the Gantt chart is

it really identified which task could be performed in
parallel and which task needed to be done in series.
So, that was a well put together Gantt chart and it
proved

very

successful

useful
or

a

in
more

helping

us

efficient

devise

a

more

implementation
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strategy.
But what the Gantt chart did identify is
there could be up to 24 vendor topical reports and
that the schedule was that since these were the work
that needed -- the groundwork that needed to get done
first would be submitted within the first 12 months
and

this

would

be

followed

amendment requests.

by

up

to

65

license

And if you look at the level of

effort required, you can break them up into what we
call Level 1, Level 2, and Level 3.
Level 1 is where an applicant is not
running any new calculations.

They are maintaining

their existing evaluation models and their existing
analysis of record.

However, they are just pulling

data from those calc files to show compliance with
the new requirement.
There

is

And there would be 29 of those.
Level

2,

where

they

would

maintain their evaluation models, however, there may
be a partial reanalysis, a little more effort than
the Level 1.

And we identified five plants.
And finally, there is a Level 3, where

the applicant would switch to a brand new evaluation
model and there would be a complete break spectrum
analysis that would be done and we identified 31
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plants.
MEMBER

SCHULTZ:

Paul,

submittals on the Gantt chart.

these

were

Were the review

processes scheduled on the Gantt chart as well, in
terms

of

implementation?

implementation.

I'm

trying

to

define

So, I presume that goes to the end

of review and approval.
MR.

CLIFFORD:

Correct.

Right,

it

included the details of the submittal and the NRC
review period.

And the goal there was to identify

when could these things be submitted and what is a
reasonable end date for compliance.
MEMBER

SCHULTZ:

will hear that soon.

Understood.

So,

we

Thank you.

CONSULTANT SHACK:
these, is a royal we.

And the we on all of

The industry and you agree

that you have 29, 5, and 31.
MR. CLIFFORD:

Correct.

I mean that is

initial estimates and you will see, as we go forward,
the details of each individual plant we will identify
in further detail.

So, we will know that after the

rule is issued, when each of these plants comes
forward.
But so the goals of any implementation
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plan is first from the NRC's perspective, which is
the top three bullets, the regulation requires a
compliance date.

So, that is not negotiable.

There

has to be a period where you say you shall be in
compliance by this date.
Second, we want to avoid exemptions based
solely on scheduling and resources.

We don't want

to get in a situation where plants fall behind and
all of a sudden we get a wave of exemption requests
relative to some arbitrary date in our rule.
And finally, the NRC needs a high level
of

detail and, more importantly, commitment from the

industry so that we can manage and level the workload.
And from the industry's perspective, they
need

flexibility

issues.

to

account

for

plant-specific

Certain plants may already have in play

design modifications, plant power uprates and they
have vendor contracts that are coming due.
plan

on

changing

cladding alloy.
--

thermal

resolution.

fuel

designs

or

They may

alloying

their

There is this ongoing TCD resolution

conductivity

degradation

--

sorry

--

So, there is a lot of plant-specific

issues and they wanted flexibility so they could kind
of -- they could gather some synergy between doing
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the work for 50.46c and then doing the work for
something

else,

and

get

some

synergy

in

those

projects.
And finally, the industry needs a level
of assurance that the NRC does not become critical
path and force exemption requests based solely on our
ability to get the work done.
MEMBER POWERS:

So, isn't it inevitable

that the regulator is going to be the critical path?
MR. CLIFFORD:

Yes, that is why we have

more than one deadline within the rule.

There is one

for them to submit and one for us to complete.

So,

we are trying to manage that.
MEMBER POWERS:
a process.

Yes, I mean it is really

You can't help but be the critical path

item.
MR. CLIFFORD:
MEMBER POWERS:
to avoid that.

Correct.
So you are never going

I mean I don't see how -- you say you

want to make sure the NRC isn't the critical -- it is
always going to be the critical path.
MR. CLIFFORD:

That's true.

We will be

critical path but if we work this efficiently and we
stagger the submittals so that we have the resources
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-MEMBER POWERS:

So, really what you are

just doing is trying to make sure that you are a short
part of the critical path, as short as possible.
MR.

CLIFFORD:

So,

working

industry, here is what we developed.
NEI

proposal,

each

implementation

plan

licensee
within

effective date of the rule.

the

Following the

would

six

with

submit

months

of

an
the

The implementation plan

would include certain key aspects for the compliance
demonstration.
evaluation

They

model

would

would

be

identify
used

and

which
the

LOCA

current

approval status or review schedule for that model.
They would identify the fuel design and the cladding
types.

They would identify the analytical limits

that they intend to use for post-quench ductility and
breakaway.

They would identify the relative level

of effort and we have included a table of those three,
emphasizing

key

attributes

of

each

one

of

those

different levels of effort, so that we understand the
work scope not just for them but the work scope for
the review.
And

finally,

this

implementation

plan

would be updated annually, since we are looking at a
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

106
multi-year effort here.
Upon receipt, the NRC would negotiate
with the licensees to prioritize and balance the
workload, ultimately agreeing to a plant-specific
implementation plan.

This would be used by the NRC

to determine staffing requirements, contract dollars
on an annual basis so that we could plan in advance
for this wave of work.
In addition to the six-month schedule for
the individual plan, implementation plan, there is a
deadline

of

60

months

where

all

50.90

license

amendment requests would need to be submitted by.
Now, that doesn't mean that we expect to work with
the industry where in month 59 we receive 65.

The

implementation plans will define when is the earliest
possible date I could submit because we need to level
the workload so that we get some of the Level 1
plants, get them out of the way early because there
is not a lot of work that is required and then we
balance

the

workload

so

we

can

meet

the

second

deadline, which is 84 months for compliance.
Okay, Michelle talked about this a bit,
legacy fuel.

We received some comments.

some concern and confusion.

There is

What do we do about
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legacy fuel assemblies that we intend to reinsert?
So, here is Reg Guide 1.224 provides some guidance on
legacy fuel.
For post-quench ductility, fuel that is
manufactured prior to the effective date of the rule
and

comprised

of

either

currently

available

commercial alloys, such as Zry-4, or legacy zirconium
alloys

no

longer

commercially

available

can

be

evaluated using Figure 2.
For breakaway oxidation, fuel that is
manufactured prior to the effective date of the rule
and comprised of currently available zirconium alloys
can

be

evaluated

using

the

breakaway

oxidation

analytical limit established for the current version.
In other words, you are using Zry-4 -- let's go to
ZIRLO.

You are using ZIRLO.

You establish the

breakaway time for ZIRLO for the current tubing.

You

would presume that that breakaway is valid for the
legacy ZIRLO that is in your spent fuel pool.
The other concern is what if they no
longer manufacture that alloy?

So, a plant is using

-- goes to the spent fuel pool, grabs Alloy A, which
was

a

derivative

manufactured.

of

Zry-4

but

What do they use?

is

no

longer

They can't test
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anything
available.

because

there

is

no

stock

material

There is nothing to test because it

hasn't been manufactured in decades.

So, here we

provided an analytical limit that they could use to
judge the performance of that legacy fuel that is no
longer manufactured and that is 3,500 seconds and the
basis of that was that was the lowest breakaway time.
That is lower than the lowest breakaway time we saw
at the Argonne program, which is a conservatively low
value.
So,

we

believe

that

this

guidance

provides the regulatory assurance that the utilities
need when using legacy fuel.
And finally my conclusions, we worked
together with the industry.

We met several times

face-to-face and in webinars.

We came up with an

implementation plan, which is essentially based on
their proposal that provides the flexibility they
need to address individual plant-specific items, such
as power uprates or fuel changes and allows us a level
of commitment and a level of detail that we need to
manage the workload so they can all get done before
84 months.
And the 84 months is justified because,
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as I mentioned earlier, the NRC staff maintains this
annual update to our ECCS safety assessment.
Any questions?
MEMBER SCHULTZ:
to

slide

7?

The

Paul, can you go back

breakaway

oxidation,

bullets, I'm trying to understand.

the

two

There has got to

be a critical point in here I am missing.
The first bullet, fuel manufactured prior
to effective date -- currently available commercial
cladding alloys defined Zry-2, Zyr-4.
MR. CLIFFORD:

What I am trying to say

there is -MEMBER SCHULTZ:

How is that different

from and then -MR. CLIFFORD:

A second bullet would be

an alloy that is no longer manufactured.
MEMBER SCHULTZ:
commercially available.

But it says no longer

Is it therefore, Zry-2, Zry-

4 is not commercially available?
MR.

CLIFFORD:

In

the

first

example,

those are just examples of alloys that are still
available.

In other words, if you went back, to your

spent fuel pool -MEMBER

SCHULTZ:

I

am

trying

to
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understand so what is in bullet two.

What type of

material is it?
MR. CLIFFORD:

Westinghouse no longer

offers Zyr-4 to their customers.
offers it.

I shouldn't say

They have no customers that currently

receive Zyr-4.
MEMBER SCHULTZ:
MR. CLIFFORD:

Right.
But their customers have

spent fuel pools full of Zyr-4.

So, Westinghouse

will not be performing testing for breakaway on their
commercially available Zyr-4 because they don't offer
it anymore.

So there are customers who are mining

their spent fuel pools would use the 3,500 seconds.
That is an analytical limit that they could use.
Otherwise, they would have no basis for an analytical
limit because they would have no vendor testing.
And combustion engineering had a product
called Alloy A, which fell outside of the ASTM spec.
So, that is no longer commercially available but
combustion engineering plants have spent fuel pools
full of this stuff.
MEMBER SCHULTZ:
it.

Okay, I am still missing

In bullet 1 you say for Zyr-2, Zyr-4, you can

use the Figure 2 information.
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MR.

CLIFFORD:

commercial alloys.

Well,

it

is

for

all

Let me go back to ZIRLO.

They have a spent fuel that has a lot of
legacy ZIRLO cladding in there.

That exact stock

material was never tested.
MEMBER SCHULTZ:
MR. CLIFFORD:
tests.

Right but they have modern

They have tests, current tests on modern

versions of ZIRLO.
the

Right or Zyr-2, Zyr-4.

test

results

So, they are just going to use
for

their

current

commercially-

available ZIRLO and presume that it is applicable to
the legacy ZIRLO.
MEMBER

SCHULTZ:

I'm

trying

to

understand the difference between the two bullets
under breakaway oxidation.

Maybe that was confusing.

In the first sub-bullet, you talk about
Zyr-2, Zyr-4 you can use the Figure 2, right?
MR. CLIFFORD:

The breakaway?

MEMBER SCHULTZ:

I guess that is the

transition.
MS. BALES:
is

the

PPD

analytical

currently-available
zirconium

I think the confusion is why
limit

alloys

alloys,

structure

the

whereas,

same
the

to
as

treat
legacy

breakaway
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distinguishes between currently available and legacy
zirconium alloys.

And that is really because of the

alloying effect on breakaway oxidation.
So,

the

idea

that

in

post-quench

ductility analytical limit you can use Figure 2, what
we are saying is that whether you are a currentlyavailable commercial alloy or a legacy fuel alloy no
longer commercially available, Figure 2 can be proven
applicable.
In breakaway, it is more sensitive to
alloy and so if there is a currently available alloy
available, we would like that one to be tested and
used to support the analytical limit for that alloy.
If it is not physically possible to do testing on an
alloy in the case of legacy alloys, then a default
limit is provided.
MEMBER SCHULTZ:
again and again.

I will do that over lunch and get

you in the hallway.
MR.

I'll have to read it

Thanks.

CLIFFORD:

Okay,

so

the

next

presentation is on implementation for new reactors.
MR. LU:

Okay, I am Shanlai Lu from

staff, Office of New Reactors.
I talk about the implementation for new
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

113
reactors of this fuel.

If you really read this

through, that rule language and particularly for the
new

reactor

implementation

complicated and very lengthy.

sites,

it

is

quite

And simply because we

have many, many entities with different licensing
processes.
And then one of the examples that we have
already approved AP-1000, ESBWR, APWR and the System
80+ and then we have ongoing certification review in
the NRO and we also have approved some of the COL
applications.

And then we have ongoing existing

applicants going on.
So, that is the reason, if you look at
the

language

in

that

part,

it

becomes

very

complicated simply because we cannot name specific
entities in other part of rule language.

So, these

two slides, I just want to simplify that.

I want to

give you a perspective interpretation of the staff,
from staff side.
All right, specifically, we did receive
a comment from the industry regarding the new reactor
implementation for COL holders and they want to have
the

same

fleet.

level

of

requirement

for

the

operating

And so that is the reason we state in the
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rule all COL holders and existing applicants must
comply with the requirements of the rule by the
initial fuel load or 84 months from the effective
date of the rule, whichever is later.
Okay, this part was introduced because
simply there were some COL holders they may hold that
license for a long time with operating the plants.
So, that is one of the reasons we are putting this
language.
So, specifically, Vogtle and Summer, they
made some additional new topical reports to address
50.46c.

So, therefore, we do recommend that they

just follow their operating fleet the same process
and inform the staff early on what is the plan to
have the implementation so that we can plan our
schedule and resources.
And for design certification holders and
existing DC applicants do not need to comply with the
rule until the time of renewal.

The example here is

the APR-1400 and I think US-EPR and was suspended it
but since it is not withdrawn, decided to come back,
we do not need additional new LOCA analysis there.
So, next slide.
We did receive the comments from NuScale
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and we also, after the draft rule was issued and they
did request a public meeting with us, and they showed
us their specific design features of the core.
do not anticipate any core uncovery.

They

So, they said

can you give us the leeways that either put in the
rule specific language to exclude the application of
the 50.46c to NuScale or give us exemptions.
So, we basically value that request and
we decided it is not practical, at this point, to put
a specific rule language into the 50.46c to exclude
that this part of application to NuScale, simply
because we have not done new design certification on
the docket.
in

our

Legally, we do not have any documents

hand

to

say

that

is

possible.

So,

practically, we are saying no, we cannot do that.
But

they

also

talked

about

possible

exemptions regarding the testing for PCT, breakaway
oxidation, the post-quench ductility, based on the
draft

rule.

And

then

we

also

discovered

the

possibility with them, and at this point we are not
making the decisions what exactly can be done until
we see the design certification submittal.
So, at this point, if they resubmit the
design certification of NuScale to us before we issue
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the rule, there is no need for them to comply with
the new 50.46c.
However, after that one, we have to.
then

how

they

are

going

to

achieve

that

And

and

we

understand because of the new design and the core is
not expected to have any uncovery during LOCA or
small-break
their

LOCA.

compliance

Therefore,
with

this

we
new

anticipate
rule

is

that
very

straightforward.
MEMBER SCHULTZ:
have expected.

That is what I would

Did they provide any specifics as to

why they felt they needed an exemption with regard to
the PQD, and the PCT, and the breakaway oxidation?
MR. LU:

Yes, at that time we were still

trying to figure out who would be the fuel vendor for
NuScale.

They initially considered a Korean nuclear

fuel and then now I think they are considering picking
up one of the U.S. fuel vendors here.

So, therefore,

at that time, it is very hard for them to figure out
what exactly the scope of their design certification,
if we have to comply with this part of the rule and
especially a foreign fuel vendor.
MEMBER SCHULTZ:

So, I guess you could

say it was the level of a global concern.
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MR. LU:

That is correct.

MEMBER SCHULTZ:
MR. LU:

Okay.

That is correct.

MEMBER SKILLMAN:

Isn't there something

almost inappropriate with this discussion, at this
point in time?

The purpose for the rule is to ensure

that the fuel is able to perform the way it is
supposed to under loss of coolant accident.
MR. LU:

Right.

MEMBER SKILLMAN:

And I grant, NuScale

has a clever design but they are not fully immune
from a LOCA.
MR. LU:

That's right.

MEMBER SKILLMAN:

And so it is seems like

asking for an exemption for what is truly a cardinal
principle in the first barrier to fission product
release is inappropriate.
MR. LU:
that time.

Right.

That is our view, at

That is the reason we cannot say we agree

or disagree, simply because we have not seen their
specific designs and their final submittal.
So, I do agree that that needs to be
complied and since they do anticipate to have LOCA.
So,

since

they

do

have

the

LOCA

phenomenon,
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therefore,

the

have

to

comply

with

this

50.46c.

However, how they are going to comply at a certain
stage and for example, do they really need to run the
test for cladding?

The offload and they are using

one of the U.S. fuel vendors here.
already got data.
part?

And then they

Do they really have to do that

And we are not in the position to say that

until we see that actual submittal.
But I agree with you that I think they
need to comply with the LOCA rule.
MEMBER SKILLMAN:
MR. LU:

Okay.

Thank you.
Any other questions?

CHAIR BALLINGER:

We are having a sidebar

conversation about how to proceed because we are
about an hour ahead also remarkably.
MEMBER BLEY:

They don't care.

We can't

do -- we could do the first piece and then break for
lunch or we could break for lunch now.
CHAIR BALLINGER:
an executive decision.

Okay, we have to make

Let's break for lunch and

come back five minutes to twelve -- 12:05, excuse me.
I'm dyslexic.
We adjourned until 12:05.

(Whereupon, the above-entitled matter
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went off the record at 11:05 a.m. and resumed at
12:04 p.m.)
CHAIR BALLINGER:
session.

Okay, we are back in

Next up Reg Guide -- or GSI-191.
MR. LAUR:

My name is Steve Lauer, NRR

Division of Risk Assessment.
informed

alternative

of

the

I work on the riskrule,

along

with

my

colleague, CJ Fong, who is also in the same branch.
And what we want to talk about right now
is the changes to the final rule from the Proposed
Rule that was put out for comment a while back.

So,

similar format to what you saw this morning except
for the risk-informed portion.
This slide is the same as you saw Paul
Clifford put out this morning.
about the second bullet.
different

SRMs

told

I'm going to talk

us

When the commission in two
to

add

a

risk-informed

approach to allow resolution of GSI-191 without an
exemption,
rule.

it

required

some

restructuring

of

the

And we will go through that a little bit.
And then this is another repeat slide

with the very bottom one bolded.

In 50.46, there was

no alternative risk-informed approach, although you
could always use Reg Guide 1.174 to request a riskNEAL R. GROSS
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informed exemption, which is how our pilot plan is
actually trying to go through this.
Okay,

so

there

is

basically

two

paragraphs in the rule that talk about the riskinformed approach.

The first is (e), the other one

is (m).
Paragraph (e) has three parts.
one

describes

about.
And

the

what

the

risk-informed

The first

approach

is

The second one is the submittal guidance.
third

one

says

the

NRC

may

approve

it,

basically if you meet the acceptance criteria.
Paragraph (m) has two parts.

The first

is for the deterministic portion of the rule.

The

second is the reporting criteria, corrective action,
and then update requirements for the risk-informed
portion of the rule.
So,

what

does

paragraph

(e)(1)

say?

Well, it is talks, in general, about what this riskinformed approach is.

The risk-informed approach is

virtually the Reg Guide 1.174 approach.
minor difference.

There is a

We talk about risk acceptance

guidelines in the Reg Guide.

Obviously, in this

rule, they become acceptance criteria.

But it uses

the five key principles of risk-informed regulations.
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So, you have compliance with regulation, unless it is
an exemption request; defense-in-depth and safety
margins are maintained, that is the next two; and the
increases in risk are small and commensurate with the
policy statement; and then performance measurements
are employed to make sure the decision was a good
one.
Okay, so on this slide, we point out a
couple of things.

A licensee has to use an amendment

request to be granted this change in their licensing
basis.

And as I mentioned, you have to have a

periodic monitoring program to make sure that the
assumptions are still valid and that the analysis is
updated for plant changes, or procedure changes, or
new data.
In a different presentation, we will talk
about

Reg

Guide

1.229,

which

will

be

also

interesting.
Okay,
comments.

so

we

got

a

number

of

public

For some reason, out of the 600 comments

on the rule, it seemed like almost half of them were
risk-informed and then since we put our reg guide out
separately we ended up with 200 more comments.

We

had a disproportionate number of comments on the
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rule.

But the first one was that people thought that

the risk-informed approach should be valid for the
entire rule, not just for the long-term cooling.
considered this.

We

In fact, we discussed at one point,

maybe making it applicable to short-term cooling.
Our deterministic friends pointed out the error of
our ways and we came to the same conclusion, after
talking about it.
So, basically, the change to the rule was
to clarify and reaffirm that it is only for long-term
cooling.
The second major thing was they said the
requirements aren't clear and that was in a couple
ways.

We had used some terminology like debris

evaluation model, which is no longer in the final
rule, that was confusing.

We had analytical limit,

which applies in a deterministic side.

We had those

words written in the risk-informed part of the rule,
which didn't make any sense.
So, we have reorganized and clarified -reorganized the rule to make it clear that this is a
typical

PRA

application.

So,

when

we

say

core

damage, it is core damage as defined in the ASME/ANS
standard as endorsed by Reg Guide 1.200.

That sort
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of thing.
Okay, the long-term cooling and shortterm cooling were not defined.

In the PRA rule, like

I say, we go with the standard, but in the actual
rule, we require the applicant to define what he means
by the short-term and long-term cooling periods.
And then there was a number of comments,
you know why is all this stuff in the rule when it
could be in a reg guide?

And we really thought we

had maintained a high level of abstraction in the
rule and depended very heavily on the existing riskinformed reg guides.

So, we didn't really change it

a lot but we tried to make it clearer that what we
have described in the rule is consistent with our
risk-informed approach and that the reg guide that we
ultimately produced relies heavily on Reg Guide 1.174
and Reg Guide 1.200 for the technical adequacy.
Okay, I mentioned (m) has three portions.
The first one is reporting.

And we had a number of

debates on this in the working group but, finally, we
basically said if an entity is approved to use riskinformed approach and we accept the risk meeting the
acceptance

criteria

and

the

defense-in-depth

is

adequate and all that, then if they find an error or
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if

they

find

something
of

in
the

plant,

maybe

insulation

they

mischaracterized

some

that

is

actually there.

Under what circumstances do they

have to report?
There

were

comments

on

this

but

we

basically upheld the fact that if they exceed the
acceptance criteria, which is a pretty high threshold
if you think about it, because we are expecting
numbers that are relatively low-risk numbers.
error

or

new

condition

results

in

If the

exceeding

the

criteria, then they would be required to do a report
to the NRC.

The same thing for safety margins and

defense-in-depth if they decrease, although that is
a lot less quantifiable.
So, the public comments.

A number of

people said well, we already have lots of reporting
requirements.

Why do we have to do this, unless it

is a significant risk increase?

And I think our

conclusion was that if it exceeds the acceptance
criteria, that is a significant risk increase.
So, they said the reporting requirements
should be in a reg guide and you should use existing
reporting mechanisms that are already out in the
plant.

So, the rule, it actually does use existing
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requirements.

It references 50.72 and 50.73, which

are the prompt reporting in the LAR program.
We did clarify it and we still believe
that there are high-level reporting requirements in
the rule.

Basically, like I say, if you go by the

criteria, give us a report.
The next section, which is (m)(7), is
corrective action.

But it is the same threshold.

If

you exceed the acceptance criteria, you have to take
timely corrective action to get back within the risk
acceptance criteria.
It

says

in

the

third

requires a license amendment.

bullet

here

it

That is not correct.

We have changed that in a late-breaking revision.
The only thing that would require a license amendment
after they have been approved would be if they want
to change from the methods that are an NRC-approved
license amendment.
So, if a licensee were to find some new
material and they say this, for some reason, just
trips us above the acceptance criteria for risk, then
they

could

take

action,

such

as

removing

it

or

encapsulating it or something, or maybe sharpening
your pencil.

But if they sharpen your pencil too
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much or it is a different method, they would have to
come in for an LAR.

Otherwise, they would just make

the report, take the corrective action, and they
would be done.
MEMBER SCHULTZ:

Steve, what is the time

requirement on the corrective action?
MR. LAUR:

For the timely?

MEMBER SCHULTZ:
MR. LAUR:

Yes.

I would like to defer to Geary

Mizuno, who I happen to see in the audience, since he
wrote that work.

We did not put a time frame in the

reg guide and the rule certainly didn't have one, it
just says timely action to restore it.
MEMBER SCHULTZ:

Well, I understand 72

and 73, 30 days and -MR. LAUR:

That is for the reporting,

right, but for the corrective action -MEMBER

SCHULTZ:

I

would

think

corrective action is, I would think you need to make
an operability determination and if you determine
that you are not operable, you shut down and you fix
the situation.
MEMBER BLEY:
MR. MIZUNO:

Geary has arrived.
This is Geary Mizuno of the
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General Counsel for the NRC.

And we did not put in

a specific time period for timely, which was an option
because we felt that we could rely upon existing
processes and existing practices.

And so depending

upon when you are in an Appendix B space or other
space,

we

would

use

our

existing

process

for

determining whether something was timely or not.

And

again, presumably, we are going to using a riskinformed approach to determining whether something is
timely.
Again,
general

concept

that
that

is
the

consistent
rule

with

should

not

the
be

prescriptive but more performance-based and we will
see how it works.
that

if

we

As an agency, we can always revisit
find

out

that

the

industry's

implementation of the process is not meeting our
expectations.

But generally speaking, the concept

was that we would not define the specific period in
the regulations.

That was a choice on our part.

MEMBER SCHULTZ:
MR. LAUR:

Okay, thank you.

Now, from a practical matter,

for our pilot plant, they were worried, I guess on
the other side, what if you find something and NRC
feels it is inoperable and they are not sure or they
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don't know how to make a call.

So, they are working

with us to develop a tech spec and assuming they come
up with -MR.

FONG:

Well,

I

would

say

that

proposed a technical specification change in their
license amendment request that we are reviewing.

And

we are going to kind of have an open mind out that
and

hopefully

capture

some

lessons

learned

and

incorporate that into, if we need to, into a Reg Guide
1.329.
MR. LAUR:
precedent.

But it will certainly be a

If we come up with a tech spec like we

have already proposed one and we are looking at, as
Gary pointed out, something that is somewhat riskinformed, which is kind of new ground.

You know not

necessarily risk-informed operability but some risk
insight into how long they can have to either redo
the

analysis,

sharpen

a

pencil,

or

take

the

insulation out, for example, then that would be a
precedent that we would probably use for all of the
applicants after that.
MR. FONG:

And that is consistent with

our internal guidance on operability.
either

operable or it is not.

Something is

You don't risk-inform
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operability.

However, the timeliness of corrective

actions can be informed by the risk significance of
the condition.

So, that would be right in with our

internal guidance.
MR. LAUR:
that

said,

and

you

But we had public comments
can

see

on

this

slide,

that

corrective actions would be the same as those for
existing risk-informed evaluations.
what those are.

I don't know

And so we maintained in the rule we

noticed we did not accept that comment.

We said you

do have to take corrective action, in this case, to
get it back to where you meet the acceptance criteria.
Okay and this is a new paragraph because
we reorganized it but this was already in the original
rule.

We said this analysis would need to be updated

no less frequently than every 48 months.
If an entity looks at this risk analysis
and considers the methods and data and that sort of
thing and nothing has changed, no modifications, no
procedure

changes,

requirement.

then

they

have

met

this

But the point is, they can't just put

this on a shelf and never look at it again.
And the public comments were it should
only be required if you have a facility change.

In
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other words, one specific comment said this should be
event-triggered, rather than time-triggered.
A little bit later, we will talk about
things like NUREG-1829, the LOCA expert elicitation
having a shelf life of 15 years.

But it is possible

that we will have future work on LOCAs or maybe -let's hope not, but future events that would change
the frequency.

Something like that you wouldn't want

to just wait for somebody to do a plant mod.

You

would want them checking at least every four years
that this analysis still comes up with appropriate
risk numbers and defense-in-depth and safety margins
are acceptable.
MR. FONG:
this.

You have got walkdowns to figure out what your

latent debris is.
got

There is a lot that goes into

insulation

You have got coatings.

types.

Some

people

You have

might

certain procedures to refill their RWST.

credit

You have

got assumptions about LOCA frequency.
Given all the different inputs, the staff
thought it was appropriate to have regular update,
where you take a look around and say okay, I don't
think I have made any major design changes but let me
make sure my assumptions are all still good.

We felt
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that

48

months

for

two

refueling

outages

was

a

reasonable interval for doing that.
MR. LAUR:

We had one that is called

additional comments that is not strictly part of the
risk-informed
guess.

approach

but

it

is

a

byproduct,

I

There are three general design criteria in

the Proposed Rule that we added a sentence or two
that said for the risk-informed approach, that takes
debris off the table for those three general design
criteria.

And the public comment was well, what

about GDC-19, which was the control room and 10 CFR
50.67, which is an alternate source term.

And I

believe this is because the pilot looked at it and
said they might not be able to meet 50.67 or maybe
the control room dose with debris.
MR. FONG:

For some of the scenarios they

evaluated in the risk-informed analysis.
MR. LAUR:

And so, unfortunately, we are

still considering, as we haven't come up with whether
it needs to be or not.

But if it needs to be changed,

it will be the same sentence or two that we put on
other GDCs.

You need a risk-informed approach that

takes debris off the table for that purpose.
Okay, conclusions.

Before I go to the
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conclusions -- okay, after I go to the conclusions,
I want to talk about something else.
There were a number of changes we made to
the Proposed Rule but most of ours were to clarify
the places that we thought were crystal clear when we
put it out and later on we figured out they weren't
that clear.

For example, do you have to do the

deterministic analysis if you do the risk-informed
analysis.

And the answer is yes.

You just have to

do it without debris, without considering debris in
there.
We do intend to limit the use of riskinformed evaluations to long-term cooling and not the
other parts of the rule.
This third bullet is, I guess, the other
topic.

When the Proposed Rule went out, there was

no limitation on the scope of who could use it.

And

we had some discussions and a nonconcurrence was
written

by

yours

truly

that

it

didn't

seem

appropriate that someone would use this rule -- this
risk-informed alternative to bring insulation into an
already clean plant.

And so we have now, we have

actually settled on some words but we basically are
saying our intent is that this be used for existing
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conditions that could not have been foreseen or where
it is prohibitively costly or something removed but
not for a modification to an existing plant or for a
new reactor to justifying bringing in the problematic
debris sources.
And then the final thing is in the next
presentation we will talk about the reg guide but we
are

currently

finalizing

the

guidance,

reg

guide

1.229 that implements or provides guidance on how to
implement the alternative risk-informed approach for
addressing debris effects on long-term cooling.
Questions?
MEMBER
additional

Perfect.

SCHULTZ:

debris

be

condition, perhaps?

Why

considered

wouldn't
an

the

emergent

Or is that --

MR. LAUR:

Well you mean if you walked

down and found that it was already there and you
didn't know it?

What do you mean by -- are you

talking about bringing in -MEMBER SCHULTZ:

An emergent condition

seems like something that either you didn't know it
or -- I'm just picking on the word emergent.
MR. LAUR:

Okay, let me read the actual

latest word.
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anymore.

MEMBER SCHULTZ:

Okay, good.

MR.

doesn't

LAUR:

It

use

that

word

What we are adding to the rule and we are

actually adding it right in the middle of this (e)(1),
it says an entity may request to use the alternate
risk-informed approach for design modifications or
new reactor designs that are just debris sources only
if

the

entity

demonstrates

that

there

is

a

significant safety or security issue that cannot be
practicably addressed by either means.

So, emergent

is kind of a sloppy way of saying it.
But GSI-191, if everybody knew at the
beginning of time that that was a source of debris
and whatever, that we have designed, okay but now we
know that.

I can't think of another example, but the

idea is if you build a brand new plant -MEMBER SCHULTZ:

That is a good example.

Go ahead.
MR. LAUR:

But if you build a brand new

plant, you can design against that.

And there is

places in Part 52 where we are supposed to learn from
operating experience and incorporate those into the
design.
in

and

So, you wouldn't want to have a plant come
say

well,

we

can't

pass

the

ECCS
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deterministically in accordance with Paragraph (d).
We want a risk-informed to show how low the risk is.
We don't think that is good design practice.
MEMBER SCHULTZ:
MEMBER BLEY:

Understood.

Thank you.

Could you read the change

again?
MR. LAUR:

You mean so you can type it

in?
MEMBER BLEY:
specific words.

No, so I can -- there are

We will have it typed in in the

transcript.
MR. LAUR:

I forget where exactly it goes

in that paragraph, in the middle I think.
MEMBER BLEY:
MR. LAUR:
the

alternate

Okay.

An entity may request to use

risk-informed

approach

for

design

modifications or new reactor designs that introduce
debris sources only if the entity demonstrates that
there is a significant safety or security issue that
cannot be practicably addressed by other means.
MEMBER BLEY:

We have had this discussion

on other issues with the staff.

Unless, there is

some legal definition of practicable, the English
language definition is able to be done or put into
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practice successfully.
it

a

practical

It has nothing to do with is

thing.

Is

it

scientifically

engineering possible to do it?
I don't think that is quite the word you
guys mean.
MR.

LAUR:

You

think

it

should

be

possible.
MEMBER BLEY:

Well that is kind of what

it says.
MR. LAUR:

Okay, we will take that under

advisement with our legal staff -MEMBER BLEY:
MR. LAUR:

Okay.

-- who is intimately involved

with writing this.
MEMBER BLEY:

We have that language in a

lot of places and, at least in all the dictionaries
I have looked at, it is troublesome if somebody holds
you to what it means.
MR. LAUR:

I thought you were going to

note that practicable starts with PRA.
(Laughter.)
MR. MIZUNO:

This is Geary Mizuno of the

Office of General Counsel again.

We chose the word

practicable because we intended to make clear that a
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solution would have to be one that is actually usable
from a real standpoint, not just that it is quote
potentially

feasible

or

it

is

something

that

technically you could come up with as a conceptual
design but it is actually able to be done.
MEMBER BLEY:
your intent.

That is what I thought was

That is not the definition of the work

in any dictionary I have looked in.

So, that is why

I brought it up, Geary.
I did notice the Oxford Unabridged is
back in the corner of the room.
MEMBER SCHULTZ:

It is.

Steve, can we

go back to Slide 8?
MR. LAUR:

Let's see.

MEMBER SCHULTZ:

Probably.

The corrective actions.

Perhaps I just missed some of the explanation that
you provided already.

I understand the first two

bullets but I don't quite get the connection between
those and the third and fourth bullet.
MR. LAUR:
longer correct.

Okay, the third bullet is no

We originally said that if you

exceed some of the acceptance criteria, get back
within

compliance

and

submit

a

license

amendment

request.
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MR. FONG:

It says or now.

MR. LAUR:

What's that?

MR. FONG:

It says or, right?

MR. LAUR:
fix.

Oh, or.

Okay, that was the

I'm sorry you are correct.

to do that in every case.

We originally said

And we had a public comment

that said why would you do that if you restored it
back to your licensing basis.

So, we took it out.

But I think we took it out entirely but we put back
in (e)(1) is to make sure this didn't fall through
the crack on 50.59.

And we said look, if you change

the methods, that needs an LAR.

It needs prior NRC

review and approval.
But for the -- what this is trying to
say, I don't think you would need a license amendment
unless you change your methods.

But if you get back

within the acceptance criteria, then all you would do
is report.

