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PROPOSED REGULATCRY GUICE 1.133,

.

"LCOSE-PART CETECTICt1 PROGRAM FOR T-iE
PRIMARY SYSTEM OF LIGHT-WATER-CCCLED REACTORS *

,

.

Technical Issue

There have been a large number of cases, see Table 1, where icose parts
have occurred in the primary systam of cperating pressuri:ed watar (?WR)
and boiling water (SWR) reacters. These lecsa parts have resultad
frcm:

,

.

1. Ccmponent structural failures'

,

2. Objects being inadvertantly left in the system at the time of-

- construction, reutine maintananca, refueling and repair operaticas.

. Lcosa parts have the potential for causing or being t.se result of safety
related damage in botn PWR and SWR light-wacar-ccoled reactors, see

4; Table 2. Such damage relatas primarily to:
.

.-

.y 1. Damage to fuel cladding resulting frca cverheating or mechanical
't penetration.'.-

. .f
'

,

2. Jaming of control reds.~-
.

i. t
* i| 3. Ccmponent which is scurce of icose part may be degraded to where it

.

cannot properly perfom its safety related func:icn.
j ]A:,t,, , .

.~jg Value
,

. . . . .

. ? '. Issuance and implementaticn of the subject guide will:
t. |-
b "'3 1" . Extanded the structural evaluatien pregrams asscciated with the

'..

design, manufacturing, censtructicn and preoperational p~nases
.M/01 of nuclear pcwer plants, to the nomal cperating service life

~ of these facilities.
.2 :.(

.

.: 55'A 2. Per. nit early detaction of a icose part which can provide the
.''- time required to avoid or mitigate safety related damage or'

malfunctions of primary systam ccmpenents.
': : ; -
~ 3. Pemit early detection of structural cenditions that are less

.
.

censervative than those assumed in the accident analyses or are
' not censidered in the safety analysis repert.-
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4. Thrcugh early detection of strue: ural damage be beneficial in
maintaining occuca:icnal radiation ex;osure "as icw as is reasonably
achievable" (ALARA) by minimizing wear generated crud buildup and
ifmiting the need fer extensive repair.

5. Provide guidelines fer acplicants and Ticensees to folicw in.;

| developing and imclecenting an integrated locse part detection
program and fer the staff to fc11cw in develocing scecific review

' guicelines for Secticn 4.4 of the Standard Review Plan and for
estab11shing an enferceable prcgram.

i; -

6. Partially satisfy ACRS generic item 5, Grcup I!, titled "Menitoring,
,

-. for Excessive Vibration or Locsa Parts Inside the Pressure Vessel".
.

. 7. Provide a baseline prcgram by which NRC might evaluate, based ucen
operating experiences, the need for future tach.nical and administrative
revisions to the icosa part detection program.

. ,

-..

-4 Imeact. c
.. . -

~' Y. The effect of the precased regulatory guide en applicants and licensees
is will be limited because:.,

~:,;;

k'jj'Ji 1. The NRC staff is new requirin'g a ccanit=ent to a loose part detection
:,,: .f,- system frcm all applicants applying for a construction permit or7. ,

i 5i r ! an operating license. A description of the icose par detection
Odi: system is recuested in Secticn 4.4.6, "Instru=entation Requirements",
!|9. T of Regulatory Guide 1.70, Revision 2, " Standard Format and Content.

;;!,g . of Safety Analysis Repcrts for Nuclear Pcwer Plants".

| .5 :y ~ :- Previously, at the request of the ACRS and the NRC staff, many
?: 5

t

fsi| r,ess4 applicants were voluntarily ccani: ting to the installation of a
e loose part detection system. Of the 57 cperating reacters (all
~

figures are as of February 17, 1978), 20 have a lease par: detection
vs. system (i.e. ,19 PWRs and 1 LWR). Of the 56 plants presently under
v$*
P.it.]

construction, 70 are cc=mitted to a Icese par: detecticn system
(1.e., all 59 PWRs and li' of the 27 SWRs).

