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Significance Determination Process
1.0 INTRODUCTION

The significance determination process (SDP) provides a method o place':nspectlon
findings in context for risk significance in a manner that allows them totbe ‘combined
with other plant performance results. This information s, gsed to detennlne the level of
NRC engagement in accordance with the Reactor Overslght and Assessment Process,
Action Matrix. This process is used in conjunction W|th Inspectlon P(pcedure (IP) /{‘}’
71111.08 “In-service Inspection,” to estimate the nsk sngmflcance of as-f ‘nd‘plant
conditions which may result in failures to meet ||censmg bases and regulat
commitments as identified through the in-service |nsp _tjgg program.

This SDP provides a generic tool for assigning thegp _ _‘ry and final “color” to
mspectron findings when tube steam generatortdBe degradatlon has exceeded tube

to findings that involve only programmatlc deﬁétencues in thetlcensee s steam generator
tube integrity program, without any ldeqtmcatlo of physrcal tube"’degradatlon that
exceeds the performance criteria. A|I |nspect|on fmdlngs related to tube degradation
should be screened for SDP consuderatlons (see Appendlx B and Appendix E to MC
0612 for additional guidance on ‘&the screenmg process) Plant-specific and
degradation-specific factors can have substantlal effects on the level of risk associated
with individual findings. Where specﬁlc'levels of degradatlon are most likely to be within
the risk ranges associated. wl‘th partlcular colors ‘this SDP indicates those colors. For
a few types of, Jfindings. th“t can have a wnde range of physical parameter variation, this
SDP lndlcates only “4eY be} etemnned” becatise the range of the risk associated with the
range of the determmlng parameter ris much broader than the range of one color.
Fmdmgs that\are‘ln the “to be’ determmed” category will be reviewed by an analyst with
experience (Q . eneratortube ‘risk assessment to determine which color is
appropriatg forthe: specuflc condmons in the finding. To assure consistency among the
reguons*“fmdlngs that: have W,E;prehmlnary risk sugnmcance of “white”, “yellow”, or “red”
also %hould be revrewed by an analyst with experience in steam generator tube risk
assessment to ensure, that the specific conditions of the finding are consistent with the
assumptlons used in aas51gn|ng the generic risk bands.

£
*BACKGROUND

Because most PHAs contain only the logic for risk due to spontaneous tube rupture
T

evenits there is not yet a widespread recognition of the risk impact that results from

lesser levels of tube degradation. Therefore, it has been determined that a full

assessment of risk due to steam generator (SG) tube degradation requires

consideration of several types of core damage accident sequences:

1. Sequences initiated by the spontaneous rupture of a tube. The sequences that
result in core damage involve a variety of combinations of equipment failures and
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human mistakes and most of the core damage sequences also result in
containment bypass.

2. Sequences initiated by steam-side depressurization of a SG, which causes one
Ui i1ivie chraUcu ldchb o iuptuid |i|dbb’ bdqudliudb ic:bUit iil CUie Uduiagc Uy
similar combinations of equipment failures and human mistakes. Containment
bypass is usually caused by the combination of tube rupture and the cause of
the steam-side depressurization.

3. Sequences created by initiating events and equipment fallures that have nothing
to do with the SG tubes. The core damage sequences oyconcem’are
characterized by relatively high reactor coolant system pressure’a and dry SGs at
the time that fuel cladding oxidation occurs in the reactor‘co_ :These condltlons,
subject the SG tubes to temperatures well above desig \falues At

abnormai temperatures, the tube material i is. weaker and ‘tubg: r' )

nuclear chain reaction when feed water |s~los
of feedwater anticipated transients; wrthou scrar A
additional equipment failures, they can produce'reactor coolant system
pressures that are high enough to cause other;failures that lead to core damage.
If the tubes are degraded «the hlgh pressure may “also rupture some tubes as

Typical PRAs account ley for,the sequences imtlated by spontaneous tube rupture
events dunng normal opera ation. In the m|d 1980s, NUREG-0844 identified the
pressuresi induced mpfures he second-and fourth types of sequences, and NUREG-
1150 |dent|f|ed the high- temperature induced ruptures in the third class of sequences.
In the mid- 19g03 NUREG 1570. oi_l_ected all of these sequences in one place and
evaluated them fo pecmc level-of degradation. A few plant-specific PRAs have
been updated 1o: lncorporate the'induced- -rupture sequences. This SDP incorporates
mformatron obtained fro the NUREGs and available industry information to provide a
genenc tool for assrgmng a“prellmlnary ‘color” to inspection findings when tube

degradatlon has vrolatejd one or more tube integrity performance criteria.

GUIDANCE.FOR SDP USE

i[hr_s DP places' typical tube degradatron inspection findings in broad “color” groups.
Accordlng to’the ROP, “green” issues are those that result in a ALERF below

In the context of this Appendix, the term “degraded” refers to any reduction in the
structural/leakage integrity of a tube, regardless of the depth of the flaw. It is not
intended to convey the special definition of a “degraded” tube used in the
standard Technical Specifications.
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10 7/reactor-year. “White” findings are in the ALERF range between 107 and
10°%/reactor-year. “Yellow” findings are in the ALERF range between 10 and
10-%/reactor-year. “Red” findings are those with ALERF above 10%reactor-year.
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they have different frequencies for some important sequences. High/dry core damage
sequences are less likely to produce tube failures due to high tube temperatures in
B&W once-through SG designs than in the U-tube SG designs in Westinghouse (W)
and Combustion Engineering (CE) plants. Also, B&W plants have a hlghertlnmdence of
steam-side depressurization events that would fail tubes that had degraded 1o the