That is the extent of your corrective

action is to get back within the -- I can't imagine
that we would -- since the acceptance threshold is
the acceptance criteria, then it would be futile to
submit a license amendment saying hey, let us stay up
here above them because we are unlikely to approve
something like that.
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So,

I

believe

we

took

the

license

amendment request out of the rule except for where
you say if you change methods, you have to submit
one.
MEMBER

SCHULTZ:

explanation, it helps.

With

your

added

What I was getting to is also

that the first two bullets are talking about when you
would create a corrective action.
either

of

those

cases,

you

Is that right?

would

be

In

required,

expected to create a corrective action and that would
have it in your program.
And then the second, third, and fourth
bullets are potential outcomes.
MR.

LAUR:

Yes,

it

is

not

parallel

construction.
MEMBER SCHULTZ:

Okay.

They all started

the same way, requires that, and so on and so forth,
and then the or at the bottom.
me.

So, that satisfies

Thank you.
MR. LAUR:

move on?

Other questions?

Shall I

Can I get Steve Smith, my other colleague?
Okay, so added to our little group here

is Stephen Smith of the Division of Safety Systems in
NRR.

I think it was mentioned in the introductory
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material that we were on a delayed track from the
other three reg guides in the proposed for a couple
of reasons.

And one being that we were still in the

beginnings of the pilot application review and we
wanted to have as much experience with that to inform
our reg guide.
So, at one point in time I, for some
reason, volunteered to lead a writing team and this
is the writing team.

We also had the help of a

consultant, Southwest Research, for writing it.

It

turns out we didn't have much time during the public
comment period to use them for that part.

So, the

three of us are responsible for what turned out here.
Okay, so this Reg Guide 1.229.
issued

as

comments.

Draft

Guide

1322.

We

It was

received

217

Fortunately, some of them were identical

to what were on the rule.

And it was kind of amazing

to us that we thought we were such great writers and
people said I don't understand.

You know you have

this detailed approach and right in the middle you
say oh, if you are doing a simplified approach, you
can jump over here.

And they said you should have a

flow chart, you should have something.
to read it.

And we tried

We couldn't figure it out either.

So,
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we fixed that.

In fact, we made a number of things.

The Reg Guide is applicable -MEMBER
chart.

BLEY:

You

didn't

use

a

flow

You just changed the wording.
MR. LAUR:

Yes, we made two appendices

instead -MEMBER BLEY:
MR. LAUR:

Okay.
-- and said go here or go

there because a flow chart was going to be harder to
draw.
But okay, so this has acceptable methods,
like any reg guide.
to

any

entity

We say up-front it is applicable

but

we

have

a

caveat

we

necessarily know about the other entities.

don't
All we

really have experience on right now is our pilot
application and a lot of the things like this WCAP I
reference here or the 15 grams per fuel assembly are
PWR specific.
When we reorganize this, which I will go
into in a minute, as a result of public comments, the
body of Part C, which is the regulatory positions is
if you just looked at the headings is generic.

And

if you do all those things, hopefully you have got a
risk-informed approach that you can submit.
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And
Appendix

B

is

then

Appendix

another

method.

A

is

one

And

then

method.
future

appendices can be added for when we get boiling water
reactors or whatever is next.
Okay, I think I have already covered the
separate path part.

I pointed out that we had over

200 comments.
We really thought we had a good product
and it was in concurrence and the Office of Research
has some experts on how pipes break and a few other
things and they raised several substantive issues.
And as a result of that, CJ has done an amazing amount
of work working with the principles and research to
come up with what can we publish that has a technical
basis, something we can stand behind.

And we will

go over that toward the end of this presentation.
So, this is just an outline of Section C
of like I said, the generically applicable portion.
The first part describes a systematic risk assessment
of debris, which, in the rule, we talk about you have
to have at least an internal events at-power PRA.
And you have to some other way to cover other modes
and other hazards.
And then you obviously have quite a bit
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of detailed traditional engineering work to support
a PRA, such as debris generation, transport and how
strainers react to those things.
So, we describe that in the first part
and then we have a whole section on initiating event
frequencies because that is where a lot of these
comments come in.

Typically, in a PRA, we have

initiating event frequency that is plant-wide.
you have loss of offsite power.

So,

You look at the

entire industry and you figure out your own plantspecific data, for example.
But where, we have phenomenon that are
location-specific, more like a fire PRA or something.
So, you have to somehow have a technically valid way
of partitioning plant-wide frequencies that we have
in our expert elicitation NUREG down to individual,
for instance, a weld if it breaks.

Well, what is the

chance of this weld compared to that weld?
may be near debris.
area or something.

This weld

This weld may be in a concrete
So, we talk about that in a lot

of detail.
And then we had a section on defense-indepth and safety margins in the draft and this is, I
guess, pretty much the same.

Reg Guide 1.174 has
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seven bullets that discuss defense-in-depth and they
are at varying orders of abstraction or varying -- I
mean some of them are real specific and some of them
are real broad like fission product barriers.

That

is pretty fundamental and some of them don't have an
over-reliance on programmatic activities.
So, we thought it would be useful in this
reg guide to say how do each of those bullets apply
to the risk-informed treatment of debris.
thought that that was pretty good.
got very many comments on that.

And so we

I don't think we
That pretty much

stayed the same.
Uncertainty -- we are kind of uncertain
about that, I guess.

We had a number of things in

the original reg guide that said and oh, by the way,
don't forget the uncertainty.

And we had about five

or six places and some of the commenters said look,
this is ridiculous.

You say the same thing over and

over again, why don't you put it in one place.

So,

we not only consolidated it but CJ did some research
and we found -- we already referenced, I think NUREG1855 but it turned out that that NUREG, at least one
section of it, handles everything we need.

So, we

basically endorsed that reg guide, that NUREG in this
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reg guide for handling of uncertainty.
The monitoring program was mentioned in
the statements of consideration of the rule.

There

was public comment that caused us to put it explicitly
in the rule itself.

And so we added a section in the

reg guide to talk about a monitoring program.
Quality assurance is new.
the original reg guide.

It was not in

This comes from experience

with the pilot application.

For some reason when you

say QA and PRA, people start getting nervous because
we typically don't use Appendix B QA.

But reg guide

1.174 has a section on QA and it says if it is a
safety-related -- if it is a risk-informed submittal
regarding or involving safety-related SSCs, then four
specific portions of the Appendix B, the intent of
these four portions of Appendix B should be applied.
It doesn't say you have to be Appendix B and people
seemed to miss that.

So, we just put it explicitly

in the rule, actually, and also in this reg guide, a
brief comment about it.
Periodic update was added for this, since
the public comments.

It was in the rule always but

we added it as a separate part.
Reporting and corrective actions, there
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is not a whole lot there.

It basically repeats what

the rule said in a little more detail.
And

then,

submittal guidance.
application.
description
program.

We

example,

your
also

defense-in-depth.

the

last

one

is

What we want to see in the

For
of

basically,

we

monitoring
want

the

want

to

program,

risk

numbers

see

a

your

QA

in

the

But basically, it lays it out

pretty well, I think.
Now, to address the issue of -- they
couldn't figure out where they were in the procedure
because we didn't have a flow chart.

We took this

detailed approach, which is patterned after the pilot
application's original submittal, which has a very
detailed phenomenological model that feeds into a
relatively simplistic PRA model, but they identified
I think it was seven failure mechanisms that rolled
up into three new basic events in the PRA model they
could solve.
So, that is what we had at the beginning
of our drafting this reg guide and so we basically
describe that plus some things we discovered when we
were doing the review.
I don't want to read through these unless
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you have a particular question on it but this is like
the Cadillac version of analysis, where you try to
get more realism than what the simple method is.
While we were doing this reg guide, the
pilot application, a licensee decided to change it to
a simplified approach.

They said if we can do a

deterministically satisfactory test and show that
here is the threshold, you know this much debris is
the magic number; above that you are going to result
in strainer failure or core clogging; and below that
you are okay, then why can't we just use that as a
go/no-go for every potential scenario.

And if it is

below that, we say you can't damage the core.
is

above

that,

probability of 1.

we

assume

core

damage

If it

with

a

That is to simplify it.

So, like I said, we kind of put that in
the middle at the last minute on the draft.

But here

what we did was we just said okay, we have got a
stand-alone

appendix.

If

you

want

to

do

the

simplified approach, you just go to Appendix B.
Now, there is a lot of things that you
can see here that you have go back to A and do the
scope. The scope is the hazards and all the modes of
what is the scope of the analysis.
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The big difference is in B-2, impact of
debris.

Like I said, it is plant-specific test

results that were used for your acceptance criteria.
MR. FONG:

Can you go back one slide,

Steve?
MR. LAUR:

Well, I could.

MR. FONG:

Yes, I think it is important

to point out here that you will see a lot of sort of
steps in this process, for example, debris source
term, transport, strainer evaluation.

What we did

here was our goal was to not reinvent the wheel.

So,

there is existing staff guidance on how to do a lot
of the analyses or steps.

For example, Reg Guide

1.82 contains a lot of that guidance.
So, we were able to leverage a lot of
existing work that the staff had done in testing and
whatnot to build out this portion of the reg guide.
And that was one of our goals was to try to use, where
we could, use existing staff-approved methods.
MR. LAUR:
MEMBER

Any questions so far?

SCHULTZ:

And

as

you

go

to

Appendix B, the content that is expected in each of
those sections is the same as would be provided if
you were using Appendix A?
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MR. FONG:

The big difference in Appendix

A is when you get to the part where okay, I have got
a certain debris load at this strainer.

In Appendix

A you are doing a time versus head loss curve, based
on assumptions about thermal hydraulic conditions,
chemicals, all kinds of stuff and you have this model.
Whereas,

in

the

simplified

method,

you

are

just

comparing that debris load to a test and that is just
a go/no-go.
same.

A lot of the other elements are the

The main difference really is what happens

when all this stuff gets to the strainer.

Are you

doing a semi-empirical time-dependent calculation or
are you just doing a one-to-one comparison?
MEMBER SCHULTZ:
be,

then,

in

each

of

The expectation would

these

areas,

you

would

be

providing the same level of information for review.
MR. FONG:

Yes.

MEMBER SCHULTZ:
MEMBER

Okay, than you.

SKILLMAN:

What

enables

a

licensee to choose A versus B?
MR. LAUR:

Their choice.

MEMBER SKILLMAN:
MR. LAUR:

What?

Well, first of all, there are

some challenges in the A in that some of the things
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like the correlations -- I guess Steve would be better
to answer that.
MR. SMITH:

I will just really quickly.

The pilot attempted to use a correlation which has
been

before

at

least

the

thermal

hydraulic

subcommittee, the ACRS before, and there has been a
lot of issues noted with the use of that correlation.
So, we basically said look, we can't accept you guys
using this correlation.

That is why they switched

to the simplified approach.
What we envision for the future is that
some plants may need to use a correlation because
they might not have the levels of margin that the
pilot

plant

has

but

if

they

do

have

to

use

a

correlation, they are going to have to do testing.
So,

it

is

going

to

have

to

be,

instead

of

a

theoretical correlation, it is going to have to be at
least a semi-empirical correlation where they have
several test results that represent their plant to be
able to use it.
MEMBER SKILLMAN:

So, would one think

that most users would be appendix B, unless there is
a hardship case, in which case they have got to do
Appendix A?
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MR. SMITH:

If they have enough margin,

it would certainly be better for them to use Appendix
B

because it will be a much simpler evaluation.
MEMBER SKILLMAN:
MR. LAUR:

draft

guide.

For

Thank you.

Okay, so changes from the

the

most

part,

other

than

reorganizing the whole thing, we added what we think
is clearer language.
We

maintained

our

position

that

hazards and all modes have to be addressed.

all

A lot

of the public comments were to the effect that well
this should just be LOCAs because this rule is about
LOCAs.

And we said well, no, risk-informed our

position and our practice in the Agency is all modes
and hazards important to the regulatory decision.
Now, it should be relatively easy, I think it is
relatively easy to screen out a lot of those things.
And the pilot plant did that and they even used some
screening criteria that we thought were good enough
we put in the reg guide.

It shouldn't be a huge

burden anyway.
I already mentioned reorganizing.
then the detailed approach is Appendix A.

And
It is

basically the same as it was in the draft guide it is
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just now it is an appendix and we moved the little
simplified method and put it elsewhere.
The middle bullet here, I guess, is the
big thing.

NUREG-1829 was the expert elicitation of

LOCA frequencies that was commissioned to do the
technical

basis

for

50.46(a),

the

large

redefinition rule, which is still around.

LOCA

It is just

in abeyance right now.
And

that

provides

plant-wide

LOCA

frequencies in terms of tables and/or curves that
are, I guess not exceedent.

Anyway, it's probably

having a LOCA this size or larger at indiscreet
equivalent break sizes that were elicited during the
expert elicitation.
So,
guide.

that

bring

sups

to

the

research

I don't know if I should go over the slides

the way they are.

Maybe I should.

The first thing, the version of 1.229 we
put out recently, before we had research comments,
had several things described in it how you can take
these plant-wide LOCA frequencies and use them at
locations.

So, there is two approaches.

One is

called the bottom-up approach.

That is where you

take

the

degradation

mechanisms

in

weld

and

the
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service conditions and whatever else, and somehow
calculate

a

failure

probability,

probability at that weld.

annual

failure

That was something that

was presented at the ACRS a long time ago by South
Texas when they came in years ago.

And I don't know

where the criticism came from but some people in the
staff said first of all, it doesn't add up to the
expert elicitation frequencies.

It is lower.

And

there were questions anyway.
So, they came up with a top-down approach
that took that specific weld-by-weld information and
said well, that gives us the relative contribution
and we can just normalize that to the -- okay.

So,

bottom-up or top-down.
So, in our reg guide we said well, those
are two approaches that can be used.

We came up, as

a result of talking to research and getting some
comments, we came up with an interim thing.

We said

okay, here is three different ways you can do it,
starting with the easiest and most bounding down to
the most detailed, and this is a sub-bullet of the
second, the smallest critical break location.

You

could say, and this is assuming we are only looking
at LOCAs at welds.

Okay?

We also have to be
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concerned with non-weld locations, et cetera.
So, at these welds, if you took every
weld in the plant of interest and said well, how much
debris can they produce, and if you had one of these
tests that said here is my threshold, maybe you end
up, let's say you end up with 50 welds that are the
only ones that are in the right location and that
size-wise can produce enough debris to fail the core
or the sump.

Then you could say, the smallest one

of those has the highest frequency of occurrence.
So, you could take the smallest one of
those, use the NUREG-1829 curves, interpolate, using
some appropriate interpolation method, and say okay,
the chance of having a LOCA that size or bigger is - I'm going to call that core damage frequency.

So,

if it is five times ten to the minus seven, it can't
be any worse than that because I have bounded all the
welds.
MEMBER RICCARDELLA:

I'm sorry.

And if

for those welds, you are assuming a probability of
failure of one.

Right?

MR. FONG:

The condition of core damage

probability of one.
MR. LAUR:

Yes, right.
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MR. FONG:

And just to be clear, on the

example Steve gave, let's say you only had one weld
location that was a six-inch by, you would find the
frequency for a six-inch or larger LOCA and you would
take that core damage hit for all of that frequency.
So, it is a very simplified upper bound approach.
MR. LAUR:
sorry.

But then it turns out --

Oh, I thought you had a question.
MEMBER BLEY:

I do but I will wait.

You

are in the middle of something.
MR. LAUR:

Well, this is where we were.

Let me see -- I have got to see what the next slide
says here.

This is what I was going to say next.
We are not pipe experts.

We can say that.

Is that right?

But if you assume that the pipe,

if it is a LOCA at a weld, if you assume that it is
always going to completely sever, then the method I
described,

the

conservative.

highest

method

there

would

be

But if the pipe can only partially

break, in other words, let's say you have a 16-inch
pipe, but it turns out that a 12-inch break at that
location would still shred off enough debris to clog
you,

then

the

frequency

of

the

12-inch

break,

according to the NUREG, is much higher than a 16-inch
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break.
So, the question is how do pipes break.
Do they break, you know I mean not necessarily a
double-ended
separate.

guillotine

but

maybe

they

don't

But given that you a have break, is it a

complete break or can you have partial breaks?
if you can have partial breaks, what range?

And

Can you

have a one-inch break off of a 41-inch break?
MR. FONG:

It's worth pointing out that

the NUREG-1829 talks about that qualitatively but
doesn't really give you a number.

So, it will say

we talked about 12-inch equivalent break size.
could be complete rupture of a 12-inch pipe.

That
It

could be a 12-inch equivalent opening on a 31-inch
pipe.

It could be a double-ended guillotine of about

a 9-inch pipe or so, creating an effective size, when
the two halves deflect.
MEMBER BLEY:
we looked at that.

It's been a few years since

I thought their claim back then

was that the frequencies they generated -- no, they
had some simplifying rules in it.

No, I think you

are right.
MR. FONG:

They determined according to

the flow rate.
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CONSULTANT

SHACK:

I

think

what

they

argued was that it was dominated by the breakaway
pipe.

That is, if you wanted a 12-inch break, you

looked at a 12-inch pipe.

And yes, there were breaks

in 12-inch pipes and 36-inch pipes but the dominant
frequency was.
MR. FONG:
yes.

And some people have said well, that is 51

percent.
nail

There is words to that effect,

down

Right?
a

I mean so, we haven't been able to

more

quantitative

satisfying

way

to

allocate that frequency.
CONSULTANT SHACK: I would agree that is
a major problem.
MR. LAUR:

So, our latest thinking that

we believe we have a consensus on is that if you do
a bounding approach but you vary the size of the
break, in other words you look at all your welds, you
vary the size of the break down to where you find
that critical value at that location that produces
the tested amount of debris, in other words, the
go/no-go number, if you find the smallest one of
those, then you are certainly bounding.
the

pipe

can't

conservative.

break

that

way,

you

Because if
are

very

If it has to break as a full rupture
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of the weld, then you are very conservative if you
had to back it off.
I don't know whether plants can pass that
acceptance criteria.

It looks like the pilot could

because it turns out the smallest pipe we have seen
happens to be a double-ended or happens to be a full
pipe diameter.
But

anyway,

we

need,

like

I

said,

guidance or we need to add guidance on how to treat
that.

The way we are treating it right now is just

assuming that it can break any size up to its full
severance.

And

then

that

gives

you

a

bounding

initiating event frequency which you are setting the
core damage.
And

then

also

as

a

result

of

the

comments, I think CJ has already addressed these,
they

said

well,

you

left

water

hammer

considerations and the seismic-induced LOCA.

So, we

have added that in there.
MR. FONG:
MR. LAUR:

out

the

Right?

We have, yes.
But not in the version, the

redline strike-out version.

I can't remember.

It

may or may not have been in the version we sent you.
MR. FONG:

Yes, it is in there.

I think
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we have added some additional guidance.
CONSULTANT SHACK:

You have thrown out

the interval type of arguments to Appendix C?
MR. LAUR:
that.

We're still thinking about

You game the intervals is the problems.
CONSULTANT SHACK:

Are you throwing out

the interval-based arguments that were in Appendix C?
MR. FONG:

Our plan right now is we think

that the bounding approach, as Steve mentioned, has
consensus, at least at the staff level.

We want to

move forward with that and continue to develop an
interval more realistic approach.
CONSULTANT SHACK:
it would be difficult to pass.
MR. FONG:
difficult?

That would seem like
I don't know.

Difficult?

Why would it be

You mean to pass the bounding approach?
CONSULTANT SHACK:

Yes, I mean it would

be bounding.
MR. FONG:

Yes, I think the idea of long-

term is that if someone can come in, do this bounding
conservative approach and show they meet the risk
acceptance
We're good.

guidelines,

great.

It's

efficient.

We're done.
If they get a result that they can't live
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with, it doesn't meet our guidelines or that needs a
margin or whatever, then they would go back and do a
more detailed realistic look, which will take more
work both from the licensee to do the analysis and be
a burden on the staff to review it but we wouldn't
jut jump to that unless we have to.

I think that is

the goal on how we want to do this moving forward.
MEMBER BLEY:

Not to show my ignorance,

but did we get a draft that had an Appendix C in it?
CONSULTANT

SHACK:

If

you

dug

hard

enough, you found it at Reference 6.
MEMBER BLEY:
CONSULTANT

Okay, I missed that one.

SHACK:

It

is

a

draft

of

Appendix C.
MEMBER BLEY:
MEMBER REMPE:
yours?

Okay.
What date do you have on

Mine says March 2014.
MEMBER BLEY:

No, no.

There is a March

one, and then there is an April one, and then there
is this one we just got very recently, which doesn't
have an actual date on the document but the file date
is -MR. FONG:

A month ago or so.

MEMBER BLEY:

Yes, roughly.
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MEMBER REMPE:
to the Commission?

What version is going in

You said you have a version right

now that you are making changes to?
MR. LAUR:

Well, I printed out the one

we sent you, I thought.
MEMBER BLEY:

Which has a question mark

and a 2016 up at the upper right.
MR. LAUR:

Yes, and it has got a big

caveat paragraph on the front.
MEMBER BLEY:

Yes, that is the latest one

we got but that came pretty late, as I recall.
MEMBER REMPE:
MEMBER BLEY:

Okay.
And I missed the one with

Appendix C.
MR. LAUR:
Appendix C.

Well, there is a reference to

Did we actually include it?
MR. FONG:

We provided Appendix C, yes.

MEMBER BLEY:

It's a separate file, then.

CONSULTANT SHACK:

It took a while to

find it but yes, I found it.
MR. LAUR:
CONSULTANT

It was a separate file.
SHACK:

It

was

a

separate

file, right.
MR.

LAUR:

Appendix

C

originally
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described those three I mentioned, what we thought
was bounding before.
CONSULTANT SHACK:

The original bounding

version.
MR. LAUR:

Yes, but the interval -- I

mean if you look at the NUREG-1829 values, you can
easily interpolate using linear or semi-log, or loglog, whatever.

And so you say okay, here is like --

you give me a size, I can give you a frequency.
And as CJ pointed out in this Appendix C,
you could do intervals.

And so it make sense in, I

guess, a hypothetical example that CJ developed, you
have got some 13-inch critical wells and some 16-inch
and you have got some other pipes and you can go
through, define these intervals, and come out with an
effective core damage frequency.

But the problem is

is it looks like it would depend on how you selected
intervals in order to slice them fine enough to where
the problems are, and keep them real wide where the
problems are not, you might be able to game the
system.

So, we're still thinking about that one.
MEMBER BLEY:

one.

We're worried about that

I didn't think -- I thought I solved that

problem but that certainly -- yes, that slice and
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dice always becomes a problem.

But the way you

included the above ones, I thought -MEMBER BLEY:

Yes, I think that takes

care of it.
MR. FONG:

I'm trying to convince other

folks of that, too.
MR. LAUR:

If we can convince ourselves,

or if you can help.
CONSULTANT SHACK:

Well, you still have

the partial break problem.
MR. LAUR:

Yes, the partial break problem

is a big one and then the integral slice is one.
MEMBER BLEY:

And we had a big discussion

about that back when those others brought that in
because although they claimed or somebody that they
used claimed that full circumferential breaks are
what you normally see.

You see a lot that aren't.

I know that.
CONSULTANT

SHACK:

No,

I

think

likelihoods were dominated.
MEMBER BLEY:

Which was hard to buy, I

think, at the time.
MEMBER RICCARDELLA:
are

comparing

the

I think maybe you

likelihood

of

a

full
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circumferential say

of an 80-inch pipe versus an

equivalent sized break in a much larger pipe.

And I

think they conclude that the former is more likely.
MEMBER BLEY:
CONSULTANT

That is what they said.
SHACK:

That's

what

they

conclude.
MEMBER BLEY:

They didn't have enough

stretch to back it up.
CONSULTANT SHACK:

Less than rigorous,

let's say.
MEMBER BLEY:

I think for real small

pipes, there was a strong case but as you start
getting to bigger pipes, I don't think so.
MR.
challenge.

FONG:

That

seems

to

be

the

We've talked to fracture mechanic folks

and folks in our materials group.

I don't think most

people would argue that you are going to get a twoinch break on the hot leg.

And that is more likely

than a small instrument line break or something.
where is that line?

But

When we start getting eight- or

nine-inch break, is it more likely to be a partial
break

on

the

primary

loop

or

you

know

a

safety

injection header or whatever?
So, there is some kind of qualitative
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help out there, both in the 1829 guidance and also in
talking to staff out here.

But as far as quantifying

that in a way that could be used to calculate risk,
we are just not quite there yet.
MEMBER BLEY:

But at least from one of

your ways, you are assuming that the frequency of
greater than a four-inch break could apply to any
size pipe that if four inches and above.
what you are saying.

That is

That is where I think it says

we are okay.
MR. FONG:

Yes, that one way, exactly.

MEMBER BLEY:

We shouldn't have a real

problem.
CONSULTANT

SHACK:

No,

that

one

is

conservative.
MEMBER BLEY:

Maybe.

Is it?

I don't

know.
CONSULTANT SHACK:

I think it probably

is but it is the one that I think you can get
consensus agreement.

And I think everything else

will involve a considerable amount of discussion.
MR. LAUR:
to

the

question

that

Right and I think the answer
was

asked,

which

version.

Because I believe we are going to strip out the other
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two unverified method, anyway, and just go with this
one.

And say other approaches need to be justified.
We may have to issue this for trial use

or we may have to have another revision sooner than
planned.

But it has to have a valid technical basis,

obviously, and that one is conservative enough to do
that.
MEMBER BLEY:

Since you have had a little

break in the flow of things, let me ask the question
I wanted to ask a while back.
I think you have covered this now.

In

the March draft, there was some language about things
that

the

April

draft

called

the

four

inclusion

criteria.
MR. LAUR:

Yes.

MEMBER BLEY:
still in Appendix A.

And those four criteria are

Then in the March draft, the

way it says you could meet those, my concern was it
would encourage people to do one easy calculation and
show that you don't meet one of those and not think
fully about all the failure modes.

I think we fixed

that in the final version.
MR. LAUR:

I think we did.

We had an

internal comment.
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MEMBER BLEY:

Because I was thinking you

are setting people up to be overly optimistic.
MR. LAUR:

It was almost like a triple

negative and we changed it so that it was only a
double negative or something.
MEMBER BLEY:

I think you have got it

fixed now but I just wanted to make sure.
MR. LAUR:

Yes, had a comment, if you

remember, internally, and we fixed it.
MR.

FONG:

And

we

have

gained

some

experience, by the way, from going through the pilot.
What we have right now through a series of RAIs and
also the initial submittal is we have for certain say
sequence

or

hazards

screened

out,

we

have

a

documented basis for why that is and we can go back
and follow that logic.

That is an important part of

the screen process.
MEMBER BLEY:

Is the pilot going to be

published anytime soon that we can look at?

Or is

it ever going to be published?
MR. FONG:
date on that one.

I'm not going to commit to a

We had the most recent supplement

in from the licensee that came in August or September?
MR. LAUR:

I think it was late August,
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wasn't it?
MEMBER BLEY:

Well on things like the

pilot, do you do something equivalent to an SER or
anything when you look at the pilot?
MR. LAUR:

Oh, yes.

MR. FONG:

Ultimately, there will be one,

yes.
MEMBER BLEY:

Okay, so eventually, you

will publish an SER on the pilot.
MR. LAUR:

Oh, yes.

MEMBER BLEY:

Okay.

MR.

I

LAUR:

mean

it

is

a

license

amendment and it is an exemption request, which this
rule doesn't require.
MEMBER BLEY:

Okay.

MEMBER SCHULTZ:
slide

where

you

mention

Steve, on your previous

site-specific

issues

and

talked water hammer, did you want to make any comments
related to seismically-induced LOCA or is that just
another example?
MR. LAUR:

Those are two specific areas

that were covered.
MR. FONG:

Yes, I think the main thing

her is that NUREG-1829 provides frequencies for LOCAs
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caused by long-term material degradation.

And the

NUREG specifically mentions that there could be other
contributors

to

LOCA

that

are

more

acute,

for

example, water hammer or seismically induced LOCA.
It

doesn't

provide

numeric

values

because

those

factors can be very site-specific, even unit-specific
really.
So, what we have done in our reg guide is
call attention to those and provide a process where
a licensee can say okay, I am going to use the generic
long-term material degradation LOCA frequencies but
I'm also going to factor in these other site-specific
contributors and there is a process for how to do
that.
We

expect

they

are

probably

minor

compared to the values in NUREG-1829 but they are not
going to be ignored.

They are going to be analyzed

for each licensee that uses this approach.
MEMBER

SCHULTZ:

Okay,

that

helps.

Thank you.
MR. LAUR:
guide

benefitted

Project

Pilot

incorporate

Okay, so the original draft

immensely

Plan.

public

It

from

the

has

been

comments,

which

South

Texas

updated

to

involved

a
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complete reorganization.
It allows use of current deterministic
guidance and it also will probably only have one
method in it until we do more work on the break
frequency allocation.
Questions?
MEMBER BLEY:

This is probably not a fair

question.
MEMBER

SCHULTZ:

When

has

that

ever

stopped you?
MEMBER BLEY:
in

place

before

If this reg guide had been

South

Texas

started

their

probabilistic attempt, would -- I don't know how to
ask

it

--

would

the

review

likely

have

gone

differently of what they had done?
MR. LAUR:

I think yes.

-- I will give you a data plan.

I will tell you

On one of our audits

-- we have had how many submittals? On one of our
audits, we said you didn't do a good job addressing
defense-in-depth.

And so CJ went up and said look,

we have a draft reg guide out for public comment, if
you want to know what we are thinking about this and
that.

And he actually went over the seven bullets.

And I won't say you could see lightbulbs going on but
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so the next submittal, has the seven bullets in their
justification.
So yes, I would think that we would have
gotten in a submittal like in our C-9, I guess, is
our submittal guidance, we would have had a submittal
that had all those areas covered and hopefully not
extraneous things that are extraneous now that we
didn't know were extraneous then.

So yes, I think

it would have helped.
MEMBER BLEY:

Okay, because they were

kind of in a bring us a rock phase and it was not
quite -MR.

LAUR:

Yes,

they

did

an

amazing

amount of work.
MEMBER BLEY:

I mean they probably could

have gotten by with less work and more successful,
maybe.
CONSULTANT SHACK:
have

to

resolve

the

But still, they would

questions

you

have

at

the

beginning of Appendix C, which strike me as still
unresolved.

I'm not sure if they addressed them all.

Probably not.

They have taken a way out now, which

is, as you say, the one method you probably can get
consensus on.
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But even there, you are still lacking
guidance on just when you apply 1829 to a particular
plant.

And 1829 is careful to say it doesn't apply

to a particular plant.
I

was

having

problems

even

with

degradation-specific mechanism, for example.

your
You

always end up at 1829, no matter how many degradation
mechanisms you have.

That didn't seem quite right.

I mean there is a lot of questions that sort of float
around the Appendix C kind of thing.
I can see you guys still have a lot of
work to go, unless people can live with that one
approach,

which

seems

technically

defensible

but

conservative.
MR.
Appendix C.

LAUR:

I'm

glad

that

you

read

I think CJ is probably glad, too, since

he wrote it.
MR. FONG:

I was hoping someone would

read it, yes.
CONSULTANT SHACK:

I mean I sat there and

I worked through all the numbers just to see how it
all went and I argued can I slice this baby so that
I can save my but my making -- and I sort of thought
you

had

gotten

it,

except

for

the

problem

of
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intermediate sized breaks.

And that one I have no

notion how you are going to handle.
MR. FONG:

Still working on that, yes.

MR. LAUR:

The interesting thing, this

is just a point of interest, but they pilot based on
one of our RAIs did double-ended guillotine only,
just as a sensitivity.

And then they also, since

they figured pipes can break at half an inch all the
way up to the full size, when they change to where
they were doing this go/no-go simplified based on
testing, they would take the pipes that -- if a
double-ended guillotine could not generate enough
debris, then they are out of consideration.
Then

they

took

all

those

that

could

generate enough debris and they backed down the size
until they found the critical size.

Well, when you

do that, for double-ended guillotine, we assume a
spherical zone of influence and a bunch of pipe
diameters but for partial breaks, it has a direction
tangential or normal to the axis of the pipe.

Well,

that may be pointing at a wall or it may be pointing
to a debris source.

So, they swept around to find

the worst case when they were doing this thing.
So, it is a lot of analysis but that is
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another source of potential conservatism for ones
that

are

asymmetric

whereas

some

shield

wall

or

something here and all of a sudden only a partial arc
would dislodge the debris.

So, like I said, you can

quantify it, I guess, say random.

But they actually

did that amount of work.
MR. FONG:

And that was in part, I think,

due to -- well, let me say it this way.

ACRS raised

some concerns about the original approach that the
pilot had proposed because they didn't do that full
sweep.

They just did a certain number of samples.

And one of the questions that came up during the ACRS
meeting was well, how do you know you didn't catch
the one angle where you have got a problem.

So, the

licensee provides their method to go and really do a
full sweep at every location.
MEMBER SCHULTZ:
review

with

research

Steve, the concurrence

provided

some

comments that you worked to resolve.
after the public comment period.

That's right.

MR. LAUR:

Yes.

SCHULTZ:

And that came

Correct?

MR. FONG:

MEMBER

substantial

So,

in

retrospect,

might it have been better to have gotten the research
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reviewed, made those changes to the proposal for the
reg guide -MR. LAUR:

Yes.

MEMBER SCHULTZ:

-- and then gone out for

public comment?
MR.

LAUR:

Yes,

it

would

have

been

better.
MEMBER SCHULTZ:

Okay.

I think the way

it was done here -- I know you are on a short
schedule.

I think the way it was done here is the

way it is normally done.

But we might want to think

about how it is done routinely and make some changes.
MR. LAUR:

Yes, we had, before developing

the reg guide, we had a number of conversations with
members of research and also the pipe experts in NRR,
particularly about how pipes break.

But you can't

get anybody to say they definitely break at a weld
the full diameter or the full weld.
MEMBER SCHULTZ:

Well, I'm glad you had

the discussions earlier but sometimes the focus isn't
as intent as it might be when you get to that point
where

it

product.

is

a

real

concurrence

for

each

of

the

And how we get there with the overall

approach is something we ought to think about.
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Because I would like to document, as it
goes out for public comment, to be as close to final
as it, if you will, ought to be.
MR. LAUR:

Okay.

CONSULTANT SHACK:

But the intent is to

have everything go out as a package.

So, in a sense,

your reg guide now is becoming a critical path item.
MR. FONG:

One of the challenges with the

way this rule is structured with the risk-informed
piece being added at a later date is exactly what you
pointed out, that we have been kind of playing catch
up as we have gone along.

Our goal was to not be

critical path, if possible.
MEMBER BLEY:

I'm a little confused from

everything you have told us.

We have this very

recent draft that has Appendix A and B in it.
finally find it.

We have Appendix C.

I did

You are

definitely keeping Appendix A and B and you might
restore Appendix C or are you definitely not having
it?

If you are not having it, are you thinking of

bringing up some of those comments Bill mentioned at
the introduction to C into the main document similar?
Because they are fairly important questions.
MR. LAUR:

We actually had a version
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where we had all those three methods in the main
document.
CONSULTANT SHACK:

I think you still do

in the final -MR. LAUR:

Yes, exactly.

CONSULTANT SHACK:

In the close to final

one we have, they are sort of briefly mentioned in
the main document.