,

;;[i , 2. The prccesed regulatory guide was develeced recognizing that fer
,

surveillance programs to be utilized effectively, they mus: result
c...s i.5 in a minimum of interference with ner:a1 cperatien and be sufficiently
c r.
.- -s

1

' '
Althcugh acplicants for the- remaining 5WR plants are not presently.

ccomitted to installation of a icose ; art detection sys:Em, i is the
~: - intent of the NRC staff to obtain sucn a cc=ni:=ent frca these acplican:s
; ~ at the time cf the OL review.

.

.
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simple so that results' can normally be interpreted by en-sita
operating personnel. The proposed regulatory guide addresses the
preceding c:ncerns and limits the impact to the licensees by:

'' a. Rec cmending that instrumentation be kept to an acceptable
mini =um.

,

b. Recem:ending that special previsiens be incer; crated for
rinimi:ing the potential for falsa alert signals.

- ' Specifying pr:cedures that require little attentien byc.
,

centrol rocm personnel and minimum repcrting by the'

licensee.
.

- d. Noting in the proposed regulatory guide that no action is
recommended with respect to reactor operatien based on-

..- information co:ained frem the Icosa part detection systam
alone.

.-.1,
.

3. Rec:cmended recorting precadures are within the framework of"

established guidelines. Of the three recorting precadures*:
specified, one (item a below) is consistant with the guidelines

fl[.- of Regulatory Guide 1.70 (i.e. , the Standard Format). Another
p .; ;' - (item b belcw) is consistant with Regulatory Guide 1.16,
'. "Raporting of Operating Infantation - Appendix A Technical

e
S 4|., Specification". Neither c:nstitutes a new generic recerting

[.J7"4"
requirement. The third (item e belcw) is part of a limiting

:> condition of operation in a preccsad technical specificatien
that is censistant with.that of similar pr: grams. The bases[:1 a" for these reporting procedures are detailed belcw.s

\;.
s a. Providing a program description (Regulatory Fcsition ?),

{dj[j including specification or modificatien of the alar:es .:
[?j;ia level (Regulatory Positien 3.a), is consistant with
p t .1 the request for informaticn in Secticn 1.4.6 of thed
,'% " Standard Fonnat.

k.t r'/ b. Notifying the Commission of a icose part (Regulat:ry-i/

i
'

Position 6) is consistant with the request f:r "premots -

notitication with writtan folicwup" in Regulatory.

fij:1 Positten 2.a(s) of Regulatory Guide 1.16.
- .( .

E

$ .~
,
.

.

.

.
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c. The preposed guide establishs a recerting precedure as cart
of the technical specification ifmiting condition of cperation
(Regulatcry Position 5.b(2)). In the event any cne of the -

required instrumentation channels is inecerable for more than
30 days, the limiting condition of cceration scecifies that a
special report be submittad to the Ccemission within 10 days

. outlining the causa cf the malfunction and the plans for
restoring the channel (s) to an coerable status. The reporting,

precedure within the limiting ecndition of oceration is cen-
'

sistent with similar requirements fer seis=1c and metacroleg-
ical instrumentatien. Incer; crating tne recorting require-

,; ment into the limiting condition of caeration reduces the
impact to the licensee by linking oceracility of the plant;

to the reporting requirement rather than directly to cperability
of the icose part detection system. This is desirable since
it would be unreascnable to shut dcwn the plant for loss of
instrumentation that menitors only randem malfuncticns of
structural ecmconents without first reviewing the plant's,

, operating history.
1
;: The precosed regulatory guide will, hcwever, have an effect dn appifcants

and licensees cue to the follcwing provisions in the guide which have not4.

