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SUMMARY QUTLINE OF SUFFOLK COUNTY

CONTENTION 5 TESTIMONY*

Suffolk County contends that Shoreham's loose parts monitoring system
(LPMS) could produce a large number of spurious (unwanted) alarms which,
if not readily identified or explained would diminish operator
performance and overall plant safety.

A loose part in the primary system can contribute to component damage
and material wear by frequent impacting with other parts in the system.
Early detection could prevent serious economic damage and avert a health
or safety accident. The function of a LPMS includes: detecting and
alarming the presence of unexplained impacts occurring within the reactor
pressure boundary; and possibly determining the probable size and
location of the impacting object.

The specific concerns relative to Shoreham's LPMS include the
following: Shoreham's LPMS lacks sufficient capabilities in order to
discriminate, locate, and evaluate a loose part in the reactor pressure
vessel; LILCO has not demonstrated that Shoreham's LPMS will minimize
spurious alarms; LILCO has not demonstrated the precise procedures an
operator will follow upon a LPMS alarm; ana the NRC has not adequately
reviewed Shoreham's LPMS in order to determine whether Shoreham's LPMS
capabilities are adequate.

-
—/ASLB Memorandum and Order, March 15, 1982, o. 30.



This testimony discusses the importance of the loose parts monitoring
system, inadequacies in the Shoreham system, and recommendations as to
what is necessary to make Shoreham's system adequate.

Recommendat ions to make Shoreham's system adequate include
documentation by LILCO that: its LPMS is capable of discriminating,
locating and evaluating a loose part in the reactor pressure vessel; and
its operator training program will provide adequate instruction in
equipment operation and evaluation. Lastly, the NRC staff should conduct
a comprehensive review of Shoreham's loose part monitoring system's
capabilities.

Exhibits®/

1. Addendum No. 1 and Specification for Loose Parts Momitoring

System, Shoreham Nuclear Power Station = Unit 1, Spec. No.

SH1=461, August 29, 1979, Stone & Webster Engineering Corpora-
tion, Boston, MA. - Cover page and page 1-7.

2. TEC Proposal No. P-80-003, Long Islana Lighting Invitation No.
TM-9-515, Loose Parts Monitoring System for the Shoreham Nuclear
Power Station Unit 1, prepared by Technology for Energy
Corporation, January 9, 1980.

3. Long Island Lighting Company's Response to NRC Inspection No.
82-02, dated March 11, 1982.

*/ ASLB Memorandum and Order, March 15, 1982, p. 30.



April 13, 1982

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

LONG ISLAND LIGHTING COMPANY
(Shoreham Nuclear Power Station, Unit 1)

Docket No. 50-322 0.L.

DIRECT TESTIMONY OF MARC W. GOLDSMITH

REGARDING SUFFOLK COUNTY CONTENTION 5 -

LOOSE PARTS MONITORING

Q Please state your name, adaress, occupation and qualifications.

A My name is Marc W. Goldsmith, and my business address is 400-1 Totten
Pond Road, Waltham, Massachusetts. [ am the President of Energy
Research Group, Inc. My gqualifications have been submitted tc this
Board separately.
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Would you please state the contention on which you are testifying?

.

Suffolk County Contention 5 reads as follows:

Suffolk County contends that Shoreham's Locse Parts Monitoring
S{stem could produce a lar?e number of spurious (unwanted)
alarms which, if not readily identified or explained, could
diminish operator performance and overall plant safety. This
would violate 10 CFR 50, Appendix A, GDC 1 and 13, as well as
10 CFR 20.1(c), and 10 CFR 50.36(c)(2), (3) and (5).

What is the purpose of your testimony?

The purpose of my testimony is to discuss concerns relative to
Shoreham's loose parts monitoring system. [t is to discuss the
importance of the loose parts monitoring system (LPMS), inadequacies
in the Shoreham system, and recommendations as to what is still
necessary to make the system adequate.

Why do you ‘think a loose parts monitoring system is important?

A loose parts monitoring system is important to provide operators
with the ability to readily identify and properly react to a loose
part in the primary system.

According to Regulatory Guide 1.133, "Loose-part Detection Program
for the Primary System Light-Water-Coolea Reactors", Septemper 1977,
the presence of a loose (i.e. disengaged and/or broken) object in the
primary coolant system can be indicative of degraded reactor safety
resulting from failure or weakening of a safety-related component. A
loose part, whether it be from a failed or weakened component or from
an item inadvertently left in the primary system during construction,
refueling, or maintenancel/, can contribute to component damage ana

while significant steps have been taken to mitigate this problem, an
LPMS system would provide an additional safeguard. Materials left in
the reactor vessel could damage fuel leading to higher than normal
gaseous releases Dy either mechanical damage or creating a hot spot.
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material wear by frequent impacting with other parts in the System.gl

A loose part can pose a serious threat of partial flow blockage

with attendant departure from nucleate boiling (DONB) which could
result in failure of fuel cladding. In addition, a loose part
increases the potential for control-rod jamming and for
accumulation of increased levels of radioactive crud in the
primary system.i/
Failed or loosened parts can vibrate providing in some cases early {
detection of a potential problem. Early detection could prevent

more serious eccnomic damage and avert a health or safety

accident. There have been several incidents of tools or equipment being

left in the primary system during construction, maintenance or

refueling.

Partial flow blockage hasoccurred in the past (Fermi Nuclear
Plant) as a result of a loose part in the primary system. The
Fermi case is significantly different than that found at
Shoreham. The Fermi reactor was a liquid-metal-cooled fast
reactor with a flat core

A loose part in the primary system contributes to material wear Dy
frequent impacting which could result in the formation of crevices
along the surface of the component. These crevices increase the
surface area where radioactive crud could potentially accumulate.
A loose part could create damage, requiring maintenance. In
addition, the material eroded from the surface could be carried
through the core creating additional activation products. 8oth
effects increase the potential plant personnel doses directly.
Doses would be indirectly increased by any additional maintenance
resulting from loose part caused damage.

In the event a loose part, (for example, a nut or boit) becomes

lodged inside the control rod drive housing, the control roa could

jam preventing insertion. OQther active components, such as valves

and pumps, could also be susceptible to jamming or damage

preventing proper functioning. "
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support piate. This reactor had a different fuel and internal gesign
than Shoreham. However, it serves to demonstrate the impact of an
unaccounted for loose part. The mechanical design of fuel assemdblies
has since been changed to preclude this specific plockage prooiem. A
loose parts monitoring system should be able to detect a part large
enough to cause flow blockage prior to its occurrence.

The primary function of a loose-part monitoring system would be to
detect and alarm the presence of unexplained impacts eccurring within
the reactor pressure boundary. A second, more demanding function of
the LPMS would be to determine, to the extent possible. the probable
size and location of the impacting object. A serious probliem
encountered in the use of loose-parts monitoring systems has been an
unacceptable occurrence of false (spurious) alarms. Accoraing to
NUREG/CR-0524, “Characteristics and Performance Experience of
Loose-Part Monitoring Systems in U.S. Commercial Power Reactors,"”
this has resulted in either a gradual loss of confidence in the
system (in some cases, a total disregard for all LPMS alarm signals)
or a compensatory upward readjustment of alarm level setpoints. In
the past, false alarms seem to have resulted from generaily low
signal-to-noise ratios, from specific transient signals, improper
LPMS installation, poor choices of sensor locations ana from

mount ings having poor acoustic coupling to the NSSS structures.

Once a loose part is detected in the primary system, an evaluation of
its safety significance is required. Plant shutdown, followed by
location and visual identification of the loose part, is one
candidate method for such evaluation and has the advantage of usually
(but not invariably) providing the clearest and least ambiguous
information about the loose part (including its likely origin).
However, there is strong incentive to derive diagnostic information
from the LPMS, since this approach offers a potential for shortening,
delaying, and/or avoiding entirely a plant shutdown. There is an
increased probability for the introduction of still more loose parts
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during retrieval operations with the vessel head removed, if the sole
purpose was a locse part retrieval. Therefore, a capability for
estimating these characteristics on-line is desired.

Presently, operating systems usually only record impact signals or
magnetic tape and any analysis for characterization purposes is done
by the operator. Considerable effort must be expended by the plant
staff in manually comparing LPMS alarms with control room logs to
account for alarms induced by true (but innncuous) sonic disturbances
resulting from equipment operation. The current practice of LPMS
manufacturers is to compare impact signals of ar unknown nature
against categorized impact patterns (baseline signatures) obtained
during a scheduled plant outage by using a calibrated impacting
device at likely points of impact. Then, based on the simiiarity (in
terms of peak amplitude, frequency content, and duration) of the
signals of unknown origin to those available in the baseline library,
an "educated guess" as to the nature of the loose part can often be
made. The accuracy to which mass, shape, material hardness, and
other distinguishing properties can be estimated in practice is thus
largely a matter of the availability and extensiveness of a
categorized impact pattern library that is known to be applicable to
the plant in question. Therefore, due to the considerable time
involved with analysing diagnostic information, an operator may
disregard many LPMS alarm signals. The occurrence of numerous
spurious alarms would further compel the operator to disregard a LPMS
alarm, possibly a real (not spuriocus) alarm.

