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Through early detacticn of structural damage Se beneficial in
maintaining occupaticnal radiaticn exposure "as lcw as is reasonably
achievable" (ALARA) by minimizing wear generated crud Suildup and
Timiting the need for axtansive repair,

Provide guidelines for applicants and Ticensees %o folleow in
develcoping and imolamenting an integratad lncse part detection
program and f3r the staff t3 follow in develocing specific review
guicelines for Secticon 4.4 of the Stancard Raview Plan and far
establisning an enforcaable program.

Partially satisfy ACRS generic ftam §, Group II, titled "Monitaring
for Excessive Yisration or Locse Parts Insicde the Pressurs Vessal”.

Provide a basaline pragram by which NRC might evaluats, based ucen

gperating exceriencss, the need for fyture tachnical and adminiscrative

revisions ta the lcosa part datacticn pragram.

Impact

The effect of the propesad regulatory guide on applicants and licensees
will be Timitad hecause:

1.

The NRC staff is ncw requiring a cormitment %3 a Toese part datection
system frem all apgplicants apoliying for a construcsion permit or

an operating license. dascrigticn of the 1cose part cdatsction
system is recuestad in Secticn 4.4.8, "Instrumentation Reguirements”,
of Regulatary Guide 1.70, Revision 2, "Standard Format and Contant
of Safety Analysis Reserss for Nuclear Power Plants”.

Previously, at the request of the ACRS and the MRC staf#, many
apelicants were voluntarily committing t9 the installaticn of a
loose part detaction systam. OF the §7 cperating reacsors (all
figures ars as of Feoruary 17, 1578), 20 have a Tecse pars detaction
systam (i.e., 19 PWRs and 1 CWR). OFf the 86 plants presantly uncer
construction, 70 are committed to 2 lccse pars detsction system
(1.e., all 39 PWRs and 11¢ of the 27 3WRs).

The proocsas regqulatsry guide was ceveloped recognizing that for
surveillance programs t3 de utilized effactively, they mus: resuylt

fn a minimum of interference with ncrmal sgeraticn and be sufficiently

IAT:hough applicants far the remaining ZWR slants 2re not gresently
committad t3 installation of a Tcose zar: detacticn sysctam, it is the
fntent cf the NRC staff $3 abtain such a cammitment from hese acalicanss
at the time ¢F the QL reviaw,
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simpie so that resylts can normally bSe intargretad by on-sita
operating gersonnel. The proposed requlatory guide addrsssas the
preceding concerns and limits the impcact %o the licansees by:

.
a. Reccmmending that instrumentaticn Se kept to an acceptable
minimum.

b. Recommending that special previsicns be incargoratad far
vinimizing the potential far false alert signals.

€. Specifying procadures that require 1ittle attanticn by
contrel rocm jersonnel and minimum regcreing by the
licensae,

d. lNeoting in the procosed regulastary guide that no action is
recommen@ed with resgect o rzactsar coeration Dased on
informaticon cotained from the logse part detacticn systam
alone.

Reccmmended recor+<ing arocadures are within the framewecrk of
establisned guicdelines. QJf the three recorting procadures
specified, cne (item a below) is consistant with the guicelines
of Reguiatary Guide 1.7Q (i.e., the Standard Format). Another
(item b below) is consistant with Regulatory Guide 1.16,
"Reporting of Qperating [aformaticn - Apcendix A Technical
Specification”, WNeither constitutas a new generic raseriing
reguirement. The third (itam ¢ Selcw) is part of a limiting
condition of operation in a propesed tachnical specificaticn
that is ccnsistent with that of similar programs. The Bases
for these resorting proceadures are detailed Celcw.

a. Providing a program description (Regulatory Positicn &),
fncluding specification or medificaticn of the alart
Tevel (Regulatory Positicn 3.2), s consistant wit!
the request for informaticn in Secticn 4.4.5 of the
Standard Fermat.