ITi heretofore been addressed in grt'vious icose part detacticn programs::,-

,k . 1. Periodic testi.ng for operabiiity, includi.ng calibratien.
'

14.;
i e Ter r 2. Need to demonstrata acerability of systam for all earthquakas
p s.' up to and including the Cperaticnal Basis Earthquake.'

o I,$ 3. Need to demonstrate that the systam is adequata for the nor=al
1 operating environmental conditions of radiation, vibratien,-

Jiij temperature and humidity. -

i 't:1
-

| : . '4. m,. .o;t In additien, an imcraperly develoced and scarly imclemented icese par:
f detecticn program has the potantial for increasing radiation exposureI

'

to station perscnnel by causing increased accunts of primary systam.

$* c. inspecticns.
~

It is estimated that the total installed ccs: to a utility for a icose part
' .; detection system that satisfies the regulatory guide recommendations wculd.

,

| be SlCCK. The estimated costs for generically qualifying the system fcr
the specified seismic incident (525K) and fcr the scecified environ-

- . ,1, mental conditicns (SICK) are ine:rpcrated into the 'totai ces: cf the
.2
m

|
-

1

|
'

|

|
i
1

.
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program en a pro rate basis. It is estimated that the annuai recurring
cost to the utility for periodic operability checks and maintanance would.

be $15K. For ccmparisen, the cost to a utility of an unscheduled shutdcwn
is, depending en the specific plant, $100K to 53COX per day.

. Alternatives Considered

The purpose of the icose part detaction program is to detact the presence-

of icose parts befo're they cause safety related da= age. Frem this point
of view, there is no true alternative to the locsa part detection program..
specified in the procesed guide. All the available "altarnatives" are

.! dependent upon safety related damage having eccurred (e.g. gross blockage
' of flow to the core can be detected in a pWR by thar=ccouples which exist

.'
'

at the cutlet to the core). For this reascn, the use of the word "altarnative"
in this section is replaced by the phrase "other available methods". Tnesa
other available methods shculd in fact be used in cenjunction with the lecse
part detaction program to assist in detarmining the safety significance cf

4 a icose part alert signal.

| 'i. A su: mary of the advantages and disadvantages of the icose part detaction
program ccaparec with that of other available methods is presentad in

2| ':. Table 2 for both pWRs and SWRs. The particular safety issues identified
-&' in the table are those that can credibly be caused by a loose part in the

| .y[- primary systam. It was cencluded from discussicns with the NRC staff
I ' . - that with regard to the presence of a loose part in the primary system,
L a fuel red damage and control red jar.aing were the primary safety concerns
> 4._. and that a icose part in the primary system could not credibly affect4

.$- A
proper operaticn of the emergency core ecoling synem for either a pWR

- or SWR,
.

" ,4 : Tne impact to the licensee of the tabulatad "c'ther available methcds"
.a -

w. would be minimal, unless there was an attempt to rv.uce scme of tne
: disadvantages of these other methcds, because the asscciated instrumenta-

tien or precedures already exist for the reactor system. The greatast
j@.y benefit of these other metheds would be derived W:en used as a diagnostic

| ,;,. tool in conjunction with the loose part detectica program.-

1.!i. The icose part detecticn program is unique (i.e., relative to the other
available matheds) in its ability to extend the defense-in-depth concept,

,

.-

| S;.E to detection of certain abnormal structural ccnditions before the
'. . .*:

occurrence of abnormal operational conditions. It is wortny of nota,
|

'

although the data is limitad, that in the two irstances where icose
parts were detected by means of a icose par detaction system (Table 1

,

!
-

y
|
|
,

.

-

!

.

\ -
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f tams 12 and 13), there was no additional damage to primary system
c mperents. Where 10cse parts were detected by other methods (i.e., the
remainder of the individual incidents in Table 1), in a proximately
40 percent of the cases thers was s me icose par: induced damage or
malfunction with the primary system.

. The proposed regula: cry guide provides general guidelines f:r a icosa
.part detection program. The choice of alternative solutions to satisfy-

the general guidelines is left with the appifcants and licensees.
Short of satisfying the minimum rec:=mendatiens specified in the guide,
the type, extant, and location of instruments:icn, the ty;e of recording

.: and data recuction systams, precadures for minimizing false aler:
signals, acerability and calibration checks, peccadures for establishing,

,

- alert levels are all elements of the program whien have altarnate f:r:s.