across a tube during normal full power, steady stato ¢ operatlon),,perfo}rma'nce cntenong
may make the tube susceptible to high/dry core damage sequences\hat have.a .
frequency in the low-10%/reactor-year range, any of the colors are possrble oWé\iér,
the degree of degradation beyond the performance cntenon the fraction of & year over
which this degree of degradatlon existed, and manytplant specmc factors are |mportant
determinants for the risk in a specmc case. lnforrpatlon gathered through prewous
plant specific analyses and engineering judgement’ have'been used to assign a “white”
significance level for findings of single tubes }hat-are suscep’gble only to these
sequences. When multiple tubes have degraded below the structural integrity
perfonnance criteria, or a single tube has degraded below that*level in multiple cycles, it
is more likely but not certain that the }otal risk wnll fall lnto the yellow" range. For that
reason, the table indicates only “to be determlned” for: frndlngs involving multiple
instances of exceeding the structural |ntegr|ty cntenahB&W plants with one tube that
violates the structural integrity ¢ cntena arefélso listed’ under the “to be determined”
category because the lesser degree of suscephbglrty for the once-through design to the
high/dry sequences provrdeséa substantlal-potentlal for a “green” result.

!

In some plantS*that
POFle are blocked

events that produced bressures near these thresholds shortly after a reactor trip.
estlnghouse plants"have experienced a relatively smaller number of events
consrdenng the numbers of each design in operation), and none that we are currently
aware .of produceg such high pressure differentials across the tubes after a reactor
npped from: nognal operation. However, Westinghouse plant events are known to have
produced SImllarly high pressure differentials across the tubes under other operational
N gl
situations’and lesser pressure differentials following trips from full power. On this basis,
the assumed frequency of a steam-side depressurization event is estimated at about
10 %reactor-year for B&W plants and about 10%/reactor-year for the U-tube designs.
When degradation has made the tubes susceptible to rupture if a steam generator
depressurizes, a depressurization event becomes much more difficult for the operators
to handle. Considering the difficulty of the combined primary and secondary system
failures, the probability for the plant operators failing to stop the sequence before core
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damage occurs is estimated to be about 102 Thus, a tube susceptible to steam-side
depressurization event for a year is estimated to produce a ACDF and a ALERF of about
10"%/reactor-year for a B&W plant and about 10%/reactor-year for a Westinghouse or
Combustlon Engmeermg plant These values are well into the “red” range for B&W
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expected to occur for an entire year in most cases, the U-tube plants have been
assigned a preliminary “yellow” while the B&W plants are assigned a preliminary “red.”

Finally, a performance deficiency that results is the amount of degradation that makes a
plant susceptible to tube rupture during normal operation has been assrgned a “red”
color for all plant designs. Included in this color are tubes that would rupture at pressure
differentials that are often encountered during normal plant operatlons Veven if the tube
did not actually rupture because the actual operatio s dld not happ totlnclude thosef,
pressures while the tube was susceptible. A probablhty of about 041 fncountenng
those pressures is sufficient to keep the ALERF estlmate in the'“red”*category The /
pressure threshold for this category is about 1600 psr for many plants. However, some
plants may subject their tubes to much higher vallies? “'plant-specmc information
should be used.

P " ith one or more tubes that
should have been repaired or plugged but were not. -nThrs cntenon‘rs ‘,nded to apply to either
1) a licensee’s failure to identify a flaw that should’ have been |dent|f|ed as ‘meeting the plugging
limit with the data obtained in a previous lnspectlon or 2) a lrcensee sgnadvertent failure to plug
a tube that was identified for plugglng Thls cnteno‘n does Otfapply to the situation where a
tube that is identified as flawed in a subsequent mspectlon canTbe found to have exhibited a
detectable signal in the previous rnspectlon data,funless tl&!e ‘datd’from the prevrous inspection
clearly indicates that the flaw exceeded the plugglng lrmrtsqat the time of the previous inspection.
However, if the flaw causes the tube 6 fail the 23xAPyo requrrement when it is found in the
subsequent inspection, then SDP ‘Criteria listed unde +Wh|te, yellow or red will still apply.

Flndmgs lﬁsolvrng accrdent Ieakage have:been placed in the “to be determined” category
of the table ecause the\wlde range of potentlal leak rates can result in risk levels that
range from.the: green mto,‘téhe ed”  categories. Individual findings that involve
degradatror?‘tl’@t would exceed th accrdent leakage performance criterion under design
basis accrdentrc ndmons should be referred to a risk analyst with expertise in steam
generator:f sk assessments The'analyst will compare the finding parameters to the
latest Jnformatlon avallabl “'frorn the ongoing research efforts to select an appropriate

colo{r 01 the phase 2 ana‘lzvsis

The table does not mclude entries for exceeding the operational leakage limits because
that does not necessanly mean that a significant risk increase has occurred. When that
lrmrtlrs.e_e)iceeded “he licensee must shut down the plant and find the cause. Once the
cau ""'s_i,determmed it will be possible to characterize the problem in terms of the
pro\‘bqablllty for rupture and the estimated rate of leakage at the specific conditions
associated with the risk significant accident sequences. So, the significance can then be

based on the entries for those findings in the table.