b. Notifying the Commission of a lcose part (Reguiatsry
Position 8) is consistant with the request f3r "grompt
notisication with writtan followup” in Regulatory
Position 2.2(5) of Regulatory Guide 1.16.
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€. The propeosed guide astadblisnhs 2 reserzing srocedurs as sart
of the technical scecification limiting candition of cperation
(Regulatsry Position 5.5(2)). In the event any cne of the
required instrumentaticn channeis is incceriable far mcre than
30 days, the l1imiting conciticn of cceraticn sgecifies that a
special regort be sutmitsad t3 the Commission within 10 days
outlining the caysa of the malfuncticn and tnhe plans for
restoring the channel(s) 2 an coerabie status. The reserting
procedure within the 1imiting candizien of sceration is con-
sistent with similar requirements for saismic and metasralog-
fcal instrumentaticn. Incsrscrating the resorzing require-
ment inta the limiting c3ndition of cperation reducss the
impact %o the licensae by linking acer2zility of the plant

to the reporting requirement rather than direstly ta ccerabflity
of the Tocse part detzcticn systam. This is casirable sincs
it would e unreascnasle 3 snut down the slant for loss of
instrumentation that menitors only rancem malfuncsisns of
structural components without first reviewing the plant's
cperating histary.

The oroposed regulatary guide will, however, nave an efsc= 4n aocplicants
and licsnsaes cue t3 the follcwing provisions in the guice which have not
heretafore tesn addressed in previcus leogss sart detacticn programs:

1. Perfodic testing for cpersbility, ircluding calibratien.

2. Need to demonstrata ocerasility of systam for all ear<hquakas
* up to and including the Cceraticral Zasis Zar<hquaka.

3. Need to demonstrate that the systam is adequata for the normal
operating environmental canditicns of raciation, vibraticn,
tamperature and humidity. N

In additien, an improgerly developed and peerly implamentad lccse ars
detecticn program has the potantial far increasing raciation axposure
to station perscnnel by causing increased .mounts of Frimary systam
fnspecticns.

[t 1s estimatad that the total ins:alled cost %3 a utility for a loose nars
detection Systam Chat satisfies the regulatary guide reccmmencations would
be S100K. The estimataed caosts far generically cualifying the syszam far
the specified sefsmic incident (325K) and “ar the ssecified enviren-

mental cenditicns (31CK) ara incarporatad inta she t3cal cos= of the



program on 2 pro rate basis. [t is estimated that the annual recurring
cost to the utility for periodic cperability checks and maintanance would
be S15K. Far compariscn, the cost %0 a utility of an unscheduled shutdown
is, depending on the sgecific plant, $100K to $3CCX per day.

Alternatives Considared

The purpose of the lcose pare detaction pragram i3 $3 detact the cresance
of lcose parts sefcre they cause safaty relazed damage. Fram %his point

of view, there 1s 70 true altarnative %3 the lccsa fart detection pregram
spcecified in the proposed guide. All the available "altarnatives" are
dependent upon safety relataed damage having cccurred (e.g, gross bHlockage
of flow t0 the core can be detactad in a PWR 5y thermocouples wnich exiss

at the cutlet to the csre)., For this reascn, the use of the word "altarnative"”
in this saection is replacad by the shrasa "cther awvailable metheds". These
other availadnie metheds snculd in fact te usad im conjunction with the locse
part detacticn program t0 assist in detarmining the safaty significance of

a lcose part alerz: signal.

A summary of the advantagss and disadvantages c¢f the lcose part detaction
program cocmpared with that of other available methcds is presantad in
Table 2 for both PWRs and ZWRs. The particular satety ifssues identified
in the table are thosa that can credibly be caused by a lcose part in the
primary systam. [t was concluded from discussions with the NRC staff
that with regard %o the presenca of a locse part ia the primary systam,
fuel rod damage and contral rod jamming were the primary safaty concerns
and that a Tcose part in the primary systam could not credidly affact
proper operaticn af the emergency care cooling systam for either a FWR

er BWR.

The impact %o the licensee of the tabylatad "ather available metheds”
would e minimal, unless ther2 was an astampt o recuce scme oF tne
disadvantages of these other metncds, because the asscciated instrumenta-
tion or procedyres already exist for the reactar system. The greatast
henefit of thesa other metnods would Se derived wnen used as a diagnostic
tool in conjunction with the lgoose part datecticom program.

The logse part detaction grogram is unigue (i.e., relative to the cther
available metheds) in its ability to extand the <afansa-in-depth concent
ts detac=ion of certain asnormal structural condiiions tefore the
occurrence of acnormal operational conditions. It fs wertny of nota,
althougn the data is limitzad, that in the two insiances where lcosa
parts were detactad b, means of a lcose part detac=ion systam (Taple |




.‘ o, g -

“wr

ftams 12 and 137), thers was no additignal damage o primary sysiam
comperents. <here 12cse parts were detectad by other methods (i.e., the
remainder of the individual incidents in Table 1), in aoporaximasely

40 percent oFf tne cisas there was scme Tcosa part inducad damage or
malfuncticn with the primary systam.

