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accuracy, completeness, or usefulness of the information contained in this report, or that
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B. Assumes any liabilities with respect to the use of, or for damages resulting from
the use of information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission'’' includes any
employee or contractor of the Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or employee of such contractor pre-
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FOREWORD

The need for improved Quality and Reliability Assurance in the fabrication,
construction, operation, and maintenance of nuclear power plants is recognized.
This handbook is an initial effort to collect and evaluate records on past un-
scheduled events with systems and components in liquid metal cooled facilities,
beginning with conceptual design through final shutdown, and coupled with es-
tablishment of a systematic reporting procedure for currently occurring inci-
dents, malfunctions, or problems, will lead to eventual attainment of the goal

of competitive product assurance for the LMFBR.

The handbook will maintain an updated record of events affecting the con-
struction schedule or cost, safety, availability, or the maintainability of a
nuclear power plant or test facility. Initial coverage will be limited to liquid
metal facilities with emphasis on mechanical components. Future coverage

will include other nuclear power plant types as well.

The value of this handbook will be realized only when it is used in the man-
ner and for the purpose intended. The following factors should not detract from

its value but point out fundamental limitations to the scope of its use.

1) Failure rate data printed herein, will for many years have a very low
level of confidence. Inadequate source material and the fact that most
failures to date are of the break-in or experimental-design type rather

than classical random failures, necessitates extreme caution in their

use.

2) Failure rate data for systems other than mechanical are recorded for
the facilities currently operating but should be used only to weigh
values obtained from other published sources having several orders

of magnitude greater statistical confidence.

3) Emphasis is placed on the cause, mode, and effect of failures and
associated engineering evaluation with recommendations, Careful
examination of the description of the component or system must be
made by a cognizant person in order to ascertain whether an event
or associated recommendation is truly applicable for comparison to

his particular need or situation,
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The introduction of each part and subsection describes the reason for its
development, the extent of coverage and growth expectation, its application,
and its limitation. Expressed local assumptions and limitations are extremely

important and should be rigidly adhered to.

Parts 1 and 2 of Volume I of the handbook will grow rapidly and continuously;
Parts 3 and 4 on Reliability and Maintainability will have very slow initial
growth; and Part 4 will take several years to attain a reasonable level of utility.
In Voume 1I, the category identification system will grow with increased infor-
mation volume and will be subjected to periodic revision to improve its usability.

The Glossary should change very little.

All data in the handbook will eventually be recorded in greater detail in both
ILMEC's MIRACODE system (with original document records) and in a digital
recording system. In addition, facility design and maintenance data will be
similarly stored. An Electronic Accounting Machine (EAM) card is used for
this storage, as shown in Volume II. Once in operation, this system will afford
a rapid and effective means of retrieving information in response to detailed

questions from contractor personnel.

This edition contains data retrieved from: (1) facility publications (i.e.,
progress reports, operation history reports, maintenance reports, failure
reports, and incident reports); (2) maintenance work orders; (3) comRonent
history records; (4) verbal communication; and (5) miscellaneous documents.
None of these sources were prepared or published with the intent of being ap-
plied to the express purpose of this handbook, nor was there an expectation of
being subjected to this degree of scrutiny. As a result, it was rarely possible
to clearly identify the cause of the event and many times it was even quite un-
clear as to exactly what part of which specific component failed and what final
corrective action was accomplished., Numerous blank spaces exist in the
tabulated data because present schedule and prohibitive cost did not warrant the
lengthy research required to obtain this information from remote and sometimes
poorly documented sources. In some cases, the material may be subject to
misinterpretation by the reviewer. FEvery effort, however, has been made to
minimize these problems. As the system improves and the need warrants,

these data will be obtained.
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Events specifically recorded at LMEC facilities on narrative-type incident
report forms were equally lacking in the type of information of value to this
handbook., This was due to lack of: clarity with respect to cause, clear de-
scription with respect to environmental circumstances surrounding the event,
and formal followup on temporary corrective action and recommendations. In
some cases the component which was considered to have failed, in reality may
not have failed at all. For example, the case of a circuit breaker which opened
causing a pump to trip — the breaker may have functioned in normal response to
an overload. However, the circuit breaker is listed as having failed because of
the lack of sufficient information. An improved LMEC reporting system has
eliminated many of these problems and it is hoped that development of better
communication with other reporting facilities and keeping abreast of current
events in the future will develop considerable improvement in the completeness

and validity of the information in the next edition.

The authorized level of effort for this edition did not permit specific identi-
fication and detailed classification (in the category format described in Volume II)
of each of the components in the individual systems of each of thefacilities
participating in the reporting system. Thus, this edition does not fully describe
the component with respect to each of the last six columns covering design
specifications. Similarly, the numerical count of total component population
in each facility could not be made except for isolated cases. This made it
impossible to obtain population failure rates — even questionable ones. Most
of the failure rates quoted are for the reported population that failed. That is,

they approximate the mean-time-to-failure for those that failed.

During the next fiscal year, LMEC plans, as a minimum, to tabulate and
record (in computer storage) fully identified component information for the heat
transfer and process systems of LMEC's facilities and EBR-II. This identifi-
cation will include both design specification and local system/component identi-
fication tag numbers. Once this is accomplished, better failure rate informa-
tion on these facilities will begin to evolve. If possible, Fermi components
will also be tabulated. In this issue, only sodium and related system component
failure events were recorded for SRE, HNPF, and Fermi while a broader cov-

erage of failure events were recorded for EBR-II, SCTI, and LCTL.
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Operational period experiences associated with each of the major com-
ponent and system categories described in Volume II are tabulated in Part 1.
Each category and/or subcategory is accompanied by representations of

relative frequencies and summaries or discussion in order to give:

1) The Designer - Knowledge of past problems and component or sys-
tem weaknesses encountered under active operating conditions and

repetition of which he should strive to avoid in his own design. °

2) Project Management - A tool for estimating potential component or
system reliability in order to assess required system complexity

and design margin requirements.

3) RDT - A sound basis for spécific R&D efforts to improve component

design or methods of detecting failures while they are still incipient.

4) Operations‘" - A human factor index for reduction of the human error

potential.

5) Maintenance - A guide to improved maintenance methods, optimum

inspection frequency, and incipient failure detection methods.

Sources of data and recommended ground rules for use of this section are
described herein as a guide to the user. Applications, theory, and methodology

are defined in Parts 3 and 4.

EFach basic component is identified with its known failure experiences and
these failures are categorized in a tabular presentation deemed suitable for
ready design reference on problems to be avoided. Suggestions on how to avoid
these problems are given along with statements as to the present state-of-the-
art, test under consideration, and potential areas of future research and de-
velopment. The information will be most useful to the designer with certain
qualifications in its usage. Matching of component type, environment, and
operating condition is, in most cases, very important for valid comparison of

historical failure and expectation with respect to a specific design.

Very few mechanical failures recorded in this handbook will fall in the
classification of random failures. All have been subjected to redesign, en-
vironmental adjustment, and procedural change in operation. It is the designer's

responsibility to assess the reasoning behind the corrective actions taken, to
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apply this reasoning to his design, and to investigate other sources of failure

data that may exist.

Failure detection effectiveness data are given where possible to assist the
designer in improving the availability expectation of his facility. Also, recom-
mendations of specific statements, to be included in procurement or acceptance
specifications or standards, are presented as a guide to improvement of the

reliability of the component.

Specific limitations should be placed on the use of indicated failure rates.
The reasons for this are: (1) the failures are non-random, occurring mostly
under test conditions, and in many cases the component was one of a kind;
(2) actual component environmental history is not obtainable from the historical
records. Failure rates given here have no level of confidence unless one is
given. They should be used only for comparative purposes by qualified persons
to evaluate the potential of improvement in component reliability or system
availability that could be expected by a component change, rating change, or
system redundancy modification. As the confidence level of failure rate data for
specific compoents improves, curves of failure rate vs operating level will be

included,

-

All failure data for each basic component is compiled under the heading of
that component and is further broken down with respect to major subtypes.
Basic components are listed alphabetically with accompanying introductory
descriptions of the component/part classification code and figures of the most

fundamental major types.
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I. COMPONENT FAILURE DATA FROM ALL CAUSES

In this section, all failure data for each basic component are compiled
under the category heading for that component, and are further broken down
with respect to major subtypes. Basic components have been categorized and
listed alphabetically with accompanying introductory descriptions of the
component/part classification code and illustrations of the most fundamental

component types.

The data tabulated in this section were obtained from many sources, in-
cluding: (1) facility publications (i. e., progress reports, failure reports, in-
cident reports, etc.); (2) maintenance work orders; (3) component history
records; (4) verbal communications; and (5) other miscellaneous documents.
These source documents are noted in the failure data tables. A key to these
source documents is presented in the following alphabetical listing as an aid

to the reader.
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DOCUMENT

AGC Internal Letter

AGC TM

AT Letter

AI Monthly (HNPF)
AI Monthly Hilites (HNPF)

AT Monthly Operating Report
(HNPF)

AI Monthly ROAP Report
(HNPF)

ANL (EBR-II)

ANL - Idaho
Division - Operations Report

ANS

ANS-100 (EBR-II)

APDA AECU

SOURCE DOCUMENT KEY

SOURCE

"Aerojet-General Corporation Internal
Letter, ' Aerojet-General Corporation,
Van Karman Center

'""Aerojet-General Corporation Technical
Memorandum, " Aerojet-General Corpo-
ration, Van Karman Center

""Atomics International Letter, ' Atomics
International, Canoga Park, California

See "Monthly Operating Report (HNPF)"
See '"Monthly Hilites (HNPF)"

See '"Monthly Operating Report (HNPF)"

"Atomics International Monthly Reactor
Operations Analysis Program Report, "
Hallam Nuclear Power Facility, Hallam,
Nebraska

"Reactor Development Program Progress
Report, " Argonne National Laboratory,
Experimental Breeder Reactor #1I,
Argonne, Illinois

"Report of EBR-1I Operations, ' Argonne
National Laboratory - Idaho Division,
National Reactor Testing Station,

Idaho Falls, Idaho

"American Nuclear Society"

"American Nuclear Society, EBR-I and
EBR-II Operating Experience, '' Fast
Reactor Technology National Topical
Meeting, April 26-28, 1965, Detroit,
Michigan

"Atomic Energy Commission, Unclassi-
fied, " Atomic Power Development
Associates, Inc., Detroit Michigan
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DOCUMENT

APDA-CFE (Fermi)

Conference 650620

Construction Log (HNPF)

Construction Log Book
(HNPF)

CPPD Monthly (HNPF)

Daily Site Wire (HNPF)

Daily Wire (HNPF)

EF (Fermi)

EFAPP (Fermi)

EFAPP Maintenance Report
(Fermi)

EFAPP-MR (Fermi)
HNPF Construction Log

IL NAA-SR-TDR (HNPF)

SOURCE

"Enrico Fermi Atomic Power Plant
Current Experience Series, " Atomic
Power Development Associates, Inc.,
Detroit, Michigan

Sodium Component Development Program
Information Meeting, Chicago, June 16-17,
1965

"Construction Log Book (HNPF), "' Hallam
Nuclear Power Facility, Hallam, Nebraska

"Hallam Nuclear Power Facility Construc-
tion Log Book,' Hallam Nuclear Power
Facility, Hallam, Nebraska

"Consumers Public Power District, Hallam
Nuclear Power Facility Monthly Report, "
Hallam Nuclear Power Facility, Hallam,
Nebraska

"Daily Site Wire (TWX), " Hallam Nuclear
Power Facility, Atomics International,
Canoga Park, California

See '""Daily Site Wire (HNPF)"

"Enrico Fermi Atomic Power Plant
Monthly Report, ' Power Reactor Develop-
ment Co., Detroit, Michigan

"Enrico Fermi Atomic Power Plant
(Fermi)" (unpublished internal document),
Power Reactor Development Co.,

Detroit, Michigan

See "EFAPP (Fermi)"

See "EFAPP (Fermi)"
See '"Construction Log Book (HNPF)"

"Internal Letter for North American
Aviation, Special Report, Technical
Data Report, ' Atomics International,
Canoga Park, California
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DOCUMENT SOURCE

IMPR ""Incident, Malfunction, and Problem
Report, " Liquid Metal Engineering
Center, Canoga Park, California

IMR-MOR (HNPF) '""Initial Malfunction Report - Monthly
Operating Report (HNPF), " Hallam
Nuclear Power Facility, Hallam,

Nebraska
Incident, Malfunction, and See "IMPR"
Problem Report
Incident Report (SCTI) "Sodium Component Test Installation,

Incident Report, ' Atomics International,
Canoga Park, California’

Incident Report (SRE) "Sodium Reactor Experiment Incident
Report, " Sodium Reactor Experiment,
Atomics International, Canoga Park,

California
Initial Malfunction Report "Initial Malfunction Report, ' Hallam
(HNPF) Nuclear Power Facility, Hallam, Nebraska
Internal Letter (HNPF) ""Internal Letter,' Hallam Nuclear

Power Facility, Hallam, Nebraska
Internal Letter, D.A. McGree to H.A. Gerber, ''Repair
Al1-7518-9819 of HNPF (Hallam Nuclear Power Facility)

EM (Electromagnetic) Pump, " Hallam
Nuclear Power Facility, Hallam, Nebraska
(January 3, 1962)

KAPL "Knolls Atomic Power Laboratory, "
General Electric Company, Schenectady,
New York

Lab Notebook (LCTL) "Laboratory Notebook, Large Component

Test Loop, ' Atomics International,
Canoga Park, California

LMEC, NAA-SR "Liquid Metal Engineering Center,
North American Aviation Special Report, "
Atomics International, Canoga Park,
California

Log Book (LCTL) " Large Components Test Loop Log Book
(LCTL)," Atomics International, Canoga
Park, California
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DOCUMENT

Log Book (SRE)

Maintenance Log Book (SRE)

Maintenance Report (EBR-II)

Maintenance Report ANL
(EBR-II)

Monthly Hilites (HNPF)

Monthly Operating Report
(HNPF)

MOR (HNPF)

MSA EP
NAA-SR

NASA C.R.

Operating Log (SRE)

Operating Maintenance
Report (EBR-II)

Operating Monthly Report
(EBR-II) :

SOURCE

"Log Book (SRE), '" Sodium Reactor
Experiment, Atomics International,
Canoga Park, California

"Sodium Reactor Experiment Maintenance
Log Book (SRE),'" Atomics International,
Canoga Park, California

"EBR-II Maintenance Report, ' Experi-
mental Breeder Reactor No. II, National
Reactor Testing Station, Idaho Falls, Idaho

See '"Maintenance Report (EBR-II}"

'""Monthly Hilites' (TWX), Hallam
Nuclear Power Facility, Atomics Inter-
national, Canoga Park, California

""Hallam Nuclear Power Facility Monthly
Operating Report, ' Hallam Nuclear Power
Facility, Hallam, Nebraska

See '"Monthly Operating Report (HNPF)"

"MSA Research Corporation Bulletin, "
MSA Research Corporation, Callery,
Pennsylvania

"North American Aviation Special Report, "
Atomics International, Canoga Park,
California

"NASA Contractor Report, ' National
Aeronautics and Space Administration,

Washington, D.C.

See '"Log Book (SRE)"

""Operating Maintenance Report (EBR-II),
Experimental Breeder Reactor No. II,
National Reactor Testing Station, Idaho
Falls, Idaho

"Operating Monthly Report (EBR-II), "
Experimental Breeder Reactor No. II,
National Reactor Testing Station,
Idaho Falls, Idaho
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DOCUMENTS

Operating Weekly Report
(EBR-II)

Operation Maintenance Report:

(EBR-II)
Operations Log (SRE)

Operations Maintenance
(EBR-II)

Operations Maintenance
Report (EBR-II)

Operations Monthly Report
(EBR-II)

Operations Weekly Report
(EBR-II)

Operation Weekly Report
(EBR-II)

Oper. Maint. (EBR-II)
Personal Communication,
C.W. Griffin

Plant Modification and
Maintenance Report (EBR-II)

PMMR (EBR-II)

PRDC (Fermi)

PRDC-EF (Fermi)
ROAP Report (HNPF)

Shift Leader's Log Book
(HNPF)

SOURCE
"Operating Weekly Report (EBR-II), "
Experimental Breeder Reactor No. II,
National Reactor Testing Station,
Idaho Falls, Idaho

See ""Operating Maintenance Report
(EBR-II)"

See '""Log Book (SRE)"

See '""Operating Maintenance Report
(EBR-II)"

See '"Operating Maintenance Report
(EBR-II)"

See ""Operating Monthly Report (EBR-II)"
See ”Operating.Weekly Report (EBR-II)"
See ""Operating Weekly Report (EBR-II)"
See '"Operating Maintenance Report

(EBR-ID"

"C.W. Griffin, "' Liquid Metals Engineering
Center, Canoga Park, California

"Plant Modification and Maintenance
Report, " Experimental Breeder Reactor
No. II, National Reactor Testing Station,
Idaho Falls, Idaho

See '""Plant Modification and Maintenance
Report (EBR-II)"

"Power Reactor Development Company, "
Enrico Fermi Atomic Power Plant,
Lagoona Beach, Michigan

See "EF (Fermi)"

See '""AI Monthly ROAP Report (HNPF)"

"Shift Leader's Log Book, ' Hallam
Nuclear Power Facility, Hallam, Nebraska
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DOCUMENTS

SNAP 8-D of A.G.C.F.C.
MSA EM P.F.

S.T.P. (EBR-II)

TWX

TWX to R.S. Baker (HNPF)

Weekly Hilites (HNPF)

Weekly Maintenance
Report (EBR-II)

Weekly Report (EBR-II)
Weekly Site Report (HNPF')
Weekly Site Wire (HNPF)

Work Request (HNPF)

WR (HNPF)

SOURCE

Facility comments, SNAP-8 Division of
Aerojet-General, '""MSA EM pump
Failures, ' recorded March 18, 1966 on
the November 22, 1965 summary,

Aerojet General Corporation, Von Karman
Center

"Systems Training Program, Training
Information, ''" Experimental Breeder
Reactor No. II, National Reactor Testing
Station, Idaho Falls, Idaho

"Teletype Writer Exchange, " Atomics
International, Canoga Park, California

"Teletype Writer Exchange to R.S. Baker, "
"HNPF EM Pumps, " (November 3, 1961),
Atomics International, Canoga Park,
California

"Weekly Hilites, ' (TWX), Hallam Nuclear
Power Facility, Atomics International,
Canoga Park, California

See "Operating Maintenance Report
(EBR-II)"

See '""Operating Weekly Report (EBR-II)"
See '""Weekly Hilites (HNPF)"

See '"Weekly Hilites (HNPF)"

"Hallam Nuclear Power Facility Work
Request, ' Hallam Nuclear Power Facility,

Hallam, Nebraska

See "Work Request (HNPF)"
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A. CHEMICAL SYSTEM COMPONENTS

1. Demineralizers

Failure data for demineralizers (ion exchange unit) are presented in Tables
1-1 through 1-3.

a. Reliability Information

Design Features:

Demineralizers are used to purify the feedwater feed to the steam generator.

Mode of Failure:

Mechanical vibration

Failure Description:

The pipe header which distributes the water flow cracked because of vibra-

tion,

Control Methods:

1) Use stainless steel headers and stronger pipes.
2) Anchor the pipes properly.

b. Discussion and Recommendations

The Poly-Vinyl Chloride pipe used in the demineralizer failed because of
vibration., This pipe was held on the same supports as other plant piping. The
vibrations from other pipes caused fatigue and finally pipe failure. Attempts

to repair the pipe were unsuccessful.

Poly-Vinyl Chloride plastic pipe should not be used where any vibration
can cause failure. The pipe leading from a demineralizer system should be

i either aluminum or steel with a Polyproplene liner.

ILMEC-Memo-69-7
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TABLE_1-1

FAILURE DATA FOR DEMINERALIZERS (ION EXCHANGE UNIT)
(Sheet 1 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING| METHOD OF FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1. Demineralizer/ 1, SCTI MI MI MI 333 Direct observation 1. Distribution manifold pulled loose from tee due to
Distribution Header 2. Treated water/condensate polishing [478 53 117 thin-wall SS tubing.
2. Feedwater Supply and system 2. Part replaced.
Treatment/Bypass 3. 120 gpm, 100 psig 3. Scheduled monthly air mixing will prevent overpacking
Purification 4. Incident report No. 30 of resin on pipeline within the flanged vessel.
3. 53
273100
1. Demineralizer/ 1. SCTIL MI MI MI 2,606 Direct observation 1. Plastic tee cracked at threads due to vibration.
Plastic Tee 2. Treated water and chemical feed 128 61 136 2. Local repair, replaced plastic piping with aluminum
2. Feedwater Supply and system/polishing demineralizer piping.
Treatment/Condensate |3. - 3. Upgrade QA procedures for installation of plastic pipe.
Demineralizing 4. Incident report No. 90
3. 53
273200
1. Demineralizer/ 1. 8CTI . M1 MI MI 4175 Direct observation 1. Piping manifold inadequately supported.
Plastic Pipe 2. Treated water and chemical feed 143 53 530 2. Plastic influent header manifold replaced by SS flange
2. Feedwater Supply and system and manifold.
Treatment/Condensate [3. 120 gpm, to 140°F, 100 psig 3. Improve QA on original installation.
Demineralizing 4. Incident report No. 305
3. 53
273200
1. Makeup Water 1. 8CTI MI MI MI 1560 During repair or 1. Cracked water line.
Demineralizer/ 2. Polishing system 172 59 530 inspection of system 2, Part replaced.
Plastic Waterline 3. - associated to failure 3. Plastic piping should be carefully inspected before
2. Feedwater Supply 4. Incident report No. 68 component. application.
and Treatment/
Demineralizer
3. 53
272200
1. Demineralizer /Acid 1. SCTI1 MI MI MI 6300 Routine area watch 1. Weld holding acid inlet header support bracket to
Inlet Header 2. Steam and feed system 453 59 580 tank broke allowing header to tear loose from
2. Feedwater Supply 3. 495°F, 19.6% flow tank.
and Treatment/ 4. Incident report No. 328 2, Substituted header (stainless steel flanges) and
Demineralizers rewelded bracket of improved design.
3. 53 3. Improve bracket design — replace plastic flange by SS.
272200
* | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P =

PROBLEM
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TABLE _1-1___

FAILURE DATA FOR DEMINERALIZERS (ION EXCHANGE UNIT)
(Sheet 2 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE pERAT 1. FAILURE DESCRIPTION
'TEM 3. copE: 3. OPERATING CONDITIONS HoURaE METHO O o URE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE] MODE EFFEC'I" 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Demineralizer/ 1. SCTI1 MA MA MA 2550 During preventive . Inspection found upper distribution manifold cracked
Manifold 2. Upper manifold demineralizer D-1 186 5Z 520 maintenance in the threads at the supporting flange. Header
2. Feedwater Supply 3. 12,600 gal, 100 psig material is plastic "Uscolite' and not strong enough
and Treatment/ 4. Incident report No. 309 (10-17-66) to hold load.
Demineralizers . Upper manifold replaced with SS header to provide
3. 53 adequate strength.
272200 . Resin beds should be mixed during long shutdowns
to prevent excessive packing.
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-2

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT DEMINERALIZERS (ION EXCHANGE UNIT)

COMPONENT SUBTYPE

DEMINERALIZERS
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TABLE _1-3

GENERAL SUMMARY
COMPONENT _DEMINERALIZERS (ION EXCHANGE UNIT)

FAILURES (%) 0

10 20 30 40 50 60 70 80 90 100

Environmental
Impurity/contamination
LVL; Inherent
=2
<C
o
Mechanical
w Metallurgical
o
o
=
Labor and material loss only
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E No effect
w
w
TOTAL FAILURES PER TYPE O 1 2 3 4 5 6 7 8 9 10
Demineralizers
OPERATING HOURS (THOUSANDS) O 10 20 30 40 50 60 70 80 90 100
Demineralizers
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Demineralizers
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B. CONTAINMENT SYSTEM COMPONENTS
1. Air Locks
Failure data for air locks are presented in Tables 1-4 through 1-8.

a. Reliability Information

Design Features:

Compartments with two doors and inflatable seal with inner lock to prevent

opening both doors at once. Valve and piping for equalization of pressure,.

Critical Characteristics:

Maintain reliable atmospheric isolation.

Mode of Failure:

1) Seal, gasket, and valve leakage
2) Switch malfunction
3) Penetration leakage.

Failure Description:

1) Inflatable seal valve leaked
2) Neoprene boot leaked

3) Door seal ruptured

4) Door switch inoperative

5) Equalizing valves leaked

6) Electrical and pipe penetrations leaked.

Control Methods:

1) Establish a regular schedule of inspection and testing for all seal

equipment and specific procedures for maintenance and repair.
2) Optimum test period assumed to be about eight months.

3) Some facilities use continuous leak monitoring with no access during

operation.

LMEC-Memo-69-7,Vol I
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Failure Rates:

Approximate failure rates developed by Holmes & Narver, Inc. for air lock @

components used in water reactors are as follows:
1) 2.5 x 10_6/hr for valves
2) 4.5 x 10_6/hr for gaskets and seals
3) 4.5 x 10-6/hr for penetrations

The frequency for LMFBR's appears comparable.

b. Discussion and Recommendations

None.

LMEC-Memo-69-7, Vol I
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TABLE _1=4
FAILURE DATA FOR _AIR LOCKS
(Sheet 1 of 2)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE speraTnG] METHOD OF F 1. FAILURE DESCRIPTION
AILURE
ITEM 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Air Lock/Door 1. EBR-II I I I 4,660 Direct observation 1. Door blown off causing damage to other components
2. Reactor Containment/ | 2. Equipment inner door 133 35 580 in the reactor building.
Air Lock 3. Ambient temperature 2. Part replaced.
3. 01 4. ANL 7132-7152 3. None.
194220
2 1. Air Lock/Inflatable 1. EBR-II MI MI MI 9,300 Preventive mainte- 1. Valve cracked.
Seal Valve 2, Equipment lock/admission valve 500 73 530 nance 2. Part replaced.
2. Reactor Containment/ | 3. Ambient temperature 3. None.
Air Lock 4. PMMR-58 (4)
3. 01
194220
3 1. Air Lock/Seal Air 1. EBR-II MI MI MI 1,200 Direct observation 1. Valve would not release air from seal.
Valve 2. Equipment lock 500 55 550 2. Local repair.
2. Reactor Containment/ | 3. Ambient temperature 3. None.
Air Lock 4. PMMR-13
3, 0l
194220
4 1. Air Lock/Neoprene 1. EBR-II MI MI MI 1,200 Preventive mainte- 1. Leak.
Boot 2. Interlock - air lock 500 BZ 530 nance 2, Local repair.
2. Reactor Containment/| 3. Ambient temperature 3. Establish regular inspection schedule for seals.
Air Lock 4. PMMR-10/14/64 (4}
3. 01
194220
5 1. Air Lock/Seal 1. EBR-II MI MI MI 1,200 Operational monitor 1. Leaking (pin hole leak).
2. Reactor Containment/| 2. Personnel air lock 500 59 550 2. Local repair.
Air Lock 3. Ambient temperature 3. None.
3. 01 4. PMMR-17 (4)
194220
[ 1. Air Lock/Hydraulic 1. EBR-II MI MI MI 1,200 Routine inspection 1. Unknown.
Unit 2. Personnel air lock 500 BZ 530 2. Part replaced.
2. Reactor Containment/ | 3, Ambient temperature 3. None.
Air Lock 4. PMMR-18
3. 01
194220
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




81-1

I I0A ‘L =69=0Wa N~ DTNT

TABLE _!-4
FAILURE DATA FOR _AIR LOCKS

(Sheet 2 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operaTiG] METHOD OF FAI 1. FAILURE DESCRIPTION
ITEM LURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 | 1. Air Lock/Door Switch | 1. EBR-II MI MI MI 1,200 Direct observation 1, Faulty switch,
2. Reactor Containment/ | 2. Personnel air lock 500 BZ 550 2, Part replaced.
Air Lock 3. Ambient temperature 3. None.
3. 01 4, PMMR-5
194220
8 | 1. Air Lock/Seal 1. EBR-II MI MI MI 1,200 Direct observation 1. Seal ruptured.
2. Reactor Containment/ | 2, Personnel air lock 500 59 550 2. Part replaced.
Air Lock 3. Ambient temperature 3. None.
3. 01 4. PMMR-22 (4)
194220
9 | 1. Air Lock/Seal 1, EBR-II MI MI MI 7,800 Direct observation 1. Seal ruptured.
2. Reactor Containment/ |2, Personnel air lock 500 59 520 2. Part replaced.
Air Lock 3. Ambient temperature 3. None.
3. 01 4. PMMR-49 (4)
194220
10 | 1. Air Lock/Seal 1. EBR-II MI MI MI 7,800 Direct observation 1, Seal ruptured - improperly vulcanized.
2. Reactor Containment/ | 2. Personnel air lock 478 59 520 2. Part replaced.
Air Lock 3. Ambient temperature 3. Maintenance/repair procedures and inspection
3. 01 4. PMMR-49 (4) methods should be clearly defined.
194220
11 | 1. Air Lock/Electrical 1. EBR-II MI MI MI 7,400 Routine inspection 1. Seal leaking.
Conax Seal 2. Emergency air lock electrical feed- 500 52 530 2. Part replaced.
2. Reactor Containment/ through 3. None.
Process Penetrations | 3. Ambient temperature
3. 01 4. PMMR-82
194231
* | = INCIDENT Mi MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

)
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TABLE _1-5

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _AIR LOCKS
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TABLE _1-6

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _AIR LOCKS
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TABLE _1-7
FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _AIR LOCKS

COMPONENT sUBTYPE PERSONNEL
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TABLE _1-8
GENERAL SUMMARY

COMPONENT _AIR LOCKS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
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2. Hoist Units

Failure data for hoist units are presented in Tables 1-9 through 1-12.

a. Reliability Information

Design Features:

Grip and vertically position fuel elements.

Critical Characteristics:

Severe thermal, pressure, chemical, and radioactive environment; blind

operation;

precision movement; high reliability.

Modes of Failure:

Failure to provide, control, or cut off power

Failure to lift, halt, hold, and lower on command and at proper speed
Failure to grasp, hold, and release on command

Failure to indicate, limit, and control the position of gripper and load

Failure to shield and support.

Failure Description:

1)

5)

Defective electric components or an unreliable power supply

Broken or jammed cables, gears, bearings, and other parts of the

lifting mechanism
Jammed or broken precision machined parts in gripper

Misaligned, jammed, or broken mechanical parts in control and

sensing system

Insufficient shielding and loose connection in support structure.

Control Methods:

1)

2)

Provide a fail-safe system, a positive cut-off, and emergency power.

Avoid overloading the lifting mechanism.

3) Use proper materials, simplify the configuration, and provide

adequate clearances and tolerances.

LMEC-Memo-69-7,Vol I
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4) Provide fail-safe devices, emergency controls, and a verification

of signal data.

5) Inspect and maintain the hoist.

Alternative Concepts:

Hydraulic or liquid metal lifting mechanism.

Suggested Incipient Failure Detection Methods:

1} Failure is sometimes preceded by detectable variations in certain
operating parameters. The thermocouple to detect a hot bearing
and the pressure gage to detect loss of o0il pressure are well known.
With respect to hoists, it should be possible to put a sonic detector
in the drive box to sense abnormal chatter from misaligned or fouled
gears, etc. Also, a power or work meter on the hoist motor could
sense abnormal energy requirements in lifting stuck fuel elements
or other hangups.

2) Failure often occurs with no detectable change in operation until the

moment of catastrophy. The fraying of a load cable or the crack in

a gripper are typical examples. The classic method used to avoid

this type failure is routine maintenance and inspection coupled with
periodic proof and other nondestructive tests. When this method is
used with skill and diligence, it detects most surface defects. Hid-
den defects are much more difficult to ascertain. Improvement in
flaw detection depends on the development of built-in, nondestructive
scanners. Because of the complex configuration of hoisting mecha-

nisms, this development effort will be costly.

b. Discussion and Recommendations

General:

The function of any hoist is to grip and vertically move a load. The prin-
cipal parts of a hoist are the power source, the lifting mechanism, the gripper,

the sensing and control system, and the support and shielding.

Hoists for fuel handling machines are specialized in that they primarily grip

and move fuel elements inside a reactor. The fuel elements must be handled

LMEC-Memo-69-7, Vol I
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and maintained in a high-temperature, pressurized, chemically reactive, and
also radioactive environment. The movements are mostly hidden from the
operator. Under these conditions the hoist movement must be precise and

reliable.

Power Source:

Electric, pneumatic, and hydraulic power can be used. The choice of
power governs the operation and configuration of the other parts of the hoist.

Most hoists use electric power.

A power failure is lost, unprogrammed, or runaway power. Power failures

are caused by defective electrical components or an unreliable supply.

The best design and installation cannot prevent power failures with cer-
tainty. However, the catastrophic consequences of a power failure must be
avoided by providing a fail-safe system, positive cutoff, and emergency power

with the alternative of manual operation.

Lifting Mechanism:

The lifting mechanism transforms the power into controlled vertical motion.
The mechanism usually consists of a gear drive, a drum, brakes, sheaves,

guides, a cable (or chain), and gripper attachment.

A failure of the lift mechanism is failure to lift, halt, hold, or lower the
load on command and at the proper speed. Failures of the lifting mechanism
are due most often to broken gears and galled bearings. These result in stalled

or uneven movement. A rupture or pull-out of the cable or lift chain is less

frequent but can have catastrophic consequences.

Most failures can be prevented by avoiding overloads and by adequate in-

spection and maintenance.

Gripper Mechanism:

The gripper is the device that holds the load. The simplest gripper is the
hook which is manually attached to the load. At the other end of the spectrum is
the fuel handling gripper. It must remotely and precisely grasp, hold, and
release the pickup attachment on a fuel element. This must be accomplished
on command and in a severe thermal, pressure, chemical, and radioactive

environment,

LMEC-Memo-69-7,Vol I
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A failure of the gripper mechanism is failure to grasp, hold, or release
the load on command. Failures of the gripper mechanism are due to jammed

or broken precision machined parts.

Such failures can usually be avoided if, during design, the proper materials
are selected, simplicity of configuration is stressed, and adequate clearance

and tolerance are provided.

Control and Sensing System:

Hoists may be manually controlled by the operator based on direct observa-
tion or on remote indicators. Completely programmed control is also possible.
The most common control mode is semi-automatic where the operator's com-

mand initiates a sequence of automatic movement.

Sensing devices are required for hidden hoist operations, for programmed
sequences of events, and to automatically limit travel. Signals actuate indica-

tors, alarms, protective devices, or controls.

A failure of the control and sensing system is a failure to indicate, limit,
or control the position of the gripper or the load. Failures are most frequently

caused by misaligned, jammed, or broken mechanical parts.

The control system should be designed like the power system with fail-safe
devices, positive cutoffs, and emergency controls. The sensing system should

have a method of verifying that signaled information is correct.

Shielding and Supports:

A housing contains the severe environment surrounding the lifted element,
and shields operations surrounding the hoist from adverse effects of the environ-
ment. Conditioning equipment may be required to maintain the environment.

The shielding may surround the entire hoist, some parts of it, or only the lifted

element.

The support structure holds the hoist and shielding and transmits the dead
and lifted loads to the building frame or foundation. The support structure may

be either stationary or mobile.

Failure to shield or support can result in damage to the load, to personnel,

to the surrounding facility, or to the operating process. Shielding failures are

LMEC-Memo-69-7, Vol I
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almost always due to failure to provide shielding. Support failures are due

usually to deterioration or loosening of the connections.

Proper evaluation of the environment requiring shielding and detailed

inspection and maintenance of the shield and support structure would reduce

the possibility of failure.
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TABLE_1-9

FAILURE DATA FOR __HOIST UNITS

(Sheet 1 of 2)

MAJOR MALFUNCTION P

PROBLEM

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION cobe 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS ﬂ HOURS DETECTION . CTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Hoist Unit/Lifting 1. Fermi MI MI MI 14,941 | Direct observation 1. Cable broke.
Cable 2, Cask car 120 59 530 2, Part replaced.
2. Nuclear Fuel Handling [ 3. Min, 350°F, argon 3. None.
and Storage of Equip- |4. PRDC-EF-47
ment/Fuel Handling
Machine
3. 50
235163
2 1. Hoist Drum/Bearings | 1. Fermi MI MI MI 14,763 { During actuation 1. Sodium deposition and dry bearing surfaces caused
2. Nuclear Fuel Handling|2. Cask car 114 68 550 bearing to gall.
and Storage Equipment/| 3. Min. 350°F, argon 2. Vendor repair of component. .
Fuel Handling Machine| 4. EF-24 3. Select bearing materials compatible with sodium.
3. 50
235163
3 1. Hoist Unit/Fuel 1. EBR-II MI MI MI 1000 Operational monitors | 1. Mechanism jammed.
Gripper 2. Primary/fuel unloading machine 218 55 550 2. Local repair.
2. Nuclear Fuel Handling| 3. 210 to 700°F 3. None.
and Storage Equipment/| 4. ANL-6780
Fuel Handling Machine
3. 50
235163
4 1. Hoist Unit/Fuel 1. EBR-II MI MI MI 1000 During preventive 1. Gripper jammed.
Gripper 2. Primary/fuel unloading machine 218 55 530 maintenance 2. Local repair, gripper removed, cleaned, inspected,
2. Nuclear Fuel Handling| 3. 210 to 700°F and reinstalled.
and Storage Equipment/| 4. ANL-6923 3. None.
Fuel Handling Machine
3. 50
235163
5 1. Hoist Unit/Fuel 1. EBR-II MI MI MI 1200 Operational monitors | 1. Gear broken.
Gripper Drive Gear 2. Primary/fuel unloading machine 500 59 550 2. Part replaced.
2. Nuclear Fuel Handling| 3. 210 to 700°F 3. Check surface hardness (Rc) of material used to
and Storage Equipment/| 4. PMMR-14 fabricate the gears; change material,if necessary,
Fuel Handling Machine or heat treatment method (i.e., case harden).
3. 50
235163
* | = INCIDENT M1 MINOR MALFUNCTION
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‘ TABLE __1-9
FAILURE DATA FOR _HoIST UNITS

(Sheet 2 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CooE R L. FAILURE DESCRIPTION
ITEM PERATIN ETHOD OF FAILURE 2 RRECTIV
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION - CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Hoist Unit/Fuel 1. EBR-II MI MI MI 790 Operational monitor 1. Funnel of gripper contacted the hold-down.
Gripper Funnel 2. Primary/internal fuel handling 187 54 550 2. Part replaced.
2. Nuclear Fuel Handling equipment 3. Reduce speed of insertion to 2 in./min to allow
and Storage Equipment/|3. 210 to 700°F gripper to attain equilibrium temperatures.
Fuel Handling Machine|4. ANIL-6944
3. 50
235163
7 1. Hoist Unit/Fuel 1. EBR-II MI MI MI 11,320 {During actuation 1. Sensing rod bent.
Gripper Sensing Rod 2. Primary/fuel unloading machine 172 54 550 2. Local repair, spare gripper installed.
2. Nuclear Fuel Handling |3. 210 to 700°F 3. Slower than 6 in./min insertion into liquid sodium.
and Storage Equipment/| 4. PMMR-108
Fuel Handling Machine
3. 50
235163
8 1. Hoist Unit/Gripper 1, EBR-II MI MI MI 3070 Operational monitor 1. Gear broken.
Jaw Gears 2. Primary/fuel unloading machine 219 59 530 2. Part replaced.
2. Nuclear Fuel Handling (3., 210 to 700°F 3. None.
and Storage Equipment/{ 4. PMMR-43, 9-65
Fuel Handling Machine
3. 50
235163
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE 1-10

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _HOIST UNITS

COMPONENT SUBTYPE

FUEL HANDLING HOIST (EBR II)
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TABLE _1-11

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _HOIST UNITS
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TABLE _1-12

GENERAL SUMMARY

COMPONENT _HOIST UNITS
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3. Shielding

Failure data for shielding are presented in Tables 1-13 through 1-15,

a. Reliability Information

Modes of Failure:

1) Binding due to oxide impurities of bismuth, tin, and sodium in seal.

2) Water-soaked plug caused violent sodium-water reaction and damage

to components,

Failure Experience:

1) The reason for repeated occurrence of oxide impurity accumulation

was not resolved, but cover gas impurities are a potential source.

2) Water soaking of the plug was an unusual and hopefully unrepeatable

serious accident.

Control Methods:

l) Sources of impurities which can condense as oxides in rotating seals

should be determined and eliminated whenever practical.

2) Sodium condensate in seals can sometimes be prevented by including
louvered cooling baffles between the sodium surface and seal area to

precipitate the vapors before they reach the seal region.

b. Discussion and Recommendations

None.
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TABLE__1-13

FAILURE DATA FOR

SHIELDING

(Sheet 1 of 2)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPERATIG] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM
3. CODE: 3. OPERATING CONDITIONS T‘ HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Shielding/O-rings 1. Fermi MI MI MI 14,941 | Direct observation 1. O-ring worn out, causing seal to leak.
2. Reactor Equipment/ 2. Reactor exit port shield plug 312 52 530 2. Part replaced.
Reactor Shielding 3. - 3. Increase preventive maintenance frequency.
3. 16 4. EF-46
213000
2 1. Uranium Shield/ 1. Fermi MI MI MI 6470 Direct observation 1. Column distorted.
Column 2, Cask car 117 54 530 2. Port replaced.
2. Nuclear Fuel Handling| 3. Minimum 350°F, argon 3. None.
and Storage Equip- 4. EF-APP-47
ment/Fuel Handling
Machine
3. 16
235150
3 1. Uranium Shield/ 1. Fermi MI MI MI 6470 Direct observation 1. Rotor bound against the cask walls.
Rotor 2. Cask car 117 54 530 2. Part replaced.
2. Nuclear Fuel Handling| 3. Minimum 350°F, argon 3. None.
and Storage Equip- 4, EF-APP-47
ment/Fuel Handling
Machine
3. 16
235150
4 1. Shielding/Seal Trough | 1. EBR-II MI MI Mi 2590 During preventive 1, Impurities in seal, oxides of bismuth, tin, and sodium.
2. Reactor Equipment/ 2. Rotating plug 200 55 530 maintenance 2. Local repair.
Shielding 3. 281 to 355°F 3. None.
3. 16 4. ANL-7082, 7/65
213000
5 1. Shielding/Metal Seal 1. EBR-II MI MI MI 3410 During inspection of 1. Oxides and sodium in seal.
2. Reactor Equipment/ 2. Rotating plug 200 55 550 system associated to | 2. Local repair.
Shielding 3. 400°F failure component 3. None.
3. 16 4. ANL-7115, 10/65
213000
6 1, Shielding/Metal Seal 1. EBR-II MI MI MI 14,150 | During preventive 1. Oxides and sodium in seal.
2. Reactor Equipment/ 2. Small rotating plug 25Z 51 530 maintenance 2. Local repair.
Shielding 3. 281 to 400°F 3. None.
3. 16 4. Maintenance report 4/18/68
213000
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE__1-13

FAILURE DATA FOR _SHIELDING
(Sheet 2 of 2)
COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE pER JETHOD OF 1. FAILURE DESCRIPTION
ITEM PERATING THOD FAILURE 2. CORREC ACTI
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION - TIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| .MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Shielding/Plug Seal 1. EBR-II MA MA MA 13,380 | Direct observation 1. Shield plug soaked with water, trapped under
Trough 2. Top shield plug auxiliary gripper 500 B 530 labyrinth or end cap.
2. Reactor Equipment/ 3. - 2. None,
Shielding 4. Operation monthly report, 2/68 3. None,

3. 16

213000
8 1. Shielding/Plug Seal 1, EBR-II MA MA MA 13,380 | Direct observation 1. Water trapped under labyrinth or end cap entered

2. Reactor Equipment/ 2, Rotating Plug 315 37 530 primary tank when plug was reinserted, sodium
Shielding 3, 281 to 400°F was expelled through the hole up around the plug.

3. 16 4. Operation monthly report, 2/68 2. Local repair.

213000 3. Revise procedure to require inspections for water.
9 1. Shielding/Transfer 1., EBR-U MI MI Mi 3410 Preventive mainte- 1. O-ring worn out.
Port O-ring 2. Primary/fuel unloading machine 126 52 530 nance 2. Part replaced.

2. Nuclear Fuel Handling| 3. - 3. Replacement of O-rings and gaskets is desirable
and Storage Equip- 4. PMMR-48 whenever parts are disassembled for maintenance or
ment/Shielding repair,

3. 16
235150

% | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1i-14

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _SHIELDING
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TABLE _1-15
GENERAL SUMMARY

COMPONENT _SHIELDING

FAILURES (%) 0O 10 20 30 40 50 60 70 80 90
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MODE

Chemical

Mechanical

Other

EFFECT

Labor and material loss only

System/compenent inoperative
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4, Vessel Internals (removable)

Failure data for vessel internals (removable)are presented in Tables 1-16

through 1-18.

a. Reliability Information

Design Features:

Control rod thimble.

Critical Characteristics:

Thin-wall tube encloses and guides the control rod absorber element in the
reactor core. The thimble extends from the shield plug into the core and seals
the reactor sodium out of the control rod internals and seals the shield plug

holes.

Mode of Failure:

1) Installation procedure error

2) Embrittlement of metal.

Failure Description:

1) The holddown snap ring for the thimble had not been installed and the
thimble came out of the shield plug hole.

2) The thin wall in the lower part of the thimble became brittle and

cracked permitting leakage.

3) Personnel attempted to place a thimble in a maintenance cell which

was already occupied.

4) A thimble was wedged against a control rod subassembly which caused

the control rod to be damaged when it was removed.

Control Methods:

1) Installation and maintenance procedures must be adequate and must

be used.

2) Care must be given to the selection of materials when parts are

designed.

LMEC-Memo-69-7, Vol I
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b. Discussions and Recommendations

Seven events were reviewed regarding failures of control rod thimbles.
Three of the failures were due to operating or handling errors. The only
solution to this problem is adequate and carefully followed operational and

maintenance procedures using checklists for backup.

Four of the failures were a result of one prime failure. This was a design
problem due to improper selection of materials. The solution is a complete

knowledge of design requirements based on operating conditions.

'Incipient failures in two cases studied would be impossible to detect be-
cause they were operator errors. The very nature of the thimble and its pur-

pose makesitdifficultto predict failures.
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FAILURE DATA FOR _VESSEL INTERNALS, REMOVABLE

TABLE__1-16

(Sheet 1 of 2}

COMPONENT/PART 1. FACILITY FAILURE INDEX
DE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE opER 1. FAILURE DESCRIPTION
ITEM TING] METHOD OF FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Vessel Internals/ 1. HNPF MA MA MA | Unknown | Operational monitors |1. Thimble leaking.
Thimble 2. C-68 121 61 550 2. Replace thimble.
2. Reactor Equipment/ 3. - 3. None.
Core Components and |4. NAA-SR-10743 (6-1-63)
Supports
3. 07
216400
2 1. Vessel Internals/ 1. HNPF MI MI MI 1605 Direct observation 1. Hydraulic force of sodium sufficient to float thimble
Thimble 2. Control rod thimble channel XIII 330 53 530 out of core position (approx. 10 in.); holddown ring
2. Reactor Equipment/ 3. Primary hot leg - 945°F inadvertently removed.
Core Components and Primary cold leg - 610°F 2. Spare installed.
Supports 4. Monthly operating report No. 3 3. None.
3. 07
216400
3 1. Vessel Internals/ 1. HNPF I I 1 4450 Direct observation 1. 1/2-in.-diameter piece fell out of thimble wall.
Thimble 2. Control rod thimble TZ-3 442 84 520 2. Part replaced.
2. Reactor Equipment/ 3, 350 to 925°F 3. None.
Core Components and |4. Monthly operating report No. 13
Supports
3. 07
216400
4 1. Vessel Internals/ 1. HNPF 1 I I 4450 Direct observation 1. Thimble had become brittle and shattered during
Thimble 2. Control rod thimble TZ -6 442 84 520 examination,
2. Reactor Equipment/ 3. 350 to 925°F 2. Part replaced.
Core Components and | 4. Monthly operating report No. 13 3. None.
Supports
3. 07
216400
5 1. Vessel Internals/ 1. HNPF I I I 3710 Direct observation 1. Crack in thimble resulted in leakage.
Thimble 2. Control rod thimble No. 12 442 84 520 2. Part replaced.
2. Reactor Equipment/ 3. 350 to 925°F 3. None.
Core Components and |4. Monthly operating report No. 11
Supports
3. 07
216400
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM

L )
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TABLE _1-16
FAILURE DATA FOR _VESSEL INTERNALS, REMOVABLE
(Sheet 2 of 2)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING| METHOD OF FAILURE 2. CORR ACT
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION - CORRECTIVE ACTION
(Component) 4. SOURGCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Vessel Internals/ 1. HNPF I 1 I 3710 Direct observation 1. Thimble cracked and resulted in leakage.
Thimble 2. Control rod thimble No.13 442 84 520 2. Part replaced.
2. Reactor Equipment/ 3. 350 to 925°F 3. None.
Core Components and 4. Monthly operating report No. 11
Supports
3. 07
216400
7 1. Vessel Internals/ 1. HNPF MI MI MI 3710 Direct observation 1. Attempt made to place thimble in occupied maintenance
Thimble 2. Control rod thimble TZ-13 330 55 550 cell engaging thimble to plug pickup cup.
2. Reactor Equipment/ 3. 350 to 925°F 2. Operational procedure and/or training change.
Core Components and {4. Monthly operating report No. 11 3. None.
Supports
3. 07
216400
8 1. Vessel Internals/ 1. EBR-II MA MA MA 13,380 |Inspection of asso- 1. Bent flat was wedged against subassembly C-2039
Thimble 2. Control rod grid position 5+C-3 172 54 520 ciated systems and caused this and control rod 1L-446 to be scratched
2. Reactor Equipment/ 3. 300 to 800°F when they were removed.
Core Components and |4. ANL-7419 2. Component replaced.
Supports 3. None.
3. 07
216400
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-17

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _VESSEL INTERNALS
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TABLE _1-18
GENERAL SUMMARY

COMPONENT _VESSEL INTERNALS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Environmental
Human error
&
2 Inherent
<
[&]
Chemical
LéJ Mechanical
C§> __I\_/Iefaﬂur@&l
Plant availability loss
S Labor and material loss only
§ System/component inoperative
[
TOTAL FAILURES PER TYPE 0 2 4 6 8 10 12 14 16 18 20
Vessgel internals
OPERATING HOURS (THOUSANDS) 0 10 20 30 40 50 60 70 80 30 100
Vessel internals
ut
o
>—
-
FAILURE RATE (FAILURE.‘S/lO6 hr) O 100 200 300 400 500
Vessel internals

LMEC-Memo-~69-7, Vol I
1-43




5. Vessels and Tanks

Failure data for vessels and tanks are presented in Tables 1-19 through 1-22. @

a. Reliability Information

Design Features:

The primary purpose is containment. In addition, reactor vessels have
unique alignment requirements. Heating of the sodium vessels is also neces-

sary.

Critical Characteristics:

The vessel is required to last the life of the plant (30 years) under extreme
loading conditions of temperature and varying flow rates. Transient conditions
resulting from seismic loadings and/or steam generator operating abnormalities

also have to be considered.

Mode of Failure:

1) Broken parts

2) Clogging of lines
3) Crack
4) Fire.

Failure Description:

1) Bolts broken due to torquing

2) Lines were clogged

3) Stiffeners broken loose at weld

4) Cracks at pipe connections or worn because of rough edges
5) Gasket failure.

Control Methods:

1) Provide a procedure for torquing of bolts.

2) Stiffeners should be enlarged and flow rates lowered to prevent water

hammer.

LMEC-Memo-69-7, Vol I
1-44




3) Operational procedures should be revised to minimize the possibility

Q of fire while draining sodium.

b. Discussion and Recommendations

None,
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TABLE__1-19
FAILURE DATA FOR _VESSELS AND TANKS

(Sheet 1 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION PERATING] METHOD OF FA 1. FAILURE DESCRIPTION
ITEM ILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Tank/Brass Studs 1. EBR-II MI MI MI 9345 Direct observation 1. Brass studs broken.