B&W reactors have an additional issue that is not relevant to the U-tube designs used by
Westinghouse and CE. The B&W design uses straight tubes that can be put into
tension or compression by thermal transients in the RCS, due to changes in the
temperature difference between the tubes and the SG vessel shells, which are rigidly
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connected, parallel mechanical structures. For transients that cool the tubes
significantly more rapidly than the shells, the tubes may experience axial tension loads
that are high enough to cause tube failure at significant circumferential cracks. At
present, significant circumferential cracking is not being found in the free span at B&W
plaints: 1T it s found, it should be carslily evaluaisd 1or the heiial I0ads &3 waii &5 Wi
pressure loads. The SDP does not attempt to assign a color to a finding of significant
circumferential cracking in the free-span of the tubes in B&W reactors, but it does
include a note to alert inspectors to submit the finding for Phase 3 analysis if it ever
occurs.
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Steam Generator Tube Integrity SDP Matrix

RED ALERF > 10° Tube bursts during normal operations
Tube(s) found dug f“ét Pstlng to have been
Tube(s) foundgdu‘rmg tes in
not sustaln APMSLB (B&W)X
YELLOW 10 < ALERF < 10
WHITE fG\i{fé t_uBe that doﬁes ot meet 3xAPyo
’ perfigrmance,cntenon (W and CE)
GREEN 6ne or!more tibes that should have been

repatred ‘as a result of previous
lnspectlon

AT

values specific
to mdnwdua’ﬁ«m
flndlngs

*Tv;o or more tubes that do not meet the
3xAP,, performance criterion

One or more tubes that do not meet
3xAP,, performance criterion in two of
last three inspections

One or more SGs that violate “accident
leakage” performance criterion

One tube that does not meet 3xAP,,

performance criterion (B&W)

S

hotes The, assngned colors for phase 2 are based on the assumption that the releases from
core damage events with failed tubes have characteristics that are appropnately treated

as part of the large, early release frequency as modeled by the NRC in NUREG-1150.

B&W plants with circumferential tube cracks may be susceptible to failure due to axial
stresses induced by thermal transients. If circumferential cracks are found in the free-
span of a B&W plant, the issue should be submitted for phase 3 analysis.
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Attachment 1

! INTRODUCTION
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performance deficiencies which result in failures to meet licensing bases and regulatory
commitments as identified through the in-service inspection program.

! RISK INCREASES CREATED BY STEAM GENERATOR TUBE

DEGRADATION f,»"

A

One of the difficulties with risk estimation for steam generator gSG) tube degradatlon
issues is that most Individual Plant Examinations (IPEs) and other probablhstlc risk o
assessments (PRAs) do not include logic models for all of the effects‘}

the degradatlon.

1.

2. Sequences initiated by s steé’m srde‘fdepressﬁnzatron of a SG, which causes
one or more degraded%tubes to rupture These sequences result in core
damage by similar comblnatlons of equlpment failures and human
mistakes. Contamment is usually bypassed by the combination of tube
rupture and thefcause of the’"«steam sude depressurization.

e L ,w
3. £:»Some core' da _:age sequ e ces'created by initiating events and equipment

fall_ures fhat h ?_rpthlng 10'do with the SG tubes. The core damage
2se fconcem are characterized by relatively high reactor coolant

--system ;pressure-and dry, SGs at the time that fuel cladding oxidation
occurs |n the reactor core These conditions subject the SG tubes to
temperatures well above design values. Atthese abnormal temperatures,
the tube! matenal is weaker, and tube ruptures may occur if the tube
strength has'been degraded dunng normal operatlon The effect of tube
degradaﬁlonmon these sequences is an increase in the probablhty that
contalnment bypass will occur for accidents already included in the base
core damage frequency. They do not increase the core damage

5 frequency, but they may increase the large early release frequency.
Moo

2 In the context of this Appendix, the term “degraded” refers to any reduction in the
structural/leakage integrity of a tube, regardless of the depth of the flaw. It is not
intended to convey the special definition of a “degraded” tube used in the
standard Technical Specifications.
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4. Sequences caused by failure of the reactor protection system to stop the
nuclear chain reaction when feed water is lost. These sequences are
called loss of feedwater anticipated transients without scram (lofw-ATWS)
events. With additional equipment failures, they can produce reactor
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lead to core damage If the tubes are degraded, the high pressure may
also rupture some tubes as well, creating a containment bypass.

Typical PRAs include only the first of these types of sequences, those lnttlated by
spontaneous tube rupture events during normal operation. In the,mid- 19805 NUREG-
0844 identified the pressure-induced ruptures in the second and;fourttytypes of
sequences, and NUREG-1150 |dent|f|ed the hlgh-temperature mduce L‘ruptures in the

Calvert Cliffs IPE.

There still is a problem with making the risk model Iogl or “these sequences sensmve to
the current degree of degradation of the steam generatortubes_un a specific plant.
Nearly all PRAs use the same frequency for the spontan‘eo ”pture of a tube during
normal operation. Intuitively, it seems that those plants wrth.;jénown tube degradation
problems should have higher spontaneous rupture frequenCIes%than plants with new
SGs and no degradation observed to date wHoweverffto someﬁdegree use of the
average empirical frequency is Justlfued by ourﬁexpene "“"th_at all of the tube rupture
events have been surprises when they occurred And, it will femain so, because a plant
would not knowingly be operated wrth tubes that hadfdegraded to the point that they
cannot withstand three times the stresses of normal ’operatlon Even when an
inspection has revealed that the factor—Pf-three rpargln required by the plant's licensing
basis has not been malntalned “during 8 previous, operating cycle, it is difficult to relate
the degree’ of degradatlon that actually is obsenfed to a quantitative increase in the
probablll_y that tube degradation would havé reached the spontaneous rupture point in
that cycIeSv-Thls makes it mfeaslble to base SDP color determination on the

,,,,,

unquantifia ‘Ble fluctuatlons]‘n spontaneous rupture frequency for a specific plant.