What are the specific concerns reiative to Shoreham's loose parts
monitoring system?

The specific concerns relative to Shoreham's Loose Parts Monitoring
System (LPMS) include the following: Shoreham's LPMS lacks
sufficient capabilities in order to discriminate, locate, and
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evaluate a loose part in the reactor pressure vessel; LILCO has not
demonstrated that Shoreham's LPMS will minimize spurious alarms;
LILCO nas not demonstrated the precise procedures an operator will
follow upon a LPMS alarm; and the NRC has not adequately reviewed
Shoreham's LPMS in order to determine whether Shoreham's LPMS
capabilities are adequate.

Why do you believe Shoreham's LPMS lacks sufficient capabilities to
discriminate, locate, and evaluate a loose part in the reactor
pressure vessel?

Present-day loose part monitoring systems attempt to achieve their
functional objectives by continuously monitoring the sonic outputs
from sensors installed at a number of locations on the external
surfaces of the nuclear steam supply system (NSSS) components and
piping. According to NUERG/CR-0524, "An effective LPMS must have an
adequate number of properly deployed sensors. The number and
location of sensors will depend on the functional requirements placea
on the LPMS, . ."

In LILCO's Technical and Performance Requirement Specification (see
Exhibit 1) for Shoreham's loose parts monitoring system aated August
29, 1979, LILCO stated, "The Bidder (for the LPMS) shall recommena in
his proposal the number and location of sensor channels which woula
comprise the minimum configuration required by that Bidger's LPMS in
order to meet the requirements of Regulatory Guide 1.133. . ." LILCO
also stated "The Bidder shall recommend in his proposal the number
and location of sensor cnannels which would be considered optional
but desirable due to improved system capability for discriminating,
locating, and evaluating loose parts in the reactor. In response,
see Exhibit 2, TEC proposed  the location of the minimum (4)
sensors. Two of these four sensors were recomreided to be locateg at
the feedwater inlets and the remaining two sensors were recommended
to be located on the control rod drive housing., The two optional
sensors, were recommended to be located in recirculation suction A
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and B8 to improve the system's capability for discriminating, locating
and evaluating loose parts in the pressure vessel. LILCO purchased a
LPMS system from Technology for Energy Corporation which comprised
only the minimum number of sensor channels (four sensors) in oraer to
comply with Regulatory Guide 1.133. LILCO aid not install the two
optional sensors which would improve the system's capability for
discriminating, locating and evaluating loose parts in the reactor.
According to NUREG/CR-0524, the simplest LPMS will comprise 4-8
sensor locations, but for reasons of sensor redundancy or diagnostic
capability, better quality systems will often have 10-18 loose-part
sensors. Therefore, it appears LILCO purchased the lowest grade
system which lacks sufficient capability to discriminate, locate, and
evaluate a loose part in the reactor.

Why do you think spurious alarms will not be minimized at Shoreham?

The Technology for Energy Corporation (TEC) loose parts monitoring
proposal (Response of LILCO to Suffolk County's Request for
Production o Documents, pg. 6, March 26, 1982) states the TEC
system's expected number of annual false (spurious) alarms is three.
However, in the proposal, TEC agrees to pay a penalty of $07.00 to
LILCO for each estimated annual false alarm ocCurrence.ifThis sum
will not exceed a maximum penalty of $24,500.00. Simple arithmetic
indicates TEC is willing to be penalized for up to 365 spurious
alarms per year. TEC claims that a false alarm history is included
in their proposal. However, no reference is made to other plants'
spurious alarm experience utilizing the TEC system. As a result, it
has not been demonstrated that spurious alarms will be minimized at
Shoreham,

In addition, as stated previously, past spurious alarms may have
resulted from improper LPMS instaliation. Regulatory Guide 1.133
specifies that instrument channels be physically separated where
inaccessible during full power operation. However, according to

4 /"

See Exhibit 2.
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LILCO's response to NRC Inspection Number 82-072, gated March 11,
1982, ". . .instrument cables “or different channels were not
physically separated inside tne drywell in that they were run in the
same conduits and they utilized the same electrical penetration."éflt
is not clear whether cabling from tne serisors and preamplifiers have
been incorrectly routed in trays that also included power cables for
high-current electromagnetic actuators used elsewhere in the plant.
According to NUREG/CR-0524, this could subject the LPMS to high
levels of electrical interference, resu..ing in unwanted alarms. [f
this is the case at Shoreham, spurious alarms will not be minimized.

Q What is your specific concern relative to operator procedures
following a loose part monitoring system alarm?

A It is essential that operating personnel have the ability to make
effective use of the equipment for the detection of loose parts. As
discussed previously, once a loose part is detected in the primary
system, an operator evaluation of its safety significance is
required. This evaluation consists of comparing impact signals of an
unknown nature against categorized impact patterns. Then, based on
the similarity of the patterns, the operator usually makes an
"educated guess" as to the nature of the loose part, based on past
impact patterns. The operator then determines whether the LPMS alarm
was false or not and what the next step of action should be if the
alarm is real. Therefore, it is imperative that the operator know the
capabilities of the LPMS system and the aiagnostic procedures
involved.

According to NUREG/CR-0524, (LPMS). . ."operating personnel generally
seem i11-informed or confused about the quantitative capability of
their systems. . ." LILCO's response to Suffoik County inter=
rogatory number 50, dated March 26, 1982, states, "Procedures to be
followed by operators concerning the use of the (Shorenam) LPMS will

/
3/ attached as Bxhibit 3 hereto.



-9-

be issued after an LPMS start-up training program has been
established."ﬁffherefore. no assurance is presently provided as to
whether an operator will be able to accurately detect a loose-part in
the primary system at Shcreham and react properly before damage
occurs.

Q Why do you believe the NRC has not adequately reviewed Shoreham's
LPMS in order to determine wt:ther Shoreham's loose part monitoring

system's capabilities are adequate?

A The NRC requires all plants currently being licensed to install loose
part monitoring systems. Plants at the OL level are required to
provide a detailed system description. However, Shoreham's Final
Safety Analysis Report does not provide a complete description of how
Shoreham's LPMS complies with Regulatory Guide 1.133. A short
description of the LPMS is given, including the number and locations
of sensors, but a description of system sensitivity, alert levels,
data acquisition system, etc. is not included. Therefore, it appears
that NRC has not adegquately reviewed Shoreham's LPMS in order to
determine whether Shoreham's LPMS capabilities are adequate.

Q What regulations do you feel the Shoreham LPMS does not meet?

A LILCO has not complied with 10 CFR 50, Appendix A, GDC 1 anag 13, as
well as 10 CFR 20.1 (c) and 10 CFR 50.36 (¢)(2), (3) ang (5).

General Design Criteria 1, "Quality standard and records", states:

“Structures, systems, and components important to safety
shall be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the
safety functions to be performed."

It is clear from previous discussion that the loose-part monitoring
system is important to assuring safe reactor and fuel operation.
Therefore, Shorenham's LPMS should be classified as important to

§/Respcnse of Long Island Lighting Campany to Suffolk County Interrogatories
and to Suffolk County Second Set of Interrogatories, March 56:‘ 1982, p. 21.
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safety. LILCO's Technical and Performance =equirement Specification
for Shoreham's loose-parts monitoring system catea August 29, 1979,
stated; "The Bidder (for the LPMS) shall recommerd in his proposal
the number and location of sensor channels which would comprise the
minimum configuration required by that Bidder's LPMS in order to meet
the requirements of Regulatory Guide 1.133. . ."

General Design Criterion 13, "Instrumentation ana countrol" states:

“Instrumentation shall be provided to monitor variables ang
systems over their anticipated ranges for normal operation,
for anticipated operational occurences, and for accigent
conditions as appropriate to assure adequate safety,
including those variables and systems that can affect the
fission process, the integrity of the reactor core, the
reactor coolant pressure boundary, and the containment ana
its associated systems."

Shoreham's LPMS lacks adequate capabiiities relative to
discriminating, locating, and evaluating loose parts in the reactor.
Shoreham's LPMS may also have the potential for electrical
interference resulting in spurious alarms. Therefore if a loose part
remains undetected within the primary system at Shoreham, the
integrity of the primary system components could be aaversely
affected.

10 CFR 20.1(c) states:

". . .persons engaged in ac* . a2« .der licenses issued
by the Nuclear Regulatory Co..iss.. . . .shovld. . .make
every reasonable effort to maintain radiation exposures,
and releases of radoiactive materials in effluents to
unrestricted areas, as low as is reasonably achievaple."
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As stated previously, a loose part increases levels of radioactive
crud in the primary system. [f efforts are not made to detect loose
parts in the primary system at Shoreham, a loose part could
potentially increase levels of radipactive crud. In addition, a
loose part that is detected early and removed will not eroge or
damage equipment requiring maintenance that leads to occupational
exposure and may prevent accidents which also would leaa to
exposures. As a result, LILCO would not be making every reasonable
effort to maintain occupational radiation exposures as low as
reasonably achievable.