2. Steam,Condensate and |2. Condensor water box 500 59 530 2. Part replaced.

Feedwater Piping and [3. No information available 3. Revise maintenance procedure to include torque limit
Equipment/Condensate [4. PMMR-100 for brass bolts.
3. 06
283000
2 1. Tank/Weld Condensate |1. EBR-II MI M1 MI 1200 Direct observation 1. Crack in tank at drain pipe connection.
Storage 2. Drain pipe connection 500 73 530 2. Local repair.
2. Steam,Condensate and {3. No information available 3. None.
Feedwater Piping and {4. PMMR-17
Equipment/Condensate

3. 06

283000
3 1. Vessel/Weir Baffle 1. SCTI MA MA MA 5225 During repair or 1. Two Weir plate stiffener bars broke loose at welds
Plate 2. Steam and feedwater system 175 59 117 inspection of system in deaerator.

2. Steam,Condensate and |3. 200,000 1b rated flow out pressure associated to failure 2. Local repair, new angle iron stiffeners of larger
Feedwater Piping and 25 psia component. cross section installed; baffle holes and torn areas
Equipment/Condensate {4. Incident report No. 107 adjacent were patched and reinforced.

3. 06 3. Maintain the polish flow rate low enough to prevent
283000 water hammer during steam generator preheat

circulation.
4 1. Tank/Vacuum Line 1. EBR-II MI MI MI 14,000 Operational monitors |[1. Vacuum line clogged.

2. Heat Transfer/ 2. Surge tank sodium primary 195 51 530 2. Local repair, removed and cleaned.
Purification System 3. 300 to 7T00°F 3. None.

3. 06 4., Operations weekly report, 4-3-68
224230

5 1. Tank/Vacuum Line 1. EBR-II MI MI MI 10,840 Operational monitors |1. Vacuum line clogged.

2. Heat Transfer/ 2. Surge tank sodium primary 195 51 550 2. Local repair, line removed and cleaned.
Purification System 3. 300°F 3. None.

3. 06 4. PMMR-106
224230

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-19
FAILURE DATA FOR _VESSELS AND TANKS

(Sheet 2 of 2)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING| METHOD OF FAILURE > CORRECTIVE ACTION
3. CODE: ‘ 3. OPERATING CONDITIONS HOURS DETECTION : ¢
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Tank/Rupture Disk 1. HNPF MI MI MI 9420 Direct observation 1. Small hole worn through rupture disk by rough edge
2. Heat Transfer/ 2. Expansion tank No.2 126 59 530 on inner backup plate.
Intermediate Coolant | 3. 2. Temporary repair, a second rupture disk in series
3. 06 4. Monthly operating report No.25 with the original disk.
222240 3. None.
7 1. Vessel/50 gal Drum 1. HNPF I 1 I 2400 Direct observation 1. Sodium fire occurred in 50 gal, open-top drum while
2. Other Reactor Plant 2. Primary IHX cell No.1 136 34 530 draining sodium.
Equipment/ 3. 300 to 500°F while filling and 2. Operationalprocedure change:use only drums with cov-
Maintenance draining ered ends with two bung holes, onefor sodium drain and
3. 06 4. Monthly operating report No.5 - one for purge line. Alsoinsulate betweenbarreland rack.
292000 3. None
8 1. Expansion Tank/ 1. HNPF MI MI MI 3744 Operational monitor 1. Velocity of sodium high enough to cause cover gas
Sodium 2. Tank No.2, secondary, 304 SS 194 AT 600 entrainment.
2. Heat Transfer/ 3. - 2. Installed bypass line so 90% of sodium flows around
Intermediate Cooling | 4. WR-1902 (9-6-62) tank.
3. 06 3. None.
222000
9 1. Vessels and Tanks/ 1. HNPF MI MI MI 10,416 Direct observation 1. Level probe plug gasket failed.
Plug Gasket 2. Secondary Expansion Tank, 500 BZ 590 2. Repaired gasket.
2. Heat Transfer/ 304 SS, 1/2-in. wall 3. None.
Intermediate Cooling | 3. -
System 4. AI monthly, 6-14-63
3. 06
222000
* | = INCIDENT M = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-20

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT VESSELS AND TANKS
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TABLE _1-21

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _VESSELS AND TANKS
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TABLE _1-22
GENERAL SUMMARY

COMPONENT _VESSELS AND TANKS
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C. ELECTRICAL SYSTEM COMPONENTS

O 1. Electrical Generators (emergency and auxiliary)

Failure data for electrical generators (emergency and auxiliary) are pre-

sented in Tables 1-23 through 1-26.

a. Emergency Diesel Generators

(1) Reliability Information

Design Features:

Diesel-generator sets are designed to provide emergency electric power to
critical plant loads on loss of normal power. Undervoltage relays sense a loss
of normal power, automatically start the diesel, either with battery power or

compressed air, and actuate a transfer switch.

Mode of Failure:

1) Mechanical malfunctions in diesel engine,.
2) Fuel supply malfunctions.
3) Control component malfunctions.
@ 4) Generator problems.
5) System oriented malfunctions.

Failure Experience:

Experience throughout industry has shown that any of the above failure

modes must be considered as possibilities.

Control Methods:

1) Good quality control in system component procurement.
2) Top quality electrical and mechanical maintenance.

3) An effective program of exercising the diesel generator under load.

Alternate Concepts:

An alternate power supply from an independent source.

ILMEC-Memo-69-7, Vol I
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(2) Discussion and Recommendations

Standby emergency diesel generators offer a wide variety of malfunction
possibilities. Such malfunctions can be either component oriented or system
oriented. By their nature their operating hours are limited and erratic. This
opens a whole bay of malfunction possibilities which do not exist with continuous
duty machines. They go from a cold start to full load in ten seconds or less.
The generator is at the mercy of the diesel engine, which must itself be main-
tained in the best possible manner. Control components must be in perfect
condition, because a malfunction in any one of many components can prevent

proper operation.

A good preventive maintenance program is a must, including a plan to

regularly exercise the diesel-generator under load.

b. Motors-Generator Sets

(1) Reliability Information

Design Features:

Generators driven by electric motor prime mover, operating from normal
plant power. Output used as noise-free power supply, variable frequency power

supply, or for isolation purposes.

Mode of Failure:

1) Bearing failure
2) Brush wear
3) Control component failure.

Failure Experience:

1) Bearing failure most common. Reasons not available.

2) Abnormal brush wear indicated in a few cases. Reasons not avail-

able.

Control Methods:

1) Install high-temperature alarms on bearing housings of large gen-

erators.

2) Verify adequacy of bearing lubrication.

LMEC-Memo-69-7, Vol I
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3) Don't overload bearings.

4) Close maintenance surveillance,

b. Discussion and Recommendations

It is noted that most of the reported malfunctions relate to bearing and brush
problems. This is normal for rotating electrical machines and if detected during
routine preventive maintenance, and did not cause an unscheduled outage, per-

haps would not even be considered a malfunction.

Bearings should last a minimum of one year under continuous operating
conditions, and with proper maintenance can be expected to last two years.
Brush life is more uncertain and is dependent on environmental conditions.

Brushes can last a year or more.

Other less-common malfunctions are related to winding insulation failure.
This is usually caused by generator overheating or insulation deterioration due
to age. Overheating can be caused by poor ventilation, overloading, or dirt
accumulation in the windings. To illustrate the effect of heat on electrical
insulation, the operating life of insulation is reduced by a factor of 1/2 for
each 10°C increase in operating temperature. For example, an insulation
whose rated life is 20 years at 80°C would have a rated life of 10 years at

90°C, or 5 years at 100°C.

Every machine should be completely dismantled every two years and
thoroughly cleaned and inspected. Coils, stators, and rotors can be redipped
and baked or spray varnished. All windings should be meggered to detect any

incipient insulation weaknesses,

LMEC-Memo-69-7, Vol I
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TABLE__1-23

23

FAILURE DATA FOR _ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY)

(Sheet 1 of 3)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION OPERATING| METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
. MMENDA
(Component). 4. SOURCE DOCUMENT CAUSE} MODE EFFECﬂ 3. RECO NDATIONS
(System/Subsystem) )
1 1. Generator/Bearing 1. EBR-II MI MI MI ~3070 During preventive 1. Bearings worn out.
(inboard) 2. Primary sodium pump 500 BZ 530 maintenance 2. Part replaced.
2. Accessory Electrical |3. 400 hp, 480 volts ’ 3. Determine cause of bearing failure and institute
Equipment/M. G. Set 4. PMMR-43 procedures to prevent recurrence.
3. 57
470000
2 1. Generator /Brushes 1. EBR-II MI MI MI ~13,500 |During preventive 1. Brushes worn out.
2. Accessory Electrical {2. Primary pump/M.G. set No. 1 500 BZ 530 maintenance 2, Part replaced.
Equipment /M. G. Set 3. 400 hp, 480 volts 3. None.
3. 57 4. Operations weekly report, 2-14-68
470000
3 1. Generator/Brushes 1. EBR-II MI MI MI © |~6900 During preventive 1. Dirty commutator.
2. Accessory Electrical |2. Primary pump/M. G. set No. 1 500 BZ 530 maintenance 2. Cleaned and polished commutator and reseated brushes.
Equipment/M. G. Set 3. 400 hp, 480 volts 3. The most common cause of commutator failure is the
3. 57 4. PMMR-80 wrong type of brushes; therefore, determine that
470000 brushes are correct for the service.
4 1. Generator/Brushes 1. EBR-II MI MI MI ~6900 During preventive 1. Brushes worn out.
2. Accessory Electrical [2. Primary pump/M.G. set No. 1 500 BZ 530 maintenance 2. Part replaced.
Equipment/M. G. Set 3. 400 hp, 480 volts 3. None.
3. 57 4. PMMR-80
470000
5 1. Generator/Brushes 1. EBR-II MI MI MI ~13,500 [During preventive 1. Brushes worn out.
2. Accessory Electrical |2. Primary pump/M.G. set No.2 500 52 530 maintenance 2. Part replaced.
Equipment /M. G. Set 3. 400 hp, 480 volts 3. None.
3. 57 4. Operations weekly report, 2-14-68
470000
6 1. Generator/Excitor 1. EBR-II MI MI MI ~ 15,240 |Routine area watch, 1. Commutator was worn.
2. Accessory Electrical |2. Primary pump/M. G. set No.2 500 19 530 direct observation 2, Part replaced.
Equipment/M. G. Set 3. 400 hp, 480 volts 3. Insufficient information to comment. Properly main-
3. 57 4. Operations monthly report, 7-31-68 tained commutator should last ~3 years without
470000 machining.
7 1. Generator/Bearing 1. EBR-II MI MI MI ~ 15,240 |During routine 1. Bearing worn out,
2. Accessory Electrical [2. Primary/pump collector ring end 500 52 530 inspection 2. Part replaced.
Equipment /M. G. Set 3. 400 hp, 480 volts 3. None.
3. 57 4. Operations monthly report, 10-2-68
470000 )
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE 1223 o
FAILURE DATA FOR ELECTRICAIL GENERATORS (EMERGENCY AND AUXILIARY)

(Sheet 2 of 3)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE PERaTIGl METHOD O 1. FAILURE DESCRIPTION
PERATIN D OF FAILURE
'TEM) 5. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT]| 3. RECOMMENDATIONS
(System/Subsystem)
8 1. Generator /Excitor 1. EBR-II MI MI MI 15,240 [During routine 1. Removed the Pure Carbon brushes from the excitor
2. Accessory Electrical [2. Primary pump/M. G. set No.2 500 19 530 inspection and replaced with National Carbon brushes.
Equipment/M. G. Set 3. 400 hp, 480 volts 2. Part replaced,
3. 57 4. Operations monthly report, 10-2-68 3. None.
470000
9 1. Generator /Freq.Gen. |l. EBR-II MI MI MI 12,500 |Operational monitors |{l. Faulty frequency generator.
2. Accessory Electrical 2. Primary pump/M. G. set No. 2 500 BZ 530 2. Part replaced.
Equipment/M. G. Set 3. - 3, None.
3. 57 4. Operations monthly report, 11-67
470000
10 [1. Generator/Brushes 1. EBR-II MI MI MI 13,500 [Protective system 1. Brushes worn out.
2. Accessory Electrical [2. Primary pump 500 52 550 2. Part replaced.
Equipment/M. G. Set 3. 400 hp, 480 volts 3. Follow manufacturer's recommendations in care of
3. 57 4. Maintenance report, 2-14-68 brushes and commutators.
470000
11 [1. Generator/Brushes 1. EBR-II MA MA MA 13,500 |Operational monitors (1. Faulty brushes, worn too short.
2. Accessory Electrical |2. Primary pump No. 1 500 13 520 2. Part replaced.
Equipment/M. G. Set 3. 400 hp, 480 volts 3. Up-grade preventive maintenance.
3., 57 4. Maintenance report, 2-29-68 -
470000
12 |1. Generator /Bearings 1. EBR-II MA MA MA 15,240 |During routine 1. Bearings worn out.
2. Accessory Electrical [2. Plant constant power supply M. G. set {500 52 520 inspection 2. Parts replaced.
Equipment/M. G. Set 3. - 3. Increase preventive maintenance frequency.
3. 57 4. Operations monthly report, 10-2-68
470000
13 [1. Generator/Coupling 1. EBR-II MI MI MI 10,000 |During routine 1. Bearings worn out.
Bearings 2. Primary pump No. 1 500 2 530 inspection 2. Part replaced.
2. Accessory Electrical 3. 400 hp, 480 volts 3. Check for proper alignment, proper lubrication and
Equipment/M. G. Set 4. PMMR-102 frequency of preventive maintenance on bearings.
3. 57
470000
14 |1. Generator /Bridge 1. EBR-II MI MI MI 13,500 |Operational monitors (1. Faulty diode.
Circuit Diode 2. Secondary sodium EM pump 500 24 530 2. Part replaced.
2. Accessory Electrical |3. - 3. None.
Equipment /M. G. Set 4. Maintenance report, 2-14-68
3, 57
470000
* | = INCIDENT MI MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P
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TABLE _1-23

FAILURE DATA FOR ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY)

(Sheet 3 of 3)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
ODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPER 1. FAILURE DESCRIPTION
ATING| METHOD OF FAILURE
[TEM) 3 cope: 3. OPERATING CONDITIONS HOURS RTECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem}
15 |1. Electrical Generators/|l. SCTI MA MA MA 58 Preventive maintenance|l. Maintenance personnel hit wires while lowering air
Wiring 2. Emergency electrical system 327 13 580 filter causing short circuit in wiring.
2. Accessory Elect.Equip.{3. 300 kw, 1800 rpm, 277/480 volts 2. Replaced damaged wiring.
/Emerg.Diesel Gen. |4. Incident report No. 333 3. None.
3. 57
462100
16 |1. Electrical Generators/|l. SCTI MI MI MI Unknown |Operational monitors |l. Severe power dip, incoming power, tripped circuits.
Voltage Regulator 2. Emergency electrical system 153 25 550 Voltage regulator did not operate properly.
2. Accessory Electrical |[3. 300 kw diesel, 457 hp, 1800 rpm 2, Manufacturer recommended removing damping
Equipment/Emergency [4. Incident report No. 319 transformer in circuit. This modification was
Diesel Generators completed.
3. 57 3. None.
462100
17 |1. Generator/Emergency {1. EBR-II MA MA MA 1200 Operational monitors |[1. Diesel started, loaded normally, stopped, and-could
Diesel 2. Emergency generator 336 46 550 not be restarted.
2. Accessory Electrical [3. 1200 to 1360 rpm 2. Operating limits changed.
Equipment/Emergency [¢. ANL-7017 3. None.
Diesel Generators
3. 57
462100
18 |1. Generator/Emergency {1. EBR-II MA MA MA 1200 Operational monitors |1. Human error. The diesel control switch had to be
Diesel 2. Emergency generator 344 24 550 switched to the off position, then to standby. This
2. Accessory Electrical (3. 1200 to 1360 rpm was not known by the operating personnel.
Equipment/Emergency [4. ANL-7017 2. Operational procedure change.
Diesel Generators 3. Upgrade operator training on diesel engine operation.
3. 57
462100
* | & INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-24

FAILURE DISTRIBUTION FUNCTIONS -
COMPONENT _ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY)

COMPONENT SUBTYPE
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TABLE 1-25

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY)

COMPONENT SUBTYPE
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TABLE _1-26
GENERAL SUMMARY

COMPONENT _ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY)

FAILURES (%2 0 10 20 30 40 50 60 70 80 90 100
Environmental om—
Human error
&
3 Unknown
<C
[&]
Electrical
w Instrumentation function —
8 Mehcanical
= Unknown
Plant availability loss
5 Labor and material loss only
E_J System/component inoperative
uu__l Potential damage to equipment ——
TOTAL FAILURES PER TYPE O 2 4 6 8 10 12 14 16 18. 20
Motor - generator sets
Emergency diesel generators
OPERATING HOURS (THOUSANDS) 0 25 50 75 100 125 150 175 200 225 250
Motor - generator sets
Emergency diesel generators -
wl
o
>-
—

FAILURE RATE (FAILURES/lOb hn 0

200 400 600 800 100012

00 1400 16

001800 2000

Motor - generator sets

Emergency diesel generators

LMEC-Memo-69-7, Vol I

1-59




2. Heaters (electrical)

Failure data for heaters (electrical) are presented in Tables 1-27 through
1-30.

a. Reliability Information

Design Features:

Resistance or induction type, electrically energized heaters used for the

heating of liquid metal systems.

Critical Characteristics:

Provide a regulated heating capability for sodium pipes and vessels.

Mode of Failure:

1) Heating elements melted away or burned out.

2) Heater jacket ruptured.
3) Heater circuits opened or grounded.

Failure Description:

1) Poor heat sink caused excessive temperature.
2) Stagnant sodium, or foreign particles caused burnout.
3) Vapor bubbles on the surface of tubular heaters caused burnout.

Control Methods:

1) Provide rigid specifications to ascertain closed loop temperature

control,
2) Provide adequate heat sinks.

3) Quality assurance should review all burnout failures to determine

possible influence of the heater control circuit.

b. Discussion and Recorﬁmendations (See Figures 1-1 through 1-3)

Resistance Heaters:

The resistance heater malfunctions which were tabulated were not suffi-
ciently described to accurately evaluate them individually. Heaters which were

burned out did so because of poor heat sinks, conducting heat away from the

ILMEC-Memo-69-7, Vol I
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sheath material of the tubular heaters. In one case, insulating material fell
and packed around a furnace-type heater on the outside of a hot trap, causing

the heater to burn out.

In several other cases, tubular heaters immersed in sodium burned out
for no apparent reason. Previous experiments with immersion heaters, operat-
ing at high temperatures in stagnant sodium, has shown that they frequently
experience high-temperature excursions and burnout. Heaters with this type
of malfunction have been examined and it has been determined that the nichrome
elements in the heaters have vaporized, indicating a temperature in excess of
2600°F. It is suspected that sodium vapor bubbles collect on the surface of

the tubular heaters, effectively preventing good heat transfer to the liquid sodium,

~and resulting in the heater burnout. If the sodium is flowing past the heaters,

the situation is somewhat relieved since the bubbles are removed from the

heater surface.

It is recommended that immersion heaters shall not be used in sodium
heating applications in excess of 1000°F unless appropriate precautions are
taken. One such precaution would be to place skin thermocouples on represen-
tative heater sheaths to control the heater maximum temperature. Another
precaution would be to use a flow switch which would deenergize the heaters

upon the loss of sodium flow.

Resistance-type heaters are very reliable if properly installed and con-
trolled., The maximum heat density should be controlled to as low a value as
is practical. This is usually accomplished by operating the heater at less than

rated (voltage.

Various types of heater control systems are available, ranging from a
sophisticated solid-state proportional control to a simple off-on control. In

general, reliability is usually enhanced by the simpler forms of control.

High-quality heaters can be built to very rigid specifications. Commercial-

type tubular heaters also are considered to be highly reliable.

Induction Heaters:

Some induction heating malfunctions were also reported. As might be ex-
pected, most of the problems were related to grounded wiring, or open circuits.
One weakness of induction heating is the large amount of wire which is exposed

to mechanical damage, as well as the exposure of the wire insulation to high

temperatures. This method of heating is not recommended except in special cases.

LMEC-Memo-69- 7,Vol I
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TABLE _1-27
FAILURE DATA FOR HEATERS (ELECTRICAL)

(Sheet 1 of 4)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE JEFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Heater/Terminals 1. SRE MI MI MI Unknown | Protective system 1. Open circuit (furnace terminal connection burned).
2. Heat Transfer/Liquid | 2. Hot trap main primary sodium sys- | 320 21 530 2. Local repair.
Metals Purification tem 3. Design hot trap vault to permit proper cooling of
3. 38 3. 1300°F, 26 kw terminals and the performance of maintenance work
224237 4, Maintenance log, 8/13/63 space problem.
2 1. Heater/Heating Ele- 1. SRE MI MI MI | Unknown | Protective system 1. Thermal insulation falling into furnace caused heating
ment 2. Hot trap main primary sodium sys- 156 12 530 element to burn out.
2. Heat Transfer/Liquid tem 2. Elements replaced.
Metals Purification 3. 1300°F, 26 kw 3. Problem result of inadequate space for hot trap instal-
3. 38 4. Operating log, 11/8/65 lation. Design hot trap vaults to provide adequate
224237 working room.
3 1. Argon Heater/Ele- 1, Fermi MI MI MI 4015 Direct observation 1. Heating elements melted.
ments 2. Cask Car 187 17 550 2. Part replaced with type TDH-60 (derated to 50 kw).
2, Fuel Handling/Fuel 3. Minimum 350°F, 3. None.
Handling Machines Chromalox Type CABB-25
(External) 4. EFAPP No. 47
3. 38
235140
4 1. Heaters/Pot Head l. Fermi MI MI MI 6470 Direct observation 1. Melted improperly made pot heads on heater terminals
2. Fuel Handling/Fuel 2, Cask Car 478 17 530 2. Part replaced.
Handling Machines 3. Minimum 350°F, argon 3. Improve fabrication procedures.
(External) 4. EFAPP No. 59
3. 38
235140
5 1, Heaters/Heating Ele- | 1. Fermi M1 MI MI 1460 Direct observation 1. Melted improperly made pot heads on heater terminals,
ments 2, Cask Car 478 17 530 2. Local repair.
2. Fuel Handling/Fuel 3. Minimum 350°F, argon 3. Improve fabrication procedures.
Handling Machines 4. PRDC-EF-14
(External)
3. 38
235140
[ 1. Heater/Element 1. EBR-II MI MI MI 9300 Operational monitors | 1. Heater burned out.
2. Fuel Handling/ 2. Fuel unloading machine 500 12 530 2. Part replaced.
Machine Cooling 3. 10 kw, 440 v 3. None,
System 4. PMMR-93
3. 38
235140
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-27
FAILURE DATA FOR HEATERS (ELECTRICAL)

(Sheet 2 of 4}

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION E OPERATING| METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM : 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Heater/Element 1. EBR-II MI MI MI 14,300 | Operational monitors | 1. Heater burned out,
2. Fuel Handling/ 2. Fuel unloading machine 500 12 530 2. Part replaced.
Machine Cooling 3. 10 kw, 440 v 3. None.
System 4. Operation weekly report, 5/68
3. 38
235140
8 1. Heater/Element 1, EBR-II MI M1 MI 14,700 | During actuation 1. Heater burned out.
2. Fuel Handling/ 2, Fuel unloading machine 500 12 550 2, Part replaced.
Machine Cooling 3. 10 kw, 440 v 3. None.
System 4. Weekly maintenance report, 5/68
3. 38
235140
9 1. Heater/Element 1. EBR-II MI MI MI 2190 Operational monitors | 1. Heater burned out.
2. Reactor Equipment/ 2. Rotating plug heater 500 12 530 2. Part replaced.
Preheating Systems 3. 218 to 355°F 3. Install a fuse or circuit breaker in power leads to
3. 38 4. ANL-7071, 6/65 heater.
214340
10 1. Heater/Jacket 1, EBR-II MI MI MI 14,400 | Operational monitors | 1. Heater jacket ruptured.
2. Reactor Equipment/ 2, Primary sodium tank (W-2) 500 59 530 2. Part replaced.
Preheating Systems 3. 27 kw each 3. Operate heater at slightly less than rated voltage to
3. 38 4. Weekly maintenance report, 5/21/68 prolong life.
214340
11 1. Heater/Element 1. EBR-IT MI MI MI 14,400 | Operational monitors | 1. Sodium shorted heater element.
2. Reactor Equipment/ 2. Primary sodium tank (W-4) 500 13 530 2, Part replaced.
Preheating Systems 3. 27 kw each 3. None,
3. 38 4. Operation weekly report, 5/21/68
214340
12 1. Heater/Element 1. EBR-II MI MI MI 13,500 | During preventive 1. Heater burned out.
2. Reactor Equipment/ 2. Primary sodium tank (W-4) 500 12 530 maintenance 2. Part replaced.
Preheating Systems 3. 27 kw each 3. None.
3. 38 4. Operation weekly report, 2/14/68
214340 :
13 1. Heater/Element 1. EBR-II MI MI MI 4955 Operational monitors { 1. Element burned out.
2. Reactor Equipment/ 2. Primary sodium tank (W-5) 500 12 530 2, Part replaced.
Preheating Systems 3. 27 kw each 3. None.
3, 38 4. PMMR-69, 3/66 )
214340
* | @ INCIDENT Mi = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE. 1-27

FAILURE DATA FOR HEATERS (ELECTRICAL)
(Sheet 3 of 4)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM . CORRECTIVE ACTION
3. CODE: ] 3. OPERATING CONDITIONS | HOURS DETECTION o
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC RECOMMENDATIONS
{System/Subsystem)
14 1. Heater/Element 1. EBR-II MI MI MI 15,240 | During routine 1. Low resistance reading on heating element.
2. Reactor Equipment/ 2. Primary sodium tank (W-5) 500 18 530 inspection 2. Part replaced.
Preheating Systems 3, 27 kw each 3. None.
3. 38 4., Operation maintenance report
214340
15 1. Heater/Element 1, EBR-II MI MI MI 4955 Operational monitors | 1. Heater element burned out.
2. Reactor Equipment/ 2, Primary sodium tank (W-2) 500 12 530 2. Part replaced.
Preheating Systems 3. 27 kw each 3. Operate heater at slightly less than rated voltage to
3. 38 4. PMMR-69, 3/66 prolong heater life.
214340
16 1. Heater/Element 1. EBR-IT MI MI MI 8780 Operational monitors | 1. Heater element burned out.
2. Reactor Equipment/ 2. Secondary sodium tank (west nozzle) | 500 12 530 2. Part replaced.
Preheating Systems 3. 27 kw each 3. None.
3. 38 4. PMMR-91, 12/1/66
214340
17 1. Heaters/Wiring 1. Fermi MI MI MI 14,941 | During actuation 1. Open circuit.
2. Reactor Equipment/ 2, Panel 6, circuit 5, No, 1 IHX 16z 21 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4. EF-46
214340
18 1. Heaters/Wiring 1, Fermi MI MI MI 14,941 | During actuation 1. Open circuit.
2. Reactor Equipment/ 2. Panel 6, circuit 8, No. 1 IHX 162 21 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4. EF-46
214340
19 1. Heaters/Wiring 1. Fermi MI MI MI 14,941 | During actuation 1. Open circuit.
2. Reactor Equipment/ 2. Panel 6, circuit 9, No. 1 IHX 16Z 21 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4. EF-46
214340
20 1. Heaters/Wiring 1, Fermi MI MI MI 14,941 | During actuation 1. Grounded circuit.
2. Reactor Equipment/ 2. Panel 8, circuit 10, No.3 30 in. pipe| 16Z 13 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4, EF-46
214340
% | = INCIDENT M MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

i

PROBLEM
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TABLE _1-27
FAILURE DATA FOR HEATERS (ELECTRICAL)

(Sheet 4 of 4)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operaTiGl METHOD OF FAILUR 1. FAILURE DESCRIPTION
1 E
ITEMi3 . cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE EFFECﬂ 3. RECOMMENDATIONS
(System/Subsystem)
21 1. Heaters/Wiring 1. Fermi MI MI MI 14,941 | During actuation 1. Grounded circuit.
2. Reactor Equipment/ 2. Panel 6, circuit 4, pump No. 1 162 13 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4. EF-46
214340
22 1. Heaters/Wiring 1. Fermi MI Ml MI 14,941 | During actuation 1. Open circuit.
2. Reactor Equipment/ 2. Panel 8, circuit 19, pump No. 3 16Z 21 530 2. Local repair.
Preheating 3. - 3. None.
3. 38 4. EF-46
214340
23 1. Heaters/Heating 1. Fermi MI M1 M1 14,941 | Direct observation 1. Circuits burned out.
Element 2. Primary sodium service 161 12 530 2. Component corrective modification,
2. Heat Transfer/ 3. - 3. Recurring electrical problems should be technically
Purification 4., PRDC-EF-53 analyzed and recommendations made.
3. 38
224237
24 1. Heaters/Wiring 1. Fermi MI MI MI 14,941 | Direct observation 1. Insulation dried, cracked, and was falling off.
2. Reactor Equipment/ 2. Secondary/secondary sodium piping | 442 12 530 2. Part replaced.
Preheating 3. - 3. Use high temperature insulation where temperature
3. 38 4. PRDC-EF-43 is a problem.
214340
25 1. Heaters/Wiring 1. Fermi MI MI MI 14,763 | Operational monitors | 1. Heater circuit grounded.
2. Reactor Equipment/ 2. No. 2 and 3 circuit, 12-17 15Z 13 530 2. Component corrective modification.
Preheating 3. - 3. None.
3. 38 4. PRDC-EF-34
214340
26 1. Heaters/Wiring 1. Fermi MI MI MI 14,763 | Operational monitors | 1. Heater circuit grounded.
2, Reactor Equipment/ 2. No. 2 and 3 circuit, 12-18 157, 13 530 2. Component corrective modification.
Preheating 3. - 3. None.
3. 38 4. PRDC-EF-34
214340
* | = INCIDENT Mi = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

O

= PROBLEM




TABLE _1-28

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT HEATERS (ELECTRICAL)
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TABLE _1-29

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT HEATERS (ELECTRICAL)
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TABLE _1-30
GENERAL SUMMARY
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3. Motors (electric)

Failure data for motors (electric) are presented in Tables 1-31 through 1-34,

a. Motors (200 hp and larger)

(1) Reliability Information

Design Features:

Electric motors, squirrel cage induction and synchronous types, 200 hp and
larger, operating at 480 and 4160 volts, used as pump and fan prime movers.

Motors are designed for both indoor and outdoor installation.

Critical Characteristics;

The maintenance with regard to lubrication, alignment, moisture and dirt

protection is important.

Mode of Failure:

1) Bearing failure
2) Insulation failure
3) Brush failure.

Failure Experience:

1) Seven malfunctions due to bearing failure
2) One outage due to dirty brushes

3) Four malfunctions caused by insulation failure.

Control Methods:

1) The high bearing failure rate indicates that the machine maintenance
in the facilities reporting is not as thorough as it should be. In most
cases, failure was caused by improper lubrication. Misalignment or
improper loading probably accounts for certain bearing failures.
Proper installation and maintenance are necessary for satisfactory

service.

2) Outdoor motors should have enclosures which will protect the motor

windings from moisture.
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3) Motors which see intermittent service should be provided with heaters

which will keep the windings dry.

4) Motors with standard insulation should not be operated in an argon
atmosphere, due to the low breakdown voltage characteristics of
argon. If an inert atmosphere must be provided, nitrogen would be

a better choice.
5) Open motors should be operated only in a clean environment.

{2) Discussion and Recommendations

A look at the failure experience records of the plants represented in this
report shows that the predominant type of malfunction is bearing failure, with
insulation failure running a close second. As is the case with all rotating
machinery, proper equipment installation and lubrication plays a very impor-

tant part in long bearing life.

If the experience of the electric utility industry is used as a basis of com-
parison, i“c is seen that the electric motor malfunction experience of the facilities
reported on is far greater than the utilities standards. Since the installations
reported on are either test facilities or prototype nuclear plants, it might be
concluded that this difference in electric motor performance is due to less ef-
fective preventive maintenance, lower installation standards, or the difference
in the mode of operation between these facilities and typical utility power plants.
By their nature, test facilities are one-of-a-kind installations and are therefore
not always adoptable to established design and construction standards. They are
usually operated on an intermittent basis, which imposes unusual demands on
electric motors. Continuous duty motors have a longer operating life than
intermittent duty motors. A large motor sitting at rest for long periods of time
will frequently suffer bearing damage. Motor windings which are not kept warmer
than the ambient temperature will absorb moisture, which frequently causes an
insulation breakdown. ILarge intermittent duty motors should be provided with

heaters to prevent this situation.

An examination of electric utility maintenance and operating standards
would be of value in establishing similar standards for nuclear facilities, par-

ticularly large LMFBR plants. Different utilities have a variety of operating
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philosophies which affect their maintenance procedures. The two electric
utilities serving the Los Angeles area, for example, operate with different
preventive maintenance philosophies. One utility operates its turbo-generator
units from 18 months to 24 months continuously before they have a scheduled
shutdown. During this shutdown period, of from two to three weeks, a thorough
inspection of the unit and all of its auxiliary electric motors, is made and nec-
essary maintenance is performed. At the next scheduled unit shutdown, all
appropriate machines, including many electric motors, are dismantled and

completely overhauled.

The other utility has a scheduled unit shutdown only once every five years.
They are willing to take the risk of an unscheduled shutdown before the five-
year period is over; and if this occurs, their major overhaul may be performed
during the emergency shutdown. Operating procedures are a blend of engineer-

ing and economics.

Both of the utilities referred to maintain a highly efficient daily maintenance
program. This includes visual inspection, complex instrumentation and alarm
systems, and redundant standby systems in critical areas. Lubrication tech-

niques are very well organized.

Appropriate methods should be borrowed from the electric utility industry
and applied to the nuclear industry. With proper maintenance, facility shut-
downs due to bearing failure could be virtually eliminated. These methods will
be especially applicable to future LMFBR plants which will have a probable

refueling shutdown about once a year.

Insulation failure in most motors can be traced to moisture in the windings
or to overheating. Motors exposed to the weather should be either totally en-
closed or weather protected. Motors must also be properly ventilated to pre-
vent overheating, In some cases high-temperature insulation in the windings
must be specified. Electric motors should never be operated in an argon cover
gas environment. Experience has shown that insulation failure is quite common
in such situations. This is due to the low breakdown voltage characteristics of

argon. The same is true of certain other inert gases.

Probable insulation failure can be predicted by measuring the insulation
resistance, with a Megger or other non-destructive methods, at regular inter-
vals. Ten years is a reasonable life expectancy for large motor windings.
Whether a motor is rewound or replaced is a matter of economics.
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b. Motors (less than 200 hp)

(1) Reliability Information

Design Features:

Electric motors, squirrel cage induction, less than 200 hp, operating at
120 and 480 volts are for all types of applications. Most fractional horsepower
motors are rated 120 volts, single phase. Some fractional horsepower and all

integral horsepower motors are rated 480 volts, three phase.

Critical Characteristics:

The maintenance with regard to lubrication, alignments, and moisture.

Mode of Failure:

1) Bearing failure
2) Insulation failure
3) Brush failure.

Failure Experience:

1) Eleven malfunctions due to bearing failure
2) Seven malfunctions due to insulation failure
3) One reported brush failure.

Recommendations

1) The high incidence of bearing failures could be greatly reduced by
proper maintenance. Most bearing failures were caused by improper
lubrication, Other contributing factors to bearing failures are shaft
misalighment and improper loading. Proper installation and mainte-

nance of these motors would eliminate most bearing problems.

2) Winding insulation failures were caused in most cases by open type
motors being exposed to the weather. In this type of location the

motor should be either totally enclosed or weather protected.

3) Brush wear is to be expected, but it can be minimized by proper

adjustment.

(2) Discussion and Recommendations

Refer to Paragraph 3.a.(2).
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TABLE_1-31
FAILURE DATA FOR MOTORS (ELECTRIC)

(Sheet 1 of 6)

COMPONENT/PART 1. FACILITY FAILURE INDEX
: CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION OPERA 000 FAILURE DESCRIPTION
ITEM TING| METHOD OF FAILURE "2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT]| RECOMMENDATIONS
(System/Subsystem)
1 1. Motor/Bearing "l. EBR-II MI MI MI 13,380 | Operational monitors | 1. Bearings worn out.
2. Accessory Electrical 2. Auxiliary primary pump-rectifier 500 52 530 2. Part replaced.
Equipment/Station cooling fan 3. None.
Service Equipment 3.
3. 09 4. Operations weekly report, 12/20/6%
461000
2 1. Motor/Stator Windings| 1. SCTI MA MA MA 8,400 | Direct observation 1. Motor shorted out causing circuit breaker trip when
2. Turbine-Generator 2. Circulating cooling water system 236 11 530 attempt made to start motor.
Units and Condenser/ (P-2) 2, Vendor repair of component.
Circulating Water 3. 200 hp, 4160 v, 26 amps 3. Use weather protected electrical motors if exposed
System 4. Incident report No, 118 to weather.
3. 09 :
330000
3 1. Motor/Brushes and 1. Fermi MI MI MI 13,930 | Audio noise 1. Brushes dirty.
Brush Rigging 2. Primary, pump 3/pony motor 500 527 530 2. Local repair, brushes and rigging cleaned.
2. Heat Transfer/ 3. 350 hp, 900 rpm 3. Revise preventive maintenance inspection intervals
Reactor Coolant 4, EF-28 to prevent unscheduled outage of equipment.
3. 09
221131
4 1. Motor/Bearings 1. Fermi MI MI MI 13,930 } Audio noise 1. Bearings showed discolored ring.
2. Heat Transfer/ 2, Primary, pump 3/pony motor 500 57 530 2, Local repair, two bearings transposed and reused.
Reactor Coolant 3. 350 hp, 900 rpm 3. None.
3. 09 4. EF-28
221131
5 1. Motor/Dust Cover 1. Fermi MI MI MI 14,360 | Protective system 1. Argon leak past dust cover.
2, Heat Transfer/ 2. Primary, pump 3/pony motor 136 53 530 2. Local repair, installing gasket beneath dust cover
Reactor Coolant 3. 350 hp, 900 rpm and sealing with RTV 732.
3. 09 4. EF-29 3. None.
221131
6 1. Motor/Field 1. Fermi MI MI MI 9,390 | Operational monitors | 1. Short circuit in field winding.
2. Heat Transfer/ 2. Primary, pump 1/motor 151 13 530 2. Vendor repair of component.
Reactor Coolant 3. 1000 hp, 900 rpm 3. None.
3. 09 4. PRDC-EF-16
221121
* | = INCIDENT “ Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-31
FAILURE DATA FOR MOTORS (ELECTRIC)

(Sheet 2 of 6)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE SPERATING] HETHOD OF FALL 1. FAILURE DESCRIPTION
TEM URE
'TEM! 3 copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Motovr/Bearings 1. Fermi MI MI MI 2,920 | Direct observation 1. Bearing failed due to shaft current.
2. Heat Transfer/ 2. Primary, pump l/motor 472 52 530 2. Part replaced.
Reactor Coolant 3. 1000 hp, 900 rpm 3. None.
3. 09 4. PRDC-EF-2
221121
8 1 1, Motor/Bearings 1. Fermi MI MI MI 4,280 | Alarm 1. Bearings worn out.
2, Heat Transfer/ 2, Primary, pump 1l/motor 171 5Z 530 2, Part replaced.
Reactor Coolant 3. 1000 hp, 900 rpm 3. None.
3. 09 4. PRDC-EF-13
221121
9 I 1. Motor/O-Rings 1. HNPF MI MI MI 6,541 | During inspection of 1. O-rings replaced during inspection of upper motor
2. Heat Transfer/ 2. Secondary sodium pump 112 BZ 530 system associated to bearing.
Intermediate Cooling 3. 350 hp failure component. 2. Component corrective modification.
3. 09 4. Work request No. 2675 3. None.
222121
10 | 1, Motor/Bearing 1. SCTI MA MA MA 12,185 | Direct observation 1. Bearing noisy, motor radial bearing race broken.
2. Heat Transfer/ 2. Primary sodium pump (P-5) 500 52 125 2, Replaced.
Reactor Coolant 3. 200 hp, 480 v 3. Use of factory sealed bearings recommended.
3. 09 4, Incident report No, 334
221121
11 | 1. Motor/Bearing 1. SCTI I I I 555 | Direct observation 1. Motor reported to have sealed bearings; therefore,
2. Heat Transfer/ 2. Secondary sodium system pump 114 58 45 bearing was not lubricated.
Intermediate Coolant (P-6) 2. Replaced bad bearing with factory sealed type.
3, 09 3. 350 hp, 4160 v, 3 phase 3. Improve Quality Assurance inspection procedures.
222121 4. Incident report No. 86
12 { 1. Motor/Shading Coil 1. SCTI MI MI MI 450 | Protective system 1. Shading coils of motor starter loose, caused contact
2, Heat Transfer/ 2. Secondary sodiurn system pump 127 29 520 chattering.
Intermediate Coolant (P-6) 2. Remove coils, repair, reinstall,
3. 09 3. 350 hp, 4160 v, 3 phase 3. Revise frequency of preventive maintenance inspectiong
222121 4. Incident report No. 84 to prevent unscheduled outage.
13 | 1. Motor/Winding 1. SCTI MI MI MI 115 | Protective system 1. A phase-to-phase fault between a lead and coil caused
2. Heat Transfer/ 2. Secondary sodium system pump 167 15 550 the fuse to blow,
Intermediate Coolant (P-6) 2. Component design change.
3. 09 3. 350 hp, 4160 v 3. Air cooling should replace argon cooling.
222121 4. Incident report No. 32
* INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P =

PROBLEM
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TABLE _1-31
FAILURE DATA FOR MOTORS (ELECTRIC)

(Sheet 3 of 6)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION 1. FAILURE DESCRIPTION
'TEM 3. cope: 3. OPERATING CONDITIONS el METHO D o URE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
14 | 1. Motor/Windings 1. 8CTI MA MA MA | Unknown | During actuation 1. Motor winding insulation failed due to improper
2. Heat Transfer/ 2. Secondary sodium system pump 157 13 530 operating environment.
Intermediate Coolant 3. 350 hp, 4160 v 2. Vendor repair of component.
3. 09 4, Incident report No. 2 3. Air cooling should replace argon cooling.
222121
15 | 1. Motor/Wiring 1. EBR-II MI MI MI 6,780 | Preventive mainte~ 1. Motor inoperative.
2. Reactor Equipment/ 2. Reactor cover holddown 500 52 530 nance 2. Local repair, motor rewired.
Reactor Shielding 3. 3. Revise preventive maintenance procedure to include
3, 09 4. PMMR-80 inspection for oil leak.
213000
16 | 1. Motor/Bearing 1. EBR-1I MA MA MA 14,576 | Audible noise 1. Bearings failed.
2, Other Reactor Plant 2. Secondary sodium expansion tank 500 52 520 2. Temporary cooling applied until tests completed.
Equipment/Blower (level probe cooling) 3. Power supply should be relocated to an area of
3. 09 3. Alternating current lower ambient temperature.
290000 4. Maintenance report, 5/21/68
17 | 1. Motor/Bearing 1. SCTI MI MI MI 5,500 | Direct observation 1. Motor bearings overheated and seized.
2. Reactor Equipment/ 2. Preheat furnace (H-2)/induced 187 57 530 2. Part replaced.
Preheating Systems draft fan 3. Recommend use of high-temperature, factory-sealed
3. 09 3. L5 hp, 950 rpm bearings.
214330 4. Incident report No. 111
18 [ 1. Motor/Starting Relay 1. SCTI MI MI MI 4,518 | Direct observation 1. Single phase starting relay burned out. Probable
2. Reactor Equipment/ 2. Primary sodium air preheat fur- 417 57 530 cause bad bearings or sticking start to run relay.
Preheating Systems nace fan motor 2. Component part replaced, start and stop procedure
3. 09 3. 1/3 hp, 1725 rpm, 115v modified. Protective hood installed over unit.
4., 214340 4. Incident report No, 312 3. None,
19 { 1. Motor/Bearing 1. SCTI MI MI MI 707 | Direct observation 1. Motor bearing race guide broke because bearing
2. Feedwater Supply and 2. Treated water system pump 414 17 530 overheated, short gage glass did not afford indication
Treatment/Makeup 3. 75 gpm, 231 ft/head, 100°F of low oil level.
Water Treatment 4. Incident report No. 44 2. Part replaced.
3. 09 3. Design should specify adequate sight level indication;
272300 lubrication procedures should be reviewed.
% | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-31
FAILURE DATA FOR _MOTORS (ELECTRIC)
(Sheet 4 of 6)
COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
20 | 1. Motor/Winding Insula-| 1. SCTI I I I 3,544 | During actuation 1. Motor shorted to ground winding, insulation failed.
tion 2. Steam and feedwater system 236 13 530 2. Vendor repair, motor rewound and reinstalled.

2. Steam Condensate and 3. 40 hp, 3550 rpm, 440 v 3. Design should provide for totally enclosed motor
Feedwater Piping and 4. Incident report No. 99 (instead of drip proof) if exposed to weather.
Equipment/Condensate

3. 09
283000

21| 1, Motor/Bearing 1. EBR-II MI MI MI 9,045 | Direct observation 1. OQutboard thrust bearing badly worn.

2, Accessory Electrical 2. Secondary sodium system/M. G. seff 125 52 530 2. Part replaced.

Equipment/M. G. Set 3. Alternating current 3. Require more stringent preventive maintenance

3. 09 4. PMMR-92-12-15-66 inspections.

470000
22 | 1. Blower Motor/ 1, SRE MI MI MI Unknown | During actuation 1. Water shorted out windings.
Windings 2, Primary cold trap blower 237 13 530 2, Repaired locally.

2. Heat Transfer/ Cold 3. 3. Purchase equipment for the environment.
Traps, Hot Traps, 4. Incident report, 11/27/61
Filters, Strainers

3. 09
224233

23 | 1. Motors (Electrical)/ 1. SCTI MI MI MI 1,452 | During preventive 1. Industrial maintenance man short-circuited treated
Wiring 2. Steam and feedwater 32Z 13 550 maintenance water motor wires.

2. Feedwater Supply and 3. 7.5 hp ’ 2. Circuit breaker reset, motor restarted.
Treatment/Pumps and| 4, SCTI, incident report No. 52 3. Improve design layout and maintenance procedures.
Drives

3. 09
271200

24 | 1. Motor/Bearing 1. Fermi MI MI MI 6,470 | Direct observation 1. Bearings over heating.

2. Fuel Handling/Cooling] 2. Argon blower cask car 187 50 550 2, Part replaced, two auxiliary fans installed to cool
System 3. Minimum 350°F, 100 rpm the new bearings (180 cfm of air).

3. 09 4. EFAPP-MR-47 3. Bearings operating under adverse thermal conditions
235140 should be considered during design.

25| 1, Motor/Bearing 1, Fermi MI MI MI 11,740 | Audio noise 1. Bearings worn out.

2. Fuel Handling/Cooling| 2. Cask car No. 1 argon blower 111 52 530 2. Part replaced.
System 3. Minimum 350°F, argon, 1000 rpm 3. None.

3. 09 4. EFAPP-MR-98
235140

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-31
FAILURE DATA FOR MOTORS (FLECTRIC)

(Sheet 5 of 6)

)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION oPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
26 | 1. Motor/Bearing 1. Fermi MI MI Ml 11,740 | Audio noise 1. Bearing retainer broken.
Retainer 2. Cask car No. 1l argon blower 127 59 530 2, Part replaced.
2. Fuel Handling/ 3. Minimum 350°F, argon, 1000 rpm 3. Increase frequency of preventive maintenance inspec-
Cooling System 4. EFAPP-MR-98 tions to detect developing problems before total failure|
3. 09
235140
27 | 1. Motor/Brushes 1. EBR-II MI M1 M1 6,920 | Preventive mainte- 1. Brushes worn.
2. Accessory Electrical 2. Secondary sodium system/M.G. set] 125 19 530 nance 2. Part replaced.
Equipment/M. G. Set 3. 3. None.
3. 09 4. PMMR-80-6-19-66
470000 ’ :
28 | 1. Motor/Windings 1. EBR-II MI MI MI 12,500 | Operational monitors | 1. Motor burned out.
2. Fuel Handling/Cooling{ 2. Fuel unloading machine 126 12 530 2. Motor replaced.
System 3. 10 hp, alternating current blower 3. None.,
3. 09 4. Operations monthly report 11/67
235140
29 | 1. Motor/Unknown 1. EBR-II MI MI MI 13,500 | Operational monitors | 1. Motor burned out.
2. Reactor Equipment/ 2. Reactor cover lock No. 3 137 12 530 2. Part replaced.
Reactor Shielding 3. Alternating current 3. None.
3. 09 4. Operation weekly report 2/14/68
213000
30 | 1. Motor/Bearing 1. EBR-II MI MI MI 1,200 | Audio noise 1. Noisy oil pump.
2. Turbine-Generator 2. Main turbine lubrication 500 52 530 2. Part replaced.
Units and Condenser/ 3. 3. Revise frequency of preventive maintenance inspec-
Central Lubricating 4. PMMR-18 tions to detect problem before failure occurs.
System
3. 09
350000
311 1. Motor/Bearing 1, EBR-II MI MI MI 7,944 | Preventive mainte- 1. Bad bearing.
2. Turbine-Generator 2. Main turbine/oil purification 500 52 530 nance 2. Part replaced.
Units and Condenser 3. 3. Revise frequency of preventive maintenance.
Lubricating System 4. PMMR-89
3., 09
350000
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR MOTORS (ELECTRIC)

¢

TABLE__1-31

(Sheet 6 of 6)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COopE PERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM : 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
32| 1. Motor/Bearings 1. EBR-II MI MI MI 13,380 { During preventive . Bearing bad.
2. Other Reactor Plant 2. Primary sodium system blower 500 52 530 maintenance . A new blower motor was installed to replace existing
Equipment/Auxiliary 3. motor which needs new bearings.
Cooling 4. Operations weekly report, 12/20/67 . None.
3. 09
290000
33| 1. Motor/Windings 1. SRE MA MA MA Alarm . Short circuit in windings due to water after a rain
2. Heat Transfer/ 2. Main secondary sodium pump 237 13 530 storm.
Intermediate Cooling 3. . Removed and sent to vendor for repair.
3. 09 4. Incident report, 9/16/65 . Should be weather protected, or totally enclosed.
222121
34 | 1. Motor/Windings 1. SRE MA MA MA Alarm . Short circuit in windings due to water after a rain
2. Heat Transfer/ 2. Main secondary sodium pump 237 13 530 storm.
Intermediate Cooling 3. . Removed and sent to vendor for repair.
3. 09 4. Operations log, 12/2/66 . Motor should be weather protected or totally enclosed.
222121 .
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _MOTORS (ELECTRIC)

COMPONENT SUBTYPE __ MOTORS, ELECTRIC (LARGER THAN 200 HP)
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TABLE _1.33

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT MOTORS (ELECTRIC)

COMPONENT SUBTYPE

MOTORS, ELECTRIC (LESS THAN 200 HP)
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TABLE _1-34
GENERAL SUMMARY

COMPONENT _MOTORS (ELECTRIC)
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4. Power Switch Gear, Circuit Breakers, Relays, Transformers

Q Failure data for Power Switch Gear, Circuit Breakers, Relays, Trans-

formers are presented in Tables 1-35 through 1-40.

a. Circuit Breakers

(1) Reliability Information

Design Features:

Circuit breakers are used to interrupt electrical circuit because of mal-

functions.

Critical Characteristics:

Circuit breakers may experience both electrical and mechanical malfunc-

tions. The contacts must be kept clean and their interruption capacity must be

adequate.

Mode of Failure:

1) Short circuits
2) Overheated
G 3) Open circuits
4) Erratic behavior

5) Broken.

Failure Description:

1) Wires were short circuited during construction.
2) A circuit breaker overheated.