This and other probl “with risk.q antmcatlon will be discussed in a later section.

degradatnon are plttlng and general wastage of the overall wall thickness. For the growth
rates observed Tor these types of degradation and one-year fuel cycle lengths, limiting
tube’ ﬂaw“depths to 40% of the wall thickness at the beginning of the cycle provides
reasonable assurance that the tubes will meet the licensing basis requirements by the
end of the cycle. Pits that penetrate the wall are limited in size by the technical
specification limit on operational leakage. Licensing basis analyses assume that
accident leakage is at the limit for operational leakage, and that the leak rate will not
increase due to the accident. That is a valid assumption for pits, but not for cracks,
which have become the dominant form of degradation in reactors today. If an accident

0609, App J J-8 : Issue Date: XX/XX/XX



produces higher than normal pressure difference across the tube walls, cracks may
open. Flaws that did not leak during normal operation may begin to leak, and the rate of
leakage may greatly increase through cracks that were already leaking slightly during
normal operation. Also, crack depths have been observed to grow at much higher rates
‘llldll was dbbUlllb‘U IUI deldge

It has been recognized for some time that the specific requirements in current technical
specifications are prescriptive and out of date for the kinds of degradation mechanisms
currently being expenenced These requirements have significant shortcorprngs with
respect to ensuring that tubes are inspected before their integrity may be rmparred
Among these shortcomrngs the condition of the tubes is not directly, evafuated relative to
structural margin and accident leakage values assumed in the pla \t?licensrng bases. To
address these shortcomings, the industry has developed a varlety eohnlcal gurdellnes
on matters related to maintaining steam generator }ube mtegnty vln addition, the
industry has voluntarily adopted the NEI 97-06 mrtlatrve "Steam Generator Tube_ §
Integrity Program." More recently, NE! has submrtted a proposed generrc lrcensrng
change package consrstent with the |mplementatron of thls rnrtratrve Thls rnrtlatlve and

condition of the tubing will penodlcally be assesséd relatilvé‘ to performance cntena which
are commensurate with tube integrity and with .the current plant Ircensrng bases. These
criteria include: 2 ,

1. All tubes shall retain a sa‘fgty factor of;threg aga‘rﬁst burst under normal
steady state full power: operatron prrma /i ‘secondary pressure differential
and a safely factog,‘of 1.4 agarnst burst applred to the design basis accident
primary to secondary pressure differe trals Apart from the above

requirements, adc‘{rtronal Ioad/ng condrtrons associated with the design
basis accrdents, or combrnatron Of:; Accidents in accordance with the design
rand Ircensrng basrs shal[ also be ‘évaluated to determine if the associated

Sads con rrbute srgnrfrcantly 10 burst. In the assessment of tube integrity,

$€ loads't at.do’ significantly affect burst shall be determined and

@feeeseq in corgbmatron with the loads due to primary to secondary

pref§sur Tdrfferentral usrng safety factors that are consistent with the

“licensing basis desrgn criteria.

For axral’craclg n all types of steam generators, this is usually interpreted as a
requrremgnt to'be capable of maintaining a pressure differential equal to the
greater ,9f ‘either 3 times the normal operating pressure difference across the tube
wall, (3xAPN°), or 1.4 times the pressure difference of the most limiting design
basrs accrdent which is the main steam line break accident (1.4xAP,gg).
] »l,-lowever for circumferential cracks, other sources of loading, apart from
‘differential pressure loads, may contribute to burst. Potential additional loads
include bending stresses induced by LOCAs, safe shutdown earthquake, and
main steam line break. For the straight-tube steam generators in B&W plants,
the additional loads also include axial loads induced by differential thermal
expansion/contraction between the tubes and the shell during the
temperature/pressure transients resulting from design basis accidents. For a
given flaw, the structural criteria require that licensees determine whether such
non-pressure loading sources may impact the burst pressure. Where it is
determined that such may be the case, licensees must directly consider the

Issue Date: XX/XX/XX J-9 0609, App J



impact of such loads on burst. The methodology to be employed for considering
the impact of non-pressure Ioadlngs will have been documented to NRC at the
time the structural criterion is incorporated into the plant technical specification.

L Tha nrimanrtn cnnnndane nnnidant induonnd lanlbrnmn fav anve dacinns hanin
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accident, other than a SG tube rupture, shall not exceed the leakage rate
assumed in the accident analysis in terms of total leakage rate for all SGs
and leakage rate for an individual SG. Leakage is not to exceed [150]
gallons per day through each SG for a total of [600] gallons per day
through all SGs. 3

o

During the most limiting deSIgn basis accndent the,calculated rate of
leakage (accident leakage) is limited to values consrste l;wrth the hcensmg
basis analyses. The values in brackets ‘are often plant-specmc and j '
typically are limited to 1 gallon per miniite (gpm) Vor les8 This typlcally i
appliesto a smgle steam generator ﬁnder the‘condltlonsﬂassumed fora
design-basis main steam line break accrdent (For a few specuflc types of
degradation in specific, confined Iocatlons the}\NRC has approved

alternate repair criteria that allow for specmc higher accident leakage limits,
using hypothetical leakage calculatlons that: ot't ke credit for the
physical effects of the confmmg strugtures ) :

3. During operation, the maxrmum 9!
shall not exceed 150 gallons perf day{
The 150 gpd value has been fo{md by‘gxperlence to be appropriate to
preempt rupture of a tube tpat is exhlbmng leak-before-break type
behavior, and it tS not unnecessanly burdensome However, operatronal
leakage is Qot necessanb@commg from a type of degradation that is
susceptlble to rupture and

rxi

based on the tube

ervrce testmg (ISI) data and/or by in-situ pressure testing at each
SG tube ISIg5:
».”

Inspectlon findings that: lnvolve failures to meet either of the first two requirements can
be evaluated in terms of tbe “risk that is incurred. Findings that involve operational
Ieakage are not ame able to risk assessment until the cause of the leakage has been
founb anditis assgerssed with respect to the first two requirements.

