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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re.
sponsibility for any third party’s use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights

NOTICE
Availability of Reference Materials Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, N.W.
Washington, DC 20655

2 The Superintendent of Documents, U S. Government Printing Office, Post Office Box 37082,
Washington, DC 20013-7082

3. The National Technical Information Service, Springfield. VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications
It is not intended to be exhaustive

Referenced documents available for inspection and copying for & fee from the NRC Public Docu
ment Room include NRC correspc dence and internal NRC memoranda, NRC Oflice of Inspection
and Enforcement bulleting, circulars, information notices. INSPECtion and investigation notices,
Licensee Event [eports, vendor reports and correspondence; Com nission papers: and applicant and
licensee documents and correspondence

The following documents in the NUREG series are available for purchase from the GPO Sales
Program  formal NRC staf and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures Also available are Requlatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances,

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reparts prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federa! Reg:ster notices, federal and
state legislation. and congressional reports can usually be obtained from thesy libraries

Documents such as theses, dissertations, foreign repors andg traralations, and non NRC conference
proceedings are available for purchrase from the organizetian porsoring the publication cited

Single copies of NRC draft reports are availabla frea, to the extent of supply, upon written
request to the Division of Information Support Services, Distribution Section, U.8. Nuclear
Regulatory Commission, Washington, DC 20568,

Copies of industry codes and standards used in a substantive manner ir. the NRC regulatory process
#re maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland. and are svailable
there for reference use by the nublic. Codes and standards are usually copyrighted and may be
purchased from the ofiginating organization or, if they are American Nationa! Standards, from the
American National Standaras Institute, 1430 Broadway, New York, NY 10018
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ABSTRACT

Documentation is provided in this report to close out IE
Bulletin 85-02 on the subject of undervoltage .rip attachments
(UVTAs) of Westinghouse DB-50 Type reactor trip breakers
(RTBs). The bulletin was iesued to require the owners of
Westinghouse operating power reactory to provide assurance chat
their DB-50 Type RTBs with UVTAs were operating properly, unless
they had implemented the automatic shunt trip modification,
Review of utility responses and NRC documents shows that the
concern about unmodified RTBs applied to eight facilities.
Evaluation of utility responses and NRC/Region inspection
reports shows that reliability of UVTAs at these eight
facilities is ensured by means of procedures, tests and
schedules, Furthermore, the NRC regions verify that the
recommended automatic shunt trip attachment has been or will be
implewented at these remaining eight facilities., Background
information is supplied in the introduction and Appendix A of
this report,
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CLOSEOUT OF IE BULLETIN 85-02:
UNDERVOLTAGE TRIP ATTACHMENTS OF WESTINGHOUSE
DB-~50 TYPE REACTOR TRIP BREAKERS

INTRODUCTION

In accordance with the Statement of Work in Task Order 023 under
NRC Contract 05-85-157-02, this report provides doc mentation
for the closeout status of IE Bulletin 85-02, Documentation is
based on the records obtained from the NRC Document Control
System.

IE Bulletin 85-02 wvas issued by the NRC on November 5, 1985, In
question was the reliability of Westinghouse Type DB-~50 reactor
trip breakers (RTBs) at facilities which had not implemented the
actuation of the shunt trip coil on all automatic reactor-trip
signals, Actuation of the shunt trip coil in this wvay had been
required for operating and near-operating facilities im NRC
Generic Letter (GL) 83-28 of July 8, 1983, On the basis of a
preliminary estimate obtained by means of earlier bulletins and
GL 83-28, nine facilities to which this concern applied wvere
identified, In order to be certain that all owners of reactors
potentially affected by this bulletin took appropriate actions,
documentation is provided in this report to cover all
Westinghouse power reactors operating in November of 1985,

In order to provide information about recent reliability
problems of RTBs and to clarify the operability requirements
related to RTBs, the bulletin vas issued without requirement for
action to licensees of pover reactors other than Westinghouse
reactors and to all holders of construction permits for power
reactors,

For background infermation and required actions, IE Bulletin
85-02, applicable parts of Generic Letter 83-28 and a synopsis
of NRC Documents on Failures of Westinghouse DB-50 Type Reactor
Trip Breakers are included in Appendix A, Evaluatien of utility
responses and NRC/Region inspection reports is documented in
Appendix B as the basis for bulletin closeout by means of
specific criteria, Abbreviations used in this report and
associated docurents are presented in Appendix C,

Background information not included in Appendix A 1is given in
bulletins 83-01 and 83-04 and in IE Information Notice 83-18,
These documents wvere issued in early 1983 because of UVTA
failures in RTBs of pressurized wvater reactors, They are
synopsized on Page A-15 of this report,



SUMMARY

1.

The bulletin concern potentially affected the 40 facilities
documented for bulletin closeout in Table B.1 of Appendix B
of this report, All of these facilities have pressurized
vater reactors supplied by Westinghouse and were operating in
November of 1985,

The bulletin has been closed out for all of the 40
potentially affected facilities,

The primary bulletin concern was the reliability of
Westinghouse Type DB-50 reactor trip breakers (RTBs) at
facilities which had not implemented the actuation of the
shunt trip coil on all automatic reactor-trip signals., Eight
(B8) facilities were in this category when the bulletin was
issued (Category [1]). Automatic actuation of the RTB shunt
trip coil had been implemented at 21 facilities before the
bulletin was issued (Category [2]). The remaining eleven
(11) facilities did not have Westinghouse Type DB-5C reactor
trip breakers (Category [3]).

