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The NRC's Brian Sheron:
On reactor vessel degradation

hen extreme corrosion The possibility of corrosion and cracks
was found on the reactor

vessel head at FirstEner-

In reactor pressure vessels has the industry

gy Nuclear Operating Company’s 1NVOIVed in in-depth inspection programs.

Davis-Besse nuclear power plant, in Oak Harbor, Ohio, the
industry and the Nuclear Regulatory Commission set out
to assure that such reactor vessel degradation would not
occur again. The degradation at the Davis-Besse plant was
caused by abuildup of leaking boric acid. Corrosion as a
result of the boric acid buildup created a hole approxi-
mately 7in. by 5in. inareaand 6.5in. deep inthereactor’'s
vessel head, leaving only the thin (%-in. thickness) stain-
less steel cladding as the pressure retaining boundary.
Inresponseto theincident, the NRC in August 2002 is-
sued Bulletin 2002-02, “ Reactor PressureVessel Head and
Vessel Head Penetration Nozzle Inspection Programs,”
which directed operators of pressurized water reactors to
increase the frequency and thoroughness of inspections

category. Three PWRs—Davis-Besse and North Anna-1
and -2—already have replaced their vessel heads, while
operatorsat 21 other PWRs have publicly stated they plan
to replace their vessel heads.

Brian Sheron is the associate director of Project Li-
censing & Technical Analysisinthe NRC's Office of Nu-
clear Reactor Regulation. He is responsible for provid-
ing overall project management and technical review
activities related to licensing of power reactor facilities.
Sheron supplies management direction of technical eval-
uations and assessments of issues, including systems
safety, engineering, and risk assessment. He also provides
advice and assistance to the NRC’s Office of Nuclear
Regulatory Research in the development of standards,

of reactor vessel heads as susceptibil-
ity to degradation increased. The NRC
even created a grading chart, ranking
each reactor head’s susceptibility to
degradation by category—Iow, medi-
um, or high—determined by acombi-
nation of factors, including operating
time and temperature.

The NRC then, in February this
year, issued an order requiring that
PWR operators conduct bare metal vi-
sual examinations of the entire vessel
head surface, along with nonvisual ex-
aminations of each head penetration.

Asof early April, 27 PWRswerein
the NRC's high-susceptibility catego-
ry (see chart on page 30), 16 in the
medium category, and 26 in the low
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Sheron: “It probably would be worthwhile
for high-susceptibility plants to replace their
vessel heads.”
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codes, and regulatory guidance, and
in the resolution of generic safety is-
sues. He manages a staff of about 325
employees.

Sheron has been with the NRC for
27 years, and he spent more than two
years with the NRC’s predecessor
agency, the Atomic Energy Commis-
sion. He was a principal architect of
many of the NRC's regulatory docu-
ments, including the revised Emer-
gency Core Cooling Rule, the Gener-
ic Letter on Individual Plant
Examinations, and the Revised Severe
Accident Research Plan.

Sheron talked about reactor degra-
dation issues with Rick Michal, NN
senior associate editor.
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Do you think all high-susceptibility plants
will replace their reactor vessel heads?

| can’'t speak for every plant, but in my
opinion, from an economic standpoint, head
replacement probably would bethe preferred
course of action for the high-susceptibility
plants. The reason is that the reactor vessel
head inspection requirements for high-sus-
ceptibility plantsfor every outage haveasig-
nificant cost, in money and in occupational
dose. Thus, over the long haul, it probably
would beworthwhilefor high-susceptibility
plants to replace their vessel heads rather
than to continue doing costly inspections.

Since the NRC’ s order on reactor head in-
spections was issued, have utilities report-
ed any surprises along the way? Has the
NRC gained any |lessons |earned?

TVA Nuclear's Sequoyah-1, which is a
low-susceptibility plant, saw traces of dried
boron on the vessel head around nozzle
penetration no. 3. While initialy it was
thought to result from aCRDM [control rod
drive mechanism] crack, TVA Nuclear con-
cluded, from radiochemistry analysis of the
deposits, that they were from a conoseal
leak that happened a number of years ago.

What' sgoing on at South Texas Project-1?

Very recently, STP Nuclear’ s South Texas
Project-1 reported boron residue on two low-
er head instrument tube penetrations. The
preliminary conclusionisthat the boron orig-
inated from aleak in theinstrument tube pen-
etration. However, the licensee is in the
process of determining theroot cause and as-
sociated extent of condition.

What if thereisa crack in STP-1's lower
vessel ?