=~ REACTOR OVERSIGHT PROCESS “CORNERSTONES”

When tube degradation reaches a level that prevents a tube from meeting its required
pressure retention capability (3xAPy, or 1.4xAPy ), it is beginning to become
susceptible to the accident sequences that induce tube rupture by high temperatures
that would occur during core damage accidents. Excessive tube leakage during severe
accident sequences may also alter the course of the sequence and cause gross tube
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failure, creating a containment bypass. This degree of degradation also makes the tube
susceptible to rupture due to the extremely high reactor coolant system (RCS) pressures
that can occur in some ATWS accident sequences, creating an increased probability for
contalnment bypass for those sequences, too Thus thls degree of degradation has an
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When tube degradation reaches the level that allows a tube to rupture under the
conditions of a design-basis main steam line break event, it has become susceptible to
failure during anticipated operational occurrences such as steam system
depressunzatlon events. This is still considered a degradation of the “Bamer Integrity
Cormnerstone,” but it involves additional terms of the risk equatio vto.quantlfy the effect.

Flnally, when degradatlon reaches the level that allo {a»tube o, rup

re dunng norma

3

v SCREENING STEAM GENERATORTUBE:DET
THAT RESULT FROM AN INSPECTION &/ 4}

o}

lesser levels of tube degradatlon As a"’result when the mspectlon issue is tube
degradation that doesn't meet margln requ1rements but is: above the spontaneous
rupture threshold the mspector wnll advancefto the nsk-related guestions in Group 3

£l 4

Vi TREATMENT GF'SG TUBE"lSI ISSUES THAT DO NOT PROVIDE
"'"“’“DIRECT KNOWLEDGE OF:TUBE CONDITION

: N
Except when tubes ruptur dunng normal operation, our knowledge of tube condition is
limited to the{esult Lof the penodlc tube inspections conducted by the llcensees
sometimes supplemente d
are not conducted n‘a’mannerthat |s adequate to detect tube degradatlon before it
eaches S|gn|f|cant avels, then a substantial risk increase can occur wnthout our
knowledge -

F}regdlatory requnrements do not specifically address many of the technical aspects of
how ‘the licensee’ sASG tube 18] activities are conducted. Industry guidance has been
developed for selecting specific ISI methods and practices that are adequate for specnflc
plant condltlon‘é':, ‘However, the current guidance on how to do an effective tube ISI is not
fully mature ‘for all plant conditions. The overall intent of NRC requirements and industry
gwdance is to conduct tube 18I with sufficient frequency and detection capability to
provide reasonable assurance that every tube will continue to satisfy all tube
performance criteria until the next inspection.

Many NRC inspection issues are related to questions about the adequacy of the

licensee’s ISl and condition monitoring methods and practices with respect to the
licensees’ obligation under 10 CFR 50, Appendix B Criterion 16 to identify conditions
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adverse to quality. In cases where tube IS| and condition monitoring has not revealed
any violation of the tube performance criteria, some NRC findings may still raise doubts
about whether the 1S has béen adequate to assure that all tubes meet the criteria, or
that they will continue to do so by the end of the next rnspectron rnterval Examples of
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1] IIQ tyyc W illlull Iu (ADG ‘ll woe n IOPUUU\JII (=1 N IUIUs, UISwu I\? [N ASAN bCI lOltIVU v &y'.lﬁ v

tube degradation that has violated the tube performance criteria at similar plants; (2) the
“noise” level in the inspection signal is unusually large at a plant, and could mask the
signal of a flaw that could grow to violate a performance criterion before the next
inspection; (3) screening criteria for selecting tubes for in-situ pressure testrng does not fully
account for flaw size measurement error associated with nondestructrve exami atron
technologies, and 4) the number and/or severity of flaws found srgnrflcantly exceeded what was
expected, based on the prevrous operational assessment. ,

For these types of inspection issue, we do not know the probabllrty 0 '_e failure under
the various risk-related plant conditions because vye ido not have ar‘i‘ad quate basis; for
assessing the physical condition of the tubes. In theory, if we *had datae ‘0N, 'elnumber of
times that the tubes had degraded to specific performance ‘Tevels for a large, number of
randomly selected cases where inspection had been madequate we at least could make
an estimate of the probability that the tubes have degraded (or will degrade) to various
levels due to the lack of adequate inspection. However‘th,_ trtype of data is not
available, so the probability of tube degradation.to specrfrc‘level'jr?not known as a
function of the degree or type of licensee IS!”“ erfonnance problerns'/

Consequently, inspection issues relate' to madeq _
be assessed for risk significance w en "we have'no drr_
tube degradation that actually has, occurred §Therefore~the new reactor oversight

process (ROP) must provrde a tmeans othgr than quantrtatrve nsk assessment for the

ei
increment 16, an; unknown tube condltlon there is a need for more rapld agency
response thandqs achreved through the SDP procedures. Licensees can inspect the
tubes onlyxwhen the reactor is shut ‘down and the SGs are opened. There is a very

performlng the ISl in an mad/equate manner, timely agency and licensee responses are
|mportant to limiting unnecessary licensee burden as well as maintaining public safety.
Tpe inspection proceﬁdres accomplish this by allocating additional effort to SG ISI from
the band of aIIowabIe mspectlon effort Wlthln the base mspectlon program. Also,

,,,,,

lnvolvement of: headquarters specralrsts in DE/EMCB, which will focus additional effort

by heac arters staff on the issues identified.