The particular facilities in each of these threc categories
are listed as follows:

[1] The bulletin has been closed out for the eight (8)
facilities because the required actions wvere implemented
(Closeout Criterion 1, see Page B-3), This list of
facilities agrees with preliminary information given in
the bulletin (see Page A-5 of this report) except for
Byron 1, which does not have Westinghouse Type DB-50
reactor trip breakers,

Beaver Valley 1 North Anna 1 Turkey Point &
Cook 2 Sequoyah 1,2 Zion 2
Kevaunee

[2] The 21 facilities with closeout per Criterion 2 (see Page

B~3) are:
Cook 1 North Anna 2 San Onofre 1
Diablo Canyon 1,2 Point Beach 1,2 Surry 1,2
Ginna Prairie Island 1,2 Trojan
Haddam Neck Robinson 2 Turkey Point 3
Indian Point 2,3 Salem 1,2 Zion 1

[3) The 11 facilities with closcout per Criterion 3 (see Page
B-~3) are:
Byron 1 Farley 1,2 Summer 1
Callavay 1 McGuire 1,2 Wolf Creek 1
Catawba 1 Millstone 3 Yankee-Rove |



CONCLUSION

As indicated in Summary Item 3 [1], the bulletin has been
effective in assuring the reliability of Westiughouse Type DB-50
reactor trip breakers by requiring monthly tescts of the UVTAs
aud written instructions to the plant operating staffs, As
stated in Criterion 2 (see Page B-3), the long-term corrective
action, installation of the autcmatic shunt trip modification,
va. or wvag to be fully implemented for all facilities with the
breakers of concern,

REMAINING AREAS OF CONCER

None have been discovered,




APPENDIX A

Background Information and Required Actions

Notes:

1., For actions required by the bulletin, refer to pages A-3
and 1-4,

2. For identification of the nine facilities to which the
bulletin was originally thought to apply for action,
refer to Page A-5,
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168 85-02

UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

November 5, 1985

ULLETIN NO. 85-02: UNDERVOLTAGE TRIP ATTACHMENTS OF WESTINGMOUSE DB-50
ot 85:02: JVPE REACTOR TRIP BREAKERS

Addressees:

A1l power reactor licensees and applicants.

Purpose:

The purpores of this bulletin are: to inform all power reactor licensees and
applicants of recent reactor trip breaker reliability problems, to assure that
licensees of currently cperating Westinghouse power reactor facilities that
have not yet installed the automatic shunt trip modification are performi
undervoltage trip attachment (UVTA) force margin testing of the reactor trip
breakers (ggls). and to clarify the “OPERABILITY" requirements related to RTBs.

Description of Circumstances

On October 29, 1985, at 13:57 EST the D. C. Cook Nuclear Station Unit No. 2
tripped from approximately 80X of full power. The reactor trip was triggered

Oy a spurious indicated low flow condition in !oo; 2. The trip signal originated
from the reactor coolant pump breaker contacts. Following the reactor trip
condition it was immediately discovered that the reactor trip breaker associated
with Train "A" reactor protection system (RPS) did not open, and the trip
functicn was accomplished by only the “B" t=~in RTB (which subsequently on
November 3, 1985 failed to pass the UVTA force margin test). Two of four
safety-related feedwater isolation valves did not close because the actustion
signal to close should have origirated from contacts in the failed Triin A"
circuit breaker. The remaining two feedwater isolatien valves did operate
properly because the train “B" reactor trip circuit breaker opened and triggered
the isolation action to these two valves. Also, the feedwater regulating valve
in each loop was closed by the “B" train RTB signal,

Subsequent action by the licensee included quarantining the failes Train "A"
reactor trip breaker. This was facilitated by opening the circuit breakers to
the motor-generators.

Investigation into the event by the licensee and Westinghouse attributed the
failure of the Train “A" reactor trip breaker to a faulty undervoltage trip
attachment (UVTA) which did not provide enough 1ifting force to the breaker
Lrip bar.  The breaker is \dentified as the Westinghouse Type DB 50.
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Subsequent to the Dctuber 28, 1985 ‘ncident, & ° PTBs at the DC Cook station
were tested. UVIA trip force margin testing of the Unit 2 "B" breaker on
November 3, 1985 identified degradation Af the margin below the 20 ounce
specified margin (i.e., the requirment tur the UVIA is to exert 50 cunces of
force, 30 ounces *o move the trip bar and 20 ounces for margin). The
significance of the degradation of the UVTA attachment cof the “B" breaker, in
conjunction with the failure of the “A" breaker to trip on October 29, 1985
renews concernr for commun mode failures that could potentially lead to an ATWS
event,

!ackground:

As a result of the February 22 and 25, 1983 Salem anticipated tvansients
without scram (ATWS) events, the NRC issuved '’ Eulletin 83-0]1 and formed 2
task force to assess th generic implications of these events. On March 11,
1983, Southern Californi, Edison reported that three GE-manufactured RTBs on
San Onofre Unit 2 and rne on Unit 3 failed to open during testing of the UVTA,
As a result of these failurvs, the NRC issued JE Bulletin 83-04.

The task force's actions resulted in the issuvance of NUREG-1000, “"Generic
Implications of the ATWS Events at the Salem Nuclear Power Plant" and Generic
Letter 83-28, delineating the procedura' and plant changes required. Findings
in NUREG-1000 were base¢, in part, on assurances that improved maintenance o
the breakers would improve the reliability of the UVTAs to an acceptadle leva)
for the short term, after which the longer term corrective actions would be
implemented.

The longer tesm corrective actions were directed by NRC Generic Letter B3-28
These actions had two major aspects rel.ted to the RTB/UVIAs: (1) the
installation of a plant modification that provides for the automatic activation
cf the shunt trip coil of the RT8 for any automatic reactor tr.p signal, and
(2) reliability improvements in the RTB/UVTA based upon UVIA 1ife testing by
the vendc*. The life test formed the basis for a UVIA replacement interval

of 1250 cycles anu a lubrication interval of 200 cycles.

The recent failures at 0 C. Cook Unit 2 involved RTBs that were refurbished
by the verdor only & months previously, including the installation of new
UVTA.. The Unit 2 RTB “A" (that failed on October 29, 1985) had experienced
only about 75 operations on the UVIA. The Unit 2 RTB “B" (that failed on
November 3, 1985) had experienced about half as many operations on the WITA,
In this short time, both UVTAs suffered a serious reduction of their trip
output force.

The Westingnouse specificeiion for the DB-50 breaker specifies a minimum tota)
force output of the UVIA to be 50 ounces. This total force output provides a
force margin of 20 ounces above the maximum force required to trip the breaker.
The UVTA trip force margin is measured by temporarily hanging a weight on the

trip bar of the breaker and actuating (i.e. , de-energizing) the UVIA. Many

plant. inc'ude a force margin test a, part of the 18-month surveillance actions

If the weight is less than the UVTA margin, the UVIA will consistently trip the
breaker 1f the wéight is greater than the UVIA margin, the UVIA will consisten !y
not trip the breater |f the weight approximates the UVIA margin, the WIA
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nsistent in ts ability to trip the breaker during the test. At
;féP 2::&?.t§:oc tests at each ueigh{ were used to assure valid test results.
Testing of RTB "A" fndicated that the UVIA force margin had fallen to § ources
or less. Testing of the RTB “B" indicated that the UVTA force margin was no
longer as ?roal as 20 ounces. If the UVTA does not have adequate margin, it 's

unacceptadble and requires replacemen. or maintenance.