3} Circuit breakers tripped.

4) Switch broke.

Control Methods

1) Improved supervision when construction work is being done
2) Improved cooling
3) Improved maintenance

@ 4) More attention to vendor specifications.
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(2) Discussion and Recommendations

The data contained in the tabulated malfunction report is so fragmentary
and incomplete that it is impossible to arrive at any definite conclusions, or
for that matter, to properly evaluate the malfunctions that have been tabulated.
For this reason the following comments relate to known problem areas in the

various equipment categories.

Circuit breakers fall into two general categories, air immersed and oil
immersed. The great majority are air circuit breakers. All circuit breakers
are subjected to both electrical and mechanical malfunctions and must have both

types of maintenance to assure proper operation,

Molded case circuit breakers, are the most widely used type of air circuit
breaker, and also the least reliable. When properly applied, they perform
satisfacforily; but they should be frequently inspected to minimize malfunctions.
Molded case breakers have their own trip elements, some adjustable and some
not adjustable, which serve as overload sensing devices. These should be
calibrated periodically to prevent false tripping. The mechanical action of all
circuit breakers should be frequently checked and contact surfaces kept clean.
Main contacts should produce equal pressure on all three phases and arc chutes
should be kept clean. It is important that circuit breakers have an adequate
interrupting capacity for the available fault current at the particular point of
breaker installation. A breaker should not be relocated to a different circuit

without first verifying the adequacy of its interrupting capacity.
b. Relays

(1) Reliability Information

Design Features:

Relays are specifically picked to fit their function and environment. They
are control devices that are actuated by variations in conditions in an electric

circuit.

Critical Characteristics:

This is somewhat dependent on their use, Cleanliness and proper adjust-

ments are important.
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Mode of Failure:

1) Burnout
2) Intermittent contact
3) Broken parts.

Failure Description:

1) The relays were electrically burned out.
2) Relays were not pulling in properly or there was chattering.
3) Contactor was broken.

Control Methods

Establish maintenance procedures for length of use.

(2) Discussion and Recommendations

Relays are precision instruments and must be treated as such. They should
be tested and calibrated at regular intervals to assure proper operation. The
frequency of such testing will vary with the relay type and the operating environ-
ment. The testing and calibration should be done by qualified individuals who
have access to the proper test equipment. Since relays have many different
characteristics, the test procedure must be tailored to the relay. Instantaneous
pickup and dropout current values must be checked. Inverse overcurrent relays
must have their time-current characteristics verified and calibrated. Certain
relays contain timing devices which must be calibrated. Contacts must be

cleaned and their movement must at times be adjusted.

In addition to the above, certain relays, such as overcurrent relays, must
be externally adjusted to compensate for varying load conditions. Failure to do

this may result in erroneous tripping.

C. Switch Gear

(1) Reliability Information

None
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(2) Discussion and Recommendations

Most switches require only superficial inspection to make sure that handles,
linkage, and the like are in good mechanical condition. Contacts are usually

self-cleaning, but may require occasional adjustment.

Magnetic contactors require much the same type of maintenance that a
circuit breaker requires. One difference is the holding coil in a contactor
which is continuously energized and which may occasionally require replace-
ment. When used as a motor starter, care must be taken to install the proper

heaters in the contactor to provide the proper overload protection for the motor.

’

d. Transformers

(1) Reliability Information

Design Features:

A transformer is designed to convert current variations in one electrical

circuit into current and voltage variations in a second circuit.
Critical Characteristics:
Transformers must be adequately cooled.

Mode of Failure:

1) Burned out
2) Short circuited
3} Overheated.

Failure Description:

1) Transformer shorted out.
2) Transformer overheated, smoked.

Control Methods:

Electrical contacts should not be exposed to the weather.
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(2) Discussion and Recommendations

Transformers are generally considered to be the most reliable of all the
general types of electrical equipment. In spite of this high reliability factor,

transformers must be properly maintained in order to obtain optimum service.

Transformers fall into several general categories, among them power
distribution, instrument, and control. Each type of transformer has its own
unique characteristics and does not require the same type of maintenance.
Adequate cooling is a requirement of all transformers, and most are either
air or liquid cooled. Transformer windings and cooling fins must be kept

clean and free of foreign material to assure proper cooling.

Among the tests which should periodically be performed on most trans-

formers are the following:
1) Winding resistance
2) Insulation resistance
3) Ratio

4) Polarity.
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TABLE __1-35

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

(Sheet 1 of 5)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM [ 2. COMPONENT LOCATION oPERATIG] METHOD OF FA 1. FAILURE DESCRIPTION
N FAILURE
'TEMI 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] RECOMMENDATIONS
(System/Subsystem)
1| 1. Relay/Terminal 1. EBR-II MA MA MA 14,650 | Operational monitors | 1. Burned out.
Board 2, Turbine generator exciter 148 53 520 2. Part replaced.
2. Turbine-Generator 3. 20,000 kw 3. Nonrne.
Units and Condenser/ 4, ANL-7457
Generator Side
3. 58
320000
2 | 1. Relay/Terminal 1. EBR-II MA MA MA 14,650 | Operational monitors | 1. Burned out.
2. Turbine-Generator 2. Turbine generator exciter 148 12 520 ’ 2, Part replaced.
Units and Condenser/ 3. 85 kw, 250 v 3. None.
Generator Side 4., ANL-7457
3, 58
4., 320000
3| 1. Relay/Terminal 1. EBR-II MI MI MI 14,400 | Operational monitors | 1. Mounting board broke down causing terminal to loosen.
2. Turbine-Generator 2. Generator field 148 12 520 Malfunction caused turbine to trip off the line.
Units and Condenser/ 3. 20,000 kw 2. Local repair.
Generator Side 4, Operations weekly report, 5/8/68 3. None.
3. 58
320000
4 | 1. Relay/Over Current 1. LCTL MI MI MI | Unknown | Direct observation 1. Relay was not pulling all the way in.
Relay 2. LCTL/sodium system pump relay 156 14 530 2. Part replaced.
2, Accessory Electrical 3. 750 rpm, sodium 740°F 3. None.
Equipment/Protective 4, LCTL log book No,21-1, 1/3/65
Equipment
3. 58
430000
51 1. Relay/DC Power 1. LCTL MI MI MI | Unknown | Direct observation 1. Relay "E' burned out.
Supply 2. LCTL/sodium system relay E 500 12 550 2. Part replaced.
2. Accessory Electrical 3. 110 v, 40 amp, variable speed to 3. None.
Equipment/Protective 1000 rpm
Equipment 4. LCTL log book No. A-063347,
3. 58 3/12/64
430000
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM

¢
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TABLE __1-35

FAILURF DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

68-1

I TOA ‘L=69-OWRW-DHWT

(Sheet 2 of 5)
COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE I I 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 Relay/Coil . SCTI MI MI MI 900 Audio noise 1. Faulty shading coil caused chattering noise.
Accessory Electrical . Secondary sodium P-6 sodium 127 14 530 2. Replaced shading coils.
Equipment/Circuit pump motor starter 3. Establish maintenance procedure providing for
Breakers 350 hp, 4160v, 3 phase, class II replacement after specified hours of use.
58 Incident report No. 32
412000
7 Relay/Contacts 1. 5CTI MI MI M1 6,635 Routine inspection . Contactor broken between silver contact and bronze
Accessory Electrical 2. Boiler feed pump motor 117 59 530 support segments.
Equipment/Protective 3. - . Replacement of parts.
Equipment 4. Incident report No. 329 Design requirements and quality control improve-
58 ment required.
430000
8 Transformer/Coils 1. LCTL MI MI MI | Unknown | Direct observation Transformer overheated.
Accessory Electrical 2. LCTL/sodium system 151 17 550 . Part replaced.
Equipment/Trans- . Sodium flow from supply to core . None.
formers tank
58 . LCTL log book No. B-104323,
411000 8/28/63
9 . Transformer/Coil 1, LCTL MI MI MI | Unknown | Direct observation . Power transformer burned out.
. Accessory Electrical 2. LCTL/sodium system 500 12 550 . Part replaced.
Equipment/Trans- 3. 110 v, 40 amp, variable speed to . None.
formers 1000 rpm
. 58 . LCTL log book No. B-104322,
411000 8/26/63
10 | 1. Transformer/Windingd 1. SCTI MI MI MI 3610 Auxiliary oil pump for Transformer shorted.
. Accessory Electrical 2. Control circuit auxiliary pump P-1 157 13 530 boiler feed pump . Transformer and associated Mercoid switch
Equipment/Trans- 3. 50 w/110 v would not start replaced.
formers 4. Incident report No. 74 . None.
58
411000
11 . Transformer/Coil 1. SCTI MA MA MA 3600 Protective system . Control transformer shorted, fuses blown.
Accessory Electrical 2. Primary system/low flow EM pump| 200 11 530 Local repair, transformer cleaned of dirt and mois-
Equipment/Trans- 3. 480 v ture and moved to a better protected area (switch
formers 4. Incident report No. 50 gear room).
. 58 . Electrical contacts should not be directly exposed to
411000 weather effects.
* | INCIDENT Ml MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P PROBLEM
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TABLE _1-35

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

(Sheet 3 of 5)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE oera 1. FAILURE DESCRIPTION
ITEM TINGf METHOD OF FAILURE
3. CODE: _ 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE{ MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem) )
12 [ 1. Breaker/Contactor 1. EBR-II MI MI MI 12,425 | Operational monitors | 1. Breaker inoperative.
2. Accessory Electrical 2. Primary tank cover 500 55 550 2. Local repair.
Equipment/Circuit 3. - 3. None.
Breakers 4. OWR, 11/21/67
3. 58
412000
13 | 1. Breaker/Bakelite 1. EBR-II MI MI MI Unknown | Operational monitors | 1. Switch broken.
switch 2. Primary-sodium purification/ 500 59 530 2. Part replaced.
2. Accessory Electrical silicone pump No. 2 3. None.
Equipment/Circuit 3. -
Breakers 4. PMMR-109
3. 58
412000
14 | 1. Circuit Breaker/ 1. LCTL MI MI MI Unknown | Direct observation 1. Overheated breaker.
Contacts 2. LCTL/2 by 3 pump 151 17 530 2. Local repair.
2, Accessory Electrical 3. - 3. None.
Equipment/Circuit 4. LCTL log book
Breakers
3. 58
412000
15 | 1. D-2 Breaker/Trip 1, SCTI MI MI MI | Unknown | Protective system 1. Trip mechanism inoperative on D-2 breaker.
Mechanism 2. Primary sodium/P-5 pump 157 22 520 2. Part replaced.
2. Accessory Electrical 3. - 3. None.
Equipment/Circuit 4. Incident report, 2/11/66
Breakers
3. 58
412000
16 | 1. Breaker D-2/Over- 1. SCTI MI MI MI 383 Protective system 1. Faulty breaker, open circuit.
current Relay 2. Primary sodium pump (P-5) 500 BZ 530 2. Defective breaker was replaced.
2. Accessory Electrical 3. - 3. None.
Equipment/Circuit 4, Incident report No, 20
Breakers
3. 58
412000
% | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-35

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

(Sheet 4 of 5)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE SPERAT 1. FAILURE DESCRIPTION
ITEM PERATING|] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
{Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
17 | 1. Circuit Breaker/ 1. sCT! MI MI MI 2205 Protective system 1. Thermal overload relay tripped pump circuit.
Overload 2. Circulating cooling water system 157 22 510 2. Time delay relay reset.
2. Turbine-Generator pump circuit breaker. 3. Review vendor specification.
Units and Condenser/ 3. -
Circulating Water 4, Incident report No. 10
3. 58
330000
18 | 1, Circuit Breaker/ 1. 8CTI MI MI MI 2205 Protective system 1. Thermal overload relay tripped pump circuit off.
Overload 2. Circulating cooling water pump 157 22 510 2. Time delay relay reset.
2. Turbine-Generator (P-2) circuit breaker 3. Review vendor specification.
Units and Condenser/ 3. -
Circulating Water 4, Incident report No, 11
3. 58
330000
19 | 1. Breaker D-2/Over- 1. SCTI MI MI MI Unknown | Protective system 1. One wire to the circuit breaker was loose.
current Relay 2. Primary sodium pump (P-5) 500 21 520 2. Local repair.
2. Accessory Electrical 3. - 3. Improve electrical maintenance work control.
Equipment/Circuit 4. Incident report No. 124
Breakers
3. 58
412000
20 | 1. Circuit Breaker/ 1. SCTI MA MA MA | Unknown | During activation 1. Water pump failed to start. Circuit breaker could not
Microswitch 2. Circulating water system (P-2) 110 53 530 close as screws worked loose on latching micro-
2. Accessory Electrical pump motor switch and it did not operate.
Equipment/Circuit 3. 5kv, 4160 v, 1200 amps 2. Local repair.
Breakers 4. Incident report No. 322 3. Proper installation (lock washers, etc.)
3. 58
412000
21 | 1, Circuit Breaker/ 1. SCTI1 MI M1 MI 2205 Protective system 1. Thermal overload relay tripped pump circuit to open.
Overload 2. Steam and feedwater system coolin 157 22 520 2. Local repair, thermal overload tripping point was
2, Turbine-Generator water pump (P-2) increased from 100 to 110%.
Units and Condenser/ 3. - 3. Review vendor specification.
Circulating Water 4. Incident report No. 12
3. 58
330000
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE_1-35

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

(Sheet 5 of 5)

. COMPONENT/PART 1. FACILITY FAILURE INDEX
DE*
. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operaTIG] METHOD 0 1. FAILURE DESCRIPTION
ITEM N HOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
22 | 1. Circuit Breaker/Wired 1. SCTI MI MI MI 2205 Protective system — 1. Construction men shorted wires while working on
2. Accessory Electrical 2, Control panels A, B, C 324 13 43 tripped plant electric control panel (contractor personnel).
Equipment/Circuit 3. Breakers engaged power 2. Vendor repair.
Breakers 4, Incident report No. 304 3. None,
3, 58
412000
23 | 1. Breaker/Bus Bars 1. SCTI I I I Unknown | During modifications 1. Contractor personnel shorted bus bars with electrical
2. Accessory Electrical 2. Motor control center 300 13 570 fish tape resulting in fire among bus bar cables.
Equipment/Circuit 3. 480 v, 16 unit panel, ambient 2. Bus bar sections and circuit breaker connections
Breakers 4. Incident report No, 308 rewired.
3. 58 3. Improve supervision of construction work.
412000
24 | 1. Circuit Breaker/ 1. 8CTI MI MI MI 9 Protective system 1. Overload protective circuit breaker tripped.
Overload 2. Secondary sodium system sodium 167 21 550 2. Operating limits change.
2. Heat Transfer/Inter- pump (P-6) 3. Air cooling should replace argon cooling.
mediate Coolant 3. 350 hp, 4160 v, 1180 rpm
3. 58 {operated at 680 rpm)
222121 4. Incident report No. 31
25| 1. Circuit Breaker/ 1. SCTI MI MI MI 270 Protective system 1. Breaker tripped numerous times, initial startup or
Overload Coil 2, Primary sodium system sodium 472 22 157 shakedown problem.
2. Heat Transfer/ pump (P-5) circuit breaker 2. Local repair. Circuit breaker was replaced.
Electrical 3. - 3. Stock replacement components.
3. 58 4, Incident report No. 1
221121
26 | 1. Power Switchgear/ 1. HNPF MI MI MI 3250 During actuation 1. Contactor fused shut.
Reversing Contactor 2. Reactor core/dummy control rod 415 15 530 2. New contacts installed; breaker reset.
2. Accessory Electrical No. 1 3. None,
Equipment/Switch 3. 350 to 925°F
- Gear 4. Monthly operating report No. 6
3. 58
410000
27| 1. Main Disconnect 1. EBR-II MI MI MI 15,240 | During routine inspec{ 1. Faulty switch.
Switch/Contact Faces 2, Auxiliary primary EM pump 500 11 530 tion 2. Part replaced.
2. Accessory Electrical 3. - 3. None.
Equipment/Switch 4. Operating maintenance report,
Gear 7/17/68
3. 58
410000
* | = INCIDENT Mi = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




COMPONENT SUBTYPE

TABLE _1-36

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS
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TABLE _1-37
FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS
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TABLE _1-38

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS

SWITCH GEAR
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" COMPONENT SUBTYPE

TABLE _1-39

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS
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TABLE _1-40

GENERAL SUMMARY

COMPONENT _POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS
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5. Turbine Generators (generator side)

Failure data for turbine generators (generator side) are presented in Tables @

1-41 through 1-43.

a. Reliability Information

Design Features:

Power generator, with a steam turbine prime mover, generates electric

power for commercial type usage. Malfunction data is limited to one unit, and

therefore is not broad-based.

Mode of Failure:

1) Oil seal ring misalignment

2) Brush wear

3) Bearing wear

4) Misalignment or turbogenerator
5) Coil open circuited

6) Exciter bus bar insulation failed.

Failure Experience:

1) Two or more malfunctions caused by unit misalignment.
2) Brushes replaced or reseated in two instances.

3) Bearings were defective in two instances.

4) Generator coil defective on one occasion.

5) Exciter bus bar insulation defective once.

Control Methods:

1) Turbogenerator physical alignment should be accomplished with great

precision when unit is installed.
2) Turbogenerator should be on turning gear whenever the unit is down.
3) Verify adequacy of bearing lubrication.

4) Have adequate preventive maintenance program,
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b. Discussion and Recommendations

Malfunction data in this report is limited to one turbogenerator unit, and
is therefore not broad enough to support general conclusions. From the events
reported on, however, it is seen that several of the malfunctions were due to
improper alignment. Precise alignment is extremely important on large gen-
erating units because of the possibility of harmonic vibrations developing which

can be very damaging to high inertia machines.

Maintenance procedures for machines of this size, and larger, should
follow the standards developed by the electric power industry. These proce-
dures differ considerably from those followed by general industry, Different
utilities evolve their own procedures which sometimes reflect such factors as
spinning reserve and economics. One utility, for example, reports that their
large generating units have a scheduled shutdown, after the first year, of only
once every five years. They find it economically justified to risk an emergency
trip of the unit during that 5-year period. A nuclear power plant would not
have that option since they would be shut down at approximate l-year intervals

for reactor refueling.

The insulation resistance of all large generators should be measured at
regular intervals. Data from such tests can be used to detect incipient weak

spots in coil windings as well as other related coil conditions,

During a shutdown period, the generator should be on its turning gear, to
prevent bearing damage, and lubricating oil pressure must be maintained. For
this reason, lube o0il pumps are usually powered by a motor connected to an

uninterruptable power supply.
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TABLE _1l-41

FAILURE DATA FOR TURBINE GENERATORS (GENERATOR SIDE)
(Sheet 1 of 2)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION E oPER 1. FAILURE DESCRIPTION
ITEM ATING| METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Turbine Generator/ 1. EBR-II MI MI MI 7,800 Routine inspection 1. Seal o0il ring misalignment.
Seal Ring 2. Generator/Hjp Seal 500 56 530 2. Local repair, ring remachined and reinstalled.
2. Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 3. None. .
Generator Side 4. ANL-7255 .
3. 56
320000
2 1. Turbine Generator/ 1. EBR-II MI MI MI 6,300 Preventive mainte~ 1. Brushes replaced.
Commutator Brushes |2, Main generator 500 BZ 530 nance 2. Part replaced.
2. Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 3. None.
Generator Side 4. PMMR-76
3. 56 :
320000
3 1. Turbine Generator/ 1. EBR-II MA MA MA 15,240 | Direct observation 1. Generator-turbine combination not mounted at proper
Bearing 2. Main generator/north end 500 56 520 levels causing shaft misalignment.
2, Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 2. Local repair.
Generator Side 4, PMMR-81 3. Upgrade Quality Assurance surveillance on
3. 56 installation of generator.
320000
4 1. Turbine Generator/ 1. EBR-II MA MA MA 15,240 | Direct observation 1. Vibrating.
Bearing Cap 2, Main generator/north end 500 52 | 520 2. Part replaced.
2, Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 3. None,
Generator Side 4. PMMR-81
3. 56
320000
5 1. Turbine Generator/ 1. EBR-II MA MA MA 15,240 { Direct observation 1. Generator not mounted level causing shaft
Bearing 2. Main generator/south end 500 56 520 misalignment.
2, Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 2. Part replaced.
Generator Side 4. PMMR-81 3. Improve alignment procedures, -
3. 56
320000
6 1. Turbine Generator/ 1. EBR-II MA MA MA 15,240 | Direct observation 1. Vibrating.
Rotor 2, Main generator 500 59 520 2, Part replaced.
2, Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13,8 kv 3. None.
Generator Side 4. PMMR-81
3. 56
320000
* | = INCIDENT MI MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

¢

PROBLEM
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TABLE_1-41

FAILURE DATA FOR TURBINE GENERATORS (GENERATOR SIDE)
(Sheet 2 of 2)

COMPONENT/PART 1. FACILITY FA{LURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPERATING] METHOD OF Fa 1. FAILURE DESCRIPTION
ITEM N FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Turbine Generator/ 1, EBR-II MA MA MA 15,240 | Direct observation 1, Coil winding broken.
Coil Winding 2. Main generator 500 59 520 2. Part replaced.
2. Turbine Generator/ 3. 3,600 rpm, 20,000 kw, 13.8 kv 3. None
Generator Side 4, PMMR-81
3. 56
320000
8 1. Turbine Generator/ 1. EBR-II MI MI MI 9,345 Preventive mainte- 1. Faulty bearings.
. Bearings 2. Main generator/amplidyne 500 BZ 530 nance 2, Part replaced.
2. Turbine Generator/ 3. 85 kw, 250 vdc 3. None.
Generator Side 4. PMMR-96
3. 56
320000
9 1. Turbiné Generator/ 1. EBR-II MI MI MI 15,240 | Audible noise 1, Nosy brushes.
Exciter Brushes 2, Generator exciter 444 BZ 520 2, Local repair,
2. Turbine Generator/ 3. 85 kw, 250 vdc 3. Follow manufacturer's recommendations on mainte-
Generator Side 4. Weekly operations report, 7/3/68 nance of brushes and frequency of inspections.
3. 56
320000
10 1. Turbine Generator/ 1. EBR-II MA MA MA 14,650 | Operational monitors | 1. Bus bars in the exciter were reinsulated.
Exciter Armature 2. Turbine generator exciter 191 18 520 2. Corrective modification,
2. Turbine Generator/ 3. 85 kw, 250 vdc 3. None.
Turbine Plant Equip- | 4. ANL-7457
ment
3. 56
370000
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-42

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT TURBINE GENERATOR (GENERATOR SIDE)

COMPONENT SUBTYPE _ TURBINE GENERATOR (GENERATOR SIDE)
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90 100
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TABLE _1-43
GENERAL SUMMARY

COMPONENT _TURBINE GENERATOR (GENERATOR SIDE)
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w
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=
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o
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Turbine generator - generator side
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-
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Turbine generator - generator side
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D. ENERGY CONVERSION (MECHANICAL) SYSTEM COMPONENTS

1. Furnace Equipment

Failure data for furnace equipment are presented in Tables 1-44 through
1-46.

a. Reliability Information

Design Features:

Common knowledge

Critical Characteristics:

Common knowledge

Mod'e of Failure:

1) Improperly established maintenance schedule.
2) Thermal expansion difference causing stress cracks.
3) Insufficient reinforcing to support furnace refractory.

4) Operator caused malfunctions.

Failure Description:

1) Ceramic feedthrough insulator of the pilot light electrode cracked.

2) Flame rod cracked and electrical wire connector eyelet corroded;

rain leakage shorted the electrical wires.
3) Sodium-smoke-type leak detector was actuated.
4) Hangers for supporting refractory protecting tubes broke loose.

5) Burner flamed out and plant was shut down when operator improperly

adjusted gas and air flow.

Control Methods:

1) To avoid high local thermal and fatigue stresses, design should pro-
vide adequate clearance between materials with different thermal

expansion coefficients if they are exposed to temperature changes.

2) Plant operator's manual should call special attention to those control
and equipment adju‘stmen’cs where very small changes may cause heavy

plant disturbances or even shutdowns.
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3) Preventive maintenance frequency should be established for all
critical subsystems, with special attention given to units exposed
to outside environment. Special instructions should be given in

cases where material compatibility and reliability is critical,

b. Discussion and Recommendations

Although equipment is available to detect furnace equipment failures, it is
more economical to use preventive maintenance inspection than failure detecting
instrumentation. In case of relatively inexpensive components, keep spares in

stock and replace them before their expected lifetime expires.

Sodium-smoke sensors are sensitive enough to detect sodium leaks in their

early stages; however, strategically placed strain gages can be utilized to detect

incipient failures.
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TABLE _1-44
FAILURE DATA FOR FURNACE EQUIPMENT

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE PERA 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem) .
1 1. Furnace/Pilot Elec- 1, SCTI MI MI MI 9807 Audible noise 1. Pilot electrode insulator cracked allowing short circuiy
trode 2. Primary 121 13 530 2. Replaced part.
2. Heat Transfer/Fur- 3, Rating = 35 Mwt, 1200°F 3. None.
nace 4. Incident report No. 348
3. 41
227300
2 1. Gas Fired Furnace/ 1. SCTI MI MI MI 26,274 | Alarm 1. Flame rod cracked and high temperature lead assembly
Pilot Rod 2. Heater H-1 121 61 530 eyelet soldered connection corroded.
2. Heat Transfer/Fur- 3. Rating = 35 Mwt, 1200°F 2. Replaced parts.
nace 4. Incident report No. 340 3. None,
3. 41
227300
3 1. Gas Fired Furnace/ 1. SCTI 1 1 I 9580 Operational monitor 1. Sodium leak indicated on smoke detectors — 4 gpm
Tubes 2. Primary 136 61 520 estimated from 8 in./hr loss of sodium level in
2. Heat Transfer/Fur- 3. Rating = 35 Mwt, 1200°F primary expansion tank.
nace 4. Incident report No. 302 2. Local repair.
3. 41 3. None.
227300
4 1, Furnace/Pilot Burner| 1. SCTI MI MI MI | Unknown | Operational monitors | 1. Disturbance in Southern California Edison System
2. Heat Transfer/Fur- 2. Primary 156 47 119 resulted in power drip, causing automatic plant
nace 3. Rating = 35 Mwt, 1200°F shutdown.
3. 41 4, Incident report No. 332 2. Normal power enabled restart.
227300 3. None.
5 1. Furnace Equipment/ 1. SCTI MI MI MI 9580 During routine inspec4 1. The refractory protecting tube support hangers broke
Supports 2, Sodium heat transfer 416 53 520 tion loose.
2. Heat Transfer/Reactoy 3. Rating = 35 Mwt, 1200°F 2. Wire mesh was installed to support the refractory
Coolant 4. Incident report No. 63 material.
3. 41 3. None.
227300
6 1. Furnace Equipment/ 1. SCTI MA MA MA 4005 During activation 1. Operator improperly adjusted gas flowrate and
Gas Pilot 2. Sodium heat transfer 339 BO 520 combustion air flow, causing a burner flame out;
2. Heat Transfer/Reactoy 3. Rating = 35 Mwt, 1200°F this in turn, tripped the primary sodium pump.
Coolant 4. Incident report No. 54 2. Pilot lights were reignited and the primary pump
3. 41 restarted.
227300 3. Improve operator training.
* | = INCIDENT M1 MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

O

PROBLEM




TABLE _1-45
FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _FURNACE EQUIPMENT

COMPONENT susType _ FURNACE EQUIPMENT
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TABLE _1-46
GENERAL SUMMARY

COMPONENT _EURNACE EQUIPMENT
FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
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EFFECT
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2. Motors, Engines, and Turbines (hydraulic, pneumatic, steam)

Failure data for motors, engines, and turbines, (hydraulic, pneumatic,

steam) are presented in Tables 1-47 through 1-49.

a. Reliability Information

Design Features:

Small high-speed rotating machinery designed for long trouble-free service

life.

Critical Characteristics:

One or two-stage turbines, thin blading, close running clearances, shaft,

seals, bearing.

Mode of Failure:

1) Turbine blade damage
2) Seal failure
3) Overheating.

Failure Description:

1) Turbine blades failed, apparently due to foreign object.

2) Turbine overheating resultbed from excessive oil in system.
3) Turbine seal leakage resulted in bearing failure.

4) Improper size bearing caused unusual wear pattern.

Control Methods

1) Install debris catcher upstream of turbine steam inlet.
2) Ensure clean steam supply to turbine.

3) Maintain adequate surveillance and preventive maintenance procedure

relative to seals.

4) Maintain adequate quality control and detailed installation procedures
requiring checking of critical dimensions before installation of replace-

ment parts.
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b. Discussions and Recommendations

A total of five failure events were reviewed with this component. The
failures were primarily mechanical failures and failures resulting from in-

adequate quality control and improper maintenance procedures.

A turbine blade failure was reported. Apparently something passed through
the turbine causing a section of blading to be broken out and bending the remain—
ing blades. Four pieces of wood were found in the pump; perhaps a fifth piece
found its way into the turbine inlet. It'is possible that blade fatigue was the
cause, but this is not very probable. A vibration indicator with an electronic
shutdown or alarm might have prevented the extensive damage observed but
would not have prevented the failure. A debris trap upstream of the turbine

inlet may have prevented the failure.

Two problems were reported. The first problem was caused by improper
maintenance procedures; too much oil was added to the unit causing excessive
smoking. The unit was shut down and the excess oil drained. On restarting,

a rubbing noise was heard and the unit was shut down. A quantity of metal
particles and nicked blades were found when the turbine was disassembled.
Again the lack of cleanliness in the steam system appeared to be the problem.
Either a clean system or a means of preventing contaminants from entering the
turbine is required. Improper maintenance procedure or human errors may

be prevented by service checkoff procedures and caution markings on the unit.

A turbine seal failure ultimately causing a bearing failure was reported.
There is no indication that the seal was repaired or replaced. The bearing,
however, was replaced and the unit returned to service. The seal leakage was
undoubtedly corrected by increasing the load on the packing, replacing the
packing or, if it was a mechanical seal, by replacing worn parts. The seal
leakage was probably the result of normal wear but in view of the difficulties
with debris in the system the possibility cannot be ruled out that the failure
was caused by abrasive particles entrained in the steam system. Since seal
leakage is a recurring problem it would be advisable to provide a means of
preventing the steam leakage from condensing on the bearing. A preventive
maintenance program could be initiated by which seals are periodically over-

hauled.
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During preventive maintenance inspection, an incipient failure was dis-
covered and reported. The bearing was found to exhibit an unusual wear
pattern and it was found that the clearance was too small. This was obviously
a quality control problem either at the factory or during a previous replace-
ment. The incorrect-size bearing should not have been installed. The bear-

ing was rebored to the correct size and reinstalled.
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TABLE__1-47

FATLURE DATA FOR MOTORS, ENGINES, AND TURBINES
(HYDRAULIC, PNEUMATIC, STEAM)

2111

1 10A ‘L-69~-owdN-DHWT

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM [ 2. COMPONENT LOCATION OPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS crect HOUES DETECTION -
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Turbine/Blading 1. EBR-II MI MI MI Unknown | Routine area watch 1. Severe damage to turbine wheel blades
2. Steam, Condensate 2. Turbine-driven feed pump 500 59 550 2. Damaged part replaced — local repair
and Feedwater /Boiler | 3. 900 hp, 9700 rpm 3. Maintain clean steam system — install debris catcher
Feed Pump - 4. PMMR-24 at turbine inlet. Insure blade fatigue not problem.
3. 10
284100
2 1. Turbine/Turbine Blades 1. EBR-II MI MI MI Unknown | Direct observation 1. (a) Overheating and smoking because of too much oil in
2. Steamn, Condensate 2. Feedwater /turbine-driven feed pump | 273 52 530 unit. (b) Failure due to turbine blade damage (minor).
and Feedwater /Boiler [ 3. 900 hp, 9700 rpm 2. Oil drained to proper level and turbine cleaned of
Feed Pump 4. PMMR-52 metal particles — local repair
3. 10 3. Maintain clean steam system — improve maintenance
284100 procedures (excess 0il human error) — install debris
catcher at turbine inlet.
3 1. Turbine/Turbine Seals| 1. EBR-II MA MA MA 12,390 Operational monitors | 1. Turbine seal failure eventually causing bearing failure.
2. Steam, Condensate 2. Condensate/turbine-driven 185 B8 550 2. New bearing installed, local repair.
and Feedwater/ condensate pump 3. Improve surveillance of shaft seals — redesign to
Condensate Pump 3. 122 hp, 1760 rpm prevent steam condensation on bearing housing —
3. 10 4. PMMR-113 maintain clean steam system.
283100
4 1. Turbine/Turbine 1. EBR-II MI MI MI 9345 Preventive 1. Bearing discrepance — unusual rubbing on top and
Bearing 2. Condensate/turbine-driven 500 52 530 maintenance bottom of bearing.
2, Steam, Condensate condensate pump 2. Bearing clearance found too small — bearing rebored
and Feedwater/ 3. 122 hp, 1760 rpm and reinstalled with proper clearance.
Condensate Pump 4. PMMR-94 3. Quality control problem — improve QC procedures.
3. 10
283100
5 1. Motor (air}/Control 1. HNPF MA MA MA 4560 Operational monitors | 1. Direction control valve malfunctioned, resulting in
Valve Plunger 2. Secondary/sodium system 126 59 550 slow response of reverse selection operation.
2. Heat Transfer/Inter- |3. - 2. Control valve was overhauled, valve plunger and
mediate Cooling 4. Monthly operating report No. 16 O-rings replaced.
3. 10 3. None.
222133
* | = INCIDENT MI

MA = MAJOR MALFUNCTION P

= MINOR MALFUNCTION
= PROBLEM




TABLE _1-48

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT MOTORS, ENGINES AND TURBINES (HYDRAULIC, PNEUMATIC, STEAM)
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TABLE _1-49

GENERAL SUMMARY

COMPONENT _MOTORS, ENGINES AND TURBINES (HYDRAULIC, PNEUMATIC, STEAM)
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3. Transmissions and Drive Shafts

Failure data for transmissions and drive shafts are presented in Tables

1-50 through 1-52,

a. Reliability Information

Design Features:

Motor-driven machinery designed to do lifting, pushing, rotating, and

stopping of a wide range of equipment as found in reactor systems.

Critical Characteristics:

Equipment must be able to drive and position or index its dependent mecha-

nisms with high precision and accuracy.

Mode of Failure:

1)

2)

12)

Couplings failed or overheated.

Shafts bent, worn out, broken or stuck.

Seals leaked.

Bearings broken, frozen to shaft, and worn out.

Gears damaged, broken, or worn out.

Snubbers leaked oil, stuck, and some had not been installed.
Clutches and brakes inoperative and worn out.

Keys, set screws, and pin - loose, worn out, or broken.
Switches and contacts loose or broken.

Bellows ruptured, leaked, or improperly welded.

Actuator rods, cables, and wires - stuck, jammed, or broken.

Structures broken or cracked.

Failure Description:

1)

Mechanical couplings were badly worn; they had broken splines and
othe,r broken parts. A magnetic coupling (electrical) overheated.
The mechanical failures seemed to be due to overloads or misalign-
ments. The electrical heating of the magnetic coupling was probably

due to improper cooling or overload which caused stoppage.
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2) Shafts were generally bent, meaning they were overloaded. Others

were stuck due to foreign objects getting into their guides or bearings. @
3) Shaft seals leaked o0il causing other components to malfunction.

4) Many mechanisms failed because bearings failed. Bearings failed

due to misalignments, or loads, or improper use.

5) Gears failed because of overloads, misalignments, and spacing or

support failures.

6) Snubbers (shock absorbers) failed because the static O-ring seals
failed and leaked oil. The snubber failures resulted in damage to
other parts of the control rod drives and pull rods. In one case

snubbers had not been installed.

7) Clutches and brakes were worn out due to normal lifetime. Some

clutches and brakes failed because o0il and grease leaked onto them.

8) Keys, pins, and set screws worked loose and sheared, caused galling

of shafts, and let gears loosen, resulting in other failures.

9) Switches and contacts were worn out or broken, causing motors and

electric clutches to be inoperative.

10) Bellows ruptured due to fatigue, resulting in sodium leaks which

caused push rod, etc., for grippers to become stuck.

11) Actuator rods, cables, and wires became bent, jammed, and broken.
The results were inoperative control rods, fuel handling equipment,

and interlocking mechanisms.

12) Structures such as gear box housing experienced cracks in the casting.

A gear drive support was broken from overload conditions.

Control Methods:

1) Proper selection, installation, and maintenance of most mechanical
components such as shaft coupling, bearings, gears, keys, set screws,

and pins are necessary for trouble-free operation.

LMEC-Memo-69-7, Vol I
1-116



2) Installing of protective covers would eliminate damage to delicate

components such as switches.

3) Selection of proper materials for seals and correct installation

procedures will eliminate most seal problems.

b. Discussion and Recommendations

A total of 60 mechanical failures were studied. The mechanisms involved
were control rods, fuel handling equipment, and gear drives for reactor shields.
The failures can be classified in basic component groups such as bearings, keys,
and gears. Sometimes failures are reported as mechanism failures when in
reality a mechanism fails because of a small component part failure. Its com-
ponent part may have failed due to overload, misalignment, improper selection
of materials for service required, or improper use of component. In the study,
five control rod snubber failures were reported. The actual failure was a static
O-ring seal at the bottom of the snubber which lost its tension by cold flow of
the material and let the snubber fluid leak away. The snubber's inability to
cushion the control element drop during scram caused failures to other parts

of the control rod.

Clutch and brakes failed to function properly because oil or grease from
bearings and gear boxes had dripped on their linings. Here the actual failures

were shaft seals,

Some other failures were due to improper assembly or failure to install

parts.

Some bearings, splines, coupling, pins, and keys failed because they were
overloaded. The éverloads may be because of a design error or improper in-
stallation. In some cases bearings and splines failed due to lubrication failures
or dirt working into the lubrication. Incipient failure of bearings, gears, and
other moving elements may be detected by a change of sound or other operating
characteristics. Seals will generally start to leak slowly before complete fail-
ure. Clutches and brakes will start to show signs of slippage before complete
failure. Keys, set screws, and pins will become loose and demonstrate some
backlash before breaking. Most of these pending failures should be detected
with regular inspection and maintenance programs. If one part fails before the
normal expected life, it may be because of a faulty part; but if replacements

continue to fail, it is evident that the part is being overloaded.
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TABLE __1-50

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 1 of 13)

8111

I TOA ‘L -69-0WRIWN-DEW'T

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERATING] METHOD OF F 1. FAILURE DESCRIPTION
ITEM METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE iEFFECﬂ 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Drive/Magnetic 1, Fermi MI MI MI 6470 Direct observation 1. Magnetic coupling burned out.
Coupling 2. Secondary system No. 2 pump 415 12 530 2. Part replaced.
2. Heat Transfer/Trans- 3, 350 hp, 900 rpm, 12,000 gpm, 3. Install temperature indicator on magnetic coupling
mission and Drive 675°F, 35 psi and establish upper operating temperature limit for
Shafts 4. EF-12 coupling.
3. 12
222140
2 1. Generator Drive Shaft/[ 1. EBR-II MI M1 MI 10,380 Operational monitors 1. Seal worn out.
Seal - 2. Main generator/turbine 500 52 530 2. Part replaced.
2. Turbine-Generator 3. Oil seal operated at 4.5 psig above 3. None.
Units and Condenser/ hydrogen pressure in the casing
Generator Side 4. PMMR-104
3. 12
320000
3 1. Coupling/Insert 1. EBR-II MI MI MI 2590 Preventive mainte- 1. Coupling broken.
2. Steam Condensate and 2. Condensate/motor-driven 500 59 530 nance 2. Part replaced.
Feedwater Piping and condensate pump 3. None.
Equipment/Condensate| 3. 364°F at 1500 psig, 3580 rpm
Booster Pump 4. PMMR-35
3. 12
283200
4 1. Transmission and 1. LCTL MI MI MI Unknown | Direct observation 1. Coupling worn out.
Drive Shafts/Coupling 2. LCTL/sodium system pump 126 52 550 2. Part replaced.
2. Heat Transfer/Reactor coupling 3. None.
Coolant Pump 3. 500°F, flow meter calibration
3. 12 check
221110 4. LCTL log book, 10/25/63
5 1, Transmissions and I. LCTL MI MI MI Unknown| During actuation 1. Sheared spline in lower half.
Drive Shafts/Coupling 2. LCTL/sodium system pump 124 73 550 2. Part replaced.
2. Heat Transfer/Reactor coupling : 3. None.
Coolant Pump 3. 110 v, 40 amp, variable speed to
3. 12 1000 rpm
221110 4. LCTL log book, 10/24/61
* | = INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

()

PROBLEM
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TABLE _1-50

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 2 of 13)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM U
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Drive Shaft/Coupling 1. EBR-II MI MI MI 8420 During repair of 1. Coupling badly worn.
2. Accessory Electrical 2. Secondary sodium system/M. G. set 125 52 530 associated componentf 2. Part replaced.
Equipment/M. G. Set 3. 3. None.

3. 12 4. PMMR-92-12-15-66

470000
7 1. Transmission/Gears l. Fermi MI MI MI 1628 Direct observation 1. Gears worn out.

2. Heat Transfer/Reactor] 2. Primary/No.l pump expansion tank| 348 52 530 2. Part replaced.
Coolant System 3. 100 gpm, 75 ft discharge head 3. None.

3. 12 4. EFAPP No. 55
221140

8 1. Transmission/Gear 1. EBR-~II MI MI MI 9345 Operational monitorsf 1. Shaft frozen to bushing.
Box Shaft 2, Cooling tower (south riser) 500 57 550 2. Part replaced.
2. Turbine-Generator 3. 83°F 3. None.
Units and Condenser/ 4. PMMR-97
Circulating Water
Pump

3. 12

330000
9 1, Transmission Box 1. EBR-II MI MI MI 9345 Operational monitors| 1. Shaft frozen to bushing.
Bushing/Gear 2. Cooling tower (south riser) 500 57 550 2. Part replaced.

2. Turbine-Generator 3. 83°F 3. Increase preventive maintenance inspections on
Units and Condenser/ 4, PMMR-97 valves to prevent shaft from freezing to bushings.
Circulating Water R
Pump

3. 12
330000

10 1. Transmission/Stem 1. EBR-II MI MI MI 4660 Preventive mainte- 1. Broken stem.

2. Nuclear Fuel Handling| 2. Primary/fuel handling equipment 500 59 530 nance 2. Part replaced.
and Storage Equip- 3. 700°F 3. None.
ment/Liquid Metal 4, PMMR-61
Internal

3. 12
236100

* | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-50 _

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFT

(Sheet 3 of 13)

ITEM 3

COMPONENT/PART
SYSTEM/SUBSYSTEM

CODE:
(Component)
(System/Subsystem)

AW

FACILITY

COMPONENT LOCATION
OPERATING CONDITIONS
SOURCE DOCUMENT

FAILURE INDEX

CODE*

CAUSE

OPERATING
HOURS

METHOD OF FAILURE

DETECTION
MODE

EFFECT

1. FAILURE DESCRIPTION
2. CORRECTIVE ACTION
3. RECOMMENDATIONS

11

12

13

14

. Nuclear Fuel Handling

. Nuclear Fuel Handling

Transmission/Trans-
fer Arm, Clutch

and Storage Equip-
ment/Liquid Metal
Internal

12

236100

Transmission/Trans-
fer Arm, Elevation
clutch Wire

Nuclear Fuel Handling
and Storage Equip-
ment/Liquid Metal
Internal

12

236100

Transmission/Clutch
Key

and Storage Equip-
ment/Liquid Metal
Internal

12

236100

Transmission and
Drive Shafts/Rail
Guide Bearing
Nuclear Fuel Handling
and Storage Equip-
ment/Support Struc-
tures

12

235113

I

N

EBR-II
Primary/fuel handling equipment

. PMMR-98

EBR-II
Primary/fuel handling equipment

. Maintenance report, 4/18/68

EBR-IL
Primary/fuel handling equipment

PMMR- 108

EBR-II
Primary/suel unloading machine

PMMR-113, 11/62

MI
500

MI
500

MI
148

MI
500

MI
BZ

MI
550

9345 During actuation

MI
59

MI
550

14,150 Operational monitors

MI
52

MI
550

11,320 During actuation

MI
59

MI
530

12,390 Direct observation

W NV~

W N -

—

@

w o

. Clutch inoperative.
. Local repair.

None.

. Clutch wire broken.
. Local repair.
. None.

. Key worn out due to slippage.

Local repair.
Include in preventive maintenance inspection to
prevent unpredicted recurrence.

. Bearings broken.
. Local repair.
. None.

i n

INCIDENT M1
MAJOR MALFUNCTION P

[t

MINOR MALFUNCTION
PROBLEM
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FAILURE DATA FOR _TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 4 of 13)

¢

TABLE __1-50

COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEX 1. FAILURE DESCRIPTION
ITEM . OPERATING] METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] RECOMMENDATIONS
(System/Subsystem)
15 |1. Transmission and 1. EBR-II MI MI MI 13,212 Direct observation 1. Bearings worn out.
Drive/Rail Guide 2. Primary/fuel unloading machine 500 52 530 2. Part replaced.
Bearings 3. - 3. None.

2. Nuclear Fuel Handling | 4. Operation weekly report, 12/67
and Storage Equip-
ment/Support Struc-
tures

3. 12
235113

16 |1. Transmission and 1. EBR-II M1 MI MI 13,380 Direct observation 1. Shaft adapter broken.
Drive/Shaft Adapter 2. Primary/fuel unloading machine 315 59 530 2. Part replaced.

2. Nuclear Fuel Handling | 3. 210 to 700°F 3. Disassembly instructions should be carefully
and Storage Equipment] 4. Operation weekly report, 1/17/68 reviewed prior to repair or maintenance.
Reactor Vessel
Servicing Equipment

3. 12
232100

17 |1, Transmission Exten- . EBR-II MI MI MI 4955 Preventive mainte~ 1. Bearings worn out.
sion/Takeup Reel 2. Primary system/fuel unloading 500 59 530 nance 2. Part replaced.
Bearings machine 3. None.

2. Nuclear Fuel Handling | 3. -
and Storage Equip- 4. PMMR-62, 1/66
ment/Cooling System

3. 12
235140

18 [1. Transmission Exten- 1. EBR-II MI MI MI 7400 Direct observation 1. Bearing broken.
sion/Takeup Real 2. Primary system/fuel unloading 100 59 530 2. Part replaced.
Bearings machine 3. Design modification required, similar failure

2. Nuclear Fuel Handling| 3. PMMR-82, 8/66 occurred before. See PMMR-62.
and Storage Equip-
ment/Cooling System

3,12
235140

19 | 1. Transmission Exten- 1. EBR-II MI MI MI 12,390 Direct observation 1. Cable broken.
sion/Takeup Reel 2. Primary system/fuel handling 500 59 530 2. Part replaced.

2, Nuclear Fuel Handling machine 3. Larger cable may accept more wear and cycles.
and Storage Equip- 3. -
ment/Cooling System 4., PMMR-113, 11/14

3. 12
235140

* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 5 of 13)

2211

T 10A ‘L-69-0WPW-DANWT

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operaTiG] METHOD OF FAIL 1. FAILURE DESCRIPTION
: ETHOD URE
ITEM\ 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
20 |1. Transmission Gear 1. EBR-II MI MI MI 14,300 During repair of 1. Set screws which lock into bolt thread caused galling.
Box/Bolts 2. Primary cover lock No. 3 321 68 530 primary failure 2. Part replaced.
2. Reactor Equipment/ 3. component 3. None.
Reactor Shielding 4. Operation weekly report, 5/1
3. 12
213000
21 |1. Transmission QOil 1, EBR-II MI MI MI 6920 Preventive mainte- 1. Oil seals leaked.
Seals /Seal 2. Primary cover lock No. 2 500 BZ 530 . nance 2. New oil seals installed.
2. Reactor Equipment/ 3. 3. None.
Reactor Shielding 4. PMMR-81
3. 12
213000
22 |l. Transmission Oil 1. EBR-II MI MI MI 6780 Preventive mainte- 1. Oil seal leak.
Seal/Seal 2. Primary cover lock No. 1 500 52 530 nance 2. Part replaced.
2. Reactor Equipment/ 3. 3. None.
Reactor Shielding 4., PMMR-80
3. 12
213000
23 |1l. Transmission and 1. EBR-II MI MI MI 1200 Operational monitor 1. Thermocouples were shorted by sodium leakage.
Drive Shaft/Cable 2. Small plug rotating drive 500 13 550 2. Part replaced.
Drive Clutch 3. 3. None.
2. Reactor Equipment/ 4. Operation weekly report, 2/7/68
Reactor Shielding
3. 12
213000
24 |1, Transmission and 1, Fermi MI MI MI
Drive/Drive Gear 2. No. 3 sodium pump, pony motor 148 53 530 13,930 Audio noise 1. Drive gear loose.
2. Heat Transfer/ 3. 350 hp, 11,800 gpm, 900 rpm 2. Local repair, tightened drive gear set screw.
Reactor Coolant 4. EF-28 3. Revise preventive maintenance inspection intervals
3. 12 to prevent unscheduled outage of equipment.
221100
25, |1, Transmission and 1. Fermi MI MI MI 4015 Direct observation 1. Roller shafts bent.
Drive/Follower Roller| 2. Rotating shield plug drive 9ZZ 54 530 2. Part replaced.
Shafts 3. 3. None.
2. Reactor Equipment/ 4. PRDC-EF-6
Reactor Shielding
3. 12
213000
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 6 of 13)

)

TABLE _1-50

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE ERATIG obo 1. FAILURE DESCRIPTION
ITEM PERATING) METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
26 | 1. Transmission/Clutch 1. EBR-II MI MI MI 12,390 Direct observation 1. Support broken.
Support 2, Carriage drive-fuel unloading 500 59 530 2. Local repair.

2., Nuclear Fuel Handling machine 3. None.
and Storage Equip- 3. -
ment/Fuel Handling 4. PMMR-113, 11/67
Machines

3. 12
235110

27 | 1. Transmission/Storage| 1. EBR-II MI MI MI 10,820 Routine inspection 1. Bearings worn out.
Basket Drive Bearings| 2. Primary system - ferguson drive 500 52 530 2. Part replaced.

2. Nuclear Fuel Handling| 3. - 3. None.
and Storage Equip- 4, PMMR-102
ment/Liquid Metal
Internal

3. 12
236100

28 | 1. Transmission/Upper 1. Fermi MI MI MI 11,740 During actuation 1. Upper drive mechanism bound up during folding of
and Lower Radial 2. Sweep mechanism 114 55 530 sweep arm. Lower radial bearing found frozen and
Bearings 3. - shaft scored.

2. Nuclear Fuel Handling| 4. EF-22 2. Provided manual operation during investigation.
and Storage Equip- 3. An engineering review of the design should be
ment/Liquid Metal undertaken to determine if a modification would
Internal prevent future malfunctions.

3. 12
236100

29 | 1. Transmission and 1. SRE MI MI MI | Unknown| During actuation 1. Gear reduction unit developed a series of brittle
Drives/Gear Reduc- 2. Fuel handling machine 117 73 530 cracks.
tion Unit 3, - 2. Gear unit replaced.