VIl CONDITIONAL CORE DAMAGE PROBABILITY ESTIMATES FOR SG TUBE
FAILURE EVENTS AND DEGRADED CONDITIONS

When risk-significant tube degradation is revealed by a tube failure during normal
operation or by IS| results, the agency responds in accordance with the provisions of

0609, App J J-12 Issue Date: XX/XX/XX



Management Directive 8.3. That directive specifies that the level of response is to be
based on deterministic criteria and risk significance, “such as conditional core damage
probability (CCDP).” In the case of SG tube degradation, the more appropriate risk
measure would be the conditional probability of a large, early release (CLERP) of

vomdAdianatiia mmataviala Adivinsn A Aavra Adarmiaca Analdand Am Alamirvana ™ rmeminimsialie O Siidam
Sttt oA L B W FEICAL W B It Wt B g e W ) llnav LI Y I N YV uluvuvuvu rllv'lvuul,, A A Y T

degradation and failure events can substantially increase public risk with little or no
increase in the core damage frequency.

The probabilistic calculations that are required to quantify the risk increase forthe SDP

process are essentially the same as those used to calculate a CCDP or CLERP The
following discussion will serve to illustrate both processes needed to support the ROP.
" /

Vil

As previously discussed, there are several types of accndent sequences that.can
increase CDF and/or LERF estimates due to tube degradatlon As the degree of
degradatlon becomes more severe, more of these,sequeqces ‘contnbute to the risk

conditions relevant to those sequences.

-wg;{!? A.h i
When tube degradation has reached the,pomt he "or more: bes cannot withstand

three times the pressure differential that occurs’| in‘ne alloperatlon (3XAPNO) a tube
integrity performance criterion has been violatéd. The SXAP no level varies significantly
from plant to plant, depending olnfthe plantﬂésngn aq{d ‘the number of tubes that have
been plugged. ltis approxmately 4000 pSI The risk significance of the violation needs
to be assessed as part of the;ROP. However, the/ecmdent sequences to which tubes
are vulnerable at approxnmately the SAP wo-level! of degradatlon are not design-basis
acmdents"’fThey lnclude"f‘"ATWS sequenéé ,and core damage sequences during which
the fueLclad oxndlzes Vv[llle : e__'iBCS is Not'yet depressurized and the SGs are dry
(hlgh/dry‘core damage sequences) The 3AP, tube integrity criterion was not
established as the' threshold for. susceptlblhty to these sequences. Risk actually may
increase before after the tubes have degraded to this level, depending on several
aspects of.the plant desngn and Gurrent core fuel load parameters. This complicates the
concept of assessmg€th‘ risk of the licensee’s “performance deficiency” because the
hcensee arguably is allo 6 increase risk up to the point of the 3AP,, criterion. Thus,
to be 'exact, the SDP risk'assessment should subtract the risk at the 3AP,, degree of
degr?datton from thefnsk at the level of degradatlon actually found.

Tl presents apr problem because the current capability for estimating risk from tube
degradatlon for, the high/dry sequences is not developed sufficiently to make such fine
dlstmctlons /In "NUREG-1740, the Advisory Committee on Reactor Safeguards Ad Hoc
Subtommittee on a Differing Professional Opinion concluded that “The staff does not
currently have a technically defensible analysis of how steam generator tubes, which
may be flawed, will behave under severe accident conditions in which the reactor
coolant system remains pressurized.” There are several crucial gaps in our technical
knowledge that are now the subjects of Office of Nuclear Regulatory Research projects.
These projects are listed with their estimated completion dates in item 3 of the SGAP.
Industry’s assessments for these sequences are not any more valid than the staff's
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assessments. Their results do serve to illustrate the wide range of resuits that have
been obtained. For example, an analysis submitted for one Westinghouse plant
concluded that high/dry core damage sequences would not cause tubes to fail if they
were capable of wrthstandmg design basis accidents, while another analysrs for the
same type of accident Sequeinces ai a Combusiion i:i'lgn IEETIN 1g piai’tt conciuded ihat
tube failure would be assured during by the presence of flaws which are small enough to
meet the 3AP,,, criterion. In the first study, that degree of degradation was concluded to
be insufficient to cause tube failures. In the other, a lesser degree of degradation was
concluded to be severe enough to assure tube failures. In the first study, the, licensee’s
results showed no change in risk as the tube degradation approached the 3AP,g strength
requirement because tubes with that strength were calculated to survrve dunng ‘severe
accidents. In the second study, there was no change in the risk at the pornt fwhere tube
degradation reached the 3AP,, strength requirement becaﬁse stronger tubes were calculated to

fail dunng severe accrdents so the risk from the hlgh/dry Js’equences had‘_*_ dy.reached its £~
e 7 %

two results, maklng our conclusions about risk |ncreases sensntlve to degradation near
the 3AP,, level. Because licensee IPEs and curgent PHA -do ‘not assume high tube
failure probabilities for the “high/dry” sequences ir in their base .‘oore damage
frequencies, it would not be consistent to use; hlghfdry “baseltne‘t Ube failure rates for
SDP purposes. The baseline IPE/PRA values a "'s_ed to sup ort “risk-informed
requests for license amendments. It would be i mappropnate (o} grant a relaxation of an
existing requirement (e.g., diesel generator allowed routage tnme) on the basis of low
tube failure probabilities during severe accrdgnt sequences “and then assess the
significance of tube degradatlon By assummg high tube failure probabilities. That also
would be inconsistent with pnncrple 5 of rsk-mformed decision making, as described in
RG 1.174. That principle j IS 1 to monlto he Ircensee s performance with respect to
maintaining:\ values of the parameters that were tmportant to the risk analyses that
supponeJ the: ltcensrng decision. So, fork purposes of consistency, the SDP analyses will
subtract:o I baseline ssessed in the licensee’s PRA for the sequences of
concem. % : 2y

Similarly, model avallable fromithe "staff's risk assessment for the ATWS rulemaking
effort in Athe“1 980s" hav been found to be outdated by changes in the fuel load
charactenstrcs for current-reactor cores. Additional information on those sequences is
currently coming from""a Westrnghouse application to change the NRC's fuel
requtrements toa rrsk-rnformed basis.