The propesad regulazary guide pravides general guidelines for a locse
part detacticn program. Tha cheice of altarnative sclutions to satisfy
the general juidalines is left with the appiicants ané Ticensees.

Short of satisfying the minimum recsmmencaticns specifiad in the guide,
the type, extant, ard locatien of instrumentaticn, the type of recording
and data reduction systams, Jracadyres for minimizing falise alert
signals, ccerability and calibration checks, procadurss far astadlishing
alert levels are 211 elaments of the pragram whicn have altarnate farms
¢f soluticn and for wnich the applicants and licanszes nave :the fraedem
to establisn their cwn prscadures and metheds.

Discussien

The loose part detacticn pregram proposed in this guide is a .continucus
insarvice surveillanca sregram for components within the primary c¢solant
pressure boundary. In 2 sanse, it ccmolaments the presaent ASME Saction
X1 program that requires pericdic inservice inspecticn of the srimary
cselant pressure Bouncary. .

Although the NRC staff now requires applicants to implement a locse pare
detaction program, no specific guidance is orovided by the staff regarding
the content of such a program. This has resyltad in scmewnat varied
system abilities ane implementaticn preograms. This makes evaluatisn ]
and comoarison of gresant gregrams and Jperating axserience very d4ifficult.
The proposed regulatary guide outlines the minimum systam charactaristics
which the NRC sTaff faels are necassary far 2 workable sys:iam and camcines
this with technical specifications and reperting pracedures for a complate
and enforceadia lccse part detection pregram.

Table 1 provides a summary of regresentative lccse zart incidents in ~WR
and 3WR power reactors. One incident (Table 1 itam 20), hewever, is
fncluded for 2 Tiguic metal reactar. The falicwing csnelusicns are
derived frem this summary.

T. OQccurrences. There have sSeen numercus instances %3 Zata wners
locse parts have cccurred in the primary systam of S0th “WRs and
BNRS -
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2. Source and size of loose parts. Mechanical connections (e.3. threaded)
and misplaced parts and tools are the major sources of loose parts.
Loose parts are generally of a size that may be easily nand-held.

3. Operational problems. A stuck control rod (Table 1 item 3, &b, 7, 10c,
1la, 16, 17, and 21) is the most oftan repeated potentially safety
related incident that has resulted from lcose parts (debris) in the
primary systam. The most significant incident that has occurred to
date from a lcose part is the partial meltdown of two fuel assemblias
in the Fermi-1 1iquid metal reactor (Table 1 item 30).

4. Reliability and safety. Operating axperience shows that locose parts
from failed components can be reliable precursors of major structural
damage. The expeditious detection of these loose narts can provide
the time requird to mitigate structural damage and thereby reduce
the need for extended downtimes for repairs (Table 1 itams 6 and 7).
Reliability is of course a major consideration to utilities. Inasmuch
as Toose part detection programs can reduce dewntime, such programs
are desirable to utilities?, C(losely related although of lesser
probability is the potential of a loose part being the cause or
result of safety related damage. Inasmuch as loose part detection
programs can detact safety related structural damage, and in particular
can detect the presence of a loose part that can block flow to the
core, such programs are considered necessary to the NRC staff,

5. Methods of detection. Experience shows that in most instances
loose parts and any associated detrimental effects are detected
during inspections made at refueling or other special inspections
(Table 1 items 2 42 6, 7, 8 9, 10b, 11, 14, 15, 21, and 22). Most
often prior to shutdown there are no obvious indications of a Tocse
part. Perscnnel are often alerted to the possibility of a Toose _
part only after detecting a stuck control rod at the time of refueling
(Table 1 items 3, 4b, 10c, 1la, 16 17, and 21b). On occasicn, the
presence of a loose part is determined by means of a loose part
detection system (Tabie 1 items 12, 19, and 31), coolant activity
measurements (Table 1 items 1 and 13), audible ncise (Table 1 items
Sa, 8b, and 18) or by indications from other plant measurements.