Section 50.36 "Technical Specifications" of 10 CFR Part 50, requires
an applicant for a facility operating !icense to provide proposed
technical specifications. Shoreham's loose part monitoring system or
program is not described or included in Shoreham's Technical
Specification of February 1, 1982.

10 CFR 50.36(c)(2) "Limiting Conditions for Operation” states:
“Limiting conditions for operation are the lowest
functional capability or performance levels of equipment
required for safe operation of the facility. . ." A
limiting condition requiring the loose-part detection
system to be operable during startup and power operation
has not been described or included in Shoreham's Technical
Specifications.

10 CFR 50.36(c)(3) "Surveillance Requirements" states:
“Surveillance requirements are requirements relating to
test, calibration, or inspection to assure that the
necessary quality of systems and components is maintained,
that facility operation will be within the safety limits,
and that the limiting conditions of operation will be
met." Loose parts monitoring channel operability by
channel checks, channel functional tests ana calibration
tests have not been described or included in Shoreham's
Technical Specifications.
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10 CFR 50.36(c)(5), "Administrative controls”, states:

“Administrative controls are the provisions relating. . .to
reporting necessary to assure operation of the facility in
a safe manner." Procedures for commission notification in
the event the presence of a loose part is confirmed, have
not been described or included in Shoreham's Technical
Specification.

Therefore, LILCO violates 10 CFR 50.36 (c)(2), (3) and (5).

Q What would satisfy the concerns you have expressed relative to
Shoreham's loose-part monitoring system?

The following would satisfy the concerns relative to Shoreham's

loose-part monitoring system:

1.

LILCO should provide documentation that its loose parts
monitoring system is capable of discriminating, locating
and evaluating a loose part in the reactor pressure
vessel. In the event Shoreham's LPMS is incapable of the
above, LILCO should upgrade its existing LPMS.

LILCO should provide documentation that Shoreham's operator
training program will provide adequate instruction in:

A. the operation of Shoreham's LPMS; and,

B. the evaluation of LPMS alarms.

What should NRC Staff do to evaluate Shoreham's loose-part

monitoring system's capabilities.

NRC should conduct a comprehensive review of Shoreham's loose

part monitoring system's capabilities by evaluating Shoreham's
LPMS relative to the system's (including the operator) ability

to detect, identify and respond to a loose part.



EXHIBIT 1

Addendum No. 1 and Specification for Loose Parts Monitoring
stem, Shoreham Nuclear Power Station - Unit 1, Spec. No.
=461, August 29, 1979, Stone & Webster Engineering Corpora-
tion, Boston, MA. - Cover page and page 1-7.
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Shoreham Nuclear Power Station - Unit 1
Long Island Lighting Company
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P.0. 31097

"OMTROLLED

AFPROVED

Copyright 1979
Stone & Webster Enginee:.ng Corporation
Boston, Massachusetts
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TECHNI! - AND PERFORMANCE REQUIRZMENTS

The Bidders are to furnish technical data sheets identifying
pertinent characteristics of the system®s components wath
their proposals.

1. Number and location of Sens s

The Bidder shall recommend in his proposal the number and
location of sensor channels which:

a. would comprise the minimum configuration required

by that Bidder®s LPMS in order to meet the
requirements of Regulatory Guide 1.133 for the
Purchaser*s boiling water reactor.

[o4
.

would be considered optional but desirable due to
improved system capability for discriminating,
locating, and evaluating loose parts in the
reactor.

The incremental cost €O the Purchaser of <the optional
sensors in b above, including all associated signal
tramsmission and signal conditicning equipment, shall be
separately stated by the Bidder in his proposal.

The Bidder shall also indicate in his proposal the number of
spare channels available in his LPMS for future system
expansion.

2. Sensors

All sensors shall be accelerometer type transducers capable
of detecting acoustic/mechanical vibrations associated with
loose parts impacting within the primary coolant system
within the sensitivity requirements of Regulatory
Guide 1.133,

3. Sensor Mounting

Sensor mountings shall be supplied by the Seller. The
number and type of mounting shall be submitted toO the
Engineers by the Seller for approval. The Seller shall
demonstrate to the Engineers that the mountings will ensure
the integrity and operability of the sensors vnder the
specified environmental conditions (e.g., use of waveguide
tube mountings to reduce temperature or lead shielding to
reduce radiation exposure). The mountings shall be designed
so as not ¢to compromise the integrity of the component on
which they are mounted. Direct stud mounting or welding of
the sensors to the reactor vessel or other camponent of the
reactor coolant pressure poundary shall not be permitted.

y=11600.02-102¢ 08/27/79

6.28
6.29

6.30
6.31

6.33
6.34

6.35
6.36
6.41
6.43

6.4k
6.46



EXHIBIT 2

TEC Proposal No. P-80-003, Long Island Lighting Invitation No.
™-9-515, Loose Parts Monitoring System for the Shoreham Nuclear
Power Station Unit 1, prepared by Technology for Energy
Corporation, January 9, 1980.



TEC PROPOSAL NO. P-80-003

LONG ISLAND LIGHTING
INVITATION NO. ™-5-315

LOOSE PARTS MONITCRING SYSTEM
 FOR THE SHOREHAM NUCLEAR POWER STATION
UNIT 1

Technelogy for Energy Corperation
10770 Dutchtown Road
Knoxville, Tennessee 37922

January 9, 1580

1017240



PREFACE

; Technology for Energy Corporation (TEC) offers this proposal in response to
LILCo Specification SH1-461 W.0. 80-48923. Our proposal is valid for 80 days

from January 10, 1980C.

]

' TEC agrees to recaive the Buyer’s represent;t1ve for inspecting TEC'S
manufacture of the system, when deemed necessary Dy the Buyer, provided that
one-week notice is given TEC.

¢ : A
Upon receipt of an order, purchaser shall have the right to reproduce
drawings or prints submitted by TEC.
[ 4
®
*
3
e
‘
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Prices: Total System - $50,291
Options:
Two extra channels - $ 7,880
Locator - $12,600
Impact Calibrators - $ 9,400

(6 channels)
Engineering Services: Labor Rates attached.

Terms of Payment: 1/2-10 or net 30

-



LABOR COST SHEET

Request for Propesal: P-80-003
Name of Proposer: Technology for Energy Corporation
Address: 10770 Outchtown Road, Knexville, Tennesseer 37922

Contract Administrator: R. D. Brenner

Labor Category Direct Labor Rate
Level I . $20.00/hr.
Level II- . : $37.00/hr.
Level III - §85.00/hr.
Level IV | $70.00/hr.

The rates quoted above are firm for the period March 1, 1980 thru
December 31, 1980. '

TEC LABOR CATEGORIES

LEVEL I (Engineer Aide/Specialist): Persannel in this category provide general
technical support and have a background generally characterized by a
specialized training in a limited technical area with a range from limited
*a considerable working experience. Work is performed under the direct
supervision of Level Il or above perscnnel.

LEVEL I1 (Asscciate Engineer/Designer): Personnel in this category have a
technical background generally characterized by senior technical support
experience, a 8.5. degree and up 0 seven years' experience, or an M.S.
degree and up to three years. Work is performed under project managment
direction. .

LEVEL .1l (Engineer): Personnel in this category have a technical background
generally characterized by an M.S. or 8.5S. degree with considerable
technical experience or a Ph.D. degree with limited experience. Work is
usually cerformed under general maragement direction with technical
responsibility for cne or more tas<s and with some project management
responsibility.

LEVEL IV (Senior Engineer): Personnel in this category have a tachnical
background generally characterized Dy an advanced degree with many year's
experience and are recognized as a leacer in cne oOr more areas of
technical expertise. Work is generally performed in the project manager
role or in providing technical guidance or perfcrming advanced technical
activities with responsibility for the cverall technical quality of the
work performed on a project.