The root cause of the lost force margin is not known at this time; laboratory
failure analysis o/ the failed UVIAs is being arranged. It is believed that
re-lubrication may temporarily restore some of the lost force.

NRC preliminary information is that § Westinghouse PWRs have not yet implemented
the automatic shunt trip modification. As shown in the attachment, only 3 of
these plants are cur.ently operating; namely: Kxwaunee, Beaver Valley Unit 1,
and Turkey Point Unit 4,

REQUIRED ACTIONS FOR LICENSEES OF CURRENTLY OPERATING WESTINGHOUSE PwR
5 1411 TIONOF

. v Y . A
RYE SHUNT YRIE COIL ON ALL AUTOMATIC REACTOR-TRIP SIGNALS

1. Perform a test ¢f the UVTA of each RTB that is in service to determine
Lthat adequate force margin exists, as soon as practicat, but not to exceed
7 days of receipt of this bulletin. With a weight of 20 ounces attached
to the trip bar, the UVTA by itself must trip the RTB three times in
succession. This test shali be performed with the UVTA and breaker in “as
found" conditions, prior to any lubrication or other mainterance. An
ocgurroncc of a force margin les, than 20 ounces defines an unacceptable
UVTA.

2. Modify the monthly test procedure for the Reactor Protection System to
add conducting the UVIA force margin test, prior to any lubrication er
adjustment of the UVTA, for each RTB that is in service. This test s
rormally conducted on one RTB each month, i.e., two months between tests
on the same RTB. If an RTR fails the UVIA force margin test, the redundant
RTE is to be similarly tested within 8 hours. This procedural sodification
should be in place for *he next such test after receipt of this bulletin
and remain in force, uncil the autor tic shunt trip modification is fully
implemented.

3. Provide written instructions to the plant operating staff, within 7 days
of receipt of this bulletin, requiring that:

(a) The content of this bulietin be reviewed by each licensed operator at
the start of his/her next duty shift,

(b) A reactor trip breaker shall be declared INOPERABLE, if the UVIA
€'ther goes nol successfully pass the force margin test or otherwise
may not be catable of performing its intended safety function,

(¢) Plant operation with either RTE INOPERABLE sha)y continue only as
provided for in the plant Technical Specifications.
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(d) The NRC s to be notified via the o-crgcnc{ notification system within
4 hours of any RTB being decl. cd inoperable.

4 Provide a written report to the NRC within 30 days of receipt of this
bulletin, which discusses the specific actions taken pursuvant to this
bulletin and the results thereof.

Should a licensee determine that any action requested by this bulletin
jeopardizes overall plant safety, the NRC should be notified of that fact and
provided with appropriate justification for not implementing the requested
action. Such nmotification shall be made within 7 days of receipt of this

bulletin,

The written reports snall be submitted to the appropriate lcxiona\ Administrator
under oath or affirmation under provisions of Section 182a, Atomic Energy Act

of 1954, as amended. Also, the criginal copy of the cover letters and a copy

of the reports shall be transmitted to the U.S. Nuclear Regulatory Commission,
Document Control Desk, Washington, DC 20555 for reproduction and d’stribution.

This request for information was approved by the Office of Management and
Sudget under a blanket clearance number 3150-0011. Comments on burden and
¢uplication may be directed to the Office of Management and Budget, Reports
Management, Room 3208, New Executive Office Building, Washington, 0. €. 20503.

If you have any questions re arding this matter, please contact the Regiona)
Adninistrator of the appropriate NRC Regional Office of one of the technical
contacts listed below.

S/ 1 d—

ames Taylor, Director
Officadhbt Inspection and Enforcement

Technical Contacts: J. T. Beard, NRR
(501) 492-7465

V. Thomas, IE
(301) 452-475%

Attachments:

1. Facilities Without Automatic Shunt
Trip Installed

2. Li.t of Recently lssued IE Bulletins
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FACILITIES WITHOUT AUTOMATIC SHUNT TRIP INSTALLED

FACILITY REMARKS

1. Kewaunee Instal) in February 1986

2. Beaver Valley ! Instal) in May 1986

3. Turkey Point 4 Install in Janvary 1986

4. Sequoyah 2 Currently S/0; install Spring 1986
startup

S. Sequoyah 1 Currently $/0; will install before
startup

6. North Amnna 1 Currently $/0; will fustall before
startup

7. Byronl ' Currently $/D; will install before
startup

8. lion 2 Currently $/D, will install before
startwp

. fook 2 Will install prior to startup

A-5



r LA UNITEDSTATES
Y j ‘ NUCLEAR REGULATORY COMMISSION
Vg . ‘ j WASHINGTON D € 20858 CE
a_,,JZ’ Jly 8, 1983 NERIC LETTER 83-28

70 ALL LICENSEES OF OPERATING REACTORS, APPLICANTS FOR OPERATING
LICENSE, AND HOLDERS OF CONSTRUCTION PERMITS

Gentlemen:

SUSJECT: REQUIRED ACTIONS BASED ON GENERIC IMPLICATIONS OF SALEM
ATWS EVENTS (Generic Letter 83-28)

The Conmission has recently reviewed intermediate-term actions to be tiken by
licersees and apolicants as a result of the Salem anticipated transient without
scram (ATWS) events, These actions have been developed Dy the staff tasec on
informaticn contained 1a NUREG-1000, “Generic Implications of ATWS Events at

ehe Sy e~ tuclear %ower Plant.,” These 2:tions aderess ‘ssues related to raactor
trip systen reliadility and general management capability.

The actions covered oy':his letter fall into the following Teur areas:

1. Post-Trip Review - This action addresses the program, procedures and
catd collection capability to assure that the c». .es for unscheduied
reactor shutdowns, as well as the response of safety-relatec equiomment,
a*e .11y understood prior to plant restart.