ZPecently a questionnaire was sent by the NRL staff to utiTi:ies_wi:h
loose part detsction systems in an attempt to gather the gperating
history of and experience with such systems. In respgonding to this
questionnaire one utility noted that it felt that the original invest-
ment of a loose part detection system would be reccvered if during the
lifetime of the plant, the system increased plant cperability by one
day.
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Limitations and value of loose part detection program. As noted

in item 5 above (i.e., methods of detection), most loose parts

are detected during refueling inspections. The locse part
detection program can contribute greatly to alerting station
prescnnel to the presence of many of these loose parts, thereby
increasing the probability that such parts will be found and as
necessary removed. The locse part detaction program can detect

the presence of those parts that can cause significant blockage

of core flow. The loose part detaction program cannot, however,
detect the presence of thcse very small lccse parts that can cause
the jamming of control rods. In addition, althcugh the locse part
dztection system provides an alert function for many types of loose
parts, its ability to provide diagnostic informaticn is at this time
scmewhat limited. The true value of the locse part detection
program rests in its ability to complement and reinforce other
existing or available procedures for detection of abnormal primary
syster conditions.

r

The loose part detection progam can provide a measurable increase
to the in-depth-defense for reactor safety with little impact to
the lTicensee.

The proposad regulatory guide provicdes guidelines for the development,
implementation and enforcement of a workable loose part detection
program,

Implementation

t 1s recommended that this guide be used in the evaluaticn of sutmittals
for operating license or construction permit applications docketad after
October 15, 1978.
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Tactdeng
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1.0

IMPLEMENTATION EVALUATION REPORT
REGUL U g.!

LOOSE PARTS DETECTION PROGRAM
FOR
THE PRIMARY SYSTEM OF TTGHT WATER COOLED REACTORS

Safety Assessment

A loose parts detection program provides a means for early detection of
loose metallic parts in the primary system. By providing for the early
detection ard general location of abnormal! structural conditicns, a loose
parts detection program may also minimize radiaticn exposure to station
personnel involved in maintenance and repair. A review of operating experience
indicates that loose parts events can be expected ahcut once every 1C
reactor years. Thus, about 4 loose parts events can be expected in the
40-year plant lifetime. It should be noted that, in most of the loose
parts events which have occurred, indications of the 'oose object were
often detected by other instrumentation. Furthermore, relatively few
of these events were of direct safety significance and in no case was
there an actual radioactive release.

Failure to detect loose parts can directly or indirectly affect safety
in any of the following ways:

a. Direct mechanical damage to the pressure boundary

b. Direct mechanical damage to the reactor or steam generator

internals.

c. Mechanical interference with control rods, valves, pump

impellers, and other moving parts.

d. Coolant flow blockage

e



e. Coolant chemistry upset

f. Abrasive effects

g. txcessive coolant radiocactivity

h. Missing part (the presence of a loose part of internal origin

implies that scme component of the system has been degraded).

The Standard Review Plan, Section 4.4, identifies the requirement that
an adequate system for detecting loose parts be provided. The loose parts
system will add a level of defense in depth to plants in the primary coolant
by providing early detection of metallic parts and will minimize radiation
exposure to station personnel. Regulatory Guide 1.133, Loose Parts Detection
Program for the Primary Systems of Light Water Reactors describes a loose

parts detection program acceptable to the staff,

Proposed Implementation

For the purpose of implementation of Regulatory Guide 1.133, four

groups of plants have been identified as follows: -

s o e Swul v

Group 1 - All plénfsffok Jh}chkthe operating Ticense applications

A
are docketed ageer after January 1978.

Group 2 - Plants which are currently being reviewed for an operating
license and for which the operating license applications
are docketed before January 1, 1978.

Group 3 - Currently operating reactors which have previously committed
to installing a loose parts detection system.

Group 4 - Currently operating reactors which have not previously committed

to installing a loose parts detection system.

oPo



It is recommended that Regulatory Guide 1.133 be applied to all Group !
plants. Table 1 identifies the Group 1 plants including those applications
which are currently being reviewed for an operating license and whose
application was docketed on or after January 1978. For Group 1 plants,
the Analysis Branch, Division of Systems Safety is including as part of
its review, requirements for a commitment to Regulatory Guide 1.133
(construction permit review) or insuring that the requirements of Regulatory
Guide 1.133 are met (operating license review) or that an acceptable alternative
will be (CP)/is (OL) provided. It is recommended that Group 1 plants which
are in the post construction permit stage be notified of the requirement
to provide a loose parts monitoring system as recommended by Regulatory
Guide 1.133, or an acceptable alternative in their FSAR.

