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REGULATORY GUIDE 1.133

LOOSE-PART DETECTION PROGRAM FOR THE PRIMARY
SYSTEM OF LIGHT-WATER-COOLED REACTORS

A. INTRODUCTION

Criterion |, “Quality Standards and Records,” of
Appendix A, “General Design Criteria for Nuclear
Power Plants,” to 10 CFR Part 50, “Licensing of
Production and Utilization Facilities,” requires that
structures, systems, and components important o
safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance
of the safety functions to be performed and that a
quality assurance program be established and
impiemented in order to provide adequate assurance
that these structures, systems, and components will

satisfactorily perform their safetyv functions
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quires part, that instrumentation be provided t
monitor variables and svsten er their anticipatec
ranges
operati ! currences, and for acci
SNsure adequate salet ]
tnd systems that A4
tegnity of the core, and the reactor

boundary

Section 50.36, “Techaical
CFR Part 50
operating lice

specilications

Speaifications,” of 10
applicant for a facility
proposed technical
“Limiting Condi

ons ftor O 1fies a :"-r;‘u\;’\’ technical
pec west functiona
cdpa CVeIls ! cequipment re
quiret hie Paragraph
(CK3), rveillance Requirements,” identifies a
proposed Weg C 1 relating to test
cahibration, or n to ensure that the necessary
quality of syst components 1S maintained
that facility ope be within the safety limits,

and that the im ditions of operation will be

met. Paragraph (¢)5). "Administrative Controls,”
requires an applicant for a facility operating license
to provide proposed technical specifications relating
10 reporting necessary to ensure ration of the
facility 1in a safe manner

“*Standards
s that, in ad-
ments set forth in

Paragraph 20 I(c) of 10
for Protection Against
dition to complyin
that part, licens
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ts with respect to detecting a potentially
elated loose part in light-water-cooled reac-
during normal operation. This guide also out-
nes a program that can heip licensees to meet the
Part 20 criterion that exposures of station personnel
to radiation during routine operation of the station
will be *as low as reasonably achievable™

(ALARA)
B. DISCUSSION

The presence of a loose (i.¢., disengaged and drif-
ting) part in the primary coolant system can be in-
dicative of degraded reactor safety resulting from
failure or weakening of a safety-related component
A loose part, whether ** »e from a failed or weakened
component or from a.  2m inadveriently left in the
system during construction, refueling, or
maintenance procedures, can contribute to compo-
nent damage and material wear by frequent im-
pacting with other parts in the system. A loose part
can pose a serious threat of partial flow blockage
with attendint departure from nucleate boiling
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(DNB) which in turn could result in failure of fuel
cladcing. In addition. a lsose part increases the
potential for control-rod jamming and for accumula-
tion of increased levels of radioactive crud in the
primary system

The primary purpose of the loose-part deiection
program’ is the early detection of loose metallic parts
in the primary system. Early detection can provide
*he time required 10 aveid or mitigate safety-related
damage 10 or malfunctions of primary system com-
ponents

The loose-part detection program also serves a se-
cond purpose since it can minmimize radiation ex-
posure Lo station personne! by providing for the early
detection and general location of abnormal structural
conditions. Information from the program can be
used by station personnel to focus their efforts when
taking itmedial action to minimize the formation of
wear-generated radioactive crud and to mimimize the
need for extensive structural repairs. The second pur-
pose 1s consistent with the guidance contained in
Regulatory Guide 8.8, “'Information Relevant to En-
suring That Occupational Radiation Exposures at
Nulear Power Stations Will Be As Low As Is
Reasonably Achievable.”” which provides guidance to
licensees for maintaining occupational doses to in-
dividuals as far below the permissible limits specified
in the NRC regulations as 15 reasonably schicvable
while, at the same time, providing guidance on
methods 10 ensure that the sum of the doses received
by all exposed personnel 1s also at the lowest practical
level

The Advisory Committee on Reactor Safeguards
(ACRS) and the NRC staff have, for the past several
years, been encouraging applicants to employ online
loose-part detection systems in an attempt to
stimulate technological .development in that area
This approach has resulted in a substantial increase
i industry-wide experience and confidence in these
systems and has resulted in the commercial produc-
non of loose-part detection systems by several
engincering and manufacturing organizations. All
applicants for a construction permit or an operating
license are required (o describe the loose-part detec-
tion program for the proposed reactor (Section 4.4.6,
“Instrumentation Requirements,” of Regulatory
Guide 1.70, “Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants™).