So, they would have to come out,

if you are going to go with the one approach.
MR. FONG:

Yes, so we are going to have

A and B are staying.

That is the simplified and

detailed method.

Those are going to stay.

I think division is that C is also going
to stay and it has to be consistent with the main
body of the reg guide, whether it endorses one method,
two methods, ten methods, you can't have the appendix
saying one thing and the main final reg guide saying
something else.

So, those two will align.

Now, how many methods we have will, will
it just be the simplified or will there be a more
realistic

option?

We

are

working

closely

with

Research and other folks her to try to get alignment
on

that.

And

I

think

that

it

will

go

forward

initially with Appendix C will have probably just the
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one method, the bounding approach you saw.
will

walk

you

through

guidance for the user.

and

provide

And I

step-by-step

And again, that will line up

with the body of the reg guide.
And then down the road, we will try to
add, if we can reach a technical consensus, we will
add another method or two, or whatever it takes to
the appendix down the road.
MEMBER BLEY:

You're coming back to see

the full committee next month.
MR. FONG:

That's right.

MEMBER BLEY:
version.

There will be the final

I want to see the final version before that

meeting but not the day before that meeting.
MR. LAUR:

I think your question -- I

think it was a good answer but I think what I thought
you were asking was something different.
You said we have a method in A, a method
in B, a method in C.

That's not true.

A and B are

recipes, methods for doing the overall soup to nuts.
The C was an example of the three methods that were
alluded to which we are going to -CONSULTANT SHACK:
on C.

Well, but B depends
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MR. LAUR:

It does but I'm saying you

don't pick A, B, or C.
MR. FONG:

Right.

MR. LAUR:

I mean, C would actually apply

to Appendix A as well.

Because in A, if you assume

all double-ended guillotine, it is one thing; if you
assume continual breaks all the way up to half an
inch, you get something different.
So, anyway, I don't know if that was your
question or not but it is strictly -MEMBER BLEY:
good question.

Well, it's an answer to a

So, thank you.

MEMBER REMPE:
your question?

But was it the answer to

When will we get an updated version

of what is going to be submitted?
MR. LAUR:

Two weeks -- no, I don't know.

MEMBER BLEY:

You're on the record.

I

don't know how we have a full committee meeting on
this and a letter if we don't have something complete
to look at and not the day before the meeting.
CHAIR
internal

sort

of

BALLINGER:
discussion

We
about

are

having

including

an

this

piece in the letter or not.
MEMBER BLEY:

Ah, just doing the rule.
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CHAIR

BALLINGER:

That

is

for

our

discussion, yes.
MEMBER BLEY:
MR. FONG:
on

getting,

you

know

Okay.

I'm going to work with Alysia
make

sure

that

we

are

on

schedule.
MEMBER BLEY:

Okay.

Well, enough said.

You understand.
CHAIR BALLINGER:

But we do need that.

If we are going to have it, we do need to have it
soon because Thanksgiving and those kinds of things
start interfering.
CONSULTANT SHACK:

I thought the high-

level discussion in the reg guide went okay.

It was

getting down to the details that things start to get
difficult.

But I think you settled some big issues

on whether you had to include all hazards, all modes.
You know that part all seems to me to hang together
quite well.

It is getting down to the nitty-gritty

here.
MEMBER REMPE:

So, Ron, you are having

an internal discussion with the staff?
CHAIR
going

back

and

BALLINGER:
forth

and

Well,
that

is

we

have

part

of

been
the
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discussion this afternoon.
MEMBER REMPE:

Okay.

CHAIR BALLINGER:
MR. LAUR:

All set?

We are done.

CHAIR BALLINGER:

Is Michelle around?

There she is.
MS. BALES:
Bales.

Okay, again, I'm Michelle

I work in the Office of Regulatory Research

and I have a couple slides to provide an update on an
information SECY that the staff has prepared and will
be sending to the Commission in the next few weeks,
possibly

on

the

subject

of

fuel

fragmentation,

relocation, and dispersal under LOCA conditions.
So, first, I want to spend one minute
describing the phenomena that I refer to when I say
fuel

fragmentation,

relocation,

and

dispersal

or

sometimes in the presentation I say just FFRD as an
acronym.
So, during a LOCA, the reactor coolant
pressure drops and cladding temperatures increase.
And

this,

combined

with

high

fuel

rod

internal

pressure means that in some LOCA conditions, rod
rupture is predicted to occur during the initial
heat-up, before the ECCS systems have had a chance to
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fully engage and quench the core.
So, this has been well-understood and we
have known evaluation models account for ballooning
and rupture and the flow blockage that it might result
in.

And so there is nothing new there.
About

five

to

seven

years

ago,

some

experimental research programs that were focused on
high burnup rods in particular showed that the fuel
material of high burnup rods could fragment when
exposed to LOCA conditions and that those fragments
could relocate axially into the balloon and ruptured
region.

And if the rupture opening was large enough,

these fuel fragments could actually disperse from the
rod and end up in the reactor coolant system.
Because these phenomena are all related,
we really describe them together and, like I said,
sometimes use the acronym FFRD to describe the whole
set of related phenomena for high burnup fuel.
And we describe these phenomena and their
possible intersection with the 50.46 Proposed Rule
when we submitted the Proposed Rule package to the
Commission in 2011.

At that time, we acknowledged

that we were still researching the phenomena and
weren't yet sure if any new regulatory requirements
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would be needed or if they should be added to the
50.46 rule.
On the next four slides, I am going to
expand on the staff's interactions with the ACRS, the
Commission and the public, with respect to FFRD.
first,

as

I

mentioned,

the

staff

included

So

some

discussion of FFRD and our current state of knowledge
and some information about our planned research in
the SECY that went to the Commission in 2012 or at
the end of 2011.
And the Commission provided direction to
the staff on this topic in their SRM for the rule.
And I copied the language exactly just to highlight
the verbiage because what the Commission said is that
the staff should complete our research and decide if
there is any need to address these phenomena in the
50.46 rule and that we should do that before they saw
the final rule.
If we decided that adding requirements to
the

draft

final

rule

wasn't

practicable

or

had

unintended consequences, that we should provide an
information paper.
So, the staff had completed a significant
portion of our planned research by the end of 2013
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and we came to the ACRS Fuel Subcommittee on December
4th to share what we had learned up until that point.
And we focused on some analytical studies that we
were

performing

dispersal

we

to

would

look

at

expect

the

amount

under

of

fuel

postulated

LOCA

conditions, as well as our growing understanding of
the

mechanisms

that

were

at

play

with

fuel

fragmentation, relocation, and dispersal.
And
discussion.

so

that

was

a

very

technical

We really focused on what research we

were doing and what we were coming to understand at
that point.

And so these are just a couple of the

slides just to show that it was a very technical
discussion and we shared a lot of the information of
our technical basis at that meeting.
A couple months' later, we had a public
meeting, where we shared the information, what the
staff's

growing

understanding

and

some

of

preliminary research results with the public.

our
And I

provided the agenda for that meeting just to indicate
the extent of engagement that we had with industry,
international organizations, and the time allocated
for public discussion of these phenomena.

It was a

one and a half day meeting that I thought was pretty
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well attended and a lot of interesting discussion
from

both

the

perspective,

staff's
as

perspective,

well

as

the

the

industry

international

organizations that are providing a lot of the data.
So, about a year later, the staff on the
50.46 Working Group was ready to make a determination
about whether a new requirement was appropriate for
the 50.46 rule.

And the working group decided that

it was not appropriate and a new requirement should
not be added to the 50.46 rule.

We provided our

explanation and some information about our research
findings to the steering committee for the rule and
they agreed with our decision.

And at that time, it

was decided that the Office of Research would lead an
information paper to define and support this working
group position and that, if possible, the information
SECY should be prepared and delivered ahead of the
final rule package.
So, I'm going to say a little bit about
the contents of the information SECY.

There is a

discussion of the research that we have completed
since

2012.

There

is

a

summary

of

the

staff's

current state of knowledge of the phenomena.

There

is a section that specifically discusses why the
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staff chose not to include requirements in 50.46c, as
well as a discussion of the staff's future direction
and what we plan to do now moving forward.
It is an information SECY and there are
no options or recommendations in the paper for the
Commission to review and evaluate.
So, this slide summarizes, at a very high
level, the main arguments that the staff made for why
we don't want to include any new requirements for
FFRD and 50.46c, the first and foremost being that
the staff believes there is reasonable assurance that
FFRD does not pose an imminent safety concern.
In addition to that, the staff recognizes
that the phenomena may not be isolated to a LOCA and
could postulated in non-LOCA design-basis accidents.
And for this reason, we feel that future regulatory
action really should be developed and implemented in
a holistic manner at once that can deal with both
possible LOCA and non-LOCA events, where FFRD may
occur.
In addition to that, we recognize that
the

fuel

performance

requirements,

unlike

ECCS

performance requirements, could be developed to focus
on preventing rupture in rods that are susceptible to
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fine fragmentation.

So, I talked about earlier that

this is really a high burnup effect.
performance

requirements,

we

can

With fuel

really

target

criteria that will just limit the operation of those
high burnup rods; whereas, with an ECCS performance
requirement, there is not a way to target high burnup
rods, in particular.

And so it would be difficult

to avoid unnecessary restrictions on rods that are
not susceptible to the fine fragmentation.
MEMBER SKILLMAN:

Michelle, how would

that second bullet apply to the random failure of the
fuel rod, of the clad, which can happen?

You say

fuel performance requirements unlike ECCS performance
requirements, the second bullet.

You can have a

random failure of a clad.
MS. BALES:

You are talking about during

operation like a fretting wear?
MEMBER SKILLMAN:
MS. BALES:

Yes.

So, what we have seen in the

research, and this is discussed in the sort of state
of knowledge, it appears that LOCA conditions, the
high temperatures, and possibly even a rupture event
itself, are part of what causes the fragmentation.
And so in normal operation and fretting wear, for
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example, we wouldn't expect the fuel to be fragmented
and vulnerable to relocation and dispersal.

This is

really something that we think requires exposure to
high temperature and pressure conditions.
MEMBER SKILLMAN:
would

suggest

that

there

Is there any data that
are

normal

ops

clad

failures?
MS. BALES:

You mean failures that would

also result in dispersal?
MEMBER SKILLMAN:
MR. CLIFFORD:

Yes.

Michelle, do you want me

to address this?
MS. BALES:

Sure.

MR. CLIFFORD:

All right, Paul Clifford,

Yes,

two

NRR.
so

the

most

likely

failure

mechanisms that they see in an operating reactor
would

be

fretting.

debris-induced

fretting

and

grid-to-rod

And in most situations if you get a small

pinhole leak, you get a release of fission gas.
as

Michelle

said,

you

don't

have

the

But

ballooning

driver that is going to cause the fuel to fragment.
So, the fragmentation of the fuel would be that you
would see during normal operations.

It would be
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large chunks just due to thermal stresses and those
large chunks aren't going to be susceptible to escape
out such a small pinhole leak.
MEMBER SKILLMAN:

Okay, thanks.

MEMBER SCHULTZ:

Michelle, just staying

with this slide, the title is the basis for not
including

it

in

50.46c

and

your

addresses a statement related to that.

first

bullet

And then you

just provided some information that describes some
basis for not including it for LOCA.
The rest of the slides seems to talk
about other things.

So, I just want to be assured

that in fact the document that goes to the Commission
is explaining the first bullet, why -- or the title
of the slide for not including it in the 50.46c.
MS. BALES:
MEMBER
description here.

Yes.

SCHULTZ:

MS. BALES:
the

seeing

that

No, it is not coming up.

MEMBER SCHULTZ:

presented

not

Is it coming up?

MS. BALES:

we

I'm

Okay.

This is something that when

research

conclusions

for

the

analytical and experimental results to the ACRS in
2013, we got into some detail about how much fuel
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dispersal we would actually expect.

And in that

material, that is where we got the conclusion that
this was not an imminent safety -MEMBER SCHULTZ:
I

remember

the

Yes, I remember that and

presentations

Information Conference.

at

the

Regulatory

And that was it.

It just

was bothering me when we got to this slide, I thought
it was going to be a description of what you are going
to send to the Commission related to the story about
why there is not a concern not including it in the
going forward rulemaking -- rule.
MS. BALES:

Right.

MEMBER SCHULTZ:
That's all.

I just wasn't seeing it.

I just want to be assured that what is

being sent to the Commission is going to be a clear
description of why it is not in the rule, not this
discussion

about

other

areas

where

one

might

be

concerned.
MS.

BALES:

Right.

So,

in

the

information SECY, this slide has an outline of some
of the major sections.

And the only one that I have

slides to expand on in this particular presentation
are the second to the last two.
MEMBER SCHULTZ:

Okay.
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MS. BALES:

But the information that you

are talking about is really in the discussion of
research that has been completed since 2012 and the
staff's current state of knowledge.

And in that

section, we talk a lot about why we believe that there
is not an imminent safety concern.
The

outline

of

the

basis

for

not

including the requirements in 50.46 that is in the
SECY is more focused on -- okay, we don't think a
requirement is needed today to protect public health
safety in an imminent safety concern.

But if in the

future if we do think that a requirement is necessary,
if we learn more, or if there is a need for setting
criteria for advanced fuel designs, we don't think it
should

be

in

50.46c

anyway.

appropriate place to put it.

That

is

not

the

And so the rest of the

bullets really speak to that, assuming that it has
already been communicated in the other sections that
there isn't a safety concern for plants today.
MEMBER SCHULTZ:

Again, going back to

slide 9, what you have provided in the first few
bullets I think really hit the mark.

So, I would

hope the document that is going to the commissioners
would not be focused on with regard to 50.46c bullet
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one and then bullet four.
are

relatively

weak,

I think those statements

compared

to

what

technical

argument as to why one is not concerned about moving
forward

with

the

technical

information

that

is

available for the LOCA.
MS. BALES:

I think that the SECY paper

does go into pretty significant detail on all of
those.

It is about seven pages and through the

concurrence process, various reviewers pointed to
things that should be added to make it even more
clear.

So, I think that the final product that is

with EDO now for concurrence does a pretty good job
of addressing all of these.
MEMBER SCHULTZ:
MEMBER REMPE:

Thank you.

So in other copies we have

heard about today, there has been a section or a
couple of slides about industry comments on documents
that

were

released.

When

you

aren't

submitting

something to the Commission, has industry interacted
with you and said -- I mean one thing they might say,
which we will hear later today is well, we are all
this testing or we are going to have to do all this
testing and yet there is this other thing hanging out
there that is a couple of years away and increases
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uncertainty on their part, where they might think
that they are going to go pursue a new type of fuel
and do a certain amount of testing and then two years
later, they get additional requirements.

And if they

had

made

known

that,

decisions.

they

Have

might

there

not
been

have
those

those

kind

of

interactions with industry?
MS. BALES:
interaction

that

we

I would say that the only
have

had

about

the

staff's

proposal here is in the public meeting that we held
in 2014.

I think that was really why the Commission

worded their direction the way that they did.

They

didn't want a situation where the staff was working
on something that would come right after the 50.46
rule that would change how the industry approached
showing compliance or how they redid their evaluation
methods.
So, I think that we don't have a document
that

we

released

for

public

comment

explicitly asked for industry comments.

where

we

But I think

-- I guess you can ask industry again this afternoon.
But my impression is that between the Commission's
direction

and

the

wording

of

that

Commission

direction, and the public meeting interactions, that
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we have gotten a sense of what their opinion is.
Another thing I want to point out is that
the data that the staff uses for this technical basis
is coming out of international collaborative programs
that the industry participates in.

So, where there

is information for us to make a decision, the industry
has that same information, peer groups discussing the
implications of that research, Halden, for example,
or Studsvik.
So, I think that on this topic, there is
a lot of informal engagement with the industry about
the meaning of the results.
MEMBER REMPE:

But you have said you have

had interactions with them at public meetings.
are okay?

They

Yes, let's just wait is what you are

hearing or is there some -MS. BALES:

Well, I think, especially

because we are saying that there is not going to be
a new requirement right now, they are okay.

I think

on the next slide -- maybe I will come back to it
after we go over the next slide.
MEMBER REMPE:

Okay.

MEMBER SKILLMAN:

Michelle, let me go

back to my previous question and Paul, you, too.
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I'm
offset

remembering

anomaly

high

back

burnup,

data

thrice

for

axial

burned,

hot

channel and I thought there were occasions where
there was clad failure.

I don't know if there was

ballooning but I thought there was clad failure and
release of fuel.

And that is what drove my question.

MR. CLIFFORD:

There has been instances

where you have had a small pinhole leak or another
defect, manufacturing defect or whatever.

And then

if you continue to operate, you can get a secondary
hydriding failure, which can result in say failure of
an end cap or end cap weld, or you could have more
catastrophic failure of the cladding over time that
could lead to a loss of pellets.
talking

about

a

loss

of

But you are still

pellets

and

not

finely

Fair enough.

Thank

fragmented fuel.
MEMBER SKILLMAN:
you.
MR. CLIFFORD:

But that is very limited

and very rare.
MS. BALES:
that

is

in

this

staff's

plans

though

the

for

Okay, so the last section

information
future

conclusion

SECY

direction
is

that

discusses

the

because

even

there

is

no
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requirements that the staff feels are needed to add
to the 50.46 rulemaking, we are not also saying we
are not going to do any more research, we are done,
we have resolved this forever.
We

are

continuing

international research programs.

to

participate

in

We are continuing

to follow the test programs that could shed more light
onto the mechanisms of FFRD.

And we recognize that

some of the trends in advanced fuel design may be in
non-favorable direction to FFRD.
So, our analyses predicted how much fuel
dispersal you would have in a LOCA are based on how
many rods ruptured.

And if you have thinner cladding

or if you have higher rod internal pressure, you might
have more rods rupturing.

Or fuel -- we know that

there is sort of a relationship -- not sort of.

There

is a relationship between burnup and fragmentation
size.

We know that the industry is interested in

added pellet designs that could change not the trend
but maybe the onset of that fine fragmentation that
we see as problematic.
And so because we are aware that these
future fuel designs may -- you know the assumptions
that we have made to come to the conclusion that there
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is

not

an

imminent

safety

concern

maintained in advance fuel designs.

may

not

be

And so the staff

is challenged in reviewing fuel design applications
that would implement some of those changes.

And,

therefore, we are continuing to pay attention to the
ongoing research and continuing to assess the results
as we receive them to see if there is a need to create
an envelope of acceptability for parameters like fuel
burnup,

rod

internal

pressure,

number

of

rods

ruptured and things like that.
But I want to point out and this is clear
in the information SECY that the staff really sees
these, and anything that would come out of that future
research,

we

see

that

as

something

that

may

be

necessary for future fuel designs to address and we
don't expect that any of the future research will
reveal

a

need

to

withdraw

approval

of

existing

designs.
So, we see this as something of a forward
fit potential new requirement.
clear that that is needed.

But again, it is not

That is just how we have

described the future direction in the SECY.
MEMBER SCHULTZ:

Okay, before you leave

that, and I like what you have just said, it seems in
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terms, again, going back to the SECY and I know it is
in concurrence so it is kind of done, but I think
what the Commission is looking for is that strong
statement that technically there is no reason not to
move forward with the rule.

And I see that if I take

the first sentence of the first bullet and combine it
with the first sentence of the second bullet, that
for existing fuel designs everything is fine.

And

then you can talk about what the staff needs to do
with future fuel designs.

And I hope that is kind

of what is presented.
If I look at slide 9, I see rather than
technical reasons why there is not a staff concern
related to the phenomena here, that is only covered
in the first bullet.

The rest of the three bullets

are administrative reasons why one would not want to
move forward with addressing this for future fuel
designs as part of the rule at this point in time.
MS. BALES: I really I understand your
concern and I think that some of it has to do with
the

staff's

interpretation

of

the

Commission

direction.
MEMBER
that, too.

SCHULTZ:

I'm

concerned

with

So, but go ahead.
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MS.

BALES:

Well,

when

I

read

this

Commission direction, it seems to me that the real
concern has to do with a rulemaking followed by in
close

order

with

a

rulemaking

that

would

mean

everything that had been done in that delta would
have to be redone.
MEMBER SCHULTZ:

Right.

I agree with

that.
MS. BALES:

And so the two bullets that

I think are unsettling her, as you read them, to us
this has to do -- these are reasons why we don't think
50.46c, if implemented in the evaluation models that
would need to be prepared in order to show compliance
with

that

rule,

why

the

place

and

the

--

the

appropriate place that we see FFRD being addressed
wouldn't be in those evaluation models.

It wouldn't

mean a reevaluation of all that effort.
It would be something -- for example,
when I talk about fuel performance requirements, it
could be that there is a requirement -- right now
there is not a burnup limit that is codified.

But

maybe we say that above a certain burnup limit, the
licensees must show that fuel dispersal is avoided.
That wouldn't be in 50.46c and it wouldn't cause the
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evaluation

methods

that

we

are

prepared

compliance with 50.46c to be redone.

to

show

Basically, it

would just be a separate demonstration that shows
that the rods that are vulnerable to this phenomenon
are not exposed to the high temperature conditions
and they don't rupture.
So, I think that the reason that the
staff included the two bullets in the middle are to
address what we thought the Commission's concern is
about rulemakings closely following each other that
deal with the exact same effort on the industry's
part and would cause that to be negated and need to
be redone.
So, I know they sound administrative but
to us, that really spoke to one of the Commission's
concerns.
MEMBER SCHULTZ:
agree with that.

I think so.

I kind of

But remember back in the end of

2011, there were some technical concerns expressed by
the staff about the phenomena that needed to be
addressed, needed to be researched associated with an
application like moving forward with the rule.
So,

that

is

why

I

interpret

the

commissioners' guidance to the staff to indicate that
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we want to hear that there is not a technical problem
associated with this before we approve the rule.

So,

please let us know that that is the case before we
get the rule for our approval.
MR. CLIFFORD:

Yes, this is Paul Clifford

with the staff.
Yes,

just

to

summarize

it,

our

assessments of the various design-basis accidents
conclude

that

the

amount

of

fuel

that

would

dispersed, if any, would be insignificant.

be

So, it

kind of is a boundary condition into your LOCA calc.
That is the conclusion.

There is no need to evaluate

it because it is insignificant.
So because of that, there is no potential
for duplicative costs of implementation of 50.46 now,
as long as you are using the current -- as long as
the

current

limitations

on

burnup

and

power

and

everything stay in place, there is no duplicative
costs.
MEMBER SCHULTZ:
MR. CLIFFORD:

Good.
It is only --

MEMBER SCHULTZ:

And this is described

in the paper.
MR. CLIFFORD:

-- what we are saying is
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in the future long-term scenario, if you were to say
you want to increase burnup from 62 gigawatt-days to
70 gigawatt-days and you wanted to go to 5 percent
enrichment to 6.5 percent enrichment, well, now the
game has changed.

So, we need to get a regulatory

framework in place for addressing this because as a
boundary condition of it being insignificant, that
may no longer be true.
MEMBER SCHULTZ:

Right.

Is the first

part in the paper to the commission for what you just
said?
MR. CLIFFORD:

Yes.

MEMBER SCHULTZ:
part.

That is the important

With that, I can take the second part, which

is even if we were dealing with new fuel designs or
new applications of current fuel designs, even if we
were doing that, we would still recommend for you to
approve the rule because administratively you would
approach it a different way.
I mean I can understand that piece but I
think first you have to put forward what you both
said is the reasons that have been developed to move
forward and for technical reasons why it doesn't need
to be addressed.

That we are very comfortable with
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current fuel -- existing fuel designs in existing
operations.
Okay, that sounds fine.
MS.

BALES:

As

I

information SECY is in concurrence.
with EDO.

mentioned,

the

It is currently

So, it has completed all office-level

concurrence and was sent to the EDO last week, at the
end of last week.
And therefore, assuming that that EDO
concurrence goes well on the expected time frame, we
would

still

commission

expect

with

to

this

be

able

information

to

provide

the

before

and

SECY

separate from the 50.46 rule package, which is due to
the commission in February.
And the last slide just provides some
references that -- I mean the information SECY recaps
a

lot

of

the

main

highlights

documents but at a high level.

that

are

in

these

And so if there is

an interest in a lot more detail of the technical
basis for the staff's decisions, you would find it in
these seven references.
That is my last slide.
CHAIR BALLINGER:
is another break point.

Any questions?

Questions?

Okay, this

So, we will take a break
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until two o'clock.

We're off the record.

(Whereupon,

the

above-entitled

matter

went off the record at 1:44 p.m. and resumed at 2:00
p.m.)
CHAIRMAN
session.

BALLINGER:

We're

back

in

Welcome.
MR. CLEFTON:

Thank you, sir.

Do you have opening remarks, or should I
just get going?
CHAIRMAN BALLINGER:
MR.
Gordon

Clefton

CLEFTON:
with

No, go ahead.

Good

NEI.

afternoon.
We've

I'm

gathered

a

significant number of subject matter experts in the
room with us today.

We've got a number on the phone.

I think our invitation went out to 224 people to join
us.
This

is

an

issue

that

we've

been

following at NEI since the year 2000 when we put the
first petition in.

It's an issue that, as Paul

identified, is controversial right now, and what I'd
like to do is provide a perspective of where we are.
First,

I'd

like

to

compliment

the

industry in the support that they've given us to work
closely with the NRC, and the NRC for listening to
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the input of the industry subject matter experts.

I

think we've ended up with a quality product that we
were far away from several years ago.
We've

come

progressively

along

think today we've refined our comments.

and

I

We have two

of us speaking from vendor perspective, and perhaps
some more from the audience.
And then Tom is going to give you a
summary of what we consider as still points after our
200-page set of comments that we sent in last year.
From my perspective, we identify in the
slide

here

that

we

are

certainly

are

endorsing

several of these points.
Our initial NEI petition was to take out
the now names from the rule.
certainly.

That's been done,

Go to performance-based approach.

We've

gone that way as far as we could.
We've seen an improvement in the manner
where we're putting what's required in rules, we're
putting
guides.

how

to

do

it

in

regulation,

regulatory

And this gives us an opportunity as an

industry and NRC to make changes without waiting
since 1988 when this last rule was initiated.
We don't have to do a rule change to make
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something altered based on experience gained either
from an incident or laboratory results or whatever.
So, I think that's a big plus and we appreciate the
NRC's work with us on that to put what's required in
rules and how to comply in the guidance documents.
In preferences, we had requested in our
comments that the Appendix K,
how

to

do

things,

would

because that tells you

be

better

suited

in

a

regulatory guide or some lower-level document than
the rule itself.

Because the rule is you have to

comply to it, or take exception to it.
CONSULTANT

SHACK:

philosophical position?

Is

that

a

I mean, I don't see the

practical difference.
I mean, Appendix K has been around a long
time.

It's not going to change much.
MR. CLEFTON:

Correct.

But because of

its contents, it is a requirement and we have to live
to it.

If it were in a guidance document, it would

suit better as an alternative method.
As Paul said, many parts of it don't
apply.

So, you have to address each of those parts

in your responses.
If

we're

in

a

regulatory

guide

as

a
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method to comply with a rule, then it would allow you
to use the parts that you wanted.

You wouldn't need

to take exception to a rule.
It's because the guidance is such that
it's our option to use and with explanation to an
examiner or an inspector or staff member if they
challenge why we didn't take the regulatory guide
that was provided.

But because it's in a rule, we

must address it as opposed to may or may not address
it.
So, it comes back as a collection of
guidance activities that are in there that we could
live with.
We appreciate that it's been in the rule.
We're not saying eliminate it.

In fact, in our

comments we provided it was Appendix

C how to roll

it into a reg guide effectively keeping the same meat
that was there, but changing the heading from "rule"
to "reg guide."
So, it's more of convenience and getting
away

from

the

exception

aspect

associated

with

compliance with the rules.
The
forward

to

other

right

now

thing
is

that

we

discussions

are

looking

came

up

in
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multiple public meetings that we had with Alysia and
Paul

in

this

last

year

and

the

year

before

of

identifying a Regulatory Information Summary.
We had a public meeting that addressed
regulatory information for the 46 Rule as it exists
right now.

Because as you're all aware, we're going

to have a time period where the plants are operating
under 46 as it exists now, or they roll into the 46c.
The compliance change and rollover is a
schedule that we put together that Tom presented
earlier that has the Gantt Chart and the delays of
activities associated with rolling into compliance.
That, I think, would be helpful to have
a RIS for 46c, as well as for 46.

We have B that's

an issue that we've discussed and I think the staff
is supportive of it, but we haven't got any specific
actions associated with it yet.
The other thing was from feedback from
the sites, we're seeing that reviewers at the site
can

frequently

come

up

with

different

values

to

enforce when they're doing reviews.
So, if we had a review standard, that
would

provide

perspective

for

a

reviewer

to

a

licensee that we could benefit as a B or as the
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industry and as the inspector.
So, we would support the concept of a
regulatory standard or a review standard that would
allow the inspectors to use a checkoff list of what
they're looking for in compliance with the new 46c.
The

other

things

that

we

wanted

to

emphasize today certainly is that, as Paul said and
as

you've

heard

earlier,

this

addressing a safety issue.

is

B

46c

is

not

It's been in progress now

for 15 years with no problems.
We had a series of -B we had a safety
analysis done by the NRC that both Owners Groups did
separate reports that were then audited by the NRC to
confirm that the plants continuing on 46c were in a
safe

manner

and

that

the

improvements

with

46c

weren't going to increase safety significantly at the
power plants and that it was quite acceptable to
continue operation with what we have right now.
What it led to at that time was a long
duration

implementation

plan,

and

that's

been

supported by the staff and the industry right now.
Where we're taking this out to right now
for end of compliance could be into the year 2022,
which is, you know, that's a long way from the year
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2000 to implement a rule.
And we're getting criticisms from plant
CNOs, from staff at the utilities saying, do we really
need this rule if we've been 15 years already in
getting to this point, and then another seven or eight
years before it's implemented?

That's a long time

for addressing an issue that's not a safety issue.
The other bullet that I have up here is
that

this

is

a

substantial

consideration

for

resources, for money, for considerations.
I don't know if you've seen the news, but
FitzPatrick made an announcement yesterday morning
that they're closing their plants.
for late 2016/early 2017.
a month ago.

That's scheduled

We lost Pilgrim less than

We've got Oyster Creek closing down in

2019.
This is a bad trend.

We've got power

plants that right now that with the cost of natural
gas being as low as it is, are having an economic
challenge

to

produce

power

and

compete

in

the

markets.
The cumulative effects of regulation is
one that the industry and the NRC management have
been working on.

It's an effort to make sure we're
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getting the most bang for the buck of the regulations
that we're working on and putting out there.
And so, we're seeing pressure from chief
nuclear officers through the NSIAC and such to make
sure that we're working on activities that are really
going to improve the safety at the power plants, or
make it a more economical method to produce.
Now, within the NRC walls I'm sure you're
aware of it, but there's what they're calling the
Project AIM 2020 and that's ongoing.

That's causing

staff resizing and adjustments to the budget here at
NRC.

That's going to reduce and challenge resources.
I think we heard this morning that we're

going to have 65 LARs coming over a period of time.
Paul's going to be real busy.

We know that that's

what nights and weekends are for.

So, that's not a

problem, but -B
(Laughter.)
MR. CLEFTON:
going to be a challenge.

-- staffing for him is
And we've given a schedule

to him where he can project into the future, but we
look for budget management in the NRC as two to three
years in advance.

We look in the industry of at

least a year or two in advance.

In order to staff
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up

for

this

on

both

sides

for

a

response

is

significant.
When we talk to the vendors, we find out
that we've got limited resources that can do new
evaluation model code writing and evaluation models
for each of the plants, and we have a number of those
involved if we rolled through this plant to get all
the plants into 46c.
So, things that I'm thinking out of the
box that I'd like the ACRS to consider, if you will,
is that although Paul made a statement in one of his
slides that every rule needs to have a compliance
date, I suggest that perhaps we have no fixed date
for

46c

and

that

we

propose

conditional compliance.

that

it

go

into

a

And that power plants who

have no need to do an economic or modification to
change that would require a new evaluation model or
a

new

LOCA

analysis,

would

be

able

to

consider

operation for B- until their license expires or they
come up with a new economic driver to use 46 as it
exists today.
We've

proven

that

it's

not

issue, that compliance can be there.

a

safety

There are

benefits on the new reporting that perhaps that could
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

213
roll into it, they're existing stuff.
But if you look at the paragraph that's
referenced up there, 46c(p)(2)(iii), if you take out
the

first

sentence,

which

says

they

must

be

in

compliance no later than 84 months, and you keep the
other

one

that

says,

until

such

compliance

is

achieved, the requirements of 46 continue to apply,
that allows us, if you will, a method to let these
financially challenged plants operate without having
to go to the expense of rolling to 46c.
Now, we can include that in the plans
that we've got from the plants, but we did a question
in our survey when we were creating the schedule that
Tom presented in the Gantt Chart format and we asked
a question that, do you have a commitment that would
cause you to roll the 46c already?

And almost all

the plants answered no.
Now,

several

conductivity concerns.

plants

have

thermal

And those folks have made

commitments based on their communications with the
NRC already.
We have several plants that are looking
at EPR or EP uprates.

We have several plants that

are looking to switch fuel vendors.

All of these
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would end up with a LOCA analysis or an evaluation
model.
So, there's a large number of a hundred
plants that would be rolling to 46c, but that would
be cost-associated with an improvement going into
their plant.
For those plants that are running close
to the wire and trying to keep their costs under
control, if they can stay with 46c, they can perhaps
minimize

the

expense

of

the

conversion,

which

estimates are round figures of a million dollars per
plant.
Which that's not terribly significant in
the big picture, but when we get plants that are
running so close, FitzPatrick identified their cost
of production and their product within a dollar, 43
and 44 dollars, so that was close.
We've got plants in Illinois that are
running B competing with gas that are very close.
So, everything that we can do to control unnecessary
expenses

would

be

something

that

would

be

a

consideration.
MEMBER BLEY:

Gordon.

MR. CLEFTON:

Yes, sir.
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MEMBER BLEY:
disagree

with

what

I take it you wouldn't

Paul

was

saying

of

their

difficulty with licensing some of the burnup-related
issues, but those plants would have an advantage for
going to 50.46c.
MR. CLEFTON:

Right.

MEMBER BLEY:

Okay.

MR. CLEFTON:

And so, if there was a

driver besides the 84 months, then you'd expect the
plants to go over.
Now, we're fully prepared with templates
and ideas and planning and continued work with the
NRC to implement so that we've got support of the
plants that are rolling to 46c.
And then if we can allow some of the
plants the opportunity to go instead of 84 months,
120 months or, you know, whatever the licensee B
existing license will carry them out to.
We've got some old plants out there and
there's money to spend, but it's sometimes better
than on something that would be invisible in this
case.
We talked about one of the strong points
Paul identified is why we needed the rule was so that
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he would have control for our plant operations where
we would extend fuel usage out beyond 62 and perhaps
there's a different way than an order to limit that
-B I mean a different way than a rule to limit plant
operations of it.
Right

now

it's

being

done

by

good

engineering judgment at the power plants and I don't
think you have any challenges that you've seen that
people

want

to

extend

out

there,

but

it's

an

opportunity to come in the future, but I don't think
that's a significant reason to roll to a rule if we
have safe operations with where we are right now.
MEMBER SCHULTZ:

Gordon, have you done

any, if you will, quantification of how many plants
would be needing to move forward if you just use those
three categories; thermal conductivity, degradation,
the power uprates?
MR. CLEFTON:

We have a survey chart

that's being broken into numeric values like that.
I don't have the numbers with me today.
MEMBER SCHULTZ:
MR. CLEFTON:

Okay.