2. Nuclear Fuel Handling 4. Incident report, 5/12/62 3. None.
and Storage Equipment]
/Hoist

3. 12
235162

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 7 of 13)

TABLE _1-50

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE opeR 1. FAILURE DESCRIPTION
ITEM ATING] METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT <C_AUSE MODE EFFEC'l" 3. RECOMMENDATIONS
(System/Subsystem)
30| 1. Transmission Exten- 1. EBR-II MI MI MI 13,380 Preventive mainte- 1. Shaft worn out.
sion/Friction Com- 2. Primary system/fuel handling 500 BZ 530 nance 2. Part replaced,
pensator Shaft subassembly holddown 3. Revise preventive maintenance inspection interval
2., Nuclear Fuel Handling| 3. to permit replacement before total failure.
and Storage Equip- 4. Operation weekly report, 1/10/68
ment/Liquid Metal
Internal (holddown)
3. 12
236100
31| 1. Transmission Exten- 1. EBR-II MI MI MI 13,380 Preventive mainte- 1. Bearings worn out.
sion/Friction Com- 2. Primary system/fuel handling 500 BZ 530 nance 2. Part replaced.
pensator Bearings assembly holddown 3. Revise preventive maintenance inspection interval
2. Nuclear Fuel Handling| 3. to permit replacement before total failure.
and Storage Equip- 4, Operation weekly report, 1/10/68
ment/Liquid Metal
Internal (holddown)
3. 12
236100
32| 1. Transmission Exten- 1. EBR-II MI MI MI 13,380 Preventive mainte- 1. Roll pin worn out.
sion/Friction Com- 2. Primary system/fuel handling 500 BZ 530 nance 2, Part replaced.
pensator Roll Pin subassembly holddown ' 3. Revise preventive maintenance inspection interval
2. Nuclear Fuel Handling| 3. to permit replacement before total failure,
and Storage Equip- 4. Operation weekly report, 1/10/68
ment/Liquid Metal
Internal (holddown)
3. 12
236100
33| 1. Transmission/Push 1. EBR-II MI MI MI 13,380 Preventive mainte- 1. Backup switch broken.
Force Mechanism 2, Primary system/fuel handling 500 59 530 nance 2. Part replaced.
Switch subassembly holddown 3. None.
2. Nuclear Fuel Handling| 3.
and Storage Equip- 4. Operation weekly report, 1/10/68
ment/Liquid Metal
Internal (holddown)
3. 12
236100
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 8 of 13)

¢

TABLE_1-50

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE PERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION o
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
34 | 1, Transmission/Bellows| 1. EBR-II MI MI MI 5990 Operational monitors| 1. Bellows broken.
2, Reactor Equipment/ 2. Reactor control rod drive No. 7 500 59 550 2. Part replaced.
Reactivity Control and| 3. 300 to 800°F 3. Perform engineering study on cause of failure and
Safety Shutdown 4. PMMR-74 make recommendations.
3. 12
212300
35 | 1, Transmission/Lower 1, EBR-II MI MI MI 13,380 Operational monitors| 1. Drive assembly inoperative.
Drive Assembly 2. Reactor control rod drive No. 6 500 55 530 2. Part replaced.
2. Reactor Equipment/ 3. 300 to 800°F 3. None.
Reactivity Control and| 4. Operation weekly report, 12/20/67
Safety Shutdown
3. 12
212300
36 | 1. Transmission/Bellows| 1. EBR-II MI Mi MI 15,240 Direct observation 1. Found sodium in tube above bellows.
2. Reactor Equipment/ 2. Mark II oscillator rod 500 BZ 550 2. New spare control rod was installed in its place.
Reactivity Control and{ 3. 300 to 800°F 3. None.
Safety Shutdown 4. Operation maintenance report,
3. 12 6/19/68
212300
37 | 1. Transmission and 1. Fermi MI MI M1 9390 Direct observation 1. Axial binding attributed to a fragment of an old dust
Drive Shafts/Drive 2, Oscillator rod extension 328 55 530 seal found in the upper housing.
Shaft 3. Reactor environment 2. Local repair.
2. Reactor Equipment/ 4, PRDC-EF-17 3. Require more stringent inspection prior to closure
Reactivity Control and of equipment and use proper assembly procedure.
Safety Shutdown
3, 12
212300
38 | 1. Transmission and 1. Fermi MI MiI MI 7200 Direct observation 1. Badly worn shaft bearing.
Drive Shafts/Bearing 2. Reactor safety rod drive No. 7 500 52 530 2. Part replaced.
2. Reactor Equipment/ 3. 3. None.
Reactivity Control and| 4. PRDC-EF-13
Safety Shutdown
3. 12
212300
* INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS
(Sheet 9 of 13)
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE peraTne] METHOD OF FALL 1. FAILURE DESCRIPTION
ITEM HOD URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE] MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)

39 | 1. Transmission and 1, Fermi MI MI MI 14,941 During activation 1. Loose connection at terminal board caused safety
Drive Shaft/Connec- 2. Safety rod extension No. 6 324 14 530 rod flow speed drive motor to fail.
tion 3. - 2. Local repair.

2. Reactor Equipment/ 4, PRDC-EF-38 3. None.

Reactivity Control and
Safety Shutdown

3. 12
212300

40 | 1. Transmission and 1. Fermi MI MI MI 7930 Direct observation 1. Porosity in the flange weld at the bottom of the
Drive Shafts/Exten- 2. Reactor system/No. 1 safety rod 456 67 550 primary bellows resulted in a sodium leak.
sion Bellows 3. - 2. Local repair. Rewelded flange.

2. Reactor Equipment/ 4, PRDC-EF-13 and 14 3. Revise Quality Assurance procedures for acceptance
Reactivity Control and of welds.

Safety Shutdown

3. 12
212300

41 | 1, Transmission and 1, Fermi MI MI MI 8660 Direct observation 1, Broken as a result of accidental movement between
Drive/Limit Switch 2. Reactor system/No. 1 safety rod 331 59 530 switches.

2. Reactor Equipment/ 3, - 2. Part replaced.

Reactivity Control and| 4. PRDC-EF-15 3. Install protective brackets over switches to prevent
Safety Shutdown inadvertent damage.

3. 12
212300

42 | 1, Transmission and 1. Fermi MI MI ML 4913 Protective system 1. Drive brake inoperative,
Drive Shafts/Brake 2. Safety rod drive 157 13 530 2. Part replaced.

2. Reactor Equipment/ 3. - 3. Revise preventive maintenance procedure to require
Reactivity Control 4. EFAPP-MR-45 inspection of drive brakes at schedule intervals.
and Safety Shutdown

3. 12
212300

43 | 1. Transmission/Bellows| 1. EBR-II MI MI MI 2590 During preventive 1. Control rod bellows ruptured.

2. Reactor Equipment/ 2, Reactor control rod drive No. 8 500 59 530 maintenance 2. Part replaced.

Reactivity Control and| 3, 300 to 800°F 3. None.
Safety Shutdown 4. PMMR-38

3. 12

212300
* | a INCIDENT MI = "MINOR MALFUNCTION .
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-50
FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS

(Sheet 10 of 13)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE X . 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
44| 1. Transmission/Bellowd 1. EBR-II MI MIi MI 3410 During inspection 1. Sodium leaked into area between bellows and gripper
Reactivity 2. Reactor control rod drive No. 9 500 59 550 of system associated tube.
2. Reactor Equipment/ 3. 300 to 800°F to failure component 2. Part cleaned and freed.
Control and Safety 4. ANL-7105 3. Nomne.
Shutdown
3. 12
212300
45| 1, Transmission/Sensing] 1. EBR-II MI MI MI 3410 Operational monitord 1. Sodium leaked into area between bellows and gripper
Rod 2. Reactor control rod drive 500 55 550 tube.
2. Reactor Equipment/ 3. 300 to 800°F 2. Part cleaned and freed.
Reactivity Control and|{ 4. ANL-7105 3. None.
Safety Shutdown
3. 12
212300
46| 1. Transmission/Jaw 1. EBR-II MI MI MI 10,000 During routine 1. Roll pins broken.
Drive Clutch 2. GControl rod No. 3 500 59 530 inspection 2. Part replaced.
2. Reactor Equipment/ 3. 3. None.
Reactivity Control and| 4. PMMR-102
Safety Shutdown
3. 12
212300
47| 1. Transmission/Shaft 1. EBR-II MA MA MA 15,240 Direct observa- 1. Clutch inoperative.
2. Reactor Equipment/ 2. Control rod No. 7 500 BZ 520 tion 2. Part replaced.
Reactivity Control and| 3. 3. None.
Safety Shutdown 4. ANL-6965
3. 12
212300
48| 1. Transmission/Jaw 1. EBR-II MA MA MA 1200 Protective system 1. Control rod shaft was stuck in reactor vessel cover,
Drive Clutch 2. Control rod No. 9 500 55 550 and would not move even with air assistance.
2. Reactor Equipment/ 3. 2. Part replaced.
Reactivity Control and] 4. Operations monthly report, 9/18/68 3. None.
Safety Shutdown
3. 12
212300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS

TABLE__1-50

(Sheet 11 of 13)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE X 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION E
(Component) 4. SOURCE DOCUMENT CAUSE|_MODE EFFEC‘ﬂ 3. RECOMMENDATIONS
(System/Subsystem)
49 |1. Transmission/Shaft 1. EBR-II MA MA MA 1200 Protective system 1. Control rod shaft jammed.
2. Reactor Equipment/ 2. Control rod No. 9 500 55 550 2. Part replaced.
Reactivity Control 3. 3. None.
and Safety Shutdown 4. ANL-6965
3. 12
212300
50 [1. Transmission/Clutch |l. EBR-II MI MI MI 12,000 |During routine in- 1. Clutch worn out.
2. Reactor Equipment/ 2. Control rod No, 12 500 52 530 spection 2. Replaced with new unit.
Reactivity Control and |3. 3. Revise preventive maintenance inspection schedule
Safety Shutdown 4. Operations monthly report, 11/67 to detect problem before total failure.
3. 12
212300
51 |l. Transmissions and 1. HNPF MI MI MI 4450 Operational monitors |l. Snubbers lost oil.
Drive Shafts/Snubbers |2, Reactor core/control rod 137 52 530 2, Corrective modification.
2. Reactor Equipment/ 3. 350 to 945°F 3. None.
Reactivity Control and |[4. Monthly operating report Ne. 14
Safety Shutdown
3. 12
212300
52 [1. Transmissions and 1. HNPF MI MI MI- 1605 Direct observation 1. Bushing bent oblong, stopping rod movement.
Drive Shafts/Bushing |2. Reactor core/control rod No.2 337 57 530 2, Unknown.
2. Reactor Equipment/ 3. 350 to 945°F 3. None.
Reactivity Control 4. Monthly operating report No. 3
and Safety Shutdown
3. 12
212300
53 |1. Transmission and 1. HNPF MI MI MI 3250 Direct observation 1. Drive unit inoperative. No reason given.
Drive Shaft/Drive Unit|2. Reactor core/control rod No, 8 500 BZ 530 2. Part replaced.
2. Reactor Equipment/ 3. 350 to 925°F 3. None.
Reactivity Control 4. Monthly operating report No. 7
and Safety Shutdown
3. 12
212300
54 |1, Transmissions and 1. HNPF MI MI MI 8700 Direct observation 1. Unknown.
Drive Shafts/Snubbers |[2. Reactor core/control rod No. 10 500 BZ 550 2. Part replaced.
2. Reactor Equipment/ 3. 350 to 945°F 3. None.
Reactivity Control and |4, Monthly operating report No. 24
Safety Shutdown
3. 12
212300
* | = INCIDENT Ml = MINOR MALFUNCTION

L))

MA = MAJOR MALFUNCTION P

PROBLEM
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TABLE__1-50

(Sheet 12 of 13)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operaTe] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM u
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
55 | 1. Transmission and 1. HNPF MI MI MI 8700 Direct observation 1. Unknown.
Drive Shafts/Snubbers| 2. Reactor core/control rod No. 10 500 BZ 550 2, Part replaced.
2. Reactor Equipment/ 3. 350 to 945°F 3. None.
Reactivity Control and| 4. Monthly operating report No. 24
Safety Shutdown
3. 12
212300
56 | 1. Transmissions and 1. HNPF MI MI M1 3250 Operational monitors | 1. Mechanical interlock jammed.
and Drive Shafts/ 2. Reactor core/automatic flux control | 33Z 55 530 2. Local repair.
Mechanical Interlock rod No. 14 3. Replace with better quality contactors. Weekly
2. Reactor Equipment/ 3. 350 to 945°F inspection to be performed.
Reactivity Control and| 4. Monthly operating report No. 6
Safety Shutdown
3. 12
212300
57 | 1. Transmissions and 1. HNPF MI MI MI 8320 Operational monitors | 1. Evidence of grease on brake shoes, causing slow
Drive Shafts/Rod 2. Reactor/control rod No. 18 31Z A5 550 release and sluggish drive.
Actuator Brake Shoe 3. 350 to 945°F 2. Part replaced.
2. Reactor Equipment/ 4. Monthly operating report No. 21 3. None.
Reactivity Control and
Safety Shutdown
3. 12
212300
58 | 1. Transmissions and 1. HNPF MI M1 MI 7754 Direct observation 1. Oil observed on brake disk caused by leaking shaft
Drive Shafts/Shaft 2. Reactor core/control rod CR-19 127 5Z 530 seal.
Seal 3. 350 to 945°F 2. Part replaced.
2. Reactor Equipment/ 4, Monthly operating report No. 20 3. None.
Reactivity Control and
Safety Shutdown
3. 12
212300
59 | 1. Transmission and 1. HNPF MIi MI MI 9420 Direct observation 1. Pull tubes elongated due to unsnubbed drops.
Drive Shafts/Pull 2. Reactor core/control rod SN-20 178 5Z 550 2. Unknown.
Tubes 3. 350 to 945°F 3. None.
2. Reactor Equipment/ 4. Monthly operating report No. 25
Reactivity Control and
Safety Shutdown
3. 12
212300
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR _TRANSMISSIONS AND DRIVE SHAFTS

TABLE _1-50

(Sheet 13 of 13)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE - 1. FAILURE DESCRIPTION
R
ITEM 3 copE: 3. OPERATING CONDITIONS Rl M O o RE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
60 { 1. Transmissions and 1. HNPF MI MI MI 4450 Direct observation . Assembly error, no snubbers were installed in control
Drive Shafts/Snubbers| 2, Reactor core/control rod SN-20 321 54 550 rod.
2. Reactor Equipment/ 3. 350 to 945°F . Snubbers added.
Reactivity Control and| 4. Monthly operating report No. 24 . None.
Safety Shutdown
3. 12
212300
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _TRANSMISSIONS AND DRIVE SHAFTS

COMPONENT surTYpE _ TRANSMISSTONS AND DRIVE SHAFTS

FAILURES (%)

0 10 20 30 40 50 60 70

80

90 100

PLANT
TYPE

Nuclear Test Reactor

Nuclear Power Reactor

Component Test Facility

SYSTEM .

Reactor Coolant

Turbine Generator

Condensate

Heat Transfer

Accessory Electrical Equipment

Fuel Handling Equipment

Reactivity Control/Equipment

COMPONENT PART

Bearings

Gears

Shafts and Stems

Couplings

Bellows

Spubbers

Clutch

Seals

Frictiopn Compensator

Jaw

Brakes

Other

CAUSE

Environmental

Human error

Inherent

Unknown

MODE

Electrical

Mechanical

Metallurgical

Unknown

Reactivity change

EFFECT

Plant availability loss

Labor and materials loss only

System/component inoperative
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TABLE _1-52
GENERAL SUMMARY

COMPONENT _TRANSMISSIONS AND DRIVE SHAFTS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Environmental
Human error
71
g Inherent —
g Unknown
Electrical
W Mechanical
S| Metallurgical —
= Unknown
Reactivity p—
Plant availability loss -
Z Labor and materials loss only
w . .
O System/component inoperative
ry
TOTAL FAILURES PER TYPE 0 10 20 30 40 50 60 70 80 90 100
Transmissions and drive shafts
OPERATING HOURS (THOUSANDS) 0 50 100 150 200 250 300 350 400 450 500
Transmissions and drive shafts
w
o
>- -
o
FAILURE RATE (FAILURES/].O6 hr) 0 20 40 60 80 100 120 140 160 180 200
Transmissions and drive shafts

LMEC-Memo-69-7, Vol 1
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4, Turbine Generators (turbine side)

Q Failure data for turbine generators (turbine side) are presented in Tables

1-53 through 1-55.

a. Reliability Information

Design Features:

Large rotating machinery normally designed for long-term trouble-free

operation.

Critical Characteristics:

Multi-stage turbine, long thin blading, close running clearances.

Mode of Failure:

1) Steam flange leaks

2) Seal ring

3) Blade damage

4) Control malfunctions.

@ Description of Failures:

1) Leakage at steam turbine flange with cause undescribed.
2) Section of broken seal ring caused blade damage.

3) Pressure governor malfunctioned apparently due to misalignment

developing and resulting in control problems.

Control Methods:

1) Preventive maintenance - check and retorque flange bolts, particularly

after failures which may cause increased system vibration.

2) Maintain accelerometer surveillance of large equipment to detect

failures.

3) Ensure running clearances are in accordance with supplier recom-

mendations.

LMEC-Memo-69-7,Vol I
1-133




4) Perform analysis to establish metallurgical cause of failure.

5) Maintain adequate servicing of controls to prevent corrosion, in-

adequate lubrication, and contamination.

b. Discussion and Recommendations

A total of three failure events were reviewed. The failures fell into three

categories: (1) leakage, (2) mechanical, and (3) control malfunction.

A steam leak on the vertical flange of the main turbine was reported. The
report did not indicate whether the leakage was at the flange joint or in the
flange parent metal. It is assumed that the leakage occurred at the joint.
Leakage at the flange joint could be caused by (1) thermal cycling and differen-
tial expansion which would reduce the flange loading and allow leakage, or by
(2) vibration causing loosening of the flange bolts. This particular leakage did
occur after a reported turbine blade failure. There is good possibility that the
increased vibration coupled with thermal stress could have resulted in the flange
leakage. After turbine difficulties it would be in order to torque check all bolted

flange connections.

A mechanical failure of the seal ring was reported. A piece of the seal
ring broke from the turbine casing causing extensive blade damage. However,
it is possible that a blade failure caused the seal ring damage. Assuming the
seal ring to be at fault, the failure probably occurred as a result of excessive
rubbing between the ring and rotating assembly. The rubbing may have oc-
curred at startup, damaging the ring, so that subsequent vibration and pres-
sure loading and even light rubbing eventually resulted in the failure. There
is no indication as to when the failure occurred, only when it was observed. In
any case, it appears as though a design change is in order to prevent future
problems. Opening the running clearances is one possible remedy for this
type of problem. There is also the possibility of faulty material which would

indicate a quality control problem.

The use of a vibration meter with a recorded output and surveillance of the
records might have indicated the time of failure and possibly given indications

of an impending failure, depending upon how the failure progressed.
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A control malfunction was reported. The governor pressure control ap-
parently experienced a performance shift which caused difficulties in controlling
the header pressure. The problem was solved by readjusting and realigning the

governor.

The performance shift could have been caused by (1) vibration loosening
the adjustment mechanism, (2) improper or inadequate lubrication, (3) me-

chanical stress, .and (4) improper maintenance and lack of cleaning.

Since it is not known what was accomplished during the readjustment and

realignment, it is difficult to make a recommendation.
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TABLE _1-53_

FAILURE DATA FOR _TURBINE GENERATORS (TURBINE SIDE)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE S 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS | Houws DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Turbine-Generator/ 1. EBR-II MI MI MI 8,732 Direct observation 1. Steam leak on main turbine flange
Flange 2. Main turbine/vertical flange 500 BZ 550 2. Local repair to be attempted — apparently successful
2. Turbine-Generator 3. 20,000 kw, 3,600 rpm because turbine put back in service.
Units /Turbine Side 4. PMMR-91 3. Following any turbine problems of increasing vibration
3. 55 recheck turbine flange connections — tighten bolts.
310000
2 1. Turbine-Generator/ 1. EBR-II MA MA MA 7,800 Routine inspection 1. Portion of seal ring brokelfrom turbine causing
Spill Strip Casing 2, Main turbine 500 53 520 extensive blade damage.
2. Turbine-Generator 3. 20,000 kw, 3,600 rpm 2, The supplier representative (GE) replaced or repaired
Units/Turbine Side 4. ANL7255, PMMR-85 all questionable blading. -
3. 55 3. Increase running clearance of seal ring if possible —
310000 clean steam system — incorporate vibration meter
with visual read out chart or electronic alarm red
line — determine blade fatigue not problem — determine
ring material is sound,
3 1. Turbine-Generator/ 1. EBR-II MI MI MI 12,390 | Operational monitors | 1. Pressure governor malfunction causing difficulties in
Governor 2. Main turbine 500 43 550 ’ controlling steam header pressure.
2. Turbine-Generator 3. 20,000 kw, 3,600 rpm 2. Governor was realigned and reset at facility.
Units/Turbine Side 4. PMMR-113 3. Improve maintenance procedures — check for clean-
3. 55 liness of mechanism, corrosion, lubrication —
310000 check to ensure vibration is not loosening adjustment
mechanism.
* | = INCIDENT Mi-= MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-54

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _TURBINE GENERATOR (TUR3INE SIDE)

COMPONENT SUBTYPE TURBINE GENERATOR (TURBINE SIDE)

FAILURES (%
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90 100
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TABLE _1-55

GENERAL SUMMARY

COMPONENT TURBINE GENERATOR (TURBINE SIDE)

FAILURES (%) O 10 20 30 40 50 70 80 90 100
Environmental
‘Unknown
wl
7
=2
<C
(&)
w Mechanical
8 Unknown
=
Plant availability loss
S System/component inoperative
o
w
ut
TOTAL FAILURES PER TYPE 0O 1 2 3 4 5 7 8 9 10
Turbine generator - turbine
OPERATING HOURS (THOUSANDS) 0 5 10 15 20 25 35 40 45 50
Turbine generator - turbine
w
a.
>—
o
FAILURE RATE (FAILURES/106 hr) O 50 100 150 200
Turbine generator - turbine
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5. Valve Operators (See Figures 1-4 and 1-5)

Q Failure data for valve operators are presented in Tables 1-56 through 1-58.

a. Reliability Information

Design Features:

Pneumatic cyclinder is used to open and close valves.

Critical Characteristics:

1) Cylinder seals
2) Packing gland and valve stem assembly
3) Coupling between actuator and valve.

Failure Description:

1) Dirt or paint on stem
2) Stem bent
3) Improper packing techniques
4) Wrong type of packing
@ 5) Actuator moving too fast
6) Improper repair and/or assembly and/or installation
7) Water in cylinders.

Control Methods:

1) Clean actuator stems.

2) Break packing joint alignment.

3) Install packing rings with care.

4) Tighten up packing evenly.

5) Verify that packing is of right size and material.

6) Install orifices in actuation system to control timing.

7) Write repair, assemb'ly, and installation checklists and detailed

procedures if necessary.

8) Install water traps and filters in air system.

LMEC-Memo-69-7, Vol I
1-139




OPERATOR HEAD

SLEEVE HOLDING SCREW BUSHING

WOODRUFF KEY
BOTH ENDS

S

CORE FITTING

SIS

Y%’ EXPANSION PIN
UPPER SLEEVE

NN\
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CORE
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OR CASE
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LOWER DC TERMINAL
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CORE FITTING
SLEEVE HOLDING SCREW
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LOWER OPERATOR HEAD

VALVE WHEEL ADAPTOR

14" "U" BOLT CLAMPS
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Figure 1-4. Remote Valve Operator
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VALVE-OPERATOR AND CONTROL
INSTRUMENTATION

—~——— DRIVE SHAFT PENETRATION THROUGH
BIOLOGICAL SHIELDING (FURNISHED
WITH GAS TIGHT SHAFT SEAL)

SUPPORT BRACKET-MOUNTED
ON VAULT CEILING

UNIVERSAL AND SLIP JOINTS TO
EMENTS

COMPECNSATE FOR VALVE MOV/ B

PRIMARY THROTTLING VALVE

DRIVE SHAFT (ALSO FURNISHES VALVE STEM POSITION
FCED-BACK TO CONTROL INSTRUMENTATION)

Figure 1-5. Typical Remote Valve Operator
and Drive Shaft
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b. Discussion and Recommendations

Remote valve operators (see Figure 1-5) are generally required in sodium
systems for reasons of accessibility limitations. The nuclear radiation field
in which the valve operator may function must be considered to ensure that

lubricants and electrical insulation will not suffer deterioration. Stem force

must be controlled in order not to exceed any structural limitations to the valve.

Frictional losses associated with either flexible drive shafts or solid mechani-
cal drive trains interconnected to gear boxes, universal joints and couplings
must be allowed for, when establishing power actuating requirements. Allow-
ances should also be made for pipe deflections and valve motion relative to the
drive shafts. Where closing or opening speed is high, the valve design must
have adequate provision for reducing the transient forces by the use of energy-

absorption devices.

Failures to either the coupling or universal joint were high. It was con-
cluded that the original design did not adequately consider the forces involved
and did not provide for thermal growth. The timing of the actuator was off,
and orifices installed in the system would have provided more positive control.
Water was found in the cylinders. This could have been prevented if the sys-
tem were designed with traps to prevent the collection of moisture in areas

that harm the system.

There were many failures during installation or while personnel were
working in the area. These included the disengaging of shafts from their
couplings, the shearing of pins, bréaking of keys, bent stems, repair and
replacement of gears and clutches, and improper choice of packing and its
installation, This situation could be improved with better design, more train-

ing for personnel, and more complete installation and maintenance procedures.
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TABLE __1-56
FAILURE DATA FOR _VALVE OPERATORS

(Sheet 1 of 9)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
)
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM A 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem) 1
1 1. Valve Operator/ 1. HNPF MA MA MA 2784 Direct observation 1. Shaft rising and disengaging from coupling.
Shaft 2, Primary (block valve) V-101 110 53 530 (unscheduled) 2. Local repair, tack welded shaft to coupling.
2. Heat Transfer/Pri~ 3. Gas cooled freeze seal gate, 14 in., 3. None.
mary Coolant Piping ambient temperature
and Valves 4. HNPF, work request No. 1742
3. 21
221230
2 1. Valve Operator/ 1. HNPF MA MA MA 2784 Direct observation 1. Shaft rising and disengaging from coupling.
Shaft 2. Primary (block valve) Vv-201 110 53 530 (unscheduled) 2. Local repair, tack welded shaft to coupling.
2, Heat Transfer/Pri- 3. Gas cooled freeze seal gate, 14 in., 3. None.
mary Coolant Piping ambient temperature
and Valves 4. HNPF, work request No. 1742
3. 21
221230
3 1. vValve Operator/ 1. HNPF MA MA MA 2784 Direct observation 1. Shaft rising and disengaging from coupling.
Shaft 2. Primary (block valve) V-301 110 53 530 (unscheduled) 2. Local repair, tack welded shaft to coupling.
2. Heat Transfer/Pri- 3. Gas cooled freeze seal gate, 14 in., 3. None.
mary Coolant Piping ambient temperature
and Valves 4. HNPF, work request No. 1742
3. 21
221230
4 1. Valve Operator/ 1. HNPF MI MI MI 14,208 Operational monitors 1. Part broken.
Key 2. Primary (throttle) V-203 126 59 530 2. Part replaced.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. S. Berger, et.al, HNPF, Reactor
and Valves Operations Analysis Program Semi-
3. 21 Annual Progress Report No, 4,
221230 Feb. 29, 1964-Sept. 30, 1964,
NAA-SR-10743
5 l. Valve Operator/ 1. HNPF MA MA MA 5836 Operational monitors| 1. Park broken.
Key 2. Secondary (throttle} V-102 126 55 520 2. Part replaced.
2, Heat Transfer/Inter- 3. Ambient temperature 3. None.
mediate Coolant Piping] 4. HNPF, work request No, 2490
and Valves
3. 21
222230
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE__1-56
FAILURE DATA FOR _VALVE OPERATORS

MA = MAJOR MALFUNCTION P

L))

PROBLEM

(Sheet 2 of 9)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operamne] METHOD OF FALL 1. FAILURE DESCRIPTION
ITEM URE RR
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECf 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Valve Operator/ 1. HNPF MA MA MA 5932 Alarm 1. Dogs on both clutch and gears were sheared off.
Clutch and Gear Box 2. Secondary (throttle) V-102 126 55 520 2. Part replaced.
2. Heat Transfer/Inter- 3, Ambient temperature 3. None.
mediate Coolant Piping! 4. HNPF, work request No. 2526
and Valves
3. 21
222230
7 1. Valve Operator/ 1. HNPF MI MI MI 2640 During preventive 1. Broken part.
Gear Box 2. Secondary (throttle) V-302 126 52 530 maintenance 2. Local repair, replaced with new gear and gaskets.
2. Heat Transfer/Inter- 3. Ambient temperature 3. None.
mediate Coolant Piping| 4. HNPF, work request No. 1932
and Valves
3. 21
222230
8 1. Valve Operator/ 1., HNPF MI MI MI 24 Direct observation 1. Would not open or close.
Gear Box 2. Primary (fill and drain) V-461 110 55 530 (unscheduled) 2. Local repair, repaired gear box.
2. Heat Transfer/Pri- 2. Ambient temperature 3. None.
mary Coolani Piping 4. HNPF, work request No. 949
and Valves
3. 21
221230
9 1. Valve Operator/ 1. HNPF MI MiI MI 24 Direct observation 1. Would not open or close.
Gear Box 2, Primary (fill and drain) V-462 110 55 530 (unscheduled) 2. Local repair, repaired gear box.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. HNPF, work request No, 949
and Valves
3. 21
221230
10 1. Valve Operator/ 1. HNPF MI MI MI 6790 During preventative 1. Would not open or close.
Gear Box 2. Primary (reactor inlet) V-002 126 52 530 maintenance 2. Local repair, repaired gear box.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. HNPF, work request No. 2397
and Valves
3. 21
221230
* | = INCIDENT Mi MINOR MALFUNCTION
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TABLE __1-56
FAILURE DATA FOR VALVE OPERATORS

(Sheet 3 of 9)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oeerarne] HETHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
11 |1. Valve Operator/ 1/ HNPF MI MI MI 24 During actuation 1. Clutch assembly broken-
Clutch Assembly Gears 2. Secondary (throttle) V-302 126 59 530 2, Local repair, replaced damaged clutch assembly
2. Heat Transfer/Inter- 3., Ambient temperature with assembly from No. 3 primary valve.
mediate Coolant Piping| 4. HNPF, work request No. 814 3. None.
and Valves
3. 21
222230
12 |1. Valve Operator/ 1. HNPF MI MI MI
Gears + 2. Primary (throttle) V-303 321 59 530 48 During actuation 1. Gears and shaft jammed.
2. Heat Transfer/Pri- 3. Ambient temperature 2., Local repair, replaced damaged parts.
mary Coolant Piping 4. HNPF, work request No. 959 3. None.
and Valves
3. 21
221230
13 1. Valve Operator/ 1. HNPF MI MI M1 7200 During preventive 1. Movement obstruction (working stress).
Jack Screw 2. Primary (throttle) V-103 110 55 530 maintenance 2. Local repair, increased size of jack screw
2. Heat Transfer/Pri- 3, Ambient temperature penetration.
mary Coolant Piping 4., HNPF, work request No, 2852 3. Redesign of drive mechanism of valve.
and Valves
3. 21
221230
14 [1. Valve Operator/ 1. HNPF MI MI MI 7440 During preventive 1. Movement obstruction (working stress).
Jack Screw 2. Primary (throttle) V-203 110 55 530 maintenance 2, Local repair, increased size of jack screw
2, Heat Transfer/Pri- 3. Ambient temperature penetration.
mary Coolant Piping 4. HNPF, work request No, 2857 3. Redesign of drive mechanism of valve.
and Valves v
3. 21
221230
15 |1. Valve Operator/ 1. HNPF MI MI MI 7992 During preventive 1. Movement obstruction (working stress).
Jack Screw 2. Primary (throttle) V-303 110 55 530 maintenance 2. Local repair, increased size of jack screw
2. Heat Transfer/Pri- 3. Ambient temperature penetration.
mary Coolant Piping 4., HNPF, work request No. 2857 3. Redesign of drive mechanism of valve.
and Valves
3. 21
221230
* | = INCIDENT MI MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

0

PROBLEM
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FATLURE DATA FOR

TABLE __1-56

VALVE OPERATORS

(Sheet 4 of 9)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE oPERATIG] METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM RE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
16 |1. Valve Operator/ 1. HNPF MA MA MA 5880 Direct observation 1. Keys in gear to jack spindle sheared.
Jack Spindle 2. Secondary (throttle) V-202 126 59 520 (unscheduled) 2. Jack spindle sent to vendor for rework.
2. Heat Transfer/Inter- 3. Ambient temperature 3. Redesign of drive mechanism of valve.
mediate Coolant 4. HNPF, shift leader's log book,
Piping and Valves 2/23/63
3. 21
222230
17 |1. Valve Operator/ 1. HNPF MA MA MA 4320 Direct observation 1. A dowel pin in the valve operator gear train sheared.
Roll Pins 2. Primary (block valve) V-201 416 59 520 (unscheduled) 2. Local repair, replaced pin.
2. Heat Transfer/Pri- 3. Ambient temperature 3. Increase pin diameter.
mary Coolant Piping 4. HNPF, work request No. 3446
and Valves
3. 21
221230
18 | 1. Valve Operator/ i, HNPF MI MI MI 13,536 Operational monitors| 1. Key broke (improper differential motion),
Key 2. Primary (throttle) V-103 126 59 530 2. Park replaced.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4, HNPF, monthly operating report,
and Valves No. 10098
3. 21
221230
19 1. Valve Operator/ 1. HNPF MI MI MI 13,536 Operatinal monitors 1. Shaft scored (improper differential motion).
Drive Shaft 2. Primary (throttle) V-103 149 68 530 2. Part replaced.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. HNPF, monthly operating report,
and Valves No. 10098
3. 21
221230
20 | 1. Valve Operator/ 1. HNPF MI M1 MI 3600 During actuation 1. Broken during actuation.
Universal Joint 2. Primary (block) V-457 475 59 530 2, Local repair.
2. Heat Transfer/Pri- 3. Ambient temperature 3. Change to stainless steel type.
mary Coolant Piping 4. HNPF, work request No. 1915
and Valves
3. 21
221230
* 1 = [INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-56

FAILURE DATA FOR VALVE OPERATORS
(Sheet 5 of 9)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE peR UETHOD OF F 1. FAILURE DESCRIPTION
ITEM PERATING| METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem) '
21 {1. Valve Operator/ 1. HNPF MI MI MI 48 Direct observation 1. Broken universal joint.
Universal Joint 2. Primary (drain) V-464 110 59 530 2. Local repair.
2. Heat Transfer/Pri- 3. Ambient temperature 3. Change to stainlcss steel type.
mary Coolant Piping 4, HNPF, work request No. 963
and Valves
3, 21
221200
22 [1. Valve Operator/ 1. HNPF MI MI MI 7656 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (plugging meter inlet) 410 59 530 2. Part replaced with stainless steel type.
2, Heat Transfer/Liquid V-443 3. None.
Metals Purification 3. Ambient temperature
3. 21 4, HNPF, work request No, 2665
224235
23i 1. Valve Operator/ 1. HNPF MI MI MI 3624 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (drain tank outlet) V-482 410 59 530 2. Part replaced.
2. Heat Transfer/Pri- 3. Ambient temperature R 3. Change to stainless steel type.
mary Coolant Piping 4. HNPF, work request No. 1799
and Valves
3. 21
221230
24 |1. Valve Operator/ 1. HNPF MI MI MI 3750 Direct observation 1. Broken universal joint.
Universal Joint 2. Primary (cold trap inlet) V-447 410 59 530 2. Part replaced.
2. Heat Transfer/Liquid 3. Ambient temperature 3. Change to stainless steel type.
Metals Purification 4. HNPF, work request No. 1913
3. 21
224233
25 |1. ValveOpérator/ 1. HNPF MI MI MI 9432 Direct observation 1. Disconnection or loose universal joint.
Universal Joint 2. Primary (balancing drain leg) V-308 117 53 530 2. Local repair (welded U-joints to shaft).
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. HNPF, work request No. 2825
and Valves
3, 21
221230
* | = INCIDENT Mi = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-56

FAILURE DATA FOR _VALVE OPERATORS
(Sheet 6 of 9)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE oPERATIG] METHOD OF 1. FAILURE DESCRIPTION
ITEM FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE lEFFEC 3. RECOMMENDATIONS
(System/Subsystem)
26 {l. Valve Operator/ 1. HNPF MI MI MI 4416 During actuation 1. Broken universal joint,
Universal Joint 2. Primary (fill line) V-475 410 59 530 2. Part replaced.
2. Heat Transfer/ Pri- 3. Ambient temperature 3. Change to stainless steel type.
mary Coolant Piping 4. HNPF, work request No. 1984
and Valves
3. 21
221230
27 |1. Valve Operator/ 1. HNPF Ml M1 MI 4056 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (sodium fill tank vent) 410 59 530 2. Part replaced.
2. Heat Transfer/ Pri- V-419 3. Change to stainless steel type.
mary Coolant Piping 3. Ambient temperature
and Valves 4. HNPTF, work request No. 2006
3. 21
221230
28 |1. Valve Operator/ 1. HNPF MI MI MI 5064 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (plugging meter inlet) 410 59 530 2. Part replaced.
2. Heat Transfer/Liquid V-441 . 3. Replace with stainless steel type.
Metals Purification 3. Ambient temperature
3. 21 4. HNPF, work request No. 2048
224235
29 |1l. Valve Operator/ 1. HNPF MI MI MI 5136 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (cold trap inlet) V-449 126 59 530 2, Part replaced with stainless steel type.
2. Heat Transfer/Liquid 3. Ambient temperature 3. None.
Metals Purification 4. HNPF, work request No. 2058
3. 21
224235
30 |1. Valve Operator/ 1. HNPF MI MI MI 5688 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (fill tank vent) V-425 410 59 530 2. Part replaced with stainless steel type.
2. Heat Transfer/Pri- 3. Ambient temperature 3. None.
mary Coolant Piping 4. HNPF, work request No. 2326
and Valves
3. 21 N
221230
31 [1. Valve Operator/ 1. HNPF MI MI MI 2160 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (cold trap inlet) V-449 126 59 530 2. Part replaced.
2, Heat Transfer/ Liquid | 3. Ambient temperature 3. Replace with stainless steel type.
Metals Purification 4. HNPF, work request No. 1322
3. 21
224235
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE_1-56

FAILURE DATA FOR _VALVE OPERATORS
(Sheet 7 of 9) ~

1. COMPONENT/PART 1, FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION DE PERATING] METHOD O 1. FAILURE DESCRIPTION
ITEM D OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem}
32 |1. Valve Operator/ 1. HNPF MI MI M1 3600 During actuation 1. Broken universal joint.
Universal Joint 2. Primary (plugging meter outlet) 410 59 530 2. Part replaced.
2. Heat Transfer/Liquid V-444 3. Replace with stainless steel type.
Metals Purification 3. Ambient temperature
3. 21 4. HNPF, work request No, 1797
224235
33 1. Valve Operator/ 1. HNPF MI MI MI 1872 During actuation 1. Broken universal joint.
Universal Joint 2. Primary/fill and drain V-465 475 59 530 2. Local repair, replaced U-joint and shear pins.
2. Heat Transfer/ 3. Ambient temperature 3. Replace with stainless steel type.
Primary Coolant 4. Work request No. 1510
3. 21
221230
34 [1. Valve Operator/ 1. HNPF MI MI MI 3600 During actuation 1. Broken universal joint.
Universal Joint 2. Primary/block V-457 475 59 530 2. Local repair, replaced with stainless steel joint.
2. Heat Transfer/ 3. Ambient temperature 3. None.
Primary Coolant 4, Work request No. 1912
3. 21
221230
35 |1. Valve Operator/ 1. HNPF MI MI MI 3600 During actuation 1. Broken universal joint.
Universal Joint 2. Primary/block V-458 475 59 530 2. Local repair, replaced with stainless steel joint.
2. Heat Transfer/ 3. Ambient temperature 3. None.
Primary Coolant 4. Work request No. 1914
3. 21
221230
36 |1. Valve Operator/ 1. HNPF MI MI MI 3572 During actuation 1. Broken universal joint.
Universal Joint 2. Primary/block V-456 475 59 530 2. Local repair, replaced with stainless steel joint.
2. Heat Transfer/ 3. Ambient temperature 3. Nonea
Primary Coolant 4. Work request No., 1915
3, 21
221230
37 |1. Valve Operator/ 1, HNPF MI MI MI 3572 During actuation 1. Broken universal joint.
Universal Joint 2. Primary/drain V-463 475 59 530 2. Local repair, replaced with stainless steel type.
2. Heat Transfer/ 3, Ambient temperature 3. None.
Primary Coolant 4, Work request No. 1916
3. 21
221230
* | = INCIDENT MI MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

PROBLEM
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TABLE _1-56

FAILURE DATA FOR _VALVE OPERATORS
(Sheet & of 9)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operatiel METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM ING HOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE] MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
38 |1. Valve Operator/ 1. HNPF MI MI MI 3572 During actuation 1. Broken universal joint,
Universal Joint 2. Primary/drain V-464 475 59 530 2. Local repair, replaced with stainless steel type.
2. Heat Transfer/ 3. Ambient temperature 3. None.
Primary Coolant 4. Work request No. 1922
3. 21
221230
39 |1. Valve Operator/ 1. HNPF MI MI MI 1800 Direct observation 1. Broken universal joint.
Universal Joint 2. Primary/drain V-464 110 59 530 2. Local repair, replaced universal joint.
2. Heat Transfer/ 3. Ambient temperature 3. Replace with stainless steel type.
Primary Coolant 4. Work request No, 1472
3. 21
221230
40 |1. Valve Operator/ 1, SCTI MI MI MI 115 Direct observation 1. Foreign object blocking air line, jammed operator.
Air Line 2. Secondary sodium system 479 51 110 2, Instrument air lines were cleaned.
2. Heat Transfer/ 3. - 3. All air lines between compressors and operators
Intermediate Coolant 4. Incident report No. 77 should be blown free prior to installation.
3. 21
222230
41 [l. Valve Operator/ 1. SRE MI MI MI 3600 Direct observation 1. Weak solder joint broken.
Coupling 2. Main primary/sodium service 120 59 530 2. Part replaced.
2. Heat Transfer/ 3. Ambient temperature 3. Use welded steel parts.
Liquid Metals Purifica{ 4. Operations log book No. 6, p 70
tion
3. 21
224230
42 |1. Valve Operator/ 1. SRE MI MI MI 17,300 Direct observation 1. Gear broken.
Gear 2. Auxiliary primary/sodium 120 51 530 2. Part replaced.
2. Heat Transfer/ 3. Ambient temperature 3. Norne.
Primary Coolant 4. Operations log book No. 13, p 106
3. 21
221230
43 (1. Valve OPerator/ 1. SRE MI MI MI 12,250 Direct observation 1. Shear pin broke three times.
Shear Pin 2. Main primary/sodium service 120 51 530 2. Corrective modification (welded).
2. Heat Transfer/ 3. Ambient temperature 3. None.
Liquid Metals Purifica{ 4. Operations log book No. 39, p 75
tion
3. 21
224230
* | = INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

L §

PROBLEM
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FAILURE DATA FOR

Y

TABLE_1-56

VAIVE OPERATORS

(Sheet 9 of 9)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION E OPERATING| METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
44 |1. Valve Operator/ 1. SRE MI MI MI 9700 Direct observation 1, Stripped threads.
Threaded Spindle 2. Main primary 126 50 530 2. Part replaced.
2. Heat Transfer/ 3. Ambient temperature’ 3. None.
Primary Coolant 4, Operations log book No. 36, p 183
3. 21
221230
45 |1, Valve Operator/ 1. EBR-II MI MI MI 1200 Operational monitors| 1. Valve tended to open fully when stem position
Operator 2. Auxiliary steam supply valve 500 55 550 reached half open and seemed to stick in full open
2, Steam, Condensate (P3-VC-627B) position.
and Feedwater Piping 3. 1250 to 1265 psig 2. Part replaced with a larger operator.
and Equipment/Steam 4. ANL-6965 3. None.
3. 21
282000
46 |1. Valve Operator/ 1. EBR-II MI MI MI 4544 Direct observation 1. Position control rod broken.
Position Control Rod 2. Condensate storage tank 500 59 530 2. Part replaced.
2. Steam, Condensate and (P3-UC-615B) 3. None.
Feedwater Piping and 3. 840°F, 1500 psig
Equipment/Valves 4. PMMR-58
3. 21
283300
47 |1. Valve Operator/ 1. EBR-II MI MI MI 4400 Operational monitors| 1. Coupling broken.
Coupling 2. Fuel unloading machine cooling 500 59 530 2. Part replaced.
2, Nuclear Fuel Handling system (V-"A") 3. None.
and Storage Equip- 3. -
ment/Cooling 4. PMMR-56, 12/65
3. 21
235140
48 |1. Valve Operator/ 1, EBR-II M1 MI MI 1500 Operational monitors| 1. An air leak in the valve operator cylinder caused the
Cylinder 2. Feedwater/motor driven feed pump 500 52 59 valve malfunction.
2, Steam, Condensate and] (P5-VC-596) 2. Local repair.
Feedwater Piping and 3. 364°F, 1500 psig 3. None.
Equipment/Valve 4, PMMR-107
3. 21
284300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-57

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT VALVE OPERATORS

COMPONENT SUBTYPE _ VALVE OPERATORS
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TABLE __1-58
GENERAL SUMMARY

COMPONENT _VALVE OPERATORS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
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E. FUEL HANDLING AND CORE COMPONENTS

1. Fwuel and Breeder Elements

Failure data for fuel and breeder elements are presented in Tables 1-59

through 1-61.

a. Reliability Information

Design Features:

Fuel elements are designed to prevent fuel, breeder, and fission product

material from contaminating the primary coolant.

Critical Characteristics:

Heat transfer and burn-up limitations.

Mode of Failure:

1) Pin holes developed releasing fission products.

2) Fuel swelling due to excess burn-up.

3) Fabrication defects in cladding undetected until inseriion in reactor

core.
4) Cladding scratched due to improper handling.
5) Fuel melting.
6) Thermocouple shorted.
7) Orifice drive cables stuck or broken.

Failure Description:

1) Inadequate quality control permits faulty elements to be used.

2) Improper handling procedures result in damage to elements during

loading or unloading.

3) Plugging of fuel channels by loose foreign material causes fuel melt-
ing.

4) Thermocouple failure due to improper attachment method or exces-

sive vibration.

~ 5) Adjustable fuel bundle orifices in sodium have not yet been proven

practical.

LMEC-Memo-69-7, Vol I
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Control Methods:

1) Thermocouples, fission product monitors, and other devices which
give warning of overheated fuel should be fast responding and readily

visible to the console operator.

2) Quality control inspection and test procedures should be as explicit

as cost trade-off will permit.

3) Loading and unloading proceeds should be carefully developed and
take into consideration such problems as soaking time, dripping time,

alignment, cover gas purity, and cooling adequacy.

b. Discussion and Recommendations

None.
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TABLE _1-59

FAILURE DATA FOR FUEL AND BREEDER ELEMENTS

(Sheet 1 of 4)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE A 1. FAILURE DESCRIPTION
ITEM PERATING| METHOD OF FAILURE CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE] MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Fuel Subassembly/Rod|1. Fermi MA MA MA 14,941 | Operational monitors |1. Fuel melting in subassembly.
2. Reactor Equipment/ 2. Reactor Core/M-098 111 A3 520 2. Part replaced.
Core Components and | 3. Reactor Environment 3. None.
Supports 4, PRDC-EF-47
3. 46
216300
2 1. Fuel Subassembly/ 1. Fermi MA MA MA 14,941 [ Direct observation 1. A large part of the exterior can wall surface was found
Exterior Can Wall 2. Reactor Core/M-~122 111 Al 520 to be covered with uranium which had alloyed with the
2. Reactor Equipment/ 3. Reactor Environment steel.
Core Components and | 4. EF-50 2. Part replaced.
Supports 3. None.
3. 46
216300
3 1. Fuel Subassembly/Rod| 1. Fermi MA MA MA 14,941 | Operational monitors |1l. Fuel melting in subassembly.
2. Reactor Equipment/ 2. Reactor Core/M-127 111 A3 520 2. Part replaced.
Core Components and | 3. 550°F to 800°F 3. None.
Supports 4. PRDC-EF-47
3, 46
216300
4 1. Fuel Subassembly/ 1. Fermi MA MA MA 14,941 | Operational monitors | 1. Wrapper can distorted.
Wrapper 2. Reactor Core/M-140 176 Al 520 2. Part replaced.
2. Reactor Equipment/ 3. 550°F to 800°F 3. Nomne
Core Components and | 4. EF-38 and EF-46
Supports
3. 46
216300
5 1. Fuel Element/Orifice |1, HNPF MA MA MA 10,130 | Director observation | 1. Orifice drive cable assembly broke at coupling.
Drive Cable 2. Reactor core/element MF-81 172 59 550 2. Part replaced.
2. Reactor Equipment/ 3. Reactor Environment 3. None.
Core Components and | 4. Monthly operating report No.28
Supports
3. 46
216300
* | = INCIDENT Ml = MINOR MALFUNCTION

L))

MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR FUEL AND BREEDER ELEMENTS

¢

TABLE __1-59

(Sheet 2 of 4}

COMPONENT/PART 1. FACILITY FAILURE INDEX
*

SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE 1. FAILURE DESCRIPTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)

6 1. Fuel Assembly/ 1. HNPF MA MA | |MA 10,130 | Operational monitors |l. Thermocouple shorted to ground, causing scram.

Thermocouple 2. Element C-29/T/C 49-2 157 13 520 2. Corrective modification.