2. Equiprent Classification and Vendor Interface - This action acdrasses the
srogrens for assuring that all components necessary for accomplishing
rec.irec satety-related functions ara properly ident{fied ‘n documents,
srocacsres, and information handling systems tnat are used to control
sa‘ety-related plant activities, In adoition, this action addresses the
estadlismment and maintenance of a program to ensure that vendor infomation
for safety-related components is complete.

3. Scit-Maintenance Testing - This action acdresses jost.maintenince oper.cility
testing of safety-related components,

4, Reacter Trip System Reliadlity Improvenents - This yction 15 aimed at
assuring that vendor.recommended reactor trip breacer neqifications ang
associated reactor protection system changes are completed in PaRs, that
a comprenensive program of preventive maiatenarce and surveillanze testing
s implemented for the reactor trip brearers in P4RS, that the shunt trip

ttachment 2ztivates automatically im all PaRs that use circuit dredcers
in their reactor trip system, and to ensure that on.line functicnal testing
of thy reastor trip system is performed on all LWRs,

8307080169
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The enclosure to this letter breaks down these actions into several components.
You will find that all actions, except four (Action 1,2, 4.1, 4.3, and 4.5),
require software (procedures, training, etc.) changes and/or modifications

g do not affect equipment changes or require reactor shutdown to complete.
Action 1.2 may result in some changes to the sequence of events recorder or
existing plant computers, but will not result in a plant shutdown to implement,
Actions 4.0, 4.3 and 4.5.2, 1f applicable, would require the plant to be
shutdown in order to implement,

The reactor trip system is fundamental to reactor safely for all ruclear power
plant designs. All transient and accident analyses are predicated on its
successful operation to assure acceptadle consequences, Therefore, the actions
1isted below, which relate directly to the reactor trip system, are of the
highest priority and should be integrated into existing piint schedules first,

1.1 Post-Trip Review (Program Description and Procedure)

2.1 Eaquipment Classification and Vendor Interface (Reactor Trip
System Components)

2.1 Post-Maintenance Testing (Reactor Trip System Components)
4,1 Reactor irip System Reifability (Vendor-Related Modifications)

4,2,1 and 6,2.2 Reactor Trip System Relfability (Preventive
Mairtenance and Surveillance Program for Reactor Trip Breakers)

4,3 Reactor Trip System Relfability (Automatic Actuation of Shunt-trip
Attachmert for Westinghouse and B« plants)

vost of the remaining intermediate-term actions roncern all other safety-
related systems. These systems, while not sharing the same relative irportance
to safety as the reactor trip system, are essential in mitigating the .onse-
cuences of transients and accidents, Therefore, these actions should be
{a.ecrated into existing plant schedules over the longer-tam on a medium
criority basts, Some of the act . ¢ diseucsed in the enclosure will best de
ser.ec b{ Caners' Group participation, and this 1is encouraged to the extent
sractical,

tzzarzingly, pursiant to 10 CFR 50.54(f), operating reactor 1icensees and
spolicants for an operating license (this letter is for information only

for those ytilities that have not appTied Tor an coerating Ticense) :re
recuested tO Turnish, ulee”™ cath ang affirmation, Ao Tater tnan T20 days from
+he cate of this letter, Lhe status of current conformance with the positions
contained herein, and plans and schedules for any needed improvements for
conformance with the positions, The schedule for the implementation of these
improvements is to be negottaled with che Projec: Manager,




.’.

Licensees and applicants nay request an extension of time for submittals of

the required information, Juch a request must set forth a proposed schedule
and justification for the delay. Such a request shall be directed to the
Director, Division of Licensing, NRR, Any such request must be submitted

ro later than €0 days from the date of this letter, 1f 2 11censee or applicant
does not intend to implement any of the enclosed items, the response should

so 1ndicate and a safety basis should be provided for each item not fntended

to be imp’ smented, Value-impact analysis can be used to support such responses
or to argue in favor of alternative positions that licensees might propose.

For Operating Reactors, the schedules for implementation of, these actions shall
be deveioped consistent with the staff's goal of integrating new requirements,
considering the unique status of 24ch plant and the relative safety importance
of the improvements, combined « th all other existing plant programs. Therefore,
schedules for implementation of these actions will be negotiated between the

\2C Project Manager and licensees,

Tar plants uncdergoing operating license review at tais time, plant.specific
s-heaules for the implementation of these requirements shall bde developed

in & manner similar to that bctn? used for operating reaciors, taking into
consideration she degree of completion of the power plant, For construction
cermit holders not under OL review and for construction permit applicants,
the requirenents of this letter shall be implemented prior to the fssuance
¢f an operating license.

“ais request for information was approved by the Office of Yanagement and
iygget uader clearance number 31500011 which expires April 30, 198S.
comments on burden and duplicatiun may be directed to the Office of
vanagement and Budget, Reports Management Room 3208, New Executive Office
zuilding, washington, D, C. 205C3.

Sincerely,
~.
ST L W A
-Ol) .l". i, (,-",Vt-\
Darrell G. fisanhyt, Director
Division of Licensing

-

inclosure:
2ezuired Actions 2ased on Generic
tmalications of Salem ATWS Events



ENCLOSURE (PARTIAL) TO GENERIC LETTER 83-28
- 12 -

4.1 REACTOR TRIP SYSTEM RELIABILITY (VENDOR-RELATED MODIFICATIONS)

Position

A1 vendor-recommended reactor trip breaker modifications shall be
riviewed to verify that efther: (1) each modification has, in fact,
beon implemented; or (2) a written evaluation of the technical reasons
for not implementing a modification exists.

For example, the modifications recommended by Westinghouse fn NCD-Elec-18
for the DB-50 breakers and a March 31, 1983, letter for the DS-416 breakers
shall be implemented or 2 justification for not implementing shall be made*
availadble., Modifications not previously made shall be incorporated or &
written evaluation shall be provided.

Applicability

This action applies to al) PWR licensees and OL applicants.

Tvoe of Review .

For licensees, a post-implementation review will be conducted. The Regions
will perform these licensing reviews and issue Safety Svaluations.

For 7L applicants, the NRR review will be performed consistent with the
1icunsing schedule,

Documentation Required

Licensees and applicants should submit a statement confirming that this
action has been implemanted.