An improperly d2 gloped and pcorly implemented
loose-part deleclion program may require excessive
attention by plant operating personnel and can result
in incressed radiation exposure due to more frequent

! «  Ruwide. the phrase [(cose-pari detection program
eNnc. ipasses system hardware, piogrammauc, and reporting
recommendalions Loose-part ueiection sysiem refers only to
rslem hardware

inspections of the primary system. For this reason,
this ginde emphasizes the need for providing system
features that will minimize false alert signals and for
deveioping diagnostic procedures that can be quickly
implemented to supplement information from the
loose-part detection system to determine the short-
and long-term safety significance of a loose part. A
well-developed loose-part detection system should
enable discrimination of the signal induced by the im-
pact of a loose part from those signals induced by
normal hydraulic, mechanical, and electrical
background noise and large amplitude electrical tran-
sients

The loose-part detection program outlined in this
regulatory guide inciudes hoth automatic and manual
modes of data acquisition. The automatic data ac-
quisition mode provides for continuous monitoring
of signals, but data are recorded only when the detec-
tion system senses that a predesignated alert level has
been reached or exceeded: An alarm alerts control
room personnel when the alert level is reached or ex-
ceeded. The manual data acquisiticn mode provides
periodic monitoring to determine system operability
(including calibration), establish the alert level, and
alert the licensee to data that require evaluation but
are of insufficient magnitude or inccrrect character to
otherwise initiate alert procedures.

The loose-part detection program outlined herein
1s not intended to be a research program [nstrumen-
tation and procedures that will result in the need for a
disproportionate amount of atiention by control
room personnel are not encouraged. Instrumentation
that can be used to approxsmate the size and location
of a loose part but that does not interfere with the
normal alert and false signal rejection function of the
detection program would be useful in complementing
other instrumentation to determine the safety
significance of a detected loose part. Loose parts
traveling through the primary system will generally
accumulate, at least for a ime, in such natural collec-
tion areas as the plenums in reactor vessels and steam
generators. Therefore, this guide recommends that
sensors be located at these and other natural collec-
tion areas. No benefit s seen 1n instrumenting
straight lines of pipe or other areas through which a
loose part will quickly pass. Close scrutiny of a
relatively small amount of clearly relevant data is
considered a better detection program than cursory
review of a large volume of less significant data

i

A prime consideration in developing the loose-part
detection pregram is the avoidance of procedures re-
quiring excessive attention by control room person-
nel and excessive reporting by the licensee. The
recommended program would require operator ac-
tion or engineering review only when the alert level 1s
reached or exceeded or when confirming the
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operability of the instrumentation system. Licensee
reperts to the Commission du‘ing operation are
necessary when defining the alert level, when a loose
part is confirmed to be present, or when the as-
socviated technical specification is violated.

Although loose-part detection systems can, in a
large number of cases. detect and indicate the ap-
proximate locatton and weight of a loose part, other
information (e.g., that obtained from plant process
signals, from an inspection of the facility, or from
prior operating history) will be necessary in most in-
stances to determine the safety implication of the
loose part. Therefore, no action with respect to reac-
tor operation i1s recommended based on the informa-
tion obtained from the loose-part detection system
alone. An alert resulting from the loose-part detec-
ton system 15 considered a warning, and it 1s impor-
tant that followup steps (eg., acquisition of ad-
ditional diagnostic information) be taken to deter-
min¢ the significance of the alert signal, If a louse
part 1s shown to be present, its short- and long-term
safety imphications need to be determined.

The potential for damage initiated by a loose part
Is not necessartly proportionadl to the impact energy
of the loose part. For example, a small piece of flat
metal plate may impart little impact energy but could
restrict local Mow to the reactor core. However, there
are technical difiiculties in trying to distinguish very-
low-encergy impact signals from the normal reactor
acoustic noise. Experience with loose-part detection
systems for operating pressurized and boiling water
reactors provides the basis for establishing an impact
nergy of 0.5 fi-lb (0.67% joules), g, the kinelic
energy of a 0.5 [b (0.227 kg) part traveling at 8 ft /sec
(2.44 m/sec). as the recommended system sensitivity
in Regulatory Positon 1.b Experience shows that
signals resulting from metallic-object impacts of that
magnitude are distinguishable from the normal
background noise

In order 10 ensure that, as a minimum, each loose-
part detection system has the ability to detect what
the staff considers to be the most significant range of
loose-part weights, the staff recommends (Regulatory
Position 1. b) that each loose-part detection system be
capable, in conjunction with the 0.5 ft-lb energy
criterion, of detecting loose parts that weigh between
0.25 (0.114 kg) and 30 ib (136 kg). The specified
weight range is considered to be representative of the
most common and sigmificant class of loose parts