.. cf solution and for which the applicants and licansees have the freedcm

. to establish their cwn pr:cedures and meth:ds.
.

,
Discussien

i. The loose part detecticn pr gram proposed in this guide is a .c:ntinucus
;; insarvice .surveillanca pr: gram for c:=cenents within the primary c:olant
3- pressure boundary. In a sense, i: c:mplements the present ASME Section
i;, ,' XI program that requires periodic inservice ir.spection cf the primary

. D,;, coolant pressure bcuncary. -

.qs-

(! " Although the NRC staff new requires apolicants to imolement a loose part
47 detection pecgram, no specific guidance is provided by the staff regarding
4.i the content of such a program. This has resulted in scmewhat varied
: ,.- system abilities anc imclementation pr: grams. This makes evaluation

,

, -:0'd and ccmparison of presen: pregrams and operating ex:erience very difficult.~-e
I' The procesed regula: cry guide cuttines the minimum systam charactaristics

which the NRC staff feels are necessary f:r a workable systam and c:mbines,;.

F c9 this with technical scecifica:icns and recorting pr:cedures for a c mplete ,

'.;. 4 and enforceable lecse part detection prcgram.
- gf
t s .J Table 1 provides a summary of recresentative Icese part incidents in FWR
3"?A3 and SWR pcwer reactors. One incident (Table 1 iten 20), hcwever, is

:.h ' .j- included for a liquid metal reac:Or. The folicwing c:nclusiens are.

3 .''dj derived fr:m this sunmary.
.:y5 -

^ ' ' '
I. Occurrences. There have been numercus instances to data where.

. Tocse parts have cc:urred in the primary systam cf both FWRs and
itf' | SWRS..

' .;.

v

.

.

.
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2. Source and size of loose parts. Mechanical connections (e.g. threaded)
and misplaced parts and tools are the major sources of loose parts.
Loose parts are generally of a size that may be easily hand-held.

3. Operational problems. A stuck control rod (Table 1 item 3, ab, 7,10c,
. lla,16,17, and 21) is the most often repeated potentially safety

related incident that has resulted from loose parts (debris) in the
primary system. The most significant incident that has occurred to
date from a loose part is the partial meltdown of two fuel assemblies
in the Fermi-1 liquid metal reactor (Table 1 item 30).;

. 4. Reliability and safety. Operating experience shows that loose parts
from failed components can be reliable precursors of major structural

,

, . damage. The expeditious detection of these loose parts can provide
the time requird to mitigate structural damage and thereby reduce

. . the need for extended downtimes for repairs (Table 1 items 6 and 7).
Reliability is of course a major consideration to utilities. Inasmuch

,

Ecy. as loose part detection programs can reduce dcwntime, such programs
[ ;; are desirable to utilities 2 Closely related although of lesser
N probability is the potential of a loose part being the cause or
I '@ result of safety related damage. Inasmuch as loose part detection
ii programs can detect safety related structural damage, and in particular
f. y; s can detect the presence of a loose part that can block flow to the
[?f core, such programs are considered necessary to the NRC staff.

! [t-@!: 5.5 *
'

5. Methods of detection. Experience shows that in most instances
,N~t loose parts and any associated detrimental effects are detected

! L .'r 7 during inspections made at refueling or other special inspections
! UN (Table 1 items 2 4a 6, 7, 8 9,10b,11,14,15, 21, and 22). Most

@k . :..
- often prior to shutdown there are no obvious indications of a loose

b part. personnel are often alerted to the possibility of a loose

[ j.# '

part only after detecting a stuck control rod at the time of refuelingR65
(Table 1 items 3, 4b,10c, lla,1617, and 21b). On occasion, the

p presence of a loose part is determined by means of a loose part
i 9 ~. detection system (Table 1 items 12,19, and 31), coolant activity

measurements (Table 1 items 1 and 13), audible noise (, Table 1 items'

;. y, Sa, 8b, and 18) or by indications from other plant measurements.
O W.
y v6;,

* = r;

2ga pecently a questionnaire was sent by the NRC staff to utilities with
i L: -! loose part detection systems in an attempt to gather the operating

Ild ' ' history of and experience with such systems. In responding to this

| b
.e questionncire one utility noted that it felt that tne original invest-

!- ment of a loose part detection system wculd be recovered if during the'

t lifetime of the plant, the system increased plant operability by one| .

day..'l
,

.