It is recommended that Regulatory Guide 1.133 not be imposed as a
backfit for Group 2 plants. The Analysis Branch will review Group 2
plants to insure that an adequate system for detecting loose parts is
provided in accordance with Standard Review Plan Section 4.4. The review
will verify that commitments made as part of the Construction Permit are
met and that programatic aspects of Regulatory Guide 1.133 are implemented.
Table 2 lists the Group 2 plants and the status Sf the review of their
loose parts monitoring system.

It is recommended that Regulatory Guide 1.133 not be imposed as a

backfit for Group 3 plants. The Reactor Safety Branch, Division of Operating

ok
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Reactors is evaluating the loose parts detecting systems being implemented
by the Group 3 plants in accordance with their operating license commitments.
The evaluation includes an assessment of the loose parts monitoring program
for conformance to the programmatic aspects of Regulatory Guide 1.133.

Thus, a programmatic (and possibly some hardware) backfit could be imposed
on the Group 3 plants. The extent of backfitting will be decided on a case-
by-case basis.

It is reccmmended that Regulatory Guide 1.133 not be imposed as a
backfit for Group 4 plants. The Reactor Safety Branch, Division of
Operating Reactors is monitoring operation of Group 4 plants. Should cases
arise where an existing loose part is known to be present, or a minor design
defect be identified which would lead to a higher than normal probability
of loose parts, it may be determined that a loose-part detection program
be implemented. This safety analysis and justification will be done by

the Division of Operating Reactors as required.

Implementation Evaluation for Construction Permit, Post Construction Parmit

and Operating Lizense Applications, (Group 1 and Group 2 plants)

The requirements for a loose parts detection program are identified
in Regulatory Guide 1.70, Revision 2, Section 4.4.6 and Standard Review
Plan Section 4.4, However, no specific guidance is provided by the staff
regarding the content of such a program. This has resulted in somewhat
varied system abilities and implementation programs. Thus, considerable
staff effort has been required on each license application to evaluate the
proposed loocse parts detection program. Regulatory Guide 1,133 outlines
minimum requirements which the staff feels are necessary for a complete

. o
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and enforceable loose part detection program. Thus, following the recom-
mendations of the quide will reduce the staff resources required to review
and evaluate an applicant's loose parts detection program.

3.1 Coastruction Permit,  Post Constructien—Permit.—and Operating
Ezc”;§!+¢;L ”(Q'Fab
License Applications omser After January }158&

(Group 1)

It is our judgement that all Group 1 plants should be able to

implement a loose parts monitoring system that meets the recommendations
of Regulatory Guide 1.133 without affecting their current estimated

fuel load dates. Providing a loose parts detection program will add a
level of defense in depth for these plants. The use of the regulatory
guide in the review of these plants will reduce the staff resources
required to review those current applications identified in Table 1.

On these bases, it is recommended that Regulatory Guide 1.133 be
implemented in the review of all Group 1 plants including those currently
under review for a construction permit or cperating license and those
currently holding construction permits. Furthermore, based on the

fact that those plants currently under operating license review or post
construction permit have committed to implementation of a loose parts
detection system acceptable to the staff, the requirement to meet
Regulatory Guide 1.133 1is not considered as a backfit as identified

in 10 CFR Part 50.109.



Decketed bt bora ‘T“”"‘W"} \33&,
3.2 Operating License Applications s Fuel—toad-Bate—Before January 1988

(Group 2)

It is our judgement that all Group 2 plants would not necessarily

be able to implement a loose parts monitoring system that meets the
recommendations of Regulatory Guide 1.133 without affecting their
current estimated fuel load date. Considering that these plants will
have an acceptable loose parts detection program based on a review in
accordance with Standard Review Plan Section 4.4, the only apparent
advantage of applying Regulatory Guide 1.133 would be to reduce the
staff's resources required to complete the review of these plants.
However, for these plants, the staff review has progressed to the point
that a significant portion of the review has been completed. Thus,
there would not be an appreciable savings in staff resources by implementing
the guide in the review of Group 2 plants. On these bases, it is
recommended that Regulatory Guide 1.133 not be imposed in the review

of those plants currently being reviewed for an operating license

1 B for wineih YUy 2pAaTa ) Lcomite cph aFom (wue dackelsd
and.whose fuelivad date—rs before January[]QQg. The Analysis Branch
will complete the review of these plants to insure that an adequate
system for detecting loose parts is provided in accordance with Standard
Review Plan Section 4.4, The review will verify that commitments made

as part of the construction permit are met and that deviations from

the recommendations of the regulatory guide are acceptable.