2. Reactor Equipment/ 3. Reactor environment 3. None.
Core Components and |4. Monthly operating report No. 21
Supports
3. 46
216300
7 1. Fuel Element/Orifice [1. HNPF MA MA MA 10,130 | Direct observation 1. Seven orifice drive cables stuck.
Control 2. Reactor core/orifice MF-81 195 55 550 2. Component corrective modification,
2. Reactor Equipment/ 3. 350 to 945°F - sodium 3. None.
Core Components and | 4. Monthly operating report No. 30
Supports
3. 46
216300
8 1. Fuel Element/Orifice |1. HNPF MA MA MA Unknown | Operational monitors | 1. Orifice could not be adjusted properly.
2. Reactor Equipment/ 2. Orifice adjusting mechanism C-164 148 55 550 2. Removed rod, replaced orifice rod seals, tightened
Core Components and | 3. Reactor environment packing nut.
Supports 4. WR 2783 3. Nonme.
3. 46
216300
9 1. Fuel Element/Orifice |1. HNPF MI MI MI Unknown | Operational monitors | 1. Orifice drive assembly broke during operation.
2. Reactor Equipment/ 2. Reactor core/C-81 147 55 550 2. Replaced.
Core Components and | 3. Reactor environment 3. None.
Supports 4. WR 2814
3. 46
216300
10 1. Fuel Element/Cladding] 1. EBR-II MA MA MA Unknown | Operational monitors | 1. Subassembly X028, fission product release to approx.
2. Reactor Equipment/ 2. Primary/reactor core subassembly . 30 times the normal level. Reactor bldg. was evacuated
Core Components and X028 500 59 520 2. Part replaced.
Supports 3. 300 to 800°F 3. None.
3, 46 4. ANL-7445
216300
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-59

FAILURE DATA FOR FUEL AND BREEDER ELEMENTS

(Sheet 3 of 4)
1. COMPONENT/PART 1. FACILITY FA(ILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE o 1. FAILURE DESCRIPTION
3, CODE: 3. OPERATING CONDITIONS 1-1 HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC RECOMMENDATIONS
(System/Subsystem)
11 |1. Fuel Element/Fuel Pingl. EBR-II MA MA MA 2590 During routine 1. Swelling due to excessive burnout.
2. Reactor Equipment/ 2. Primary/reactor core 500 54 530 i inspection 2. Part replaced.
Core Components and [3. 300 to 800°F 3. None.
Supports 4. ANL 7082
3. 46
2163060
12 |1. Fuel Element/Cladding|l. EBR-II MA MA MA 13,340 Operational monitors |l. Small defect in cladding which released bond sodium
2. Reactor Equipment/ 2. Primary/reactor core 500 59 520 slowly.
Core Components and |3. 300 to 800°F 2. Component part replaced.
Supports 4. ANL 7403 3. Revise Quality Assurance procedures for acceptance
3. 46 of fuel cladding material.
216300
13 1. Fuel Element/Cladding|l. EBR-II MA MA MA 13,380 Inspection of 1. Subassembly was wedged against control rod L-446
. Flat 2. Primary/reactor core subassembly associated systems and caused the rod to be scratched when it was
2, Reactor Equipment/ C-2039 500 54 520 removed.
Core Components and |3. 300 to 800°F 2. Component replaced.
Supports 4. ANL 7419 3. None.
3. 46
216300
14 |[1. Fuel Element/Cladding|l. EBR-II MA MA MA 13,800 Operational monitors |1. Fission gas release into primary systems, very slight.
2. Reactor Equipment/ 2. Primary/reactor core subassembly 2. Component part replaced.
Core Components and XG05 500 BZ 520 3. None.
Supports 3. 300 to 800°F
3. 46 4. ANL 7438
216300
15 |1. Fuel Element/Cladding|l. EBR-II MA MA MA 13,850 Operational monitors |1. Fission gas release into primary systems, very slight.
2. Reactor Equipment/ 2. Primary/reactor core subassembly 2. Component part replaced.
Core Components and XA08 500 BZ 520 3. Nome.
Supports 3. 300 to 800°F
3. 46 4, ANL 7438
216300
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM

O




6ST1~1
I 19A ‘4-69-0WaWN-DAWT

L )

TABLE _1-29
FAILURE DATA FOR FUEL AND BREEDER ELEMENTS
(Sheet 4 of 4)
COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
16 [ 1. Fuel Element/Claddina 1. EBR-II MA MA MA 10,270 Operational monitor 1. FGM monitor indicated greater than 10 times the
2. Reactor Equipment/ 2. Primary/reactor core subassembly normal reading on a portable instrument.
Core Components and X011 500 59 550 2, Reactor power was reduced for investigation,
Supports 3. 300 to 800°F 3. None.
3. 46 4. ANL 7342
216300
17 | 1. Fuel Element/Cladding] 1. EBR-II MA MA MA 12,425 Operational monitor 1. Fission gas release was from newly inserted '"fresh"
2. Reactor Equipment/ 2. Primary/reactor core C-2111 and fuel assembly.
Core Components and C-2113 ’ 500 BZ 520 2. Component replaced.
Supports 3. 300 to 800°F 3. Upgrade Quality Assurance procedure for fuel
3. 46 4. ANL 7403 element inspection.
216300
18 | 1. Fuel Element/Orifice |1. HNPF MI MI M1 - Operational monitor 1. Orifice housing broke.
2. Reactor Equipment/ 2. C-178 9ZZ 59 530 2. Replaced.
Core Components and | 3. Reactor environment 3. None.
Supports 4. WR 2819
3. 46
216300
19 | 1. Fuel Elements/ Fuel |1. SRE (Core I) I I 16,200 Operational monitor 1. Fuel channel clogging caused by tetralin decompo-
Meat and Cladding 2. Reactor core 111 66 520 ‘ sition products results in fuel and cladding melting.
2. Reactor Equipment/ 3. 950°F sodium 2. Sodium pump tetralin freeze seals replaced with NaK
Core Components and | 4. NAA-SR-4488 and NAA-SR-4488 freeze seals thereby eliminating the potential source
Supports Supplement of contaminant.
3. 46 3. None.
216300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _FUEL AND BREEDER ELEMENTS

FUEL ELEMENTS

COMPONENT SUBTYPE
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1-61

GENERAL SUMMARY
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2. Fuel Handling Equipment (liquid métal, internal) (see Figure 1-6)

Failure data for fuel handling equipment (liquid metal, internal) are pre-

sented in Tables 1-62 through 1-64.

a. Reliability Information

Design Feature:

In-core handling mechanisms are desigﬁed to provide motion interlocks for
a1l system operations minimizing damage to equipment. Gripper design utilizes
positiv~ =~tuation for opening and closing to reduce the risk of accidental drop-
page or unintentional removal of core subassemblies. Operation in sodium
minimizes crudding and contamination resulting from frequent insertions and

removal from the sodium pool.

Critical Characteristic:

Equipment parts have to survive in liquid sodium and sodium vapor environ-

ments.

Mode of Failure:

1) Misalignment
2) Seal leak
3) Wear.

Failure Description:

1) Bearing failed due to misalignment,
2} O-ring seal leaked.
3) Revolving lock in a holddown mechanism wore out.

Control Methods:

1) Proper installation and maintenance procedures are required.
2) Materials must be selected for their particular use.

3) Special parts must be carefully designed with complete knowledge of

their requirements.

LMEC-Memo-69-7, Vol I
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Figure 1-6. EBR-II Gripper Mechanism
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. b. Discussion and Recommendations

Bearing failures occurring before the normal projected lifetime are the
result of overloading some portion of the race or rolling element. This over-
load comes from misalignments, direct overloads, too high preloads, foreign @
objects in the bearings, or changes in stress on bearing. due to temperature
changes which shift the mounting. In design, select a bearing suitable for the
job. Also, design so that the bearing will not loose its lubrication and is prop-
erly protected from the entrance of foreign materials. Determine what the

logical limit to bearing life should be under the conditions of operation.

Bearings under low speed operation will generally show signs of breakdown
before complete failure by binding and making scrapping and clicking sounds.
An improperly mounted bearing is usually misaligned and will show this mis-

alignment by binding and freeing as it is rotated.

O-ring failures are due to improper installation, improper compression,
or incorrect material for the environment. Make certain that the seal is not
damaged during installation. In design, select correct materials and design

for correct pressure.

Little can be done to determine incipient failure in an O-ring seal. If the

seal is a linear seal, some evidence of the O-ring material might be seen rubbing i

on the moving element.

Incipient failure in mechanisms is manifested by changes in operating
characteristics such as the force to operate, roughness, etc. Some visual

evidence, such as metal chips or dust, may indicate future failure.

LMEC-Memo-69-7, Vol I
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TABLE _1-62

FAILURE DATA FOR FUEL HANDLING EQUIPMENT (LIQUID METAL, INTERNAL)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE pERAT 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT! 3. RECOMMENDATIONS
{System/Subsystem)
1 1. Fuel Handling Equip- | 1. Fermi MI MI MI 11,740 | During actuation 1. Bearing misaligned.
ment/Bearing 2. Offset handling mechanism 322 56 530 2. Operating limits changed to correct erratic latching
2. Nuclear Fuel Handling| 3. - of subassemblies.
and Storage Equipment/j 4. EF-22 3. Provide adequate assembly procedures.
Liquid Metal Internal
3. 47
236100
2 1. Fuel Handling Equip- | 1. Fermi MI MI MI 14941 Operational monitors | 1. O-ring seal leak.
ment/O-ring Seal 2. Offset handling mechanism 417 52 530 2. Component design change; the O-ring material was
2. Nuclear Fuel Handling| 3. - replaced. A 'silastic' seal to stop a leak rate of
and Storage Equipment/ 4. EF-42 2 cfh was installed.
Liquid Metal Internal 3. Improve engineering material evaluation.
3. 47
236100
3 1. Fuel Handling Inter- 1. EBR-II MI M1 MI 13,380 | Preventive mainte- 1. Revolving lock worn out.
nal/Revolving Lock 2. Holddown mechanism 500 52 530 nance 2. Part replaced.
2. Nuclear Fuel Handling| 3. - 3. Revise preventive maintenance inspection interval
and Storage Equipment{ 4. Operation weekly report, 1/10/68 to permit replacement before total failure.
Liquid Metal Internal
3. 47
236100
* | = INCIDENT Ml =. MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FATLURE DISTRIBUTION FUNCTIONS

COMPONENT _FUEL HANDLING EQUIPMENT

1-63
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TABLE _1-64
GENERAL SUMMARY
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F. HEAT TRANSFER SYSTEM COMPONENTS

1. Blowers and Fans

Failure data for blowers and fans are presented in Tables 1-65 through 1-68.

a. Reliability Information

Design Features:

Provide air flow at specified rates for various applications.

Modes of Failure:

1) Bearings noisy or races broken
2) Gear broken
3) Fan blades cracked.

Failure Experience:

Causes have been poorly described, if at all. However, there were several
indications of inadequate inspection and incipient failure detection methods.
Bearings were the high-frequency failure item, with some indication on inade-

quate lubrication and possible misalignment.

Control Methods:

1) The bearing problem is common to all types of rotating equipment.
A concentrated effort should be made to adapt existing methods of
incipient failure detection to early awareness of potential bearing
failure in order to prevent major damage to other parts of the fan or

blower.

2) Establish reliable inspection and maintenance procedures including

checks on alignment and loading.

b. Discussion and Recommendations

None.
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TABLE __1-65__ _
FAILURE DATA FOR _BLOWERS AND FANS

{Sheet 1 of 3)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CoDE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE{ MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem) ’
1 1. Fan/Shaft Bearing 1. EBR-II IM T MI IMI 7400 [Operational monitors |[l. Bearing broken.
(inboard) 2. Cooling tower 500 59 530 2. Part replaced.
2. Turbine-Generator 3. 70 to 83°F 3. Investigate cause for broken bearing and modify
Units and Condenser/ ¢. PMMR-82 accordingly.
Circulating Water
3. 28
330000
2 1. Fan/Gear 1. EBR-II IMI [MI IMT 7400 Operational monitors |l. Gear broken.
2. Turbine-Generator 2. Cooling tower 500 59 530 2. Part replaced.
Units and Condenser/ [B. 70 to 83°F 3. None.
Circulating Water 4. PMMR-82
3. 28
330000
3 1. Fan/Shaft Bearing 1. EBR-II IMI MI MI 7400 Operational monitors |l. Bearing broken.
2. Turbine-Generator . Cooling tower 500 59 530 2. Part replaced.
Units and Condenser/ [3. 70 to 83°F 3. Investigate cause of bearing breakage. Check balance
Circulating Water 4. PMMR-82 of blower, load on bearing, etc.
3. 28
330000
4 1. Fan/Bearings 1. SCTI MA MA [MA 19,222 Direct observation 1. Bearings noisy as both races had broken surfaces and
2. Heat Transfer/Conven-R. Primary sodium system/heater (H-1) [126 59 550 indentations in the outer races caused knocking.
tional Fossil Fuel Fired 3. 1160 rpm, 53,400 cfm 2. Defective parts replaced.
Superheaters or Boilersi. Incident report No. 320 3. Improve maintenance.
3. 28 :
227300
5 1. Blowers and Fans/ 1. SCTI MI MI IMI 103 Routine area watch 1. Grease seal ring of bearing became loose because of
Cooler Fan 2. Primary, sodium cooler fan, E-8 9ZZ 53 530 loose setscrew.
2. Heat Transfer/Reactor [3. 75,000 cfm, 526 rpm, 450 hp 2. Flat plate ring and gasket substituted for grease seal
Coolant System 4. Incident report No. 85 ring.
3. 28 3. None.
221120
6 1. Blower /Fan Blade 1, EBR-II MI MI M1 3410 Operational monitors |l. Fan blade cracked.
2. Other Plant Equipment /2. Fuel element rupture detector 500 73 530 2. Part replaced.
Cover Gas Cooling 3. - 3. None.
3. 28 4. PMMR-48
290000
* | = INCIDENT Mi = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-65
FAILURE DATA FOR

DBLOWERS AND FANS

(Sheet 2 of 3)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE A 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Blower/Fan Blades 1. EBR-II IMI IMT MI 2590 [Direct observation 1. Fan blades bent.
2. Other Plant Equipment/2. Fuel element rupture detector 500 54 530 2. Part replaced.
Cover Gas Cooling 3. - 3. None.

3. 28 4. PMMR-34

290000
8 1. Blower/Bearings E Fermi M1 I 7930 Direct observation 1. Bearings worn out.

2. Fuel Handling/Fuel . No.1 argon cask car 128 68 530 2. Part replaced, remachined galled motor shaft.
Handling Machines 3. Min. 350°F, argon, 1000 rpm 3. The use of high-temperature lubricant (melting point
(cooling) 4. EFAPP MR No. 59 528°F) might help.

3. 28
235140

9 1. Blower/Bearings 1. Fermi M1 M1 MI 7930 lJAudio noise 1. Bad bearings.

2. Fuel Handling /Fuel 2. No.2 argon cask car 128 54 530 2. Local repair.
Handling Machines 3. Min. 350°F, argon, 1000 rpm 3. None.

3. 28 4. PRDC-EF-14
235140

10 (1. Blower/Bearing 1. EBR-II ML MI MI 1200 [Audio noise 1. Noisy bearing.

2. Other Reactor Plant 2. Pump M-1 cooling air 127 58 530 2, Part replaced.

Equipment/Auxiliary 3. - 3. None.
Cooling . PMMR-22

3. 28

290000
11 (1. Blower/Bearing 1. EBR-II MI MI MI 1200 [Audible noise 1. Noisy bearing.

2. Other Reactor Plant 2. Primary sodium pump (M-2) 127 58 530 2. Part replaced.

Equipment/Auxiliary |3. - 3. Revise preventive maintenance inspections interval
Cooling 4. PMMR-22 on blower bearings to provide adequate lubrication.
3. 28
290000
12 [1. Blower/Bearing 1. EBR-II MI MI MI 13,500 |Direct observation 1. Quter race of bearings turning in bearing housing.
2. Other Reactor Plant 2. Primary auxiliary EM pump 148 52 530 2. Bearings replaced.
Equipment/Auxiliary |[3. - 3. None.
Cooling 4. Operations weekly report, 2-21-68

3. 28

290000
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-65
FAILURE DATA FOR _BLOWERS AND FANS

{Sheet 3 of 3)

1. COMPONENT/PART | 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE* 1. FAILURE DESCRIPTION
ITEM A OPERATING] METHOD OF FAILURE R
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
13 |1. Blower/Bearing 1. EBR-1I MI MI MI 9345 During preventive 1. Bearing worn out.
2. Other Reactor Plant 2. Primary auxiliary EM pump 500 52 530 maintenance 2. Part replaced.
Equipment/Auxiliary 3. - 3. None.
Cooling 4. PMMR-95
3. 28
290000
14 |1. Blower /Bearings 1, EBR-II MI MI MI 9345 During preventive 1. Bad bearings.
2, Heat Transfer/Inert 2. Primary argon purification 500 52 530 maintenance 2. Replaced bearings.
Gas Supply and No.2 blower 3. None.
Monitoring 3. 10 hp, 440 volts, 150 cfm
3. 28 4. PMMR-96
224600
15 |1. Blower/Bearings 1. EBR-II MI MI MI ' 8960 Direct observation 1. Bearings failed.
2. Other Plant Equipment/2. Fuel element rupture detector 500 52 530 2. Bearings replaced.
Cover Gas Cooling 3. - 3. None.
3. 28 4. PMMR-92 ’
290000
16 |[1. Blower/Gears 1. EBR-II M1 MI MI 8960 Direct observation 1. Gears failed.
2. Other Plant Equipment/|2. Fuel element rupture detector 500 52 530 2. Part replaced.
Cover Gas Cooling 3. - 3. None.
3, 28 4. PMMR-92
290000
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _BLOWERS AND FANS
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TABLE _.1-67

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _BLOWERS AND FANS
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TABLE __1-68
GENERAL SUMMARY

COMPONENT _BLOWERS AND FANS
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2. Cold Traps/Hot Traps (See Figure 1-7)

Failure data for cold traps/hot traps are presented in Tables 1-69 through
1-72.

a. Reliability Information

Design Features:

Hot traps and cold traps are designed to remove impurities from liquid

sodium systems.

Mode of Failure:

1) Chemical reaction
2) Electrical aging or wear
3) Mechanical wear or distortion.

Failure Description:

1) Sodium leakage at flange or other area
2) Plugged trap.

Control Methods:

1) Flanges and O-rings should be clean and bolts tightened in a specified

manner.
2} Location of heaters in area are important.

3) Personnel training and proper procedures aid in satisfactory opera-

tion of traps.

b. Discussion and Recommendations

None.

LMEC-Memo-69-7, Vol I
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TABLE _1-69

FAILURE DATA FOR COLD TRAPS/HOT TRAPS
(Sheet 1 of 2)

MA = MAJOR MALFUNCTION P

= PROBLEM

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE . 1100 0 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE{| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Cold Trap/ClampJoint[l. Fermi MA MA MA 5643 Protective system 1. Sodium leaked through union seal ring joint,
2. Heat Transfer/ 2, Cold trap room 136 34 550 2. Local repair.
Purification 3. 250 to 1000°F 3. Determine torque requirements for flange bolts at the
3. 36 4. EFAPP-MR-44 upper operating temperatures and torque.
224239
2 1. Cold Trap/ -- 1. HNPF MA MA MA |Unknown |Operational monitors |1. Visual observation through port after alarm annuncia-
2. Heat Transfer/ 2. Primary system cell No.2 136 37 550 tion revealed sodium on floor and on nitrogen ducting.
Purification 3. Design - 100 psig, 650°F 2. Part replaced.
3. 36 Operating - 20 psig 3. None.
224239 4. Monthly operating report No. 6
3 1. Cold Trap/Flange 1. HNPF MA MA MA |Unknown |Operational monitors [1. Misalignment of inlet flange caused sodium leak.
2. Heat Transfer/ 2. Primary system cell No. 2 326 34 550 2. Local repair.
Purification 3. Design - 100 psig, 650°F 3. None.
3. 36 Operating - 20 psig, Max. 600°F
224239 4. Monthly operating report No.7
4 1. Cold Trap/Plugged 1. HNPF MI MI MI 4560 Operational monitors |1. Cold trap plugged, sent to Al for cleaning and service.
2. Heat Transfer/ 2. Secondary system loop No. 2 195 51 550 2. Part replaced.
Purification 3. Sodium flow, 10 gpm 3. None.
3. 36 Inlet, 602°F; outlet, 295°F
224239 4. Monthly operating report No. 15
5 1. Cold Trap/Coupling 1. HNPF MI MI MI Unknown [ Operational monitors |1. Spacer piece and internal coupling were not installed.
2. Heat Transfer/ 2. Primary system 321 53 530 2. Local repair.
Purification 3. Sodium flow, 1700 cfm/trap flow, 3. None.
3. 36 10 gpm; inlet, 350°F; outlet, 295°F
224239 4. Monthly operating report No. 4
6 1. Cold Traps/ - 1. HNPF MI MI MI 768 Operational monitors |1. Cold trap filled.
2. Heéat Transfer/ 2. Primary system cell No. 2 191 197 550 2. Replaced with cold trap from primary cell No. 1.
Purification 3. - 3. None.
3. 36 4. Al monthly operating report, 2/14/63
224239
7 1. Cold Traps/ - 1. HNPF MI MI MI 3528 Operational monitors |1. Original trap moved to No. 2 primary location.
2. Heat Transfer/ 2. Primary system cell No. 1 191 192 550 2. Installed new trap.
Purification 3. - 3. None.
3. 36 4. Monthly operating report No. 9
224239
* | = INCIDENT Ml = MINOR MALFUNCTION
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TABLE _1-69
FAILURE DATA FOR _cOLD TRAPS/HQOT TRAPS

(Sheet 2 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE - obo 1. FAILURE DESCRIPTION
ITEM RATING] METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
8 1. Cold Traps/ - 1. HNPF ML MI MI 9360 Operational monitors |1. Cold trap filled.
2. Heat Transfer/ 2. Secondary system 191 192 550 2. Part replaced.
Purification 3. - 3. None.
3. 36 4. Monthly operating report No.9
224239
9 1. Hot Trap {(carbon)/ 1. HNPF I I I 2400 Direct observation 1. One man sprayed with sodium while removing a sample |
Sampler 2. Sodium purification/carbon trap cell 136 34 550 but was not burned due to protective clothing.
2. Heat Transfer/ 3. Should be removed at less than 200°F 2. Operational procedure change.
Purification 4. Monthly operating report No.5 3. None.
3. 36
224239
* | = INCIDENT ME = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-70
FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _COLD TRAPS/HOT TRAPS
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TABLE _1-71

FAILURE DISTRIBUTION FUNCTIONS
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TABLE _1-72
GENERAL SUMMARY
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3. Coolers (other than liquid-metal-to-air)

Failure data for coolers (other than liquid-metal-to-air) are presented in @

Tables 1-73 through 1-75.

a. Reliability Information

Design Features:

An oil cooler used to cool steam turbine lubricating oil.

Mode of Failure:

Deterioration of unit heads.

Failure Description: .

The unit heads were deteriorated.

Control Methods

1) To prevent corrosion, chemically treated cooling water can be used.

2) To prevent erosion, baffle plates can be installed so that water im-

pingement is minimized.

Heat Exchangers (coolers, oil coolers) generally use chemically

treated cooling water to prevent corrosion. If the problem was
erosion, then baffle plates are installed to direct the flow so the
water doesn't impinge on areas that may erode. Oil coolers have
been used in industry for many years; therefore, nearly any operat-
ing condition that may be encountered has been experienced. The
system designer should be able to avoid problems of corrosion,
erosion, galvanic action, etc., if they are considered during design

of the system.

b. Discussion and Recommendations

None.

LMEC-Memo-69-7, Vol I
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TABLE_1-73

FAILURE DATA FOR _COOLERS (OTHER THAN LIQUID METAL-TO-AIR)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERATINGl METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM HOD URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECﬂ 3. RECOMMENDATIONS
(System/Subsystem)
1 . Coolers/Turbine Lube [1. EBR-II MI MI MI 7800 Routine inspection . Head of one unit deteriorated badly. Head of other
0il Cooler 2. Turbine water side 200 91 550 unit slightly deteriorated.
. Turbine-Generator 3. 140 to 160°F . Flow baffles built in and flange surfaces remachined.
Units and Condenser/ |4. PMMR-87 . None.
Central Lubricating
. 35
350000
* INCIDENT MI

MAJOR MALFUNCTION P

= MINOR MALFUNCTION
= PROBLEM




TABLE _1-74_

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _COOLERS (OTHER THAN LIQUID METAL TO AIR)
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TABLE _1-75

GENERAL SUMMARY
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4, Desuperheaters

Failure data for desuperheaters are presented in Tables 1-76 through 1-78.

a. Reliability Information

Design Features:

Desuperheaters are used in the main steam system to reduce the tempera-

ture of the steam.

Mode of Failure:

1) Flange bolts
2) -Flow vanes.

Failure Description:

1) Flange bolts were improperly torqued.
2) Flow straightening vanes were plugged.

Control Methods: .

1) The bolts should be tightened in a predetermined sequence.
2) Inspect inlet lines whenever work is done on the system.

b. Discussion and Recommendations

Desuperheaters are standard equipment in high-temperature steam systems;
therefore, the problems associated with maintaining them are well known. In
view of this fact, the rash of flange leaks reported may be attributed to improper
techniques in making up flanges. The bolts should be tightened in a predeter-
mined sequence; that is, tighten one bolt just snug, then move 180 degrees around
the flange and another bolt. Continue this sequence until all the flange bolts are
snug. Then start torquing the bolts in increments using the sequence described

above.

LMEC-Memo-69-7, Vol I
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TABLE__1-76
FAILURE DATA FOR _DESUPERHEATERS

(Sheet 1 of 2)

COMPONENT/PART 1. FACILITY FAILURE INDEX
3
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3, RECOMMENDATIONS
(System/Subsystem)
1 1. Desuperheater No. 1/ {1. SCTI M1 MI MI Unknown } Operational monitors |[l. Flow straightening vanes at flowmeter inlet plugged.
Straightening Vanes 2. Feedwater system/line 211 259 51 520 2, Local repair, flow transmitter FR-203 isolated;

2. Steam, Condensate and | 3. - straightening vane disassembled and cleaned.
Feedwater Piping and [4. Incident report No. 113 3. Keep line section ends sealed during construction;
Equipment/Main Steam) inspect lines before welding sections.

3. 43
281100

2 1. Desuperheater No. 1/ |1. SCTI MI M1 MI 5875 Direct observation 1. Flange studs had not been torqued evenly.
Flange Studs 2. Steam and feedwater system 148 53 136 2. Local repair, studs retorqued.

2. Steam, Condensate and | 3. 17,000 1b/hr 3. Specify torque requirements and procedures for
Feedwater Piping and |4. Incident report No. 121 flange bolts.

Equipment /Main Steam ’

3. 43
281100

3 1. Desuperheater No.1/ |1. SCTI MI MI MI 510 Direct observation 1. Bolts improperly torqued and O-ring not seated in
Flange Joint O-ring 2. Feedwater system 136 56 520 groove.

2, Steam, Condensate and | 3. 670 to 1032°F, 1285 to 1825 psig 2. Local repair.

Feedwater Piping and | 4. Incident report No. 14 3. Piping design should provide gasket change capability
Equipment/Main Steam without pipe cutting and welding.

3. 43

281100
4 1. Desuperheater No.1/ [1. SCTI MA MA MA 6030 Direct observation 1. Steam leaks developed during an operating period when
Bolted Flange 2, Steam and feedwater system 144 53 136 steam pressure was increased from 1400 to 1850 psig.

2. Steam,Condensate and |3, 2200 psig, 1050°F 2. Component corrective modification.

Feedwater Piping and | 4. Incident report No. 130 3. Maintenance manual should include proper flange bolt
Equipment /Main Steam torquing instructions for each type of flange and gasket|

3. 43

281100
5 1. Desuperheater No.1/ |1. SCTI Ml MI MI 4470 Direct observation 1. Bolts improperly torqued.
Flanged Joint 2. Feedwater system 148 53 530 2. Bolts retorqued.

2. Steam, Condensate and| 3. - 3. Improved QA procedures at initial contractor level.
Feedwater Piping and | 4. Incident report No. 76
Equipment/Main Steamy

3. 43
281100

* | = INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

= PROBLEM
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TABLE _ 1-76
FAILURE DATA FOR DESUPERHEATERS

(Sheet 2 of 2)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COooE OPERAT M 1. FAILURE DESCRIPTION
ITEM P ING ETHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component} 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Desuperheater/ 1. EBR-II MA MA MA 7400 Direct observation 1. Thermocouple well body cracked.
Thermocouple Well 2. Main steam/desuperheater 500 BZ 520 2. Local repair, plant shut down to repair leak.
2. Steam, Condensate and [3. 740 to 840°F, 1250 psig 3. Proper well design, good welding and heat treatment
Feedwater Piping and |4. PMMR-82 procedures will reduce this type of failure.
Equipment/Main Steam
3. 43
281100
7 1. Desuperheater/Spray [l. EBR-II MI MI MI 6920 Preventive maintenancell. Spray nozzle loose.
Nozzle 2. Main steam/desuperheater 500 53 530 2. Local repair; nozzles removed, cleaned, and set
2. Steam, Condensate and |3. 740 to 840°F, 1250 psig screws were applied to prevent loosening.
Feedwater Piping and [4. PMMR-81 3. None.
Equipment/Main Steam
3. 43
281100
8 1. Desuperheater/Bellows{l. EBR-II MI MI MI 1200 Direct observation 1. Bellows modified.
2. Steam, Condensate and [2. Main steam/desuperheater 500 BZ 530 2. Part replaced.
Feedwater Piping and [3. 740 to 840°F, 1250 psig 3. None.
Equipment/Main Steam |4. PMMR-12
3. 43
281100
9 1. Desuperheater/Flange {1. EBR-II MI MI MI 7400 Preventive maintenance 1. Gasket worn out.
Gasket 2. Main steamn/desuperheater nozzle 500 BZ 530 2. Part replaced.
2. Steam, Condensate and |{3. 740 to 840°F, 1250 psig 3. None.
Feedwater Piping and [4. PMMR-83
Equipment /Main Steam
3. 43
281100
* | & INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM

¢




TABLE _1-77

FAILURE DISTRIBUTION FUNCTIONS
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TABLE __1-78
GENERAL SUMMARY
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Desuperheaters
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5. Feedwater Heaters

Failure data for feedwater heaters are presented in Tables 1-79 through
1-81.

a. Reliability Information

Design Features:

Preheat feedwater to steam generator. Tap off steam from the main steam

header to heat incoming feedwater.

Critical Characteristics:

Exchange heat between steam generated in process and feedwater to steam

generator.

Mode of Failure:

Gasket leakage

Failure Description:

1) Flange gasket leakage
2) Manhole cover gasket leakage
3) Heater nozzle gasket leakage.

Control Methods:

1) When using spiral wound gaskets, make sure that mating surfaces of
flanges are free of nicks, radial scratchs, or grooves from previous

installations.

2) Retorque flange bolts after initial installation to account for torque

relaxation,

b. Discussion and Recommendations

Gasket failures on feedwater heater connections can generally be attributed
to using the wrong gasket material for the application or improper techniques
used when the connections were made up; therefore, selecting the proper gaskets
and employing the correct installation techniques should eliminate most of the

problems.

LMEC-Memo-69-7,Vol 1
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TABLE__1-79
FAILURE DATA FOR _FEEDWATER HEATERS

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE per 1. FAILURE DESCRIPTION
ITEM ATINGI METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Feedwater Heater/ 1. EBR-II M1 MI MI 14,710 Direct observation 1. Flange leaking, bad gasket.
Flange Gasket 2. Feedwater heater No. 4 level control | 500 59 530 2. Component corrective modification, flexitallic gasket
2. Steam, Condensate and | 3. 480 to 565°F replaced original asbestos gasket.
Feedwater Piping and | 4. Operations maintenance report, 3. None.
Equipment/Feedwater 5-29-68
Heater
3. 54
284200
2 1. Feedwater Heater/ 1. EBR-II MI MI MI 780 Preventive 1. Manhole cover gasket leaking.
Manhole Cover Gasket|2. Feedwater /heater No. 2 500 52 530 maintenance 2. Part replaced.
2. Steam, Condensate and | 3. 374°F, 200 psig 3. None.
Feedwater Piping and |4. Operations weekly report, 12-20-67
Equipment/Feedwater
Heater
3. 54
284200
3 1. Feedwater Heater/ 1. EBR-II MI MI MI 1090 Direct observation 1. Heater nozzle gasket leaking.
Nozzle Gasket 2. Feedwater /heater No.2 500 32 530 2. Part replaced.
2. Steam, Condensate and|3. 374°F, 200 psig 3. None.
Feedwater Piping and | 4. PMMR-72 (4-20-66)
Equipment/Feedwater
Heater
3. 54
284200
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-80

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT FEEDWATER HEATERS

COMPONENT SuBTYPE FEEDWATER HEATERS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Nuclear Power Reactors
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TABLE __1-81
GENERAL SUMMARY

COMPONENT _FEEDWATER HEATERS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Unknown
Lt
n
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Mechanical
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=
Labor and materials loss only
o
i)
w
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w
TOTAL FAILURES PER TYPE ¢ 1 2 3 4 5 6 7 8 9 10
Feedwater heaters
OPERATING HOURS (THOUSANDS) 0 10 20 30 40 50 60 70 80 90 100
Feedwater heaters
11}
o
>
[
FAILURE RATE (FAILURES/IO6 hr) 0 100 200 300 400 500 600 700 800 900 1000
Feedwater heaters
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6. Filters and Strainers (see Figure 1-8)

Failure data for filters and strainers are presented in Tables 1-82 through
1-86.

a. Reliability Information

Design Features:

Strainers and filters are used to remove foreign particles from liquid sodium

and water systems.

Mode of Failure:

1) Misalignment
2) Plugging.

Failure Description:

1) The torque bolts were torqued improperly.
2) The strainers were plugged.

Control Methods:

1) Installation procedures should be carefully prepared and adhered to.

2) When plugging of a filter or strainer is critical to plant operation,
they should be provided with audible alarms against impending

problems.,

3) Better quality assurance should be provided during construction to

keep the feedwater system clean.

b, Discussion and Recommendations

Micro-metallic filters are generall y used in sodium service systems, es-
pecially when initially filling the system with sodium. The filter vessel usually
has bolted O-ring flanges to facilitate changing the filter element. The operating
history of sodium filters has been good. The one reported incident of a flange
vessel leaking was an isolated incident and was the result of improper installa-

tion.
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TABLE__1-82

FAILURE DATA FOR FILTERS AND STRAINERS

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operativel METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM|5  cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT‘ 3. RECOMMENDATIONS
(System/Subsystem)
1. Sodium Filter/ 1, SRE MI MI MI Unknown { Direct observation 1. Sodium leak, flange bolts not torqued properly.
Vessel Flange 2. Sodium service main primary sodium]| 321 56 530 2. Retorqued bolts.
2. Heat Transfer/ system 3. Specify values for torquing flange bolts.
Purification 3. 210 to 350°F
3. 27 4. SRE log book
224233
1. Filter/Gas Purifier 1. EBR-II MI MI | M1 15,240 Direct observation 1. Seal ring leaking gas.
Seal Ring 2. Fuel unloading machine 500 52 530 as of 7-64 2. Part replaced.
2. Nuclear Fuel Handling | 3. - 3. None.
and Storage Equipment/{ 4. Operations maintenance, 10-23-68
Cooling
3. 27
235140
1. Filters/Oil Vapor 1. EBR-II MI MI MI 13,380 Preventive maintenancg 1. Bad bearings.
Extractor Bearings 2; Main Turbine 500 BZ 530 2. Part replaced.
2. Turbine-Generator 3. 1250 psig, 3600 rpm 3. None.
Units and Condenser/ |4. Operations weekly report, 12-20-67"
Lubricating System
3. 27
350000
1. Filters/O-Rings 1. SCTI P P P 1534 Direct observation 1. Filters cleaned, O-rings replaced with wrong size
2. Feedwater Supply and |2. Feedwater diatomite filters (F-IR&IL} 325 52 530 causing water leak.
Treatment/Filters 3. 140 gpm, 20-in. diameter 2. Proper size O-rings installed.
3. 27 ' 4. Incident report No. 59 (11-2-65) 3. Stock proper size components; use proper main-
271100 tenance procedures.
1. Strainer/Screen 1. EBR-II MA MA MA 11,320 Operational monitor 1. Strainer plugging caused low water pressure in the
2, Other Reactor Plant 2. Primary pump eddy current coupling |273 51 520 primary pumps eddy current coupling cooling water
Equipment/Plant cooling water system system which resulted in reactor scrams.
Cooling Water 3. - 2. New type strainer installed.
3. 27 4. PMMR-99 3. Audible pressure differential alarm on strainer to
290000 serve as warning of insipient clogging.
1. Strainer/Basket 1. EBR-II MI MI MI 3650 Operational monitors | 1. Strainer badly plugged with mud and packing material.
2. Feedwater Supply and |2. Feedwater/motor-driven feed pump [252 51 530 2. Local repair.
Treatment/Boiler 3. 369°F, 1300 psig 3. Maintenance personnel training should include instruc-
Feed Pump 4. PMMR-50 tions for proper packing installations.
3. 27
284100
* | = INCIDENT Ml MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

([

PROBLEM




TABLE _1-83

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _FILTERS AND STRAINERS
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TABLE _1-84

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _FILTERS AND STRAINERS

componenT supType EILTERS (SODIUM)
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TABLE _1-85

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT
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1-86

GENERAL SUMMARY

COMPONENT FILTERS AND STRAINERS
FAILURES (%) 0
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Mechanical

Human error
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Mechanical
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EFFECT
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TOTAL FAILURES PER TYPE ¢

TYPE
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100

Sodium filters
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FAILURE RATE (FAILURES/lO6 hr) 0
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7. Intermediate Heat Exchangers (see Figures 1-9 through 1-13)

Failure data for intermediate heat exchangers are presented in Tables 1-87 @
through 1-89.

a. Reliability Information

Design Features:

Loop~type shell-and-tube heat exchanger for sodium-to-sodium heat

transfer.

Critical Characteristics:

Provide efficient transfer of heat from primary source to secondary sys-

tem.

Provide buffer between radioactive primary side and steam generator.

Mode of Failure:

1) Gas pocket enclosure in the top of intermediate heat exchanger varied
its volume driving pressure and temperature changes, generating

strong fluctuation in the primary surge tank level.

2) Due to improper matching of tube configuration and liquid metal flow @

rate, harmonic oscillations produced stress, cracking, and failure

of tubes,

Description of Failure:

1) No vent line on top of intermediate heat exchanger where a large

volume of cover gas was trapped, resulting in gas entrainment.
2) Liqguid metal found leaking through cracked tubing.

Control Methods:

1) Any liquid-carrying loop should be designed for complete filling and

drainage. This objective may be accomplished by use of the following:

a) Utilization of tools and equipment which do not by themselves
introduce cover gas (or air) into the liquid metal while the loop

is being filled

b) Installation of appropriate venting fixtures and connections

where gas pocket buildup is unavoidable - @

LMEC-Memo-69-7, Vol I
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c) Adherence to geometric constraints which eliminate low loop

fluid pockets during drainage

d) Implementation of special drain lines where stagnant fluid pockets

are unavoidable.

Any filling or draining procedure should be conducted in accordance
with an operational manual which clearly delineates the nature and

sequence of steps required for filling and drainage.

Any construction of large-scale liquid metal components should be
preceded by an adequate and complete design review, entailing, if
necessary, application of workable and reliable mathematical models

to verify the operability of the component prior to its manufacture.

Any significant uncertainties or inadequacy associated with the design
analysis techniques shall be resolved by means of the appropriate
development project(s) that should be based upon actual experimental

results derived from hardware prototype or mockup units.

Prior to acceptance and installation of the completed, manufactured
unit, an appropriate acceptance test procedure should be devised and

utilized to verify satisfactory operation of the component.

Discussion and Recommendations

None.
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FAILURE DATA FOR

¢

TABLE_1-87

INTERMEDIATE HEAT EXCHANGER

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operaTiGl METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION c ¢
(Component) 4. SOURCE DOCUMENT CAUSE] MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Intermediate Heat 1. SCTI MI MI MI 611 Operational monitor 1. Original piping did not include a cover gas vent from

Exchanger/Tubesheet | 2. Primary sodium 410 50 530 the top of the IHX shell side. Gas was trapped be-

2. Heat Transfer/Inter- | 3. Flow 885,000 lb/hr tween the sodium inlet nozzle and the upper tubesheet.
mediate Heat Ex- sodium temperature in/out (°F) 2. A vent line and a manually operated valve were in-
changer 775/1175 stalled from the shell side of the IHX to the primary

3. 39 4. SCTI, incident report No. 46 expansion tank.
222300 3. None.

2 1. Intermediate Heat 1. HNPF MA MA MA 5,640 Operational monitor 1. Tubes cracked and leaked as a result of flow induced

Exchanger/Tubes 2. IHX No. 1A 128 59 520 vibration.

2. Heat Transfer/Inter- | 3. 2. Tube vibration suppressors installed.
mediate Heat Ex- 4, NAA-SR-10743 (11-18-62) 3. Provide adequate design analysis and acceptance
changer testing.

3. 39
222300

* INCIDENT MI MINOR MALFUNCTION

MAJOR MALFUNCTION P

I

PROBLEM




TABLE _1-88

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT INTERMEDIATE HEAT EXCHANGER
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TABLE _1-89
GENERAL SUMMARY
COMPONENT _INTERMEDIATE HEAT EXCHANGER
FAILURES (%) 0 10 20 30 40 50 60 70 80 S0 100
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Inherent
w
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Mechanical
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=
o
=
Labor and material loss only
5+ | Plant availability loss
Y
L.
w
TOTAL FAILURES PER TYPE 0 1 2 3 4 5 6 7 8 9 10
Intermediate Heat Exchangers _ﬁ i l
OPERATING HOURS (THOUSANDS) 0 1 2 3 4 5 6 7 8 9 10
Intermediate Heat Exchangers (6,251 hrs)
w
o
>
-
FAILURE RATE (FAILURES/lOb hr) 0 10 20 30 40 50 60 70 80 90 100
Intermediate Heat Exchangers
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8. Piping and Associated Fittings (Figure 1-14)

a. Introduction

The piping and fittings data collected for this section include service in gas,
steam, water, and sodium. Some gas systems will include sodium vapor and,
for this analysis, are identified as a separate subtype. While a large number of
different piping materials are used in nuclear systems, the events collected
herein are primarily for the stainless steels and high-strength alloys. The 38

failure events collected to date are itemized in Table 1-90,

Evidence of a pipe failure is a leak or, in a limited number of cases, plug-
ging or high-pressure drop. Approximately three-quarters of the feported
failures were detected by direct observation and one-quarter of them by monitors.
Monitors are categorized as operations and performance measurements that are

monitored by means of leak detectors and protective systems.

b. Summary of Tabulated Data

The detailed data of Table 1-90 are summarized in Tables 1-91 through 1-96.
The data are subdivided into piping subtypes: water, steam, sodium, sodium

vapor, inert gas, and miscellaneous.

Table 1-96 provides a general summary of the data as to cause, mode, effect,
and total number of piping failures. Computation of updated failure rate infor-
mation has been discontinued until a later date. The number of failures collected
for any one of these subsystems is not large. The mode of failure is indicated
to be in the class of mechanical failures 57% of the time. The effect of the failure

is predominantly a labor and material loss (71%).

The water-piping experience presented in Table 1-95 is primarily associated
with nuclear power reactors; the feedwater systems contribute the majority of
the failures. The failure distribution function for steam piping shows the flange
and flange gasket to be the major contributors of malfunctions. In sodium piping
(Table 1-92), the bellows convolutions are shown to be a troublesome area. The
failures associated with miscellaneous piping (Table 1-91) occur primarily in the

fuel handling system and instrument air supply system.

Piping malfunctions can be reduced by following good design practices. Ma-
terial quality requirements must be carefully considered, material specifications

properly written, and the highest quality workmanship used during fabrication.

LMEC-Memo-69-7, Vol I
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Welding procedures are very important; post-mortem examinations of pipe stub
welds and joint welds have revealed several cases of very poor penetration and @
of poor weld fitup. Facility operating procedures should be clearly defined,
established, and closely followed. -

Fatigue problems under thermal and mechanical cycling loading conditions
must be considered in the design of the piping system. When notches or stress
risers are incorporated in the piping system, the potential for fatigue failures
is increased. Piping wall sections that are subjected to large temperature differ-
entials or mechanical vibrations are areas of special concern with respect to

cycle fatigue.

Particular care is required to avoid the initiation of stress corrosion in the
Type 300 series stainless steels when using chloride cleaning solvents or acid
pickling solutions. If the use of such materials is unavoidable, meticulous
cleaning precautions must be used. Insulation must be kept dry to prevent
leaching of chlorides present in the insulation onto the pipe surface. Special
precautions are required for inactivated systems exposed to the elements. Moist
sea air is a particular source of chlorides. To minimize the possibility of stress

corrosion due to chlorides from the insulation, choose insulating materials which

contain inhibitors or which are low in chloride content. Obviously, the insulating

material should be protected from moisture.

After a piping system has been exposed to the sensjtizing temperature range
of 800 to 1300°F (e.g., a welded region), care must b.e exercised to protect the
pipe surface from corrodents. Sensitized stainless steels are highly susceptible
to atmospheric or aqueous corrosion on piping exposed to weather. To reduce
potential exposure to the weather, a minimum of penetrations should be made
through the insulation and protective covering. A preheat on the pipe minimizes

the effect of moisture that contacts the pipe surface.

c. Sodium Systems

A sodium pipe section with a typical arrangement of pipe, calrod heater,

insulation, and protective covering is shown in Figure 1-14.

The over-pressurization of sodium systems while thawing frozen lines can
be avoided by initiating thawing at a free surface and progressing from there to
the rest of the system.
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Special consideration should be given to the design of mixing tees in sodium

to minimize the effects of cyclic thermal stress fatigue.

In actual operating sodium systems, the normal sodium impurities will not
be detrimental to piping, except possibly to thin-walled tubing or fuel cladding.
The post-operational examination of the SRE(I) substantiates this conclusion
regarding the sodium piping in the system. The primary sodium system was
exposed for approximately 44,000 hr to sodium at temperatures ranging from
205 to 1030°F, while the secondary sodium system was exposed for approxi-
mately 25,000 hr at temperature from 300 to 1000°F.-(2) The results of this
investigation disclosed no evidence of impending functional failures, cracking,
o:r erosion problems. Some surface layers showed slight evidence of carburiza-
tion and possible corrosion, but in all cases, materials deterioration was insig-
nificant. The investigators reached a conclusion that 'large sodium systems
operated under SRE conditions could be expected to have a reliable long life,

n(1)

commensurate with power plant practices,

LMFBR systems will be operating at creep temperatures. Creep stress
rupture is caused by the combination of steady stress at a temperature where
no appreciable strain hardening occurs. Any excessive deformation may point
out a creep problem which indicates that pipe deformation or movement should

be monitored.
d. Discussion
(1) General
The causes of piping failures can be classified into five categoriesas follows:(3)
1) Service (excessively severe service conditions).
2) Materials (selection and handling of base and welding materials).
3) Base metal defects (introduced during manufacture).
4) Design (structural, design notches, joint location, weld configuration).

5) Fabrication (fabrication, welding, heat treatment, or cleaning).

Cyclic loading conditions, whether mechanical or thermal, in piping with in-
adequate flexibility results in peak stresses of sufficient magnitude to initiate and
propagate cracks. These cracks are often initiated at branch connections or
anchored supports where motion is restricted.

LMEC-Memo-69-7, Vol 1
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Incorrect selection of piping materials for exposure conditions has resulted

in numerous piping failures. Failures have resulted due to graphitization of

carbon and carbon-molybdenum steal piping after service above 800°F. Graph-
itization has been most commonly found in the weld heat-affected zone when the
material has been heated briefly above 1333°F. Specific heat composition as
well as heating conditions appear to affect cracking tendencies of Type 347
stainless steel piping in the weld heat-affected zone. This tendency toward hot
cracking has been a problem in the past, and has generally been related to a low
liquation temperature. High carbon and nitrogen in relation to columbium tend

to raise the liquation temperature and increase resistance to cracking.

Between 800 and 1300°F austenitic stainless steels become sensitized. Car-
bon combines with chromium near the grain boundaries and precipitates out in
these grain boundaries as chromium carbides. This precipitation leaves a
narrow zone on either side of the grain boundary which has less than the 12%

chromium necessary for corrosion resistance. In the presence of a corrosive

environment the material is highly susceptible to intergranular attack and

possible failure.

Base metal defects such as laps, laminations, seams, porosity, or any

significant discontinuities in the microstructure can act as sites for crack

nucleation.

Sharp changes in section thickness, hangers, nozzles, branch connections,
reinforcement, metallurgical notches (e.g., welds), and built-in residual

stresses are all areas for concern under cyclic loading.

Welded piping fabrication is particularly susceptible to careless choice of
weld rod, contaminated rod, poor fitup, poor welding technique, lack of penetra-
tion, porosity, undercut, cracking, and arc strikes. Awustenitic stainless steels
are particularly susceptible to stress corrosion especially in the presence of
chlorides.

GEAP testing of materials in flowing non-isothermal sodium indicated that

(4)

corrosion rates:
1) Varied directly with the oxide content of the sodium.

2)- For materials tested (316 SS, 2-1/4 Cr - 1 Mo, 5Cr - 1/2 Mo - 1/2TC)

were all essentially the same.

v
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3) Became linear after an initial period of a few hundred hours.

4) Increased three-fold with an increase in temperature from 1100 to

1200°F.

5) Were affected by sodium saturation. The first material exposed at a
given temperature showed the greatest corrosion rate. Material

"downstream'' showed progressively lower corrosion rates.

(2) Detailed Discussion

In the following discussion, specific examples of the effects of stress cor-
rosion, thermal/mechanical cycling, fabrication deficiencies, and human errors

are presented.

Stress-Corrosion (Sensitization/Chloride Induced)

)

Type 347 stainless steel components of the homogeneous reactor during tests of

Transgranular stress-corrosion cracks were de‘l:ected(5 in Type 304 and
remote-maintenance procedures prior to actual startup of the reactor. The
cracks were in tubing of the secondary system used for detecting leaks at the
flanged joints of the primary system and in the grooves of the flanges in the
primary system. Up to 1070 ppm chlorides were found in the fluid drained
from the secondary system. Apparently a chlorinated-hydrocarbon lubricating
compound was not removed during fabrication and was baked in during subse-

quent annealing.

During hot-flushing of the piping in the merchant ship, N. S. Savannah,
several leaks developed in the primary system which wet the thermal insulation.(6)
Since it was known that the thermal insulation applied to the primary system
piping contained chlorides, and that the primary system had been thermally
cycled several times after the insulation had been wet, an investigation was
initiated to determine whether the system had been damaged. The investigation
showed that the proper conditions existed for chloride stress-corrosion cracking
of the austenitic stainless steel in the primary system. Laboratory investigation
of a sample of pipe removed from the primary system indicated that chloride
stress-corrosion cracking had begun but that the reaction had been interrupted.

before serious damage occurred.
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A sodium leak was observed in the secondary expansion tank overflow
nozzle at the Hallam Nuclear Power Facility. The subsequent investigation
indicated that an earlier leak preceded the observed leak. After removal of the
insulation, visual inspection revealed severe corrosion on the external surfaces
of the tank wall and 8-in. overflow nozzle from the tank to an 8-in. overflow line.
A pinhole was discovered 1/2 in. from a butt-weld joining the nozzle with the
overflow line. Further examination showed a massive network of cracks in the
tank wall, which metallographic examination showed to be transgranular in
nature. This was the initial (primary) leak and sodium-insulation-reaction
products from this leak appear to have produced the external corrosion that
resulted in the pinhole leak. The primary leak is considered to be due to trans-
granular stress corrosion resulting from the chloride /fluorine contained in the

weld flux discovered in a cavity between a welded internal baffle and the tank wall.

Intergranular corrosion cracking was detected in two Type 304 stainless steel
outlet nozzles in high-purity heavy-water moderator service at the Savannah

(5)

River reactor plant. The cracks propagated from general intergranular attack
that apparently occurred at sensitized grain boundaries as the result of acid
pickling during initial fabrication of the nozzles. Cracking was attributed to
chlorides, although the bulk heavy water contained only about 6 ppm chloride.

The chloride ions were believed to have concentrated in the intergranular pickling

cracks.

A 3-in, line of Type 304 stainless steel at the Large Component Test Loop
(LCTL) developed a sodium leak.(7) Metallurgical examination of the failed
section revealed the material had been sensitized due to operation over 800°F
and that corrosion attack was intergranular. At the point of leakage the thermal
insulation had been rain soaked. It was postulated that a corrodent was leached
from the insulation and concentrated on the pipe surface. A similar failure
occurred in a plugging meter loop at the LCTL.(S) Again it was attributed to

intergranular corrosion due to a corrodent leached from wet thermal insulation.

Three Type 304 stainless steel bellows expansion joints installed in the
sodium piping at the Sodium Component Test Installation (SCTI) at LMEC failed
(9)

after relatively short service. Failure analysis revealed the bellows had been
sensitized during fabrication due to a baking treatment at 1300°F for 30 min to

remove volatile materials. There was a 30-mo period between fabrication and
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installation of the bellows in the SCTI. It was postulated that during this period
the material, sensitized by the baking treatment, was attacked by an unidentified
corrodent. It was known that moisture, salt, and chemicals were present in the

atmosphere at the fabrication, storage, and installation sites.

Thermal /Mechanical Cycling

Thielsch(3) reports a steam pipe failure where periodic startups and shut-
downs of the boiler resulted in expansion and contraction of the line. ''With
insufficient flexibility in the system to absorb the stresses over the years,
cracking was initiated and gradually spread across the wall thickness." GEAP(IO)
reports 10 cases where expansion/flexibility is listed as the primary cause of
failure. In two instances steam header piping (14- and 16—in.-QD seamless
carbon steel pipe) failed due to bending over supports. Thermal and mechanical
fatigue was responsible for crack initiation and propagation. Cracking of a drain
line near the point of attachment to the main piping resulted in leakage of NaK at
the Russian BR-5 plant.(‘ll) The cause of this failure was attributed to inadequate

provisions for thermal expansion.

A number of service failures resulting from the combination of a stress

10) Mechanical notches, metal-

concentration and cyclic loading are reported.(3’
lurgical notches, and high residual stresses due to a socket weld were all present
in these cases. One such failure was in a socket weld joining a thermometer well
to a steam pipe and another in the thermowell of the SCTI secondary sodium sys-
tem. Another failure(3) occurred at the toe of a fillet weld attaching a hanger lug
to a curved pipe section. The failure was attributed to thermal fatigue because of
a sharp change in weldment design. Two similar failures resulted from severe
design notches. In one case, coupled to thermal fatigue in a 10-in.-OD by 0.690-
in.-wall main steam line and a hanger lug. In the other, a sharp notch between

a reinforcing rib and a 5-in. schedule 40 17-4 Ph stainless steel was coupled to

mechanical fatigue.