Depending upon the cause of the crack,
it could be significant. If the crack is fa-
tigue-induced and resultsfrom aunique sit-
uation at STP, then there may be no gener-
ic implications for the industry. However,
if they find a stress corrosion crack and the
circumstances are not unique to STP, there
may be significant generic implications for
the industry in terms of the need for in-
creased and enhanced inspection capabili-
tiesfor lower vessel penetrations. But until
the licensee determinesthe root cause of the
boron residue, it is premature to speculate
on the implications.

TheNRC' sorder that wasissued in Febru-
ary requires “ 100 percent inspection” of
thereactor pressure vessel surface. Thein-
dustry has said that rarely is 100 percent
coverage achieved. Isthere an interpreta-
tion of that 100 percent?

| think in the context of the ASME
Code, there's been an interpretation that
“essentially 100 percent” means about 90
percent. In other words, if alicensee can
inspect 90 percent, then it meets ASME
Code requirements.
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High-Susceptibility Plants
The NRC grades each PWR vessel head’ s susceptibility to degradation by cate-
gory—Ilow, medium, or high—as determined by a combination of factors, including

operating time and temperature.

There are 26 units in the low susceptibility category, 16 in the medium category,
and 27 in the high-susceptibility category. (Davis Besse and North Anna-2 were ini-
tially identified as high-susceptibility plants, but both recently replaced their reactor
heads, and were therefore moved into the low-susceptibility category.) Below isthe
list of high-susceptibility plantsand their plansfor possible reactor head replacement.

Plant Head replacement

ANO-1 September 2005

Beaver Valley-1 Spring 2006

Calvert Cliffs-1 Evaluating replacement
Calvert Cliffs-2 Evaluating replacement
Crystal River-3 Fall 2003

D.C. Cook-2 Information not available
Farley-1 Fall 2004

Farley-2 Fall 2005

Fort Calhoun Considering replacement in 2006
Ginna Fall 2003

North Anna-1 April 2003

Oconee-1 Fall 2003

Oconee-2 Spring 2004

Oconee-3 Spring 2003

Point Beach-1 Fall 2005

Point Beach-2 Spring 2005

Robinson Information not available
San Onofre-2 Information not available
San Onofre-3 Information not available
St. Lucie-1 Fall 2005

St. Lucie-2 Spring 2006

Surry-1 Spring 2003

Surry-2 Fall 2003

TMI-1 Fall 2003

Turkey Point-3 Fall 2004

Turkey Point-4 Spring 2005

Waterford Information not available

In the case of the NRC order, when we
said 100 percent, that iswhat we meant. We
didn’t mean “essentially 100 percent.” We
told the industry that if there were legiti-
mate reasons why anuclear plant could not
get 100 percent but still demonstrated that
it was meeting the safety objectives of the
order, we would consider relaxation of the
order on a plant-specific basis. Wetold the
licensees that they would need to comein
and apply for relaxation. This was al ex-
plained in the order.

Theindustry has claimed that nozzle cracks
cannot develop fast enough to justify the
NRC' slatest inspection requirements. What
isyour response to that?

Let'stalk about a nozzle crack that could
propagate from an axial crack to a circum-
ferential crack. The industry would say that
even from the time a crack goes through the
wall and startsto show visible signs of |eak-
age, axial crack rates are such that the crack
would not go circumferential and grow to an
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extent that it would put the CRDM in jeop-
ardy of being gected during acycle. My un-
derstandingisthat theindustry doeshave data
to support their position—that the time it
would takefor acrack to go throughthewall,
to the time it would propagate in a circum-
ferentia manner towhereit would jeopardize
gjecting the penetration, would be consider-
ably longer than one or two operating cycles.

Theindustry’ spositionisthat, therefore,
a plant would always see signs of leakage
during a bare-metal visual inspection, and
that thiswould result in arepair being made
before the crack became a safety problem.
That may be the case, but the piece that the
industry has not addressed yet isthe corro-
sion issue. The NRC made this clear to the
industry.

Asamatter of fact, we had ameeting with
industry representatives last summer. They
came in and presented their proposed in-
spection program. We acknowledged their
work, but it neglected to address the corro-
sion issue. The representatives agreed, and
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said we needed to consider it awork in pro-
gress that needs more effort. The represen-
tatives|eft the meeting with the promise that
they would provide more information. We
have not received anything as yet. We were
originally told they would comeinwith are-
vised ingpection programin the spring of this
year. Now my understanding isthat we may
not see anything until the summer. We are
waiting for theindustry to propose the tech-
nical basisfor altering what isin the order.

| would suspect that some would say that
bare-metal visual examinations are suffi-
cient for inspections every outage. What do
you think?