But it was probably two-

thirds and one-third that would B that is my estimate
that one-third would be going to 46c for some other
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driven reason.
MEMBER

SCHULTZ:

Okay.

That's

good

enough.
MR. CLEFTON:

And half the two-thirds

would be BMEMBER SCHULTZ:

About a third would fall

in that over the next B- or at present.
MR. CLEFTON:

At present, right.

MEMBER SCHULTZ:

They would say, yeah,

I'm going.
MR. CLEFTON:

Right.

MEMBER SCHULTZ:

Okay.

And about two-

thirds would not see a need right away.
MR. CLEFTON:

Exactly.

MEMBER SCHULTZ:
MR. CLEFTON:

Thank you.

And I don't want to take

up the time because we have limited schedule and such
here, but plans are to let David talk about the
Westinghouse perspective, and Kurshad to talk about
General Electric.
And

We've had great cooperation.

then

Lisa

will

probably

little bit from the AREVA standpoint.

speak

a

And then we'll

get Tom up with the comments that he's got from the
rule in the package to bring up the high points that
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we still want on the table, if you would.
CONSULTANT SHACK:

Were there any new

things you saw today that would change any of your B some of your, you know, did you see new things that
would help, or this was, you know, what we're seeing
now is what you sort of expected to see?
MR.

CLEFTON:

I

guess

one

of

the

challenges we see from my perspective in the hallway
discussion I had with CJ, was that the risk-related
reg guide is -B that's jamming if we're going to get
to where we need to be as including that in the
package.
And we've talked with Paul and the staff
about doing a workshop in January, probably middle of
January to work up templates of how we can identify
what he needs to see and what we need to produce for
the 60-month planning and scheduling.
We could roll part of that time frame
into responding to the newest draft of the reg guide
for the risk if you will, but we've been at this for
two, three years now to get to the language that we
have right now and it's pretty much firm in place.
And

CJ

and

his

staff

who

are

risk-

informed are scrambling to get in, in the last couple
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months here.
So, with us losing the second half of
December,

that

public meetings.

challenges

when

we

can

have

good

And January is still a last-minute

effort for something that's going to be submitted to
commissioners in February, no question, but I think
that's a driver that we've got right now is that the
staff is looking for the delivery on time in February
as driven by their SRMs.
We've had a couple other things that I
think Kurt Flaig was talking about, a GSI link with
Aspect.

And we can probably get into that as we get

through our presentations here.
I don't want to cut down -- we've got
several people in the audience that have their notes
from yesterday and the days before that we've had
public meetings that they'll want to bring up.

And

so, we need to go to the slides here.
MR. MITCHELL:
My name is David Mitchell.

Okay.

Good afternoon.

I work with Westinghouse

Electric Company at our Fuel Fabrication Plant in
Columbia,

South

Carolina

and

I'm

going

to,

this

afternoon, discuss the Westinghouse recommendations
to the ACRS on 50.46c and the regulatory guide.
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Westinghouse
participation
Westinghouse

in
has

Electric

development
been

of

actively

Company

the

new

involved

rule,

with

the

industry and the NRC during development of the basis
for testing and interpretation of the -B of test data
for the LOCA.
This includes supply of material for NRCsponsored

test

programs

including

un-irradiated

cladding, the irradiated cladding and sections of
irradiated rods.
We sent in a letter B- a total of six
letters on the specific subject.

We published three

papers in various TopFuel and ANS formats, and made
three presentations in public forums.
Now, this is similar to what the other US
fuel suppliers have done in terms of participation.
Their focus may be a little bit different than ours
because

of

people's

particular

positions

and

the

alloys they have, but we've been fully involved in
that and based B we've done a lot of testing in
support of that, and these recommendations fall from
that testing.
Next slide, please.

Now, in terms of the

implementation of the new rule, Westinghouse is fully
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prepared to support our customers in demonstrating
compliance under the new 50.46c Rule.
We've

done

a

lot

of

testing

and

--

development testing to be able to, you know, roll out
new methods as soon as the rule is ready.
And, particularly, Westinghouse supports
the

move

of

the

details

from

the

rule

into

the

regulatory guides.
And also so far as we've been able to
look at them with the most recent round of draft
regulatory guides, the changes in those guides to
incorporate

details

from

the

rule

will

make

the

demonstration compliance much more practical than it
has been before.
MEMBER BLEY:

You're kind of comfortable

with how it's now distributed between the two?
MR. MITCHELL:

I think so.

I mean,

there's B we haven't completely gone through the reg
guides, but because, you know, and there's a couple
of issues we may be a little bit concerned with.
But because they're in a reg guide, it's
much easier if you have to deviate from them to get
acceptance of them compared to whether it's in the
rule.
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So, for instance, we did a lot of testing
based

on

the

old

draft

reg

guide

for

breakaway

oxidation.
Now, the new draft reg guide changes some
things.

So, we'll actually have to go back and

change our equipment to do it, but at least it's
better for it to be there in the reg guide than to
have it in the rule.

And it makes things like the

test frequency and potentially the ability to get rid
of the -B reduce the amount of testing much more
practical.
Okay.
observation

and

Next slide.

Now, the remaining

suggestions.

The

areas

where

Westinghouse believes based on extensive test data
and experience that the proposed requirements are
excessively conservative.

And we still do have an

issue with the requirement for the periodic breakaway
testing of fuel rod cladding.
In the six letters that we've sent to the
NRC,

five

of

them

have

been

based

on

breakaway

testing.
We've done extensive breakaway testing on
a large number of ingots, on a large number of lots.
We've gone and looked at our archive cladding.

We've
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picked out the extremes of the archives in terms of
chemistry.

We've tested them.

We've never had early

breakaway.
We believe that with the Kroll process,
you're just not going to get it.

It's fine for us

to determine the breakaway time and compare that to
the maximum small break LOCA duration that you're
going to have.
But the periodic testing, I mean, we're
prepared to do it.

We've got, you know, we've got

procurement authorizations out to get the equipment,
but

we

believe

that

unnecessary expense.

in

the

end

it

will

be

an

We're planning to spend it, but

it is unnecessary.
The other thing is B- yes.
CHAIR BALLINGER:
the results been?

How consistent have

In other words, where is the

scatter band on breakaway oxidation time?
You say you've tested multiple ingots.
MR. MITCHELL:

Yes.

CHAIR BALLINGER:

Okay.

So, of the same

alloy.
MR. MITCHELL:

Of the same B well, both

B we've tested Zirc-4, we've tested ZIRLO and we've
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tested Optimized ZIRLO.
CHAIR BALLINGER:

Okay.

Either way, how

consistent have the results been?
MR.

MITCHELL:

It's

not

a

consistent

thing where you will always get the same time.

We

have never observed it occurring early, but you can
take tubes and one might break away at 4,000 seconds,
and the other one is perfectly black adherent oxide
at 5,000 seconds.
So, it is kind of a, you know, a phenomena
that, you know, has a certain amount of uncertainty
to it, but it's the B it's after a certain point you
see the onset.

We've never observed it occur early.

CHAIR BALLINGER:

Okay.

So, that's what

I'm B- what I'm hearing is there's a minimum time
beyond which you -B before which you'd never see it.
MR. MITCHELL:

Yes.

CHAIR BALLINGER:

But then beyond that

there's a fair amount of scatter and BMR.

MITCHELL:

Yeah,

there's

a

fair

amount of scatter in there.
CHAIR BALLINGER:

And that minimum time

is long compared to your analyzed LOCA sequence.
MR. MITCHELL:

Yeah, it's quite long.
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So, the event, you know, is about 2,000 seconds, the
longest small break LOCA event where you go above 800
degrees C.
CHAIR BALLINGER:
MR. MITCHELL:

Okay.

And, you know, nothing has

broken, you know, shown breakaway before about 3500
seconds or so.

But some samples may go, I mean, we

didn't test them beyond 5,000 seconds, but they were
adherent, black, glossy oxide at 5,000 seconds.
CHAIR BALLINGER:
nominal

chemistry,

same

So, within the same

nominal

processing,

same

nominal everything.
MR. MITCHELL:

Yes.

CHAIR BALLINGER:
MR. MITCHELL:
MEMBER POWERS:

Thank you.

Okay.

The other issue B

I think that's pretty

consistent with our experience as well.
MR. MITCHELL:
MEMBER POWERS:

Yes.
You get some of these

things that for reasons unknown to me they seem robust
and go on for very long times.

And others, I don't

know what the technician wore for perfume that day.
I have no idea.
MR. MITCHELL:

Okay.

The other area is
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when I say "requirement," it's basically based on
what's been done in the draft rule guide to offer
acceptable pickup fractions.

It's the requirement

to use an upper bound hydrogen pickup fraction.
That's what's been produced so far as
acceptable measures and would probably form the basis
for any future alloy if we were to produce it.
And what that does in comparison to a
best estimate hydrogen pickup fraction is to prevent
getting undue conservatisms, you've got to go out and
get a lot of irradiated fuel, take it to the hot cell
and do the hydrogen measurements on it.
And these hot cell campaigns are quite
expensive.

Just to ship rods to a hot cell is

typically a million dollars or more.

And then from

there on the cost of disposal has gone up, all these
things.
So, we can B- any new alloy to rule out,
we have to do a certain number of hot cell campaigns
on them.

So, we'll typically do at least two hot

cell campaigns.
We'll measure a number of rods, you know,
look for the maximum oxide, take a section there,
take a section elsewhere on the rod.

And over a
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period of time we have a pretty good basis for the
best estimate hydrogen pickup in addition to which we
also get the mechanical properties and we look at the
effect of the mechanical properties as a function to
hydrogen.

And that's what's been done to date.
But now if we don't want to take an undue

hit on hydrogen pickup, we've really got to probably
double or triple the number of samples that we get.
And that's quite a bit of expense.
I mean, you're talking in the order of
probably an additional $10 million or more to get
those additional shipments and tests in order to make
sure you're not unduly penalized in terms of your
hydrogen pickup that you get.
MEMBER SCHULTZ:

So, if I could say that

differently, it sounds like the testing program is so
expensive

it

causes

you

to

use

the

upper

bound

hydrogen pickup fraction; is that -B
MR. MITCHELL:

Well, we did not use -B

that was what was done B the NRC were the ones who
proposed that.

We had originally proposed using a

best estimate.
MEMBER SCHULTZ:

But what I hear you

saying is that there are B
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MR. MITCHELL:

The question is what the

upper bound number is.
MEMBER SCHULTZ:

Okay.

MR. MITCHELL:

Like in any statistical

thing the more samples you have, the lower your upper
bound is, you know, at a certain confidence level.
MEMBER SCHULTZ:
MR.

Right.

MITCHELL:

And

so,

in

order

to

prevent that from being excessively high, you now
have to go out and get a lot of samples.
MEMBER SCHULTZ:

But even if you did,

there is an upper bound pickup fraction that's been
specified.
MR. MITCHELL:

Yes.

Well, there is one

that's been specified now effectively.
MEMBER SCHULTZ:

Right.

CONSULTANT SHACK:

But for new materials

you would have to generate more.
MR. MITCHELL:

You'd have to generate it

and it would probably add a couple of extra years
onto your program and BMEMBER SCHULTZ:
MR. MITCHELL:

I got you.

Okay.

-- significantly add onto

the cost.
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CONSULTANT SHACK:

But, I mean, you can

say you have to do samples to get the upper bound,
but again that indicates that there is uncertainty in
the measurement.
What's the justification for using the
best

estimate

rather

than

a

best

estimate,

plus

uncertainty, which would make you go out and do the
tests?
MR.

MITCHELL:

Well,

I

think

the

justification is the inherent conservatism of the
test methodology.
You're basically doing things like your
post-quench

ductility

is

based

on

a

quench

temperature of 800 degrees C.
And our surveys of quench temperatures in
the LOCA analysis have shown at most you're at 600 C.
Most of the quenches are between four and 600 C.
And the extra cool-down time allows for
more petitioning of the oxygen and the hydrogen in
the prior beta layer, which

makes the sample more

ductile following the quench.
So,
already.

the

method

is

very

conservative

You run most of your time at a very high

temperature, which gives you a much larger increase
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in the oxygen stabilized alpha layer, you know, for
the same level of oxidation.
So,
significantly,

you've

reduced

because

you're

the

beta

running

as

layer
high

a

temperature as possible either at 1200 C or 1121 C
depending upon which part of that curve you're at,
plus you're quenching at a high temperature.

So, you

have a very inherently conservative test technique.
And
consequences,
safety

to

I

think

it's

not

the,

you

in

terms

providing

know,

the

of
any

public,

real

world

additional
you

know,

imposing those conservative requirements.
I mean, if we have to live with them,
we'll live with them.

We're just pointing out that

this imposes a certain cost if we want to introduce
a new advanced alloy.
MEMBER SCHULTZ:

So, but you've entered

two aspects of your concern.

One is the conservatism

of the test conditions that have been specified.
Even if you did the tests to try to
develop something that would be best estimate plus
uncertainty, the test conditions that are specified
already produce a conservative result.
MR. MITCHELL:

Well, yes, and that's our
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point.

You're stacking conservatisms on top of each

other.
MEMBER SCHULTZ:
MR. MITCHELL:

That's it.

I don't think every single

input needs to be at upper bound input.
MEMBER SCHULTZ:
you to get.

That's where I wanted

Thank you.
MR. MITCHELL:
MR. CLIFFORD:

Okay.
And, excuse me, this is

Paul Clifford from the staff.

Since we're talking

about my hydrogen models, maybe I can say something.
(Laughter.)
MR. CLIFFORD:

Okay.

So, we recognize

that there weren't approved hydrogen models for some
of

the

alloys.

And,

you

know,

to

aid

in

the

implementation we felt, you know, it was a good idea
for the staff to put forth some acceptable hydrogen
models that could be used to implement 50.46.
Given all the data we use -B well, first
of all, the data was very limited.
multiple

sources,

which

means,

for

It was from
instance,

you

could have had a good variability in tin content for
the Zirc-4, oxide thicknesses are being shown or the
hydrogen pickup is being shown, it was from multiple
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sources over decades of time, and because of the
uncertainty and the validity of all that data, we
chose to use an upper bound.
There's

nothing

in

the

regulation

in

50.46c that says you have to use an upper bound.
That's just what we did because of the pedigree of
the data.
MEMBER
clarifying

the

SCHULTZ:

difference

So,

between

now

the

we're

reg

guide

information and the testing protocol.
You did what you did, but there's not a
requirement to use that.
MR. CLIFFORD:

The hydrogen model is a

means to implement Figure 2 that's in the reg guide.
MEMBER SCHULTZ:
MR. CLIFFORD:

Okay.
It's not related to the

testing of the ring compression test that was used to
generate Figure 2.
MEMBER
connection.

It's just implementing that.
SCHULTZ:

So,

Soft-hard connection.

there

is

a

I hear "hard"

from the audience out here.
MR. CLIFFORD:

No, there's nothing to

prevent Westinghouse from collecting data or using
consistent data, coming to the staff and say here's
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the spread in our data, we think it's acceptable to
use this best estimate because of the amount of data
we're presenting.

Nothing to prevent that.

MEMBER SCHULTZ:

Thank you.

CHAIR BALLINGER:

But you're saying it's

expensive.
MR. MITCHELL:
upper bound.

Well, if we had to get an

I mean, we can B we have to get B we

get hydrogen data as a routine part of our hot cell
campaigns.
So, we've always B and we continue to get
it.

It tends to be, you know, we get a few data

points each hot cell campaign and we build up a
database over a period of time.
But if you have to have an extensive
database before you can introduce a new cladding in
order to be unduly penalized, and perhaps, you know,
Paul's comments provide an opening not to avoid that,
you know, it can become very expensive.

You have to

get a very large number of points.
MR.

CLIFFORD:

And

also

as

we

move

towards more advanced alloys, the difference between
a best estimate and upper bounds is going to continue
to shrink, because the amount of hydrogen that's
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being picked up is so small in the advance cladding
analysis.
This is a big issue when you go back to,
say, legacy Zirc-4 when you have 700 plus or minus
150.
Well, when you're at a nominal of 75 and
you're plus or minus ten, it's not that big of a
difference.
MR. MITCHELL:

But our concern was that

these testing requirements, particularly the use of
the upper bound hydrogen pickup fraction, do not add
any clear safety benefits and make it difficult in
terms of resources and time frame to introduce a new
safer advance cladding material.
And so, all we're asking for is some, you
know,

we're

recognizing

trying
the

B-

to

get

sort

some

of

the

leeway

there

stack-up

of

conservatisms and the whole retained ductility method
of ensuring core coolability.
Okay.

And the other things are just

simply references if people want to pursue, you know,
where we've made all these various comments and all.
Thank you very much.
(Pause.)
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MR. MUFTUOGLU:
Muftuoglu.
presenting

Hi.

My name is Kurshad

I am with GE Hitachi.
GEH/GNF

perspective

on

And I will be
10

CFR

50.46c

rulemaking.
I will get into the points right away.
Just quick highlights.

The rule language has evolved

from the version that was given in March 2014 and the
public meetings we had with the staff since April
2014 and the improvements were made.
These

improvements

provided

a

more

workable rule without compromising reactor safety.
And we really have to shape the ability to B shape
the rule in a way that is more workable and it's
clearly not taking away the safety.

However, today

I'm going to make a couple key points very succinct
on two topics.
Interestingly

enough

these

two

topics

that can use further refinement also tie back to the
ACRS memo that was issued on January 26, 2012, after
staff presented the margin assessment B- industry's
margin

assessment

report

and

parts

of

the

rule

language.
Regardless the outcome, we will continue
to work with the industry representation and the NRC
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staff in developing a successful path to a hundred
percent compliance.
And

when

I

mean

hundred

percent

compliance, will mean that all units, but also every
aspect of the new rule.

So, we are prepared here to

comply with the rule as it's shaped today.
On

the

next

slide,

today

we

discuss

breakaway oxidation back and forth.

A few points

were

your

made

and

I'm

going

to

answer

earlier

question to my colleague this afternoon, Consultant
Shack, if there is anything that we've seen during
this meeting that improves.
I'm more encouraged to see that we have
better

agreement

especially

when

it

comes

to

definition of periodic testing and hearing that the
frequency can be even B can go to zero if we are
satisfied with the variance put in place to make sure
that the cladding prepared or manufactured does not
B

does

not

exhibit

itself

prone

to

breakaway

oxidation.
So, this wasn't how we perceived things
from the April meeting, but the further discussions
and

better

understanding

of

the

issue

definitely

helps.
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And

I

was

encouraged

by

what

Paul

Clifford mentioned earlier today during the morning
presentation, but also there is another point I think
is important to make and you asked the question,
Member Bley, about what's so contentious about this
slide.

That was a slide in Paul's presentation.
And when it comes to breakaway oxidation,

under the Benefits column it says, improves cladding
performance without interfering with manufacturing
flexibility.
We do agree that what's proposed does not
interfere with the manufacturing flexibility, but
it's

hard

to

agree

that

improves

the

cladding

performance, because our position is and has always
been that we do not have problem with breakaway
oxidation.
And the cladding will be manufactured the
way we are manufacturing today.

There will be no

change in the manufacturing process in spite of the
periodic testing that might be imposed on, on the
manufacturing, and the performance is as good as it
gets today.
MEMBER REMPE:

Didn't I hear Paul mention

that if you rely on the manufacturing process, then
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you might have the regulator involved in it?
Is that not a concern?

I mean, your

point here kind of implies that we got this very
controlled process and is the regulator involved in
that process?
MR. MUFTUOGLU:

Regulator is involved in

the process as the quality assurance requirements
dictate.
I mean, there is no particular reason why
the

breakaway

oxidation

should

be

elevated

to

a

higher level than any other performance metric that
the fuel cladding should meet.
MEMBER REMPE:

Okay.

But, I mean, what

you're implying here is that we've got this process
and

we're

not

planning

to

change

it.

And

they

wouldn't come back and say, well, we want to make
sure there are no changes in it.
MR. MUFTUOGLU:

Sure.

We also heard

that if we commit to making sure we get our fuel
material

from

electrolytic

Kroll

process,

process
committing

as
to

opposed
that

will

to
be

acceptable.
MEMBER REMPE:
MR. MUFTUOGLU:

Okay.
That's something that -B
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that's the level of regulatory involvement and I
don't see any particular problem with that.
MEMBER REMPE:

Okay.

MR. MUFTUOGLU:

Thanks.

And also the cladding

condition is another particular important aspect of
this breakaway oxidation belt-polishing as opposed to
pickling,

a

process

that

B-

belt-polishing

is

regularly done.
So, committing to those processes I think
is something will be part of the package we will
present to NRC on how we will meet the breakaway
oxidation criterion for the new fuel.
MEMBER REMPE:
MR. MUFTUOGLU:

Okay.

Thanks.

But the point I want to

make here is really what the rule says.

If we take

just a quick few seconds to look at the B at Paragraph
(g)(1)(iii)

the

way

it's

written

in

the

revised

version of the current proposed rule, we do agree
that the early B the top portion of that paragraph,
which is in gray, and the bottom portion is in black
highlighted,

the

early

portion

requires

that

analytical limits must be approved by the NRC.

the
The

total time that the cladding predicted to remain
above the temperature that zirconium-alloy has been
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shown to be susceptible to breakaway oxidation must
be less than the analytical limit.
That can be achieved, but the remaining
portion of that paragraph in the rule requires that
the oxidation behavior must be periodically confirmed
using an NRC-approved experimental technique capable
of determining the effect of composition changes or
manufacturing

changes

on

breakaway

oxidation

behavior.
Now, today we have also discussed that
the more information we gather, we may go down to
very infrequent testing.

However, we are making this

as part of the periodic testing requirement as part
of the rule.
And if we consider that the rule stays
around decades, 30, 40 years from now, we will have
to live with this language as it's presently given.
The point is the rule assumes testing is
the

only

way

to

avoid

breakaway

oxidation

and

precludes future advances in knowledge.
If we do advance in understanding the
materials

and

particular
process,

find

impurity

there

may

what's
or
not

the

culprit

particular
be

any

in

that

manufacturing

further

need

for
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testing.

And that's the point I wanted to bring up.
And also since the testing technique B

experimental technique capable of determining the
effect

of

composition

changes

or

manufacturing

changes, this also assumes that B accepts that the
composition

and

manufacturing

changes

are

the

culprit, but until today we felt like it ignored that
controlling the process as an option.
This was different when we heard Paul
indicating that if you put the right barriers in
place, that might be acceptable to the staff.

That

was the differentiation.
We believe the intent of the rule can be
achieved without the portion highlighted in the above
paragraph.

So, the early part of the paragraph

requiring that the breakaway oxidation using an NRCapproved experimental technique must be determined,
the analytical limit, and the fuel as manufactured
meeting this criteria won't be sufficient.
And
earlier.

I

believe

this

point

was

made

Testing, especially the periodic testing,

will be the most onerous part of the implementation
of this rule.
There will be a cliff effect.

If we are
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testing few specimens versus at every ingot level,
then we have to switch to more production like-type
testing requiring capitalist investment.

So, but we

don't see the benefit in improving plant safety.
Next slide.

I see no questions.

The

other topic that was left not completely addressed to
the level we would like to see is under Reporting.
As you know -B as you may already know,
there is a definition of "significance level" in the
current rule which is tied to 50 degrees Fahrenheit.
A value that is not physical.

It's 50

degrees Fahrenheit and doesn't tie to any particle
physical quantity other than being a round number.
And in the, I believe, 2009-2010 Advanced
Notice for Proposed Rulemaking did ask this question
and proposed a sliding scale for the significance
level based on the margin.
Back

then

the

industry

did

not

get

everything in line and we didn't respond to it in a
way that was more workable.

There were different

opinions, but I believe the common sentiment was,
yes, it's a good idea, but the formulation can be
less complex.
The formulation was convoluted and the
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suggestion was, we can make this even further B we
can

make

this

even

simpler.

It

can

be

further

simplified.
However,

in

the

current

rule,

the

proposed rule, there was no accommodation of this
margin.

If you have large margin to the regulatory

limit, the 50 degrees still trigger a significant
change.

We believe this is a missed opportunity.
There are a couple other issues related

to reporting and sometimes we run into those things
often,

and

my

colleagues

shortly

will

mention

a

couple of them in the next presentations.
But during the public meetings during the
course of this year, there was an idea to get together
and have a public forum just for the -- addressing
the reporting-related issues.
As

GEH-GNF,

we

will

support

such

collective effort to streamline the Reporting section
of the rule.
This can be achieved, perhaps, instead of
a regulatory guide, which will take additional time
at this stage, perhaps by NRC's endorsement if NEI
seeks endorsement on a guidance document.
Of course we will need to provide the
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guidance document which will be acceptable to the
staff and that could provide mutual benefits.
This has nothing to do with plant safety,
but it is a lot of gyrations through the course of
the year with regular reporting of the small changes
in the evaluation methodology including what should
be considered a change.
However, we are facing a rule language
that is before us right now and our sentiment is this
should not prevent us improving the process and the
rule language should allow us flexibility so that we
can work with the NRC and get a guidance document
that everybody will agree and follow.
Those are the two key points we felt
strong enough to bring to your attention.
MEMBER SKILLMAN:
this, please.

Kurshad, let me ask you

The current limit is 22 F and -B 2200

and 50 degree is your trigger.

How much effort is

involved in reporting on the 50 degree trigger?
Is that something you are confronted with
each quarter, or once you do a core operating limits
report?
How often are you confronted with that
need for change?
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MR.
requirements

is

MUFTUOGLU:
on

the

Okay.

The

reporting

licensee.

And

the

fuel

suppliers support the licensee on that effort.
If there is a change or an error in the
evaluation methodology, including the code or any
parts of the method, that will create a deviation or
a change, which an estimate needs to be prepared.
If the estimated PCT is greater than 50
degrees, 50 degrees or greater, then there's a 30day reporting requirement.
In addition to that significance level if
all the accumulated changes since the most recent
analysis of record, the sum of the absolute values of
these changes plus 25, minus 25, you may have the
same PCT that will also trigger a 30-day reporting.
To answer just -B this is just setting
the stage and this is the current rule, not the
proposed rule.

To answer your question, it depends

on the nature of the change.
Sometimes the change or the error when
they were found, it yields itself to where you can
see what will be the impact or there will be an easy
fix, but sometimes it requires a code modification.
When you modify the code, that requires
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additional validation tests, et cetera.
effort

varies.

Preparing

that

So, the

estimate,

PCT

estimate, will depend on the nature of the change.
Sometimes

they

are

fairly

small, but sometimes they are large.

benign

and

The effort is

large.
MEMBER

SKILLMAN:

So,

it

sounds

like

you're arguing or you're offering an argument that
all of the effort is really not valuable in a safety
sense.
MR.

MUFTUOGLU:

How

can

doesn't change the plant operation.

it

be?

It

The operator

doesn't even feel -B
MEMBER SKILLMAN:
MR. MUFTUOGLU:

Okay, but does -B
-- unless I change this

metal right here.
MEMBER

SKILLMAN:

Isn't

there

a

different point of view that one way to make sure
that operators understand what they're doing is to
have a constant thick magnifying glass so that if
there is a change, it's clear that they know what
they know?
In other words, it's given that it isn't
a big safety issue, but what is important is knowing
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that there's been a change.

And just knowing is

valuable.
MR.

MUFTUOGLU:

Sure.

Sure.

Definitely.
MEMBER

SKILLMAN:

Now,

if

that's

the

fact, then perhaps the margin argument that you make
is a very good one.

Maybe instead of 50, though, it

would be 500 if you have 800 degrees of margin.

I

can understand that.
MR. MUFTUOGLU:
MEMBER SKILLMAN:

Mm-hmm.
I can understand that.

But it seems like there will be other cases where
perhaps the licensee is flying really close to the
flame and that 50 degrees absolute change.

My PCT

is an excellent magnifying glass for the sake of the
licensee.
MR. MUFTUOGLU:
point.

You have a very valid

If we don't change anything, leaving 50

degrees in there for the plants that are particularly
close to the limit makes sense, but that's ignoring
the fact that many plants also have a large margin.
So, I'm not offering a solution here.
I'm only saying we are running out of time fixing
this while the rule is open.
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And if we don't get together and agree on
a workable B I don't want to lose the same sliding
scale

or

level.

more

sensible

margin-based

significance

That would be an improvement.

We just miss

B we are missing that, unfortunately.
MEMBER SKILLMAN:
point and I respect it.

And I appreciate your

So, thank you.

MR. MUFTUOGLU:

Thank you.

MEMBER SKILLMAN:
MR. MUFTUOGLU:

Thank you.
Any questions?

(No audible response.)
MR. MUFTUOGLU:

Thank you.

MR.

Lisa,

CLEFTON:

did

you

want

to

comment now or B
MS. GERKEN:
MR. CLEFTON:
CHAIR

Sure.
Lisa Gerken is with B

BALLINGER:

Turn

your

mic

on,

please.
MR. CLEFTON:
Clefton with NEI.

Sorry.

This is Gordon

Lisa Gerken is here with AREVA and

we didn't give her an opportunity to speak up yet.
We will now, if you'll take the opportunity.
MS. GERKEN:
right.

Good.

Hi.

Is it on now?

Okay.

All

AREVA didn't feel the need to
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make a formal presentation, because we reviewed the
other vendor's position and largely our comments just
would have been on the necessity for the breakaway
oxidation program.
We did want to say that we have been
extensively involved in all of the developments of
the new rule through research and testing.

And we

are making preparations to support our customers in
demonstrating compliance.
Just to further add to the question that
was asked of Westinghouse about the variability and,
again, coming back to the necessity of the breakaway
oxidation testing, in all of our testing we see the
same thing.
There is some variability perhaps in the
onset of the timing, but not in whether or not you
have

the

that's

early
very

breakaway
consistent

oxidation
with

timing.

our

So,

controlled

manufacturing processes is that we are not seeing
early breakaway oxidation times.
And so, the necessity of this periodic
testing once you have an established limit may be
overly onerous.

So, but we do very much appreciate

the additional flexibility that was given moving from
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the proposed rule to what we see today.
MR. EICHENBERG:
Tom Eichenberg.
and

I'm

Advisory

the

Here we go.

Okay.

I'm

I'm with Tennessee Valley Authority
Chair

Committee

of
for

the
the

Regulatory
EPRI

Fuel

Technical
Reliability

Program.
And I guess before I get into the slides,
I'd really like to acknowledge some thanks to people,
because this is a project which in 2005 when my
daughter was born, I wasn't sure that this would be
done before she graduated high school.
And I'm hoping that it does get done
before that, but it would not have been possible for
the industry to have gone through the enormity of
what was being proposed without a lot of support from
other folks in the industry and the vendors.
And

I

really

want

to

give

a

special

thanks to the staff for persevering for what probably
seems like an interminable amount of time on this.
And I also want to give a special thanks
to Geary Mizuno for his participation this summer.
Quite valuable insights into areas that we technical
people generally don't delve into.
So, having tried to think about where the
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rule is at, how far we've come, it was a little
difficult to figure out what to talk about.

So,

let's go to the next slide here.
So, I've only got a couple of topics.
And what became clear as I was going through this was
that

each

of

these

bullets

isn't

necessarily

a

problem by itself, but there's a theme that each of
these bullets tends to impact the other bulleted
items, or it tends to impact another part of the rule,
or another part of the rule might impact B I shouldn't
say necessarily another part of the rule.
another

part

of

the

Code

of

Federal

Maybe

Regulations

impacts what we're doing here.
So, just to read the rule and treat them
all as separable pieces isn't always the right thing
to view.
So, having said that, let's pop to the
first item here.

This is the way Paragraph (k) is

currently written.
Back in the draft FRN stage, industry had
provided a comment on the wording of Paragraph (k).
Basically says that you have to use an NRC-approved
fuel.
And as we wrote up our response to that,
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you know, in hindsight we probably could have done a
better

job

of

explaining

what

we

meant

by

grandfathering.
At the time we wrote that comment, we had
not had extensive discussions with the staff about
implementation.

And what we were really viewing was

that there didn't appear to be a safety significance
that was driving us to go back in retrospect and look
at what we'll call "old fuel."
And by old fuel, I mean fuel which has
been procured and operated to today's standards and
not a future unknown standard.

And what problems do

I have once I cross that threshold trying to use fuel
that may be NRC-approved, but it wasn't NRC-approved
post-50.46c.

Are there issues that carry over?
And so, our idea behind grandfathering

was there needed to be some sort of a time frame in
the middle where you didn't really attempt to go back
and retrofit your old fuel.
And this came up to me in a new idea today
when Paul was talking about his breakdown in the
implementation

program

where

he

had

the

three

different levels of effort and different number of
plants in each one of those levels.
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You

could

have

a

scenario

where,

you

know, those three levels might automatically assume
the level of effort is that you're using the same
fuel type and the same clad going from 50.46 to
50.46c.
But what happens if I'm trying to get to
the next level of fuel product and what do I have to
do to look backwards?

And do I effectively have to

do two 50.46c compliances?
Maybe I've got a plant which has got more
than two fuel types in it.

Now, I've got to do three

analyses of records to support each of the older fuel
types in my plant.
So, the idea up front that we have three
basic levels of effort -- and each one of those
categories could be broken down into an A and a B
where there's a level of effort that we haven't even
thought about yet due to what Paragraph (k) may be
causing us to deal with.
Another aspect of this B
MEMBER BLEY:

Tom, before you go ahead

with that.
MR. EICHENBERG:
MEMBER BLEY:

Yes.

That was a more inclusive

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

254
discussion, but is it at heart any different from
what Gordon Clefton talked about earlier with being
able to stay with 50.46 if you've been operating in
that mode up until now?
MR. EICHENBERG:

I would say it's an

underlying piece of that argument, because if I have
to

do

more

than

one

analysis

of

record

in

a

retrospective view, that analysis isn't free.
And so, it's going to drive up the cost
of selecting a fuel change going forward.

So, it

could inhibit me from wanting to do that.
And in theory, it could inhibit me or
retard

the

rate

at

which

the

ultimate

hardware

solutions are adopted, which is to go to the better
cladding materials because I've got to now make this
fine juggled assessment of how much money can I afford
to spend on this?
So, there are some issues that we've not
had a chance to explore these with staff.

We only

saw just a couple weeks ago what the final response
was to our original comments from last August.

So,

we're not entirely sure if what we're seeing is
something we can work around, or if it's something
that poses a more fundamental problem.
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And one other aspect I wanted to bring up
is that the rule talks about the breakaway oxidation
requirement from the date of the FRN publication.
And as we realized this summer when we were looking
at detailed implementation, an NRC-approved breakaway
oxidation program at any one licensee's particular
vendor may not be available for 18 months or two years
down the road.
So, how can I procure fuel the day after
the rule becomes in effect and gets published if I
don't know what the program is that's going to give
me what amounts to a virtual certification that my
fuel

meets

the

requirements.