A 2-1/2-in. Type 304L stainless steel mixing tee revealed numerous cracks
after 9500 hr of operation.(lz) Causé of cracking was attributed to thermal-
stress fatigue (possibly high cycle) due to mixing of hot (~700°F) and cold
(~510°F) sodium. Crack propagation under these conditions is relatively slow,

with a large number of cycles required to cause failure.
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The GEAP survey(lo) lists 41 cases where graphitization embrittlement
was reportedly the cause of failure. The location of failure in 38 of these cases
was in the weld-heat-affected zone of a welded pipe joint. Essentially all these
failures occurred in carbon-molybdenon steam piping, operating between 900
and 960°F, after long exposure times, and resulted in cracking but not complete

severance.
Fabrication

One instance of an inadequate inspection requirement of some Croloy (2-1/4
Cr - 1 Mo) steam pipe was reported at the Sodium Component Test Installation
(SCTI) at LMEC.(13) This material had been purchased to ASME Pressure Vessel
Code, Section II, SA335, requiring only visual inspection for surface flows. One
length of pipe previously accepted to the above specification requirement was
found, during routine spool fabrication, to contain a longitudinal forging lap.
Subsequent ultrasonic inspection of all the Cr-Mo pipe resulted in rejection of

several of the pipe spools due to forging laps. Plant startupwas delayed 69 days.(14)

A NaK leak in the primary coolant circuit of the British Dounreay Fast
Reactor (DFR)(IS) illustrates some of the problems that can be caused by defec-
tive welds. The primary coolant piping in this case was enclosed in a vault due
to the radioactive nature of the primary circuit. The primary piping was also @
surrounded by a leak jacket. This situation made it difficult to determine the
exact leak location and further complicated repair once the leak had been located.
Final metallurgical examination of the leak revealed that it had occurred at a
weld joint due to the following weld defects: Joint misalignment, straying of the
weld from the line of the butt joint, lack of penetration, and a stress riser where
the weld had a double start. Total facility down-time due to this incident was
about 11 mo, which illustrates the severe consequences of inadequate control of

welding procedures. The GEAP survey(lo) reported 31 cases where the primary

cause of failure was attributed to some type of weld defect.

Human Error

Improper preheating of a line filled with solid sodium can result in melting
of sodium between solid sodium plugs and possible overpressure of pipe lines due
to expansion of the melted sodium. Failure of this sort was experienced at
Rapsodie during preheating of a system fill line which was full of sodium.(lé) This
same procedure caused many failures of bellows seals in valves at the Sodium
Reactor Experiment (SRE) during early operation. @
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A flanged elbow ruptured instantaneously from the impact of a slug of water
accelerated by steam from a valve that had just been opened.(3) This incident

resulted in the loss of one life.

Discussion with cognizant personnel revealed a pipe failure in the SRE in a
2-in. pipe leading from the sodium service vault to a primary heat transfer line.
An electric arc from a shorted line heater made a hole in the pipe which resulted
in a sodium leak. Also, a welder inadvertently touched a pipe in the SCTI pri-

mary pump sodium line, leaving an undetected hole until the system was filled.

One case was reported(3) where an incorrectly identified coupling failed
during a pressure test. The coupling had been certified and stamped as Type 304
stainless steel. Examination subsequent to the failure revealed the material to
be '""Monel." Welding of this '"Monel' with stainless steel electrodes resulted in

a brittle joint which was responsible for the failure.

The principal investigator of this material was R. C. Calkins. If additional
information regarding piping/fitting failures is required, contact J. J. Auleta,

R. C. Calkins, or E. Ferguson at LMEC.
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FAILURE DATA FOR _PIPING AND ASSOCIATED FITTINGS

TABLE _1-90

(Sheet 1 of 7)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE oo 1. FAILURE DESCRIPTION
ITEM PERATINGf METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE]| MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. IHX Inlet Pipe/ 1. SCTI M1 MI MI 1140 Operational monitors | 1. Thermowells cracked because of metal fatigue due to
Thermowell 2. Secondary sodium system, inlet line | 474 128 520 vibration.
2. Heat Transfer/Hot to IHX 2. Thermowells removed and replaced with shorter
Leg 3. Contains thermocouples to indicate length unit.
3. 18 sodium loop temperature 3. Deviations from specifications should be routed
222211 4. Incident report No. 79 through a material review board.
2 1. Piping/Bellows Con- |1l. SCTI M1 Ml MI 612 Direct observation 1. Bellows cracked.
volution 2. Expansion joint No. 5 457 61 530 2. Part replaced.
2. Heat Transfer/Hot 3. 1000°F at 125 psi 3. Use of bellows expansion joints in sodium loops is not
Leg 4. Incident report No. 34 recommended.
3. 18
221211
3 1. Piping/Suction Line 1. SCTI MI MI MI 1208 Direct observation 1. Welder inadvertently touched pipe with welding torch
2. Heat Transfer/Pri- 2, Primary sodium system, sodium 328 34 136 sodium fire during creating a hole which remained undetected by visual
mary Coolant pump (P-5) loop filling inspection.
3. 18 3. 10 in., schedule 40-304 SS, 1300°F 2. Local repair. .
221210 4. Incident report No. 60 3. Any welding on the sodium line should be checked by
dye penetration method prior to filling.
4 |1. Piping/Bellows Con- 1. SCTI I I I 612 Operational monitors | 1. This bellows failure was the same as previous failures
volutions 2, Expansion joint XJ-10, line No. 552 457 61 520 The stainless steel had sensitized and subsequently
2. Heat Transfer/Hot 3. 1000°F at 125 psig corroded.
Leg 4, Incident report No, 108 2. Part replaced.
3. 18 3. Avoid use of bellows expansion joints in sodium loops.
222211
5 1. Piping/Bellows Con- 1. SCTI I I I 887 Protective system, 1. Very small cracks and pin hole leaks developed in the
volutions 2, Expansion joint No, 8 457 61 520 leak detector alarm convoluted portion of the bellows due to sensitization
2. Heat Transfer/Hot 3. - actuated of the metal.
Leg 4. Incident report No, 114 2, Part replaced.
3. 18 3. Avoid use of bellows expansion joints in sodium loops.
222211
6 1. Piping and Fittings/ 1. HNPF MI MI MI Unknown | Direct observation 1. Sodium leak around gasket between piping and drain
Gasket 2. No. 2 drum melt station 442 57 530 bung.
2. Heat Transfer/Coolant] 3. - 2. A new gasket of copper-covered asbestos was
Receiving 4. Al monthly, 1/11/63 installed.
3. 18 . 3. None.
224110
* | o INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS

¢

TABLE _1-90

(Sheet 2 of T}

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COpE opERATING] METHOD OF . 1. FAILURE DESCRIPTION
ITEM FAILUR
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSEj MODE FFFECT‘ 3. RECOMMENDATIONS
(System/Subsystem)
7 1. Piping and Fittings/ 1. HNPF MI MI MI 15,000 | Direct observation 1. Sodium leak occurredinthe 8-in. inlet overflow pipe
Pipe 2. Overflow line pump to secondary 242 94 530 from sodium pump No. 3 to expansion tank No. 3.
2. Heat Transfer/Inter- expansion tank No. 3 Failure of the pipe was due to stress corrosion
mediate Cooling 3. - cracking.
3, 18 4. Conference 650620 2. The pipe spool was removed from the system and
222000 replaced with a new section.
3. None.
8 1. Vent Piping/Pump 1. HNPF MI MI MI 890 Direct observation 1. Vent line plugged.
Vent Line 2. Primary sodium system 116 51 530 2. Operating limits change.
2. Heat Transfer/ 3. Vent lines are preheated to 338°F 3. None.
Reactor Coolant 4. Monthly operating report No, 2
Piping
3. 18
221210
9 1, Piping/Vent Line 1. HNPF MI MI MI | Unknown | During actuation 1. Vent piping plugged with sodium.
2. Heat Transfer/Puri- | 2. Primary cold trap No. 1/freeze 187 51 550 2. Local repair; (a) replaced plugged section of vent
fication (Cold Trap) trap No. 3 piping, (b) heated freeze trap housing to melt sodium
3. 18 3. 3-10 psi helium when draining in shaft housing, (c¢) pressurized housing to clear
224239 sodium 200 to 350°F sodium.

4. Work request No. 2629 3. Allow sufficient cooling capacity ground the cam shaft
housing to ensure solidification of any sodium that
may flow past the float. Change in operating proce-
dure should be made whereby a slight positive sodium
pressure is maintained on freeze trap at all times.

10 1. Piping/Line to 1, EBR-II M1 MI MI 10,380 | Routine inspection 1. Gas leak from primary system.
Chromatograph 2. Fission Gas Monitor 500 Bz 530 2. Local repair.
2. Heat Transfer/Inert 3. Ambient Temperature 3. None.
Gas Monitor 4. PMMR-104
3. 18
224600
11 1. Piping/Joint 1. EBR-II MI MI MI 14,710 | Operational monitors | 1. Leaking joint in argon system to chromatograph.
2. Heat Transfer/Inert 2. Primary/argon system 500 43 530 2. Temporary repair. Joint was sealed with RTV.
Gas Monitoring 3. Ambient temperature 3. None.
3. 18 4. Operations maintenance report,
224630 5/29/68
* | = [NCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE __1-90
FATLURE DATA FOR PIPING AND ASSOCIATED FITTINGS
(Sheet 3 of 7)
1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION OPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM| 3 copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
12 1. Piping/Piping Plugged| 1. EBR-II MI MI MI | Unknown | Operational monitor 1. Liquid metal condensation clogged piping.
2. Fuel Handling Machine/| 2. Fuel Handling Machine 218 51 530 2. Local repair.
Cooling System 3. - 3. None.
3. 18 4. ANL-6808, 9/63
235140
13 1. Piping/Argon Seal 1. Fermi MI MI MI 6470 Direct observation 1. Seal leaking.
2. Fuel Handling/Fuel 2. Cask car 136 54 530 2. Part replaced.
Handling Machine 3. - 3. None,
Cooling 4, EFAPP-47
3. 18
235140
14 1. Piping/Flange 1. sCTI MA MA MA 6030 Direct observation 1. Steam leaks developed during an operating period
2. Steam-Feedwater/ 2, Steam and Feedwater System 144 53 136 when steam pressure was increased from 1400 to
Piping 3. - 1850 psig.
3. 18 4. Incident report No, 129 2. Component corrective modification.

281300 3. Maintenance manual should include proper flange bolt
torquing instructions for each type of flange and
gasket.

15 1. Level Sensing Pipe/ 1. SCTI MI MI MI 4935 Direct observation 1. Flange bolts unevenly torqued, flange leaking steam.

Flange 2, High pressure feedwater heater (E-1)| 326 53 530 2. Local repair, bolts properly torqued.

2. Steam-Feedwater/ 3. 600°F, 2000 to 2400 psig steam 3. Quality control for gasket material and torque of flange

Feedwater Heater 4. Incident report No. 96 connections should be specified.

3. 18
284200
16 1. Piping/Flange 1, SCTI MA MA MA 6030 Direct observation 1. Steam leaks developed during an operating period when
2, Steam-Feedwater/ 2. Flow nozzle - FRC-200E 136 53 550 steam pressure was increased from 1400 to 1850 psig.

Piping 3. 0-1200 HO, 0-146,000 1b/hr 2. Component corrective modification,

3. 18 4. Incident report No. 127 3. Maintenance manual should include proper flange bolt

281300 torquing instructions for each type of flange and
gasket.

17 1. Piping/Flange 1. EBR-II MI MI MI 4955 Direct observation 1. Gasket worn out.
Gasket 2. Steam system/high pressure flash 500 BZ 530 2, Part replaced. Original gasket changed to Flexatallic
2. Steam-Feedwater/ tank type.
Piping 3. 578°F, 700 psig 3. Gasket materials should be selected for temperature
3.18 4, PMMR-62 and pressure conditions. Proper installation is es-
281300 sential for long lasting operation.
* | = INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

o

= PROBLEM
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TABLE __1-90

FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS
(Sheet 4 of 7)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
18 1. Piping/Elbow 1. EBR-II MI MI MI 15,240 | Direct observation 1. Elbow eroded.
2. Steam-Feedwater/ 2. Steam system/between the high 126 65 530 2. Local repair, elbow replaced because of erosion.
Piping pressure and low pressure 3. Heavier wall thickness should be required for elbows
3. 18 flash tanks than for straight pipes because of high level tur-
281300 3. - bulences.
4. Operating maintenance W/E, 8/21/68,
19 1. Piping/Line ' 1. SCTI I 1 I 2160 Direct observation 1. Steam leakage between two safety valves due to
2. Steam-Feedwater/ 2. Steam and feedwater system line 100 | 121 94 136 chloride stress corrosion of 347 SS. Four cracks
Piping PSv-208 developed, 4 to 6 in. long.
3. 18 3. 600 psig, 580°F, 16,900 Ib/hr 2. Replacement with ASTM-A335-P22, 2-1/4 Cr and
281300 4. Incident report No. 316A 1% Mo.
3. Norne.
20 1. Piping/Pipe Nipple 1. SCTI MI MI MI 3570 Direct observation 1. Pipe nipple cracked at threads when bent to align
2. Steam-Feedwater/ 2. Feedwater system 470 54 530 during installation.
Condensate 3. 121°F, 30 psia, 89,510 Ib/hr flow 2. Nipple replaced. Sight glass correctly aligned.
3. 18 4. Incident report No. 73 3. Use proper Quality Assurance procedures during
283400 construction.
21 1. Piping/Orifice 1, EBR-II MI MI MI 4100 Preventive mainte~ 1. Orifice plate badly bowed out of shape.
2. Steam-Feedwater/ 2. Feedwater/motor driven feed pump 500 © 54 530 nance 2. Part replaced. A thicker plate with a larger hole
Piping 3. 364°F, 1300 psig was installed.
3. 18 4. PMMR-55 3. None.
284400
22 1. Piping/Gland Cooling | 1. EBR-II MI MI MI Unknown | Operational monitors { 1. Pipe diameter too small, pressure drop too high.
Discharge Pipe 2. Feedwater/startup boiler feed pump | 417 51 550 2. Part replaced.
2. Steam-Feedwater/ No. 1 cylinder 3. None.
Piping 3. 364°F, 1500 psig
3. 18 4. Operating weekly report, 11/29/67
284400
23 1. Piping/Orifice Spool 1. EBR-II MI MI MI 6700 Direct observation 1. Flange had cracks and porosity holes.
Flange 2. Feedwater/recirculating line 456 73 530 2. Temporary repair.
2. Steam-Feedwater/ 3. 364°F, 1500 psig 3. Proper quality control could eliminate this type of
Piping 4. PMMR-78 malfunction.
3. 18
284400
* | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS

TABLE_1-90

(Sheet 5 of 7}
COMPONENT/PART 1. FACILITY FAILURE INDEX
ODE*
2. SYSTEM/SUBSYSTEM [ 2. COMPONENT LOCATION ¢ OPERATING] METHOD OF 1. FAILURE DESCRIPTION
ITEM NG FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
24 1. Fitting/Bellows 1. EBR-II MI MI MI 1200 Direct observation 1. Bellows ruptured, leaked.
(2 units) 2. Condenser/steam bypass 500 59 550 2. Part replaced.
2. Steam-Feedwater/ 3. - 3. Determine cause of failure before replacing bellows
Piping 4. ANL-6965 to prevent recurrence.
3. 18
283400
25 1. Piping and Fittings/ 1. Fermi MI MI MI 3650 Operational monitors | 1. Actuator failed.
Actuator 2, Cask Car 151 12 530 2. Vendor repair of component.
2. Fuel Handling/Fuel 3. Minimum 350°F, argon 3. None.
Handling Machine 4, EFAPP No. 1
3. 18
235130
26 1. Piping and Fittings/ 1. Fermi MI MI MI 2820 Direct observation 1. Uneven operation caused actuators to join sealing
Actuator 2, Cask Car 110 55 530 flange.
2. Fuel Handling/Fuel 3. Minimum 350°F, argon 2. Vendor repair of component.
Handling Machine 4, EFAPP No. 47 3. None.
3. 18
235130
27 1. Piping and Fittings/ 1, Fermi MI MI MI 1460 Direct observation 1. Cotter key sheared in the actuator drive.
Actuator 2. Cask Car 172 59 530 2. Local repair.
2. Fuel Handling/Fuel 3. Minimum 350°F, argon 3. None.
Handling Machine 4. EFAPP No. 59
3. 18
235130
28 1. Piping/Air Line 1. SCTI MI MI MI 10,250 | Direct observation 1. Instrument air line stepped on and broken.
2. Miscellaneous Equip- | 2. Instrument air line/instrument air 331 59 530 2. Broken section replaced.
ment/Instrument Air system 3. Install protective device to prevent recurrence,
Supply 3. -
3. 18 4. Incident report No. 133
540000
29 1. Piping/Nipple 1. SCTI MI MI MI 21,970 | Routine area watch 1. Cooling water line cracked at pipe nipple threaded
2. Miscellaneous Equip- | 2. Instrument air system 127 59 530 area.
ment/Instrument Air | 3. Ambient temperature 2. Replaced broken component,
Supply 4. Incident report No. 345 3. Flex connection should be installed to minimize
3. 18 vibration effects.
540000
* INCIDENT Ml MINOR MALFUNCTION

)

MA = MAJOR MALFUNCTION P

PROBLEM
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FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS

¢

TABLE1l-90

{Sheet 6 of 7)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION OPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 3 copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
3. RECOMMENDATIONS
(Component) 4. SOURCE DOCUMENT CAUSE} MODE EFFECT
(System/Subsystem)
30 1. Piping/Pipe 1. ETR I I I Unknown| Direct observation 1. Crack developed in weld near inlet of C-7 primary
2. Heat Transfer/Piping | 2. Primary system piping 121 61 520 (unscheduled) heat exchanger.
3. 18 3. Steady full power (175 Mw) 2. Installed new section of piping.
221210 4. INC-69-124 3. None.
31 1. Piping/Insulation 1. EBR-II MA MA MA Unknown| Direct observation 1. Insulation cracked due to thermal expansion over
2. Heat Transfer/Inter- | 2. Secondary sodium piping 477 99 580 (unscheduled) several years' time.
mediate Cooling 3. Happened over several years 2, Repaired waterproof lagging cover. i
3. 18 4. EBR-II No. 4 3. Provide adequate preventive maintenance to maintain
222210 protection from moisture.
32 1. Piping/Pipe 1. SCTI I B I Unknown| Direct observation 1. During preheat a separation in pipe wall was
2. Steam, Condensate 2. Main steam system 452 6Z 520 (unscheduled) observed to ''open up."
and Feedwater/Main 3. Down (unscheduled repair) 2. All new spools were ultrasonically tested and defectiv
Steam Piping 4, 5CTI-338 sections rejected. Acceptable sections were welded
3.18 into the system.
281300 3. Improved Quality Assurance procedures,
33 1. Piping/Pipe 1. LCTL I I I Unknown| Routine inspection 1. Sodium leak discovered in 2-by-3-in, pump discharge
2. Heat Transfer/ 2. 3-in. sodium loop, Line No. 303 200 90 550 line. Failure due to intergranular corrosion.
Coolant Piping 3. Down (unscheduled maintenance) 2. Pipe removed from system and replaced withnew spool.
3. 18 4. IMPR No. 012 3. Maintain loop in preheat condition {(~250°F) when
221210 system is in standby. When in operation, protect loop
from elements.
34 1. Piping/Finned Tube 1. LCTL I I I Unknown| Direct observation 1. Sodium leak discovered in 1-in. plugging loop finned
2. Heat Transfer/ 2. 1-in. plugging loop 200 90 550 tube section. Failure due to intergranular corrosion.
Purification 3. Startup 2. Finned tubing removed and replaced with new section.
3. 18 4. IMPR No. 021 3. Provide moisture protection for loop when system is
224235 is in shutdown condition, maintaining loop in preheat
condition when practical.
35 1. Piping/Flange 1. ANL MA MA MA Unknown| Alarm 1. Sodium leak at flange located at base of riser. ¥
2. Instrumentation and 2. Fuel failure detection loop 500 53 550 2. Unknown. :
Control/ Fuel Element| 3. Unknown 3. None. Report lacking in sufficient information for
Failure Detection 4. FFDL No. 1 complete analysis.
3.18
26114
36 1. Piping/Pipe 1. BNW Bldg. 324 I I I Unknown| Direct observation 1. Sodium leak occurred causing sodium fire.
2. Heat Transfer/Piping | 2. Test loop 15Z 59 550 (unscheduled) 2. Operational procedure changed.
3. 18 3. Test in progress, 1240°F 3. System redesign.
221210 4. 324-3-69
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE1-90

[
E FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS
- {Sheet 7 of 7)
o
s 1. COMPONENT/PART 1. FACILITY FAILURE INDEX
3 2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEx I 1. FAILURE DESCRIPTION
ITEM TING| METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
37 1. Piping/Flange 1. ETR MI MI MI Unknown| Direct observation 1. Flange seal had failed.
2. Reactor Equipment/ 2. Test loop 500 57 530 (unscheduled) 2, New flange seal inserted.
In-core Capsules and | 3. Down (unscheduled repair) 3, Additional research and development.
Test Loops 4. INC-69-120 :
3. 18
218000
-
g
53]
o
-3
o
8
S
oo
0|
A
<
A
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE _1-91

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _PIPING AND ASSQCIATED FITTINGS

COMPONENT SUBTYPE _ MISCELLANEOUS PIPING

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Nuclear Power Reactor
S
<2(l§._ Nuclear Test Reactor
-
0.’_
Fuel Handling
Instrument Air Supply
E Miscellaneous Equipment )
—
(%2
>-
w
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Air Line
; Nipple
<
o
[
=
w
=
o
o
=
o
(&
Environment
L Human error
%]
>
<T
o
Mechanical
L Electrical
(]
(=]
=
Labor and material loss only
-
(&)
w
L
w
w

June 30, 1970
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TABLE _1-92

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT __PIPING AND ASSQOCIATED FITTINGS

SODIUM PIPING
FAILURES (A Q10 20 30 40 50 60 70 80 90 100

COMPONENT SUBTYPE

Component Test Facility

Nuclear Power Reactor

PLANT
TYPE

Intermediate Cooling

Primary Cooling

Heat Transfer

Instrumentation and Control

SYSTEM

Bellows

Thermowell

Pipe
Gasket

Insulation

Flange

COMPONENT PART

Inherent

Human error

Impurity /contamination

CAUSE

Environmental

Unknown [ —

Metallurgical

Mechanical

Chemical

MODE

Metal corrosion
Other

Plant availability loss

Labor and material loss only

System/component inoperative
Potential damage to equipment j— @

EFFECT
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TABLE _1-93

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _PIPING AND ASSOCIATED FITTINGS

COMPONENT SUBTYPE

FAILURES (%) 0

SODIUM VAPOR AND INERT GAS PIPING

10 20 30 40 50 60 70

80

90 100

PLANT
TYPE

Nuclear Power Reactor

Nuclear Test Reactor

Heat Transfer

Fuel Handling

= | Coolant Treatment
%3] T
—
1%
>
wn
Pump Vent Line
Vent Line
| Line to Chromatograph
-4
< Joint
o
— | Piping Plugged
=
w | Argon Seal
=
o
a
=
o
[&]
Environmental
i | Unknown
n
'_<'(> Impurity /contamination
3]
Mechanical
L Unknown
Q
g Other
Labor and material loss only
5 System/component inoperative
w
w
[T
w
LMEC-Memo-69-7,Vol I
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COMPONENT SUBTYPE

TABLE _1-94

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _PIPING AND ASSOCIATED FITTINGS

STEAM PIPING

FAILURES (%) 0 10 20

80

90 100

Component Test Facility

Nuclear Test Reactor

PLANT
TYPE

Main Steam

Steam and Feedwater

=
]
—
wn
>
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Flange Gasket
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o
§ Pipe
—
=2
w
=
o
a
=
(=]
o
Environmental
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)
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< >
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Mechanical
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=
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w
L
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L

June 30, 1970
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COMPONENT SUBTYPE

TABLE __1-95

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _PIPING AND ASSOCIATED FITTINGS

WATER PIPING

FAILURES (%) 0

10 20 30 40 50

60
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80

90 100

Nuclear Power Reactor
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TABLE _1-96

GENERAL SUMMARY

COMPONENT _PIPING AND ASSOCIATED FITTINGS
FAILURES (%) 0 10 20 30 40 50 60 70 80 90 (00

Environmental

Impurity/contamination

Human error

Inherent

Unknown

CAUSE

Electrical

Chemical

Mechanical
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Metallurgical
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Plant availability loss

Labor and material loss only

System/component inoperative

EFFECT

Potential damage to equipment -—
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Sodium vapor and inert gas piping

Sodium piping

Steam piping

Water piping

Miscellaneous piping
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9. Piping Supports

Failure data for piping supports are presented in Tables 1-97 through 1-99.

a. Reliability Information

Design Features:

Supports sodium piping under all thermal and hydraulic design conditions.

Critical Characteristics:

1) Support pipe if adjoining supports fail
2) Allow for thermal expansion.

Mode of Failure:

1) Misalignment

2) Sway braces failed
3) Weld failures

4) Excessive loads.

Failure Description:

1) Pipe hangers misaligned
2) Weldment of bracket to vessel wall failed
3) Imposed loads exceeded design limits resulting in support failure.

Control Methods:

None.

Alternate Concepts:

The problem of how to support large-diameter, relatively thin-walled hot
pipes has not been solved. Pipe hangers as now used are of questionable value.
Circumferential stiffeners for local strengthening in support areas may be a
possibility, but present additional problems of thermal stresses. Problems
relating to pipe support may lead to revising traditional concepts of connecting
fluid systems. Short sections of connecting piping might be reasonable. These
sections might be similar flexible hoses, with reinforcing rings at the base of

the convolutions for added strength.

LMEC-Memo-69-7, Vol I
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TABLE __1-97 .
FAILURE DATA FOR _PIPING SUPPORTS

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE opeRa 1. FAILURE DESCRIPTION
ITEM TING| METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Piping Supports/Turbingd!l. EBR-II MA MA MA 12,600 During repair of 1. Pipe hangers misaligned.
Exhaust Pipe Hangers }2. Condensate system 416 56 550 associated system 2. Local repair, pipe hangers were modified.
2. Steam, Condensate and |3. 3. Install thermal expansion joint in turbine exhaust line
Feedwater Piping and [|4. Operations weekly report, 11-29-67 to prevent loading turbine case.
Equipment /Feedwater
3. 19
284400
2 1. Piping Supports/ 1. EBR-II MI MI MI ~ 11,320 [Direct observation 1. Sway braces failed.
Balance Line Sway 2. Feedwater system 500 54 550 2. Part replaced.
Braces 3. - 3. None.
2. Steam, Condensate and |4. PMMR-107
Feedwater Piping and
Equipment/Feedwater
3. 19
284400
3 1. Piping Supports/ 1. EBR-II MI Ml Ml ~ 541 Direct observation 1. Hanger failed. Cause unknown.
Hanger 2. Feedwater system 500 BZ 530 2, Part replaced.
2. Steam, Condensate and |3. - 3. None.
Feedwater Piping and (4. PMMR-95
Equipment /Feedwater
3. 19
284400
4 1. Piping Support/Header |1. SCTI MI MI 4066 Direct observation 1. Weld holding bracket to vessel wall failed.
Support 2. Treated water and chemical feed 416 59 117 2. Local repair.
2. Feedwater Supply and system makeup demineralizer D-1 3. None.
Treatment System/ 3. -
Chemical Treatment 4. Incident report No. 328
Facilities
3. 19
273300
5 1. Piping Support/ 1. SCTI MI MI MI 19,380 Direct observation 1. Excessive stress on manifold caused support to break.
Manifold Support 2. Treated water and chemical feed 120 54 530 2, New interface manifold fabricated with the tee socket
2. Feedwater Supply and system demineralizer D-2 welded at all three openings.
Treatment System/ 3. - 3. None.
Chemical Treatment |4. Incident report No.315
Facilities
3. 19
273300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-98

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _PIPING SUPPORTS

PIPING SUPPORTS
FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100

COMPONENT SUBTYPE

| Nuclear Test Reactors
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TABLE _1-99

GENERAL SUMMARY
COMPONENT _PIPING SUPPORTS

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100
Environmental
Inherent
(¥}
[%2] Unknown
>
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(8]
Mechanical
w Unknown
(=)
o
=
Labor and materials loss only
S System/component inoperative
™
[V
Lt
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Piping supports (sodium)
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w
o
>
[
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10, Pumps and Supports

Q‘ Failure data for pumps and supports are presented in Tables 1-100 through
1-107.
a. Feedwater

(1) Reliability Information

Design Features:

1) Rotary centrifugal

2) Constant speed or variable speed

3) Single impeller, double impeller, or scoop tube
4) Reciprocating startup pumps.

Critical Characteristics:

1) Low-flow operation limit
2) Flow control sensitivity vs head

3) Pump drive reliability and characteristics are especially critical

Q between different types of drives.

Mode of Failure:

1) Wear, score, or break of rotating components or seal elements
2) Wiped or scored bearings
3) Lubrication control inadequate.

Failure Description:

1) Pump cylinder packing worn out
2) Pump cylinder packing ruptured
3) Pump cylinder O-ring worn out
4) Too much packing installed

5) Thrust bearing wiped

6) Bearing damaged

7) Impeller scored

LMEC-Memo-69-7, Vol I
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8) Discharge flange gasket worn out
9) Improper oil in oil reservior
10) Too much oil in oil reservoir
11) Rubber bushing of control shaft deteriorated on the turbine-driven
pump
12) Strainer dirty
13) Shaft labyrinth seal leaked oil

14) Unloader spring malfunctioned on the turbine-driven pump.

Control Methods:

1) There should be more frequent maintenance inspections.
2) The maintenance procedures should be improved.

3) The installation procedures should be available.

4) There should be more personnel training.

5) In some cases, parts should be better designed.

(2) Discussion and Recommendations

Reciprocating Type Startup Pump:

A large number of malfunctions caused by piston-rod packing failures could
be reduced: (1) by using prefabricated packing elements made from proper ma-
terial, (2) by determining and applying measured torque, (3) by request of
manufacturer's suggestions, and (4) by training all maintenance personnel who

should perform this type of work.
General:

Maintenance personnel should be equipped and trained to check bearing wear
and bearing lubrication; and to follow manufacturer's instructions for lubrication
oil selection and oil level check of turbine-driven pumps. An individual pre-
ventive maintenance schedule should be determined for each important component,

and check points should be detailed.

There are several methods to reduce the possibility that a valve is left

closed in a pump discharge line:

LMEC-Memo-69-7, Vol I
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1) Important changes in the operational conditions should be transmitted

in written form to the succeeding shift operators.

2) Motor start can be prevented by the installation of an interlock be-

tween all valves in the pump discharge line and the motor starter.

3) Plant layout schematic board can supply visual inspection about the

positions of all important loop components.

4) Thermal switch in the pump recirculation line can actuate alarm in

case of sudden restriction in the pump discharge line.

It is recommended that a periodic course be introduced for the operational
personnel, where the dangerous and important sections of the operational man-
uval can be refreshed and discussed. During these occasions the participants
can exchange their experiences for the benefit of plant safety and plant avail-
ability. A similar periodical course could improve preventive maintenance

performance.

b. Miscellaneous

(1) Reliability Information

Design Features:

Generally centrifugal or positive displacement gear or lobe types.

Critical Characteristics:

Proper installation, choice of type, and maintenance are important to pump

bearings.

Mode of Failure:

1) Clogging of system or filters

2) Worn, broken, or ruptured component
3) Vibration

4) Misalignment

Failure Description:

1) Bearing worn out

2) Bearing wiped

LMEC-Memo-69-7, Vol I
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3) Bearing broken, seized

4) Shaft seal rings worn

5) Impeller and casing vibration

6) Belt drive broken

7) Air lock supply pump malfunction
8) Acid system pump clogged

9) Vacuum pump diaphragm ruptured.

(2) Discussion and Recommendations

Worn and misaligned or broken bearings can be detected early using thermo-
couples, thermoswitches, and vibration detectors. Each sensor could be con-
nected to an alarm,.

An interlock between the discharge line valve and motor starter can prevent
pump damage. The use of settling tank level switches and flow indicators that
are inspected frequently can signal clogging or malfunction of water treatment

systems.
Other suggestions are:

1) Maintenance personnel should be equipped and trained for checking

bearing wear and lubrication.

2) Factory-sealed bearings, and proper installation procedure, should

be used.

3) Pump failure caused by closed discharge line valve can be eliminated

by interlock between valve position sensor and pump starter.

4) Corrosion and possible chemical reactions shall be considered in
selecting pumps and piping materials for chemicals in a feedwater
treatment loop. Manufacturer's proposal for maintenance should

be requested and followed.
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c¢. Free-Surface (see Figures 1-15 through 1-18)

(1) Reliability Information

Design Features:

This type of pump maintains a safe sodium level in the pump housing through
an intricate balance of wear ring, weep hole, cover gas pressure and sodium

return line design characteristics.

Critical Characteristics:

1) The alignment and life of bearings, seals, and shafts are important.

2) Adequate case cooling is required to prevent thermal distortion

during startup or transient.
3) Good sodium level control is vital.

Mode of Failure:

1) Restricting flow in system

2) Wear

3) Misalignment

4) Seizure through thermal distortion
5) Vibration

6) Maintenance deficiency.

Failure Description:

1) Bearing worn out

2) Bearing hoisy

3) Bearing vibrating

4) Weep holes sucking sodium into pump casing
5) Shaft seal worn out

6) Shaft seal misaligned

7) Carbon face seal rings chipped

8) Foreign material in rotating seal

9) O-ring worn out
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10) Shaft seizure from foreign material in bearings

11) Shaft distorted from thermal gradients causing binding
12) Shaft deflected

13) Sodium frozen to pump shaft and leaked into oil reservior
14) Pump squealing

15) Piston cups worn out

16) Oil leaks into sodium from oil seal.

(2) Discussion and Recommendations

Description:

The free-surface sodium pump is one of the early concepts.,

The pump has no internal seals or internal lubricated bearings. The bear-
ings and seals are located on top of the pump floor plate. An unlubricated hydro-

dynamic guide bearing, located inside the pump, guides the impeller shaft,

These pumps require no internal instrumentation except for sodium level
indicators located in thimbles, The sodium level indicators may be located on
the exterior surface of the pump case. In either case they are accessible and
the pump need not be disturbed to perform maintenance work on the instrumenta-

tion.

The sodium level in the free-surface pump is controlled by locating the
pump at the high point in the system or the pump case can be fitted with an
overflow line that returns excess sodium to a balancing leg which in turn is

connected to the pump suction line.
Problems:

The following are some of the more serious problems encountered with

free-surface pumps:

1) Preheating the system prior to filling with sodium has caused warpage

that resulted in binding the impeller shaft.

2) Foreign matter (metal cuttings) have deposited in the hydrodynamic

bearing and caused seizure of the impeller shaft.
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10)

11)

12)

13)

14)

An impeller shaft was bent during the installation of the bearing seal

assembly on the pump floor plate resulting in loss of plant availability.

Mechanical oil seals located in the bearing seal assembly (top of pump

floor plate) have failed resulting in downtime.

Mechanical oil seals have failed resulting in oil leakage into the sodium
system. This is an unacceptable incident and the bearing seal assem-
bly must be designed to make it impossible to leak o0il into the sodium

system.

Magnetic clutches used for driving some free-surface pumps have
operated at higher-than-specified temperatures. This was the result

of inadequate air circulation inside buildings,.

Problems with belt-driven tachometers have resulted in unnecessary

shutdowns.,

Permitting pump drive motors to be exposed to the elements (rain)

has caused motor failure resulting in downtime.

The lack of adequate operator training has resulted in downtime,

including getting oil into the sodium system.

The impeller shaft guide bearing journal has been scored in some

pumps; however, this has not caused pump failure.

Bearings have failed in the bearing seal assembly on some pumps;
however, other pumps have operated for thousands of hours without

bearing problems.

Pumps equipped with balancing legs have been flooded by improper
operation of inert cover gas systems, resulting in downtime and

and plugged vent systems.

Carbon (oil in sodium system) has deposited in bellows, actuated level
indicators on the pump cases, and rendered them inoperative, re-

sulting in pump downtime.

Pump downtime has resulted because of pump instrument thimbles

vibrating. The thimbles were attached on the upper end only.
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Summary:

Free surface pumps have been used quite extensively in the industry.
There have been many problems encountered with the pumps; however, the
operating history of these pumps is relatively good. After about one year

of debugging the SRE, free-surface pumps were considered very reliable.

Recommendations:

The free-surface concept of sodium pumps should be further developed.
The pump floor plate should be designed to make it nearly impossible to leak
oil into the pump case. The bearing seal assembly leak-off chambers should

be sized to hold the entire quantity of oil in the bearing housing,

Mechanical seals that are presently used in the bearing seal assemblies
inherently leak oil; therefore, a method of knowing precisely how much oil
is leaking across the seal should be designed into the assembly. Knowing the

quantity of oil leaked and the amount of makeup is necessary for a free surface
pump.

Pumps that can be flooded for any reason should be equipped with protec-

tive devices to detect the incipient stage of such an occurrence.
Other recommendations are:
1) Better designed bearings
2) Adequate preventive maintenance schedule
3) Sensors to detect bearing malfunctions
4) Provision for tolerance checking of bearings

5) Provisions for aligning bearings and seals during maintenance

operations
6) Selection of proper materials for parts
7) Improvement of cover gas oil seals

8) Designing for uniform pump casing cooling.
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d. TFreeze Seal (see Figure 1-19)

(1) Reliability Information

Design Features:

Impeller region is sealed from the pump bearing case by a frozen column
of sodium between the case and the shaft. Freezing is maintained by a cooling

system.

Critical Characteristics:

The freeze seals have small operating tolerances and require frequent

inspection.

Mode of Failure:

1) Seizure of shaft
2) Misalignment
3) Broken

4) Cracked.

Failure Description:

1) Pump shaft seizure by freeze seal or wear-ring area

2) Loss of freeze seal

3) Bearing alignment was performed improperly during maintenance
4) Crack in thermowell welding, an organic material deposit

5) Magnetic seal leakage.

Control Methods:

1) Procedure which set controls at proper limits.
2) Better maintenance schedules and procedures.
3) Design wide clearance between wear-rings.

4) Determine proper ratio between wear-ring and weep-hole areas;

maintain same ratio for all subsequent modifications.
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(2) Discussion and Recommendations

The freeze seal sodium pump is one of the first concepts that was developed.
Sodium is frozen around the periphery of the pump bucket and the impeller shaft
to act as seals. The pump case seal can be easily maintained and is quite reli-
able. The pump impeller shaft seal is a problem because it is affected by sev-

eral variables.

The impeller shaft seal requires almost constant surveillance and then on

occasion the seal appears to operate unpredictably.

Loss of a freeze seal renders the pump inoperative. A complicated main-
tenance activity is required to return the pump to an operable status. If the
pump is used to circulate radioactive sodium, then the time required to over-
haul the pump after losing a freeze seal will increase because the radioactive

sodium must be permitted to decay.

The sodium in the seal regions is kept frozen by an auxiliary cooling sys-
tem. The coolant in this auxiliary system may present a hazard if a leak should
develop permitting the coolant to come in contact with the sodium. (Note: SRE

fuel badly damaged by leaking shaft seal; coolant - tetralin. )

Losing a freeze seal requires stem cleaning the pump, replacing the pump
bearings, cutting, and welding freeze seal coolant lines, and generally involves

extensive thermocouple work,

Extensive experiments in water loops and subsequent experience on the SRE,
indicated that, for the SRE pumps, a two-to-one area ratio between the wear-ring
annulus and the impeller weep-holes would give an approximately constant pres-
sure at the base of the freeze seal for all pump speeds, thus reducing the problem
of blowing one of the seals either by too much sodium pressure at the base of the
seal or too much cover gas pressure above the seal. This could differ for

another system.
Summary:

Freeze seal sodium pumps have a poor reliability record, they are difficult
to operate, require almost constant operator attention, are costly to maintain,

and require support systems that are not required by other pumps.
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Plant or system availability has been greatly reduced where these pumps

were used, due to their failure history.

Recommendations:

Freeze seals should be kept under close surveillance, supported by fre-
quent inspection of pump functional indicators or recorders. Preventive main-
tenance shall keep close check on the temperature control system of the freeze

seal.

Freeze seal can prevent sodium leakage at the pump shaft if the sodium is
kept at certain low viscosity level in the seal area. Since the required low
viscosity exists only in a very narrow temperature range, a close temperature
control is required for the freeze seal. Varying pump loads vary the pump
speeds, changing friction heat generation, which requires elaborate heating-

cooling sodium control.

At the present the free-surface pump shaft seals are in an advanced de-
velopment stage compared with the freeze seal; therefore, free-surface pumps

are more highly recommended.

e. Electromagnetic (see Figure 1-20)

(1) Reliability Information

Design Features:

Electromagnetic pumps are widely varied in design, each having specific
advantages and disadvantages which are described in the text, Four fundamen-

tal types are AC conduction, DC conduction, rotary, and stationary magnet.
Critical Characteristics:

Thin-walled pump duct, delicate electrical equipment, overtemperature

of liquid metal.

Mode of Failure:

1) Clogged
2) Cracks

3) Electrical.
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Failure Description:

1) Clogged cooling lines
2) Cooling jacket clogged
3) Coolant void.

Control Methods:

1) Establish a preventive maintenance schedule,
2) Install a differential pressure gage to indicate filter congestion.

(2) Discussion and Recommendations:

General:

Experience with electromagnetic pumps has shown that reliability and effi-

ciency are adversely affected by the following:

1) Coolant void formation in the pump duct, accompanied by inadver-
tant electrical energizing of the pump circuit will damage conduction-
type pumps due to the high current density in high ohmic resistance

joints, such as the duct-to-bus bar connection.
2) Pressure fluctuations will fatigue the thin-walled pump duct.

3) Overtemperature in the liquid metal, This can reduce the perfor-

mance and life of all types of electromagnetic pumps.

4) Loss of pump cooling. This adversely affects any of the various
types of electromagnetic pumps by increasing coil resistivities,

reducing magnetic material performance, and deteriorating electrical

insulation.

5) The pump duct is a thin-walled member requiring extreme care in
design and fabrication and possibly a hermetically sealed secondary

enclosure,

6) Electrical insulation breakdown may result if exposed to gamma or

neutron radiation.
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7) Fabrication techniques are not as conventional as for centrifugal

pumps and require special inspection and test techniques,

8) Delicate electrical equipment including field windings and bus bars
are frequently damaged during installation and maintenance if not

adquately protected by cages or covers.

Only four of the major subtypes of pumps shown in Figure 1-20 are discussed
due to the limited availability of failure data. As an example, one failed annular

induction pump is the only data on this pump subtype.

Alternating-Current Conduction Pumps:

Alternating-current pulsations can produce mechanical vibrations of the
pump components. High temperature (1000 to 1200°F) fatigue and stress con-
centration problems occur where the magnet poles and electrodes are attached
to the duct. A detailed and careful piping stress analysis is required for the
connected loops. If the required EM pump output temperature is below the
maximum design allowable for copper, copper bus bars are recommended since
copper is not susceptible to magnetostriction and would not vibrate under the
influence of the magnetic field. For higher temperature application, nickel
bus bars are acceptable. When operating below the cﬁ.rie point of nickel
(676.4°F), the pump power level should be maintained below the point where

forces generate unacceptable vibration.

Electrical components exposed to mechanical vibration should have their
coils periodically inspected and, if necessary, reimpregnated with insulating

compounds before turn-to-turn shorts develop.

Operation is limited to temperatures that exceed the sodium plugging tem-
perature by several hundred degrees fahrenheit. The oxides of sodium having

poor electrical conductivity tend to preferentially deposit at the poles.

Alternating-current conduction pumps should not be operated under condi-
tions where the pump duct is empty, or that allow gas bubbles to pass into the
pumps, since either will cause the current passing through the sodium liquid
to decrease. This, due to magnetic coupling with the secondary, results in
increased current passing through the duct walls. Overheating and failure of

the bond connecting the electrode or bus bar to the duct walls may result.
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To eliminate the possibility of energizing an ac conduction pump when
there is no liquid metal in the pump duct, it is recommended that the pump

startup circuit be interlocked with a liquid sensor (spark-plug type).

Direct-Current Conduction Pumps:

Direct-current conduction pumps are suitable for flow rates up to 200 gpm,
but the maximum liquid metal temperature is limited to approximately 500°F due

to:
1) Oxidation of the bus bar conductor which is bonded to the pump duct.

2) Deterioration of the direct-current source (rectifiers or generators)

due to heat conducted into the source by the bus bars from the pump

duct.

The pressure rise that can be produced by a dc conduction pump can be in-
creased by multiple~staging; that is, by exposing the liquid metal to the magnetic
field at several places within the pump where current from the bus bars passes
through the liquid. However, this introduces problems due to the multiplicity

of bonded joints that become necessary.

Designers should consider the magnetostrictive forces acting on the duct

wall in attempting to eliminate failures due to self-induced vibration.

To eliminate the possibility of mass transfer, material compatibility should
be investigated before final design of any components that are in direct contact

with the liquid metal.

Where cooling fans are used for cooling of the pump coils, it is recom-

mended that the unit be provided with factory-sealed bearings.

As with the ac conduction-type pumps, in order to eliminate the possibility
of energizing a dc conduction pump when there is no liquid metal in the pump
duct, the existing pump startup circuit should be interlocked with a liquid sensor

(spark-plug type). New designs should also provide this same protective feature.

Improper bonding of the bus bar to the pump duct permits oxide corrosion,

and eventual reduction in pump performance will occur.
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Induction Pumps:

Mechanical vibration and metal fatigue that result from magnetostrictive

forces should be considered in linear induction electromagnetic pump design.

Curves showing the fatigue strengths of EM pump duct materials are in-
cluded in the AC Conduction Pump Standard being prepared by the LMEC.
Vibration limits have been established in this standard which will also apply

to linear induction pumps.

Where environmental conditions, such as temperature, humidity, fumes,
etc., can adversely affect the electrical controls for ac induction pumps (i. e.,
circuit breakers, relays, variacs, etc.), designers should recommend sealed,

instead of open contacts.

Component and system designers should consider the high startup in-rush

currents whenever electrical ac components are used.

AC magnetic coil design should include the special insulation requirements

in connection with laminated magnetic cores.

Designers should follow the design standard recommendations developed
for proper bolting of laminated ac magnet cores. Standards for 1/4 to 20 NC
stud bolts are 35 to 105 in.-1b, and for 5/16 to 18 NC are 80 to 260 in.-1b.
Torque all bolts to minimum standards of 35 in.-1b for 1/4-in. bolts and 80 in.-

1b for 5/16 in. bolts.

Linear induction pumps are suitable for much higher flow rates than con-
duction pumps but practical problems such as increase in weight, size, cost
of flow control equipment, and power conditioning apparatus limit the pres-

sure rise,

Cooling water systems used to control the pump temperature should offer
the same degree of purification control as used for feedwater purity to the steam
generators. Obstruction to coolant flow in cooling jackets can adversely affect

pump life,

The annular induction pump was designed to provide easy installation of

the excitation magnet and the central iron core around the pump duct.

Mechanical vibration and metal fatigue that result from magnetostrictive

forces should be considered for all types of induction pump designs.
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Annular induction pumps are suitable for the same flows and pressures as

linear induction pumps but are temperature limited because the stator winding

cannot be cooled as effectively as in a linear induction pump.

This is a '"one-of-a-kind'" pump and was considered developmental. Dif-

ficulties experienced with this particular pump may not be applicable to other

concepts based on the annular duct induction principle.

EM Pump Water Cooling System:

1)

Apply differential pressure gages to indicate the state of the filters

for the maintenance personnel.

Install sight glasses to inspect sediments in settling pockets if they

cannot be eliminated.
Change filters to finer mesh if larger-size particles cause clogging.
Build settling tanks in the loop if the piping slope is not adequate.

Preventive maintenance schedules should be established to check the
above-mentioned gages and sight glasses if they are not connected to

an automatic alarm system.

For New Loops or Loops Which Must be Rebuilt:

1)

Water source purity check, cooling loop orifice size, and available
slope should determine the application of filter and settling tank

dimensions.

Use redundant filtering and settling equipment where uninterrupted

service is at premium.

If backwash is considered for filter and settling tank cleaning, provide

adequaten drain and sewer pipe sizes for mud and dirt removal.

Apply temporary pipe end caps during loop construction to avoid

entrance of foreign material into the loop.