-- - _ _ .. . _ . . _ _ __. _ _ . _ . _ _ _ _ __ . _

|
'

_.. . _ . - - - _ _ . . , - -_ . _ . . .-



.

'

.-
.

.

8

6. 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 icose part
detection program can contribute greatly to alerting station

i presonnel to the presence of many of these loose parts, thereby
, increasing the probability that such parts will be found and as

necessary removed. The loose part detection program can detect
the presence of those parts that can cause significant blockage
of core flow. The loose part detection program cannot, however,
detect the presence of those very small icose parts that can cause

' the jamming of control rods. In addition, although the loose part
_ detection system provides an alert function for many types of loose

-

parts, its ability to provide diagnostic information is at this time
scmewhat limited. The true value of the loose part detection
program rests in its ability to complement and reinforce other
existing or available procedures for detection of abnormal primary
system conditions.*

'
Suma ry

' 3Yh 5 1. The loose part detection progam can provide a measurable increase-

-:e to the in-depth-defense for reactor safety with little impact to
'yf,; the licensee.
24 .
-f t 2. The proposed regulatory guide provides guidelines for the development,

jujh] implementation and enforcement of a workable loose part detection
-F;a. program.

' di |.

. Aj Imolementation
"

,i:1
b It is recommended that this guide be used in the evaluation of submittals
's - for operating license or construction permit applications docketed after

October 15, 1978.
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TAtl.E 1

S - ary of Repienentattwa 1.oose Parte Incidente
,

18,s. and Forelan Feuer Beactoy

I.cose Part Detectiesg g g
.,

B e sc tg Irg source No. lee flesc a f h Byaten Dama g Operstloa HetheJ Me,f

1. Een thiofre FWE Fuel roJ F 14" section None Ca==srclet Coolant 'l/72
Activity

2. Obslalista FWR Fuel rod F End P ass Neue Befueling Inspectlee 1970l

3. Clane FWa Fuel red F EnJ ylug Stuck centrol red Refueling stusk Centret 10/72
suJ

4. pubinecer 2 rua a) l'ael assembly Fres= ente Wu se Eleut Jeun special 31/73
spring grid ell 8 F.

P Inspection of
,

Ste e generator Bolt leseJ *t**= generator

nasale cover L
b) Wald spotter L 0.090"a0.060" 8tuch centsel r*J Cu==orcial Stuck control 11/70

. red

5. Oconee 1 FWR a) Incore instrumen. 21 (3/4" Jte.) retensive Ja age to troclitical Audible notes. 3/72
mentation tut.se F nosales 2 steen generatur inspection

tube steente end tbbe '
sheet uelJe

4 gufJe tubas gesegy. Ja. age to

reactor Internels. -
including fractuse ,
of case suppost ber-
rel belte is 8 se.
Juuntsee)

b) Beecter internale L Belte. 3"st/2" die. Name ggfyg

se

e' Ft Falle.A part. La Smet Juring construction, refueling er salatemence.

*
.
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TAtl.E I (continued)*
,

Detection14ees Fort g g g

Seector Jyg Source 16eJe Description Br e t en Demen geretten 14ethod Date

6. Trine FWS Thermal shield. F tolte, tubes, Heselva Jamage to reac. Befueling Inspectise 4/67
- ter meteriale, incluJ-

Incore instrumen- F metal chire Ins f racture of core
testen support barrel belte

|
enJ speclecaeI.eldess
(s 3 yr. al.usdown)'

| F. Sene tus Thesnel eleleid F Bette, pieces of Stenk control r=J. Bl.utJoun Special 91967
metal breben case support inspect 80s

bessel bolte (s 2 yr.

ohutJoun)

8. FalleeJee rue a) Caeressating ring F salt lieed N.use St.utJous inepocales of 5/72
(3/4"al/8" Ala.) staan genesstor

b) Beecter coolset Sucalen Jeflec- 1.8sht 8=peller and Frecritical Audible melee S/71
pump F ter (34 lb.) casing Jamage

Capocrew (10"al/2"
Jte.)