Submitted by chhnclog.y for Energy Corporation

Date January 9, 1980

Long Island Lighting Company
175 East Qld Country Rcad
Hickswille, NY 11801

PROPCSAL FOR: Shoreham Nuclear Power Station - Unit 1
Locse Parts Monitoring System
JInvitation No. TM=-5-515
Specification SH1-461, W.0. 80-48923
Propcsal Due Date: January 10, 1980

The undersigned hereby offers to furmish and deliver The Loose
Parts Monitoring System for Shoreham Nuclear Power Station,
Unit No. 1, in strict accordance with LILCO Invitation to Bid
No. T™-39-515, dated December 4, 1379 and its incorporated
Specificatiocn SHI-461 dated August 29, 1979, except as detailed
below:

Exceptiocns to Invitation:

e

1. List all wvariations
. If necessary, use additicnal paper

2
3. If nc exceptiocns are taken, please so state. (NO EXCEPTIONS)



Submitted By Technology for Energy Corporation

Date

January 9, 1980

4rm Lump Sum Price for furnishing and

delivering the locse parts menitoring system

as specified in Specificaticn SH1-461,
F.0.3. jobsite, Shoreham, Long Island,
New York, in accordance with delivery
schecdule shcwn on Attachment "1"

2. Amount-included in above firm lump
sum price for freight (for tax pur-
poses only).

Pirm unit price for additicnal
channels beyond the minimum 2as

specified in the specificaticn. total ?
”
2. Amount included i: above firm
unit price for freight (for
tax purposes only).
c. Fira lump sum price for
ragility testing.
D. False alarm potential facter

equals $67.00 (N)

N= Expected Number of Annual False Alarms

Expected Number of Annual False Alarms Equals

50,291.00

300.00

3,945.00 each

75.00 each

Not included

NOTE: The penalty of $67.00 applied to each estimated
arnual false alarm cccurrence, will net exceed
a max.mum penalty of $24,453.CC
E. Number of calendar days required 2 submit ccmplete
complete detail drawings feor approval .
after an award. 10 Days
F. Number of weeks after appreval of
such detail drawings <o make ccm- :
plete delivery 2t the preofect site. i3 Weeks
Assocciated Preopesal Ne. ?-30-003
Specific Proposal References:
False Alarm Histery Page No. 2-5, 2-6, 2-9, 2-10, 2-12

e

(o

—-— -~

Terms of Payment Page No.
- b~ \
F.0.8. Fage No
- oA . [ & v 4 A a4 \ A
Price Policy (for regquired dellvery, Page No.

o
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List
and

List
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roposal and where prices are nct firm, the proposal includes
a definitive formula for arriving at price adjustments with

a maximum limit for price increase, based on the reguired
delivery date.

60
This proposal is valid for acceptance within ninety (8p) days.

LILCO reserves the right of rejecting any or all prcpeosals
and of waiving technical irregularities.

January 9, 1980

Technology for Energy Corporacicn

Legal Name of rirm or corperaticn

By |

Title Vice President, Fizance

THIS PROPOSAL IS RETURNED IN
SEXTUPLICATE WITHE DETAILED PROPOSAL

i
tr
1]
o
o
W



NTRODUCTTON

Technology for Energy C ‘ nas prepared this proposal in

response to LILCo's B8id R 9-515, , Monitoring System

for the Shcreham Nuclear ' , contains general

background informaticn
capabilities. A hnical the proposed

tion 2.

Informaticon

i¢ monitaoring
wclear energy ind
{s of machinery, one area of surveillance presently
ention by both industr) encies
Jnfortunately, the conse

NSSS can he worse than

for decreased f

estimatin




1-2

emphasizes this need, stating that a well-deveioped system should enable
discrjpination of the signals induced by the impact of a locse part from those
signals caused by normal plant manuevers, and that there should be diagnostic
procedures %o determine the significance of a Tcose part. The NRC Guide 1.133
dgscribes programmatic methods for detecting and evaluating a potentially
safety-related logse part during “"preoperational testing and the startup and
power operaticn modes.” Besides recommended systam characteristics, including
sensor requirements, sensitivity and data acquisition modes, the guide discusses
the formg1ation of a loose parts detecticn program for submittal to the
Commission. Among other things, the program should contain a summary of the
available diagnostic procedures, a description of 2 surveillance requirement
ensuring channel operability, and guidelines for the report %o be submitted to
the NRC within two weeks of the initial notification of the presence of 2 loose
part. Obviously, these regquirements reflect the basic need to establish an LPM
surveillance and diagnestics program built and supported with state-of-the-art

technology.

1.2 TEC's Capabilities

Technology for Snergy Corporation (TEC) personnel are recognized
internationally as leaders in the develcpment of surveillance and diagnostic
technology for power plant applications. TEC's surveillance and diagnostic
experiences have included: core internals vibration menitoring, pump vibration
monitering, diagnesis of lcose parts data, valve surveillance and rotating
machinery surveillance. A highlight of some of TEC's ongeing projects provide

sredentials relevant to the effort proposad herein.
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TEC is assisting Mississippi Power and Light Company in the desigm,

development, testing and operaticn of a computerizad system which monitors the

yibrational characteristics of the turdine and many of the pumps'at the Grand

. Gulf 3WR Power Station. This is the most comprehensive rotating machinery

monitoring program to be used in any power plant o date.

TEC Model 1400 Microprocessor-Controlled surveillance System is being usad
at Philadelphia Electric Company's Peach Bottom 8WR Power Station to
~ontinuously menitor, for leakage, a1l main steam safety/relief valves. The
system has Deen in speration for over two years and is the basis of the most
dedicated valve surveillance program in the nuclear industry.

TEC has been contracted %o provide Accustic valve-Position Indicaticn
Systems for the following customers:

Boston Edison's Pilgrim Nuclear Statien -

TYA's Sequoyah Units 1 and 2 and 8rowns Ferry Units 1, 2 and 3

Ouke Power's Cconee Units 1, 2 and 3, McGuire Units 1 and 2

Partland Electric's Trojan Station

florida Power and Light's Turkey Point Units 3 and 4 and St. Lucie Unit 1

Cansolidatad £dison's Indian Point Unit 2

Omaha Public Powers' Ft. Calhoun Plant

Indiana and Michigan Electric’s Cook Units 1 and 2

Power Authority of New York's Indian Point Unit 3

8altimore Gas and Electric’s calvert Cliffs Units 1 and 2

Taledo Edison's Davis 3esse Plant

Sacraments Municipal Utility District's Racho Seca Plant.

TEC has supplied the Vibration and Loose Parts Menitoring Systems for th
Sequoyah Nuclear Station, Units 1 and 2, the Watts Bar Nuclear Station, Units 1
and 2 and the 3ellefonte stations, Units 1 and 2. TEC s presently

manufacturing a lcose parts menitering system for supply %0 the Turkey Peoint

Nuclear Station, Unit 3.
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TEC has developed both analog-based and digital controlled LPM systems

(see Exhibit 1). Our analog-based LPM system {s described in Section 2 of this
oropesal. TEC's digital system, which is described in Section 5, features

. microprocessor-controlled trend analysis. The TEC analog. LPM system is a
srerequisite for assemdly of the complete digital system. We recommend that
the buyer consider 1ater expansion of the proposed system t0 2 TEC digital
controlled system for the reasons stated in Section S of this proposal. The
orice for the digital opticn is not contained in the schedule of prices.
TEC's loose parts monitoring systems meet the regulatory requirements of

NRC Requlatory Guide 1.133. TEC's modular systems contain complete signal

conditioning and data processing instrumentation needed for a fully qualified
loose part detection program. As required, fully qualified TEC personnel are
available to assist in prompt analyses and reporting of loose parts data.

TEC will a1s§ prepare licensing support in preparing responses to NRC inguiries

about the Loose Parts Detaction Program as requested.

1.3 Summarv of Proposad System

In Section 2.1, we propose an analog-basad LPM system per LILCo's
specification. The system will meet the requirements of Regulatory Guide 1e133s
The proposed systam will contain four (4) channels of monitoring and data
processing, with immediate expansion capability to opticnally recommended

six (6) channels.
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2. TECHNICAL DESCRIPTION OF LPM SYSTEM

The technical description of the proposed Loose Parts Monitoring (LPM)
System includes a description of the components of the basic system, and a

discussion of the proposed options.

2.1 Components of LPM System

The basic system consists of front-end items which are installaed within
containment and instrumentation which is to be located outside containment.

A block diagram of the instrumentation is given as Exhidit 2.

2.1.1 Sensors, Mounts, Cables and Charage Converters

The LPM sensors will be high-temperature (70C°F) isolated accelercmeters

4ith mineral insulation cable (see data sheets, Exhibit 3). These devices are
suitable for continuous operation under the conditions of service described in
14nes 5.50 - 6.13 of the Specification. ‘The accelerometers will be mounted on
10-32 studs And sealed with a seal wire to mounting blocks. Examples of
mountings are shown in Exhibits 4 and S.

TEC recommends that the accelerometars De mounted the following lecations:

Approx. Elevatien frem

Sensor No. Ccmpenent® Azimyth* RPY base (feet)*
1 CRD 46-43 135 -2
2 CRD 06-11 315 -2
3 FW Inlet 45 40
4 - FW Inlet 225
S (opt.) Recirec. Suction A 0 14
6 (opt.) Recire. Suction B 180 _ 14
* Based on GE's locaticns for typical RPY, After receipt of RPYV
drawings, TEC will submit drawings and details of saveral reccmmended

sensor installation technigques for approval.

2-1
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The charge converters will be TEC type 500 (see txhibit 6). Each sensor
will be enc1os¥d in 2 J box, as »i11 the charge converter (see Exhibit 7). Each
sensor is connected by a 36-inch hard-line cable which mates %o a flexible
special cable to the charge converter. The special cabl; satisfies
environmental requirements.

The unit shall have four (4) sensor assemblies, which will be wired by the

Buyer to separate terminal blocks in the data acquisition cabinet.