After the loop construction is completed, wash it out with pressurized

water to secure as clean a loop as possible,

Provide penalty and/or premium for the construction company if such

accident may or may not occur.
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TABLE
FAILURE DATA FOR

1-100

PUMPS AND SUPPORTS

(Sheet 1 of 37)

COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION PR o L. FAILURE DESCRIPTION
ITEM ATING| METHOD OF FAILURE 5. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Pump/Shaft Bearing 1. EBR-II MA MA MA 12, 425 Operational monitors | 1. Bad bearing.
2. Steam, Condensate, 2. Condensate/turbine drive condensate | 125 52 530 2. Bearing replaced.
and Feedwater Piping pump 3. Correct installation and sufficient lubricating
and Equipment/Main 3. 9700 RPM, 150 psig procedures should be maintained.
Condensate Pump 4, Operations weekly report, 11-21-67
3. 17
283100
2 1. Pump/Journal Bearing| 1. EBR-II M1 MI MI 2590 Preventive 1. Bearing worn out.
2. Steam, Condensate, 2. Condensate/motor driven condensate | 500 52 530 Maintenance 2. Part replaced.
and Feedwater Piping pump 3. None.
and Equipment/Con- 3. 364°F, 1500 psig, 3580 RPM
densate Booster Pump {4. PMMR-35
3. 17
283200
3 1. Pump/Bearing 1. EBR-II MA MA MA 12, 600 Operational monitors,| 1. Bearing worn.
2, Steam, Condensate, 2. Condensate system/turbine driven 146 52 550 bearing temperature 2. Part replaced.
and Feedwater Piping condensate pump high 3. None.
and Equipment/Main 3. 9700 RPM, 150 psig
Condensate Pump 4. Operations weekly report, 11-29-67
3,17
283100
4 |1. Pump/Shaft Bearing 1. EBR-1I MA MA MA 12,390 Operational monitors | 1. Bearings were completely worn.
2, Steam, Condensate, 2. Condensate system/turbine driven 500 52 530 2, Part replaced.
and Feedwater Piping condensate pump 3. Check alignment of pump and drive turbine.
and Equipment/Main 3. 9700 RPM, 150 psig
Condensate Pump 4, Operations weekly report, 12-13-67
3,17
283100
5 1. Pump/Bearing 1. EBR-II MA MA MA 12,390 Operational monitors | 1. Bearing broken,
2. Stearm, Condensate, 2. Condensate/turbine driven conden- 136 59 550 2, Part replaced.
and Feedwater Piping sate pump 3. Request factory assistance.
and Equipment/Main | 3. 9700 RPM, 150 psig
Condensate Pump 4. PMMR-113
3,17 .
283100 B
* | = INCIDENT Ml MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P
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TABLE _1-100

PUMPS AND SUPPORTS

(Sheet 2 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE R 1. FAILURE DESCRIPTION
ITEM PERATIN ETHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 1. Pump/Shaft Sleeve 1, EBR-II MI MI MI Unknown | Preventive 1. Unknown,
2, Steam, Condensate, 2. Condensate/motor driven conden- 500 52 530 maintenance 2. Unknown.
and Feedwater Piping sate pump 3. None.
and Equipment/Con- 3, 364°F, 1500 psig, 3580 RPM
densate Booster Pump| 4. PMMR-35
3. 17
283200
7 1. Pump/Carbon Sealing | 1. EBR-II MI MI MI Unknown| During routine 1, Seal rings worn out.
Rings 2. Condensate/turbine driven conden- 500 BZ 530 inspection 2. Part replaced.
2. Steam, Condensate, sate pump 3. None.
and Feedwater Piping { 3. -
and Equipment/Main | 4. Operations maintenance report
Condensate Pump 6-19-68
3. 17
283100
8 1. Condensate Pump 1. SCTI MI MI MI 2700 Routine area watch 1. Mechanical shaft seal leaked.
(P-4)/Mechanical Seal| 2. Feedwater system (condensate) 126 52 530 2. Part replaced.
2. Steam, Condensate, 3. 350 GPM, 225°F : 3., Maintenance schedule should be revised.
and Feedwater Piping | 4. Incident report No, 103
and Equipment/Main
Condensate Pump
3. 17
283100
9 1. Pump/Bearing 1, SCTI MI MI MI 5200 Direct observation 1. Outboard bearing seized — inspection revealed water
2. Steam, Condensate, 2. Condensate Pump (P-4) 500 57 530 in bearing.
and Feedwater Piping | 3. 3550 RPM 2. Replaced component part.
and Equipment/Main 4. Incident report No. 326 3. Provide equipment for the environment.
Condensate Pump
3,17
283100
10 1. Pumps and Supports 1. SCTI MA MA MA | 4427 Operational monitors | 1. Loss of feedwater flow required manual scram which
2, Steam, Condensate, 2, Steam and feedwater 500 BZ 520 froze off sodium on the primary expansion tank vapor
and Feedwater Piping | 3. 350 GPM, 225°F trap.
and Equipment/Main 4. Incident report No., 134 2. Thermal insulation was placed on the primary expan-
Condensate Pump sion tank vapor trap to eliminate sodium solidification
3. 17 in similar future cases. As no trouble could be found,
283100 pumps restarted.
3. None.
* | = INCIDENT M MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P
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TABLE _1-100

PUMPS AND SUPPORTS

(Sheet 3 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE opERAT o 1. FAILURE DESCRIPTION
ITEM ING| METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE{ MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
11 |{1. Pump/Packing 1. EBR-II MI MI MI 1137 Direct observation 1. Too much packing installed, caused failure,
2. Steam, Condensate, 2, Startup 328 59 530 2. Part replaced.
and Feedwater Piping | 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Equipment/Boiler | 4, PMMR-69 with failure problem.
Feed Pump
3,17
284100
12 | 1. Pump/Cylinder 1. EBR-II MI MI MI 1945 Preventive 1. Packing work out.
Packing 2, Startup 500 BZ 530 maintenance 2. Part replaced.
2. Steam, Condensate, 3, 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4, PMMR-80 with failure problem.
and Equipment/Boiler
Feed Pump
3. 17
284100
13 | 1. Pump/Cylinder 1. EBR-II MI MI MI 500 Direct observation 1. Packing worn out.
Packing 2. Startup 126 52 530 2. Part replaced.
2, Steam, Condensate, 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4. PMMR-82 with failure problem,
and Equipment/Boiler
Feed Pump
3,17
284100
14 | 1. Pump/Cylinder 1. EBR-11 Ml MI MIL 400 Routine area watch 1. Packing leaking.
Packing 2. Startup 126 59 530 2, Part replaced.
2, Steam, Condensate, 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4. PMMR-87 with failure problem.
and Equipment/Boiler
Feed Pump
3. 17
284100
15 | 1. Pump/Cylinder 1. EBR-II MI MI MI 1404 Preventive 1. Packing work out.
Packing 2, Startup 500 BZ 530 rmaintenance 2, Part replaced.
2. Steam, Condensate, 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4. PMMR-93 with failure problem.
and Equipment/Boiler
Feed Pump
3. 17
284100 .
* | = INCIDENT MI MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

O
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TABLE
FAILURE DATA FOR

1-100

PUMPS AND SUPPORTS

(Sheet 4 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
16 | 1. Pump/Cylinder 1. EBR-II MI MI MI 141 Preventive 1. Packing worn out.
Packing . 2, Startup, Cylinder 1 500 BRZ 530 maintenance 2. Part replaced.
2, Steam, Condensate, 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4, PMMR-96 with failure problem.
and Equipment/Boiler
Feed Pump
3. 17
284100
17 | 1. Pump/Cylinder 1. EBR-II MI MI MI 141 Preventive 1. Packing worn out.
Packing 2, Startup, Cylinder 2 500 BZ 530 maintenance 2. Part replaced.
2. Steam, Condensate, 3. 364°F, 1300 psig 3. Request packing manufacturer to provide assistance
and Feedwater Piping | 4. PMMR-96 with failure problem.
and Equipment/Boiler
Feed Pump
3. 17
284100
18 | 1. Pump/Bearings (Inner { 1. EBR-II MI MI MI Unknown | Operational monitors| 1. Bearing was found to be worn.
Thrust) 2. Feedwater /motor driven feed pump 500 52 530 High oil temperature 2. Part replaced.
2. Steam, Condensate, 3, 364°F, 1500 psig 3., None.
and Feedwater Piping | 4. Operating monthly report 11/67
and Equipment/Boiler
Feed Pump
3. 17
284100
19 1. Pump/0Oil . EBR-II MI MI MI Unknown| Preventive 1. Chemical analysis indicated high viscosity.
2. Steam, Condensate, 2. Feedwater /turbine driven feed 500 BZ 530 maintenance 2. Local repair.
and Feedwater Piping pump 3. None.
and Equipment/Boiler | 3. 3,64°F, 1500 psig, 3580 RPM
Feed Pump 4. Operating weekly report, 12-20-67
3, 17
284100
20 | 1. Pump/Oil Reservoir . EBR-II MI MI MI Unknown Direct observation 1. Too much oil in pump caused smoke.
2. Steam, Condensate, 2. Feedwater /turbine driven feed 310 33 530 2. Local repair, oil was removed.
and Feedwater Piping ump 3. Follow manufacturer's recommendations on quantity
and Equipment/Boiler | 3. 364°F, 1500 psig, 3580 RPM of oil to be used.
Feed Pump 4. PMMR-52
3,17
284100
* INCIDENT M = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE
FAILURE DATA FOR

1-100

PUMPS AND SUPPORTS

(Sheet 5 of 37)

FACILITY

1. COMPONENT/PART 1. FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERA;I d weTHoD oF FaIL 1. FAILURE DESCRIPTION
ITEM N ET URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
21 |1. Pump/Shaft Bushing 1. EBR-II MI MI MI Unknown | Preventive 1. Shaft bushing (rubber) deteriorated due to
2, Steam, Condensate, 2. Feedwater /turbine driven feed 187 52 530 maintenance excessive heat.
and Feedwater Piping pump governor control 2. Part replaced with bronze bushing.
and Equipment/Boiler | 3. - 3. None,
Feed Pump 4. PMMR-78
3. 17
284100
22 |1. Pump/Bearings 1. EBR-II MI MI MI Unknown { Operational monitors| 1. Bearings damaged due to overloading caused by a
2, Steam, Condensate, 2. Feedwater /motor driven feed pump 122 54 530 closed valve,
and Feedwater Piping | 3. 364°F, 670 to 90 GPM, 1500 psig, 2. Part replaced.
and Equipment/Boiler 3580 RPM 3. Upgrade operator training on pump.
Feed Pump 4., ANL-6808
3,17
284100
23 |1. Pump/Impeller 1. EBR-II MI MI MI Unknown | Operational monitors| 1. Impeller scored, was remachined.
2. Steam, Condensate, 2, Feedwater/motor driven feed pump 122 54 530 2. Part replaced.
and Feedwater Piping | 3. 364°F, 670 to 90 GPM, 1500 psig 3. None,
and Equipment/Boiler 3580 RPM
Feed Pump 4. ANL-6808
3. 17
284100
24 |1. Pump/Strainer 1. EBR-II MI MI MI Unknown | Preventive 1. Strainer dirty.
2, Steam, Condensate, 2, Feedwater /turbine driven feed 500 BZ 530 maintenance 2, Cleaned and replaced strainer,
and Feedwater Piping pum 3. None.
and Equipment/Boiler | 3. 900 HP, 9700 RPM, 150 psig
Feed Pump 4, PMMR-24
3. 17
284100
25 |1, Pump/Labyrinth Seal 1. EBR-II MI M1 MI Unknown | Direct observation 1. Labyrinth seal leaking oil.
2. Steam, Condensate, 2. Feedwater /turbine driven feed pump 500 BZ 530 2. Local repair,
and Feedwater Piping [ 3. 900 HP, 9700 RPM, 150 psig 3. None.
and Equipment/Boiler | 4, PMMR-35
’ Feed Pump
3,17
284100
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE
FAILURE DATA FOR

1-100

PUMPS AND SUPPORTS

(Sheet 6 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEX X 1. FAILURE DESCRIPTION
ITEM PERATING| METHOD OF FAILURE

3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECT1 3. RECOMMENDATIONS
(System/Subsystem)

26 |1, Pump/Manual Trip 1. EBR-II MA MA MA | 14,480 Direct observation 1. Spring malfunctioning.
Plunger 2. Feedwater/turbine driven feed pump | 500 53 520 2, Spring and spring retainer were modified by

2. Stearm, Condensate, 3. 900 HP, 9700 RPM, 150 psig installing a roll pin.
and Feedwater Piping | 4. Weekly report, 5-15-68 3. None.
and Equipment/Boiler
Feed Pump

3. 17
284100

27 |1. Pump/Cylinder No. 3 1. EBR-II MI MI MI 141 Preventive 1. Packing worn out.
Packing 2. Feedwater /startup boiler feed pump 500 BZ 530 maintenance 2. Part replaced.

2, Steam, Condensate, 3. 364°F, 1300 psig 3. Schedule preventive maintenance inspections as
and Feedwater Piping | 4. PMMR-96 required to prevent leakage.
and Equipment/Boiler
Feed Pump

3. 17
284100

28 |1, Pump/Cylinder 1. EBR-II MI MI MI 496 Operational monitors| 1, Packing ruptured.
Packing 2. Feedwater /startup boiler feed pump 500 59 550 2. Part replaced.

2. Steam, Condensate, 3, 364°F, 1300 psig 3. Uneven repacking periods show that maintenance
and Feedwater Piping | 4. PMMR-102 personnel should be trained for proper repacking
and Equipment/Boiler procedures.

Feed Pump

3,17

284100
29 |1. Pump/Cylinder 1. EBR-II MI MI MI 680 Preventive 1. Packing worn out.
Packing 2. Feedwater/startup boiler feed pump 500 52 530 maintenance 2. Part replaced.

2. Steam, Condensate, 3, 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-104
and Equipment/Boiler
Feed Pump

3. 17
284100

30 |1. Pump/Cylinder 1. EBR-II MI MI MI 200 Direct observation 1. Packing ruptured.
Packing 2. Feedwater /startup boiler feed pump 500 59 530 2, Part replaced.

2, Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-105
and Equipment/Boiler
Feed Pump

3. 17
284100

x| INCIDENT MI MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE opERAT . 1. FAILURE DESCRIPTION
ITEM ' ; ING| METHOD OF FAILURE

3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT} 3. RECOMMENDATIONS
(System/Subsystem)

31 |1. Pump/Cylinder No. 2 1. EBR-II MI MI MI 4020 Routine area watch, 1. Packing worn out.
Plunger Packing 2, Feedwater/startup boiler feed pump 500 52 530 direct observation 2. Local repair, repacked cylinder.

2, Steam, Condensate, 3. 364°F, 1300 psig 3. With improved maintenance procedure, even this
and Feedwater Piping | 4. Operations maintenance record (10 days operation) could be improved.
and Equipment/Boiler report 5-22-68
Feed Pump

3,17
284100

32 |1. Pump/Cylinder No. 3 1. EBR-II MI MI MI 640 During preventive 1. Packing worn out.
Packing 2. Feedwater /startup boiler feed pump 500 52 530 maintenance 2. Local repair, cylinder repacked.

2, Steam, Condensate, 3. 364°F, 1300 psig 3. None,
and Feedwater Piping [ 4. Operations maintenance
and Equipment/Boiler report 8-14-68
Feed Pump

3. 17
284100

33 (1. Pump/Packing and 1. EBR-II MI MI MI Unknown | Unknown 1. Coolant deficiency caused damage to plungers and
Plungers 2, Feedwater/startup boiler feed pump 270 52 530 packing.

2, Stearm, Condensate, 3. 364°F, 1300 psig 2. Modifications were made to improve the gland-cooling
and Feedwater Piping | 4. ANL-6749 system, using condensate rather than raw water,
and Equipment/Boiler 3. None.

Feed Pump

3. 17

284100
34 (1. Pump/Cylinder No. 2 1. EBR-II MI MI MI Unknown | Direct observation 1. O-rings worn out.
O-rings 2, Feedwater/startupboiler feed pump 500 52 530 2, Parts replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-3
and Equipment/Boiler
Feed Pump

3. 17
28410v

35 |1, Pump/Cylinder 1. EBR-II MI MI MI Unknown | Routine inspection 1. O-rings worn out.
O-rings 2. Feedwater/startup boiler feed pump 187 59 530 2, Part replaced, Removed Neoprene O-rings and

2. Steam, Condensate, 3. 364°F, 1300 psig installed high temperature Viton O-rings on
and Feedwater Piping | 4. PMMR-8 cylinders.
and Equipment/Boiler 3. None,

Feed Pump

3. 17

284100
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE N 1. FAILURE DESCRIPTION
ITEM PERATING] METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT! 3. RECOMMENDATIONS
(System/Subsystem)
36 |1. Pump/Discharge 1. EBR-II MI MI MI 2190 Preventive 1. Gasket worn out.
Flange Gasket 2, Feedwater/motor driven feed pump 500 BZ 530 maintenance 2. Part replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3. Apply predetermined torques to flange bolts and
and Feedwater Piping | 4. PMMR-36 gasket materials,
and Equipment/Boiler
Feed Pump

3. 17
284100

37 |l. Pump/Cylinder 1. EBR-II MI MI MI 1200 Operational monitors| 1. Packing worh out.
Packing 2. Feedwater /startup boiler feed pump 126 52 530 2, Part replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-4
and Equipment/Boiler
Feed Pump

3,17
284100

38 |1. Pump/Cylinder 1. EBR-1I MI MI MI 1200 Operational monitors}| 1. Packing wormn out.
Packing 2. Feedwater /startup boiler feed pump 126 52 530 2. Part replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-21
and Equipment/Boiler
Feed Pump

3. 17
284100

39 [1. Pump/Cylinder 1. EBR-II . MI MI MI 84 Operational monitors| 1. Packing worn out.
Packing 2. Feedwater/startup boiler feed pump 126 52 530 2. Part replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3, Factory representative will guarantee pump if
and Feedwater Piping | 4. PMMR-23 he oversees the pump modifications.
and Equipment/Boiler
Feed Pump

3. 17
284100

40 |1. Pump/Cylinder No. 1 1, EBR-II MI MI MI 1016 Preventive 1. Packing worn out.
Packing 2. Feedwater/startup boiler feed pump 500 BZ 530 maintenance 2. Part replaced.

2. Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping | 4. PMMR-33
and Equipment/Boiler
Feed Pump

3. 17
284100

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




092-1
I TOA ‘L-69-0WRW -DHINT

TABLE
FAILURE DATA FOR

1-100

PUMPS AND SUPPORTS

(Sheet 9 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
: *
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE pera 1. FAILURE DESCRIPTION
ITEMi 3. copE: 3. OPERATING CONDITIONS Hogmac| METHOD OF F A-URE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE F_FFECT‘ 3. RECOMMENDATIONS
(System/Subsystem)
41 1. Pump/Cylinder No.2 1. EBR-II MI MI MI 1016 Preventive 1. Packing worn out,
Packing 2. Feedwater /startup boiler feed pump 500 BZ 530 maintenance 2, Part replaced.
2, Steam, Condensate, 3. 364°F, 1300 psig 3. None.
and Feedwater Piping [ 4. PMMR-33
and Equipment/Boiler
Feed Pump
3. 17
284100
42 1. Pump/Cylinder No. 3 1. EBR-II MI MI MI 1016 Preventive 1. Packing worn out.
Packing 2. Feedwater/startup boiler feed pump 500 BZ 530 mainténance 2, Part replaced.
2, Steam, Condensate, 3. 364°F, 1300 psig : 3. None,.
and Feedwater Piping | 4. PMMR-33
and Equipment/Boiler
Feed Pump
3. 17
284100
43 | 1. Pump/Cylinder 1. EBR-II MI MI MI 2534 Preventive 1. Packing worn out.
Packing 2. Feedwater /startup boiler feed pump 500 BZ 530 maintenance 2. Part replaced.
2. Stearm, Condensate, 3. 364°F, 1300 psig 3. None.,
and Feedwater Piping | 4. PMMR-51
and Equipment/Boiler
Feed Pump
3,17
284100
44 | 1. Pump/No.2 Unloader | 1. EBR-II MI MI MI Unknown | Direct observation 1. Pump not functioning properly - disassembled and
Plunger Rod 2. Feedwater/startup boiler feed pump 172 54 530 found plunger rod bent,
2, Steam, Condensate, 3. 364°F, 1500 psig 2, Part replaced; spare unloader wasinstalled.
and Feedwater Piping | 4. Operations maintenance 3. None.
and Equipment/Boiler report 7-3-68
Feed Pump
3. 17
284100
45 1. Pump/Bearing 1. 8CTI1 P P P 1580 Direct observation 1. Inboard bearing threw oil when drive motor was
2, Stearm, Condensate, 2, Feedwater system 33Z 57 590 started.
and Feedwater Piping { 3. 345 GPM, 7450 RPM 2. Motor pump combination shut down and restarted o.k.
and Equipment/Boiler | 4. Incident report No. 19 (7-28-65) 3. Assure sufficient operation personnel experience
Feed Pump - or training.
3. 17
284100
* | = INCIDENT Mi MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX '
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE A " 1. FAILURE DESCRIPTION
ITEM PERATING| ETHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
46 1. Pump/Shaft Seal 1. SCTI1 MI M1 MI 5183 Direct observation 1. Feedwater leaking at pump shaft seal.

2. Steam, Condensate, 2, Feedwater system 126 52 550 2. Shaft seal replaced.
and Feedwater Piping [3. 345 GPM, 7450 RPM 3. Improve maintenance schedule. Consider all
and Equipment/Boiler [4. Incident report No. 102 (2-7-66) pump drive components in accord with manufac-
Feed Pump turers' schedules.

3. 17
284100

47 | 1. Pump/Shaft Seal 1. 85CTI MI MI MI 5225 Direct observation 1. Feedwater leaking at pump shaft seal due to lack

2. Steam, Condensate, 2. Feedwater system 126 52 550 of adequate cooling to inboard mechanical seal.
and Feedwater Piping [3. 345 GPM, 7450 RPM 2. Installed new source of water to provide greater
and Equipment/Boiler {4. Incident report No. 105 (2-10-66) pressure head.

Feed Pump 3. Improve maintenance schedule.

3. 17

284100
48 | 1. Pump/Shaft 1, SCT1 MI MI MI 6075 Operational monitors | 1. Pump cavitation following scram. Pump drive

2. Steam, Condensate, 2. Feedwater system 192 55 520 shaft seized.
and Feedwater Piping |3. 345 GPM, 7450 RPM 2. Seal replaced, and a modified boiler feed reservoir
and Equipment/Boiler |4. Incident report No. 303 (6-6-+66) tank and a condensate booster pump system (with a
Feed Pump 40-second time delay for shutoff in case of scram)

3. 17 were installed,

284100 3. Design should specify precautions to prevent pump
from running dry.
49 1. Boiler (P-1) Feed 1. SCTI Ml MI M1 5183 Direct observation, 1. Fragments of the worn seal ring rims destroyed the
Pump/Outboard 2. Feedwater system 126 52 530 feedwater leakage at sealing effect between shaft and seal.
Mechanical Seal 3. 900 HP, 7450 RPM, 165 psig pump shaft seal 2, Part replaced.

2. Steam, Condensate, 4. Incident report No. 102 3. Improved maintenance schedule shall be established
and Feedwater Piping considering all pump and drive components in
and Equipment/Boiler accordance with pump manufacturer.

Feed Pump

3. 17

284100
50 1. Pump Rotating Ele- 1. 5CT1 I I I 6075 During activation 1. Pump cavitation following scram, Three casing wear
ment/Wear Rings 2. Boiler Feed Pump (P-1) 111 57 45 rings seized to impeller wear rings.

2. Steam, Condensate, 3, 7450 RPM, 165 psi, 345 GPM 2. Vendor repair; seal replaced, then modified boiler
and Feedwater Piping [4. Incident report No. 303 feed reservoir tank and condensate booster pump
and Equipment/Boiler system.

Feed Pump 3. Include design precautions to prevent pump from

3. 17 running dry.

284100
* | = INCIDENT Mi = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE - 1. FAILURE DESCRIPTION
’ TING{ METHOD OF FAILURE
ITEM(3. cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
51 |1. Pump Boiler Feed/ 1. SCTI MA MA MA 5225 Direct observation 1. Feedwater leakage at pump shaft seal.
Inboard Mechanical . |2. Steam and feedwater system 275 51 136 2, Part replaced.
Seal 3. - 3. None.
2. Steam, Condensate, 4. Incident report No. 105
and Feedwater Piping
and Equipment/Boiler
Feed Pump
3. 17
284100
52 |1. Pump/Shaft Seal 1. FERMI MI MI Mi 2920 Direct observation 1, Shaft seal worn out.
2, Heat Transfer/ 2, Primary system/overflow 125 52 530 2. Part replaced. R
Reactor Coolant cxpansion tank No. 1 pump 3. Determine operating life of seal from operating
3. 17 3. 100 GPM, 75 ft discharge head experience and schedule replacement accordingly.
221110 4. EFAPP No. 82
53 |1. Pump/Shaft Seal 1. FERMI MI MI MI 168 During actuation 1. Shaft seal loose, leaking.
2. Heat Transfer/ 2. Primary system/overflow 321 53 530 2. Part replaced.
Reactor Coolant expansion tank No, 1 pump 3. None.
3,17 3. 100 GPM, 75 {t discharge head
221110 4. EFAPP-MR No. 82
54 | 1. Pump/Upper Face 1. FERMI MI MI MI 14, 941 Direct observation 1. Carbon face seal rings chipped.
Seals 2, Primary system/overflow 125 52 530 2. Part replaced.
2, Heat Transfer/ expansion tank No. 1 pump 3. None.
Reactor Coolant 3. 100 GPM, 75 ft discharge head
3. 17 4. E¥-42
221110
55 | 1. Pump/Piston Cups 1. FERMI MI MI MI 14, 941 Direct observation 1. Piston cups worn out.
2. Heat Transfer/ 2. Primary system/overflow 125 52 530 2. Part replaced.
Reactor Coolant expansion tank No. 1 pump 3. None,
3,17 3. 100 GPM, 75 ft discharge head
221110 4. E¥-42
56 1. Pump/O-Rings 1. FERMI MI MI MI 14, 941 Direct observation 1. O-rings worn out.
2. Heat Transfer/ 2, Primary system/overflow 125 52 530 2. Part replaced.
Reactor Coolant expansion tank No. -1 pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4. EF-42
* | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

O

= PROBLEM




TABLE

FAILURE DATA FOR _PuMPS AND SUPPORTS
(Sheet 12 of 37)

1-100

£€92-1
I TOA ‘L~69-0WPW~DHNT

COMPONENT/PART 1. FACILITY FAILURE INDEX
)
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
3. CODE: 3. QPERATlNG CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE} MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
57 Pump/Lower Face 1. FERMI MI MI MI 14, 941 Direct observation 1. Carbon face seal rings chipped.
Seals 2. Primary system/overflow 125 52 530 2. Parts replaced.
Heat Transfer/ expansion tank No, 1 pump . Follow manufacturer's instructions on
Reactor Coolant 3, 100 GPM, 75 ft discharge head installation and operation of the seals.
.17 4. EF-42
221110
58 Pump/Piston Cups 1. FERMI MI MI MI 14,941 Direct observation 1. Piston cups worn out.
Heat Transfer/ 2. Primary system/overflow 125 52 530 2. Parts replaced.
Reactor Coolant expansion tank No, 1 pump . None.
.17 3. 100 GPM, 75 ft discharge head
221110 4, EF-42
59 . Pump/0Oil Seal 1. HNPF MI MI MI Unknown| Direct observation 1. Qil seal failed resulting in oil leakage.
. Heat Transfer/ 2. Primary sodium system pump No. 126 52 530 2. Seals changed, oil replaced.
Reactor Coolant 3. 7200 GPM 3. None.
17 4. WR 927
221110
60 . Pump 1. HNPF MI MI MI 5000 Direct observation . Pump case flooded with sodium as a result of IHX
. Heat Transfer/ 2. Primary sodium system pump No. 183 57 530 tube failure, preventing pump startup.
Reactor Coolant 3. 7200 GPM . Pump removed and cleaned. Pump modified by
17 4. ROAP Report (AI) 11-18-62 plugging 4 of 8 impeller weep holes to maintain
221110 proper case sodium level.
. None.
61 . Pump/Impeller 1. HNPF MI MI MI 7623 Operational . Low sodium level in pump case suspected as
. Heat Transfer/ 2. Primary sodium system pump No. 113 5Z 530 monitors resulting in gas entrainment,
Reactor Coolant 3. 7200 GPM . Pump removed and 4 weep holes in impeller plugged
17 4, WR 2671 to maintain proper case sodium level,
221110 . None,
62 | 1. Pump/Impeller 1. HNPF MI MI MI 7591 Operational . Low sodium level in pump case suspected of
. Heat Transfer/ 2. Primary sodium system pump No. 113 52 530 monitors resulting in gas entrainment.
Reactor Coolant 3. 7200 GPM . Pump removed and 4 weep holes in impeller plugged
.17 4. WR 2672 to maintazin proper case sodium level.
221110 . None.
* | = INCIDENT Ml = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P = PROBLEM
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operar 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT! 3. RECOMMENDATIONS
(System/Subsystem)
63 | 1. Pump/Piston Cups 1. FERMI MI MI MI 14, 941 Direct observation 1. Piston cups worn out.
2. Heat Transfer/ 2. Primary system/overflow No. 2 126 68 530 2. Part replaced.
Reactor Coolant pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4, EF-43
64 | 1. Pump/O-Rings 1. FERMI M1 MI MI 14, 941 Direct observation 1. O-rings worn out.
2. Heat Transfer/ 2. Primary system/overflow 126 52 530 2. Part replaced.
Reactor Coolant expansion tank No. 2 pump 3. None.
3. 17 3. 100 GPM, 75 {t discharge head
221110 4, EF-43
65 | 1. Pump/Lower Face 1. FERMI MI MI MI 14, 941 Direct observation 1. Inadequate spring pressure on face seals,
Seals 2. Primary system/overflow 146 56 530 2. Part replaced.
2, Heat Transfer/ expansion tank No. 2 pump 3. None.
Reactor Coolant 3. 100 GPM, 75 ft discharge head
3,17 4. EF-43
221110
66 | 1. Pump/Piston Cups 1. FERMI MI MI MI 14, 941 Direct observation 1. Piston cups worn out.
2. Heat Transfer/ 2. Primary system/overflow 146 56 530 2. Part replaced.
Reactor Coolant expansion tank No. 2 pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4. EF-43
67 | 1. Pump/O-Rings 1. FERMI MI MI MI 14, 941 Direct observation 1. O-rings worn.,
2. Heat Transfer/ 2, Primary system/overflow 146 56 530 2. Part replaced.
Reactor Coolant expansion tank No. 2 pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4. EF-43
68 | 1. Pump/Pump Shaft 1. FERMI MI MI MI 14, 941 Direct observation 1. Seal worn out.
Argon Seal 2. Primary system/overflow 125 52 530 2. Part replaced.
2, Heat Transfer/ expansion tank No. 2 pump 3. None.
Reactor Coolant 3. 100 GPM, 75 ft discharge head
3. 17 4. EF-61
221110
* | = INCIDENT MI MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX :
DE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operaTING] METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM URE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) ’ 4. SOURCE DOCUMENT CAUSE{ MODE EFFEC'ﬂ 3. RECOMMENDATIONS
(System/Subsystem)
69 | 1. Pump/Elastomer 1. FERMI MI M1 MI 14,941 Direct observation 1. Elastomer seals leaking, worn out.
Seals 2. Primary system/overflow 182 52 530 2. Part replaced.
2. Heat Transfer/ expansion tank No. 2 pump 3. Request manufacturer's assistance on seals,
Reactor Coolant 3. 100 GPM, 75 ft discharge head
3. 17 4. EF-61
221110
70 | 1. Pump/Shaft 1. EBR-II MI MI MI 2590 During activation 1. Pump failed to rotate when activated.
2. Heat Transfer/ 2. Primary sodium pump No. 1 218 55 550 2. Impeller drive shaft freed by vertical movement
Reactor Coolant 3, 5500 GPM, 350 HP of drive shaft.
3. 17 4, ANL-7082 7/65 3. None.
221110
71 | 1. Pump/Shaft 1. EBR-II MI MI Ml 2590 During activation 1. Pump failed to rotate when activated.
2. Heat Transfer/ 2. Primary sodium pump No. 1 218 55 550 2. Impeller drive shaft freed by vertical movement
Reactor Coolant 3, 5500 GPM, 350 HP of drive shaft,
3,17 4. ANL 7082, 7/65 3. None.
221110
72 | 1. Pump/Shaft 1. EBR-II M1 MI MI Unknown| Audio noise 1. Impeller drive shaft seized as a result of shaft
2. Heat Transfer/ 2, Primary Sodium pump No. 2 412 57 550 bowing.
Reactor Coolant 3. 5500 GPM, 350 HP 2. Part replaced.
3. 17 4. ANL.-6780, 8/63 3. None.
221110
73 | 1. Pump/Shaft 1. SCTI MI MI MI 8530 Routine area watch 1. Excessive amounts of oil observed leaking from the
2. Gas Seal Heat 2. Primary sodium pump P-5 344 54 520 seal vent line due to seal of the rotating face
Transfer /Reactor 3. 200°F separated from the stationary face by carborized
Coolant 4, Incident report No. 346, 1/15/69 oil preventing faces from repositioning against
3,17 each other.
221110 2. Replaced part.
3. Procedure changed to reduce probability of
carburization.
74 | 1. Sodium Pump P-5/ 1. SCTI MA MA MA 586 Direct observation 1. Cover plate was not secured to the pump casing.
Cover Plate 2. Primary sodium system 145 59 136 2. Part replaced.
2. Heat Transfer/ 3. 1750 RPM, 840°F 3. Upgrade maintenance procedures on sodium pumps.
Reactor Coolant 4. Incident report No. 29, 8/17/65
3. 17
221110
* 1 INCIDENT Mi MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE . 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC RECOMMENDATIONS
(System/Subsystem)
75 | 1. Pump/Shaft Bearings |[1. FERMI MI MI MI 1628 Direct observation 1. Bearings worn out.
2. Heat Transfer/ 2. Primary/expansion tank No. 1 pump 348 52 530 2. Part replaced.
Reactor Coolant 3. 100 GPM, 75 ft discharge head 3. None.
3. 17 4. EFAPP No. 55
221110
76 | 1. Pump/Thrust Bearing | 1. FERMI M1 MI MI 9390 Direct observation 1. Thrust bearing worn out..
2. Heat Transfer/ 2. Primary No. 3 pump 125 52 530 2, Part replaced.
Reactor Coolant 3, 350 HP, 11,800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3. 17 4. PRDC-EF-17
221110
77 | 1. Pump/Shaft Seal 1. FERMI MI MI MI 10, 120 Direct observation 1. Shaft seal worn out.
2. Heat Transfer/ 2, Primary No. 3 pump 126 52 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Upgrade maintenance procedure.
3. 17 4. EFAPP No. 74
221110
78 | 1. Pump/Shaft Seal 1. FERMI MI MI MI 72 Direct observation 1. Shaft seal scored and galled.
2, Heat Transfer/ 2. Primary sodium No. 3 pump 126 68 530 2. Parts replaced.
Reactor Coolant 3. 350 HP, 11, 800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3. 17 4. PRCD-EF-19
221110
79 | 1. Pump/Face Seals 1. FERMI MI MI MI 235 Direct observation 1. Seals leaking.
2. Heat Transfer/ 2. Primary sodium pump No. 3 125 52 530 2, Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3,17 4, EF-22
221110
80 | 1. Pump/O-Rings 1. FERMI MI MI MI 235 Direct observation 1. O-rings worn out,
2. Heat Transfer/ 2. Primary sodium No. 3 pump 125 52 530 2, Parts replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3,17 4. EF-22
221110
81 | 1. Pump/ U-Cup Seal 1. FERMI MI MI MI 11,740 | Direct observation 1. U-cup seals leaking.
2. Heat Transfer/ 2. Primary sodium No. 3 pump 125 52 530 2. Parts replaced. .
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3,17 4, EF-22
221110
* | = INCIDENT Mi MINOR MALFUNCTION
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION :
(Component) 4. SOURCE DOCUMENT CAUSE| MODE JEFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
82 |1, Pump/Face Seals 1. FERMI MI MI MI 13, 200 Direct observation 1. Face seals worn out.
2. Heat Transfer/ 2. Primary sodium No. 3 pump 125 52 530 2, Parts replaced.
Reactor Coolant 3. 350 HP, 11, 800 GPM, 900 RPM 3. Upgrade maintenance procedures.
3, 17 4, EF-27
221110
83 |1, Pump/Shaft Seal 1. FERMI MI MI MI 3650 Direct observation 1. Shaft seal leak due to misalignment.
2. Heat Transfer/ 2. Primary sodium system/ 135 56 530 2. Part replaced.
Reactor Coolant expansion tank No. 1 pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4. EFAPP No. 20
84 | 1. Pump/Seal 1. FERMI MI MI MI 4015 Direct observation 1. Seal worn out.
2. Heat Transfer/ 2. Primary sodium system/ 125 52 530 2. Part replaced,
Reactor Coolant expansion tank No. 1 pump 3. None.
3. 17 3. 100 GPM, 75 ft discharge head
221110 4. PRDC-EF-6
85 |1. Pump/Gears and 1. FERMI MI MI MI 11,740 Direct observation 1. Gears and bearing worn out..
Bearing 2. Primary sodium system/ 126 52 530 2. Part replaced.
2. Heat Transfer/ expansion tank No. 1 pump 3. None.
Reactor Coolant 3. 100 GPM, 75 ft discharge head
3. 17 4. PRDC-EF-10
221110
86 {1. Pump/Shaft Seal 1. FERMI MI MI MI 3550 Direct observation 1. Pump shaft seal, backing spring improperly fit.
2, Heat Transfer/ 2, Primary sodium system/ 136 56 530 2. Local repair, collar was relieved and the seal
Reactor Coolant expansion tank No. 1 pump reassembled.
3. 17 <L 3. 100 GPM, 75 ft discharge head 3. Upgrade maintenance procedures.
221110 4, PRDC-EF-12
87 | 1. Pump./Shaft Seal 1. FERMI MI MI MI 3550 Direct observation 1. Shaft seal worn out.
2, Heat Transfer/ 2. Primary/expansion tank No. 1 pump 348 52 530 2. Part replaced.
Reactor Coolant 3. 100 GPM, 75 ft discharge head 3. None.
3. 17 4. EFAPP No. 55
221110
88 | 1. Pump/O-Rings 1. FERMI MI MI MI 13, 200 Direct observation 1. O-rings worn out.
2. Heat Transfer/ 2. No. 3 125 52 530 2. Parts replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3, None.
3. 17 4, EF-27
221110
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION oeerarng u 1. FAILURE DESCRIPTION
ING ETHOD OF FAILURE
'TEM! 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECﬁ 3. RECOMMENDATIONS
(System/Subsystem)
89 |1. Pump/shéft Seal 1. FERMI MI MI MI 5643 Direct observation 1. Black foreign material on shaft sleeve beneath the
(Upper) 2. Primary system/overflow pump No, 2| 110 87 530 upper rotating face seal.
2. Heat Transfer/ 3. 100 GPM, 75 £t discharge head 2. Part replaced.
Reactor Coolant 4. EFAPP No. 42 3. None,
3. 17
221110
90 |1. Pump/Pump Shaft 1. FERMI MI MI MI 9390 During activation 1. Shaft seized at the upper labyrinth seal.
2. Heat Transfer/ 2. Primary system/overflow pump No. 2| 110 57 530 2. Local repair.
Reactor Coolant 3. 100 GPM, 75 ft discharge head 3. None.
3,17 4. PRDC-EF No. 17
221110
91 |1. Pump/Face Seals 1. FERMI MI MI MI 14, 941 Direct observation 1. Seals scored.
(Upper) 2. Primary system/overflow pump No. 2| 126 68 530 2, Parts replaced.
2. Heat Transfer/ 3. 100 GPM, 75 ft discharge head 3. None.
Reactor Coolant 4, EF-43
3. 17
221110
92 | 1. Pump/All Argon Seals |1. FERMI MI MI MI 14, 941 Operational monitors 1. Seals worn out.
2. Heat Transfer/ 2., Primary sodium, No. 1 120 52 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Revise preventive maintenance inspection intervals
3. 17 4. EF-61 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown,
93 | 1. Purnp/Shaft Seal 1. FERMI MI MI MI 2190 Direct observation 1. Drive gear failure.
2. Heat Transfer/ 2. Primary sodium, seal oil pump No. 2 120 52 530 2. Part replaced.
Reactor Coolant 3. 3. Revise preventive maintenance inspection intervals
3. 17 4. PRDC-EF-1 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown,
94 |1. Pump/Bearings 1. FERMI MI MI MI 13, 368 Audio noise 1. Bearings noisy.
2. Heat Transfer/ 2. Primary sodium, No. 2 120 58 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Revise preventive maintenance inspection intervals
3,17 4. PRDC-EF-25 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown.
* | = INCIDENT MI MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CObE - METHOD 0 1. FAILURE DESCRIPTION
ITEM PERATING HOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
95 |1. Pump/Bearings 1. FERMI MI MI MI 992 Audio noise 1. Bearings noisy.
2, Heat Transfer/ 2, Primary sodium, No., 2 120 58 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Revise preventive maintenance inspection intervals
3, 17 4. PRDC-EF-29 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown.
96 |1. Pump/Thrust Bearing |1. FERMI MI MI MI 4245 Direct Observation 1. Bearings vibrating.
2. Heat Transfer/ 2. Primary sodium, No, 3 120 58 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. Revise preventive maintenance inspection intervals
3. 17 4. PRDC-EF-6 on pumps to detect problems before unscheduled
221110 outage occurs, Inspections to be made during
reactor shutdown.
97 |1. Pump/Shaft Seal 1. FERMI MI MI MI 4245 During preventive 1. Shaft seal worn out.
2. Heat Transfer/ 2. Primary sodium, No. 3 120 52 530 maintenance 2. Part replaced.
Reactor Coolant 3. 350 HP, 11, 800 GPM, 900 RPM 3, Revise preventive maintenance inspection intervals
3. 17 4. EFAPP No. 68 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown.
98 |1. Pump/Bearings 1. FERMI MI MI MI 4245 During preventive 1. Bearings worn out.
2. Heat Transfer/ 2. Primary sodium, No. 3 120 52 530 maintenance 2. Parts replaced.
Reactor Coolant 3, 350 HP, 11,800 GPM, 900 RPM 3. Revise preventive maintenance inspection intervals
3. 17 4. EFAPP No. 68 on pumps to detect problems before unscheduled
221110 outage occurs. Inspections to be made during
reactor shutdown.
99 |I. Pump/O-Rings 1. FERMI MI Mi MI 14, 941 Direct observation 1. O-rings worn out,
2. Heat Transfer/ 2. Primary system/overflow pump No, l{ 125 52 530 2. Parts replaced.
Reactor Coolant 3. 100 GPM, 75 ft discharge head 3. None.
3. 17 4., EF-42
221110
100 |1. Pump/Argon Seal i, FERMI MI MI MI 14,941 Direct observation 1. Seal worn out.
(Upper) 2. Primary system/overflow pump No. 1] 125 52 530 2, Parts replaced,
2. Heat Transfer/ 3. 100 GPM, 75 ft discharge head 3. None,
Reactor Coolant 4, EF-61
3. 17
221110
* | = INCIDENT MI MINOR MALFUNCTION
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1, COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE o 1. FAILURE DESCRIPTION
ITEM ' TING| METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem}
101 |1. Pump/Elastomer 1. FERMI MI MI MI 14,941 Direct observation 1. Constriction of elastomer seals caused leaking.
Seals 2, Primary system/overflow pump No. 1| 18Z 52 530 2. Part replaced.
2, Heat Transfer/ 3. 100 GPM, 75 ft discharge head 3. None.
Reactor Coolant 4. EF-61
3. 17
221110
102 |1. Pump/Shaft 1. FERMI MI MIL MIL 5643 Direct observation 1. Shaft distorted and rubbing.
2. Heat Transfer/ 2, Primary sodium No. 1 pump 110 54 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. None.
3, 17 4, PRDC-EF-9
221110
103 {1, Pump/O-Rings 1. FERMI MI MI MI 1328 Direct observation 1. O-rings worn out.
2, Heat Transfer/ 2; Primary sodium No. 3 pump 321 52 530 2, Parts replaced.
Reactor Coolant 3. 350 HP, 11, 800 GPM, 900 RPM 3. None,
3. 17 4, E¥F-30
221110
104 |1. Pump/Face Seals 1. FERMI MI MI MI 1328 Direct observation 1, Face seals leaking,
2. Heat Transfer/ 2, Primary sodium No, 3 pump 321 5Z 530 2. Part replaced.
Reactor Coolant 3. 350 HP, 11,800 GPM, 900 RPM 3. None.
3. 17 4. EF-30
221110
105 {1, Pump/Face Seals 1. FERMI MI MI MI 14,702 Direct observation 1, Face seals worn out.
2. Heat Transfer/ 2, Primary sodium No. 1 pump 125 52 530 2, Part replaced.
Reactor Coolant 3. - 3. None,
3. 17 4. EF-33
221110
106 |1, Pump/O-Rings 1. FERMI MI MI MI 14,702 Direct observation 1. O-rings worn out,
2. Heat Transfer/ 2, Primary sodium No. 1 pump 125 52 530 2. Part replaced.
Reactor Coolant 3. - 3. None,
3. 17 4. EF-33
221110
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE perariGl METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM P F_FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
107 {1. Pump/Slip Rings 1. FERMI MI MI MI 14,702 During repair 1. Slip rings scored.
2. Heat Transfer/ 2. Primary sodium No. | pump 125 68 530 2, Local repair.
Reactor Coolant 3. - 3. Upgrade preventive maintenance procedure to
3. 17 4. EF-33 include inspection of slip rings. Check brush
221110 tension, cleanliness, etc. Follow manufacturer's
recommendations on care of slip rings.
108 {1. Pump/Thrust Bearings|l. FERMI MI MI MI 14,702 Audio noise 1. Bearings vibrating.
2. Heat Transfer/Reactor{2, Primary sodium No. | pump 125 58 530 2. Part replaced.
Coolant 3. - 3. Dynamically balance pump.
3. 17 4. EF-33
221100 :
109 |1. Pump/Bearings 1. HNPF MI M1 MI Shake- Direct observation 1. Bearings jammed.
2, Heat Transfer/ 2. Secondary/pump P102 200 55 550 down 2. Local repair.
Intermediate Cooling 3. 350 to 945°F, 350 HP, 7200 GPM 3. None,
3. 17 4. HNPF, monthly operating report
222110 No. 11, 6/8/63
110 |1. Sodium Pump/Shaft 1. HNPF M1 MI MI 4560 Direct observation 1. Pump shaft plug (internal leak).
2. Heat Transfer/ 2, Secondary/pump P102 137 51 550 2, Local repair.
Intermediate Cooling |3, 350 to 945°F, 350 HP, 7200 GPM 3. None.
3. 17 4, HNPF, monthly operating report
222110 No. 15, 10/63
111 ] 1. Sodium Pump/Shaft 1. HNPF M1 MI MI 10, 487 Direct observation 1. Pump shaft plug. Sodium deposition on shaft
2. Heat Transfer/ 2. Secondary/pump P102 137 55 550 between shaft and case caused obstruction.
Intermediate Cooling [3. 350 to 945°F, 350 HP, 7200 GPM 2. Temporary repair.
3. 17 4, Weekly hilites, 1/4/64 3. None.
222110 .
112 {1. Sodium Pump/Shaft 1. HNPF MA MA MA 9173 Audio noise 1. Shaft distorted, poor case temperature distribution.
2. Heat Transfer/ 2, Secondary/sodium 187 54 530 2. Component corrective modification.
Intermediate Cooling |3. 350 to 925°F, 350 HP, 7200 GPM 3. None.
3, 17 4. Weekly site report, 10/9/63
222110
113 }1. Sodium Pump/Bearing [1. HNPF MaA MA MA 10, 592 Audio noise 1. Lack of lubrication to bearing - bearing worn out.
2. Heat Transfer/ 2. .Secondary/sodium 414 52 530 2. Component corrective modification.
Intermediate Cooling 3, 350 to 925°F, 350 HP, 7200 GPM 3. None.
3. 17 4, Work request No. 2601, CPPD
222110 1/30/64
* | = INCIDENT Ml = MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION OPERATING| METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM u 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE{ MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
114 | 1. Sodium Pump/Shaft 1. HNPF MA MA MA 16,286 Audio noise, 1. Pump shaft squealing.
2. Heat Transfer/ 2. Secondary/sodium 922 BZ 550 squealing 2, None; 6 hours inspection time only.
Intermediate Cooling |3. 350 to 925°F, 350 HP, 7200 GPM 3. None.
3. 17 4. CPPD monthly, 4/30/64
222110
115 | 1. Sodium Pump/0Qil 1. HNPF MA MA MA | 4560 Direct observation 1. Sodium froze on pump shaft and leaked into
Reservoirs 2. Secondary/sodium 137 51 550 secondary oil reservoir,
2. Heat Transfer/ 3. 350 to 950°F, 7200 GPM, 160 to 2. Local repair.
Intermediate Cooling 170 ft head, 0-850 RMP 3. Upgrade operator training on filling loop.
3. 17 4. Monthly operating report No. 15,
222110 10/13/63
116 | 1. Sodium Pump/Shaft 1. HNPF MA MA MA 10, 851 Audio noise 1. Shaft expansion or clearance provision incorrect.
2. Heat Transfer/ 2, Secondary/sodium 413 55 530 2. Component corrective modification.
Intermediate Cooling |3. 350 to 950°F, 7200 GPM, 350 HP 3. None.
3..17 4. Weekly hilites, 12/15/63
222110
117 | 1. Sodium Pump/Shaft 1. HNPF MA MA MA 12, 804 Direct observation 1. Shaft stuck, persuader bar used to rotate the shaft.
2. Heat Transfer/ 2. Secondary/sodium 413 55 530 2. Component corrective modification.
Intermediate Cooling |3. 350 to 950°F, 7200 GPM, 350 HP 3. None.
3. 17 4. NAA-SR-TDR-11485, 3/6/64
22210
118 | 1. Sodium Pump/Shaft 1. HNPF MA MA MA 14,112 Direct observation 1. Shaft stuck, persuader bar used to rotate the shaft.
2. Heat Transfer/ 2, Secondary/sodium 413 55 530 2, Component corrective modification.
Intermediate Cooling 3. 350 to 950°F, 7200 GPM, 350 HP 3. None.
3. 17 4. CPPD monthly NAA-SR-~TDR-1485,
222110 4/20/64
119 | 1. Pumps/Impeller Weep |1. HNPF MI MI MI 3490 During preventive 1. Weep holes sucking sodium into pump casings.
Holes 2. Main primary sodium 137 A7 550 maintenance 2. Corrective modification - four of the eight holes
2. Heat Transfer/ 3. 350 to 945°F, 850 RPM, 7200 GPM welded closed.
Reactor Coolant 4. Monthly operating report No. 9, 3. None.
3. 17 3/63
221110
* | = INCIDENT MI = MINOR MALFUNCTION
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
3. CODE: 3. OPERATING CONDITIONS -ﬁ HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
120 | 1. Pumps/Impeller Weep| 1. HNPF MA MA MA 4450 Direct observation 1. Shaft leaking.
Holes 2. Primary/sodium 137 55 530 2. Corrective modification - four of eight weep holes
2. Heat Transfer/ 3, 350 to 945°F, 350 HP, 7200 GPM welded closed.
Reactor Coolant 4. AI Monthly ROAP Report, 8/29/63 3. None.
3. 17
221110
121 | 1. Pump/Shaft 1. HNPF MI MI MI 7711 Direct observation 1. Pump shaft binding.
2. Heat Transfer/ 2. Secondary/sodium 413 55 530 2, Component corrective modification.
Intermediate Cooling | 3. 350 to 925°F, 7200 GPM, 350 HP ' 3. None.
3, 17 4, NAA-SR-TDR-11485, 6/8/63
222110
122 | 1. Sodium Pump/P-202 1. HNPF MI MI MI Pre-Op Direct observation 1. Loose bolts caused leak.
2. Heat Transfer/ 2. Secondary/sodium 136 53 530 Testing 2. Local repair.
Intermediate Cooling 3, 350 to 925°F, 350 HP, 7200 GPM 3. None.
3. 17 4. Work request No. 909, 4/6/62
222110
123 | 1. Sodium Pump/Shaft 1. HNPF MI MI MI 3250 Audio noise 1. Sound of metal-to-metal interference,
2. Heat Transfer/ 2. Secondary/sodium 413 55 530 2. Component corrective modification; shaft machined,
Intermediate Cooling | 3. 350 to 925°F, 350 HP, 7200 GPM internal parts cleaned and inspected.
3. 17 4. Daily site wire, 2/4/63 3. None.
222110
124 | 1. Sodium Pump/Shaft 1. HNPF MI MI MI 1200 Direct observation 1. Pump shaft deflected with slight changes in
2. Heat Transfer/ 2. Secondary/sodium 413 55 530 temperature distribution.
Intermediate Cooling | 3. 350 to 925°F, 350 HP, 7200 GPM 2. Unknown,
3. 17 4. ANS No. 101,Daily Wire, 6/8/63 3. None.
222110
125 | 1. Pump/Bearing 1. HNPF MA MA MA 10, 592 Direct observation 1. Bearing noise due to poor case temperature
2, Heat Transfer/ 2. Secondary/sodium pump P102 187 54 530 distribution distorting pump barrel.
Intermediate Cooling | 3. 350 to 945°F, 350 HP, 7200 GPM 2. Component corrective modification.
3. 17 4. Internal letter, 1/11/64 3. None.
222110
126 | 1. Pump /Shaft 1. HNPF MA MA MA 11, 309 Direct observation 1. Shaft would not rotate by hand.
2, Heat Transfer/ 2, Secondary/sodium pump P102 137 55 550 2. Component corrective modification.
Intermediate Cooling |3. 350 to 945°F, 350 HP, 7200 GPM 3. None.
3,17 4. CPPD monthly, 2/16/64
222110
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
CODE*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION operaTive] METHOD OF . 1. FAILURE DESCRIPTION
ITEM FAILUR 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem) -
127 |1. Pump/Unknown 1. BENPF MA MA MA 12, 685 Audio noise 1, Pump squealing.
2. Heat Transfer/ 2. Secondary/sodium pump P102 9ZZ BZ 550 2, None; 6 hours inspection only,
Intermediate Cooling [3. 350 to 945°F, 350 HP, 7200 GPM 3. None.
3. 17 4. CPPD Monthly, 4/30/64
222110
128 (1. Pump/Barrel 1. HNPF MI MI MI 9173 Audible noise 1. Rubbing noise noted within pump.
2, Heat Transfer/ 2, Secondary sodium system pump No. 3| 111 58 530 2. Increased rpm and changed cooling distribution to
Intermediate Cooling (3. 7200 GPM barrel.
3. 17 4. Weekly site report, 10/9/63 3. None,
222110
129 {1, Pump/Bearing 1. HNPF MI MI MI 10, 592 Audible noise 1. Rubbing noise from upper bearing.
2. Heat Transfer/ 2. Secondary sodium system pump No. 1| 111 58 530 2. Altered cooling distribution on barrel,
Intermediate Cooling 3..7200 GPM 3. None,
3. 17 4, Internal letter, 1/11/64
222110
130 [I. Pump/0Oil Seal 1. HNPF MI MI MI 14, 076 Direct observation 1. Oil seal leaked.
2, Heat Transfer/ 2, Primary sodium systern pump No. 1 126 52 530 2, Seal and gaskets replaced.
Reactor Coolant upper oil seal 3. None.
3. 17 3. 7200 GPM
221110 4. MOR 10102, 2/10/64
131 |1. Pump/Shaft 1. HNPF MI MI MI 11,725 During startup 1. Pump failed to rotate.
2. Heat Transfer/ 2. Secondary sodium system No. 1 11Z 57 530 2, Persuader bar used to initiate shaft rotation.
Intermediate Cooling [3. 7200 GPM 3. None.
3,17 4. CPPD monthly, 3/6/64
222110
132 {1. Pump/Shaft 1. HNPF MI MI MI 12, 804 During startup 1. Pump failed to rotate,
2. Heat Transfer/ 2. Secondary sodium system No. 2 11Z 57 530 2, Persuader bar used to initiate shaft rotation,
Intermediate Cooling |[3. 7200 GPM 3. None.
3.17 4. CPPD monthly, 3/6/64
222110
133 |1. Pump/Cooling Coils 1. EBR-II MI MI MI 790 Direct observation 1. Cooling lines plugged with debris.
2, Heat Transfer/ 2. Secondary No. 2 sodium pump 274 51 530 2. Local repair.
Intermediate Cooling [3. 30 GPM, water 3. Install parallel filters with differential pressure
3. 17 4. ANL-6944-9-64 indicator to indicate filter plugging.
222000
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
OPERATING|] METHOD OF FAILURE
'TEM}3. cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE FFFECT 3. RECOMMENDATIONS
(System/Subsystem}
134 . Pump/Cooling Water 1. EBR-II MI MI MI 1200 Operational monitors| 1. Cooling jacket plugged with debris.
Jacket 2. Secondary No. 2 sodium pump 273 51 550 2. Local repair.
. Heat Transfer/ 3. 30 GPM, water 3. Install parallel filters with differential pressure
Intermediate Cooling |4, PMMR 17-2-19 indicator to indicate filter plugging.
.17
222000
135 . Pump/Cooling Water |l. EBR-I MI MI MI 1610 Operational monitors| 1. Cooling jacket plugged with debris.
Jacket 2, Secondary No. 2 sodium pump 273 51 550 2. Local repair, unit was back-flushed.
. Heat Transfer/ 3. 30 GPM, water 3. Install parallel filters with differential pressure
Intermediate Cooling [4. PMMR-26-4-22 indicator to indicate filter plugging.
.17
222000
136 . Pump/Cooling Water 1. EBR-II MI MI MI 1850 Operational monitors| 1. Cooling jacket plugged with debris
Jacket 2, Secondary No. 2 sodium pump 273 51 550 2. Local repair, unit was back-flushed.
. Heat Transfer/ 3. 30 GPM, water 3. Install parallel filters with differential pressure
Intermediate Cooling [4. PMMR-29-5-12-65 indicator to indicate filter plugging.
.17
222000
137 Pump/Cooling Water 1. EBR-II MI MI MI 1850 Operational monitors| 1. Cooling jacket plugged with debris.
Jacket 2, Secondary No. I sodium pump 273 51 550 2. Local repair, unit was back-flushed.
Heat Transfer/ 3. 30 GPM, water 3. Install parallel filters with differential pressure
Intermediate Cooling 4. PMMR 29-5-12-65 indicator to indicate filter plugging.
.17
222000
138 1. Pump/Cooling Water |1, EBR-II MI MI MI 13, 380 Operational monitors| 1. System plugged.
Jacket 2. Secondary No. 2 sodium pump 273 51 530 2. Local repair, unit was back-flushed,
Heat Transfer/ 3. 30 GPM, water 3. Install parallel filters with differential pressure
Intermediate Cooling [4. Operation weekly report 1/3/68 indicator to indicate filter plugging.
17
222000
139 . AC Conduction Pump/ |l. Aerojet-General Corp., Von Karman | I I I 1 Direct observation 1. Pump duct overheated and ruptured due to lack of
Pumping Duct Center 339 61 136 {unscheduled) liquid metal in duct when pump was started. Leak
. Heat Transfer/ 2. AGN loop No. 3, S/N 607 external,
Intermediate Cooling |[3. 8 KW, 240 V, 1 phase, 60 cycle, 2. Component part replaced.
.17 1500°F, 1 in. OD duct 3. Equip the pump duct with a temperature controlling
222110 4, AGC TM 9436:66-393, MSA EP-3 sensor, including audible alarm.
* INCIDENT Ml MINOR MALFUNCTION
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COBE OPERATING] METHOD OF FAILUR L. FAILURE DESCRIPTION
ITEM URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
{Component) 4. SOURCE DOCUMENT CAUSE| MODE FFFECT 3. RECOMMENDATIONS
(System/Subsystem)
140 | 1. AC Conduction Pump/| 1. Aercjet-General Corp., Von Karman| I 1 1 287 Direct observation 1. No liquid metal in pumping duct - pump duct
Pumping Duct Center 339 61 136 (unscheduled) damaged (duct overheated and melted) where bus
2. Heat Transfer/ 2. RPL-2 primary NaK loop (RPL-2 bar attached to duct.
Intermediate Cooling floating mount) S/N 651 2. Replaced pump with spare EM pump S/N 564
3. 17 3, 55 KW, 480 V, 1 phase, 60 cycle, from RPL-1.
221110 1500°F, 52,000 1b/hr 3. Equip pumping duct with a temperature controlling
4, AGC TM 9436:66-393, MSA EP-3 sensor, including audible alarm.
141 | 1. AC Conduction Pump/ | 1. Aerojet-General Corp., Von Karman| I I 1 1943 Direct observation 1. Vibration caused pump tube to crack at suction end
Connection Duct Center 128 61 136 (unscheduled) where bus bar attached, NaK leak, external.
2. Heat Transfer/ 2. RPL-2 heat rejection loop (RPL-2 2. Part replaced.
Intermediate Cooling floating mount) 3. EM pumps operated below the curie point of Ni
3. 17 3. 55 KW, 480 V, 1 phase, 60 cycle, (676. 4°F) power level should be reduced to a value
222110 1500°F, 52,000 1b/hr, 1-1/2 in. where the pump vibration caused by magnetostrictive
OD duct forces is acceptable,
4. AGC TM 9436:66-393, MSA EP-3
142 { 1. AC Conduction Pump/ | 1. Aerojet-General Corp., Von Karman| I I I 551 Direct observation 1, Pump duct overheated and ruptured due to the
Pump Duct Center 339 61 136 (unscheduled) lack of liquid metal in the duct when the pump was
2, Heat Transfer/ 2, SL-1 primary NaK test loop (SL-1 started. Leak external.
Intermediate Cooling solid anchoring-heater circuit) S/N540) 2. Component part replaced.
3. 17 3. 55 KW, 480 V, 1 phase, 60 cycle, 3. Equip pumping duct with temperature controlling
222110 1500°F, 52,000 1b/hr = 210 GPM, sensor, including audible alarm.
1-1/2 in. OD duct
4. AGC TM 9436:66-393 MSA EP-3
143 [ 1. AC Conduction Pump/ | 1. Aerojet-General Corp., Von Karman|{ MA MA MA 1302 Protective system 1. Vibrations damaged electrical insulation field
Field Stator Coils Center 454 15 151 coil "C. " Resultant short on circuit caused power
2. Heat Transfer/ 2. SL-1 heat rejection loop (SL-1 cables to melt.
Intermediate Cooling solid anchoring) S/N 651 2. Component part replaced.
3. 17 3. 55 KW, 480 V, 1 phase, 60 cycle, 3. Pump should be checked for excessive vibration as
222110 1500°F, 52,000 1b/hr part of acceptance procedures after completion of
4. AGC internal letter 4931-65-0066 installation.
144 1 1. AC Conduction Pump/ { 1. Aerojet-General Corp., Von Karman| MI MI MI 669 Routine instrument 1. Pump duct partially plugged with oxide deposits at
Pumping Duct Center 195 51 116 reading (direct poles - pumping capability dropped to 40, 000 1b/hr.
2, Heat Transfer/ 2, PCS-1 primary NaK loop S/N 564 observation) 2, Pump duct replaced.
Primary Cooling 3. 55 KW, 480 V, 1 phase, 60 cycle, 3. Pump should not be operated at more than 600°F
3. 17 1500°F, 52,000 lb/hr if the NaK plugging temperature is >300°F,
221110 4. Snap 8-D. of A.G.C. F.C. MSA
EM P.F.
* | = INCIDENT M MINOR MALFUNCTION
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*
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3. CODE: 3. OPERATING CONDITIONS | HOURS DETECTION .
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(System/Subsystem) ‘
145 | 1. AC Conduction Pump/ | 1. Aerojet-General Corp., VonKarman MI MI M1 | Unknown | Direct observation 1. Excessive magnetostrictive vibration of the heavy
Supporting Structure Center 127 24 148 (unscheduled) nickel bus bar caused bus bar to work loose.
2. Heat Transfer/Inter- |2, RPL-2 heat rejection loop 2. Operating limits changed.
mediate Cooling 3, 55 KW, 480 V, 1 phase, 60 cycle, 3. Nickel bus bars should not be used where tempera-
3, 17 1500°F, 52,000 1b/hr., 1-1/2 in. ture of bar will be below curie temperature of
222110 OD duct nickel (676. 4°F).
4. AGC TM 9436:66-393, MSA EP-3
].146 | 1. AC Annular Induction |1. APDA, quarry test facility I 1 Unknown | Operational monitors |1. Shield can surrounding iron core in center of pump
Pump/Stator 2. NaK system 137 15 111 failed, allowing NaK to leak into and around poles —
2. Heat transfer/Primary] 3. - short circuit resulted.
Cooling 4. NASA C.R. CR-380 2. Component part replaced.
3. 17 APDA AECU-3700 3. Pump development work incomplete, therefore
221100 problems are to be expected. (Einstein-Szilard
reversed flow type. )
147 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site MI MI MI 36 Direct observation 1. Vibrations produced by pulsating frequency resulted
Electrode 2. MARK "A'" cold trap 127 21 156 (unscheduled) in broken electrode.
2. Heat Transfer/ 3. 7T00°F, 260V 2. Redesigned component to prevent recurrence.
Purification 4. NASA C.R. No. CR-380 3. Design specifications should consider vibrations
3. 17 KAPL-M-JIM-1 produced by pulsating frequencies.
224233 -
148 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No. 60500) 1 I I 78 Direct observation 1. Vibrations produced by pulsating frequency resulted
Electrode 2. MARK "A' cold trap 127 61 134 (unscheduled) in broken electrode.
2. Heat Transfer/ 3, 700°F 2. Redesigned component to prevent recurrence.
Emergency Cooling 4. NASA C.R. No. CR-380 3. Design specifications should consider vibrations
3. 17 KAPL-M-JIM-1 produced by pulsating frequency.
224233
149 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No. 60500) MI MI MI 83 Direct observation 1. Vibrations caused by frequency pulsation resulted
Electrode 2. MARK "A'" cold trap 127 127 156 (unscheduled) in broken electrode.
2. Heat Transfer/ 3, 700°F, 190V 2, Modify design to prevent recurrence.
Purification 4, KAPL-M-JIM-1 3. Design specifications should consider vibrations
3,17 caused by pulsating frequencies,
224233
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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150 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No. 60500) MI MI MI 400 Direct observation 1. Vibrations in piping caused by pulsation of frequency
Electrode 2. MARK "A'" cold trap 127 21 134 (uns cheduled) from zero to peak resulted in broken electrode.
2, Heat Transfer/ 3. 700°F, 200V 2. Modify design to prevent recurrence.
Purification 4, KAPL-M-JIM-1 3. Design specifications should consider vibrations
.17 caused by pulsating frequencies.
224233
151 { 1. AC Conduction Pump/ 1. KAPL, ALPLAUS site (No. 60500) I I I 400 Direct observation 1. Crack generation, sodium leak, and fire.
Pump Duct 2, Emergency cooling loop 127 61 134 {unscheduled) 2. Analyzed and redesigned duct to prevent recurrence.
2, Heat Transfer/ 3, 700°F 3. Pulsating frequency from zero to peak produced
Emergency Cooling 4. KAPL-M-JIM-1 vibration in piping, therefore, this phenomena
3. 17 should be considered during design of pump.
214400
152 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No. 60500) I I I 42 Direct observation 1. Crack generation, sodium leak, and fire.
Pump Duct 2. Cold trap 127 61 134 (unscheduled) 2. Revised design to prevent recurrence.
2. Heat Transfer/ 3. 515°F, 150V 3. Pulsation frequency from zero to peak produced
Purification 4. NASA C.R. No.CR-380, vibrations in piping resulting in damage; therefore,
3. 17 KAPL-M-JIM-1 designer should consider these criteria.
224233
153 [ 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No. 60500) MI MI MI 528 Direct observation 1. Pulsating frequencies produced vibrations that
Pump Duct 2. Main system 127 21 156 (unscheduled) resulted in broken electrode.
2. Heat Transfer/Main 3. 600°F, 270 V, zero flow at time of 2. Modified design to prevent recurrence.
Cooling failure 3. Design specifications should consider vibrations
3. 17 4. KAPL-M-JIM-1 produced by pulsating frequencies.
221110
154 | 1. AC Conduction Pump/ | 1. KAPL, ALPLAUS site (No, 60500) MI MI MI 1754 Direct observation 1. Electrode broken by vibrations caused by pulsating
Electrode 2, Main system 127 21 156 (unscheduled) frequencies.
2. Heat Transfer/Main 3. 600°F, 270 V 2. Modified design to prevent recurrence.
Cooling 4. KAPL-M-JIM-1 3. Design specifications should consider vibrations
3, 17 produced by pulsating frequencies.
221110
* | = INCIDENT Ml = MINOR MALFUNCTION
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(System/Subsystem)
155 |1, DC Conduction Pump/ 1. ANL, Lemont facility I 1 I 1000 Direct observation 1. Pump duct overheated and ruptured due to lack of
Pump Duct 2. Pump No. 1 339 66 530 (routine instrument sodium in duct when pump was started.
2, Heat Transfer /Main 3. 150 gpm, 75 psig head, 1000°F reading) 2. Component part replaced.
Cooling 4. LMEC, NAA-SR-12585 3. Suggest pump duct be equipped with temperature
3. 17 controlling sensor, including audible alarm.,
221110
156 |1. DC Conduction Pump/ 1. ANL, Lemont facility I I I 50,000 Direct observation 1. Pump duct overheated and damaged due to lack of
Pump Duct 2, Pump No. 2 339 66 530 {routine instrument sodium in duct when pump was started.
2. Heat Transfer/Main 3. 100 gpm, 75 psig head, 1000°F reading) shakedown 2. Component part replaced.
Cooling 4. NASA C.R. No. 380, LMEC, test 3. Suggest pump duct be equipped with temperature
3, 17 NAA-SR-12585 controlling sensor, including audible alarm.
221110
157 |1. DC Conduction Pump/ | 1. ANL, Lemont facility MA MA MA 30,000 Direct observation 1. Metallurgical — surface deposition {(mass transfer)
Copper Electrodes 2. Pump No. 3 445 87 630 (routine instrument copper transferred from pump electrodes to plugging
2. Heat Transfer /Main 3. 500 gpm, 700°F reading) shakedown meter valve.
Cooling 4. NASA C.R. No. 380, LMEC, test 2. Redesigned electrodes to prevent recurrence.
3. 17 NAA-SR-12585 3. Copper and sodium are incompatible; therefore,
221110 design accordingly.
158 | 1. DC Conduction Pump/ | 1. ANL, Lemont facility MI MI MI 40, 000 Protective system 1. Air initiated corrosive attack on copper conductors.
Bus Bar 2. Pump No. 4 162 86 530 2. Component design modified.
2. Heat Transfer/Main 3. 250 gpm, 75 psig head, 1000°F 3. Modify design to prevent air entrainment.
Cooling 4. NASA C.R. No. CR-380, LMEC,
3. 17 NAA-SR-12585
221110 .
159 | 1. AC Linear Induction 1. ANL, Lemont facility MI MI MI 6600 Direct observation 1. Fatigue cracks around top of spacers.
Pump/Pump Duct 2, Pump No. 1 124 61 136 (routine area watch) 2. Round holes cut and discs welded in to close holes.
2, Heat Transfer/Main 3. 5000 gpm 3. Designers should consider the magneto-motive and
Cooling 4, LMEC, NAA-SR-12585 mapgneto-strictive forces acting on the duct material.
3. 17
221110
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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160 | 1. DC Conduction Pump/ 1. ANL, EBR-II MA MA MA Unknown{ Direct observation 1. Pump duct leaked sodium.
Pump Duct 2. Sodium purification system 500 61 136 (uns cheduled) 2. Pump duct removed.
2. Heat Transfer/ (temporary) 3. None.
Purification 3. 350°F
3. 17 4, ANL-6739
224232
161 | 1. AC Conduction Pump/ 1. ANL, EBR-II MI MI MI 550 Unknown 1. Poor electrical contact at bus bar terminal,
Copper Bus Bar 2. Sodium purification system/cold 456 14 550 2. Repaired.
2, Heat Transfer/ trap 3. None,
Purification 3. 275 - 700°F, 60 gpm
3, 17 4. ANL-6885, EBR-II 8. T. P.
224233 Vol. C-9
162 (1. AC Linear Induction 1. ANL, EBR-II MI MI MI Unknown| Operational monitors| 1. Cracks resulted from a combination of very low inlet
Pump/Pump Duct 2. Main secondary 500 61 136 pressure to the duct at a high flow rate.
2. Heat Transfer/ 3. 6500 gpm, 700°F Pressure head 2. Repaired in field by cutting circular disks containing
Intermediate Cooling 53 psi, 480 V, 3 phase, 60 cycle, the cracks from the duct and welding in new disks.
3. 17 required KW -450 Flow rate was limited to 75% after repair,
222110 4. ANL-6885, ANL-6904, EBR-II 3. Revise pump operating procedure to prevent recur-
S. T.P. Vol. C-9, ANS-100 rence of incident.
163 | 1. DC Conduction Pump/ | 1. ANL, EBR-II MI MI MI Unknown| Operational monitors|{ 1. Copper dissolved in sodium. Approximately 10 1b
Electrodes 2, Primary/auxiliary 445 87 250 eroded away from copper electrodes.
2, Heat Transfer/ 3. Operating voltage-1.4 V, 500 gpm, 2. Dissolved copper was removed from primary sodium
Primary Cooling 0.15 psi, 900°F sodium by cold trapping.
3. 17 4. ANL-7317, ANL-7329, EBR-II 3. Copper and sodium are incompatible; therefore,
221110 PMMR No. 99, ANL-Idaho Div. - design accordingly.
Operations report 1-1-67 ’
164 (1. AC Linear Induction 1. ANL, EBR-II MI MI MI 1200 Operational monitors| 1. Obstruction of coolant passage by impurities in plant
Pump/Cooling Water 2. No. 2 secondary coolant 127 61 136 cooling water,
Jacket 3. 6500 gpm at 53 psi, 700°F, 3 phase, 2. Coolant passage back flushed.
2. Heat Transfer/ 60 cycle required at 450 KW, water 3. Install filters for removing particulate matter from
Intermediate Cooling requirement 30 gpm cooling system.
3. 17 4, NASA CR No. 380, EBR-I1
222110 Operations weekly report 2-21-68
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEX SPERATING] METHOD o 1. FAILURE DESCRIPTION
ITEM HOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem}
165 | 1. AC Linear Polyphase 1. HNPF MA Ma MA |80 Protective systemn 1. Full line voltage applied at startup caused excessive
Induction Pump/Coils | 2. Secondary/sodium service 151 13 151 heat to develop in magnetic field coils thereby
2. Heat Transfer/ 3, 480 Vv, 3 phase, 60 cycle, 40 psi, deteriorating the insulation and allowing the coils
Intermediate Cooling 900°F, 30 amp, 100 gpm, 3 in. to short circuit the system,
3. 17 diameter piping 2, Installed Powerstat in line.
221110 4, HNPF W.R. No. 273, HNPF Const. 3. Component and system design should consider the
Log Book No. 6, P. 32, TWX to startup in-rush currents, whenever electrical AC
R. S, Baker "HNPF EM Pumps. " components are installed. AC magnetic coil design
should observe the special insulation requirements
in connection with laminated magnetic cores,
166 [1. AC Linear Poly-phase | 1. HNPF MA MA MA | Unknown | Protective system 1. Full line voltage at startup caused excessive heat to
Induction Pump/Coils | 2. Primary/sodium service No. 2 151 13 550 develop in magnetic field coils, thereby deteriorating
2. Heat Transfer/ Main Pump the insulation and allowing coils to short circuit,
Cooling 3, 480 V, 30 amp, 100 gpm, 950°F, 2, New coils were fitted into the old pump frame,
3. 17 60 cycle, 40 psi, 3 phase, 3 in. 3. Revise startup procedure to prevent recurrence of
221110 diameter piping incident. Install temperature alarms on coils and
4. Al letter No. 63AT33, 4, HNPF voltage control devices on power supply.
monthly report No. 8, Al letter
No. 63AT4480, HNPF work 'request
No. 2764, HNPF work request
No. 2135
167 |1. AC Linear Poly-phase | 1. HNPF MI MI MI | Unknown | Direct observation 1, Cage over 480 V bus bar bent out of shape by per-
Induction Pump/Coils . Primary/sodium service No. 1 and 329 54 530 sonnel using it for a working platform.
. Heat Transfer /Main No. 2 pumps . Installed angle iron supports.
Cooling 480 V, 3 phase, 60 cycle, 30 amp, . Work platform should be part of original installation.
.17 100 gpm, 40 psi, 950°F, 3 in,
221110 " diameter piping
. Al letter No. 63AT334, HNPF work
request No, 2135
168 AC Linear Poly-phase HNPF MI MI MI Unknown | Direct observation 1. Electrical insulation deteriorated on jumper wires.
Induction Pump/ Primary/sodium service No. 1 and 410 13 580 2, All jumper wires insulated with glass tape.
Jumpers No. 2 pumps . Component and system design should consider the
. Heat Transfer /Main 480 V, 3 phase, 60 cycle, 30 amp, effects of the in-rush currents during startup when-
Cooling 100 gpm, 40 psi, 950°F, 3 in, ever electrical AC components are installed.
.17 diameter piping
221110 4, HNPF Construction log No. 6
* = INCIDENT MINOR MALFUNCTION
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(System/Subsystem)
169 { l. AC Linear Polyphase |1. HNPF MI MI MI Unknown | Audio noise 1. AC hum from laminated magnet cores.
Induction Pump/Stator | 2. Primary/sodium service No. 1 and 473 52 590 2. Torque bolts to 80 in,-1b.
Bolts No. 2 pumps 3. Follow design specifications for assembly laminated
2. Heat Transfer/Main 3, 480 V, 3 phase, 60 cycle, 30 amp, AC magnet cores.
Cooling 100 gpm, 40 psi, 950°F, 3 in.
3. 17 diameter piping
221110 4, HNPF Construction log No. 6, Al
letter No. 63AT334 B
170 | 1. Pump/Shaft Freeze 1. SRE MA MA MA | Unknown| Operational monitors 1. Loss of shaft freeze seal due to excessive
Seal 2. Auxiliary primary sodium system 185 66 550 temperature.