For that type of examination, all that can
be detected is a through-wall crack that is
aready leaking. It cannot detect cracksthat
have initiated but have not gone through-
wall. So, for example, if a plant were shut
down during an outage to look at the reac-
tor vessel head, but there were no signs of
boron, it would not mean there could not be
acrack developing. In an extreme case, that
crack could be 99 percent through the wall
but not yet broken through to start leaking.
| could postulate that during the next oper-
ating cycle when the plant started up and
went to operating temperature and pressure,
the crack could grow through-wall and be-
gin leaking. The concern is that the indus-
try has been unable to explain under what
conditions aleaking nozzle will or will not
produce corrosion on avessel head.

In the case of the Davis-Besse plant,
which had aleak for along time, when they
did their root-cause evaluation, they did not
do any kind of quantitative analysis that
could relate under what conditions corrosion
of the vessel head would or would not occur:
Under what leak rates? For how long? etc.

Following the discovery at Davis-Besse, |
encouraged theindustry to think about doing
some laboratory experiments to better un-
derstand the phenomena. | don’t know how
that effort isprogressing. But the point isthat
from a corrosion standpoint, once thereisa
through-wall crack, thereis potential for cor-
rosion. That isthe primary concern.

What about the use of Alloy 690 as com-
pared with Alloy 600 as a material for ves-
sel head penetration nozzles? Theindustry
is saying there is considerable data from
France on Alloy 690. Fromwhat I’ veread,
theindustry is saying the NRC doesn’t rec-
ognize Alloy 690 as being a superior,
crack-resistant alloy.

The NRC recognizes that thereisalot of
information that would suggest Alloy 690is
amuch tougher material and much morere-
sistant to stress-corrosion cracking than Al-
loy 600. But it’s qualitative. We don’'t have
any long-term data. Let me explain why.
Thirty yearsago, theindustry told usthat In-
conel, or Alloy 600, was avery tough, frac-
ture-resistant material. It wasin widespread
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usein the current generation of nuclear pow-
er plants. The problem was they couldn’t
foresee 25 or 30 yearsinto the future. They
are now learning that 25 and 30 years|ater,
Alloy 600 does in fact become susceptible
to stress-corrosion cracking.

With Alloy 690, while it appearsto be a
much tougher material, we do not have any
long-term data on its behavior—for exam-
ple, after 25 or 30 years of service. We have
suggested to the industry that they may
want to do accelerated aging tests as one
means of better understanding Alloy 690
behavior over time.

| wrote aletter to the Nuclear Energy In-
stitute’ sdirector of engineering last fall and

INTERVIEW. SHERON mm———

brought thisto his attention—while we rec-
ognizethat Alloy 690 hasall theindications
of being amuch more fracture-resistant ma-
terial, we did not have any solid data on it
over along term. We suggested for plants
that arereplacing their reactor vessel heads
and using nozzles of Inconel 690 and the
better weld material, such asAlloy 182, that
for now, those plants would move into the
low-susceptibility category.

The one thing | did suggest was that the
industry may wish to propose a program
similar to what they proposed in responseto
Generic Letter 97-01, whichwastheNRC's
response when small axial cracks werefirst

Continued
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discovered in some of these plants. In that
letter, we asked the industry to submit in-
formation on how they intended to monitor
this cracking to make sureit did not become
a safety concern. The industry proposed at
that timeto categorize plantsin terms of sus-
ceptibility and suggested that periodicaly,
different plants would inspect their heads.
No single plant was being required to in-
spect every outage, but perhaps every out-
age or every other outage a different plant
within a group would do an inspection.

The idea was that if we worked on the
premisethat all plants within a susceptibili-
ty group would be expected to behave simi-
larly, then by just monitoring different plants
at different times, we' d be keeping our finger
on the issue to determine whether or not
thereisaproblem. That was suggested to the
industry in my letter to them last fall.

If wetook al the plants that were replac-
ing their vessel heads using Alloy 690, we
might be able to group them into different
susceptibility categories based on head tem-
perature and time of replacement. For exam-

penetration, which is a very narrow annu-
lus. It turns out that when they manufac-
tured the reactor vessels, some of these
guide tubes were not perfectly concentric
within the penetration. So, when the probe
is put up between the guide tube and the
penetration in that annulus region, and the
guide tube is off-center and touching the
CRDM tubewall, the probe may not be able
to make a compl ete 360-degree scan.