2.1.2 LPM Differential Amplifier

The TEC 232 differential amplifier provides calibrated gain steps %o a
total gain of I,OQO with a2 frequency response commensyrate with the most
commonly used ‘mpact detecticn range. Each amplifier provides a
current-regulated voltage for powering the remote charge converters. OQutput
signals are taken directly through the back-plane connector to the impact
detector module. A front-panel-mounted connector is provided for convenient
access to the conditioned signal for viewing on oscilloscopes, spectrum
analyzers, or, for external analog recording. The 332's low-pass filter aids in
attenuating any spurious electrical spikes which contribute to false LPM alarms.

The technical specifications of the 332 are given in Exhidbit 4.

2.1.3 TEC 1432 Impact Detector

The TeC 1432 Impact Detector Module performs the necessary signal
orocessing needed %o recognize signals which are caused by impacting. The
1432 receives the RMS signal from the 932 and feeds this signal to a basaline
restorer which measures and separates the long and short tarm RMS signal

components, and transmits the results to a comparator cirguit. [nterna)
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switch-selectable time constants are provided for optimizing impact thresholds
relative t0 thé long term background noise variations. A convenient signal LED
1nd1cator light provides a constant display of channel status.

The 1432 accommodates the changing background no'lse. associatad with
aperating conditions. [n contrast to the fixed alert level detecticn methods
which compare absolute signal levels to a fixed reference, the 1432
automatically adjusts its alert threshold abeve the background noise thereby
detecting only those signals which rise 2bove the changing average. This
feature is consistent with the reccrmendation of Sect. 2c of the Regulatery
Guide 1.133. The proper functioning of the TEC LPM system during plant
startup, when background conditions are varying, is acfiievable decause of the
capabilities of the impact detector. Unambiguous impact detection is clearly
enhanced by the 1432,

Twe front-panel-mounted BNC's are provided for convenient monitoring of the
TEC-1432 anralog ocutputs.

a. BACKGROUND - This is the long-term-average rms
over a time selected by the internal switches.
b. ASIGNAL - This is the short-term rms minus
the background.
The alert ocutput of the 1432 module is a digital signal indicating an impact.
This signal is derived by comparing the "4 signal™ output with the "background”
output. To indicate an alert the “4A signal” voltage.mus: exceed the background
voltage multiplied by a factor of "X*. For steady non-fluctuating signals, the
“a signal™ output is at O volts and a sudden increase or burst of signals will

cause the "4A signal level" to go pesitive. The important parametar "K* s
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controlled by a potentiometer that is accessed by inserting a screw driver
through the sm$11 hole in the 1432 front panel. This is to prevent it from
being tampered with once a system is calibrated. For operator convenience, 2
momentary contact toggle switch is provided on the 1432‘front panel. When this
switch is depressed to the "3KGND" pesition, the background signal voltage (+
rms) is put onto a meter located on the audio/switch panel. Similarly, when
shis switch is depressed to the "THRESHOLD" pesition, a vo]tége (= rms) equal to
the alert level is put onto the meter. This monitoring capability gives the
operator an 2asy way to check the background level and the alert level without
having to entar the circuitry with test 2quipment.

The status LED located on the 1432 front panel {s "another operator
convenience. This LED will glow “green® indicating normal operation, and glows
"rod" when the 1432 mbduXe indicates an "alert", a possible loecse part. It will
return to green after depressing the reset switch on the speaker-relay panel,
1¢ the background level is too low due %0 insufficient system gain or a
defective sensor, the status LED will blink “red”. Likewisa, if the background
level is abnormally high, she status LED will alsc blink "red". The blinking
red condition overrides the alert indication and indicates 2 problam that needs
attertion. The 1432 Impact Detector module is 2 TEC standard "single wiath®
module. All signals are connected through the P.C. board edge fingers to
prevent the need for cabling to the front nsanel. The front panel has two 2NC
outputs: “Sackground" and "4 signal® for mcni:aring.cr subsaquent precessing.

+ is recommended that the "A signal® cutput is recorded on the strip chart
recorder.

Specifications of the 1432 Impact Detector Module are given in Exhibit 3.
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2.1.4 TEC Model 1433-2 Alarm Module and Model 123A Annunciator Module

The TEC Model 1433 Alarm Logic provides a third method of reducing false
loose parts alarms. The TEC system has an alert level and an a1$rm criterion.
The TEC alarms critarion provides a greater capability of enhancing reliable
detection of loose parts and reducing false alarms. The 1432 impact detector
informs the 1433 yodulg when the RMS ratio set point has been exceeded. This is
classified 2as an "alert”.

Initiation of the alarm requires satisfaction of the alarm criterion which
defines a minimum rate at which.aTerts must ocsur. This alarm lcgic feature has
two salient advantages:

1. The detector discriminator can be operated much closer %3 the
noise level, increasing sensitivity; and

2. Mean time between alarms can be greatly increased, reducing the

probability of false alarms.

The alarm critericn consists of an accumulation time and 2 selected numder of
a1er:s.. Ac:umulation‘:ime is sat by the Auto Reset control on the 1433 front
panel. In the DISABLZ pesition, an internally selected l-13 second interval
rastricts the time in which ALERTS are accumulated. 1f, after the duration of
this interval, the numper of alerts has not reached the preset value (alarm
criterion setting), the accumulater is reset and the timer restored. If,
however, the criterion setting is reached, an alarm status fis detarmined.

The value of the alarm criterion's requirement of reretitive impacting can
be jllustrated by the following statistical fact regarding spurious alerts:

(¢ she average rate of random alerts at 2 given system sensitivity is

Liw
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0.1 alerts/second (an abnormally high rate), an alert would De generatad avery

ten (}p) seconds with a critericn setting of one (1) and an accumulation time of
ten (10) seconds. However, without changing the system sens1t1v€ty. it the
. eriterion setting is increased to eight (8), the mean time Detween alarms
increases to seven days: The advantages are ocbvious. For realistic random
alert rates, it is possjble to eliminate false alarms.
“An LED display on the 1433 module will indicate the identity of the first

channel which initiated the alarm. The identities of the other involved

channels can be seen by noting the latched conditicn of their activity lights on

their 1432 module.

i

The 133A annunciator module activates two relay contacts (alarm

annunciators) corresponding to an alarm. It also activates 2 front pane!

“SONALERT" audible alarm. Annunciator Controls provide alarm annunciater

control, namely; inhibition of alarms, testing of alarms without interfering

with the normal operaticn of the system, and resetting the alarm annunciators.

2.1.5 TEC Model 1439 Audio Mcnitor/Simulator Modyle

The audio/simulator module contains a system test circuit and an audio
channel salect switch (6 positions + extarnal) with speaker, velume and tone
controls.

The Audic Mgnitor Controls provide unit and channel salection, audio

. amplifier frequency bandpass and gain levels. Simulator Contrals provide for

she insertion of accelercmeter simulation signals into the 832 amplifiers for

testing the system.
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A meter, reading in volts WS, is located on the panel above the amplifier
rack. Switching the background signal or the alert level for any channel into
the meter is achieved by depressing 2 toggle switch on the 1432.pane1 of that

channel.

2.1.6 TEC-1434C Deliberate Plant Manuever NDetectior

The Reg. Gufde 1.133 on Locse Part Detection states that "administrative
procedures may be used Dy confrol room personnel in lieu of automatic procedures
to identify and make allowance for alert signals caused dy plant manuevers”.
Although this is an acceptable procedure, it certainly is not desirable, and, it

is expected that plant cperators would prefer a more efficient methed.

The TEC Model 1434C Deliberate Plant Manuever Detactor is used to inhibit
the TEC 1430 Loocse Parts Monitor from generating locse part alarms ering plant
manuevers. The Model 1434C has an optically isolated plant manuever input. The
1434C inhibits the LPY system for the 4uration of the plant manuever as well as
a two-second period after completion of the plant manuever. A light emitting
diode on the front p;ne1 indicates a system inhibit due to a plant manuever.
Also, a front panel toggle switcl is included %o allow the 1434C system inhibit

function %2 be enabled or disabled.

2.1.7 Tage Reccrder

A 4-channe! reel-to-reel tape recorder shall be provided with the system.
The recorder will be a Racal 40S, and will be controlled by a TEC model 1436
recorder centrol module.

The specifications of the Racal recorder 2re given in Exhibit 10,
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2.1.8 System Confiquration

The LPM system instrumentatior will be configured as shown in Exhibit 1l.
It will be Tocated in a cabinet having the d1m§ns1ons shown in E;h1b?t 2
The cabinet will heet Nema 12 standards. The cabinet will cantain-an isolation
transformer and will be provided with cable entrances at the bdottom of the

cabinet.