9. Shippingpert FUE liebauen 1/4" es saut None Befinaling loopectise 4/69

10. Yankee neue tWe e) Specimes liittag 1/s" Jie, wire in 10/43
belle 1-1/4" Jte. clacle

(s)
b) Asserted, incluJee 60 individual Beecter weseel wears Nefueling Imerection 11/65

surveillance belJere elecca frae feb- two smelt holee 0.020"
and charp3 V-netch ricated parte el.reugli 0.109" eled. ,

specimens, F Jing. SiirouJ ti.be

llenger reJe (3/4" tie bar aliassed by ,

Jte.) eherreneJ lease specimen holder
inte spesse

Thermal el.leid. F car screw
Sh r ee.4 F cap acrew

c) Central red ehroud 7 1.olte, 4 mount- Stuck coatset ted sofueling st ch control 11/72
mounting belte F ing cure red

I

.

.
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TABIR 1 (continueJ)
14eee Part Detect 8eeg g g g

saector mT Source WJe Descrtpetog System Demon operettee MotheJ Date

11. InJten Pt. 1 tut a) linknous Tepered es pin Stuck centret red El.u t Jouse Stuch coettet 2/63.

(1-3/4" less a testing red.

! S/32" - s/32").
I

b) Eurveill. heldere F 3 belance levers has gefu=Itag Imerecatee 11/61
c) Surwellt holder y I belance lever hoe Befueltog Inspectlee 3/70

(t/4" JIs. e 1")
S/32" - s/lz )a

II. Oconee 2 FWa Beactor coalent I.eching nut car Dione Co.=nercial 1.sese Fort 1/74 *

reser foreller screw, cyttnJricot Detecaten
estal bar (belt. System
snull) est screw

13. Stade FWa Fuet assembly drop sette Fuel Jeesse (s 44 Commezclat Cuelent 1973
preventer F fuel eseeablies) ecttoity

14. 3 Hile Is.-1 FWR e) Umbneun L Cast.en eteel out Mose trecritice! Inspecatee 1974
b) Unkneue L 1.29" m 0.53 die. pie bne Refueling Inapecties isI6

13. Asbaneen-1 FWA Surveillance i. elder F We spring cert- None Befueling Special in- 3/76
rfJees, I puoln red, spection
journet beerlag,
portime of 1. elder
tube

16. InJaen Ft. 2 PWR Hechteing operstlee L Hatal clity 2 etuch control reJe Precratical Stuck control S/72 .

reJ
!
'

Unkneue Debrie blone InspectIse

17. Ft. Beasta 1 FWR Beacter coolant pump 20 emell chlye, t 1 steach contret red Fractitical Stench control 10/70welute F e. hip caused con- red
trut toJ to stick

!$. Heine Vanbee FWR Seacter coolant pump F Hetal chtpa (* 3 Blenificant Jamese to Frectitical 18slee enJ 7/72
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IMPLEMENTATION EVALUATION REPORT '

REGULATORY Gul0E 1.133

LOOSE PARTS DETECTION PROGRAM
FOR

THE PRIMARY SYSTEM OF ITEHT WATER COOLED REACTORS

1.0 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 arid general location of abnormal structural conditions, a loose

parts detection program may also minimize radiation exposure to station

personnel involved in maintenance and repair. A review of operating experience,

~

indicates that loose parts events can be expected abcut once every 10
.