So,

it

creates

a

potential QA problem in trying to figure out where
does all this reside.
That was kind of what I wanted to put in
front of everybody.

I don't know that we have any

solutions, per se, to individual issues that I'm
going to bring up, but I wanted people to be aware
that these are things that have not been fully vetted
between industry and the staff.
Let's

move

on

here

and

we'll

talk

little bit about Paragraph (m) on reporting.
the

things

which

B

actually,

we

have

a

One of

two

major
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concerns.

One is the new words of Paragraph (m) have

lost the verbiage on the ability to take appropriate
alternative action.
And I can understand the staff's reason
behind that, but at the same time those words created
the possibility of saying with the current rule, I've
got 500 degrees of margin to my limit.

Do I really

need to go do something because I've got 51 degrees
of change?

And what if that 51 degrees of change is

actually in the direction at that one margin?
So, it creates B those words that are now
gone actually help circumvent a problem which now
exists for us, because the words are gone.

I don't

know if that made any sense, but it can be a problem.
Another thing that we're concerned about
is overlapping on regulation.

We believe that the

reporting, at least what's driving Paragraph (m), is
to a certain extent already covered by Part 72 and
Part 73.
In particular, let's take an example of
there are three sub-items of reporting and there's
one which now puts you into a 30-day clock under the
proposed rule to give us a report.

And I think that's

where you actually exceed the acceptance criteria.
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Well,
criteria,

if

you're

you

going

exceed

to

be

in

the

acceptance

an

operability

determination right away and you're going to get a B
what's for all practical purposes a four or maybe an
eight-hour

notification

into

the

NRC

that,

hey,

there's a problem.
And 50.73 for licensee event reports is
already telling you, report to me what this is all
about, but it's a different time frame.
So, I think what we would say is it
doesn't make sense to have duplicative requirements,
because it just creates an opportunity for human
error.

What am I trying to comply with and when?
Another thing that we think is a bit

confusing is that the idea of reporting, and this
gets tied into Paragraph (n), which we're going to
get to in the next slide, is that if you somehow go
across a defined threshold, that we automatically
challenge the confidence of our methods.
So, the industry's belief is that what's
really important about our methods and our confidence
in them is are they bounding?

Do I have an analysis

in my FSAR that says, I'm safe, the public health and
safety is safe?

And simply having a threshold that
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you

went

across

doesn't

necessarily

address

that

issue.
So, let's go to this next one and talk a
little bit.

And we can come back into this slide if

we need to, because these are so closely related.
And, in fact, in the draft FRN, this (n)
part was actually part of Paragraph (m) and it's only
been pulled out recently.
So, one of our concerns here in Paragraph
(n) is that there seems to be what I call a language
mismatch between the two criteria now.

We have a PCT

criteria,

an

and

we're

going

to

add

oxidation

criteria.
Peak clad temperature is a singular.

It

says, what's the peak clad temperature in my core?
Doesn't matter where it occurs or when it occurs.
What's my peak clad temperature?
When you use the word "oxidation" without
any qualifiers, that's now a plural.

That could be

oxidation anywhere in my core at any time.
So, what is it that I'm reporting and
what is it that I'm trying to determine significance
against?
And that brings up the idea of why do we
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need a significant change criteria?

Should it be

tied in some way to what is safety significant, or is
it

something

that

should

be

purely

a

reporting

mechanism, or is it something more complex?

Do we

need to be actually micro-managing margin management?
So,

we

think

that

Paragraph

(n),

or

November, is a very good candidate for performancebased language.

In other words, stick with the idea

that the rule should tell me what I should comply
with and have a reg guide that describes the how I
show that.
So, in this case, I'm thinking that for
significance, all you really need to do is say, show
me

the

main

temperatures,

show

me

the

oxidation

however we work out plural or singular with that, and
leave it at that so that the reg guide or some kind
of guidance that the industry can put together which
is endorsable could then go into a more detailed
approach of what we feel really is significant under
what conditions.
Another

thing

that

potentially

is

of

concern is that as licensees we all have Appendix B
corrective action programs.

And the idea that there

is a corrective action that you must take by rule
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someplace other than Appendix B, it seems to me is
muddying the waters of why we even have Appendix B if
the rules themselves are going to tell us what the
corrective actions are.
And so, I think if Appendix B is going to
require us to have a corrective action program, we
should stick with the corrective action program to
look at the specifics and determine what is the
appropriate action.
So,

that's

kind

of,

you

know,

the

nutshell of the concerns that we have with Paragraph
(m) and (n) together.
MEMBER SKILLMAN:
MR. EICHENBERG:
MEMBER SKILLMAN:
last point.

Tom B
Yes.
-- you lost me on your

I was with you up until that point.
MR. EICHENBERG:
MEMBER SKILLMAN:

Okay.
Appendix B says in your

corrective action program B
MR. EICHENBERG:

The appropriate action

program.
MEMBER SKILLMAN:

-- if you identified

an issue, you've got to deal with it.
MR. EICHENBERG:

Yes.
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MEMBER SKILLMAN:

And it doesn't say how.

It just says do it.
MR. EICHENBERG:
MEMBER SKILLMAN:
for a long, long time.

Right.
I've lived on licenses

When you hit the threshold,

you're off into your fuel performance analyses and
your fuel activities.
MR. EICHENBERG:
MEMBER

SKILLMAN:

direct you how to do it.

Right.
Appendix

B

doesn't

It just says, go do it B

MR. EICHENBERG:
MEMBER SKILLMAN:

Right.
-- and you use those

tools.
MR. EICHENBERG:

You've got a process and

tools to decide, you know, what's the significance,
do I need an immediate operability review and all
this stuff.
MEMBER SKILLMAN:
MR.

EICHENBERG:

Exactly.
So,

why

do

I

need

another rule actually telling me what the corrective
action is before I even start the process of starting
CR?
MEMBER SKILLMAN:

But you have that under

ASME Section III section right now.

If you have a
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deficiency in your reactor coolant system pressure
boundary or you find a seismic issue, you identify it
in Appendix B, but you use the codes and standards
and the other analytical tools to address what you
found.
MR. EICHENBERG:
MEMBER SKILLMAN:

Right.
So, I don't think in

and of itself that's a significant issue.

Appendix

B is there for a whole host of purposes.
MR.

EICHENBERG:

A

whole

host,

yeah.

There's a big, long laundry list of B
MEMBER SKILLMAN:

Yes.

All I'm saying

is that I think that there's a good parallel between
what you might find as a questionable item in fuel as
you might find as a questionable item in any other
portion or your SSCs.
MR. EICHENBERG:
MEMBER SKILLMAN:

Right.
So, I was with you up

until that point and then I just fell off your horse,
but I B
MR. EICHENBERG:
MEMBER SKILLMAN:
MR. EICHENBERG:

In general B
-- concur B
-- I would say that if

we've got specific sections of the regulations that
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are

already

dealing

with

reporting

and

reporting

requirements, there's just no need to duplicate that.
And there's some issue with when you look
at the way the significance is written, it's telling
you that you have to go off and do not just an
estimate, but now you have to go off and do an entire
new analysis of record because you've tripped a magic
switch.
And in the extreme case if that magic
switch gave me the extra margin, why do I have to go
off and spend half a million dollars to do an entire
new analysis of record for something that physically
made the plant safer?
So, I think what it really comes down to,
you know, how do I use my FSAR and how do I B how
does that, you know, match up to my tech specs and
what they're telling me I have to do?
MEMBER SKILLMAN:
making

a

good

case

for

Well, I think you're

whether

the

50

degree

Fahrenheit is the right switch.
MR. EICHENBERG:

It may be for certain

conditions, and then in other conditions it may not
be.
MEMBER POWERS:

My perception is that in
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forming the regulation there was a great deal of
concern about the fortuitous cancellation of errors.
And

suppose

that

indeed

you

had

your

scenario which is not an uncommon one, I've got 500
degrees of margin and I find a 50 degree error that
for the sake of argument gives me 550 degrees of
margin.

Should I report?
And my perception is that they would say,

yes, we do, because there's obviously something about
the

way

you're

doing

things

that

may

involve

a

fortuitous cancellation of error and I want to look
at it.
Can you respond to that?
MR. EICHENBERG:
B pop back one slide.
yeah,

here

Discussion,

we

are

but

B

the

I think this gets back

This gets to the idea of B
of

the

second

reporting

bullet

requirements

under
are

automatically assuming a challenge to the confidence
to the method.
And so, then we have to decide, well,
what is the right metric to decide that I'm losing
confidence

not

only

in

my

method,

but

more

importantly I'm losing confidence in the bounding
nature of my FSAR.
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Does my FSAR tell me I am okay and am I
still

confident

that

the

conclusion

of

the

FSAR

remains valid?
And that's not quite the same question
as,

well,

did

this

particular

evaluation

model

suddenly go 50 degrees one way or another?
So, it's really dependent upon where you
are relative to the limits when you have a margin
challenge.
And another thing I would caution people
on is we've talked about we're going to add a new
reporting requirement in terms of oxidation.
And I know that Paul has come up with
this 0.4 value, which is roughly a surrogate that's
about what a 50 degree B somewhere on the staff.
you know, it's a rule of thumb.

So,

It's something like

a 50 degree change.
Okay.
being

asked

to

Well, now the limits that we're
review

hydrogen content.
experience

problems

with

changed

the

are

nonlinear

in

And so, how do I know with no

industry

0.4

against

that

I'm

because

behavior

of

I

the

not

going

to

have

did

something

that

fresh

fuel,

but

it

propagated backwards and I just accidentally went
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over 0.4?
safety?

So, is that really a serious issue for

Is it a serious issue for margin management?
And then, you know, when we talk about do

we want to have a safety basis to reporting if that's
really the right way to go, how do we take into
account the fact that the limit that we are comparing
against has retained margin?
How do we take into account the fact that
there may be other aspects of the evaluation model
which have retained margin?
So,

what

does

it

mean

to

report

50

degrees against a criteria which already has maybe
two or three different flavors of margin built into
it, you know?
With the new oxidation limits, you know,
a very high-level change occurred where we're no
longer trying to protect against brittle failure.
We're

trying

to

protect

as

a

surrogate,

the

maintenance and ductility.
Well, that in and of itself just changing
that standard, threw in an unquantified amount of
margin into my -B what I'm really trying to protect
against, which is failure upon quench.
So, these are not issues that we feel we
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have an answer to today, but they're the kinds of
things which we had hoped during the summer to get
into.

And for just a variety of reasons, we just

couldn't make it happen.
MEMBER SKILLMAN:
this:

Tom, let me ask you

Could you imagine a case where you have a

mixed core and you have a 50 degree Fahrenheit delta
on an analysis of, say, two-thirds of the core and
you don't have that 50 degrees on the other onethird?
MR. EICHENBERG:

Sure.

And that gets

right back to on the next slide, you know, Paragraph
(n), you know.
Do I really understand what PCT singular
and oxidation plural mean, and do we somehow need to
reconcile that?
MEMBER SKILLMAN:

Okay.

MR.

Okay.

Thank you.

I

got it.

that

we

have

EICHENBERG:
to

talk

about

is

Another

evaluation

item
model

interpretation.
The

industry's

position

is

that

the

treatment of plant-specific input as part of the
approved evaluation model is problematic.
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Prior

to

the

'88

rule

there

was

language which directly led you to infer that

no

your

plant-specific inputs were a part of your EM.
And
language

when

became

the

rule

available.

was

And

updated,

over

the

that
years

there's been sort of a back and forth interpretation
of what exactly does it mean.
I would say that B let me give you an
example and it has to do with my license.

On my

reference page in Section 565, I have to list methods
that I'm allowed to use and I point at a vendorapproved topical report.
Okay.
That's

how

I

That's

would

my

interpret

evaluation
the

model.

meaning

of

an

evaluation model under 50.59.
But if we interpret the definition of an
evaluation model to include plant-specific inputs,
that

approved

evaluation

model

does

not

include

plant-specific inputs.
They're not on my list.

They are part

of the application of the approved model.

However,

I then have an issue of, what if I need to change one
of my plant-specific inputs?
I'll give you an example.

Let's say I've
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got some kind of an ECCS pump that delivers 4500 gpm
at a certain pressure.

And for whatever reason, I

can't procure exactly that same pump.
replace

it

because

it's

got

bearing

I've got to
issues

or

something.
I go out and get a new pump and it can
deliver 4550 gallons per minute.

It's not exactly

the same thing, but it's giving me a little more
stuff.
All right.

If I interpret the definition

of "evaluation model" to include all inputs to the
evaluation application, I have now just changed my
plant

and

I've

got

a

new

input.

And

that

interpretation says you may actually have to go put
in a license amendment to get this approved.
MEMBER BLEY:

Tom, when you introduced

this as the industry position is, are you speaking
for your committee, for NEI and EPRI, NEI, EPRI and
INPO?

Who were you speaking for?
MR. EICHENBERG:

I believe today we are

speaking for NEI for the industry.
MEMBER BLEY:

Okay.

Fair enough.

Thank

you.
MR. EICHENBERG:

So, there are nuances
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to

interpretations

of

language

that's

just

being

carried forward.
So, when we say there's no change, you're
right.

There may not be a literal change, but it

does not automatically eliminate the interpretation
issue.

What does it mean?

And so, you know, here's

an opportunity to probably clarify that.
And I would also add that a lot of things
have happened since the B we'll call it the '88 rule
update.
We

have

had

language and the process.

a

change

in

the

50.59

We have had some changes

in, I believe, 50.73 reporting.

Various things have

happened over time that didn't exist at the time this
previous language was put together.
So, now that changes have occurred in
other parts of Part 50, do we need to be asking
ourselves how do we reconcile the need for certain
language or utilizations in this rule if it's already
in existence now in some other part of the rules?
So, that's why I said when I first was
putting these slides together, these were not issues
which are fully separable.

You can't just look at

it and say, I'll tweak this, I'll tweak this, I'm
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done, I didn't change anything.
Because in reality when you change even
one word, it can have a big impact and I think
everybody

would

prefer

not

to

have

battling

interpretations for the next 20 years when individual
staff members change and things may not be written
down, or they may be written down, but they were
written in a certain context, which doesn't apply to
the context somebody is trying to work on in the
future.
MEMBER SCHULTZ:

But, Tom, here you B the

way I interpret this is you were hoping that with the
development

of

a

new

rule

you

would

have

the

opportunity to have plant-specific B to have the
licensee have the ownership of the margins to the
acceptance criteria.
MR. EICHENBERG:

Yes, to say we need to

B the ownership B
MEMBER SCHULTZ:

That would be B

MR. EICHENBERG:

-- needs to reside with

the licensee.
MEMBER SCHULTZ:

That would be a change.

MR. EICHENBERG:

Yes, but right now B

MEMBER SCHULTZ:

That you hope to achieve
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with the new rule.
MR. EICHENBERG:

Right.

But right now

everything else in Chapter 15 of the FSAR is minor.
Why does LOCA got to be different?
MEMBER SCHULTZ:

It has been.

MR. EICHENBERG:

It has been, yes.

MEMBER SCHULTZ:

And so, you were hoping

that with the new LOCA rule that it would be like B
MR. EICHENBERG:

So, we're hoping here's

an opportunity B
MEMBER SCHULTZ:

-- the rest of Chapter

MR. EICHENBERG:

Overt the next 30 years

15.

we

may

not

have

that

opportunity.

Here's

an

opportunity to try and put things together and not
have unique accident class differentiations relative
to B
MEMBER SCHULTZ:

So, the concern is that

with the new rule we're still B we're still stuck
with the treatment of plant-specific input as part of
the approved evaluation model.
MR. EICHENBERG:
MEMBER

SCHULTZ:

Right.
That's

the

way

it's

been.
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MR.

EICHENBERG:

That's

the

way

it's

been.

Although, it has not been B I guess people

would

argue

that

it

has

not

been

uniformly

interpreted that way over the course of 20 years.
MR. MUFTUOGLU:
Kurshad Muftuoglu, GEH.

If we look at B this is

If we look at the rule, and

which I know you are looking, there's no specific
definition of plant-specific input as part of the
evaluation model.
That's fairly new interpretation that we
are seeing and not every input plant is a plantspecific input.

Not every input to the evaluation

model should be treated as a plant-specific input.
There are certain things that are related
to the model that should be treated as part of the
EM.

And the ones that are part of the plant physical

configuration,

they

should

be

treated

as

plant-

specific.
MR. EICHENBERG:

And the converse side

of that is assuming it is really appropriate to have
the inputs that are plant-specific considered part of
the evaluation model, we need to ask ourselves is
there something else that needs to happen in, let's
say, the process of undergoing a license amendment in
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

274
order to get through the 50.92 process, is there
something else that needs to happen that specifies - all this input that we're saying is part of your
model, we need to specify that somewhere in writing.
It's part of your model.
And if you make the minutest change to
it,

you've

method.

effectively

changed

your

evaluation

Thus kicking off not just a report because

of a significance change, but you have a license
amendment request that you need to get in front of
the staff.
MR. MUFTUOGLU:

Can I make another point?

MR. EICHENBERG:
MR.

Yeah.

MUFTUOGLU:

Sure.

This

is

Kurshad

Muftuoglu again.

So, what we are really trying to

say here is this:

The current proposed rule language

introduced some changes to the reporting portion of
the rule.
And this morning Paul Clifford indicated
that they are essentially saying except couple items,
one of them is now you have a year from the discovery
of the error B it's a yearly basis reporting.
The other one is 30 days is extended to
60 days and addition of 0.4 percent ECR significance
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level added, and oxidation reporting is added.
If

we

put

this

aside,

these

changes

aside, just the changes in the rule language trigger
something.
We can continue as business as usual and
continue the way we've been doing except these four
changes or number of changes, but the voting changes
trigger

a

different

interpretation

understanding on each party.

or

different

And not just NRC, and

the truth is but also vendors.
So, what we are saying, let's sit down
and sort these out.
improvement

and

If this is the time to make an

the

window

is

--

opportunity

is

closing.
Essentially we agree to have that public
meeting, but it never took place.

This was discussed

earlier this spring, but now we are facing a final
rule

which

is

really

to

be

forwarded

to

the

Commissioners.
So, let's not close this door.
he flexibility to work these things out.

We need

Because as

you find out in this deliberation, there are still B
not

everybody

sees

eye

to

eye

when

it

comes

to

reporting even with the current rule.
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MR. CLIFFORD:
the staff.
there's

This is Paul Clifford from

I'd just like to add, yeah, we agree that

three

explicit

changes

to

the

rule

requirements.
The other changes aren't really changes.
They are changes in the rule language, but they're
not changes in the staff position.
In other words, the existing regulation
as written has been subject to misinterpretation and
misapplication and we intended to try to clarify what
the current requirements are.
And these clarifications are also the
subject of a RIS that's in draft form now and it will
be issued final soon.

So, we're trying to clean up

where we've seen mistakes in the application, but the
intent of the reporting remains the same.

It's

really configuration control.
Evaluation models are very large, very
complex models consisting of multiple parts.

And

when the staff reviews these, it takes many years of
back and forth before we find the evaluation model
acceptable.
And there may be some compromises.

There

may be, for instance, maybe Part A of the model is a
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slightly

non-conservatism,

conservative.

but

Part

B

is

overly

So, overall we feel it's okay.

The reporting requirement is to ensure
that we maintain a configuration of those evaluation
models.

So, if they find a very small error or make

a small change to the model that's less than 50
degrees, they just notify us.

They don't have to go

back and re-validate the model.
But if it starts getting large, then we
want to be involved.
happening,

because

We want to understand what's
it

basis

may
of

affect
the

the

underlying

staff's

underlying

approval,

the

approval.

So, we need to be involved.
And we talk about safety margins.

The

reporting requirements affect configuration control.
The corrective actions are for safety.
For instance, you make a change to your
model.

Your PCT goes down 200 degrees.

You got more margin.

Well, great.

You're safer.

Next cycle you bump up kilowatts a foot
in your COLR and you use that margin.
actually safer?

Have we been involved?

No.

Are you
That's

why we need to stay involved.
So, I guess just in summary there were a
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lot of changes.

And some of those changes are being

viewed by the industry as being more restrictive.
They are not more restrictive.

They're

clarifications on the existing requirements.
MR. FLAIG:
Flaig, Dominion.

All right.

This is Kurt

I'm the Chairman of the Analysis

Subcommittee of the PWROG.
I've

been

involved

in

this

reporting

concept here almost since its initiation way back in
the early '90s.

And there are some problems with the

language that has been put on the table here.
It is different than what we saw in the
previous form.
put

out,

but

conversation
industry.

And, yes, there was a RIS that was
the

that

RIS

was

very

it

wanted

to

discrete
have

in

the

with

the

It did not cover all the bullets and all

the issues that were identified over periods of time.
And so, the industry does feel that we haven't had
our say in this, I think, appropriately.
The concerns that we have really is the
mandated

analysis

identified.

when

a

significant

item

is

Mandated.
We

don't

have

a

choice

conversation with the NRC staff here.

to

have

a

And that's
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really how we viewed B at least I did, and I certainly
told the NRC staff this when I had conversations with
them on thermal conductivity degradation both with
respect to my plants at Dominion and respect to the
Owners Group activities, that reporting requirements
are a way to have a conversation with the NRC about
the

importance

of

the

change

that

occurred

and

whether or not an analysis truly is required to bring
the plant's issues up to speed.
If the changes are reasonably small, that
is you have a 51 degree change and report it and you
have considerable amount of margin, maybe there is no
re-analysis necessary.
Certainly on the other hand you might
have 50 degree change and you -- and it=s accumulated,
but yet you're near 2150.

And so, you need to have

that conversation with the NRC and say, when is the
appropriate time for us to do this?
contact with their vendor.

We've been in

This is when we'd like

to supply you that.
So, there's any number of ways that a
conversation

can

be

had,

and

this

removes

that

conversation from being held in a reasonable way with
the NRC staff.
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I think the mandation, mandatory analysis
is over the top here.

I think it should be scaled

back.
Now,

what

we

propose,

what

you

heard

proposed here is a more performance-based way of
coming up with what is a statistical B excuse me -significant
concept.

change.

Maybe

that's

not

the

right

But unless we're able to come to the table

and have the conversation, it's hard to find the right
language here.
Now, in the past the language that was in
50.46 was perhaps misinterpreted by the licensees,
but that, I will call, misinterpretation allowed a
conversation to be had.

And that's what's important,

I think, in this process.
MS. WHITMAN:

This is Jenn Whitman from

the staff with DSS and NRR.

The rule language says

you must provide a schedule -- or and a schedule for
providing

a

re-analysis

and

accommodation

of

corrective actions must be submitted.
That's where we open that conversation
and have the discussion on the safety significance of
the issue and, you know, what the appropriate reanalysis schedule and time frame would be.
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If it is non-safety significant, maybe
waiting until there is something else for the rebaselining effort.
And

then

in

the

SOCs

there's

a

big

discussion talking about re-baselining and trying to
provide some clarification to the rule here.
MR. EICHENBERG:

I guess all I would add

before Dave jumps in is that it is possible now to
interpret the language that's proposed as not doing
anything different than what we're supposed to be
doing now, but there's already confusion about what
we're doing now.

And at the same time, there is a

missing guidance.

How do we clean that up?

So, it could be that if we're able to
work with staff to come up with endorsable guidance
that we can get to a point working with the B what's
in the SOCs, which are not the law, we can get to a
point where we've got working guidance that everybody
can live with.
I think we're concerned that there are
subtle

changes

that

have

occurred

that

may

make

regulatory guidance extremely difficult, because it's
become codified.
MS. WHITMAN:

This is Jenn Whitman again.
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MR. EICHENBERG:
MS. WHITMAN:

Yes.

Again, the changes to the

section were to clarify and not B so, the intent is
that the reporting would continue to be the same B
MR. EICHENBERG:

Right.

MS. WHITMAN:
now.

-- as what you're doing

And we've said, you know, throughout the whole

process staff is very interested in working with
industry and putting together some kind of guidance
document on this topic.

So, it's absolutely still

on the table as something moving forward.
MR. EICHENBERG:

Right.

MEMBER REMPE:
on dates here.
it,

So, sometimes I get lost

And so, just to make sure I understand

apparently

what

was

issued

previously

you

provided comments last August, you said?
MR. EICHENBERG:

Right.

So, that would

have been the draft FRN of March last year.
MEMBER REMPE:

Of March.

MR. EICHENBERG:
MEMBER REMPE:
August.

Yeah.
Oh, I thought you said

So, March of B
MR. EICHENBERG:

Right.

The due date

for the comments was August of last year.
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MEMBER REMPE:

And you B

MR. EICHENBERG:

And we provided that in

B
MEMBER REMPE:

You gave it in March, but

they probably didn't look at it until August because
other people had comments.
MR.

EICHENBERG:

Well,

published in the FRN for comment.

no.

It

was

And we had until

August to provide those comments.
MEMBER REMPE:

So, you did it in March.

MR. EICHENBERG:
MEMBER

REMPE:

Right.
And

they

have

other

people.
MR. EICHENBERG:

Yes.

MEMBER

So,

other things to do.

REMPE:

they

probably

had

So, by August they should have

started looking at it and then they issued -MR. CLEFTON:
NEI.

This is Gordon Clefton with

We received a Federal Register Notice in March.
MEMBER REMPE:

And you gave comments to

them in August.
MR. CLEFTON:

And then we had 150 days.

We gave comments in August.

And then from August of

last year we've had a number of industry meetings
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until up to today of trying to resolve this.

I think

B
MEMBER REMPE:

But the revised language

that you've provided comments on came out in B
MR. CLEFTON:
MEMBER

March of 2014.

REMPE:

Oh,

there

wasn't

something that came out more recently.
MR.

EICHENBERG:

Well,

there

is

something that came out more recently that we got to
see about, what, two and a half, three weeks ago?
MS. BONE:

Let me try to clarify.

The

draft that was made publicly available for you, the
industry saw as well at the same time.
coordinating with industry.

We were

We had a public meeting

last week in preparation for this ACRS meeting to
clarify.
MEMBER REMPE:

On the drool that I have

in my notes here it has a date of October.
MS. BONE:

Yes.

MEMBER REMPE:

And that's when that came

out.
MS. BONE:

Yes.

MR. EICHENBERG:

That's what they call

the preliminary final B
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MEMBER REMPE:
MS. BONE:
MEMBER
understand

that

Right.

Right.

REMPE:

and

I

that's

why

just
B

and

wanted
so,

to

these

comments were not available because B until recently
because you just got it in October.
MR.
October.

EICHENBERG:

We

just

got

it

in

And in March we had identified reporting

configuration management as something needing further
public discussion.

And, you know, for a variety of

reasons we just couldn't get that done and scheduled.
So, just a few weeks ago was the first
opportunity to see the disposition of the comments
and where that goes, I guess.
MEMBER REMPE:
MEMBER BLEY:

Thank you.
Mr. Chairman, can I ask you

something?
CHAIR BALLINGER:
MEMBER BLEY:

I hate to interrupt B

CHAIR BALLINGER:
MEMBER BLEY:

Yes.

Sure.

-- the panel's discussion,

but I think with all the back and forth we've been
hearing it would be helpful for me if the staff or
OGC could give us a real brief explanation of the
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process that occurs after the staff submits the final
rule language to the Commission.
MS. BONE:

Sorry, you were asking what

the process is once we submit it to the Commission in
February of 2016?
MEMBER BLEY:
MS. BONE:

Exactly so.

Okay.

So, after that we await

the public B or the Commission's direction on the
draft final rule.
We would then, depending on the direction
that they provide in the SRM, and obviously we don't
have a time frame for that, we would revise the draft
final rule to incorporate the Commission direction.
Then it goes to OMB for a period of time
for clearance and making sure that, you know, the
various requirements for OMB are met.

And then the

final

the

rule

would

be

published

on

Federal

Register.
MEMBER BLEY:
was thinking.

Okay.

So, that's what I

It doesn't go back for any further

public meetings and discussions.

As far as you're

concerned, it would be done then if the Commission
does what you'd like them to do.
MR. MIZUNO:

Yes, unless the Commission
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directs us to change it and also have additional
stakeholder input, or the Commission could just say,
change it, and the staff could then also decide as a
matter of discretion whether they wanted to have
additional

stakeholder

input

even

though

the

Commission didn't direct it.
MEMBER BLEY:

Okay.

MEMBER SCHULTZ:

Thanks.

Can we then go back,

Tom, to your Slide Number 4?
MR. EICHENBERG:

Okay.

Okay, Reporting.

MEMBER SCHULTZ:

And it's either with you

or with Kurt from the concern that you express, and,
Kurshad, it's also in your slides in some fashion,
the concern, the second bullet, effectively mandates
full

re-analysis

for

any

kind

of

"significant

change."
And then we hear from the staff, no,
that's not really B and the language was read that
there

is

determine

opportunity
whether

to

it's

meet
a

with

the

significant

staff

change

to
and

that's presumed, therefore, is not meaning to mandate
a

full

re-analysis

for

any

kind

of

significant

change.
MR. EICHENBERG:

Right.
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MEMBER SCHULTZ:
MR.

Is this B

EICHENBERG:

That's

part

of

our

is

the

confusion.
MEMBER

SCHULTZ:

confusion coming from?

But

where

Are there two pieces of the

rule that speaks to this differently and, therefore,
you're interpreting it one way and the staff is
interpreting it another?
What needs to be cleaned up?
like

it's

more

than

a

guidance

It sounds

document

that's

required here B
MR. EICHENBERG:
MEMBER
pulling

this

It's basically B

SCHULTZ:

conclusion

--

from

the

because
rule.

you're
They're

quoting the rule and saying, no, that's not what we
meant.
MR. EICHENBERG:
quoting

the

rule,

but

Well, they're partially

they're

also

quoting

the

Statements of Consideration, which are not B
MEMBER SCHULTZ:
MR. EICHENBERG:

That's not the rule.
When the rubber comes

to hit the road, that's not the rule.
MEMBER SCHULTZ:

That's not the rule.

That's Statements of Consideration.

It's different.
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MR. EICHENBERG:

So, in the Statements

of Consideration it sounds an awful lot like what
we've been doing historically, and I think that was
the intent.
But if you start looking at the rule, for
example, on the very first subsection in (m) where
it's the first of the 60-day reporting periods, I
believe it actually talks about a non-significant
change, but it now requires you to B let me see if I
can get this here.
(Pause.)
MR. EICHENBERG:

It says, as a report

describing such a change or error and a demonstration
that the error change is not significant.
So,

how

am

I

supposed

to

do

a

demonstration if I'm not doing the analysis?
MEMBER SKILLMAN:

Before we get too hyper

on this, let me read the existing words.
MR. EICHENBERG:
MEMBER SKILLMAN:

Okay.
And I will tell you I

lived with these for years as Director of Design
Engineering and Director of Plant Engineering at TMI
for ten years B for 11 years until we were sold.
These are the words we lived by:

The
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affected

applicant

or

licensee

shall

propose

immediate steps to demonstrate compliance or bring
plant design or operation into compliance with 50.46
requirements.
That's not different than what you are
claiming the new words are.

In the paragraph that

precedes that, it's a reportable event under 50.72
and 50.73, we understood that.
That was no different than if we had a
reactor coolant system pressure boundary issue or an
SSC that we found out of compliance.
We

spent

nights

doing

operability

determinations and we learned quick and hard from
Region I that you claim non-operable when you've lost
your confidence, but we lived that life.
I don't think the new language is asking
for anything different than is here.

And backing up

to a paragraph it's very clear the change is 50
degrees in peak clad temperature.
And

you

are

given

the

opportunity

to

communicate with the NRC, the way I read it, to
justify your case just like the young lady said.
So,

I

don't

think

B

just

we're

on

subcommittee here, one man's opinion -- that the
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industry is being hurled on a brick.
I think you're being given an opportunity
to participate in a language that might streamline
what is written here, but I really don't think you're
being encumbranced any more than you are present B
than

the

licensees

are

presently

Again, one man's opinion.

encumbranced.

1990 to 2001 are the

dates.
MR. MUFTUOGLU:
I

agree

with

you

when

Kurshad Muftuoglu, GEH.

it

comes

to

any

kind

of

must

be

significant change, the full re-analysis.
It's
submitted

to

part

NRC

of

the

plan

within

the

30

that
days

with

the

significant change, whatever, or if you exceed the
regulatory criteria which requires that immediately
to go 30 days.
MEMBER SKILLMAN:

But this is what it

says B
MR. MUFTUOGLU:

Yes.

MEMBER SKILLMAN:
MR. MUFTUOGLU:
MEMBER
include

a

proposed

-- today.
Yes.

SKILLMAN:
schedule

Within
for

30

days

providing

a

and
re-

analysis.
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MR. MUFTUOGLU:
MEMBER

SKILLMAN:

provide a re-analysis.
schedule.

That's right.
That

doesn't

say

That says provide a proposed

That could be two years.
MR. MUFTUOGLU:

disagree with you.

Could be, and I don't

My point was, and I said kind of

these words, the language changes in the proposed
rule through this discussion again.
And maybe there was confusion before, but
the confusion didn't go away although the intent was
to make the confusion go away.
So, with the new sentence, it's open to
interpretation,

obviously.

And

it's

been

interpreted different way.
Plus, there are some recent examples of
particular licensees in their interactions that hint
that there is a particular tendency to require reanalysis.
MR. MEDEK:
Service.

Dave Medek, Arizona Public

In many ways I think that the industry and

the NRC staff have the same interest at heart with
regard to public health and safety.
And I think we also recognize that we
already

have

under

existing

regulations,

a
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requirement to have safety analyses in our safety
analysis

report

that

effectively

bound

our

plant

configuration.
I think we also recognize the NRC staff
has every right in representing the public interest,
to be aware of what we're doing when we're making
changes especially when it comes to emergency core
cooling system performance.
It's been the position of the regulators
since the days of the Atomic Energy Commission that
they were going to invoke design criteria and so forth
in the most stringent manners on ECCS and LOCAs, and
we understand that.
The problem is, is that we don't always
have the same understanding of the history behind the
regulation.
Some people forget that annual reporting
didn't

even

start

until

the

1988

change

in

the

rulemaking and that the industry lived for 15 years
without annual reporting under 50.46.
The

word

"inputs"

was

used

in

the

definition of the ECCS evaluation model in 1973.

And

those words have not changed to this day, but people
forget that in 1988 NRC staff were the ones who
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

294
decided that that also meant plant-specific inputs
and the NSSS vendors who owned the ECCS evaluation
models tried to argue that with the NRC in those days.
The point we're trying to make is other
regulations

have

changed

as

a

result

in

NRC

philosophy over the years.
We
distinction

now

under

between

evaluation models.

50.59

recognize

plant-specific

inputs

a
and

For some reason we don't seem to

recognize that difference under 50.46 with ECCS.
In the reporting, we changed under 50.73
a 30-day reporting requirement to a 60-day reporting
requirement.

Doesn't get you out of making a more

rapid phone call.
But when we provided that comment on this
rulemaking, they still, the NRC staff, decided that
for a 50 degree change they would allow us the 60day report.