Technica) Specifications Regquired

No changes to Technical Specificationt are required.
2eference

Section 3 of NUREG-1000,

A-9
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4.2 REACTOR TRIP SYSTEM RELIABILITY (PREVENTATIVE MAINTENANCE
'"ND SURVEILLANCE PROGRAM FOR REACTOR TRIP BREAKERS)

Position

Licensees and applicants shall describe their preventative maintenance

and surveillance program to ensure relizble reactor trip breaker operation,
The program shall include the following:

1. A planned program of periodic maintenance, including Yudrication,
housekeeping, and othe: 1 ems recommended by the equipment supplier,

2. Trernding of parameters affecting operation and riacured during
testing o forecast degradation of operability.

3. Life testing of the breakers (including < 'w trip attachments) on
an accoptub‘o sample size,

&, Periodic replacemont of breakers or components consistert with
demonstrated 11fe ycles,

Aoplicability

This action applies to all PR licensees and OL applicants,

Tvoe of Review

Actions 4.2.1 and 4.2.2 will receive a post-implementation review by
NRR. A pre-implementation review will be performed by NRR for actions
4.2,3 and 4.2.4 (the circuit breaker 1ife testing program and the com.
Jonent testino/replacement requiremerts based upon the 1ife testing
results), A aféty Evaluation will be fssued.

Fo. OL applficants, NRR will periorr the reviews for actions 4.2.1 and
4.2.2 on a schedule consistent wit' the Yicensing schedule., WNRR wil)
serform a pre-implementation revie for actions 4.2.3 and 4.2.” (the
tircuit brezker 1ife testing program and the component testirg/replace-
ment requirenents based upon the 1ife testing results). Safety
Evaluations will be issued.

Jocumentation Required

Licensees and applicants should submit descriptions of their programs o
ensure compliance with this action,

Technical Specification Changes Requi-ed

No changes t) Techrical Specifications are required.
Reference

Section 3 of NUREG-)J00.
1-10
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4,3 REACTOR TKIP SYSTEM RELIABILITY (AUTOMATIC ACTUATION OF SHUNT TRIP
ATTACKMENT FOR WESTINGHOUSE AND B&W PLANTS)

Position
Westinghouse and BN reactors shall de modified by providing automatic

reactor trip system actuation of the breaker shunt trip attachments.
The shunt trip attachment shall be consfdered safety related (Class IE).

Applicability

This action applies to al) Westinghouse and B&W licensees and OL
applicants.

Type of Review

For licensees, a pre-implementation review shall be performed for the
design modifications by NRR, A Safety Evaluation will be fssued.

For OL applicants, the NRR review will be performed consistent with
the licensing schedule.

Technical Specification changes, 1f required, will be =~eviewed prior
t> implementation,

Dotumentation Required

Licensees and applicants should submit a report describing the
modifications.

Technical Specification Changes Required

Licensees are to suomi. any needed Technical Specification change
requests prior to declaring the modified system operabdle.

reference

Section 3 of NUREG-1000.



4,4 REACTOR TRIP SYSTEM RELIABILITY (IMPROVEMENTS IN MAINTENANCE
AND TEST PROCEDURES FOR B4&W PLANTS)

Position

Licentees and applicants with BAW reactors shall apply safety-related
maintenance and test procedures o the diverse reactor trip feature
provided by interrupting power to control rods through the silicon
controlied rectifiers,

This action shall not be fnterpreted to require hardware changes or
additicnal savirommental or sefsmic qualification of these components.

Applicabil!ty
This action applies to BAW licensees and CL applicants only.

Type of Feview

For licensees, a post-implementatfon review will be conducted. The
Regions will conduct the licensing review and fssue a Safety Evaluation,

For OL applicants, the revisw will be performed consistint with the
1icensing schedule.

Documentation Required

Licensees and appiicants should submit a state.ent confirming that this
action has been implemented.

Technical Specification Changes Required

Include the silicon controlled rectifers in the appropriate surveillance
and test sections of the Technical Specifications.

teference

tection 3 of NUREG-1000.

~12
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4,5 REACTOR TRIP SYSTEM RELIABILITY (SYSTEM FUNCTIONAL TESTING)

Positian

On-19ine functiona) testing of the reactor trip system, including
independent testing of the diverse trip features, shall be performed
on al) plants.

1.

2.

The diverse trip features to be tested include the breaker
undervoltage and shunt trip features on Westinghouse, BEW (see
Action 4.3 above) and CE plants; the circuitry used for power
{nterruption with the silicon controlled rectifiess on B&W plants
(see Action 4.4 above); and the scram pilot valve and backup scram
valves (including al) inftfating circuitry) on GE plants.

Plants not currently designed to permit perfodic on-1ine testing
shall justify not making modifications to peruit such testing
Alternatives to on-line testing proposed by licensees will be
considered where spectal circumstances exist and where the objective
of nigh reliability can be met fn another way.

Existing intervals for on-1ine functional testing required by
Technical Specifications shall be reviewed to determine that
the intervals are consistent with achieving high reactor trip
system avarlability when accounting for considerations such
!

1. uncertainties in component failure rates
2. uncertainty in common mode failure rates
3. reduced redundancy during testing

4, operator errors during testing

§, component “"weir-out® caused by the testing

Licensees currently not performing perfodic on-line testing shall
determine appropriate test intervals as described above. Changes to
Olistin? required intervals for on-line testing as well as the

$

interva

to be determined by licensees currently not performing

on-1ine testing shall be justified by information on the sensitivity
of reactor trip system availability to parameters such as the test
intervals, component failure rates, and common mode faflure races.

Aoplicablity

This action applies to all licensees and OL applicants.

Type of Review

For licensees, a post-implementation review wi'l be conducted for action
4.5.1, The Regions will perform these liconsin?‘rov1ows and fssue
1

Safety Evaluations. Actions 4.5.2 and 4.5.3 w

require a pre-implemen-

tation review by NRR. Results wil) be fssued in a Safety Evaluation,

A-13
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For OL applicants, the NRR review should be performed consistent with the
licensing schedule.

Documentation Reaquired

For item 4,5.1, Yicensees and applicants should submit & statement
confirming that this action has been fmplemented.