) reactor years. Thus, about 4 loose parts events can be expected in the
t

i
40-year plant lifetime. It should be noted that, in most of the loose

.' parts events which have occurred, indications of the loose 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

-1- 1

_ _ _ _ _ _



.

*
'

..

.

e. Coolant chemistry upset

f. Abrasive effects

g. Excessive coolant radioactivity

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.
,

2. Proposed Implementation
,

,' For the purpose of implementation of Regulatory Guide 1.133, four

groups of plants have.been identified as fol. lows: .-
~ ~ . ^-. ,t . ,L . ,9 . e o. . .c r -o . c <w - ~ - , *.

.

Group 1 - All plants for which the operating license applications
, ,,,

%
are docketed ,neser 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 comitted

to installing a loose parts detection system.

Group 4 - Currently operating reactors which have not previously committed

to installing a loose parts detection system.

_2_
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It is recommended that Regulatory Guide 1.133 be applied to all Group 1

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 (0L) 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

i Guide 1.133, or an acceptable alternative in their FSAR.

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

backfit for Group 2 plants. The Analysis Branch will review Group 2..
9, .
y,'; plants to insure that an adequate system for detecting loose parts is
.|-

|- provided in accordance with Standard Review Plan Section 4.4. The review

I will verify that commitments made as part of the Construction Permit are
t e

met and that programatic aspects of Regulatory Guide 1.133 are implemented,

i ;, Table 2 lists the Group 2 plants and the status of the review of their
't i-

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

-3-
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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
t

be implemented. This safety analysis and justification will be done by
.

the Division of Operating Reactors as required.

..f 3.0 Implementation Evaluation for Construction Permit. Post Construction P3rmit

.I and Operating License 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
1

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 loose parts detection program. Regulatory Guide 1.133 outlines

minimum requirements which the staff feels are necessary for a complete

-4-
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and enforceable loose part detection program. Thus, following the recom-

mendations of the guide will reduce the staff resources required to review

and evaluate an applicant's loose parts detection program.

3.1 Ce s t -'ct i na Parmit-_ enastructica renait, and Operatingpne,
-

1(9+6-poc%kl
License Applications Juc, L :d _ete ankr After January'MW

(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.

6:

; implemented in the review of all Group 1 plants including those currently

[ under review for a construction permit or operating license and those

currently holding construction permits. Furthermore, based on the
i

| .c

fact that those plants currently under operating license review or post
.-

| h construction permit have comitted to implementation of a loose parts

detection system acceptable to the staff, the requirement to meet
i;

Regulatory Guide 1.133 is not considered as a backfit as identified

in 10 CFR Part 50.109.

|

-5-
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h e c.b.M kb MWg M 8.
3.2 Operating License Applications * N 1 L :d "ete "efore January MOO

(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

recomendations 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
N recomended that Regulatory Guide 1.133 not be imposed in the review

of those plants currently being reviewed for an operating license-

Mfc XMQ e pail ~i) ti. coo 2e cQpGu % u.m duksE3:

l ana "~ a #"N datets before Januaryl.1980. The Analysis Branch.-

- r is

-[ will complete the review of these plants to insure that an adequate

$. system for detecting loose parts is provided in accordance with Standard
q.

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.

1

1
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4.0 Implementation Evaluation for Operating Plants with Existing Loose

Parts Detection System Commitments (Group 3)

Recent licensees have been required during their OL reviews to

comit 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 comitment 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-by-case

basis for acceptability and conformance to their operating license

comitment.
'

_ 4.1 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 (o'r on nozzles imediately adjacent to the vessel wall)
-
.

and distributed to provide maximum coverage. A backfitted system'

. . . .

Q will not, for example, have the benefit of threaded studs built into
:<.

' the vessel. Instead, a backfitted system must use either magnetic
,

.

J.. 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 comon.)

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

-7-
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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
.s;
- 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
''

,, ! .*;
4 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

loose 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

-8-
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varification of each alarm before any mitigating action by the

operator is taken. Thus, bours or days may pass before an alarm

results in any change in the plant status.