But if we exceeded acceptance criteria,

again the 30-day report kicked in even though we would
be making phone calls much more rapidly.
So, we have seen a lot of good work, good
communication

on

other

issues

like

breakaway

oxidation testing and other aspects of the rule, but
what we're seeing is almost a bit of a breakdown of
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communications on something that should be really
simple, reporting, reporting and communicating with
the staff and being able to negotiate down the road
what it is that we, as licensees, need to do when we
make changes.
Now, one of my fears, and maybe I'm just
being irrational here, but something as simple as
removing

the

phrase

B

if

you

read

the

current

regulation, it says, "a schedule for re-analysis or
alternative

action."

The

phrase

"alternative

action" has been taken out of the wording now in this
new rulemaking.
So, five years from now my concern is -we don't touch these regulations for 15 or 20 years
at a time.

Five years from now am I going to be

faced with a new NRC employee who's reading the
regulation, trying to enforce it in a strict manner
in compliance with it and who tells me, sorry, you
had a change of 51 degrees.

And even though the

analysis in your FSAR is still bounding and meets
50.34 and 50.36 and 50.71(e), you must now go spend
$100,000 or more to rerun your limiting break size
because this paragraph here doesn't give you any
alternative action.

It just says in your schedule
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for re-analysis.

And he may interpret that as they

require the analysis.

He doesn't have to negotiate

with me.
These are almost frustrating issues for
me, because I've also been dealing with LOCA issues
for many years.

Hopefully, I look younger than I

actually am.
But some of the words that are in the
current

regulation

seem

to

have

very

commonsense

definitions to them, but there have been cases where
reasonable people have disagreed over what they mean.
And that's my fear moving forward.
I'd like to make it more clear under what
level of information we provide the staff so they're
able to do their job monitoring what we're doing and
give them more insight into what it is we're doing
and our decision-making and give them the opportunity
to talk with us more about these cases.

So, thank

you.
CHAIR BALLINGER:

This has turned out to

be the longest presentation.
MR. EICHENBERG:
left,

actually,

which

we

I only have one slide
hope

is

not

terribly

controversial.
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MR.
address

the

CLEFTON:

fact

that

Jenn,
that

did

you

statement

want
of

to
"or

alternative action" was taken out for a reason?
MS. WHITMAN:

I guess the removal of that

specific phrase was going back to several different
times where we've had licensees interpret "or other
action

is

appropriate,"

meaning

no

action

is

appropriate.
And we've had several instances in the
past B I have a letter to Watts Bar here, it's back
in 1995, but the staff says the staff does not agree
with TVA's action that is in compliance with the
regulation.

Other actions should not be interpreted

as no action.

The staff requests a schedule for

providing a re-analysis or a proposal to take other
action to be provided.
So,

part

of

that

was

--

removal

was

clarification that no other action is not acceptable
B or would not keep you in compliance.
CHAIR
problem, right?

BALLINGER:

But

you

solved

the

In other words, were they allowed

to not take any action, or did you go back and say,
no, we want you to do something?
MS. WHITMAN:

Yeah, we went back and
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said, no, we want you to do B
CHAIR

BALLINGER:

So,

you

solved

the

problem.
MS. WHITMAN:

Yes.

CHAIR BALLINGER:

So, I guess I don't see

B
MR. FLAIG:

This is Kurt Flaig, Dominion.

That's not been consistently applied across time.
CHAIR BALLINGER:
MR. FLAIG:

What's that?

The fact that plants have

taken no action, not every plant who has made that
statement has gotten the follow-up letter saying that
that is not acceptable.
And that's the purpose here having the
conversation that we want to have between us and the
NRC.

Let's get the right language down so that we're

all consistently following the same concepts going
forward, but it's not been consistently applied.
MR. MIZUNO:

This is Geary Mizuno, Office

of the General Consult.

And I would certainly agree

with the gentlemen from the industry that the NRC
staff is probably culpable of varying interpretations
and enforcement of that provision just as we were
saying that the B we were concerned about the way the
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licensees were implementing it.

So, I think there

is, you want to call it, "blame" on both sides.
I think that fundamentally no action -or alternative action is not the same as no action.
I want it to be clear.
Fundamentally what the staff was really
concerned about in the past is where a licensee
determined that nothing was needed to be done, there
was a valid reason, but there was no documentation
about that closeout.

And there was no, if you want

to call it, conversation with the NRC about that
closeout.
And

so,

you

would

end

up

with

licensee determination of no action needed.

the

There

might have been a perfectly good reason for it, but
it was not shared with the NRC.
I'm not even talking about waiting until
there was an NRC approval.

I'm just saying share it

with the NRC.
And then the NRC -- it's then on the
burden -- on the, you know, burden of the staff to
take action if they don't like what the licensee is
doing saying I don't need to take any further action
because of this rationale.

You, NRC, don't like
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that, then you have to go and do something more.
From a legal standpoint, I am perfectly
acceptable of that and I think that that's what the
regulation intends.
It puts the burden upon the NRC to take
action if they're not satisfied with the licensee
response.
But

what

the

NRC

was

fundamentally

concerned about was that no action meant, I don't
need to document anything or inform the NRC of that
closeout.
And

so,

the

schedule

could

be

I

am

sending you a schedule that says I'm going to have a
closeout.

I'm going to inform you at the end that

this is the way that we're resolving this issue.
MR. EICHENBERG:

Yeah, I would agree with

you, Geary, because these types of issues if they are
rising to the level of significant, ought to appear
in the corrective action program.

And there ought

to be a closeout path that can be retrieved.
MR. MIZUNO:

Right.

MR. EICHENBERG:

And that may not have

occurred in the way that machine -MR. MIZUNO:

But even if they are B-

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

301
let's make a determination that there was a change or
something.

Okay.

It could ultimately be the case -

B the position of the licensee that that was not
safety significant.

No further, quote, action from

the standpoint of changing my licensing basis or
redoing my evaluation is needed, but there was a B
there was a safety basis, an engineering basis for
concluding that no further action of that sort was
needed.
The staff's issue was that that was not
being documented, first of all.
made that determination.

The licensee just

It wasn't documented and

it wasn't B the NRC wasn't notified of that.
And so, you often have the case where the
NRC didn't know that it was a problem.

And when you

went back, they also found out that the licensee had
to reconstruct that or there was nothing available.
CHAIR BALLINGER:

So, what you're saying

is that this removes all flexibility.

The changed

wording removes the flexibility.
MR.

MIZUNO:

No,

it

removes

the

flexibility, if you want to call it, of them not
documenting something, but it leaves B continues to
leave to them the ultimate safety determination as to
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whether

any

further

action

is

needed

from

an

engineering, safety and a regulatory standpoint.
Does a licensing basis change need to be
accomplished through 50.59 with a license amendment?
Does there have to be something else?
All that is left to the licensee and all
they have to do under the rule now is to submit the
schedule for ultimately closing all that out so that
the NRC will know what is the path forward.
MEMBER SCHULTZ:

But it sounds like the

interpretation of the industry is that that pathway
must include re-analysis.
MR. CLEFTON:

Right.

And that's what

the words say.
MR. MIZUNO:

And I would say that that's

an incorrect interpretation.
MR. CLEFTON:

But that's what the words

say.
MEMBER

REMPE:

So,

based

on

the

discussions that we've had going back and forth, is
there something that could be added to the text to
alleviate industry concerns?
I mean, at the beginning of this Bill
asked if you heard something today to the industry
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that changed your mind about some of these things.
And they responded.
Have you heard things today that there
might be a compromise that would B
MR. MIZUNO:

We are going to go, I mean,

after this meeting obviously we are going to meet as
a working group and go back and look at that rule
language and Statements of Consideration one more
time.
Everything that the industry has raised,
I mean, we don't just ignore it.
back and look at it.

We are going to go

And if a further change is

needed, it might result in some delay in the schedule,
okay, but, I mean, that's the price of trying to get
a good rule that everyone is going to be happy with.
I'm not saying that there is going to be
a change, but we are certainly going to look at this
issue.
MEMBER REMPE:

Thank you.

MEMBER SKILLMAN:
an excellent exchange.

I think this has been

And I, for one, you know, a

single citizen as part of ACRS would say, put those
words back.
And if maybe there were to be added text
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to indicate what Ms. Whitman said, do nothing as not
an option does it for me.

But I know if I was a

licensee and I read that, I would say among the things
I can do, nothing isn't among them.

I've got to do

something.
Either have to do an analysis, or I've
got to provide justification primarily for me as a
licensee, but as a response to the NRC because, guess
what, they gave me my license.
So, it looks to me like getting those
words back in addresses the gentleman from APS and
perhaps many others in industry.
CONSULTANT SHACK:

Well, now they do have

the implementation of corrective actions, schedule
for providing a re-analysis and implementation of
corrective actions.

So, that B

MEMBER SKILLMAN:

It's an "and."

It's

taking other action, because often other action is
sufficient if you're a licensee.
MEMBER SCHULTZ:

Alternative action.

MEMBER SKILLMAN:
MEMBER SCHULTZ:

Whatever it might be.
And it's an "or."

CONSULTANT SHACK:

Well, the other was

take other action, not alternative.
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(Simultaneous speaking.)
MEMBER SKILLMAN:

This is or taking other

action, is what the original words are.
MR. FLORIAN:
into this conversation.
Nuclear.

I've been meaning to jump
Bob Florian from Southern

Is this on?
(Chorus of yes.)
MR. FLORIAN:

Yeah, I want to just add a

little bit more to this discussion, because we had a
lot of discussion about this yesterday, too, that the
new

reporting

requirements

to

some

extent

have

clarified some of the arguments that we've had over
the last 30 years with the NRC on reporting.
And that is the concept of if I get an
error or a change 10 degrees, submit it in my annual
report, revise my FSAR, I get another one that's 10
degrees, another one that's 10 degrees, I get five of
those and I get one that's one degree.

They add up

to 51 degrees.
Some people have interpreted that I've
got to keep accumulating all of those, the absolute
sums -- and let's just say they were all positive to
make it easy B until I hit that 50-degree threshold.
And then I go, ding, got to send in my 30-day report
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to the NRC.
Some people have interpreted that when I
send in my annual report, I can re-zero the 50-degree
clock.

In

other

words,

I'm

re-baselining

my

estimated PCT from which now I'm counting again until
I hit that significant threshold.
The one thing that the revised rule does
clarify,

and

if

you

go

read

the

Statements

of

Consideration, it does clarify the fact that when I
get an error or a change, submit that to the NRC, go
update my FSAR, re-zero my 50-degree clock.
So, what the new rule does is that it
clarifies the concept of the re-zeroing or the rebaselining.

So, now it's clear in the Statements of

Consideration, there's a good numerical example in
there.

But what it does is to go along with the

discussion that Tom started, is I can then continue
to do that ad nauseam, ad infinitum for the next 20
years and never ever submit a report to the NRC to
say that I've reached a threshold of significance
unless I get just one error that comes in that is
exactly 51 degrees.
So, now the question is, which one is
more important?

The accumulation over the years of
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all the small ones that may have added up to hundreds
of

degrees

that

I

am

not

required

to

declare

significant, because I can re-zero that clock every
time I update my FSAR, or the one that came in that's
51 degrees?

Which one is more important?

Which one

is more significant?
Which one is the one that would say, oh,
I'm not sure how good your model is.

You might need

to go back and rethink about re-analyzing it.
So, in the process of clarifying, there
is that dichotomy which is what Tom was alluding to
that, you know, I may never have to B as long as
nothing come in that's greater than 50 degrees, I
will never have to submit a schedule for re-analysis,
because I will never declare that I have a significant
change or error.
MEMBER SCHULTZ:

How are you going to

update your FSAR without performing a re-analysis?
MR. FLORIAN:

Well, therein lies another

one of the dichotomies that we've got now.

The

current rule says estimate the effect.
Okay.

It's not so clear now that if I

say B let's say my vendor comes in and says to me,
oops, we found a little snafu in the BASH model, we've
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gone and estimated what the effect is, it's worth 10
degrees, they submit a report to us as a customer.
That's the way we've always done it that,
you know, it's being done based on them having a
method by which they can go in and do a conservative
estimate of what the impact is on your PCT without
necessarily having to go back and rerun the entire
model.
Because most of the time when we get
these notifications from the vendor, it's not B I
can't think of in the 30 some years that I've been
working for my company, I don't think there has ever
been one that has come in that has been uniquely
plant-specific.
It's been generally something that is
related to the model that impacts the entire fleet
of, say, my class of Westinghouse plants, but it's
not something that was so unique to Vogtle or Farley
in any one of my units.
So, that's something that generally the
vendor has estimated what the impact is of the error
or

the

change

in

the

model,

come

up

with

a

conservative number for the fleet or a particular
group of plants, and then have reported that to us,
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and that's what we've been reporting to the NRC.
So, it doesn't necessarily involve us
having to go back and rerun, say, a Vogtle or a
Farley-specific analysis to account for an error or
a change that the vendor has identified in the model.
MR. EICHENBERG:

Bob's example there is

one opportunity of, you know, here's a numerical
example

of

how

we

fall

across

a

significance

category, but I'm not sure we should be having a
discussion of what is significant until we answer the
first two bullets under Discussion, which is, you
know, basically what are we trying to achieve with
this reporting?

What's the goal of it?

Because if

we don't know what the goal is, it's hard to set a
criteria.
CHAIR BALLINGER:

Next.

(Laughter.)
MR. EICHENBERG:

Yeah, let's pop to the

last slide.
(Laughter.)
MR. EICHENBERG:

This one actually I hope

is not too terribly controversial.

This has to do

with the specifics of long-term cooling requirement.
And

we

have

had

a

concern

about

the
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potential to have a certain aspect of Appendix K
mandated upon us for any long-term core cooling model
that has to come out of this whole effort of going to
the new rule.
And we've had discussions this summer in
a public meeting with the staff.
position

is

we

don't

believe

And the industry
that

Appendix

K,

specifically the decay heat 20 percent adder, is
appropriate to a long-term cooling situation.
Primarily behind that is you have a much
better idea what the uncertainty is at five minutes
into the event than you do at ten seconds.
And
Appendix

K

so,

actually

cooling phase.

the

B

we

don't

recognizes

a

believe

that

long-term

core

It just is focused on everything

leading up to B
(Telephonic interference.)
MEMBER SCHULTZ:
turned on.

The phone line has been

Chris is turning it off.
MR. EICHENBERG:

So, we've had a chance

to talk with staff about this issue and we think
there's a path forward here.
The industry has taken up an initiative
to put together long-term core cooling guidance and
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we're going to work with NRC staff to make sure that
guidance is in a form that could be endorsed via reg
guide and help everybody get through this hurdle of
getting the implementation in place.
But this is a B it's just one of those
side effects of a new rulemaking.

Geez, nobody has

necessarily thought about this for 25 years.
So, now we've got to think about it and
here's an opportunity to come to some agreement and,
you know, try and get that in a position where we
can, you know, go forward with that.
So, I think our recommendation was just
simply that long-term core cooling is not explicitly
called out in Appendix K.

And, therefore, we should

have the flexibility to not necessarily be hammered
by the 1.2 requirement.
And that was all I had.
MR.
Dominion,

FLAIG:

again,

This

is

Chairman

Subcommittee of the PWROG.

Imagine that.
Kurt

of

the

Flaig

from

Analysis

I did have a few comments

I did want to make based on some of the comments I
heard at the table.
I did want to confirm to the members that
we have worked diligently, the members of the Owners
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Group with EPRI, with NEI and with the vendors over
the last couple years.

Cannot tell you how many

phone calls there have been.

And a number of the

people in the room here are from the Owners Groups.
So, I just want to let you know that we
have been in discussions long and lengthy and on our
days off, most often, trying to figure out the right
language here to provide you and the right comments
to make.
So, we have been engaged significantly
through this time.

We chose actually to work through

NEI because they're the liaison to NRC directly, but
EPRI is a convenient host in terms of bringing all
the people together in a forum that we can have this
conversation.
And so, Tom, maybe reluctantly at times,
has chaired us and has helped us get through this
process.
We do appreciate the staff's willingness
to listen to our many, many comments that we have
made on this.
Sometimes this is very contentions, but
hopefully it's only to gain a perspective that maybe
we have and we can share with you, because we're doing
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this work on a daily basis.

In the end, we hope to

have a good regulatory structure going forward.
There are a couple things I'd like to
restate

here.

reporting.

We've

already

talked

about

the

So, I'm not going to say anymore there.
With regards to Appendix K, I certainly

was a champion of moving this to a reg guide.

I've

been involved in long-term cooling here now for a
while especially with regards to the GSI-191 Program
and the Owners Group.
And Joy was sitting on the Committee a
couple weeks ago when we had our conversation with
the Thermal-Hydraulic Subcommittee on this.
There seems to be a need to move Appendix
K to a reg guide in order to allow us to have a means
to craft the right regulatory guidance, I think, for
issues that aren't nicely fit within clad heat-up
calculations using best estimate techniques or clad
heat-up calculations using Appendix K techniques.
And

I

think

when

we

presented

the

information on GSI-191 and the Owners Group, I think
we fell in that gap between those places.
And I don't think that the structure that
we have in front of us is workable in that way.

I
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think it's going to lead to difficulty down the road.
I see that there are a number of issues
that could come up that require use of improved tools.
And these tools are not Appendix K-type tools.
are more in the best estimate vein.
need

to

go

through

the

They

But yet, do we

large-scale

process

of

reviewing these to such an extent that some of the
more recent realistic large break LOCA methods were
dragged

through

in

order

to

get

an

approved

evaluation model.
So, I have a concern there.

And I've

tried to share that concern in a number of meetings
that we had with the NRC staff.

And so, I bring it

to your attention here as well.
I do have some specific questions.

When

you ask the question, are there new things that we
learn today or in the process, there are some things
that we have learned and want to ask some questions
about.

And there, again, related to GSI-191, one of

them has to do with language that we heard this
morning from Paul.
And

I'll

paraphrase.

talked about this already.

And,

Paul,

we

So, you know what I'm

going to say.
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The

paraphrase

is

as

follows:

The

requirements of 10 CFR 50.46 are not being met with
the

debris-induced

debris.

reheat

due

to

the

in-vessel

The 50.46 B the 10 CFR 50.46c rule provides

a metric that then can be met for in-vessel debris
evaluations.
So, my question is, do we have something
that's indeed broken?

It was not clear to me and it

is a concern because GSI-191 and at least the PWROG
is

starting

to

wrap

up

and

we

need

to

have

an

understanding of what is the regulatory process going
forward.
And what I heard out of this comment here
was that the only way to close GSI-191 was through
50.46c.
That also means that for those plants who
have closed GSI-191 for the PWROG under Option 1,
low-fiber plants, basically clean plants, are they in
compliance with 10 CFR 50.46 as they would believe at
this point in time?
So, that's one thing new I heard this
morning or today that is new to me.
MEMBER REMPE:

Since we weren't part of

the discussion between you and Paul, could we hear
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what Paul's response was to that question?
MR. FLAIG:

That's fine.

MR. CLIFFORD:

Good.

Yeah.

Yeah, so, you know, some

of these low-fiber plants have shown through testing
that the amount of fiber is very minimal and that the
impact on the accident progression would be minimal.
And then there were some test fuel B fuel
rod tests that were done to show that if there was a
minor temporary increase in core temperatures up to
B I don't know if these numbers are proprietary.

So,

I'm going to not state them.
Are the numbers proprietary?
MR. FLAIG:

Well, there's a number that

was used in the question that was asked.

I believe

it was 800 degrees.
MR. CLIFFORD:

Okay.

So, if they had a

momentary heat-up of up to 800 degrees, it would be
acceptable.

And

they

demonstrated

that

through

testing.
That's essentially what we're trying to
accomplish
metric.

with
And

50.46c,

they've

defining

satisfied

a

that

performance
through

the

testing that was done.
So, 50.46c is trying to codify a process
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in a regulatory framework to satisfy what we believe
is already being done.
MR. FLAIG:

So, I guess my question, are

those plants in compliance with 50.46 today?
MR.

CLIFFORD:

You

mean

safety

evaluation?
MR. FLAIG:

Well, the question B the

terms you used this morning was that the process was
to have refill/re-flood quench and no return to a
temperature higher than that.
That's the concept of 50.46, but yet use
of that number then is inside or outside of that, or
acceptable nevertheless?
I'm just expressing a concern in what I
heard this morning, because I'm going to be B we're
going to be trying to develop templates for closeout
of GSI-191 for the Owners Group here in the next
several months and we need to have concrete idea.
It doesn't need to be solved today, but
it's a question that's on the table and I think
clarification is needed.
The other question I had with regards to
GSI-191 had to do with the statements with regards to
if debris prompts a post-quench reheat transient,
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then research must be conducted to demonstrate no
further cladding failure.
So, I heard some statements, you know,
this morning that may be suggesting to me that this
is a conditional must that is if we can justify not
having to perform that testing because a low enough
temperature

is

selected,

then

that

must

is

not

mandatory that we go off and look for things that
don't exist for that temperature.
MR. CLIFFORD:

Yeah, I believe in the

final SOC we've changed that.

We removed the "must

do research" to B it will take me a while to find it,
but if there's reasonable probability that you would
experience failure.
In other words, you could use engineering
judgment if the post-quench reheat was insignificant.
So,

it's

program.

not

a

must

perform

a

massive

research

It's you can use engineering judgment if

it's a minor increase.
MR. FLAIG:

So, my comments here are

really in the guise of trying to reduce our regulatory
uncertainty

going

forward

here

trying

to

provide

clarity to the language so that we're assured of
directing

our

members

in

an

appropriate

fashion.
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Thank you.
CHAIR BALLINGER:
with this part.

I think we're finished

Thank you very much.

I think we

need to try now to get the bridge line open.

We know

it opened once.
And in the meantime, are there comments
from the room that people want to make?

I have a

ten-second rule.
(Laughter.)
MEMBER BLEY:

You need to talk in the

microphone, Mr. Chairman.
CHAIR BALLINGER:

Oh, sorry about that.

That was an irrelevant comment anyway.
MR. MEYER:

Sorry.

Are you taking comments from

people on the phone?
CHAIR BALLINGER:

Yes, we are.

State

your name, please.
MR. MEYER:

This is Ralph Meyer.

CHAIR BALLINGER:
MR. MEYER:

Okay.

Good afternoon, Ralph.
Yeah, hi.

I have a

concern that it's probably not possible to do a good
calculation of oxidation in the balloon.
Calculating

oxidation

in

the

balloon

requires that you know how thin the cladding wall has
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gotten

during

requires

the

that

ballooning

you

B

process.

that

we

know

And

this

what

the

circumferential strains are from ballooning.
If you look at the world population of
data on circumferential strains, which are B most of
them are published in an old NRC report, NUREG-0630,
these strain B measured strain values scatter all
over the page.
And

the

conclusion

that

I

think

you

should reach from this is not that the data are bad.
The

data

are

very

good.

These

are

expensive, well-performed experiments.

all

very

The problem

is with the phenomenon itself.
So, here you have a ballooning process
that

involves

a

mechanical

instability,

various

phenomena like cracked pallets, eccentric pallets,
different product materials in the gap, local hot
spots.

These balloons just pop off under all kinds

of conditions in a manner that's unpredictable.
So,
phenomenon

is

if

it's

unpredictable,

unpredictable,

you

can't

if
make

the
a

prediction of it.
And if you can't make a prediction of the
circumferential strain, then you can't make a good
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calculation of the oxidation in the balloon.
So, what can you do about this?
is

something

that

can

be

done

which

There

involves

engineering judgement, and that is to notice that in
the balloon the wall thickness is thinner than in the
underformed rod.
So, for a given time and temperature,
you'll get a higher ECR value that you're going to
compare to the limit, but the balloon itself also
perturbs the fluent flow.
lowers

the

temperature

It causes turbulence that
somewhat

compared

to

the

underformed part of the rod.
So, here you have one phenomenon that
tends to increase, and the other one tends to decrease
the amount of oxidation.
So,

if

you

just

slip

away

from

the

balloon to an underformed region in the rod and use
double-sided
balloon,

oxidation

then

you're

like
going

you're
to

get

doing
a

in

the

reasonable

approximation of what's going on in the balloon in
terms of the ECR value.
Now, this is not a very big stretch to do
this at all burnups, because our B even as low as 10
or 20 gigawatt-days per ton in the codes that are
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used for LOCA analysis you get gap closure, and you
get

a

huge

credit

in

doing

the

stored

energy

calculation.
So, I think this gap closure you could
cut both ways.

I know some people think that you

have to get a bonding before you're going to get
oxygen in thrust from the inside of cladding, but I'm
not sure that's true.
That certainly wasn't the case in the
extensive set of experiments done at Karlsruhe many
years ago.
So, I think that this is a suggestion
that I made in my initial, formal comment on this,
but I don't think it ever gained traction, because
I'm not sure I made it clear that this was tied to my
concern about the ability to do a good calculation in
the balloon, which I think is lacking.
And in the past 35 years, this hasn't
mattered a whole lot because with the ECR limit up at
17 percent, you're so far away from it that the peak
cladding temperature and all is governed, but now
it's going to be the other way around.

So, that's

my comment.
CHAIR

BALLINGER:

Thank

you.

Other

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

323
comments from the public?
(Pause.)
CHAIR BALLINGER:

I can't believe it.

CONSULTANT SHACK:

It's awful quiet out

CHAIR BALLINGER:

Boy, it is.

there.
Again,

are there any other people out there that need to B
want to comment?
(No audible response.)
CHAIR BALLINGER:
close the bridge line.
go

around

the

table

Hearing none, let's

Wow.

Okay.

and

elicit

Next step is to
comments

from

members.
We'll start with Steve.
MEMBER
discussions

SCHULTZ:

today.

There's

technical discussion.

I

appreciate

been

a

lot

of

the
good

And then there's been good

discussion between the staff and the industry B or at
least by the staff and by the industry.
And I think in some cases, between the
staff and the industry associated with issues that
are important to resolve in the implementation of a
new rule.
My

comment

for

the

Committee

is

the
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consideration of what we are going to have for the
Full Committee in December.

Because as was requested

by the staff earlier in the day, was that we would
have a Full Committee in December and write a letter
on that.
And we've heard some information today
that would suggest some issues perhaps ought to be
resolved before we go through that process.

That is

issues not to be resolved by the Committee, but by
the staff and industry before we get to write our
letter.
Our other option is to write a letter and
point out those issues that we've identified in the
Subcommittee,

see

what's

resolved

by

the

Full

Committee and have the Full Committee write a letter
associated with what the status is in December.
So, that's what we're faced with in terms
of

decision-making.

I

really

appreciate

the

discussions today, because I think a lot has been
provided and that's led to some good discussions.

industry

CHAIR BALLINGER:

Dick.

MEMBER

I

want

to

a

very

solid

and

presentations.

the

SKILLMAN:
staff

for

thank
set

the
of

Thank you.
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I
items.

just

want

to

register

two

personal

There was discussion about one vendor wanting

an exemption from 50.46c.

And I guess I'm one guy

that would say if you've got a PWR or a BWR, you'll
follow

the

rules,

period.

I

will

be

just

recalcitrant on that point.
I think that there's room for discussion
between

the

staff

and

industry

on

these

interpretation census and I hope we're not so far
down the road that there can't be some accommodation
on both sides.
Because when you're the licensee, words
matter.
trying

And when you read the regulations and you're
to

determine

how

to

make

an

operability

determination, how to spend resources that might be
essential to keep you operating for the next fuel
cycle

or

the

next

60

days,

how

those

words

are

interpreted by the licensee and agreed to by the NRC,
by the staff, by the region, by the residents is very
important.
There really shouldn't be negotiation at
that point.

Both teams should be very comfortable

that they understand the language.
So, for the areas where the language is
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currently problematical, those ought to be addressed.
CHAIR BALLINGER:

What do you think about

a letter, the timing of a letter?
MEMBER SKILLMAN:

I don't think we should

write a letter until we know industry and staff are
aligned on key language.
favoring

one

side

or

Otherwise, I think we're

the

other,

and

we

really

shouldn't.
MR. CLIFFORD:

You know, on that note,

you know, these issues are the subject of a RIS that's
ongoing now.
So, in theory when the RIS goes out,
because we've already received public comments on it,
in theory when the RIS goes out, the staff's position
would be clarified and then the 50.46c language would
just reinforce what the RIS says.
MR. ANZALONE:
the staff.

This is Reed Anzalone from

That RIS is specifically on reporting

requirements, not the other rule changes.
MEMBER SCHULTZ:

And is this on current

reporting requirements, or what is in the new rule?
MR. ANZALONE:

On the existing reporting

requirements.
MEMBER SCHULTZ:

So, we're talking about

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

327
the new rule here, as well as any clarification.
Cliff, did you indicate that B
MR. CLIFFORD:

The concerns B

MEMBER SCHULTZ:

Was it your indication

that whatever is in the RIS is going to also be
reflected in the new rule?
MR. CLIFFORD:

The concerns the industry

have are not with any intended changes we've made to
the rule.

It's on the clarification of the existing

requirements which had been misapplied in the past.
So, by clearing up past misapplication,
we've restricted some plant's use of the existing
requirements.
So, when the RIS is published in -- the
NRC's position on how to deal with "or other action"
will be clarified and we're not changing that with
50.46c.
MR.
Muftuoglu, GEH.
address

that.

MUFTUOGLU:

This

is

Kurshad

I don't think RIS will specifically
It

was

particularly

on

input

evaluation models and NRC's position on not having
endorsed the NEI's 0701 document.
MR. CLIFFORD:

I mean, that's really B

he hit the nail on the head there.

That's the issue.
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There's

a

misunderstanding

requirements.

with

the

current

There was an NEI guidance document

that was written and the staff doesn't accept it.
We've never endorsed it and we believe it's erroneous
in certain applications.
So, really this needs to be addressed
through guidance, not through rulemaking.
MR. MUFTUOGLU:

But the NEI document was

never submitted to staff for endorsement.

So, there

is no guidance document that is endorsed by the NRC,
nor submitted by NEI for endorsement.
MR. CLIFFORD:

I agree, and that's the

problem.
MR. MUFTUOGLU:
saying.

Let's

sit

down

That's what we've been
and

have

a

standard

or

document where everybody agrees.
MR.
ironic.

CLIFFORD:

I

mean,

it's

kind

of

We've introduced new requirements, we've got

new research, there's just all this stuff that's
being put into 50.46c and we're spending all of our
times on an existing issue with reporting.
MEMBER

SKILLMAN:

But,

Paul,

doesn't

that speak to the importance of getting it resolved?
MR. CLIFFORD:

It should be resolved, but
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I don't want to hold up this rule to resolve it when
it can be resolved in guidance.
MEMBER

SKILLMAN:

Understand.

Okay.

Thank you.
CHAIR BALLINGER:

Dana.

MEMBER POWERS:

Well, I think there's

need to write a letter on the technical issues.

I

simply point out that I have distributed to the
members the figure that Dr. Meyer mentioned from
NUREG-0630 concerning the strains.

And with that,

I'll quit.
CHAIR BALLINGER:

Dr. Bley.

MEMBER BLEY:

I appreciate Dr. Powers

providing us that curve.

And if I think of all the

different norms one could use for drawing a line
through data, we could draw just about any line
through that data near as I can tell.
CONSULTANT SHACK:

You have to read 0630,

though, to B
MEMBER BLEY:
haven't read it yet.
today.

Ron told me to read it.

I

I was really pleased with

I think we've come a very long way since the

last time we talked on this and a lot of things were
coming together.
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And all the way through until our last
speaker, I thought we were down to a couple of issues,
not trivial issues, I mean important ones that needed
to get resolved.

And after the last hour, I'm not

sure that B it sure seems we've got a lot of areas
where you've probably been fighting over what these
things mean for all these last years.
And I don't think that's B it would be
nice to have all that resolved, but I suspect that
doesn't get resolved in the next few months.
I don't see how we do not write a letter
on this.

I think we have to write one next month.

The closer we are to a final document, and I don't
know if there are going to be any changes in the
documents by the time we get there, the better.
I was a little surprised not to hear much
on the risk-informed reg guide from the industry.
That's in awfully rough form.

I'm not sure if we can

actually do a letter on that.

We can at least comment

on it to some extent.
CHAIR BALLINGER:

You mean include it in

the letter that we write?
MEMBER BLEY:

Yeah.

CHAIR BALLINGER:

Yeah.
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MEMBER BLEY:

And that sounded like it

wasn't clear if staff is actually going to issue it
in the same B tied together with the rule.
CHAIR BALLINGER:
MEMBER REMPE:
on my mic.

Joy.

Okay.

So, I should turn

I guess this has been going on for a lot

of years, obviously, but I guess I have the impression
from what I've heard today that a lot happened in the
last month or so, too.
And I think that it would B if it were
possible B I understand that you may not have any
resolution, but other folks from the staff said,
yeah, there's some new input, too.
So,

I'd

like

to

before

our

meeting,

understand exactly what the status is from the staff.
I'd like to also have a copy of whatever the reg guide
is on long-term cooling, because I'm not sure that I
know which one we would be writing about at this
point.
So, I would like to make sure that we do
have the version that we're supposed to have with or
without Appendix C.

And so, those are the kind of

things B and also I guess there's a RIS that I don't
think I've seen that was referred to.
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So, make sure we have copies of what's
being discussed and what isn't and we can B I'm from
Missouri.

So, I like to see things with my own eyes

before we try and write up about it.

So, make sure

we have all the documentation that we need to give
accurate portrayals of the status of it in our letter.
And I do think we should write a letter.
I'm hoping that there will be less differences in
opinion between the staff and industry.

But if not,

just make sure we have what we're supposed to have to
write an appropriate letter.
MEMBER SCHULTZ:

Thank you.
Ron, so we have it on

the record, we also requested the document that's
going

to

the

Commission,

the

SECY

document,

information SECY that we'd like to see.
CHAIR BALLINGER:
CONSULTANT SHACK:

Bill.
I guess the good news

is I, you know, most of the technical issues seem to
have been resolved.

That is, you know, we kind of

all agree on these are good cladding failure criteria
and most of the technical improvements are there, you
know.
We've
flexibility

and

been
I

think

discussing
there's

language
been

a

lot

and
of

NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

333
improvements there.
I sort of hate to really see the thing
get busted up over whether there's an "and" or "or"
in Paragraph (m) and I hope that you guys can look at
that language just a little harder.
Everybody seems to agree on the aim, you
know.

Everybody is agreeing on the aim.

We're sort

of hung up over words.
And

if

we

could

just

make

sure

that

everybody is clear on that, it would seem like a big
improvement.
As Dennis said, the one technical problem
I see is with the risk-informed thing.

And I suppose

you can have something that would need a limited
technical

consensus

fairly

rapidly,

but

I

think

there's a lot more discussion of that that really
needs to be done over a longer term I just can't
imagine being accomplished, but perhaps, you know, it
could

be

issued

for

trial

use

or

some

sort

of

compromise there.
I

think

they

sort

of

made

a

valiant

effort, but it's just something that needs, I think,
more development and perhaps going back to the STP
example again and finding out how to resolve some of
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these questions that are raised in the preamble to
Appendix C.
I'm sort of glad having sat through this
since year 2000, you know, we are approaching the end
and I think it's turned out reasonably well.
CHAIR BALLINGER:
the

industry

and

the

Well, I'd like to thank

staff.