For ftem 4.5.2, 1icensees and applicants should submit a report describing
the modifications for staff review,

For item 4.5.3, Yicensees and applicants should submit proposed Technical
Specification changes for staff review,

Technical Specification Changes Required

For licensees, Technical Specification changes are required,

For OL applicants, Technical Specifications will be incorporated as
part of the license.

Reference

Section 3 of NUREG-1000.



SYNOPSIS OF NRC DOCUMENTS ON THE FAILUTE OF REACTOR TRIP
BREAKERS WITE UNDERVOLTAGE TRIP ATTACHMENT

1. i! Bullgsig 83-01:
ailure o eactor Trip Breakers (Westinghouse DB-50) to Open

on Autcmatic Trip Signal,

The incident of concern was the failure on February 25, 1983
of both DB-50 RTBs at Salem 1! to open automatically upon
receipt of a valid trip signal on low-lovw steam generator
level, This bulletin was issued on February 25, 1983 for
action by all licensees of operating pressurized water
reactors (PWRs), Licensees with Westinghouse (W) DB-50 RTBs
vith the undervoltage trip attachment (UVTA) were required to
take four specific actions., Others were required to submit a
negative declaration, Maintenance, testing and reporting
vere required to insure proper operation of the UVTAs,

2. i! %ullg;ia 83-04:
ailure of the Undorvoltlgo Trip Function of Reactor Trip
Breakers,

Failures during testing of General Electric (GE) Type AK-2
RTBs with UVTAs at San Onofre 2,3 in March of 1983 caused the
NRC's concern, This bulletin was issued on March 11, 1983
for action by licensees of operating PWRs which did geg use ¥
DB Type RTBs, Affected licensees were required to take four
specific actions.

System Breakers,

The NRC issued this notice on April 1, 1983, to all owvners of
nuclear pover reactors, The purpose was to describe the
failures of RTBs at Salem 1 (February 1983) and San Onofre
2,3 (March 1983), and to provide additional information about
the UVTAs., The failures at Salem 1 and San Onofre 2,3 led to
the issuance of bulletins 83-01 and 83-04, respectively,

4, %ggg[ig LiSS!I Q!-z;: (See pages A-6 through A-14 for the
etter and a partial copy of its onclonurog.
Required A:tions Based on Generic Implications of Salem ATWS
Events.

On July 8, 1983, the NRC issued this letter to all licensees,
applicants for operating licenses and holders of construction
permita of power reactors, This letter was based on

information contained in NUREG-100”, "Generic Implications of

A-15



ATWS Events at the Salem Nuclear Power Plant™, One of the
four actions covered by the letter required improvements of
reactor trip system (RTS) reliability, The main reasons for
requiring this action were to assure that (a)
vendor-recommended KTE modifications and associated system
changes wvere completed, (b) a comprehensive program of
preventive maintenance and surveillance testing wvas
implemented and (c) on-line functional testing of the RTBs
vas performed., A specific sub-action of special significence
required that the shunt trip attachment of a RTB be modified
at Westinghouse and Babcock & Wilcox plants to provide
automatic RTS sctuation, The reason for this particular
sub-action was the unreliability of undervoltage trip
attachments (UVTAs)., Refer to Action 4.3 on Page A-11 of
this report for (a) required automatic actuation of shunt
trip attachments and (b) required NRC reviev of Technical

$ ion changes (if necessary) prior to implementation.
Instruction (TI) 2515/64:

I Generic Letter (GL) 83-28,

Inspection Fnllwvﬂp o

e of this TI was to provide guidance to regional
ctors for checking the implementation of GL 83-28. The
quired surveillance testing by the inspectors of the

a subject directly related to IEB 85-02. The issue

vas 02-03-84, Revision ] of this T! was issued on
-‘f.

Generic Letter 85-09;
Technici Specifications for Generic Letter 83 28, Item 4.°
This GL was issued on 05-23-85 to all owners of Westinghouse
povwer reactors, to expand Item 4,3 of GL 83-28 (see Page A-11
of this rcport) and to point out that some utilities had
provided incorrect statements that Technical Specification
changes wvere not necessary.

Temporery Instruction (TI) S

Inspection of Responses to IE B etin 85-02,
The purpose of this TI was to provide guidance to regional
inspectors for evaiuating the adequacy of the corrective
actions taken by the l!icensees affected by IER RS-.02 The

"
issue date wvas 12-20-8"
:




9.

t f Jan 7, 19 to E he (W e) from
L |

Mr, Taylor affirmed that "IEB 85-02 does not apply to plants
with W DS-416 Type reactor trip braakers (lTBog.'
Furthermore, he stated the belief that the strict test
procedures required by the bulletin "are needed to satisfy
safety conierns of the DB-50 RTB undervoltage trip attachment
(UVTA) at those plants that have not yet implemented the
automatic shunt-trip feature design,"

) n t {
nspection Followup to Generic Letter 83-28, Item 4.1.

The purpose of this TI was to provide guidance to regional
inspectors to ensure implementation and reporting of RTS
reliability modifications, Item 4.1 (see Page A-9 of this
report) applies indirectly to IEB 85-02, The issue date of
this TI was 04-06-87,
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TABLE B.1 BULLETIN CLOSEOUT STATUS OF FACILITIES WITH WESTINGHOUSE OPERATING REACTORS