The high radiation and thermal cycling environ-
ment to which most of the primary system is sub-
jected could in time alter operating characteristics of
the loose-part detection system so that surveillance
becomes ineffectual either by Causing excessive alert
signals or by decreasing sensitivity to lpose parts
Therefore, in Regulatory Position |.f the staff recom-
mends that provisions be incorporated into the

system to permit channel operability (including
calibration) tests. Regulatory Position 5 addresses
operability tests as part of a surveillance requirement
for a proposed technical specification.

Since an earthquak+ 1s an event that could induce a
loose part in the primary system, it 1s desirable that
the loose-part detection system be designed to func-
tion following all seismic events that do not require
plant shutdown. Recording equipmen' however,
need not be designed to function without
maintenance following such seismic events provided
the system retains audio or visual alarm capability.

C. REGULATORY POSITION

An inservice loose-part detection program should
be implemented for the primary system of light-
water-cooled reactors during preoperational testing
and the startup and power operation modes in accor-
dance with the following guidelines:

I. System Characteristics

The following features should be incorporated into
cach loose-part detection system

a4 Sensor Location. Sensors capatle of detecting
acoustic disturbances should be strategically located
on the exterior surface of the reactor coolant pressure
boundary. A minimum of two sensors, suitably
located to provide broad coverage, should be located
at each natural collection region {e.g., reactor vessel
upper and iower plenums and each PWR steam
generator reactor coolant inlet plenum).

b. System Sensinvity The online sensitivity of the
system should be such that, as a minimum, the system
can detect & metallic loose par: that weighs from 0.25
(0.114 kg) to 30 b (136 kg) and impacts with a
kinetic energy of 0.5 ft-Ib (0.678 joules) on the inside
surface of the reactor coolant pressure boundary
within 3 feet (! meter) of a sensor. An acceptable
method for verilying (his online sensitivity is to
demonstrate (1) the basic system sensitivity during
plant shutdown and (2) that the background noise
measured during plant operation is no greater than
20 percent of the signal associated with the specified
detectable loose-part impact

¢. Channel Separation. The instrumentation chan-
nels (e.g., cabling. ampliliers) associated with the two
sensors recommended at each natural collection
region should be physically separated from each
other starting at the sensor locations to a point in the
plant that 1s always accessible for maintenance during

full-power operation 1 42 . ‘9

d. Data Acquisition System. The system should in-
clude both automatic and manual scartup of data ac-
quisition equipment (see Regulatory Position 3). In
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the event the alert level 15 reached or exceeded, the
data acquisition system should automatiaily ac-
tivate, and an audible or visual alarm should alert the
control room personnel of that condition. The data
acquisition system should provide for the
simultaneous recording of all sensor signals and be
capable of immediate visual and audio monitoring of
these signals. {An acceptable alternctive to the
simultaneous recording of all sensor signals in the
automatic mode is the recording i event-related
parameters that characterize the 'cose-part condi-
tion, e g.. sensor-signai arrival time sequences, rate of
occurrence of impacts, number of “ringdown” oscil-
lations )

¢. Alert Level Provision should be made for incor-
porating into the system a reference signal level (alert
level) that 1s indicative of the presence of a loose part
consistent with Regulatory Position | b. Depending
on the alert logic (1.¢., internal pro- .sing of system
signals), raw or processed signals should be
automatically and continuously compared to the
alert level. Points to be considered in establishing the
alert level are noted in Regulatory Position 2.

f. Capability for Sensor Channel Operability Tests.
Provision should be made for periodic online channel
check and channel functional tests and for offline
channel calibration’ during periods of cold shutdown
or refueling (see Regulatory Position 3.a(3)).

g. Operability for Seismic and Environmental Con-
ditions. The loose-part detection system should be
capable of performing its function following all
seismic events that do not require plant shutdown,
ie., up to and including the Operating Basis Earth-
quake (OBE). The system should be shown to be ade-
quate for the OBE by analysis or test, guidance for
which may be obtained from Regulatory Guide
1.100, “*Seismic Qualification of Electric Equipment
for Nuclear Power Plants™ Recording equipment

! The standard techmical specifications define channel check.
channel functional test, and channel calibration as follows

A channel check 1 the qualitative assessment of channel behavior
during operation by observation, including, where possible, com-
parison of the channel indication or status with other indications
or status derived from independent instrument channeis measuring
the same parameter