2.1.9 gg11bratioh, Performance Checks and Functional Test

2.1.9.1 Calibration. For initial calibration, TEC will provide an
adjustable, spring-lcaded, hand-held impacting device, wnich has deen calibrated
under 1abor3tsry conditions to generate an impact signal, as detectad by an LPM
accelerometer, having a2 peak amplitude equivalent ts that produced by a 0.5 Tb.
steel object falling through one foot onto a steel surface. Using this device
and a documented procedure, all channels may be calibrated in conformance with
the Regqulatory Guide 1.133,

2.1.9.2 Performance Checks. The Regqulatory Guide for the Loose Part

Detsction Program requires that qualitative assessment of each channel's
behavior be performed at least once per 24 hours. At the least, this requires
that audio monitoring of every channel be briefly performed. This will suffice
to ensure that the sensor-to-amplifier configuration is functional. However,
with little additional time, considerably more valuasle information can bde
obtained, together with increased reliability of loose part detection. The

fo11owing Performance Check procedure is recommended:
F

1. Record the date and time of the check, together with the
operator's name (his audiegram should be on file).
2. Check that all lights are the proper ¢olers. [f any gain

adjustments are made, record new settings.
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3. Select each channel in turn for audio monitoring. Listen for.
sach channe! for approximately 30 seconds. Measure and record
both the background and alert level for each hannel.

4. Enable the simulator and check that all channels latch and
the alarm functions. /Once a week, do this with the tape
auto-start enap1ed and assure that the automatic recording

feature is working properly.)

2.1.9.3 Channe] Functional Test. The Regqulatory Guide requires that a

channel Ffunctional test be performed at least once per 31 days. [f the optiomal
(see Sect. 2.2.2) remotely-controlled impacting ca1ibrator§ are installed,
performance of this test is simple. Without the calibration devices, a piant
maneuver noise, such as those associated‘with control rod stepping of similar
operaticns, can be used as an impact-like noise scurce. It may bé necassary “o
increase the channel gain or to reduce the alert level in order to utilize the
maneuver noise as a stimulus. It will also be necessary to inhibit the
de1iberite plant nane;ver detector. Since the daily Performance Check verifies
system operaticn from the amplifiers to the a1afm functions, the channe!
functional Test need only show that the sansor detectad the maneuver noise.
This is done by cbserving that the channel's 1432 light latches red when the

maneuver oCCurs.

1.10 Loose Part Detection in the Prasence of 3ackaround Moise

..

Detection of lcose parts by acoustical menitoring requires a thorough
characterization of the intrinsic noise phencmenon peculiar %o the reactor under

surveillance. Pertinent parameters such 2s freguency spectral content, energy

A e
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Tevel, and rate of occurence are collectively used to detect a locse part. The
role of these parametars depends on such practical considerations as mechanical
resonances, reactor operating conditions, background noise, etc.' It is

. desirable that the loose part detection criteria be sufficiently flexible to
ac-~ommodate %he various csnditions under which loose parts must bDe detectad.

The impact sjgnals received from the accelerometer sensors can de too small
to be directly useful in the L°M processing electrcnics. Giver an impact noise,
the signal-to-noise (S/N) ratio can be {nadequate for reliable signal
separation. Therefore, signa'! amplification and S/N enhancement are major
furctions of the loocse parts detecticn system.

Figure 2.1 sHows a spectrum of background noise on a main steam line of a
3WR plant during maximum power production. The freguencies below 1 kHz
predominate. (Actually, increasing system gain results in displaying energy at
all frequencfes, byt the spectrum as shown details the regions of large energy.)
Figure 2.2 shows the spectrum of a metal-to-metal impact detected Dy the same
accelerometer several.seconds after the time corresponding to the spectrum of
Fig. 2.1. No changes have been made in channel sensitivity or in the settings
af the spectrum analyzer. Several important cbsarvations can Be drawn from
comparing the twe spectira:

Observation 1. There is little change in the signal content below 1 kHz.

Therefore, 1 kHz is a good candidate for 2 low frequency cutoff value.

Observation 2. Using a standard peak threshcld in the dandwidth 4-20 kHz

would not easily allow for detection of the impact signal (the peak at 10 kHz

far the backgroud is adout the same as the peak for the impact signal).
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Observation 3. Over the frequency range 1-20 kHz, detection can ?e
unequ{vocal1y made 1f one uses a measure of the total energy of the signal.
This could Se done by performing RMS conversion of the amalog signal.

The main feature of the TEC LPM system is based on an extension of
Chbservation 3. Not only does RMS conversicn improve signal recogniticn, but it
can actually optimize dptection sensitivity. The TEC 1432 Impact Detector
Module subtracts the long-term averaged RMS value from the short-term averaged
aMS value. The difference fs then compared to the long term value as 2
“floating threshald“, permitting optimum detection in the presence of changing

background noise.

2.2 Ootional Compeonents of Analog Systems

2.2.1 Loose Parts Locator (opticnal)

The TEC Model 1435 Loc.e Parts Locator is 2 module csntain1n§ a
microprocessor, which provides on a paper tape printer the history, in
milliseconds, of the saquence of channel alerts and the real time of the fnitial
alarm (A). Whenever no channel alerts far a front-pane’ selested time interval,

the 1435 resats itself.

2.2.2 Optiona! !mpacting Calibrators

An optional calibration procedure requires the installation of
remotely-contrclled impacting calibrators. These units can be calibrated
against a standarﬁ drop-weight test in the laboratery. Aftar installation,
calibration can be performed not only during cold shutdown, But also during
power operation. TEC can provide one “Impact Calibrator” for each LPM sensor.

The Impact Calidrators have been successfully used for several years within



2-12

containment of a 3WR nuclear powerplant. A TEC power and contral unit is used
to manually activate the calibrators. These devices are ideal for performing

the NRC-required channel operability tests. We gquote these devices as options.

2.3 Warranty
TEC guarantees the performance of the system for a period of six months

#o1lowing delivery. TEC will not De responsibla for consequential damages or

for any costs of dismantling or reassembly necessary to obtain accass T2 the

equipment.

Iis
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a)

b)

¢)

3. TRAINING AND TECHNICAL SERVICES

3.1 Included in 8id Price

following TEC services will be provided on a time and expenses

Guidance and inspection of the installation of accelerometers
and instrumentation. Verification that such installations and
their chibrations are in accordance with the TEC requirements
for conformance %o the Regulatory Guide 1.133. Technical

guidance for start-up and acceptance testing of the VLPM

systems (approximately four days at site).

Training relating to the theory of operation, maintenance,
calibration, etc., as necessary to reasonably prepare for the
implementation of the "Loose Part Detection Program", which TZC
will provide the buyer. (Qutline of training course given

below.)

Training relating to vibration monitoring (included in course

outline below).

Training Course

The following outline represents material which can be adequately

covered in a 20-hour course. The course is to be conducted in three

full days.

1. History of LPM in U. S. Reactors

1.1

1.2

Opinions of NRC and ACRS

Present Status of the Technology
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1.3 ORNL Recommendations for Achieving Improved Performance
1.4 Introduction to Regulatory Guide 1.133
Methods of Impact Detection
2.1 Definition of Impact Energy
2.2 Wave Propagation and Attenuation
2.3 Detection of Impact Signal by Mounted Accelerometers
2.4 Typical 3WR Plant Noise
2.5 Methods of Detecting Impact Signals in the Presence of Varying
Background Neise |
Formulation of a Loose Part Detection Frogram
3.1 Compliance with NRC Reg. Guide 1.133
3.2 Optimizing Benefits to Plant
3.2.1 LPM as a Surveillance and Diagnestic Teol
3.2;2 Relationship to Plant Availability
The TEC LPM System
4,1 General Description
4.1.1 Senscrs, Cables and Charge Converters
4,1.2 Modules and Controls
4,2 Theory of Operation
4,2.1 Impact Oetection
4.2.2 Alarm Logic
4,2.3 Fuﬁctiona1 Description
4.3 Operating Procedures
4,3.1 Installation

4.3.2 Calidbration Procedure

e
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4.3.3 System Initialization
4,3.3.1 Startup Mode
4.3.3.2 Power Operaticn Mode
4.3.4 Performance Checks
4.3.5 Response to Loose Part Alarm
¢.3.5 Evaluation of Loose Part Data
5§, Yibration Monitoring Program
§.1 Theory of Operation

5,2 Operating Procedures

3.2 "On-Call® Maintenance Package

For a period of one year starting at the successful completion of
the acceptance tests, TEC will provide an “on-call® maintenance package
consisting of the following:

1. 24-hour respgonse to request for service.

2.  travel expenses to be billed at cost.

3. field angineering labor to be charged at TEC labor rates,
including travel time.

4, parts to be charged at price listed in pricec parts lists.

5. no charge for labor or parts if warranty applies.



4., SCHEDULE OF PERFORMANCE

Following this page {s Buyer's Attachment 1 “Schedule”

completed by TEC (Bidder).

§-1

wnich has been
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080-48523

irehaser Long Island Lighting Company Dat
*sject Shereham Nuclear Power Station - Unit ! J
sec. Title tLoose Parts Monistoring System - SH1-481 W
sec. Date August é9i,l973

n the premise that:
1.

2.