o=
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Implementation Evaluation for Operating Plants with Existing Loose

Parts Detection System Commitments (Group 3)

Recent licensees have been required during their OL reviews to
commit to installing a loose-parts detection system. No specifications
for these systems were imposed. Two alternatives exist for the loose
parts detection system for these plants. First, they could be required
to supplement their existing commitment including backfitting of
hardware to meet the recommendations of Regulatory Guide 1.33. Alternatively,
the existing or planned systems could be evaluated on a case-dby-case
basis for acceptability and conformance to their operating license
commitment.

Effectiveness of Backfitted Systems

A backfitted LPDS is generally not as effective as a system which
was included in the original design of the unit. The two major
reasons for this are sensor placement and calibration.

An ideal system would have its sensors attached directly to the
vessel wall (or on nozzles immediately adjacent tc the vessel wall)
and distributed to provide maximum coverage. A backfitted system
will not, for example, have the benefit of threaded studs built into
the vessel. Instead, a backfitted system must use either magnetic
or adhesive mounting on the vessel wall (neither has met with
complete success); or strap clamps on piping and/or structural
members attached to the vessel. (This latter method is more common.)

Some sensors are attached at distances as much as 12 feet from the

-le



vessel wall. Because sensor locations are based upon accessibility,
considerations rather than uniformity of acoustic coverage, the
resulting array may be far from optimum.

The response of an LPDS sensor to an impact at a given location
cannot be readily calculated. Such a calculation would have to
consider waves (of three polarizations) propagating through a complex
inhomogeneous three-dimensional structure involving diffraction at
each vessel penetration and considerable mutual interference and resonance
effects. Also, the acoustic energy generated at the point of impact
is not linearly related to the kinetic energy of the impacting object.
Therefore, it is necessary to empirically calibrate any LPDS by a
series of impacts of various energies at each of many locations on the
vessel (and steam generator) walls. Because of probelems with both
accessibility and personnel exposure, backfitted systems are
generally not as thoroughly calibrated as are "original equipment”
systems. Moreover, it is necessary to measure the background noise
of the unit as a function of coolant flow and core power. Background
noise is more readily measured during the initial startup testing than
after any commerical operations.

Installation of any LPDS does not guarantee knowledge of all
Toose objects. These systems are impact detectors and will not detect
a loose object that is not sonically active. Moreover, the rather

high false alarm rate, especially in backfitted systems, mandates

o8e
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varification of each alarm before any mitigating action by the
operator is taken. Thus, hours or days may pass before an alarm

results in any change in the plant status.

Conclusicon

Operating plants which have previously committed to installing
a Toose parts detection system (Group 3 Plants) will find it difficult
to install a system or upgrade an existing system to meet the requirements
of Regulatory Guide 1.133. Furthermore, it is not apparent that back-
fitting hardware would imorove the effectiveness of the Toose parts
detection system for these plants. Therefore, it is recommended that
Regulatory Guide 1.133 not be imposed as a backfit for Group 3 plants.
Rather, the loose parts detection systems being implemented will be
evaluated for conformance with their operating license commitment.
It is recommended that the evaluation include an assessment of the
loose parts monitoring program for conformance to the programmatic
asepcts of Regulatory Guide 1.133. Thus, a programmatic (and
possibly some hardware) backfit could be imposed on the Group 2
plants. The extent of backfitting will be decided on a case-by-

case basis.
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5.1
S5.1.1

5.1.2

Implemntation Evaluation for Operating Reactors Without Loose Parts

Detection Commitments (Group 4)

Need for Loose-Parts Detection

Flow Blockage in Unmonitored Areas ' € .

Y

) L 4
Examples of such blockage include small .bject; jammed within the

fuel lattice, larger objects blocking flow at the lower surface of the core,
and, in the case of BWR, objects blocking flow in the orifice areas.

Safety analysis of such situations, which take credit for decreased neturon
moderation, crossflow, and void feedback, have in the past shown that
margin to DNB still existed. One vendor has written a generic topical
report on the subject and concluded that 79% blockage in one orifice

could be tolerated without transition boiling. No ONB-related fuel failure
in a commercial LWR has ever been traced to flow blockage due to a loose
part in 348 reactor-years. It is not certain that a loose-parts

detection system would detect such objects, since they possibly would not
impact against any surface with a direct acoustic path to an LPDS sensor.