Constellation Nuclear, which operates
Calvert Cliffs, asked if some percentage of
complete coverage with the probe would be
sufficient. We told Constellation Nuclear
that it may very well be sufficient, but they
needed to come in and tell us exactly, for
al their penetrations, what percentage
could be inspected and what percentage
could not, and why that was considered ac-
ceptable from a safety perspective. Calvert
Cliffs subsequently overcame those diffi-
culties and did not need to request a relax-
ation of the requirements.

Regarding Dominion’s Millstone plant, |
understand it has tight-fitting insulation on
the head that is diffi-

cult to remove and,

“...by just monitoring therefore, they pre-
. R h fer not to do a bare-
different plants [within a metal visual exami-
og oge nation. They have
susceptibility group] at requested to do an

under-the-head UT

diffel"ent times, We’d be thickness measure-

ment as an alterna-

keeping our finger on the five to a bare-metal

visual. That may or

issue to determine whether o wtbesiicent

for the long term. |

or not there is a problem.” don't want to pre-

empt our staff in

ple, let's say there are eight plants replacing
their heads in approximately the same time
frame, and they have roughly the same head
temperatures. Those eight plants could work
together and propose an inspection program
whereby every other outage adifferent plant
will do an inspection. No single plant would
then haveto inspect morethan once every 16
years. | usethat as an example.

We told the industry that they would
have to provide a technical basis for what
they proposed, but we would be receptive
to some sort of inspection program likethat.

Utilities have requested relief from re-
quirements of the NRC’ s order. Could you
give some examples?

The nature of arelief request isuniqueto
that specific plant, and much hasto do with
accessibility. For example, the Calvert
Cliffs plant has thermal sleeves, or guide
tubes, in the penetrations of their two reac-
tors' heads. In order for that plant to do an
under-the-head UT [ultrasonic test], they
need to put the probe in the annulus be-
tween the guide tube and the actual CRDM
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terms of their re-
view, but those are examples of the kinds
of reliefsthat have been requested.

Other plants have requested relaxation
based on geometric issueswith their nozzles
that either prevent access by the inspection
probe to an area covered by the order; on
limited ability of the probe to make contact
with the nozzle; or on interferences that
make datainterpretationimpossible. A large
number of plants may need to request re-
|axation based on these geometric issuesthat
relate to the original design of the nozzle.

What was the premise of the NRC’s order
for inspecting reactor vessel heads?
Therearetwo things| would like to point
out. Oneisthat the underlying, technical is-
suewith the order isthat the NRC staff was
not comfortable with visual inspections
alone. Thereasonisthat we did not and still
don’t have agood understanding of the cor-
rosion issue. The order, in essence, is say-
ing that we want reasonabl e assurance that
plantswill not develop leakswhilethey are
operating. If aplant isahigh-susceptibility
plant, the reason we are making that plant
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go under the head and do a UT [ultrasonic
testing] is because we want cracks found
that may have initiated but have not grown
through the wall. We want those cracks re-
paired before they go through thewall. The
whole ideais that we want to have a high
likelihood that when a plant isin its oper-
ating cycle, it's not going to have a crack
that will go through the wall and begin leak-
ing. We're not trying to make the probabil -
ity zero, obviously. Otherwise we would
have required every plant to do that. But we
want reasonabl e assurance.

We recognize thereis some evidence that
says a head is not going to start corroding
the minuteit startsleaking. We' ve seen that
in the plants that have already had leaks.
Progress Energy’s Crystal River and Duke
Power’ s Oconee are examples of two plants
that did not find any corrosion. Basicaly,
that’ s the premise of the order.

Isthe order a permanent piece of the NRC
landscape?

It's an interim measure. We are expect-
ing that the industry, in conjunction with
ASME, will come forward and propose an
inspection program that may not be as re-
strictive asthe NRC’ s but it will be techni-
cally justified.

TheNRC'sposition right now is, oncethe
industry’ sinspection program is submitted,
we would review it and, if we found it ac-
ceptable, wewould amend the order so asto
alow licensees to use the industry inspec-
tion plan. Wewould then expect the ASME
to develop acode case or modify Section 11
of the ASME Code, in order that we could
endorseit viarulemaking to revise 10 CFR
50.55a and thereby incorporate that inspec-
tion program into our regulation. At that
point the NRC could rescind the order.

If, however, the industry doesn’t come
forward with anything that we can find ac-
ceptable, our thoughtsright now arethat we
would not like to leave an order in place as
an indefinite measure. At some point we
would have to consider incorporating the
order into the regulations.

Switching fromthe reactor head to the low-
er portion of the reactor vessel, and apart
fromwhat isgoing on at STP-1—isinvesti-
gation ongoing by the NRC on lower-ves-
sel cracking?