A channel functional test for analog channels 1s the injection of a
simulated signal into the channel as close (0 the primary sensor as
practicable 10 venfy operability, including alarm and trip func-
tons; for bistable channels it s the injection of & simulated signal
into the channe! sensor to venify operabiiity, including alarm snd
trip functions

A channeTTalibration is the adjustment, as necessary, of the channel
output so that it responds with the necessary range and accuracy %o
known values of the parameter that the channel monitors. The
channel calibration er zompasses the entire channel, including the
sensor and alarm and trip functions, and includes the channel func-
tional test. The channel calibration may be performed by any series
of sequentiai, overlapping, or 1ozl channel steps so that the entire
channel is calibrated

need not function without maintenance following the
specified seismic event provided the audio or visual
alarm capability remains functional. The system
should also be qualified according to the recommen-
dations of Regulatory Guide 1 89, “Qualification of
Class 1E Equipment for Nuclear Power Plants,” but
the qualification program need nut include the en-
vironment existing during or after accident condi-
tions (eg. loss-of-coolant accident, steam line
break).

h. Quality of System Components. Components
should be of a quality that s consistent with
minimum maintenance requirements and low-failure
rates. Components should be compatible with the 40-
year design life of the reactor system. Provision
should be made for replacing parts that are an-
ticipated to have limited service life.

i. System Repair. The system shouid be designed
to facilitate the recognition, location, replacement,
repair, and adjustment of malfunctioning compo-
nents. Equipment, procedures, and layout should
fagilitate maintenance to mimimize personnel ime in
high radiation areas and mimmize occupational
radiation exposure

2. Establishing the Alert Level

In all cases, the alert level should be consistent with
Regulatory Positions 1.b and | .e and should include
the effects of background noise.

The following points should be considered when
establishing the alert levels:

a. The alert logic should incorporate suitable in-
ternal criteria to distinguish the transient signal due
to the impact of a loose part from the signals as-
sociated with normal hydraulic, mechanical, and
electric noise and large-amplitude electrical tran-
sients. For example, it may be desirable to include
logic that requires the comparnison of two or more
sensor signals with the alert level.

b. False alert signals resulting from dehberate
planrt maneuvers (e.g.. control-rod stepping) and
other sources that cannot be avoided by the
procedures associated with Regulatory Positicn 2.a
may be avoided by automatic procedures that
momentarily disable the alert-level alarm

¢. The alert logic may provide for the alert level to
be a function of the normal steady-state operating
condition

d. As appropriate, it may be desirable for the alert
logic to provide for the alert level to vary from sensor
to sensor to compensate for the inherent level of
background noise at a specific transducer location.

142 120
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The loose-part detection program should include
data acquisition in automatic and manual modes
The automatic mode is for onhne detection of loose
parts. The manual mode 1s for determining system
operability (including calibration). estabhshing the
alert level, and detecting significant safety-related
trends in the sensor signals

a Manual mode This mode of data acquisition
should be used at the following times for the in-
dicated purpose

(1) Preoperational testing: Establish alert fevel
for this test phase

(2) Startup and power operation,

{a) Establish alert levels for startup and
power operaten. The alert level for power operation
should be submitted to (he Commission (in the start-
up repoit when vne is provided) within 90 days tol-
lowing completion of the startup test program il the
alert level 15 for power operation lollowing it
startup or there is a change to the preexisting alert
level tor power operation

i 3. Using the Data Acquisition Modes
|

(b} At least once per 12 hours: Perform chan-
nel check

(c) At least once per 31 days: Perform channel
functional tests

(d) At least once per 92 days: Venify that alert
levels are consistent with the normal background
noise and that the data do not indicate the presence
or possibility of a luose part, anomalous behavior, or
a significant trend that may b= safety related. The
alert level and alert logic may be revised to provide
for the background noise of these later measure-
ments. The details of such a revision should be sub-
mitted within 60 days to the Commission as an
amendment to the program description

(3} Cold shutdown or refuching: At least once
per 18 months, verify channel calibration using a con-
trolled mechanica! input (¢.g . weight falling through
a known distance). Channels should, as necessary, be
recalibrated at this time. If recalibration 1s necessary,
consideration should be given to replacemnent of un-
stable components

b, Automatic mode The automatic mode should
be activated awomatically when the predesignated
dert level is exceedzd, Activation should comprise an
avdible or visual alarm to the control room operator
and simultaneous nitiation of duta recording equip-
ment. Date should be acquired for a sulficient period
of me to pieperly characterize the signals from all
sensors. Each alert should be docamented with
regard to time and plant condition