Facility Utility Tnspection Tloseout
Status, NRC Response Report Status and
Facility Utility Docket 11-05-85 Region NSSS AE Date and Date Criterion
Beaver Vailey 1 DLC 50-334 oL I w SAW 12-06-85 85-24(12-17-85) Closed 1
Byron 1 CECO S0-454 oL III w S&L 11-14-85 85-47(12-13-85) Closed 3
Callaway 1 UE 50483 oL 117 w Bech 87-20(09-29-87) Closed 3
Catawba 1 DUPCo 50-413 OL 1I w DUPCO 86-17(06-13-86) Closed 3
Cook 1 IMECO 50-315 oL III w AEPSC  12-06-85 85-35(12-19-85) Closed 2
87-03(02-18-87)
Cook 2 IMECO 50-316 OL 111 w AEPSC  11-04-85* 85-35(12-19-85) Closed 1
12-06-35 87-03(02-18-87)
Dieblo Canyon 1 PGAE 50-275 oL v - PGAE 86-01(02-04-86) Closed 2
Diablo Canyon 2 PGAE 50-32 OL v w PG&E 86-01(02-04-86) Closed 2
Farley 1 APCO S0-348 oL II w SsI Closed 3
Ferley 2 APCO S50-364 oL I w SSI Closed 3
Ginna RGAE 50-244 a 1 v Gild 87-21(C9-27-87) Closed 2
Haddam Neck CYAPCO 50-213 OL I w SAW 01-24-86 86-27(11-25-86) Closed 2
Indian Point 2 ConEd 50-247 oL I w UR&C 85-09(05-31-85) Closed 2
Indian Point 3 NYPA 50-286 oL I w UEAC 85-15(07-29-85) Closed 2
87-23(10-14-87)
lewaunee wPs 50-305 oL I11 w PSRE 11-07-85* 86-03(04-24-86) Closed 1
11-14-85
12-06-85%
McGuire 1 DUPCG 50-369 oL II W DUPCO Closed 3
McGuire 2 DUPCO 50-370 oL I v DUPCO Closed 3
Millstone 3 NNECO 50-423 LPTL I w SAW 01-24-86 86-28(10-28-86) Closed 3
North Anna 1 VEPCO 50-338 oL II w SAW 86-25(12-02-86) Closed 1
North Anna 2 VEPCO 50-339 oL II w SEW 86-25(12-02-86) Closed I
Point Beach 1 WEPCO 50-266 oL III w Bech 85-19(12-14-85) Closed 2
Point Beach 2 WEPCOD 50-301 oL II1 w Bech 85-18(12-14-85) Closed 2
SLER

Notes, closesut criteria and references fcllow the table.
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TABLE B.1 (contd)

Facility Utility Inspection Closeout
Status, NRC Response Report Status and

Facility Utility Docket 11-+/5-85 Region NSSS AE Date and Date Criterion

Prairie Island 1 NSP 50-282 OL III . FPI 87-15(10-09-87) Closed 2

Prairie Islend 2  NSP 50-306  OL m v FPI 87-14(10-09-87) Closed 2

Robinson 2 CP&L 50-261 oL II w Fbas 84-03(03-16-84) Closed 2
86-17(08-19-86)

Salem 1 PSFAG 50-272 OL I w PS&G 87-07(04-02-87) Closed 2

Salem 2 PSEAG 50-311 oL I w PS&G 87-08(04-02-87) Closed 2

San Onofre 1 SCE 50-206  OL v W Bech See Note 6 Closed 2

Sequoyah 1 TVA 50-327 OL II w TVA 12-03-85 86-15(04-01-85) Closed 1
86-21(05-06-86)

Sequoyah 2 TVA S0-328 oL 11 w TVA 12-03-85 86-15(04-01-86) Closed 1
£6-21(05-06-86)

Susser 1 SCFAG 50-395 oL Il w Gild 87-01(02-09-87) Closed 3

Surry 1 VEPCO 50-280 oL 11 w S&W 84-25(11-09-84) Closed 2
84-26(10-05-84)

Surry 2 VEPCO S0-281 oL II v S&W 84-25(11-09-84) Closed 2
84-26(10-05-84)
84-36(02-19-85)

Trojan PGE S50-344 CL v w Bech 86-22(07-09-86) Closed 2

Turkey Point 3 FPL 50-250 oL 11 w Bech 87-35(09-11-87) Closed 2

Turkey Point & FPL 50-251 oL II w Bech 12-09-85 87-35(09-11-87; Closed 1

Wolf Creek 1 KGRE 50482 oL w w Bech 85-38(01-22-86) Closed 3

Yankee-Kowe | YAECO 50-029 oL I w SEW Closed 3

Zion 1 CECO 50-295 oL 11X w S&L 11-14-85 85-20(07-24-85) Closed 2

Ziom 2 CECO S0-304 oL I w S&L 11-14-85 87-07(05-06-87) Cle d 1

Notes:

1. Facility stetus relstes to November 5, 1985, and is based on Reference 1, Page B-5.

2. The following abbreviations apply to facility status:
LPTL, low power testing license; OL, operating license.



Bulletin closeout criteria are listed following these notes.

The facilities listed had Westinghouse power reactors in operation in November of 1985. The
only exception is Millstone 3, which had a low power testirg license at thst time.

Utilities which had implemented the actuation of the ETE shunt trip coil on all sutomatic
reactor-trip signals before 11-05-85 were not required to respond to the bulletin (see Page
A-3 of this report).

Refer to the letter of 11-28-84 to K. P. Baskin (SCE) from J. A. Zwolinski (DL) comcerning
San Onofre 1.

CRITERIA FOR CLOSEOUT OF BULLETIN

The bulletin has been closed out for facilities to which one of the following criteria applies:

1.

A utility response and an NRC/Region imspection report for the facility indicate that the
Westinghouse Type DB-50 reactor trip breskers comply with bulletin action requirements 1
through 4 and thet the utility has fully implemented the automstic shunt trip modification
(see Page A-3), or has committed to do so.

Either a utility response or an NRC/Region inspection report indicates that the facility
isplemented the automstic shunt trip modification before the bulletin was issued (see Page
A-3). Therefore, the bulletin does not apply.

Note: Reference to Gemeric Letter 83-28 indicating compliance with its Subsection 4.3 on
sutomatic actustion of the shunt trip sttachment is considered to be satisfactory for
application of Criterion 2 (see Poge A-11). Also see Page B-4 for notes applicable
to closeout per Criteriom 2.

A utility response, an NRC/Region inspection report, or NUREG/CR-4463 (see Reference 3 on
Page B-5 of this report) indicate that the facility is not equipped with Westinghouse Type
DB-50 reactor trip bdreakers. Therefore, the bulletin does not apply. Also see pages B-4
and B-5 for notes applicable to closeout per Criteriom 3.

See notes applicable to Closeout Criteria starting on next page.
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NOTE APPLICABLE TO CLOSEOUT PER CRITERION 1

Although a response for North Anna 1 has not been found, the bulletin has been closed out for
this facility per Criterion 1 because of a favorable inspection report and because this facility
is one of those of concern listed in the bulletin (see Page A-5 of this report). According to
Inspection Report 86-25, the automatic shunt trip modification for North Anns Unit 1 was
completed 1-1/2 months after issusnce of Bulletin 85-02.