There have been acouple of thingsgoing
on. There have been anumber of plantsthat
as part of their outage inspections have ac-
tually gonein and looked at the lower reac-
tor vessel. Davis-Besse, in fact, removed the
insulation from the lower reactor vessel and
saw some streaking they thought was com-
ing as spillover from the reactor cavity seal.
The streaking just ran down, followed the
contours of the reactor vessel to the lowest
point and then ran down theinstrument pen-
etration in the bottom center of the vessel.
The trouble was that they were unable to
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confirm that the streaking was actually from
aspillover, as opposed to coming from apo-
tential crack on thelower vessel penetration.

Their plan is to load fuel and bring the
plant up to normal operating temperatures
and pressures using the remaining decay
heat in the fuel and pump heat. They will
hold it at those conditions for about one
week, then reduce temperature and pressure
and go underneath the vessel and see if
there are any signs of leakage.

Arethe concerns greater for a crack in the
lower portion of thereactor vessel than one
in the head?

The safety concerns are greater with the
lower reactor vessel penetrations. One con-
cern is that these penetrations are much
more difficult to ac-
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orate, leaving dry boron in thevicinity of the
penetration leak and between the insulation
and the lower reactor vessel. If sufficient
boron were to accumulate undetected, the
question is, “Isasituation being set up sim-
ilar to Davis-Bessein which there could po-
tentially beacorrosive environment?’ That's
another issue we're looking at.

One of the items from our lessons-
learned task force that our staff isworking
onisto look at current leak detection in
PWRs to determine whether we need to
make any enhancements. For example, if
therewasaleak inthelower reactor vessel,
could we detect it? Do we need to enhance
our detection methods?

That’ swork that will be done by our Of-
fice of Nuclear Regulatory Research. They

cess than the upper
portion of the vessel.
On the upper por-
tion, the head can be
removed, placed on
a stand, and then
equipment can be
put underneath toin-
spect it.

But with the lower
portion of the vessel,

“If we look at a safety analysis,
a failure in the lower portion
of the vessel has the potential
to be more serious than a
failure in a higher elevation.”

there is no ease of
access. There is the need to go down
through the top of the vessel. The penetra-
tions are also smaller.

If welook at a safety analysis, a failure
inthelower portion of the vessel hasthe po-
tential to be more seriousthan afailureina
higher elevation. One instrument tube fail-
ing can certainly be accommodated by the
safety systems. However, more than one
tube failure could be a potential problem.

InaLOCA [loss-of-coolant accident], es-
pecialy asmall break LOCA, what recov-
erstheinventory lossin aplant iswhen the
break transitionsfrom aliquid to steam dis-
charge. When it’sdischarging liquid, there
isalossof alot of massand relatively very
little energy from the system. When mass
islost, the vessel water level goes down.
When the break transitions to steam, there
suddenly is very little loss of mass but an
increase intheloss of energy. At that point,
the pressure drops down quickly and the
safety injection systems start and pump
emergency core coolant into the reactor.

But if thereis aleak or hole in the bot-
tom of the vessel, thereis never atransition
to steam discharge. Thus, the core will
eventually uncover if the safety injection
systems cannot make up the rate of coolant
loss through the break. To recover the core
with liquid, the injection must exceed the
loss of liquid from the break plus the boil
off due to decay heat.

What about corrosion of the lower vessel?
If the lower portion of the vessel isinsu-
lated and thereisaleak, leakage would evap-
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will be looking to answer those questions
and recommend changes resulting from
their research.

What about the NRC’ s stance toward cor-
rosion control programsat nuclear plants?

One of therequeststhat we made, in Bul-
letin 2002-01, wasfor theindustry to tell us
about their boric acid corrosion control pro-
grams. Thefirst set of responsesreceived to
that bulletin varied in terms of detail. Some
licensees provided alot of detail about their
programs; othersdidn’t provide very much.
It may have been the NRC' sfault in not be-
ing specific enough in the request as to the
exact level of detail we wanted.

We issued a Request for Information in
November 2002. The purpose of that was
to clarify exactly what we were looking for
in the way of information. In response, the
industry provided more exact information,
and we are currently in the process of re-
viewing it.

There are two staff membersin our Di-
vision of Engineering who will visit sever-
a plants and do a more in-depth audit of
their programs. The whole objective is to
determine whether or not the current in-
dustry programs on boric acid corrosion
control are sufficient to assure they would
preclude any kind of corrosion occurring
not only in the reactor vessel head, but also
in other places in the primary system, in-
cluding the lower reactor vessel. Based on
that review, the staff will decideif we need
to take any interim actions with the indus-
try on boric acid control programs. W
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