Pecause degradatro‘{t appears to make tubes susceptible to ATWS and high/dry core
arhage sequences first, we anticipate that SDP risk assessments for all levels of
degradatron that ‘violates tube integrity performance criteria will need to include these
most. dlfflcult sequences. When degradation has become bad enough that tubes are
susceptible to steam line breaks or normal operational stresses, the risk assessment
results will probably be dominated by the additional sequences. However, because the
licensee's can contest the staff's preliminary risk assessment results with their own
analyses, which may tend to diminish the risk based on very specific aspects of a
particular degradation event, it is important that the ATWS and high/dry sequences not
be neglected. For example, even when a tube failure event during normal operation
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revealed that the Indian Point Unit 2 plant was susceptible to all of the sequences that
can be influenced by tube degradation, it still was necessary to include the high/dry
sequences in order to determine the appropriate “color.”

Silll;;al;y, li_lb‘ d.bb;\.;b‘.-ii ;ca;\agc ;;Ill;i UI;B;IIG;;Y vvaa Ubidh;ib; IUL; I.Ul D; IUVV;I IU UUII;UIIIIGI =)
with 10CFR100 dose guidelines during desngn basis accidents, without an understanding
of the impact of tube leakage on the progression of “high/dry” type severe accidents.

So, present knowledge does not provide a clear basis for estlmatlng what the additional
risk is at the regulatory limit for accident leakage. This, too, is a subject of ongoing
SGAP research. 5

Because of the need to address these sequences and the cun:bent_"" ( 'Blems with the
methods for analyzing them, it is not feasible at this tlme to produ,o plant-specmc -
phase 2 SDP tools for SG tube degradation i issues £7 ThlS SDP provlde 'a"-ige\nenc tool for
assigning a preliminary “color” to inspection flndlngs(when tube degrad

vhas viofated
one or more tube integrity performance criteria. lnspectors ‘Should to reques :s:S|stance
from headquarters staff who are familiar with the most urrent knowledge'fromithe

SGAP research projects. h4

The SDP places typical tube degradation mspectloﬁ f:rtgmgs |n;broad “color” groups.
According to the ROP, “green” issues are those:that have a“v‘ALERF below
1x10"/reactor-year. “White” findings are m*the ALERF range*between 107 and

10 %/reactor-year. “Yellow” findings arefm the”ALEFiF range beiween 10°® and

10 %/reactor-year. “Red” findings are those W|th ALER 'abov’e‘ 10%/reactor-year.

Babcock and Wilcox (B&W) reactoLs are Ilsted separa y for some findings because

they have different frequencuestfor some lmportantlsequences High/dry core damage

sequences are less likely to produce hlgh tube temperatures in B&W once-through SG

desugns than in the U-tube SG desxgns in ‘Westlnghouse (W) and Combustlon
“AISE

9 .
10° 5/reactor—year~*range".any of these colors appear to be a possibility. However, the
degreeiof degradatlonabeyond the performance criterion, the fraction of a year over
Wthh thlS degree of degradatlon existed, and many plant- specmc factors are important
determlnants for the nsk in‘a specific case. Experience and engineering judgement
have been used to aSSIgn a “white” significance level for findings of single tubes that are
susceptlble only to these sequences. When multiple tubes have degraded below the
Structural mtegnty,performance criteria, or a single tube has degraded below that level in
tpultlple cycleswlt is more likely but not certain that the total risk will fall into the “yellow”
rapge.<For that reason, the table indicates only “to be determined” for findings involving
mfiltlple instances of exceeding the structural integrity criteria. B&W plants with one
tube that violates the structural integrity criteria are also listed under the “to be
determined” category because the lesser degree of susceptibility for the once-through
design to the high/dry sequences provides a substantial potential for a “green” result.

When one or more tubes has degraded to the point that they cannot sustain the
pressure differential created by a steam-side depressurization event (AP ), it is
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necessary to include those sequences in the risk assessment, as well. The threshold for
this sequence is the lowest operable pressurizer valve setpoint. In some plants, that will
be a power-operated relief valve; for other plants where the PORVs are blocked or not
mstalled it will be a safety valve setpoint. Agaln B&W plants differ S|gn|flcantly from the
’ VV ai IU UC.' plalllb DOl‘V.V' plcuua IlaVC 6)\[.}!:1!61 |u::u bb‘Vb‘ldl t:Vb‘lllD llldl }JIUUUbCU
pressures near these thresholds shortly after a reactor trip. Westinghouse plants have
experienced a relatively smaller number of events (considering the numbers of each
design in operation), and none that we are currently aware of produced such high
pressure differentials across the tubes after a reactor tripped from normal operatlon
However, Westinghouse plant events are known to have produced S|m|larly high
pressure dlfferentlals across the tubes under other operatlonal srtu‘atlons and lesser
.fr

generator depressurizes, a depressurization event becomes much more':\ |ff|cult for the
operators to handle. Considering the difficulty of the combrned primary and secondary
system failures, the probablllty for the plant operators farllng to stop the sequence before
core damage occurs is estimated to be about 10 ,gThus a tube susceptible to a steam-
side depressurization for a year is esttmated to produce a ACDF/ALERF of about

Engineering plant. These values are well mtot red” range for B&W plants and at the
yellow/red threshold for the U-tube plants ,~S|nce susceptlbllltyns ot expected to occur -
for an entire year in most cases, the U-tube plants have been :assigned a preliminary

“yellow” while the B&W plants are zs&gned a’ﬁrellmlnary red ?