Missing Parts

Of the loose-part events on file, roughly three-quarters of those which
occurred in commercial operation were internal NSSS parts which had become
detached. The presence of such a loose part implies that an internal
component has been degraded. However, the high redundancy of the

various designs generally permits the loss of one non-testable or



exercisable component without significant safety consequences. The only
exception to this presently on file was the loss of a lock bolt on a reactor
coolant pump, which led to seal failure. Most other events on file
(capscrews, surveillance capsules, fuel pin parts, etc.) had no immediate
safety consequences because they were missing. The remainder (e.g., burnable
poison pins, pieces of channel boxes) were detectable by means other than

a loos-parts detection system.

Mechanical Damage to the Pressure Boundary

Direct mechanical damage by an impacting loose part to the reactor
coolant pressure boundary is possible and has happended. It must be emphasized,
however, that such "damage" has never degraded the immediate safety integrity

of the pressure boundary. This damage involves either the removal of a portion

of the stainless steel inner liner, allowing the primary coolant to corrode

the base metal of a vessel wall, or the rupture of a component which is
conr=cted to a lower pressure area (steam generator tubes or nuclear
instrumentation tubes) resulting in a very small isolable leak. It is
doubtful that any loose part of credible size and velocity could cause
significant leakage. The events observed, although resulting in a plant
shutdown in some cases, were relatively slowly-acting and were readily
detectable where leakage occurred.

Direct Mechanical Damage to the NSSS Internals

Direct mechanical damage to the NSSS internals is probably the most

obvious safety concern resulting from a loss-part event. Generally, a




relatively massive object is required to do significant damage. Even a
relatively simple LPDS should detect such an object.

Currently, impact damage due to a loose part is not considered in the
structural design of the NSSS. However, it is most unlikely that the massive,
seismically analyzed internal support structures will be damaged to the
point of being unable to function as intended. Fuel cladding damage is
possible, but is unlikely to be extensive because of the modest coolant
velocity (about 15 feet/second, equivalent to a fall of 3-1/2 feet), the
longitudinal direction of the flow, and the relatively easy detectability
of such failures. Any such damage would, in all likelihnod, require a
period of time equivalent to the greater part of a fuel cycle to become
severe (e.g., the instrument tube vibration in BWRs and the guide tube
wear in PWRs).

The potential for cladding failure due to loose part impacts can
be assessed more quantitatively using existing impact data. Of the four
NSSS vendors, GE has assessed the amount of impact energy necessary to cause
cladding failure. GE uses this assessment in the radiological analysis
of a fuel handling accident where a fuel assembly is dropped upon the reactor
core at 40 ft/second. (Other vendors analyze the dropping of an assembly
on a concrete floor and conservatively assume all the rods fail in one
assembly. Although the other vendors do not use impact damage data, it
is expected that their fuel behavior will not differ greatly.)

GE has concluded (and the staff has accepted) that one fuel rod can
absorb about 1 foot-pound of bending energy, or about 250 foot-pound

of compression loading prior to cladding failure. Obviously, a small object
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5.1

N

striking a fuel rod from the side can have as much potential for damage
as a far larger object striking from above or below.

For an object traveling with the coolant at 15 ft/sec, 1 ft-1b of
kinetic energy implies a weight of 4.6 ounces. If it were made of stainless
steel, this object would need a volume of approximetely 1 cubic inch. It
does not appear that there is a significant probadility that such an object
would have a shape which would permit entry into the fuel lattice
with sufficient transverse velocity to cause cladding failure.

A more realistic event would be a heavy object striking the core from
above or below. Cladding failure would require 250 ft-1bs. of kinetic
energy, corresponding to a 72-pound object moving at 15 ft/sec with the
coolant. In reality, the tie plantes and other structural components
would spread the impact energy over many fuel rods. Consequently, a very
massive object would be needed to fail cladding by impacting the core inlet
or outlet. Such objects are not anticipated based upon operating experience
to date.

Damage to control rods is also possible, but is unlikely. Control
rods are protected by guide tubes when withdraw, and have already performed
their shutdown function when inserted. It is instructive to note that
a Westinghouse plant can tolerate up to 1-3/4 inches deflection of the guide
tubes with no loss of function.