This

has

been

an

enormous task.
I mean, I don't know where I was in 2002.
I know where I was in 1975 working on this problem.
So, it's been a long time, but I think the B our
issues B the technical side has come a long way
between last year and this year.
Those are the two meetings that I have
attended and there's a lot of convergence.
convergence that's happened there.

A lot of

So, that's really

a great thing.
I think there's some issues related to
maybe the timing of implementation.

I've heard those

kinds of things.
I often B I had a little bit of an issue
with the plain simple statement that there's no issue
of safety, yet this is an adequate protection thing.
And so, I need to sort B I'd like to try to sort that
NEAL R. GROSS

(202) 234-4433

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433

335
out.

What does this really mean for implementation?

That's been a topic that Gordon mentioned.
We haven't seen the regulatory analysis,
which is going to happen, we think, the 20th or
something like that.

So, that's an important piece

to have.
I think that's the remaining document
that we need, right, to close things out apart from
the stuff that Joy has mentioned.
Let's see what else.

Oh, gosh.

I think

everything else has been probably said.

I think we

have no choice but to write a letter.

So, that's

going to happen.

That's going to be an interesting

letter.
Now, as far as the December meeting goes,
how should we work that?

What topics should the Full

Committee need to hear?

That's something that we

need to think about where the emphasis needs to be.
I think you've heard the contention, the
areas where there's some issues and stuff like that.
It probably may be that we should focus on the areas
that require B the areas of agreement we should
mention, but not necessarily go into great detail, I
would

think,

unless

there's

comments

from

the
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members, but focus on the areas that are the most
important where literally there is some contention so
that we get a complete airing of those issues for the
Full Committee.
MEMBER REMPE:

How many hours do you have

for the Full Committee meeting?
MR. BROWN:

Right now, two hours have

been allocated.
CHAIR BALLINGER:

The question, do we

include the risk-informed part in that Full Committee
presentation?
If we're not going to include that in the
letter, then do we need to include a discussion of
that?
MR.
something.

CLIFFORD:

You

know,

I
the

would

like

to

implementation

add
plan

excludes debris considerations.
CHAIR BALLINGER:
MR.

Right.

CLIFFORD:

It

excludes

the

resolution of GSI-191
CHAIR BALLINGER:
MR. CLIFFORD:

Right.

The Commission wanted us

to put some words in the rule that would allow plants
to use an optional alternative plan without the need
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for an exemption, and we've accomplished that in the
rule, you know.
The

reg

guide

is

not

tied

to

an

implementation schedule while we are going to get the
reg guide done and we will send it up.
Whether it's a trial reg guide or whether
it's additional comments, it's not going to interfere
with -- it shouldn't interfere with the rule language
or the implementation of the rule.
MS. BONE:
reiterate

what

Paul

And that said, and just to
said,

we

do

for

scheduling

purposes, do plan to send the final rule and all four
regulatory guides, so the three Michelle covered, as
well as the risk-informed one, to the Commission B or
for them all to be completed by the February date,
just to clarify the schedule.
MEMBER

SCHULTZ:

So,

CHAIR BALLINGER:

Okay.

we'll

need

to

address all of them.

MEMBER SCHULTZ:

I think we need two and

a half hours especially B
CHAIR BALLINGER:
MEMBER SCHULTZ:

Yeah, I'm B
-- with the opportunity

for industry to present.
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MR. BROWN:

Okay.

CHAIR BALLINGER:
in fact.

I'll make sure that B
This is final closure,

So, we really need to take the necessary

time, I think.
(Off microphone comment.)
CHAIR BALLINGER:
MR. BROWN:

Turn on your button.

We're actually starting on

Wednesday with other ACRS business.

So, I'm sure we

can get two and a half hours for Thursday.
CHAIR BALLINGER:
MEMBER

Okay.

SKILLMAN:

status of the R-I-S, the RIS?

Paul,

what

is

the

I'd like to see that.

I think the B
MR. ANZALONE:

Which RIS?

MEMBER SKILLMAN:

The interpretation of

the wording.
MR. ANZALONE:

Of the existing reporting

requirement?
MEMBER SKILLMAN:
MR. ANZALONE:

Yeah.

Okay.

That one is we're

currently responding to public comments.
MEMBER SKILLMAN:

So, when do you expect

to have something that we could review?
CHAIR BALLINGER:

It's ten minutes to
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5:00.
(Laughter.)
MR. ANZALONE:

We're trying to get that

done as quickly as we can.

The public comment period

ended at the end of September.

So, we're working on

it.
MEMBER SCHULTZ:

Is there a second RIS

since you asked which one that we ought to see?
MR. SPEAKER:

Two or three that I heard

about.
MR. ANZALONE:

No, just confusion.

MEMBER SKILLMAN:

So, I didn't hear an

answer that gives me understanding.
my problem.

So, maybe it's

What did you really say about the RIS?
MS. WHITMAN:

So, the RIS, our original

target date was December, but that depends on some
high-level management concurrences happening in the
December-January time frame.

We hope that the staff

will have public comment resolution completed by the
end of this week or end of next week and then start
the concurrence process in mid-November.
definitely

provide

the

ML

number

that

We can
industry

commented on, as well as the ML numbers for all of
the industry comment packages.
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MEMBER SKILLMAN:
you.

Thank

Thank you.
MEMBER REMPE:

our

Yes, please.

comments

today,

So, as we've mentioned in

there

doesn't

seem

to

be

a

discussion still going on about the technical details
about the limits.

And so, really quickly high-level

overview, because this is a letter on the whole rule,
but have the staff just go through that high level
fairly quickly and then spend the time on areas of
contention, is what I would recommend.
CHAIR BALLINGER:
MEMBER

POWERS:

Yes.
It

seems

to

me

in

contrast to many of us, much of the Committee has not
sat through 15 years of what I've worked on this and
there's going to have to be at least some discussion
or the phenomenological basis for making this rule
change.
CHAIR BALLINGER:
MR. CLIFFORD:

Did you hear that?

We agree with that.

CHAIR BALLINGER:

So, that's part of the

high level or the initial B
MEMBER POWERS:
we

learned

I think it has to be we

thought

this,

this,

we're

making

the

change.

And it has to be a substantive part of the
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discussion.
CHAIR BALLINGER:

Any other comments?

Once again I'm looking at you guys, but I can't turn
around because this thing won't catch my voice.
(No audible response.)
CHAIR BALLINGER:

Thank you very, very

much to the staff and your hard work, and we'll get
something accomplished in December.

Thank you very

much, and we are adjourned.
(Whereupon, the meeting in the aboveentitled matter was concluded at 4:51 p.m.)
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Overview of 10 CFR 50.46c
Rulemaking Activities
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Alysia G. Bone
Division of Policy and Rulemaking
Nuclear Reactor Regulation

1

Meeting Purpose
• Provide an overview of 10 CFR 50.46c
draft final rule

2

Staff Presentations
1.
2.
3.
4.

Overview of 50.46c Rulemaking
Draft Final Rule Requirements (embrittlement criteria)
Overview of RG 1.222, RG 1.223, and RG 1.224
Implementation
– Existing Fleet
– New Reactors
5. Draft Final Rule Risk-Informed Alternative
6. Overview of RG 1.229
7. Update on Fuel Fragmentation, Relocation, and
Dispersal

3

Rulemaking Purpose
• Revise emergency core cooling system (ECCS)
acceptance criteria to reflect recent research findings
• Replace prescriptive analytical requirements with
performance-based requirements, when possible
• Expand applicability to all fuel designs and cladding
materials
• Address concerns raised in two petitions for rulemaking
(PRMs): PRM-50-71 and PRM-50-84
• Allow an alternative risk-informed approach to evaluate the
effects of debris on long-term cooling

4

Background
• Advance Notice of Proposed Rulemaking Published
– August 13, 2009 (74 FR 40765)
– Requested specific comment on 12 issues/questions
• Proposed rule presented to the Advisory Committee on
Reactor Safeguards on January 19, 2012
– Transcript available in ADAMS under Accession No.
ML12032A048
• Proposed rule provided to the Commission in March 2012
– SECY-12-0034, “Proposed Rulemaking – 10 CFR 50.46c:
Emergency Core Cooling System Performance During
Loss of Coolant Accidents (RIN 3150-AH42) (ADAMS
Accession No. ML112520186)
• SRM-SECY-12-0034 issued on January 7, 2013

5

Background (cont’d)
• Proposed rule published for comment March 2014
• Public meetings conducted during comment period
– April 29-30, 2014
• Summary available at ADAMS Accession No.
ML14128A076
– June 24-26, 2014
• Summary available at ADAMS Accession No.
ML14177A048
– July 23, 2014
• Summary available at ADAMS Accession No.
ML14204A265
• Public comment period ended August 2014
• DG-1322 provided for public comment on April 20, 2015
– Comment period closed on June 6, 2015
6

Background (cont’d)
• Public meetings after comment period closed
– Implementation and regulatory analysis (March 2015)
• Summary available at ADAMS Accession No. MLML15071A272

– Regulatory guidance (April 2015)
• Summary available at ADAMS Accession No. ML15132A743

– Series of implementation meetings (April, May, June 2015)
• Summaries available at ADAMS Accession Nos. MLML15138A434,
ML15156A891, and ML15169A004

– Long-term cooling (June 2015)
• Summary available at ADAMS Accession No. ML15174A155

– Regulatory Analysis discussion with AREVA – closed (October
2015)
– Overview of preliminary draft changes (October 2015)
– Regulatory Analysis discussion with Westinghouse – closed
(November 2015)
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ACRS Interactions on 50.46c
Date
October 9, 2002
October 10, 2002
October 17, 2002
December 9, 2002
September 29, 2003
July 27, 2005
September 8, 2005
September 8, 2005
January 19, 2007
February 2, 2007
May 23, 2007
July 11, 2007
December 2, 2008

Meeting/Letter
Subcommittee Meeting
Full Committee Meeting
Letter from ACRS to NRC staff
Response letter from NRC staff to ACRS
Subcommittee Meeting
Subcommittee Meeting
Full Committee Meeting
Letter from ACRS to NRC staff
Subcommittee Meeting
Full Committee Meeting
Letter from ACRS to NRC Staff
Response letter from NRC staff to ACRS
Subcommittee Meeting

December 4, 2008
December 18, 2008
January 23, 2009
May 10, 2011
June 8, 2011
June 22, 2011
June 23, 2011
July 13, 2011
July 21, 2011
December 15, 2011
January 19, 2012
January 26, 2012
February 17, 2012
December 2, 2014
November 3, 2015
December 3, 2015

Full Committee Meeting
Letter from ACRS to NRC staff
Response letter from NRC staff to ACRS
Subcommittee Meeting
Full Committee Meeting
Letter from ACRS to NRC staff
Subcommittee Meeting
Full Committee Meeting
Response letter from NRC staff to ACRS
Subcommittee Meeting
Full Committee Meeting
Letter from ACRS to NRC Staff
Response Letter from NRC staff to ACRS
Subcommittee Meeting
Subcommittee Meeting
Full Committee Meeting

*ADAMS file is a transcript of the ACRS meeting.

ADAMS
ML023030246*
ML022980190*
ML022960640
ML023260357
ML032940296*
ML052230093*
ML052710235*
ML052660300
ML070390301*
ML070430485
ML071430639
ML071640115
ML083520501*
ML083530449*
ML083540616*
ML083460310
ML083640532
ML111450409
ML11166A181
ML11164A048
ML11193A035
ML11221A059
ML111861706
ML120100268
ML12032A048
ML12023A089
ML120260893
ML14351A368
MLXXXXX
MLXXXXX
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50.46c Public Comments
Other
5%

Cost/Benefit/
Reg.Analysis
5%

Implementation
5%
PQD Criteria
3%
PQD Reporting
3%
Breakaway Test / Report
2%

Risk-Informed RG
26%

43 comment submissions
on proposed rule &
4 draft guides
= ~830 comments

PQD RGs
15%

LTC Criteria Guidance
6%
Crud
2%
Risk-Informed Alternative
28%
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10 CFR Structure
• When § 50.46c rule is published as
final:
– 10 CFR 50.46, “Acceptance criteria for emergency core
cooling systems for light-water nuclear power reactors.”
– 10 CFR 50.46a, “Acceptance criteria for reactor coolant
system venting systems.”
– 10 CFR 50.46c, “Emergency core cooling system
performance during loss-of-coolant accidents.”
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Draft Final Rule Package
Rule and Statements of Consideration
• SECY-XX-XXXX- Final Draft Rulemaking: ML15281A203
• Federal Register Notice of Final Rulemaking: ML15281A196
• Backfit and Issue Finality Discussion: ML15294A471
• Regulatory Analysis
Regulatory Guidance
• NRC Staff Responses to Public Comments on Proposed Rule:
ML15281A199
• RG 1.222 (DG-1261)– Measuring Breakaway Oxidation Behavior:
ML15281A170
• RG 1.223 (DG-1262)– Determining Post Quench Ductility:
ML15281A188
• RG 1.224 (DG-1263)– Establishing Analytical Limits for ZirconiumAlloy Cladding Material: ML15281A192
• RG 1.229 (DG-1322)– Risk-Informed Approach for Addressing the
Effects of Debris: ML15292A012
• Appendix C: ML15292A010
• NRC Staff Responses to Public Comments on DG-1322:
ML15292A009
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Next Steps
• ACRS Full Committee Briefing on
December 3, 2015
• Final rule package due to the Commission
in February 2016 (per SRM-COMSECY-130006)
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50.46c ECCS Performance
Requirements
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Paul M. Clifford
Division of Safety Systems
Nuclear Reactor Regulation

1

Outline

1. Rulemaking Goals
2. Summary of Changes
–
–

Relative to § 50.46
Relative to § 50.46c proposed rule

2

50.46c Rulemaking Goals
• Revise emergency core cooling system (ECCS) acceptance
criteria to reflect recent research findings
• Expand applicability to all fuel designs and cladding
materials
• Replace prescriptive analytical requirements with
performance-based requirements, when possible
• Address concerns raised in two petitions for rulemaking
(PRMs): PRM-50-71 and PRM-50-84
• Allow an alternative risk-informed approach to evaluate the
effects of debris on long-term cooling
3

Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
4

50.46c Requirements - Unchanged
• Peak cladding temperature criterion, 2200 oF
• Core wide oxidation criterion, 1.0%
• Requirement to address debris effects
• Corrective actions and reporting*
• Appendix K, ECCS Evaluation Models
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Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
6

Rule Structure

• Performance-based nature necessitated major
restructuring of rule
• Addition of risk-informed approach to address
debris during long-term cooling necessitated
major revision of rule
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Rule Structure (cont.)
50.46c ECCS Performance During LOCA
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)
(m)
(n)
(o)
(p)

Applicability
Definitions
Relationship to Other NRC Regulations
ECCS Performance
Alternate Risk-Informed Approach
[reserved]
Fuel System Design – (current designs)
[reserved]
[reserved]
[reserved]
Use of NRC Approved Fuel
Authority to Impose Restrictions on Operation
Reporting, Corrective Actions, and Updates
Significant Change or Error
[reserved]
Implementation
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Paragraph (d)
(d) Emergency core cooling system design.
(1) ECCS performance criteria. Each LWR must be provided with an ECCS designed to satisfy the
following performance requirements in the event of, and following, a postulated LOCA. The
demonstration of ECCS performance must comply with paragraph (d)(2) of this section:
(i) Core temperature during and following the LOCA event does not exceed the analytical limits for
the fuel design used for ensuring acceptable performance as defined in this section.
(ii) The ECCS provides sufficient coolant so that decay heat will be removed for the extended period
of time required by the long-lived radioactivity remaining in the core.

• Define principal performance objectives
– Maintain acceptable core temperature during a LOCA
– Remove decay heat following a LOCA
• Define principal analytical requirements for ECCS performance
demonstration

9

Rule Structure (cont.)
For each fuel design:
1. Define specific performance requirements
and analytical limits which form the basis of
“acceptable core temperature” based upon all
established degradation mechanisms and
unique features
2. Define specific analytical requirements which
impact the predicted performance of the fuel
under LOCA conditions
10

Rule Structure (cont.)
Current Fuel Designs:
• Based upon extensive empirical database, including
recent findings from High Burnup LOCA Research
Program, 50.46c defines specific performance and
analytical requirements for current fuel designs
New Fuel Designs:
• Additional research may be necessary to identify all
degradation mechanisms and any unique features
• New performance objectives, analytical limits, and
analytical requirements would need to be established
based upon this research
• Several paragraphs reserved within 50.46c for future
rulemaking on new fuel designs
11

Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO
Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
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Paragraph (a)
(a) Applicability. The requirements of this section apply to the design of a light water nuclear

power reactor and to the following entities who design, construct or operate a light water nuclear
power reactor; each applicant for or holder of a construction permit under this part, each
applicant for or holder of an operating license under this part, including a holder of a renewed
operating license under 10 CFR part 54 (until the licensee has submitted the certification
required under § 50.82(a)(1) to the NRC), each applicant for or holder of a combined license
under part 52 of this chapter, including an applicant for an holder of a renewed combined
license (until the licensee has submitted the certification required under § 50.82(a)(1) or §
52.11(a)(1) of this chapter to the NRC, as applicable), each applicant for a standard design
certification, including an applicant for renewal of a standard design certification (including the
applicant for that design certification after the NRC has adopted a final design certification rule),
each applicant for a standard design approval under part 52 of this chapter, and each applicant
for or holder of a manufacturing license, including an applicant for or holder of a renewed
manufacturing license under part 52 of this chapter.

• Achieves rulemaking objective to expand applicability beyond
“zircaloy or ZIRLO” to all LWRs
• Eliminates need for exemption requests for new zirconium alloys
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Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
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Research Findings
New Embrittlement Mechanisms:
1. Hydrogen-enhanced beta layer embrittlement.
2. Cladding ID oxygen diffusion
3. Breakaway oxidation

15

Paragraph (g)
(g) Fuel system designs: uranium oxide or mixed uranium-plutonium oxide
pellets within cylindrical zirconium-alloy cladding.
(1) Fuel performance criteria. Fuel consisting of uranium oxide or mixed uraniumplutonium oxide pellets within cylindrical zirconium-alloy cladding must be designed and
manufactured to meet the following requirements:
(i) Peak cladding temperature. Except as provided in paragraph (g)(1)(ii) of this
section, the calculated maximum fuel element cladding temperature shall not
exceed 2200 °F.

• PCT is 1st of 5 fuel temperature analytical limits used to judge
ECCS performance for current fuel designs
• Research confirmed embrittlement above 2200 ºF
• PCT limit also prevents runaway oxidation and high temperature
failure
• SOC specific request for comment
16

Paragraph (g)(1)(i)
• In response to SOC specific request for comment:
– No new performance-based metrics for high-temperature
cladding performance were identified
– No new empirical data for defining a PCT other than 2200oF
was provided
– No testing procedures for identifying all high-temperature
degradation mechanisms and defining acceptance criteria were
provided

• No changes as a result of comments
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Paragraph (g)(1)(ii)
(ii) Post-quench ductility. Analytical limits on peak cladding temperature and
integral time at temperature shall be established that correspond to the measured
ductile-to-brittle transition for the zirconium-alloy cladding material based on an
NRC-approved experimental technique. The calculated maximum fuel element
temperature and time at elevated temperature shall not exceed the established
analytical limits. The analytical limits must be approved by the NRC. If the peak
cladding temperature, in conjunction with the integral time at temperature analytical
limit, established to preserve cladding ductility is lower than the 2200 ºF limit
specified in paragraph (g)(1)(i) of this section, then the lower temperature shall be
the applicable analytical limit on peak cladding temperature.

• Maintains cladding ductility as performance objective
• Captures research finding
– Hydrogen enhanced beta-layer embrittlement
• RG provides acceptable analytical limits for current alloys
• RG provides acceptable experimental technique
18

Paragraph (g)(1)(ii)
Public Comments:
• Industry requested minor clarification
• Private individuals’ comment requesting prescriptive analytical
limits

• Minor clarification as a result of comments

19

Paragraph (g)(1)(iii)
(iii) Breakaway oxidation. An analytical time limit that has been shown to preclude
breakaway oxidation using an NRC-approved experimental technique must be
determined and specified for each zirconium-alloy cladding material. The analytical
limits must be approved by the NRC. The total time that the cladding is predicted
to remain above the temperature that the zirconium-alloy has been shown to be
susceptible to breakaway oxidation must be less than the analytical limit. The
breakaway oxidation behavior must be periodically confirmed using an NRCapproved experimental technique capable of determining the effect of composition
changes or manufacturing changes on the breakaway oxidation behavior. The
frequency of confirmatory testing must provide reasonable assurance that fuel is
being manufactured consistent with the specified analytical limit.

• Maintains cladding ductility as performance objective
• Captures research finding
– Breakaway oxidation (hydrogen uptake)
• RG provides acceptable experimental technique
20

Paragraph (g)(1)(iii)
Public Comments:
• No industry comments challenging need to define an analytical
limit for breakaway oxidation
• Many industry comments on testing frequency and reporting
requirements

• Significant changes as a result of comments.
– Deleted annual reporting requirement
– Revised confirmatory periodic testing, no specified frequency
– Granted flexibility requested by industry

21

Paragraph (g)(2)
(2) Fuel system modeling requirements. The evaluation model required by
paragraph (d)(2) of this section must model the fuel system in accordance with the
following requirement:
(i) If an oxygen source is present on the inside surfaces of the cladding at the onset
of the LOCA, then the effects of oxygen diffusion from the cladding inside surfaces
must be considered in the evaluation model.

• Specifies analytical requirements for current fuel designs
• Captures research finding
– Oxygen ingress from cladding inside surface reduces time-attemperature to nil ductility
22

Paragraph (g)(2)(i)
Public Comments:
• No industry comments challenging need to define an analytical
requirement for cladding ID oxygen ingress

• No changes as a result of comments

23

Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
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Paragraph (d)(2)(iii)
(iii) Core geometry and coolant flow. The ECCS evaluation model must address
calculated changes in core geometry and must consider those factors, including
debris, that may alter localized coolant flow in the core or inhibit delivery of coolant
to the core. However, a licensee may evaluate effects of debris on long-term
cooling using a risk-informed approach as specified in paragraph (e) of this section,
in which case the ECCS evaluation model specified in paragraph (d)(2)(i) or d(2)(ii)
of this section need not include the effects of debris on long-term cooling.

• Added debris effects to analytical requirements
• Consistent with existing requirements
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Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
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Paragraph (g)(1)(v)
(v) Long-term cooling. After any calculated successful initial operation of the
ECCS, the calculated core temperature must be maintained to prevent further
cladding failure, and the ECCS shall provide sufficient coolant to remove decay
heat, for the extended period of time required by the long-lived radioactivity
remaining in the core.

• Existing regulation requires continued effective core cooling
– If debris impedes ECCS coolant delivery such that core
temperatures increase, then LTC performance objective no
longer satisfied
– Debris resolution strategy may necessitate exemption requests
– New, more explicit performance requirement needed to judge
acceptability of any debris-induced post-quench reheat
• Applicants must demonstrate no further cladding failure during
long-term recirculation period
– No addition burden if debris source is limited
27

Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
28

Paragraph (d)(2)(iii)
(ii) The thermal effects of crud and oxide layers that accumulate on the fuel
cladding during plant operation must be evaluated.

• Achieves rulemaking objective to address petition for rulemaking
• Oxide growth and crud deposition models will be reviewed and
approved
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Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
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Major Revisions in Final Rule
• Breakaway oxidation testing and reporting
– Deleted annual reporting requirement
– Revised confirmatory periodic testing, no specified frequency

• Long-term cooling fuel performance requirement
– Deleted PCT analytical limit and ductility performance metric
– If debris prompts a post-quench reheat transient, then research must
be conducted to demonstrate no further cladding failure

• Implementation plan
– Deleted Table 1 plant assignments
– Adopted NEI proposal. Within 6 months each licensee must submit
an implementation plan and schedule
• LAR must be submitted within 60 months of final rule
• Compliance must be achieved within 84 months of final rule

• Significant changes to DG-1261, DG1262, and DG-1263
31

Summary of Major Changes
§ 50.46c

Benefit

Rule Structure

PerformanceBased

More flexibility

Applicability

All LWR Cladding

Eliminates exemption requests for modern
alloys

Fabrication Related
Phenomena

Cladding Inner
Surface Oxygen
Ingress
HydrogenEnhanced
Embrittlement
Breakaway
Oxidation

Debris Consideration

Explicit

None

LTC Performance
Requirement

Explicit

Supports closure of GSI-191 and reduces need
for costly fiber removal

Crud Treatment

Explicit

None

Risk-informed Debris
Treatment

Allowed

Supports closure of GSI-191 and reduces need
for costly fiber removal

Burnup Related
Phenomena
Corrosion Related
Phenomena

Supports current, high efficiency, high burnup
core loading patterns
Supports current, high efficiency, extended
operating cycles
Improves cladding performance without
interfering with manufacturing flexibility
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Conclusions
• Proposed implementation provides the flexibility that
industry requested and the commitment NRC needs to
manage workload
• Many changes were made to proposed rule to reduce
burden on industry
• NRC staff maintains an ECCS safety assessment
which provides a level of assurance that existing fleet
continues to operate safely relative to new
requirements
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Backup Slides
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Loss of Strength – Ductile Failure
Unidentified Degradation Mechanisms
Runaway Exothermic Reaction
1200C
Loss of Ductility – Brittle Failure
1000C

800C

Breakaway Oxidation - Brittle Failure

Time
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ASTM Composition

36

ASTM Testing
• ASTM nuclear grade zirconium standard (B350/351)
require periodic testing
– Chemical composition and microstructure
– Corrosion
– Mechanical properties
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Zirconium Sponge

Source: Advances in Zirconium Sponge Supply, Randall Scheel, ATI Wah Chang, Corrosion Solutions Conference 2011 Proceedings
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Discussion
•

Reporting requirements are necessary to enable staff to determine
safety significance of reported errors and changes.
–
–

•

Need to estimate effects of changes/errors on predicted PCT and ECR are
unique to §50.46
Necessity for reporting requirements unchanged from 1988 issuance of §50.46

Revised requirements:
–
–

Provide more time to report significant changes and errors that do not cause
acceptance criteria to be exceeded
Clarify areas where §50.46(a)(3) is unclear and subject to misinterpretation:
•
•

–

•

Distinction between scheduling a reanalysis and taking corrective actions
Incorporation of estimated effects of changes/errors in licensing basis

Adds reporting requirements for changes/errors in %ECR

NRC encourages industry to develop guidance for reporting
requirements and submit to NRC for review and endorsement or
approval for use.

Comparison of Reporting
Requirements

Report Contents and Reporting
Times

50.46(a)(3)

50.46c(m)

PCT

PCT, ECR

Threshold for significant change/error

50 °F

50 °F, 0.4
%ECR

Time: Exceeds Acceptance Criteria

30 days

30 days

Time: Significant Change/Error

30 days

60 days

Time: Non-Significant Change/Error

Annually

12 months

Estimated effects to report

Clarifications

10 CFR 50.46(a)(3)

10 CFR 50.46c(m)

Significant
Changes/Errors

“…and include with the report
a proposed schedule for
providing a reanalysis or taking
other action as may be needed
to show compliance with
§50.46 requirements.”

“…a report describing each such
change or error, and a schedule
for providing a reanalysis and
implementation of corrective
actions must be submitted…”

“Cumulation” of
changes/errors

Unclear whether previously
reported changes or errors
should be included in
“cumulation”

SOC introduces concept of
“rebaselining”, i.e., incorporating
estimated effects of errors and
changes into licensing basis

50.46c Analytical Limits
Regulatory Guides
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Michelle Flanagan Bales
Division of Systems Analysis
Nuclear Regulatory Research

1

Background
• The proposed 10 CFR 50.46c calls for analytical limits that
account for burnup effects and ECCS performance
consistent with avoiding breakaway behavior
• Three regulatory guides make it possible to write a
performance-based rule:
– providing a means of consistent, comparable generation of data to
establish analytical limits
– simplifying the staff’s review process and reducing regulatory
uncertainty, minimizing the costs associated with the implementation.
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Regulatory Guides
•

RG 1.222, Measuring Breakaway Oxidation
Behavior: Test procedure for measuring breakaway
oxidation behavior and periodically confirming
consistent behavior

•

RG 1.223, Determining Post Quench Ductility:
Testing procedure for measuring post quench
ductility using ring compression tests

•

RG 1.224, Establishing Analytical Limits for
Zirconium-Alloy Cladding Material: Developing
analytical limits from measured data and approach to
demonstrate compliance.

3

Context

Relationship to rule language
RG 1.224
50.46c(g)(1)(iii) Breakaway oxidation. An analytical time limit that has been
shown to preclude breakaway oxidation using an NRC-approved experimental
technique must be determined and specified for each zirconium-alloy cladding
material. The analytical limit must be approved by the NRC. The total time that the
cladding is predicted to remain above the temperature that the zirconium-alloy has
been shown to be susceptible to breakaway oxidation must be less than the analytical
limit. The breakaway oxidation behavior must be periodically confirmed using an
NRC-approved experimental technique capable of determining the effect of
composition changes or manufacturing changes on the breakaway oxidation
behavior. The frequency of confirmatory testing must provide reasonable assurance
that fuel is being manufactured consistent with the specified analytical limit.

RG 1.222
4

Context

Relationship to rule language
RG 1.224
50.46c(g)(1)(ii) Post-quench ductility. Analytical limits on peak cladding
temperature and integral time at temperature shall be established that
correspond to the measured ductile-to-brittle transition for the zirconium-alloy cladding
material based on an NRC-approved experimental technique. The calculated
maximum fuel element temperature and time at elevated temperature shall not
exceed the established analytical limits. The analytical limits must be approved by the
NRC. If the peak cladding temperature, in conjunction with the integral time at
temperature analytical limit, established to preserve cladding ductility is lower than the
2200 ºF limit specified in paragraph (g)(1)(i) of this section, then the lower
temperature shall be the applicable analytical limit on peak cladding temperature.

RG 1.223
5

Guidance
RG 1.222

•

Defines an experimental technique capable of
determining the effect of composition changes or
manufacturing changes on the breakaway oxidation
behavior.

•

Experimental technique includes flexibility, where
possible, to allow variation of equipment and procedures
in use at other laboratories.

•

Discusses both initial testing and periodic confirmatory
testing.
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Guidance
RG 1.222

•

Initial testing includes examination of breakaway oxidation
behavior at a range of temperatures to identify the critical
temperature associated with the shortest time to breakaway
oxidation.

•

Allows adoption of ANL test data for initial 50.46c compliance
demonstration.
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Guidance
RG 1.222

•

Periodic testing is used to confirm the initial testing (and
associated analytical limit) remains applicable to manufacturing lifecycle.
– Periodic Confirmatory Test Program Plans (PCTPP) would be developed
by each cladding vendor and submitted for NRC review and approval.
– Periodic testing is focused only on the critical temperature identified in
initial testing.
– Vendors will define periodic testing frequency in the PCTPP. RG 1.224
provides an optional default frequency (testing once per ingot) and states
that other frequencies could be reviewed and approved.
– Guidance allows for relaxation of test frequency with time.
– Periodic testing results are not submitted, must be available for audit.
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Response to Public Comments
RG 1.222
•

Industry commenters expressed that:
– Requiring licensees to report breakaway oxidation results was
unnecessary and suggested that the fuel cladding vendors could
address the concerns regarding breakaway oxidation with their quality
assurance programs.
– Periodic testing sample frequency should be reduced and be more
flexible.
– Testing protocol, such as temperature calibration and sample
preparation, should be more flexible.

•

A member of the public comments that the test protocol were not
similar enough to the expected conditions in a LOCA

9

Guidance
RG 1.223

•

Defines an experimental technique to measure the
ductile-to-brittle transition for the zirconium-alloy
cladding material.

•

Experimental technique includes flexibility, where
possible, to allow variation of equipment and procedures
in use at other laboratories.

•

Provides detailed discussion of determining the ductileto-brittle transition CP-ECR for a given hydrogen level,
allows for “binning” results with similar H content.
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Guidance
RG 1.223

•

Two approaches are provided to address expected data
scatter in a data “bin” and determine the ductile-to-brittle
transition CP-ECR for a given hydrogen level.

•

Set Approach

11

Guidance
RG 1.223

•

Two approaches are provided to address expected data
scatter in a data “bin” and determine the ductile-to-brittle
transition CP-ECR for a given hydrogen level.

•

Curve Fit Approach
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Response to Public Comments
RG 1.223
•

Industry commenters expressed that:
– Testing protocol, such as temperature calibration and sample
preparation, should be more flexible.
– There should be more flexibility to define an acceptable sample set to
evaluate the ductile-to-brittle transition for a given hydrogen content – to
have flexibility to “bin” samples with hydrogen contents within a narrow
range of the target.
– The acceptable methods to evaluate data scatter and determine the
ductile-to-brittle transition should be made more clear.
– The function and content of RG 1.223 and RG 1.224 should be better
differentiated.

13

Guidance
RG 1.224

•

Describes an approach to establish analytical limits for
post-quench ductility [50.46c(g)(1)(ii)] and breakaway
oxidation [50.46c(g)(1)(ii)] for zirconium-alloy cladding
material.

•

Provides guidance on how to consider oxygen diffusion
from inside surfaces in ECCS evaluation
[50.46c(g)(2)(i)].