NOTES APPLICABLE TO CLOSEOUT PER CRITERION 2

1. North Anna 2: The report enclosed with the letter of 11-04-83 to H. R, )fre.il
T. Stewart [VEPCD) described plans to meke the shunt trip modification in m&t:e

Section 4.3 of GCeneric letter 83-28, Confirmation of the successful completion of the
seismic qualification test of the modification was provided in Mr. Stewart's letter of
04-01-85 to Mr. Denton.

2. San Onofre l: According to the letter of 11-28-84 to K. P. Baskin (SCE) from J. A.
Zwolinski ), "the staff concludes that San Onofre Unit 1 is in conformance with the
requirements of Item 4.3 of Genmeric Letter 83-28 and that the preimplementation review
specified for this item was fulfilled during the operating licemse review.”

3. Surry 1,2: The report enclosed with the letter of 11-04-33 to H. R. Denton (NRR) from W. L.
Stewart (VEPCD) described plams to make the shunt trip modification in accordance with
Section 4.3 of Generic Lletter 83-28. Confirmation of the successful completion of the
seismic qualification test of the modification was provided im Mr. Stewart's letter of
04-01-85 to Mr. Denton. Proposed Technical Srecification chrages were submitted initially
with Mr. Stewart's letter of 04-12-85 to Mr. Deaton.

NOTES APPLICABLE TO CLOSEOUT PER CRITERION 3

¥ritten responses were not required by the bulletin for the operating facilities with
Westinghouse pressurized water reactors using other than DB-50 Type reactor trip breakers,
uithough responses were written for Byron 1 and Millstone 3. Verification that Type DB-50
reactor trip breakers were not used at these facilities vas made as described below:

1. According to the response of 11-14-85 for Byron 1, Westinghouse Type DS-416 reactor trip
breakers are used at this facility.



breakers are not used at

] response of

the inspection reports 1 | in Table B.1 for Callaway 1, Millstone 3, Summer
-

Creek 1, Westinghouse Lype —4 1 reactor trip breakers are used.

the inspection report listed for Catawba 1, the bulletin does not apply.

nited States Nuclear Regulatory Commission, Licensed Jperating React« s, Status Summary

o 2 . 4 -y g Ty Y " o g -
»DOT X (O&-3)-8R FGC-OD20 ) !
Report, e — U ,» NUREG-0020, Volume 12,

Number S, May 1988,

Nuclear Regulatory ommission, .‘_':'.::—,v‘f 77‘;1’(‘,!'.[7;:1: F‘cﬂ,‘]‘ﬂ_f}:ﬁi L‘,{‘p(isv' Title 1] .
January 1, 1988, cited as 10CFR 0.735-]

L

tates Nuclesr Regulatory Commission

-

, Closeout ulleti l1: Failure of

i

rip Breakers (Westinghouse DB-50) to ) . IUREG/CR

Sl S




APPENDIX C

Abbreviations
AE Architect Engineer
AEPSC American Electric Power Services Corporation
APCO Alabama Pover Company
ATWS Anticipated Transient Without Scram
Bech Bechtel Corporation
CECO Commonvealth Edison Compa:y
CFR Code of Federal Regulations
ConkEd Consolidated Edison Company of New York, Inc.
cp Construction Permit
CP&L Carcolina Pover and Light Company
CR Contracter Report
CYAPCO Connecticut Yankee Atomic Pover Company
DL Division of Licensing (NRC)
DLC Duquesne Light Company
DUPCO Duke Powver Coapany
Ebas Ebasco Services, Inc,
FPL Florida Pover & Light Company
FPI Fluor Pioneer, In.,
GAO Government Accounting Office
GE General Electric Conpany
Gild Gilbert Associates, Inc,
GL Generi. Letter
1E (See NRC/IE)
1EB Inspection end Enforcerent Bulletin (NRC)
IEIN IE Information Notice
IMECO Indiana and Michigan Electric Company
IR Inspection Report (NRC/FRegion)
KGAE Kansas Cas and Electric Company
LER Licensee Event Report
LOCA Loss of Cooling Accident
LPTL Lov Pover Testing lLicense
NNECO Northeast Nuclear Energy Company
NRC/1E Nuclear lo,ulntory Commission/

Office of Inspection & Enforcement

NRR Office of Nuclear Reactor Regulation (NRC)
NSP Northern States Pover Company
NSSS Nuclear Steam Supply Systew
NYPA Nevw York Power Authority

C-1



Operating License

Portland General Electri. Company
Pacific Gas 2nd Electric Company
Public Service Electric and Gas Company
Public Services and Gas Company
Pioneer Services and Engineering
Pressurized Water Reactor

Region (NRC)

Rochester Gas and Flectric Corporation
Reactor Pressure Vessel

Reactor Protective System

Reactor Trip Breaker

Reactor Trip Systenm

Sargent & Lundy Engineers

Stone & Webster Engineering Corp.
Southern California Edison Company
South Carolina Electric and Gas Company
Safety Evaluation Report

Southern Services Incorporated
Temporary Instruction (NRC)

Tennessee Valley Authority

Union Electric Company

United Engineers & Constructors
Undervoltage

Undervoltage Trip Attachment

Virginia Electric and Pover Company
Westinghouse Electric Corporation
Wisconsin Electric Power EOIPOD,
Wisconsin Public Service Corporation
Yankee Atomic Electric Company
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Documentation is provided in this report to close out IE Bulletin 85-02
on the subject of undervoltage trip attachments (UVTAs) of Westinghouse
DB-50 Type reactor trip breakers (RTBs). The bulletin was issued to
require the owners of Westinghouse operating power reactors to provide
assurance that their DB-50 Type RTBs with UVTAs were operating properly,
unless they had implemented the automatic shunt trip modification,.
Review of utility responses and NRC aocuments shows that the concern
about unmodified RTBs applied to eight facilities. Evaluation of
utility responses and NRC/Region inspection reports shows that reli-
ability of UVTAs at these eight facilities 1is ensured by means of
procedures, tests and schedules. Furthermore, the NRC regions verify
that the recommended automatic shunt trip attachment has been or will
be implemented at these remaining eight facilities. Background in-
formation is supplied in the introduction and Appendix A of this report.
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