Synergistic Effects

A relatively massive impacting loose part has significance in addition

to the direct mechanical damage. This extra significance is due to

=38



the fact that high impact energies can break up the loose object or otherwise
generate many loose objects. Thus, the hazard associated with all eight
areas of safety significance is multipled by the number of loose parts
present.

The only area which becomes significantly more hazardous in the
presence of a multitude of small loss objects is area 3, mechanical inter-
ference with moving parts, the control rods in particular. It is possible
in such circumstances to jam more than one control rod (transient and
accident analyses always assume one stuck rod) in a time period shorter than
the control rod exercise surveillance period.

Boiling water reactors are relatively immune to this problem. Coolant
velocities in the lower plenum are low, generally allowing loose objects
to settle out. Should an object enter a control rod guide tube and not
be carried into a fuel channel, it will drop to the velocity limiter,
where exercise programs should detect it. In the event of a scram, the shape
of the velocity limiter plus the very large upward force exerted by the
hydraulic control rod drive should enable the rod to scram, even though
the velocity limiter may be damaged in the process.

Westinghouse pressurized water reactors are somewhat more vulnerable
in that a loose object may be cast up and come to rest on top of an RCCA
guide plate. Exercise programs would probably not detect such an object,
but the object could still prevent complete insertion by preventing the

spider from passing that guide plate. Although the loose object would

-14-
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have to be light enough to be carried up to the plate, yet heavy enough
to remain in place in the presence of cross-flow, such an event is credible if
many loose objects are present.

Thus, there is a possibility of a transient followed by an incomplete
scram., It shou'd be remembered that much of the shutdown margin in PWRs
is needed to support the assumptions used in the analysis of the steam line
break accident. For each anticipated transient, much less negative
reactivity is necessary. For a four-loop Westinghouse at end of equilibrium
cycle \worst case), the plant wili maintain sufficient shutdown margin
with five clustered RCCAs failing to insert, or as many as 18 or more RCCAs
in a distributed pattern failing to insert. (These numbers take no credit
for partial insertion.) Therefore, even multiple loose parts are unlikely
to prevent the reactor from shutting down safety in the event of an anticipated
transient.

Similar arguments could be made for B&W and CE plants. However, all
of these plants (except Palisades) are already equipped with loose-part

detection systems. Thus, the question is moot for these plants.

Alternative Instrumentation

Although a loose-parts detection system can contribute to safety in
all of these areas, it is not the only contributing system. Interference
with moving control components (by cne loose part) will be detected by
exercising programs for this purpose already in every licensee's Technical
Specifications. Bulk flow as well as local flow in certain places (e.q.,
jet pumps) are monitored directly. Coolant chemistry and coolant activity
are sampled periodically. Abrasive effects can be observed by the surveillance
of total suspended solids and primarily by seal leakage (monitored directly).

-5«
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5.2

Therefore, a loose part detection system must be regarded as an additional
system which only provides defense in depth by earlier warning.

Conclusion

At this point, all 8 items of safety significance associated with a
loose-part event have been considered. None of them have been sufficient
to meet the criteria of 10 CFR Part 50.109. It is concluded that backfitting
should not be imposed on Group 4 plants. However, this conclusion rests
partly upon probabilistic bases. Cases may arise where an existing loose
part is known to be present, or a minor design defect is identified which
leads to a higher than normal probability of loose-part events. In such
individual cases, it would be justified to require a loose-part detection

program in conjunction with the appropriate safety analyses.

=16



TABLE 1
GROUP 1 PLANTS - FOR FULL IMPLEMENTATION OF
REGULATORY GUIDE 1.133

LB

All plants under CP review

A1l plants in post-CP stage

Plants Currently under Cperating License Review docketed on or after

January 1978.

Braidwood Units 1 and 2
Comanche Peak Units 1 and 2
South Texas

Grand Gulf Units 1 and 2
WPPSS Nuclear Unit 2
Susquehanna

Bellefonte
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TABLE 2

GROUP 2 PLANTS FOR PARTIAL IMPLEMENTATION OF
REGULATORY GUIDE 1.133 or ACCEPTABLE ALTERNATIVE

Farley Unit 2

Fermi Unit 2

Salem Unit 2

McGuire Units 1 and 2
Sequoyah Units 1 and 2
Summer

Shoreham

Midland Units 1 and 2
Watts Bar Units 1 and 2
San Onofre Units 2 and 3
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