:’?' £y vf
Finally, the amount of degradatlon that akes a planit susceptrble to tube rupture during
normal operation has been assrgned a 4fed” colorgfor all plant designs. Included in this
color are tubes that would:rup ture at p;essﬁre dlfferentlals that are often encountered
during n%rmal plant operatlons even |f th* tu'be‘dld not actually rupture because the
actual operatlons did fiot. happen to inclide those pressures while the tube was
susceptible;:; probabllltytgj bout 0. 1 for encountering those pressures is sufficient to
keep the ALERF estlmate rn«th Y ~category. The pressure threshold for this category
is about 1600 F psr fC many plants. However some plants may subject their tubes to
' : lant- specrflc information should be used.

This appendlx includes a -gr ‘Criterion for plant operation at-power with one or more tubes that
should have been repalred or’ plugged but were not. This criterion is intended to apply to either
1 a ‘licensee’s failure to |dent|fy a flaw that should have been identified as meeting the plugging
I mlt with the data obtalned in a previous inspection, or 2) a licensee’s inadvertent failure to plug
f tube that was |dent|f|ed for plugging. This criterion does not apply to the situation where a
ube’ that s ldeptlfled as flawed in a subsequent inspection can be found to have exhibited a
detectable srgnal in the previous inspection data, unless the data from the prevrous inspection
clearlwlcates that the flaw exceeded the plugging limits at the time of the previous inspection.
However, if the flaw causes the tube to fail the 3xAPy, requirement when it is found in the
subsequent inspection, then SDP criteria listed under white, yellow or red will still apply. If it
appears that a previous inspection was inadequate to properly characterize the condition of the
tubes or that the inspection interval was too long to assure continued compliance with the
performance criteria on the basis of the data obtained in the last inspection, the significance
determination should be based on the nature and degree of the inspection process inadequacy,
rather than on the worst flaw found by an inadequate 1S effort.
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Findings involving accident leakage have been placed in the “to be determined” category
of the table because the wide range of potential leak rates can result in risk levels that
range from the “green” into the “red” categorles lndrvrdual findings that involve
ueglauuuun ihial wouilu eaceed this acCiusnt |car\a9c pcuunnal ICS Ciigiion uider dé&lyr'l
basis accident conditions should be referred to a risk analyst with expertise in steam
generator risk assessments. The analyst will compare the finding parameters to the
latest information available from the ongoing research efforts to select an appropriate
color for the phase 2 analysis.

The table does not include entries for exceeding the operatlonal‘,leakage;llmlts because
that does not necessarily mean that a significant risk increase | has’ 'dCcurred When that
limit is exceeded, the licensee must shut down the prlant ;and find; the_ cause. Once the,?
cause is determined, it will be possible to charactenze the problemrrn terms' of the ,{,
probability for rupture and the estimated rate of Ieakage atthe specrfrci'c dltrons o

associated with the risk significant accident sequei es So'the srgnlflcan €
based on the entries for those findings in the table Sy

B&W reactors have an additional issue that is not re he U-tube designs used by
Westinghouse and CE. The B&W design uses stralght tub_e h'at can be put into
tension or compression by thermal transients jn-the RCS, ?lue 'to" hanges in the
temperature difference between the tubes andt ";SG%vessel shells which are rigidly
connected, parallel mechanical structurmes SForgra ",ntys that‘cool the tubes
significantly more rapidly than the shells the tubes may; expenence axial tension loads
that are high enough to cause tube fallure atAS|gn|f|cant cwcumferentral cracks. At
present, srgmfrcant crrcumferentlalzgracklngfls not berng found in the free span at B&W
plants. Ifitis found, it should be carefull evaluated for the thermal loads as well as the
pressure loads. The SDP does not attetmpt to assrgn a color to a finding of significant
circumferential cracking in the free -span ”ofth_e tubes in B&W reactors, but it does
include a note to alert inSpéc tors to subrn» ,ﬂh:',e frndlng for Phase 3 analysis if it ever
occurs. > L

core damage‘éfve _rth failed. tubes have characteristics that are appropnately treated
as part of the: large{; arl' "releaseufrequency As modeled by the NRC in NUREG-1150,
this is ,usually the cas‘ 5 o_rne plant’s IPEs have found a few sequences that we agree
are not ‘appropriate to‘tr t. as part of the LERF. However, many plant IPEs treated
some’steam generator{tube rupture sequences as non-LERF for reasons that the
agercy does not support. For example, indian Point unit 2 IPE treats tube rupture
sequences as non [L‘ERF if the core melts while the SG relief valves function to control
G steam side e pressure. The licensee’s logic is that their modeling shows that the
\;esultlng radroactlve iodine release is only about 8% of the core inventory, which is less
than the: 10% ‘threshold for LERF sequences proposed by EPRI. However, the staff’s
modélfor the same sequences in NUREG-1150 estimated that 14% of the core iodine
inventory would be released. Further, the agency has never accepted the proposed
10% threshold as an appropriate definition for LERF. Therefore, when using an IPE for
phase 3 SDP, it will be necessary to closely evaluate the bases for the LERF
designations of the contributing sequences. Because there is a factor of a few
thousands difference for the iodine release fraction between an SGTR core damage
sequence and the core damage sequence where the containment function is successful,
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our current guidance is to treat sequences as if they are LERF if they are anywhere near
the LERF type releases in magnitude and timing. Excluding sequences from the LERF
category on the basis of small variations in the estimation of the core iodine fraction
released is not realistic considering the uncertainty of those small differences and the

loawea dlavcman halisra sl Al dlaa | TP bt wnlannmae amal dlua anmiai;aad
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sequences releases.

Contacts:  Steven Long, NRR/DSSA/SPSB 415-1077 smi@nrc.qgov ,
Emmett Murphy, NRR/DE/EMCB415-2710 eim@nrc.gov £

END
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