4.2 Conclusion

Operating plants which have previously committed to installing

a loose 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 improve the effectiveness of the loose parts

detection system for these plants. Therefore, it is recommended that

j 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 connitment.

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
'

j possibly some hardware) backfit could be imposed on the Group 2

plants. The extent of backfitting will be decided on a case-by-
I" case basis.

.

O
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5.0 Implemntation Evaluation for Operating Reactors Without Loose Parts

Detection Commitments (Group 4) sm

5.1 Need for Loose-Parts Detection
a A

5.1.1 Flow Blockage in Unmonitored Areas .3 -

Yd ''

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 DNB-related fuel failure
t

,

in a commercial LWR has ever been traced to flow blockage due to a loose
N

part in 348 reactor-years. It is not certain that a loose-parts

detection system would detect such objects, since they possibly would not
,

.j'

'}, impact against any surface with a direct acoustic path to an LPDS sensor.

5.1.2 Missing Parts

i
Of the loose-part events on file, roughly three-quarters of those which

occurred in commercial operation were internal NSSS parts which had become
,

I 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

1

-10-
,

|



_____________

.,.

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
I (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.

5.1.3 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,
-

i .

- however, that such " damage" has never degraded the immediate safety integrity

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

.

7 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
.

connected to a lower pressure area (steam generator tubes or nucleary

instrurentation 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.

5.1.4 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

-11-
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relatively massive object is required to do significant damage. Even a

relatively simple LPOS 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 likelihood, 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

l' ' be assessed more quantitatively using existing impact data. Of the four

NSSS vendors, GE has assessed the amount of impact energy necessary to cause
. . _ .

'.6 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

. I 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 i foot-pound of bending energy, or about 250 foot-pound

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

-12-
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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-lb of

kinetic energy implies a weight of 4.6 ounces. If it were made of stainless

steel, this object would need a volume of approximately 1 cubic inch. It

- does not appear that there is a significant probability 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-lbs. 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

.a 4

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.

1'6
. , . .

| .

Damage to control rods is also possible, but is unlikely. Control

| N rods are protected by guide tubes when withdraw, and have already performed

'h 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

I tubes with no loss of function.

5.1.5 Synergistic Effects
|

A relatively massive impacting loose part has significance in addition

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

!
l -13-

|
'

- - - - - _ _ _ _ _ _



,

..
,

,

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.
1

Boiling water reactors are relatively imune 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
,

. 2. .|
be carried into a fuel channel, it will drop to the velocity limiter,

: i,- 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.a

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

sc ram. It should 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
4

reactivity is necessary. For a four-loop Westinghouse at end of equilibrium

cycle (worst case), the plant wil'1 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

7 for partial insertion.) Therefore, even multiple loose parts are unlikely
,

b to prevent the reactor from shutting down safety in the event of an anticipated

transient.

'h' Similar arguments could be made for B8W 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.
,

| . .. :
<- 5.1.6 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 one 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.g.,

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)..

-15-
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Therefore, a loose part detection system must be regarded as an additional

system which only provides defense in depth by earlier warning.

5.2 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

I program in conjunction with the appropriate safety analyses.
,

.<
~ ~e

-

*

....
.

-

. .
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TABLE 1

GROUP 1 PLANTS - FOR FULL IMPLEMENTATION OF

REGULATORY GUIDE 1.133

.

1. All plants under CP review

- 2. All plants in post-CP stage

3. Plants Currently under.0perating License Review docketed on or after

January 1978.

Braidwood Units 1 and 2.

Comanche Peak Units 1 and 2-
.

.

South Texas.
.

't:
'

Grand Gulf Units 1 and 2.
,

:
'

WPPSS Nuclear Unit 2.

'

Susquehanna.
,

3:. ,
O'* Bellefonte.

. . .
.-

.

...

,e

h
!.

"*

|
.
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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.

| '6'
j :.- Watts Bar Units 1 and 2.

i '': , '-

San Onofre Units 2 and 3., ,

.

.

4

,O'

**
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'

.

.
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|

|

|
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