.The Purchase Order will De mailed not later

When drawings or documents are submitted-to the

than February 14, 1520.
Engineers for

approval, they will De maliled

Wwishin 21 business days after

the receipt of the drawings or documents.
e Seller, by accepting the purchase order, shall agree as follows:

1. To mail, ship, or complete as committed helow.

2. As a.preregquisite for payment, To submit a copy of this schedule
with each invoice, showing by the entries in Column C that all
mailings, shipments, or ccmpletions due as of the date of the

’ &
{avoice have been made.
Column A Column 3 Column C
Estizmated
Committed Transit Actual
Mailing, Tizne ¢o Mailing,
Shipping, or Besten Shipping, or
Completion Jebsite or Completicn
Date Fabricator® Date 4
- - - Megdm Y 2 =
Squipment Qutline &
Wiring Drawings Maren 18, 1980 Mo (2 (1729
jpare Part Lists April 31, L3&0 Oy 310 1558
Installation Instruc- "4
tions | July 11, 1580 i 194
Documentation for
Approval April 31, 1980 0{9.../)/ (98
Shipment of Zgquipment August 5, 1930 Q;: g 1116
Eeller to provide installaticn and start-up support within two weeks <f
otificaticn by purchaser.
§ To be filled in by the Seller for susmittal with his invoice,
Mailing, shipping, oT eccmpleticn cf all items cue Uy the
date of the invoice is preregulisite for payment of the
’ inveice.
® To be filled in by 3idcer,



§. LPM DIGITAL-CONTROLLED CAPABILITY

The TEC LPM system described in Section 2 contains the interface points for

upgrading the basic LPM to a fully computar-controlled LPM.

§.1 Microprocessor, Flopoy Disk and CRT Oisplay

Many desirable features of a Loose Parts Monitoring Syétem are optimized by
using digital data acquisitien, processing, analysis and storage. These
features include: ¥irst svents capture, direct measurement of avent
characteristics, large dynamic rﬁnge, capability of real-time trend anmalysis,
instant access to salected data, and simplicity of data storage. TEC's LPM
System reads the outputs of the impact detectors into a microprocesscr, stores
recent information in circular memory, and subsequently enters it onto a floppy
diskette.

A1l data records (time, number of events, peak amplitudes, rms 1e§e1s,
etc.) are stored on a floppy disketta that can be pericdically remerd, filed
and replaced with a new diskette. This procedure takes about one minute. Under
normal conditions (no locse parts), the diskestte would require rep1acemgnt about
every three months. 3y.using this simple and inexpensive method, 2 permanent
history of the plant's LPM program is maintained in a compact form. A visual
display of the recorded data for each channel is obtained by entering the
channel number and activity number of interest on the keyboard. The information

is automatically displayed on the QRT.

§.2 Deliberate Plant Manuever Monitor (TEC Model 1434)

e

The Deliberate Plant Manuever Menitor (JPM) is an advanced version of the
3pMD described in Section 2.1.5. Whereas the OPMD only detects that some

.

manuever has asccured, the DPMM provides for individual recognition of 15

wn
)
-

i
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deliberate plant manuevers (OPM). If a larger number of OPMs is %o be
consideged. any number of single OPM signals can be ganged into one channel of
the OPMM, [+ is important to realized that all system measurement'cdpab111t1es
can be active during a DPM, but the alarm is disabled. This means that the
acoqstic signals associated with these normal menuevers can be measured and
their main characteristics can be ganged into one channel of the OPMM, For
certain selected logged on disk. Everytime 2 0PM occurs, the microprocassor
routes the following data set to temporary memory and to disk:

1. the date and time of the.OPM

2. the type of OPM (1 thru 16)

3. the channel(s) affected,

4. the short-term rms peak for the channel(s),

5. the most recent value of the long-term rms for the channel(s).
Since the most‘acoustic characterization of many routine manuevers beccmes
permanently stored on disk, this data can be used %o check that certain
manuevers are occurring without abnormal behavier. (This becomes very Relpful
when, in fact, the presence of a loose part is confirmed.) Certain CPMs can De
used for "channel checks” (NRC Reg. Guide 1.133: “... the qualitative i
assessment of channel behavior during cperation, including, where possible,
comparison of the channel indication or status with other indications or status
derived from independent instrument channels measuring the same parameter). An
example of a channe1-:heck‘1s: Juring stepping of control rods (CPM type),
check that the number of events for each of certain channels {s greater than

some predetermined value. It fis s0ssidle “or scme OPMs to be used for “channel

functiocnal tests” (NRC: vee the injection of a simulated signal into the
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channel as close to the primary sensor 2s practicable to verify operab11jty
including alarm functions"). Any DPM causing a disturdance which satisfies the
alarm criteria (as defined below) can De routinely and automatically used as a
channel(s) functional test(r).

The OPM is addressable from the keyboard. Any number of the 16 alarm
inhibit commands can be activated or disabled manually in a faw seconds. This
is convenient for adjusting the system's behavior during early use (learning

mode with respect to DPM-induiced sigmals).

5.3 Software
The software which will e provided with the digital LPM system controls
the data acquisition, recognizes the alarm criteria and assists in the

diagnastics. Here, we give some examples pf the available data displays.

§.3.1 Automatic Reqular Scan

The system samples the long-term rms values for all channels. For each
channel, the hourly average is computed and stored in memery. [(Whenever a coded
0PM occurs, values at that time are not entered inta the computaticn of the
average of the long-term rms). For each channel, the microprocessor's circular
memory holds, for display upon request, the last 163 hours of record (one week)

as well as the last 50 minutes of record (one hour).

§.3.2 Alert - Triggered Scan

Whenever the short-term rms value 2f any ~hanne! exceeds the detact Tevel,
the following information fs stored in temporary memory and on disk:
1. the date and time of the alert

2., the channel of the alert
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3, the short-term rms peak for that channel
4. the most recent value of the long-term rms for that channel.

The last ten Alert Scan data sets are instantly available upon keyboard

address. All data sets are available from disk.

5.4 [mpact Calibrators
TEC recommends the use of TEC'S optional sof iware-controlled impact
calibrators. These high-temperafure solencid-activated devices will
aytomatically perform channel checks every 24 hours, in accordance with

Regulatory Guide 1.133.

5.5 Special Diagnostics

TEC's special diagnostic features include an advanced locator.
Computation of the probable locatien of an impact is based on doth the
arrival sequence at the affected sensors and relative amplitude analysis. The

TEC Locatar Software will compute the leocaticn of each impact relative to the

firgt sensor activated. It uses she data from the activity scans t2 compute the

impact site. If only two sansors are activated, an approximate locaticn is

assigned along the line (on the vessal's surface) connecting the two sensars'

locations. However, not all impacts can be located, even approximately, because

of the complex acoustic paths along the reactor internals. TEC's software can

recognize when the data is ambiguous.
Far each impact, which is assigned a lecaticn, an sstimated impact energy

can be cbtained. This is possible because once the impact site relative to the

firgt-hit sensor is known, the sensar's correspending (rms)max value is related

+a the impact energy. when the locations and corresponding estimates of impact
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energies for many impacts have Deen sbtained, averaging the impact energx
values,‘fcr impacts in certain regions of known flow velocities, permits
estimates of the size of the loose part. Note:. It is very fmportint':o'
understand that without the capability of loose parts location, estimates of
size or mass cannot be properly made. Furthermore, without data from multiple
impacts of clearly the same lcose part, statistical averaging techniques cannct
he used, and any size estimates would be unreliable. It is for this reason that
the assessment of safety implications for 2 loose part wnich impacts many times
is often easier than for the case'of a loose part which impacts 2 few times and

is never heard from again:

5.6 ldentification of a Loose Part

The procedure of identifying or characterizing a loose part depen&s on the
features of the system. First, in order to confirm that the detecth impact
noises were caused by a "lcose part" (detached and drifting) it is best to de
able to observe that the impacts are not all occurring at the same place.
Sometimes, one can infé} shis from the audioc output. However, if a locse part
locator is being used, it first serves she fundamental need of deing aple %0
recognize that the impacts are produced Dy 2 "loose-part.”

Second, ability to estimate where the part began its journey often helps in
reducing the number of possible identities. In the general system, the
"first-hit 1nd1cation‘ helps in estimating where the part comes from.