1.133-5

If the alert level 1s exceeded or if the quarterly
measurements indicate the presence or possibility of a
loose part, anomalous behavior, or a sigmficant data
trend that may be safety related, diagnostic steps
shouid be taken within 72 hours to confirm the
presence of a loose part and determine its safety
implication or to determine the nature of the
anomalous data or data trend

4. Content of Safety Analysis Reports

A description of the loose-part detection program
should be submitted to the Commission In response
to the NRC staff request fc infermation on loose-
part detection systems in Section 4.4.6, “'Instrumer.-
tation Requirements.” of Regulatory Guide 1.70,
“Srandard Format znd Content of Safety Analysis
Reports for Nuclear Power Plants.”

The program descnption should include those
items covered in Regulatory Positions |, 2, and 3
Special attention should be given to the following
items:

a Sensor types, mounting locations, and
mounting procedures, inciuding critena for choice of
sensor and mounting locations,

b. Data acquisition, recording, and cahbration
equipment

¢. Anticipated major sources of external and inter-
nal extraneous noise.

d. Precautions taken to ensure acquisition of
quahty data

e. Description of the manner in which the alert
level will be determined and also the alert logic (if
any) employed by the system hardware and software
in generating an alert signal. This should include a
description of the program capability for dis-
tinguisinng between a loose part and normal
background noise.

f Reference 1o the technical specification (see
Regulatory Position 5)

g Summary of supplemental data and diagnostic
procedures that are available and that can be used as
part of a diagnostic program te confirm the presence
of a loose part. The summary should address the use
of information from plant process signals, radiation
leakage monitors, operating history, exercising of
control rods, cyciing of primary coolant pumps, and
inspection of the primary coolant system

h. Procedures for performing channel check, chan-
zel funcuonal test and channel Caltbration
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i rocedures for mimmzing radiation exposure
10 saation personnel during maintenance, cahibration,
and diagnostic procedures. (Reference in Chapter 12,
“Radiation Protection,” of the Safet” Analysis
Report.)

3. Traming program for plant personnel that ad-
dresses operation of the system hardwarz and the
purpose and implementation of the loose-part detec-
tion program. (Reference in Chapter 13, “Conduct of
Operations " of the Safety Analysis Report )

5. Technical Specification for the Loose-Part Detec-
tien Svstem

A technical specification for the loose-part detec-
tion system should be provided. The technical
specilicatton should include

a. The location of the sensors

b. A limiting condition for operation requiring the
loose-part detection svstem to be operable dunng
startup and power operation; and, if one or more re-
quired loose-part detection system channels 00 u-
operable for more than 30 dayvs, » - ecial report to be
prepared and submuitted to the Commission within
the next 10 days outlining the cause of the malfunc-
vwon and the plans for restoring the channel(s) to an
operable status

¢. A survelllance requirement that each channel of
the ioose-parl detection system be demonstrated
operable by a channel check performed at least once
per 12 hours. a channel functional test performed at
least once per 3} days. and a calibration tzst per-
formed at least once per I8 months

6. Notification of a 1 oose Part

If the presence of a loose part 15 confirmed, the
Commission should be notified according to the

guidehnes for reportable occurrences that call for
“prompt notfication with written followup™ as sum-
marized in Regulatory Gude |16, “Reporting of
Operating Information—Appendix A Techmcal
Specifications.”

The followup report to be submitted to the Com-
mission within 2 weeks of the intial notification of
the presence of a loose part should include (1) a sum-
mary of data obtained in the manual and automatic
data acquisition modes; (2) a summary of the
analysis, inspections, and correlations with operating
duta that were performed to evaluate data from the
loose-part detection program; and (3) a summary of
conclusions and a description of maodifications or
other actions planned or already performed to
evaluate the safety implication of the loose part or to
ensure that system and component safety functions
are not impaired

D. IMPLEMENTATICN

The purpose of this section 1s to provide informa-
tion to appheants regarding the NRC staff’s plans for
using this regulatory guide

Except in those cases in which the applicant
proposes an alternative method for complying with
specified portions of the Commussion’s regulations,
the method described herein will be 'ised in the
evaluation of submittals for operating license or con-
struction permit apphications docketed after June |,
1978

If an apphcant wishes to use this regulatory guide
in developing submittals for applications docketed on
or before June |, 1978, the pertinent portions of the
application will be evaluated on the basis of this
gurde
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