•

Provides default cladding hydrogen update models for
all currently approved cladding materials.
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Guidance
RG 1.224

Embrittlement Oxidation Limit (% ECR)

C.1.A – An acceptable limit for approved alloys
20
18

PCT
< 2200°F

16
14
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≤ 2050°F
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Pre-Transient Hydrogen Content (wppm)

Figure 2 of RG 1.224. Acceptable analytical limits for peak cladding temperature and
integral time at temperature (as calculated in local oxidation calculations using the CP
correlation) for for Zircaloy-2, Zircaloy-4, ZIRLO®, M5® and Optimized ZIRLOTM
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Guidance
RG 1.224

C.1.B – Adopting Figure 2 for New Alloys
New alloys can adopt Figure 2 by providing the measured
ductile-to-brittle transition level for cladding material in the
following conditions:
1. as received
2. unirradited, pre-hydrided within 100 wppm of the maximum
hydrogen content specified at end of life (EOL)
3. unirradited, pre-hydrided within 100 wppm of half of the
maximum hydrogen content specified at EOL material.
4. Irradiated (unless the new alloy is “similar” to previously tested
alloys)
16

Guidance
RG 1.224

New cladding alloys are considered “similar” to previously
tested alloys if they:
– use the Kroll process as the reduction method
– operate less than or equal to the maximum fluence
– include only the alloying elements present in the materials tested
and
– have similar alloying content of each element to the materials
tested in NRC’s LOCA research program, whereby each alloy
element is defined by less than or equal to 25 percent deviation
from the alloying limits defined for the tested alloy.
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Guidance
RG 1.224

C.1.C & C.1.D – Adopting other Post-Quench
Ductility Limits
•

Analytical limits other than those defined in Figure 2 can
be adopted for new and existing alloys to gain margin for
superior alloy-specific cladding performance (C.1.C) or
for slower embrittlement behavior at lower temperatures
(C.1.D)
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Guidance
RG 1.224

C.1.E – Hydrogen Pick up Models
•

•

An alloy-specific cladding hydrogen uptake model will be
required if a licensee chooses to use the hydrogendependent embrittlement threshold provided in Figure 2.
Appendix A of RG 1.224 provides acceptable fuel rod
cladding hydrogen uptake models for the current
commercial zirconium alloys.
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Guidance
RG 1.224

C.1.F – Demonstrating Compliance for PQD
•
•
•

•

Identify the limiting conditions and assumptions that
maximize predicted PCT and local oxidation.
Must demonstrate PCT and max local oxidation are
below PQD analytical limit.
Provides allowance for subdividing the ECCS evaluation
based on cladding hydrogen content, burnup, fuel rod
power, or a combination.
Provides allowance to use Figure 2 for legacy fuel to
show compliance with 50.46c.
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Guidance
RG 1.224

C.2 – Breakaway Oxidation
•
•

•

Provides allowance for legacy fuel to use analytical limit established
for the current version of the alloy to show compliance with 50.46c.
Applicants may elect to establish the analytical time limit for
breakaway oxidation with conservatism relative to the measured
minimum time (i.e., reduce the time) to the onset of breakaway
oxidation.
The total time that the cladding is predicted to remain above the
temperature that the zirconium-alloy cladding material has been
shown to be susceptible to breakaway oxidation (800C default)
must be less that the analytical limit.
– Applicant may credit operator actions to limit the duration at elevated
temperatures provided these actions are consistent with existing
procedures and the timing of such actions is validated by operator
training on the plant simulator or via a job performance measure.
21

Guidance
RG 1.224

C.3 – Inner Diameter Oxidation
•

ECCS evaluation models must consider oxygen diffusion
from the cladding inside surfaces if an oxygen source is
present on the inside surface of the cladding at the onset
of the LOCA.
– Cladding Rupture: calculate 2-sided oxidation using CP
correlation, consider the reduced cladding thickness and the
rupture mid-plane and apply Figure 2 (same approach used
today)
– Fuel-cladding bond: calculate 2-sided oxidation once the fuelcladding bond layer is predicted to occur. Default threshold is 30
GWd/MTU and higher limits can be proposed for NRC review and
approval.
22

Response to Public Comments
RG 1.224
•

Industry commenters expressed that:
– Treatment of legacy fuel to show compliance with 50.46c should be
expressly defined.
– The function and content of RG 1.223 and RG 1.224 should be better
differentiated.
– Evaluation of breakaway oxidation should consider time above 800C
rather than 650C.
– The guidance should include a set of conditions that could eliminate the
need for testing of irradiated material testing.
– The lack of approved hydrogen pick-up models presents a challenge to
implementation.
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Conclusions
• Three Regulatory Guides have been developed to
support the performance-based embrittlement criteria
in the 50.46c rule. The RGs provide guidance to
develop material specific analytical limits on key
embrittlement mechanisms.
• Industry stakeholders were heavily engaged in the
public comment process. Many changes were made to
the Regulatory Guidance to clarify requirements,
increase flexibility and reduce burden on industry.
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50.46c Implementation:
Existing Fleet
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Paul M. Clifford
Division of Safety Systems
Nuclear Reactor Regulation

1

Public Comments
•

•

The staff proposed a 3-track staged implementation which balanced work
load and safety margin. The existing 100 plants were divided into 3 tracks
based upon information gathered as part of the ECCS performance margin
assessment.
Thirty-six comments were received. Common themes included:
– Implementation plan should be replaced by a requirement for licensees to submit
individual plans for compliance within 180 days from the effective date
– Codifying the implementation schedule will result in exemption requests
– Remove Table 1 plant names, replace with performance metrics to allow flexibility
– The alternative risk-informed approach for debris is optional
– Debris consideration is a long-standing issue with independent resolution
schedule
– Level of effort to bring plants into compliance varies widely and difficult to
estimate

•

Alternative industry implementation plan accepted and incorporated into final
rule. [NEI1-32, as endorsed by STP1-1, WEC1-1, A1-80, D1-1, STARS1-1, GEH1-1, SNC1-1, PPL1-1, and FPL1-1]

2

Industry GANTT Chart
• Exceptional level of coordination to reduce burden.
– 2-day public workshop on 50.46c implementation in March
2015.
– 3 subsequent webinars in April, May, and June

• Industry developed a comprehensive, integrated
GANTT chart illustrating the parallel and series work
activities which needed to be completed in order to
implement the new requirements of 50.46c.
– Up to 24 vendor topical reports submitted within 12 months
– Up to 65 LARs submitted within 48 months
• 29 Level 1 LARs; maintain EMs, no new LOCA simulations
• 5 Level 2 LARs; maintain EMs, partial re-analysis
• 31 Level 3 LARs; new EMs, complete break spectrum
3

Implementation Goals
• Regulation requires a compliance date.
• NRC wants to avoid exemptions based solely on
schedule and resources.
• NRC staff needs a high level of detail and commitment
in order to level and manage the workload.
-----------------------------------------• Industry needs flexibility to accommodate ongoing
design modifications, EPUs, vendor contracts, fuel
design and alloy changes, TCD resolution, etc…
• Industry needs assurance that NRC reviews do not
become critical path and force exemption requests
based solely on schedule.
4

Implementation Plan
• Based on industry comments, 50.46c implementation
requirements revised as follows:
– Each licensee submits an implementation plan (regulatory
commitment) within 6 months of rule.
• Implementation plan must identify key aspects of the compliance
demonstration
– LOCA EM, along with approval status and/or review schedule
– Fuel design (cladding alloy)
– Analytical limits for PQD and breakaway
– Relative level of effort (See 3 levels above)
– Updated annually

– Upon receipt, the NRC would negotiate with licensees to
prioritize and balance workload, ultimately agreeing to a plantspecific implementation plan.
• Resources would be allocated to ensure NRC is not critical path.
5

Requirements
• All 50.90 LARs must be submitted within 60 months of
rule.
• Compliance backstop is 84 months of rule.

6

Legacy Fuel
• RG 1.224 provides guidance related to legacy fuel.
• PQD Analytical Limit
– Fuel that is manufactured prior to the effective date of the rule and
comprised of either currently available commercial cladding alloys (e.g., Zry2, Zry-4) or legacy zirconium alloys no longer commercially available can be
evaluated using Figure 2 of RG 1.224 to show compliance with 50.46c(g)(1)(ii)

• Breakaway Oxidation
– Fuel that is manufactured prior to the effective date of the rule and
comprised of currently available commercial cladding alloys (e.g., Zry-2, Zry4) can be evaluated using the breakaway oxidation analytical time limit
established for the current versions of those commercial alloys should be
applied to show compliance with 50.46c(g)(1)(iii)
– Fuel that is manufactured prior to the effective date of the rule and
comprised of legacy zirconium alloys no longer commercially available can
be evaluated using an analytical time limit of 3,500 seconds to show
compliance with 50.46c(g)(1)(iii)

7

Conclusions
• Proposed implementation provides the flexibility that
industry requested and the commitment NRC needs to
manage workload.
• Many changes were made to proposed rule to reduce
burden on industry.
• NRC staff maintains an ECCS safety assessment
which provides a level of assurance that existing fleet
continues to operate safely relative to new
requirements.
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50.46c Implementation:
New Reactors
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Shanlai Lu
Division of Safety Systems & Risk Assessment
Office of New Reactors

9

New Reactor
Implementation
• Implementation for new reactors is complicated
by the numerous different entities and stages
• All COL holders and existing applicants must
comply with the requirements of the rule by the
initial fuel loading or 84 months from the
effective date of the rule, whichever is later
– Vogtle and Summer: may need to submit new
topical reports to address 50.46c

• Design Certification holders and existing DC
applicants do not need to comply with the rule
until the time of renewal

10

New Reactor
Implementation
• No specific rule making provisions for
NuScale as the design has not been
stabilized
– NuScale has proposed that an exemption to the
rule may be needed for PQD, PCT, and
Breakaway Oxidation requirements based on
the draft rule language
– Exemption may or may not be needed

11

50.46c Risk-Informed Alternative for
Long-Term Core Cooling
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Steve Laur, CJ Fong
Division of Risk Assessment
Nuclear Reactor Regulation

1

Rule Structure

• Performance-based nature necessitated major
restructuring of rule.
• Addition of risk-informed approach to address
debris during long-term cooling necessitated
major revision of rule.

2

Summary of Major Changes
§ 50.46

§ 50.46c

Rule Structure

Prescriptive

Performance-Based

Applicability

Zircaloy or ZIRLO Cladding

All LWR Cladding

Burnup Related Phenomena

None

Cladding Inner Surface
Oxygen Ingress

Corrosion Related Phenomena

None

Hydrogen-Enhanced
Embrittlement

Fabrication Related Phenomena

None

Breakaway Oxidation

Debris Consideration

Implicit

Explicit

LTC Performance Requirement

General

Explicit

Crud Treatment

None

Explicit

Risk-informed Debris Treatment

N/A

Allowed
3

Paragraph (e)(1)
(e)(1) Attributes of an acceptable risk-informed approach. An entity may request
that the NRC approve a risk-informed approach for addressing the effects of debris
on long-term core cooling to demonstrate compliance with the requirements in
paragraph (d)(2)(iii) of this section. If the alternate risk-informed approach is used,
then the ECCS evaluation model specified in paragraph (d)(2)(i) or (d)(2)(ii) of this
section need not include the effects of debris on long-term cooling. If an entity
desires to change the methods employed in the systematic processes in paragraph
(e)(1)(iii) of this section, as approved by the NRC, then the entity shall obtain NRC
review and approval before the change is implemented.

• Requires demonstration of acceptable ECCS function for long-term
cooling (LTC) if debris effects are not present
• Requires NRC review and approval via a license amendment
request (LAR)
• Uses RG 1.174 guidance as requirements for LAR contents and
risk acceptance criteria
• Requires periodic monitoring and reporting (see later slides)
• NRC is developing RG 1.229 to provide guidance on the
methodology
4

Paragraph (e)(1)
Public Comments:
• Risk-informed (RI) evaluations should be allowed for all portions of
the post-LOCA period, not just LTC and should cover aspects of
the evaluation other than debris
• The requirements for risk-informed submittal contents are unclear
• The requirements for LTC analyses for entities implementing a
risk-informed evaluation are unclear (RI vs deterministic)
• LTC and STC are not defined
• Acceptance criteria should be in a regulatory guide, not the rule
• RI evaluations allowed only for the effects of debris on LTC
• Clarified requirements for RI submittals by rewriting rule sections
• Clarified requirements for LTC analyses to be submitted by plants
using a RI evaluation for the effects of debris on LTC
• Require the applicant to define LTC and STC periods
• Maintained high level acceptance criteria within the rule
5

Paragraph (m)(6)
• (m)(6) Risk-informed consideration of debris: reporting. If an entity
implementing the risk-informed approach to address debris effects
determines that either the acceptance criteria of paragraph (e)(1)(i)
of this section have been exceeded or the requirements of
paragraph (e)(1)(ii) of this section are no longer met, then the
following reporting actions must be taken.
-Various requirements for different entities
-Make a timely report describing issue and how resolved
• Requires reporting if risk has increased beyond the acceptance
criteria
• Requires reporting if safety margins or defense-in-depth decrease
6

Paragraph (m)(6)
Public Comments:
• Reporting should not be required unless a significant increase in
risk occurs or is discovered
• Reporting requirements should be in a regulatory guide
• Existing reporting requirements should be used to determine if
reporting is required for findings associated with the RI evaluation
• Reporting, corrective action, and the requirements for updates
were clarified by splitting a single sub-paragraph into 3 subparagraphs
• Maintained reporting requirement for small changes in risk and
reductions in defense-in-depth or safety margins
• Maintain high level reporting requirements in the rule
7

Paragraph (m)(7)
(m)(7) Risk-informed consideration of debris: corrective action. If an entity
implementing the risk-informed approach to address debris effects
determines that either the acceptance criteria of paragraph (e)(1)(i) of this
section have been exceeded or the requirements of paragraph (e)(1)(ii) of
this section are no longer met, then the following corrective actions must
be taken;

• Requires corrective action if risk acceptance criteria exceeded
• Requires corrective action if defense in depth or safety margins are
decreased
• Requires license (or application) amendment that is consistent with
the condition, or,
• Requires the plant or design be returned to within its licensing
basis
8

Paragraph (m)(7)
Public Comments:
• Corrective actions should be the same as those for existing riskinformed evaluations

• Clarified corrective action requirements in separate sub-paragraph
• Maintained corrective action requirements

9

Paragraph (m)(8)
(m)(8) Risk-informed consideration of debris: updates.
(i) Each licensee shall update its risk informed evaluations under
paragraph (e)(1) of this section no later than 48 months after initial NRC
approval or the latest update. However, this requirement does not apply to
holders of combined licenses before initial loading of fuel under
§52.103(g) of this chapter, or to design certification rules.

• Requires update to evaluation every 48 months
• COLs update after initial fuel loading
• Update must correct any identified errors and incorporate any
changes to the plant design or operation
• Update must account for industry operating experience
• Risk, defense-in-depth, and safety margins must be updated

10

Paragraph (m)(8)
Public Comments:
• Updates should be required only for facility or procedure changes

• Clarified reporting requirements in separate sub-paragraph
• Maintained 48 month requirement for periodic updates

11

Additional Comments
Public Comments:
• The public commented that other regulations may require
exemptions to implement the RI approach, specifically GDC-19
and 10 CFR 50.67

• Issue is still under consideration by the staff

12

Conclusions
• Many changes were made to proposed rule to clarify
the requirements to implement a risk-informed
approach to address the effects of debris on long-term
cooling.
• NRC intends to limit the use of risk-informed
evaluations to the effects of debris on LTC
• NRC intends to allow the use of the risk-informed
alternative only for emergent conditions, not to allow
problematic material to be designed into a plant.
• NRC is currently finalizing the guidance that will assist
in implementing the risk-informed alternative. (RG
1.229)
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RG 1.229 “Risk-informed Approach for Addressing
the Effects of Debris on Post-accident Long-term
Core Cooling”
November 3, 2015
CJ Fong, Steven Laur, Division of Risk Assessment
Stephen Smith, Division of Safety Systems
Nuclear Reactor Regulation
1

Purpose and Scope of RG
• RG has acceptable methods/approaches
for addressing 10 CFR 50.46c(e)
• Many specific approaches based on PWR
experience; e.g.
– WCAP-16530-NP-A for chemical effects
– 15 grams per fuel assembly for hot leg break

• Scope may be expanded in future Revs
– Other entities should justify that each
approach or method meets the intent
2

Background
• Separate path from other 50.46c RGs
– Incorporate lessons from STP pilot review

• DG for public comment (80 FR 21658)
– Published April 20, 2015
– Comments due July 6, 2015
– Over 200 comments received

• RG substantially revised
• RES raised substantive issues during
concurrence on final RG

3

Outline of Section C
•
•
•
•
•
•
•
•
•

Systematic risk assessment of debris
Initiating Event Frequencies
Defense-in-Depth and Safety Margins
Uncertainty
Monitoring Program
Quality Assurance
Periodic Update
Reporting and Corrective Actions
License Application

4

Outline of Appendix A (“detailed”)
A-1 Scope
A-2 Failure mode
identification
A-3 PRA model changes
A-4 Submodel development
A-5 Scenario development
A-6 Debris source term
A-7 Debris transport
A-8 Strainer evaluation

A-9 Impact of debris
A-10 Chemical effects
A-11 Debris penetration
evaluation
A-12 Debris penetration
effects
A-13 Submodel integration
A-14 Systematic risk
assessment (solve PRA)
5

Outline of Appendix B (“simplified”)
B-1 – Perform the following from Appendix A:
A-1 Scope
A-2 Failure mode identification
A-5 Scenario development
A-6 Debris source term
A-7 Debris transport

B-2 – Impact of debris
B-3 – Systematic risk assessment (bounding)
6

Changes from DG-1322
• Clarified the scope of the RG - maintained
position that all hazards and modes must be
considered
• Reorganized the RG
– Section C is general and could be applied by any entity
– PWR-specific guidance is in appendices (future
revisions can add additional appendices as needed)

• Detailed approach – minor changes (re-located to
Appendix A)
7

Changes from DG-1322 (cont’d)
• Provided more detail on simplified
approach (Appendix B)
• Provided more detail on use of
NUREG-1829
• Consolidated guidance on
uncertainty/referenced NUREG-1855

8

Resolving RES Comments
• Technical basis: LOCA frequency allocation
– Concurrence version of RG 1.229 had
• “bottom-up” – consider degradation mechanisms and normalize to
NUREG-1829 frequencies
• “top-down” – equal apportionment across all breaks of same
equivalent size

– Interim version identified 3 approaches:
• Smallest critical break location (bounding)
• Estimate interval frequencies for every critical break
• Use degradation mechanisms and intervals + sensitivity analysis

– RG will likely only include first approach for now
– New appendix will provide guidance for break frequency
allocation
9

Resolving RES Comments (cont’d)
• Guidance: how to treat partial breaks (e.g., 5”
equivalent on 31” pipe)
• Guidance: site-specific applicability of the
generic NUREG-1829 data, including
– Water hammer
– Seismically-induced LOCA

10

RES Comments (continued)
• Clarify: break locations that produce and
transport debris may not be screened from
the analysis based strictly on low frequency
• Guidance: periodic update of risk-informed
analysis must consider that the NUREG-1829
LOCA frequencies were originally published
with an “expiration date” of 15 years

11

Conclusion
• Based on STP Pilot
• Updated to incorporate public
comments
• Allows use of current deterministic
guidance
• Still working on break frequency
allocation
12

Questions?
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Fuel Fragmentation, Relocation and
Dispersal Information SECY
ACRS Materials and Reactor Fuels Subcommittee
November 2015
Michelle Flanagan Bales
Division of Systems Analysis
Nuclear Regulatory Research
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Background
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Quenching,
Phase Change
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Background
•

Proposed Rulemaking SECY-2012-0034 noted the
staff’s evolving understanding of fuel fragmentation,
relocation and dispersal.

•

SRM-SECY-12-0034 provided staff direction
regarding fuel fragmentation, relocation and dispersal

•

Presented to ACRS on December 4, 2013

•

Public meeting held March 2014

3

SRM-SECY-12-0034
“The staff should complete its research on fuel fragmentation, relocation,
and dispersal, and incorporate any necessary changes before requesting
Commission approval of the draft final rule. The staff should inform the
Commission if this action is not practicable or has unintended
consequences. In this case, the staff should provide the Commission an
information paper containing additional details of the anticipated research
into fuel fragmentation, the staff’s best judgment of the impact the results of
that research could have on the proposed rule, and the staff’s best estimate
of when final conclusions may be drawn from this work. In addition, this
paper should clearly and specifically indicate which elements of the
proposed rule, if any, should be deferred pending completion of
fragmentation research and which elements, if any, could proceed to
implementation without concern that they will be revised based on the
anticipated research.”

4

ACRS Meeting
•

Presented state-ofthe-art technical
perspective to
ACRS on
December 4, 2013

•

Staff and industry
presented summary
of experimental
findings and
analytical efforts
5

Public Meeting
•

•

Held March 2014,
in conjunction with
the Regulatory
Information
Conference
Staff, industry and
international
organizations and
public participated

2. Ground Rules and Meeting Logistics
3. Introduction and Meeting Objectives
4. Research on Fuel Fragmentation, Relocation and Dispersal
a. LOCA Experiments
i. Fuel Fragmentation, Relocation and
Dispersal Under LOCA Conditions:
Experimental Observations
ii. Fuel Fragmentation, Relocation and
Dispersal, Current Understanding and Test
Results
BREAK
iii. LOCA and fuel fragmentation tests in SCIP III
iv. Overview of Halden Reactor LOCA
experiments (with emphasis on fuel
fragmentation) and plans
v. Open Discussion*
5. Welcome and brief summary of Thursday’s sessions
b. LOCA Analysis
i. Methodology for Core-Wide Estimates of
Fuel Dispersal During a LOCA
ii. Analytical Assessment of High-Exposure
Fuel Dispersal Potential During BWR LOCA
iii. Assessment of Extent of Rupture in a Large
Break LOCA
i. Open Discussion*
BREAK
6. Perspectives on Experiments and Analysis
i. Potential Impacts on Design Basis Accidents
ii. IRSN views on fuel dispersion in RIA and
LOCA accidents
iii. JAEA perspective on fuel fragmentation and
dispersal
iv. AREVA Perspective on Fuel Fragmentation
and Dispersal During Design Basis Accidents
LUNCH
v. Open Discussion*
7. Summary and Conclusions, Next Steps

M. Flanagan, NRC
K. Yueh, EPRI

Day

Time
12:00 -12:15
12:15-12:30
12:30-1:00
-

Thursday

1. Welcome

Speaker,
Organization
RES/NRR
Management
Meeting Facilitator
T. Inverso, NRC
-

P. Askeljung,
Studsvik

1:00-2:00
2:00-2:30
2:30-3:00
3:00-3:30

B. Oberlander,
Halden

3:30-4:00

ALL

4:00-5:00

M. Flanagan, NRC
I. Porter &
P. Raynaud, NRC

9:00-9:15
9:15-10:00

K. Muftuoglu, GEH
M. Nissley,
Westinghouse
ALL
P. Clifford, NRC

10:00-10:30
10:30-10:50

Friday

Topic

10:50-11:15
11:15-11:30
11:30-12:00

M. Petit, IRSN

12:00-12:20

F. Nagase, JAEA

12:20-12:40

B. Dunn, AREVA

12:40-1:00

-

1:00-2:00

ALL
M. Flanagan, NRC

2:00-2:30
2:30-3:00
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Staff Determination
• 50.46c Rulemaking Working Group proposed
NOT to add a new requirement in 50.46c related
to fuel dispersal
• 50.46c Rulemaking Steering Committee
approved WG proposal Feb 5, 2015
– Decided RES would lead information paper to define
and support the WG position
– Recommended Info SECY be prepared and delivered
separate from and before the final 50.46 rule package
7

Overview of Information
SECY
• Discussion of research completed since 2012
• Summary of current state-of-knowledge of FFRD
phenomena
• Outline of the bases for not including new
requirements in 50.46c
• Discussion of future direction
• No options or recommendations

8

Basis for not including
FFRD in 50.46c
•

Reasonable assurance that no imminent safety concern exists.

•

FFRD phenomena may not be isolated to LOCA, and could be postulated
during non-LOCA DBAs. Future regulatory action, if needed, should be
developed and implemented in a holistic manner to address both LOCA and
non-LOCA scenarios.

•

Fuel performance requirements, unlike ECCS performance requirements,
could be developed to focus on preventing rupture in rods susceptible to
fine fuel fragmentation and fuel dispersal, while avoiding unnecessary
restrictions on rods that are not susceptible to fine fuel fragmentation.

•

Adding new analytical requirements for FFRD in 10 CFR 50.46c would
delay implementation of revised requirements that are necessary to ensure
adequate protection to the public health and safety.
9

Future Direction
• Reasonable assurance that no imminent safety concern
exists. However, advancements in fuel design and
available fuel management flexibility could lead to FFRD
that may present a safety concern.
• Given the burnup and utilization limitations on existing fuel
designs the staff does not foresee the ongoing research
would identify a need to withdraw approval of existing fuel
designs. However, without established guidance to define
the boundary of safe operation for key fuel design and
operating parameters, the staff is challenged to evaluate
future fuel design applications.
• Anticipate that in the next few years staff will be able to
determine if additional regulatory actions are necessary for
future fuel design applications.
10

Status
• Information SECY is in concurrence.
• We expect to provide the paper to the
Commission separate from and
before the draft final 50.46c rule
package

11
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NEI Perspective
on
10CFR50.46c Rulemaking
Gordon Clefton
Senior Project Manager

ACRS Sub Committee Meeting
November 3, 2015 • NRC, Rockville MD

1

NEI Perspective
Industry Strongly Endorses
-

Using “zirconium-based cladding” to avoid exemption requests
Using performance-based approach in rulemaking
Providing ‘what’ is required in Rule
Providing ‘how’ to comply in guidance documents
• Keeping details to simplify any future changes/updates

Industry preferences

- Recommend moving Appendix K to a new Regulatory Guide, e.g.
“Conservative ECCS Evaluation Models”
- Recommend achieving better licensing process efficiency by:

• Creating a Regulatory Issue Summary (RIS) to clarify differing regulations for pre- &
post- 46c compliance licensees
• Creating a Review Standard (RS) to standardize NRC reviews
2

NEI Perspective
10CFR50.46c is not addressing a safety issue

• Both Owners Groups reports & NRC audit confirm
• NEI petition initiated rulemaking action in 2000
• Switching & conformance estimated to 2022

10CFR50.46c is a substantial consideration

- NEI Cumulative Effects of Regulation project is now on-going

• Some plants may find it difficult to amortize this cost over the
remaining life of the plant
• Plants are investigating alternative means to achieve compliance and
maintain an adequate level of safety

- NRC ‘Project AIM 2020’ is now on-going

• Right-sizing the NRC budget and staff
• Aggressively pursuing an effort to baseline and prioritize its workload
to improve efficiency and productivity
3

NEI Perspective
10CFR50.46c Implementation Proposal

- Suggest a conditional 46c compliance; switch to 46c

• If a plant makes a change requiring a new EM
• If Thermal Conductivity Degradation or other changes/errors that could affect
Peak Cladding Temperature require a new EM

- Allows maintaining compliance with existing 10CFR50.46
- Allows maintaining significant margins of safety under current acceptance
criteria
- No fixed date for 46c compliance is required
- 50.46c(p)(2)(iii)

• Recommend deleting: “Licensees must be in compliance with the requirements of
this section no later than 84 months after [INSERT DATE THAT IS 30 DAYS AFTER
THE DATE OF PUBLICATION IN THE FEDERAL REGISTER]. “
• Recommend keeping: “Until such compliance is achieved, the requirements of §
50.46 continue to apply for purposes of ECCS design and fuel design.”

4

Westinghouse Non-Proprietary Class 3

© 2015 Westinghouse Electric Company LLC. All Rights Reserved.

Westinghouse Recommendations to ACRS on
50.46c and Regulatory Guides
David Mitchell
November 3, 2015
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Westinghouse Non-Proprietary Class 3

© 2015 Westinghouse Electric Company LLC. All Rights Reserved.

Westinghouse Electric Company participation in
development of new rule
• Westinghouse has been actively involved with the industry
and NRC during the development of the basis for testing
and interpretation of test data for LOCA.
– Supply of material to NRC sponsored test programs
• Un-irradiated cladding
• Irradiated cladding
• Sections of irradiated rods.

– 6 letters
– 3 papers
– 3 presentations in public forums

2

Westinghouse Non-Proprietary Class 3

© 2015 Westinghouse Electric Company LLC. All Rights Reserved.

Implementation of new rule
• Westinghouse is fully prepared to support customers in

demonstrating compliance under the new 50.46c rule.
• Westinghouse supports the move of details from the rule
into the Regulatory Guides.
• Changes to the Regulatory Guides to incorporate details
from the rule will make demonstration of compliance more
practical.

3

Westinghouse Non-Proprietary Class 3

© 2015 Westinghouse Electric Company LLC. All Rights Reserved.

Remaining observations and suggestions
• The areas where Westinghouse believes based on

extensive test data and experience that the proposed
requirements are excessively conservative:

– Requirement for periodic breakaway testing of fuel rod
cladding.
– Requirement to use the upper bound hydrogen pickup (HPU)
fraction.

• These testing requirements and in particular the use of

upper bound HPU fraction do not add any clear safety
benefits, and make it difficult in terms of resources and time
frame to introduce a new safer advanced cladding material.

4

Westinghouse Non-Proprietary Class 3

© 2015 Westinghouse Electric Company LLC. All Rights Reserved.

Westinghouse Letters on New LOCA rule and
development
•
•
•
•
•
•

Letter from J. A. Gresham (Westinghouse) to (NRC), LTR-NRC-07-52, “Westinghouse
Breakaway Oxidation Testing Behavior (Non-proprietary),” September 24, 2007.
Letter from J. A. Gresham (Westinghouse) to F. Eltawila (NRC), LTR-NRC-08-29, “Updated
Westinghouse Breakaway Oxidation Testing Behavior (Non-proprietary),” June 12, 2008.
Letter from J. A. Gresham (Westinghouse) to Harold H. Scott (NRC), LTR-NRC-09-24,
“Westinghouse Results from Study on Impact of Specimen Preparation on Breakaway
Oxidation (Non-Proprietary),” May 7, 2009.
Letter from J. A. Gresham (Westinghouse) to Michael Lesar (NRC), LTR-NRC-08-42,
“Westinghouse Comments on the Technical Basis for New Performance-Based Emergency
Core Cooling System Requirements (Non-Proprietary),” September 2, 2008.
Letter from J. A. Gresham (Westinghouse) to Michael Lesar (NRC), LTR-NRC-11-10,“Weight
Gain Data for Zircaloy-4 and ZlRLO Breakaway Tests (Non-Proprietary),” March 10, 2011.
Letter from J. A. Gresham (Westinghouse) to Cindy Bladey (NRC), LTR-NRC-15-58, “Submittal
of Comment for Docket ID NRC-2012-0043 on Draft Regulatory Guide DG-1263, Establishing
Analytical Limits for Zirconium Based Alloy Cladding,“ June 29, 2015.
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Westinghouse Papers on New LOCA rule and
development
• Comstock, R.J., Garde, A., Mitchell, D.B. “Effects of LOCA

Transient Time-Temperature History on the Extent of Clad
Embrittlement due to Oxygen and Hydrogen,” Paper T3-038,
2011 Water Reactor Fuel Performance Meeting, Chengdu,
China, September 11-14, 2011.
• Comstock, R.J., Mueller, A.J., Romero, J.E., Mitchell, D.B.,
“Assessment of the Breakaway Performance of ZIRLO® and
Optimized ZIRLOTM High Performance Claddings for Realistic
Small Break LOCA Transients,” Paper No. 100148, Proceedings
of WRFPM 2014, Sendai, Japan, Sep. 14-17, 2014.
• Comstock, R.J., Mueller, A.J., Pan, G, Mitchell, D.B.,
“Assessment of the Determination of Post Quench Ductile to
Brittle Transition of ZIRLO® and Optimized ZIRLOTM High
Performance Claddings,” Paper No. 100149, Proceedings of
WRFPM 2014, Sendai, Japan, Sep. 14-17, 2014.
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Westinghouse Presentations on New LOCA rule and
development
• “10 CFR 50.46c Proposed Rule and Associated Draft

Regulatory Guides, Westinghouse Electric Power Company
Observations,” April 30, 2014.
• “10 CFR 50.46c Proposed Rule and Associated Draft
Regulatory Guides Westinghouse Electric Power Company
Recommendations,” June 24, 2014.
• “Public Meeting on Draft Regulatory Guides for 50.46c –
ORNL - Draft Reg Guides and determining acceptable
LOCA performance,” April 29 – 30, 2015.
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10 CFR 50.46c Rulemaking –
GEH/GNF Perspective
Kurshad Muftuoglu, Ph.D.
November 3, 2015

Highlights
•

The rule language has evolved from the version
proposed in April 2014.

•

Improvements provided a more workable rule
without compromising reactor safety.

•

Few points that can use further refinement also tie
back to ACRS memo (ML12023A089) dated
1/26/12.

•

GEH/GNF will continue to work with the industry
representation and the NRC staff in developing a
successful path to 100% compliance.
2
ACRS Subcommittee on 50.46c Rulemaking | 3 November 2015

On Breakaway Oxidation
•

New 10 CFR 50.46(c), g.1.(iii)
Breakaway oxidation. An analytical time limit that has been shown to preclude
breakaway oxidation using an NRC-approved experimental technique must be
determined and specified for each zirconium-alloy cladding material. The
analytical limits must be approved by the NRC. The total time that the cladding is
predicted to remain above the temperature that the zirconium-alloy has been
shown to be susceptible to breakaway oxidation must be less than the analytical
limit. The breakaway oxidation behavior must be periodically confirmed using an
NRC-approved experimental technique capable of determining the effect of
composition changes or manufacturing changes on the breakaway oxidation
behavior. The frequency of confirmatory testing must provide reasonable
assurance that fuel is being manufactured consistent with the specified analytical
limit.

•

•

The rule assumes testing is the only way and precludes future advances
in knowledge. It also assumes ‘composition/manufacturing changes’
are the culprit, but ignores controlling the process as an option.
The intent can be achieved without the portion highlighted above.
3
ACRS Subcommittee on 50.46c Rulemaking | 3 November 2015

On the Reporting
•

A redefinition of significance of a change/error
based on the margin to the regulatory limit would
have been a sensible improvement. It’s a missed
opportunity.

•

GEH/GNF would support a collective effort to
streamline the reporting section of the rule.

•

NRC’s endorsement of NEI guidance that can be
developed could provide mutual benefits. The rule
language must allow such flexibility and not
preempt.
4
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10 CFR 50.46c Rule Making
Tom Eichenberg

Sr. Specialist, Reactor Safety Analysis, TVA

Chair, Regulatory Technical Advisory Committee, EPRI Fuel Reliability Program
Rockville, Md., USA: 3 November 2015

Topics of Industry Interest






NRC Approved Fuel
Reporting Requirements
Significant Change
Evaluation Model Interpretation
Long Term Core Cooling

2

Paragraph (k): Use of NRC Approved Fuel

Concern:


All Fuel Must Demonstrate Compliance with Paragraphs (d) & (g)

Discussion




Approved Breakaway Oxidation Program Not Coincident With FRN Date
QA Program / Procurement Difficulties
Re-Analysis of Old Fuel has No Impact Upon Public Health & Safety

Recommendation:


Fuel Procured Prior to Breakaway Oxidation Program Approval Should be
“Grand-Fathered”/Excluded Under the New Rule

3

Paragraph (m): Reporting

Concern:



Flexibility to Take Alternative Action Lost
Effectively Mandate Full Re-analysis for Any Kind of “Significant Change”

Discussion



No Reason to Overlap Existing Regulations §50.72 / §50.73
Assumes Changes Automatically Challenge Confidence

Recommendation:


Schedule for Re-Analysis Only Required When Acceptance Criteria Challenged

4

Paragraph (n): Significant Change

Concern:


Language Mis-match Between PCT and Oxidation


PCT is Singular; Oxidation Plural

Discussion




Safety Significant, or just Reporting?
Or Something More Complex?
Performance Based Language Candidate

Recommendation:



Utilize Existing Appendix B Corrective Action Program
Leave Specifics of Significance/Reporting/Action to Regulatory Guide
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Evaluation Model Interpretation

Concern:


Treatment of Plant-Specific Input as Part of the Approved Evaluation Model

Discussion




Plant-Specific Information Isn’t Part of an Approved Evaluation Model
Plant Changes to Improve Physical Safety Can Be Discouraged
Licensee Should Have Ownership of Margins to Acceptance Criteria

Recommendation:


Recognize Distinction Between Plant-Specific Input vs. Element of an Approved
Evaluation Model Analogous with Distinction Made in §50.59

6

Paragraph (g)(1)(v): Long Term Core Cooling

Concern:


Confusion Regarding Appendix K Applicability

Discussion



Appendix K Doesn’t Recognize Long Term Core Cooling Phase
Decay Heat Biases Unnecessary

Recommendation:


Long Term Core Cooling Guidance to Clarify Appendix K Application
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