§.5.1 Assessment of Severity, Once the presance of a locse part has teen

confirmed, there are two SOUrces af data for use in the process of assessing the
severity of impacting, with ressect o safety implicaticns. One source ‘s the

LAM system records and diagnestics, the other is supplemental plant data,
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including closer scrutiny of certain process or control signals. Here, we
address only the former source of data. The procedures for the latter source

are as varied as the possible types of locse parts. The Regu1atory Guide,

1.133, points out some of the potential degradations of reactor safety

associated or caused by loose part(s). If any of these are highly suspected
necause of interpre;a:ion of the loose part data, then specific scrutiny of
slant data can De performed, until the suspicicns are affirmed or abandoned.
(One motivation for having comprehensive LPM data is to be able t2 methodically
and quickly proceed with preparatfcn of the follow-up report which the NRC
requires within two weeks of the initial notification of a locse part.)
Types of Safety-Related Loose Parts: (paraphrasing NRC)
1. "A lcose part can be indicative of failure cr weakening of a .
safety-related component”
Relevént Questions by TEC: Is the part truly loose and
drifting? Where did it come from? [s it big or small?
2. “A loose part <can contribute TQ component damages and material’
wear by fregquent impacting”
Relevant Questions Dy TEC: How ofi2n does it impact? where
does it impact? What are its impact energies at the various
noints of impact?
3. “A loose part can cause sartial flow blockage”
Relevant Questions by TEC: Has the part bdeccme lodged?
where was it last detect2d? (The answers tO these questions

are useless unless they are cbtained very quickly.)
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4. "A loose part increase the potential for control-rod jamming

and for generation of increased levels of radicactive crud”

Relevant Questions by TEC: Wwhere is it impacting? How

often? What is its probable size?
The TEC digital LPM system provides quick answers to all of the above
questions. In fact, we posed these “"relevant questions” and designed the T=C
system to give the answers. Furthermore, TEC's system is designed %o require

only very simple and standardized cperator interaction %o 2cquire and utilize

the LPM data.
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MILLARD § POLLOCH

el ST DL Y ~ SNRC-677
March 11, 1982

Mr. Richard W. Starostecki, Director
Division of Resident and Project Inspection
U. S. Nuclear Regulatory Commission, Region I

631 Park Avenue
King of Prussia, PA 19406

NRC Inspection No. 82-02
Shoreham Nuclear Power Station, Unit No. 1
Docket No. 50-322

Dear !“r, Starostecki:

This letter responds to your letter of February 2, 1982,
which forwarded the report of the routine inspection of activities
' o authorized by NRC License CPPR-95, conducted by Mr, Higgins of

your office on January 1-31, 1982, Your letter stated that it
appearud that one of our activities was not conducted in full
compliance with NRC reguirements, and that one other activity
appeared to be a deviation from FSAR commitments. Our response
to the apparent non-compliance was provided in our letter SNRC-674.

The deviaticn and our response follow:

APPARENT DEVIATION FROM COMMITMENT MADE
IN THE SHOREHA)M FSAR, PARAGRAPH 4.4.6
THAT THE LOOSE PARTS MONITORING SYSTEM
3 MEETS THE REQUIRZMENTS OF REGULATORY GUIDE 1,133

1. Regylatory Guide 1,133, Paragraph C.l.c specifies that
instrument channels be physically separated where
inaccessible during full power operation.

Contrary to that requirement, as of January 13, 1982,
instrument cables for different channels were not physically
Separated inside the drywell (which is inaccessible during
full power operation) in that they were run in the same
conduits and they utilized the same electrical penetration. J

.2+ Regulatory Guide 1.133, Paracraph C.1.d specifies that an
audible or visual alarm should alert control room personnel

o when the alert level is reached.
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2. Cont'é.

Contrary to that requirement by system cesign, as of
January 13, 1982, there was no alarm or annunciator

from the lcose parts monitoring panel to audibly or

visually alert control room personnel that the alert
level had been reached.

CORRECTIVE ACTION AND RESULTS

l. The loose parts monitoring system is not, nor is it reguired
to be, a safety-related system. As such, Class IE criteria
do not apply to the design and installation of this system.
Regulatory Guide 1,133, Paragraph C.l.c, however, does
recommend physical separation of the two sensors at each
natural collection region from the sensor itself to a point
in the plant that is always accessible for maintenance
during full power operation. It should be noted that,
as the purpose of having two sensors is to provide "broad
coverage" of the collection region, these two sensors are
not redundant,

The functional reason for separation is not explicit in the
regulatory guide; however, it is stated that "it is desirable
that the loose part detection system be designed to function
O following all seismic events that do not regquire plant

shutdown." It is our interpretation, therefore, that the
purpose of separation for this system is to protect ncn-
accessible components of at least one of the two channels

‘ serving the same natural collection region from mechanical
damage precipitated by an operating basis earthquake. In
this rcegard we stcte the following:

. a. The loose parts monitoring system is designed in
accordance with R.G. 1.133 to operate to Operating
Basis Earthquake (OBE) criteria. As such, the
existing cabling in primary cocntainment, which is
installed to Design -Basis Earthquake (DBE) leveds
plus Mark II hvdrodynamic load criteria, is gualified
significantly beyond the gqualification of the loose
parts monitoring system,

b. Although the existing cables are in the same penetra-
tion, the penetration is gualified to safety grade
standards and exceeds loose parts monitoring system

requirements.

€. Within the biological shield, separation is maintained
up to a common junction box located at the biological
shield penetration. From this junction box a common
() cable is run through conduit and trays to the primary
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€. Cont'd,

contai

nment penetration, all of which are designed

and supported to withstand DBE. The conduit and cable
tray provide mechanical Protection to the cakling
within the primary containment., Structures and
equipment within the Primary containment are also
designed and installed to DBE levels plus Mark II
hydrodynamic load criteria; therefore, any seismic
event of sufficient magnitude to damage comr-n channel

cables

Or the penetration would exceed the cdesign basis

of the loose parts monitoring system as recommended by
Regulatory Guide 1,133,

Although we do not believe Sseparation for fire protection is
intended by the reculatory guide, we further note that

Shoreham's
of fire.

inertec containment will Prevent the oytbreak

Also, the cable will carry only low energy signals

(50Vmax AC and DC)°, for which the voltage and current
handling capacity of the safety grade cabling will far
exceed even the short circuit output of the loose parts
monitoring system electronics.

Therefore,

we believe that the intent, as well as the func-

tional requirements, of Regulatory Guide 1.133 were met by

the curren

t design and installation, although the literal

interpretation was not. Paragraph 4.4.6 of the Shoreham
FSAR will be revised to explicitly state the above inter-

Pretation.

2. Visual indication of a loose part "alert" is provided at

the locse

parts monitoring panel at the main control room;

however, the lack of Spare annunciator windows at the main

control bo

ard resulced in an alarm not being provided.

Both an audible and an external visuval alarm will be added
at the loose parts, monitoring system panel in the main
control room to alert control room personnel that an alert
level has been reached Or exceeded., 1In addition, this

alarm will

be designed to remain functional following an

OBE event as recommended by Paragraph Csd.q.

As st

STEPS TAXEN TO PREVENT RECURRENCE

ated above, we believe both the intent and the

functional requirements of Regulatory Guide 1.133 were achieved
without incorporation of electrical separation as reccrmended by

the Regulatory
is required,

Guide, therefore we feel noO corrective action
Regarding the loose parts alert signal, the audible

and visual signals as described above will be added to the loose
Parts monitoring panel.
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With respect to the implementation of corrective act.ons
(: associated with overall manacement control s¥ystems as they apply
to the FSAR, in a meeting held on November 12, 1981 with the
Resident Inspector, Regicn 1 Management, NRC Licensing Project
Management, Stone Webster Engineering Corporation, andg LILCO
Management, a number of similar inspection item findings were
discussed both Separately and in light of how they related to
the overall question of FSaRr conformance. As a result of an
extensive evaluation Pperformed by our Architect Engineer, it
has been our conclusion that there have been no significant
Or generic differences between the licensing and design docu-
ments, that would warrant substantive chances to the in-place
FSAR control mechanisms, As documented in Inspection Report
81-20, the NRC in general agreed with that conclusion, but
nevertheless believed that the number of discrepancies between
the as-built plant and the licensing document required an
additional LILCO review to compare the as-built Plant to the

FSAR.

As a result of this meeting, we have initiated a formal
Shorenam Configuration Review Program which involves a documented
detajiled comparison of the a@s-constructed configuration of
major plant safety systems to the applicable FSAR descriptions.
This review compares the systems to the FSAR, formally éocuments
any discrepancies found, ang initiates corrective actions/

Odispositions, @s appropriate. We feel confident that the

existing FSAR update and control mechanisms, coupled with the
FSAR configuration review program will provide adeguate and

DATE WHEN FULL COMPLIANCE WILL BE ACHIEVED

With respect to the loose parts monitoring audible and
visual signals, full compliance will be achieved by June 30, 1982,
With respect to the Shoreham Configuration Review Program, we
anticipate completion By fuel load.

Very truly yours,
J27 S T

M. S. Pollock
Vice President-Nuclear



() by the enployees, agents,

STATE OF NEW YORK

)
: Ss,:
COUNTY OF NASSAU )

MILLARD s, POLLOCK, being duly Sworn, deposes and says
that I am a Vice President of Long Islang Lighting Company,
the owner of the facility described in the caption above,

I have read the Notice of Deviation

direction dated March 11, 1982, The facts set forth in said

Tesponse are based upon reports and information Provided to me

PR ot I D,

~MILLARD §S. POLLOCK

Sworn to before me this
" Gay of Madesr, 1982,
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Comaizoin euzics Lon 32, 105
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