2. Reactor Equipment/ pump 2. Removed, cleaned, and replaced seal,
Primary Decay Heat 3. 1000°F, 70 gpm 3. Operate seal within specified limits,
Removal 4. Operations log No, 47, 10-15-62

3,17
214210

171 | 1. Pump/Radial Bearing |1l. SRE MI MI MI Unknown| During actuation 1. Radial bearing failure because of improper

2. Heat Transfer/ 2. Main secondary sodium system pump| 110 57 520 installation of bearing on shaft.
Intermediate Cooling |[3. 600°F, 1500 gpm 2. Removed and replaced.

3. 17 4, Incident report, 9-17-63 3. Position bearings on shaft with a press.
222110

172 | 1. Pump/Case Freeze 1. SRE . MA MA MA | Unknown| Operational monitors 1. Case freeze seal fajilure due to inadequate cooling,
Seal 2. Auxiliary secondary sodium system 338 66 550 2. Removed, cleaned, and replaced pump.

2. Reactor Equipment/ pump 3. Upgrade operator training for pump operation,
Secondary Decay Heat | 3. 600°F, 70 gpm
Removal 4, Operations log No, 41

3. 17
214220

173 | 1. Pump/Shaft Freeze 1. SRE * MI MI MI Unknown| Alarm 1. Loss of shaft freeze seal due to excessive
Seal 2. Auxiliary secondary sodium system 113 51 550 temperature.

2. Reactor Equipment/ pump 2. Pressurized, and blew sodium back into the system.
Secondary Decay 3. 600°F, 70 gpm 3. Upgrade operator training program for pump
Heat Removal 4, Operations log No. 36 operation,

3. 17
214220

* | = INCIDENT Mmi MINOR MALFUNCTION
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3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION
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(System/Subsystem)
174 | 1. Pump/Shaft Freeze 1. SRE MI MI MI Unknown | Operational monitors 1. Pump shaft seizure due to low shaft freeze seal
Seal 2. Main primary sodium system pump 157 57 520 temperatures.
2. Heat Transfer/ 3. 1000°F, 1500 gpm 2. Reheated shaft seal.
Reactor Coolant 4, Incident report, 11-20-63 3. Upgrade operator training program for pump
3. 17 operation,
221110
175 | 1. Pump/Shaft Freeze 1. SRE MI MiI MI Unknown | During actuation 1. Pump shaft seizure because of low freeze seal
Seal 2. Main primary sodium system pump 110 57 550 temperature.
2. Heat Transfer/ 3. 1000°F, 70 gpm 2. Reheated shaft seal.
Reactor Coolant 4, Incident report, 10-19-61 3. Upgrade operator training program for pump
3,17 operation.
221110
176 | 1. Pump/Shaft Gas Seal 1. SRE MI MI MI Unknown | Operational monitors 1. Loss of lubrication in bearing. ’
2. Reactor Equipment/ 2. Auxiliary primary sodium system 114 68 530 2. Removed and replaced galled bearing.
Primary Decay Heat [3. 1000°F, 70 gpm 3. None.
Removal 4, Operations log, 2-2-59
3,17
214210
177 | 1. Pump/Shaft Freeze 1. SRE MI MI MI Unknown | Protective system 1. Pump shaft seized due to low shaft seal
Seal 2. Main secondary sodium system 110 17 520 temperature.
2. Heat Transfer/ 3, 1000°F - 1500 gpm 2. Reheated shaft freeze seal,
Intermediate Cooling [4. Incident report 1-17-59 3. Operate pump shaft freeze seal at design
3. 17 temperature to prevent seizure.
222110
178 | 1. Pump/Shaft Freeze 1, SRE MI MI MI Unknown | Protective system 1. Pump shaft seized due to low shaft seal temperature.
Seal 2. Main secondary sodium system 110 57 520 2. Reheated shaft freeze seal,
2, Heat Transfer/ 3. 1000°F, 1500 gpm 3. Operate pump shaft freeze seal at design temperature
Intermediate Cooling |4. Incident report, 11-25-62 to prevent seizure.
3. 17
222110
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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179 | 1. Pump/Shaft Bearing 1. SRE MA MA MA | Unknown | Direct observation 1. Pump shaft misaligned during reassembly.
2. Heat Transfer/ 2, Main secondary sodium system 321 56 520 2. Removed and repaired.
Intermediate Cooling |3, 600°F, 1800 gpm 3, Upgrade maintenance procedure for installing
3. 17 4, Incident report 9-17-63 pump shaft bearings.
222110
180 | 1. Pump/Shaft Freeze 1. SRE I I I Unknown { Operational monitors 1. Organic leaked into sodium system through crack
Seal Thermowell 2. Main secondary sodium pump 256 61 530 in shaft seal thermowell.
2. Heat Transfer/ 3. 600°F, 1800 gpm 2, Seal removed, modified, and replaced.
Intermediate Cooling |4. Incident report 9-25-58 3. None.
3,17
222110
181 | 1. Pump/Shaft Freeze 1. SRE MI MI MI Unknown | Protective system 1. Pump shaft seized due to low shaft seal temperature,
Seal 2, Auxiliary primary sodium pump 110 57 520 2, Reheated shaft freeze seal.
2. Reactor Equipment/ 3. 600°F, 70 gpm 3. Operate pump shaft freeze seal at design tempera-
Primary Decay Heat 4, Incident report 10-4-62 ture to prevent seizure.
Removal
3,17
214210
182 | 1. Pump/Shaft Freeze 1. SRE MI MI MI Unknown| Direct observation 1. Pump shaft seized due to low shaft seal temperature.
Seal 2. Auxiliary primary sodium pump 110 57 520 2. Reheated shaft freeze seal,
2. Reactor Equipment/ 3. 600°F, 70 gpm 3. Operate pump shaft freeze seal at design tempera-
Primary Decay Heat 4. Incident report 10-5-62 ture to prevent seizure.
Removal
3, 17
214210
183 | 1. Pump/Shaft Freeze 1. SRE MI MI MI Unknown| Protective system 1. Pump shaft seized due to low shaft seal temperature.
Seal 2, Auxiliary primary sodium pump 110 57 520 2. Reheated shaft freeze seal.
2. Reactor Equipment/ 3. 600°F, 70 gpm 3. Operate pump shaft freeze seal at design temperature
Primary Decay Heat 14, Incident report 11-15-63 to prevent seizure,
Removal
3. 17
214210
* | = INCIDENT MI = MINOR MALFUNCTION K
MA = MAJOR MALFUNCTION P = PROBLEM




5821
I 10A ‘L-69-0WaW -DFNT

Y

TABLE
FAILURE DATA FOR

1.

100

PUMPS AND SUPPORTS

(Sheet 34 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE . 1. FAILURE DESCRIPTION
ITEM PERATING| METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION :
(System/Subsystem)
184 | 1, Pump/Shaft Freeze 1. SRE MI MI MI |Unknown | Operational monitors 1. Pump shaft seized due to low shaft seal temperature.
Seal 2. Main primary sodium system 110 57 520 2, Reheated shaft freeze seal.
2. Heat Transfer/ 3. 1000°F, 1500 gpm 3. Operate pump shaft freeze seal at design tempera-
Reactor Coolant 4, Incident report 3-6-63 ture to prevent seizure,
3. 17
221110
185 | 1. Pump/Shaft Freeze 1. SRE I I I Unknown | Operational monitors 1. Loss of shaft freeze seal and seizure of shaft.
Seal 2. Main primary godium system pump 331 66 550 2. Removed pump and cleaned.
2. Heat Transfer/ 3, - 3. Operate seal within specified limits.
Reactor Coolant 4, Operations log No. 3, 4-27-57
3. 17
221110
186 | 1. Pump/Shaft Freeze 1. SRE I I I Unknown | Operational monitors 1. Loss of shaft freeze seal and seizure of shaft.
Seal 2, Main primary sodium system pump 331 66 550 2. Removed pump and cleaned.
2. Heat Transfer/ 3, - 3. Operate seal within specified limits,
Reactor Coolant 4. Operations log No. 13, 4-19-59
3. 17
221110
187 { 1. Pump/Shaft Freeze 1. SRE I I I Unknown | Operational monitors 1. Loss of shaft freeze seal and seizure of shaft,
Seal 2, Main primary sodium system pump 331 66 550 2. Removed pump and cleaned.
2, Heat Transfer/ 3. - 3. Operate seal within specified limits.
Reactor Coolant 4. Operations log No. 45, 6-15-62
3. 17
221110
188 | 1. Pump/Shaft Freeze 1. SRE Ml MI MI Unknown | Operational monitors 1. Pump shaft seizure.
Seal 2. Main primary sodium system pump 153 57 550 2. Reheated shaft freeze seal,
2., Heat Transfer/ 3. - 3. Operate seal within specified limits,
Reactor Coolant 4. Operations log No. 51, 2-14-63
3. 17
221110
189 | 1. Pump/Shaft Freeze 1. SRE MI MI MI | Unknown | During actuation 1. Loss of shaft freeze seal,
Seal 2. Auxiliary primary sodium system 113 66 550 2. Reheated shaft freeze seal.
2, Reactor Equipment/ pump 3. Operate seal with specified limits.
Secondary Decay Heat | 3. -
Removal 4. Incident report 5-10-62
3. 17
214220
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR _PUMPS AND SUPPORTS

(Sheet 35 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE - 1. FAILURE DESCRIPTION
ITEM : RATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
190 | 1. Pump/Shaft Freeze 1. SRE MI MI M1 Unknown | Operational monitors [l. Pump shaft seized due to low shaft seal temperature.
Seal 2., Main primary sodium system 110 57 520 2. Reheated shaft freeze seal,
2. Heat Transfer/ 3. 1000°F, 1500 gpm 3. Operate pump shaft freeze seal at design tempera-
Reactor Coolant 4, Incident report 5-27-63 ture to prevent seizure. '
3. 17
221110
191 { 1. Pump/Gas Seal 1, LCTL MI MI MI |Unknown | Operational monitors |1, Seal vibrating, faces worn out.
2. Heat Transfer/ 2. LCTL/6 x 8 sodium loop pump 128 52 530 2. Part replaced.
Reactor Coolant 3. 310 gpm, 550°F 3. Upgrade preventive maintenance inspections of seals
3. 17 4. LCTL log book, 9-29-60 to prevent unscheduled outage.
221110
192 |1, Pump/Magnetic Seal 1. LCTL MI MI MI Unknown | Direct observation 1. Magnetic seal leaking.
2. Heat Transfer/ 2, LCTL/sodium system 2 x 3 125 52 530 2, Part replaced.
Reactor Coolant 3. 3. None,
3. 17 4, LCTL log book, 10-16-59
221110
193 | 1. Vacuurn Pump/Casing |1. SRE MA MA MA | Unknown | Direct observation 1. Pump placed in service without opening discharge
2, Nuclear Fuel Handling|2., Fuel handling machine contaminated 316 59 550 valve — pump ruptured.
and Equipment/Fuel vent system 2, Component replaced.
Handling Machine 3, - 3. Install rupture disc or relief valve on pump discharge
3. 17 4, Operating log No. 16, 1-25-60 line.
235000
194 | 1. Pump/Drive Belt 1. EBR-II MI MI MI Unknown | Preventive 1. Drive belt broken.
2, Heat Transfer/Inert 2, No. 2 silicone pump 500 BZ 530 maintenance 2. Part replaced.
Gas Supply and Moni- |3, 75 gpm, 75 psig 3. None.
toring System 4. PMMR-35
3,17
224650
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM

¢
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TABLE ___1-100
FAILURE DATA FOR PUMPS AND SUPPORTS

(Sheet 36 of 37)

COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoDex operarine] MeTHOD 0 1. FAILURE DESCRIPTION
ITEM ETHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
195 { 1. Pump 1. EBR-1II MI MI MI 6920 Preventive 1. Pump malfunction.
2. Reactor Containment 2. Personnel air lock No. 2 locking 500 52 530 maintenance 2. Part replaced.
Structure and Building/ pin drive 3. None.
Air Lock 3. 40 psig on inflatable seal, ambient
3. 17 temperature
194220 4. PMMR-81
196 | 1. Pump/Discharge 1, SCTI Mi MI MI 5020 Operational monitors | 1. Valve was plugged with ferrous sulphate and iron
Valve 2. Sulphuric acid system pump, cool- 445 51 278 oxide, and corroded.
2. Turbine-Generator ing tower water treatment 2, Part replaced.
Units and Condenser/ 3. 600 1b rating 3. Consider material compatibility in component
Circulating water 4, Incident report No. 62 selection for chemical process loops.
Systems
3. 17
330000
197 | 1. Pump/Diaphragm 1. EBR-II M1 MI MI 13,500 Operational monitors | 1. Diaphragm ruptured.
2, Heat Transfer/Inert 2. Loop B fission gas monitor loop 126 59 530 2, Part replaced.
Gas Monitoring 3. - 3. None.
3. 17 4, Weekly report 2-21-68
224600
198 | 1., Pump/Rotor Bearings | 1. EBR-II MI MI MI Unknown | Preventive 1. Bearings worn out.
2. Turbine-Generator 2, Turbine generator/nash pump 500 52 530 maintenance 2. Part replaced.
Units and Condensey 3, 75 gpm, 100 psi 3. None.
Turbine Side 4, PMMR-95
3. 17
310000
199 | 1. Pump/Casing 1. EBR-II MI MI MI | Unknown | Preventive 1. Oscillation caused scoring of rotor and casing.
. 2. Turbine-Generator 2. Turbine Generator/nash pump 500 BZ 530 maintenance 2. Local repair.
Units and Condenser/ | 3. 75 gpm, 100 psi 3, Perform engineering study of problem and institute
Circulating Water 4. PMMR-95 remedy before returning machine to service.
System
3. 17
330000
* [ = INCIDENT Ml MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

PROBLEM
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TABLE

1-

100

FAILURE DATA FOR _PuMPs AND SUPPORTS

(Sheet 37 of 37)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE o 1. FAILURE DESCRIPTION
ITEMI3. cope: 3. OPERATING CONDITIONS HoURaG| METHOD OF FAILURE 2. CORRECTIVE ACTION
(Com;?onent) 4. SOURCE DOCUMENT CAUSE| MODE EFFECﬂ 3. RECOMMENDATIONS
(System/Subsystem) i
200 | 1, Pump/Rotor 1. EBR-II MI Ml MI | Unknown | Preventive 1. Oscillation caused scoring of rotor and casing.
2. Turbine-Generator 2. Turbine generator/nash pump 500 BZ 530 maintenance 2. Local repair.
* Units and Condenser/ [3. 75 gpm, 100 psi 3. Perform engineering study of problem and institute
Circulating Water 4. PMMR-95 remedy before returning machine to service.
System
3. 17
330000
201 | 1. Pump/Bearing 1. SCTI " MI MI MI 2790 Direct observation 1. Bearing worn out.
2., Generator Units and 2. Circulating water system (P-2) 500 52 530 2. Part replaced.
Condenser/Circulat- |3. 9000 gpm, 200 hp, 4160V 3. Stock of factory sealed bearings is recommended.
ing Water System 4. Incident report No. 21
3,17
330000
202 | 1. Pump/Case 1. Sodium pump tower MA MA MA | 2677 Direct observation 1. Erosion/corrosion of suction side of pump case.
2, Heat Transfer /Pump 2. Pump test loop 2, 410 series stainless steel pump was replaced with
3. 17 3. 300 to 1200°F a 304 series.
. 221110 4, Personal communication 3. None.
C.W. Griffin
* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-101
FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _PUMPS AND SUPPORTS

PUMPS,CONDENSATE
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TABLE 1-102

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _PUMPS AND SUPPORTS

COMPONENT SUBTYPE __ PUMPS, FEEDWATER
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TABLE _1-103

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _PUMPS AND SUPPORTS

COMPONENT SUBTYPE _ PUMPS, SODIUM FREE SURFAGE
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TABLE _1-104

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT PUMPS AND SUPPORTS

COMPONENT sugType _ PUMPS, ELECTROMAGNETIC
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TABLE _1-105

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _PUMPS AND SUPPORTS

COMPONENT SUBTYPE __ PUMPS, SODIUM FREEZE SEAL
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TABLE _1-106

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT PUMPS AND SUPPORTS
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1-107

GENERAL SUMMARY

COMPONENT _PUMPS AND SUPPORTS
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11. Rupture Discs

=

Failure data for rupture discs are presented in Tables 1-108 through 1-110,

a. Reliability Information

Design Feature:

Rupture disc for protection of steam generator sodium side from over-

pressure.

Critical Characteristics:

1) Controlled burst pressure after prolonged exposure to high-

temperature sodium

2) Fatigue of assembly due to pressure and temperature cycling.

Mode of Failure:

1) Fatigue crack resulted from pressure or temperature cycling.
2) Sodium impurities migrated to crevices and corroded disc.

3) Long-term corrosion, decarburization, or other constituents attacked

by sodium.

4) Long-term creep rupture.
5) Intergranular corrosion reduces strength.

6) Stress corrosion reduces strength.

Failure Description:

1) Leakage through fatigue crack
2) Leakage from excessive corrosion in crevices

3) Premature burst from reductions in ultimate strength or stress rupture

life
4) Sodium spill from rupture.

Control Methods:

1) Design to eliminate fatigue failure.

2) Design to avoid crevices for collection of sodium impurities.

LMEC-Memo-69-7,Vol 1
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3) Maintain proper sodium purity level.
4) Protect from exterior contamination.

5) Replace rupture discs used in creep range at periodic intervals of

equipment life.

Alternate Concepts:

Use cover gas in vessel and place rupture disc in gas area instead of sodium

system.

b. Discussion and Recommendations

The particular rupture disc seal weld failure was typical of failures that
occur in interim or hurried fixes. The original rupture disc installed did not
incorporate a seal weld and consequently would not contain the sodium. An
interim fix was initiated by making a seal weld at the flange joint. After about
5000 hours of operation time a leak was discovered during a routine inspection.
The leak was described as a ''pin-hole leak., "' No post-failure metallurgical
evaluation was performed to definitely characterize this failure as to fatigue
or poor weld quality. . A pin hole would be characteristic of inclusions or
porosity whereas a fatigue failure would be identified by a crack. Possibly a
combination of both was the cause of the leak where a weld defect, resulting in

a stress riser, initiated a low-cycle fatigue failure.

A heavier weld joint design was incorporated and has operated without
incident for over three years. More weld metal in a seal weld will not neces-
sarily correct a design problem and the later joint configuration may also fail

in time due to temperature and pfessure cycling.

Any motion of the retaining ring relative to the flange caused by pressure
or thermal conditions must be resisted by the seal weld. An examination of
joint component movements in any design must be made to verify that a non-
structural member such as a seal weld is not subjected to high cyclic stresses

induced by relative motion of stiffer structural members.

LMEC-Memo-69-7,Vol I
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TABLE

1-

108

FAILURE DATA FOR _RUPTURE DISCS

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE OPERA 1. FAILURE DESCRIPTION
'TEM! 3. cope: 3. OPERATING CONDITIONS UG METH oD T A URE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Rupture Disc/Seal 1. SCTI MI MI MI 5,302 During routine inspec-| 1. A leak developed in a seal weld where the rupture
Weld 2. Secondary sodium system/steam 121 67 137 tion disc and its support ring were welded to the face of
2. Heat Transfer/ generator of the support flange.
Reactor Coolant 3. 2. Part replaced.
Piping 4, Incident report No. 93 3. Follow new quality control requirements.
3. 23
221240
2 1. Rupture Disc/Disc 1. SCTI I I I 1,150 Direct observation 1. A crack developed from the rupture disc into the
2. Heat' Transfer/Steam | 2. Steam and feedwater rupture disc 500 61 520 support flange.
Generators RD-2 2. A double rupture disc assembly of all welded con-
3. 23 3, 12 in., 125 psi £ 5 at 950°F struction was designed, fabricated and installed.
223000 4. Incident report No. 98 3. None.
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM




TABLE _1-109

FAILURE DISTRIBUTION FUNCTIONS
COMPONENT _RUPTURE DISC
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TABLE _1-110

GENERAL SUMMARY
COMPONENT _RUPTURE DISC
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12, Steam Generators

a. Introduction

The steam generator types for which failure data are considered in this
section include four sodium-water designs and three water-water designs. A

total of 40 incidents (49 failures) were collected and listed in Table 1-111.

The failures were evaluated with respect to failure cause, mode, and effect.

The results of this evaluation are summarized in Tables 1-112 and 1-113.

b. Summary of Tabulated Data

The ""Plant Type'' section of Table 1-112 shows that approximately 80% of
the steam generator incidents collected occurred in liquid metal facilities; the
remainder (20%) occurred in water facilities. This distribution is a result of
information availability and should not be used for a reliability comparison

between liquid metal - water steam generators and water-water steam generators.

The "Component Part' section of Table 1-112 shows that tubes, tube-sheet
welds, and manifold gaskets account for 88% of the steam generator failures.
Individually, tubes, tube-sheet welds, and manifold gaskets accounted for 37%,
29%, and 22% of the failures, respectively. Pressure drop devices, manway
flanges, shells, and steam generator instability accounted for the remainder
(12%). From this failure distribution it is apparent that any upgrading of tube or
tube-sheet weld reliability would significantly improve steam generator relia-
bility. Although the manifold gasket failures were numerous, these failures
were associated with only one facility, and therefore are not as generally

important as tube or tube-sheet weld failures.

The '"Cause' section of Table 1-112 shows the proportion of failures asso-
ciated with each cause. As can be observed, the most frequent cause (71%) is
"Unknown.'" This is unfortunate since, if the cause of the failure is unknown,

the chance of a repair being truly successful is doubtful.

Of the failures with known causes, about 50% were "Environmental,''14% were
"Impurity/Contarhination," and 36% were 'Inherent.'" All tube failures were con-
sidered to be failures from environmental causes, including damage from hydrau-
lically induced vibrations, erosion from high coolant velocities, and operational
instability from boiling in the feedwater downcomer tubes. These problems were
corrected by installing flow baffles and pressure drop devices to modify unfavor-
able flow characteristics and installing tube supports to prevent damaging tube
vibrations.

LMEC-Memo-69-7, Vol I
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Tubes and pressure drop devices accounted for all the failures caused by
impurities or contamination. Tube failures resulted from caustic stress corro-
sion due to improper water chemistry, and pressure drop device failure resulted
from unsatisfactory operation due to small-scale particle contamination. The
tube problem was corrected by improving the water treatment to eliminate boiler
water alkalinity, and the pressure drop device problem was corrected by clean-

ing the devices.

Tubes and manway flange accounted for all the inherent failure causes. Tube
failures were caused by stress corrosion from residual alkaline cleaning solution,
poor workmanship during tube fabrication, improper stress relief, and an instal-
lation accident. Improved cleaning procedures were developed to preclude stress
corrosion failures from residual cleaning agents. The manway flange failure was
caused by inadequate flange design. The flange was reworked and modified to

prevent this failure from happening again.

The "Mode' section of Table 1-112 shows the proportion of failures associ-
ated with each failure mode. Of the modes observed, 59.2% were '""Metallurgical -
Physical," 28.5% were ''Other,'" 6.2% were '"Mechanical,'" and 6.1% were '"Metal
Corrosion." All of the failures which failed by the metallurgical-physical mode

were either tubes or tube-sheet welds; the manway flange was the only exception.

The manifold gaskets and the feedwater downcomer tubes accounted for all
of the failures listed under the '""Other' classification. The manifold gasket
failures were undiagnosed and the exact modes of failure are not known. The

feedwater downcomer tubes failed by exceeding temperature operating limits.

Tubes and pressure drop devices accounted for all mechanical mode failures.
Tubes failed by breaking and fragmentation when they sustained hydraulically
induced vibrations, and by distortion when the steam generator was accidently
dropped. The pressure drop devices failed by movement obstruction when satis-

factory seating could not be achieved due to small-scale particle interference.

Tubes and shell accounted for all metal corrosion mode failures. Tubes

failed by stress corrosion and the shell failed by corrosion undiagnosedastotype.

The "Effect' section of Table 1-112 shows the proportion of failures associ-
ated with each plant effect. Of the effects observed, 81.6% resulted in a plant
availability loss, 12.3% resulted in acceptable incipient damage, 4.1% resultedin
potential damage to equipment, and 2.0% resulted in a labor and material loss
only. From these figures it is apparent that the great majority of steam gener-
ator failures result in significant plant availability loss.
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c. Discussion

The following section describes steam generator designs and discusses their

failures.
Fermi

The Fermi steam generators (Figure 1-21) are vertical, combination cross
and counterflow, single-wall-tube, shell-and-tube, once-through-type heat ex-

changers, with water and steam inside the tubes and sodium on the shell side.

In the event of a tube failure, a sodium-water reaction will take place. A
relief system and an isolation éystem are provided to minimize possible damage
from this reaction. The large lquantities of hydrogen gas evolved from a reaction
would increase the cover gas pressure over the sodium inside the steam gener-
ator. At 60 psig a 24-in.-diameter rupture disk will open up and the gas and
reaction products will be relieved through a 30-in. vent pipe to the atmosphere.
The isolation system is designed to isolate the steam generator from the feed-
water and steam systems and open dump valves to permit the steam and water
inside the tubes to vent to the atmosphere. The relief system opens a cover gas
vent valve to the atmosphere. This system is actuated by high cover gas pres-
sure, one of two detectors attached to the rupture disk, or by a manually operated
switch in the control room. The argon cover gas over the sodium is analyzed by
a gas chromatograph and by a thermal conductivity instrument. Bothare recorded

in the control room.

Three cases of steam generator tube failure occurred at Fermi. Tube cracks
resulted in leakage during a hydrotest. Metallographic examination of the cracked
tubes disclosed that the tubes failed as a result of stress corrosion cracking. The
cause of stress corrosion was attributed to the omission of stress relief after tube
bending during fabrication, and to the incomplete removal of the alkaline agent

used to clean the tubes. The unit was completely retubed, stress-relieved, and

then returned to service.

A failure due to tube wear resulted in a sodium-water reaction. Examination
of the damaged tubes showed that the failures had been caused by wear due to
vibration and attendant impacting of the tubes in the support bars. The vibration
was induced in the tubes by the sodium flow. The tube damage was limited to the
steam risers and the uppermost bend sections where the tubes make the first

horizontal pass through the inner support bars. The support bar clearances were

LMEC-Memo-69-7, Vol I
June 30, 1970 1-303




June 30, 1970

RELIEF
DIAPHRAGM

WATER IN \\

STEAM OUT <—

Na IN

Na IN

OPERATING _~1(
LEVEL

1200
SEAMLESS
TUBES

Na OUT

7-7694-209-9

Figure 1-21, Fermi Steam Generator
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relatively large and the tubes apparently were worn thin due to vibration-induced
impacting and rubbing of the tubes against the support bars. Several tubes were
severed completely. These tubes caused considerable rubbing damage to adjacent
tubes. The unit was repaired and flow impingement baffles and tube lacing clips

were installed on all units to preclude similar failures.

In another failure event, tube leaks resulted in a sodium-water reaction. The
cause of the failure is unknown. The tubes were repaired and the unit was re-

turned to service.

Fourteen water and steam tube-to-tube-sheet weld failure incidents occurred,
some of which resulted in sodium-water reactions. The nature of the leaks at the
seal welds was generally found to be that of pinholes, probably caused by oil or
dirt deposits in the tube-to-tube-sheet joints. A weld procedure was devised to
repair the tube-to-tube-sheet welds. The process appears to yield satisfactory

results based on a borescope inspection of the welds.

Only the failure due to hydraulically induced tube vibration (of approximately
nine incidents) had an attendant sodium-water reaction which was serious enough
to actuate the relief and isolation systems. The systems functioned properly to

limit the reaction.

During this incident the hydrogen recorder measured increasing amounts of
hydrogen in the cover gas for at least 20 min prior to the bursting of the rupture
disk. Almost simultaneously with action taken to dump water from the steam
generator tubes, the rupture disk burst, releasing hydrogen and other reaction
products to the atmosphere. Rupture of the disk indicated a cover gas pressure

of 64 psig; normal cover gas pressure is 4 psig.

The sodium-water reactions which accompanied the remainder of the incidents
were discovered with cover gas hydrogen gas concentration detectors and termin-

ated while the reactions were still at a low level.

Nine water and steam manifold gasket failures occurred. The causes of
these failures are unknown; however, hardness tests of several gaskets showed
values higher than expected for soft annealed iron. The steam generators were

repaired by replacing the leaking gaskets with annealed gaskets.

Three cases of steam generator operational instability occurred. These in-

stabilities have been attributed to boiling in the downcomer tubes. Restriction of
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the operating parameters to limit the preheat area reduced this problem. In

addition, poppet-type orifices were installed in the inlets of the water downcomer @

‘tubes to increase the pressure drop, provide more even water distribution to all
tubes, and, hopefully, eliminate the instability altogether. Considerable tuning

of the control system was necessary before efficient operation was achieved.

One case of a pressure drop device (poppet-type orifices) failure was en-
countered. Inspection of the devices showed that several were held off the valve

seats by small-scale particles.
EBR-II

The EBR-II steam generator system consists of a natural-circulation evapor-
ating section, a conventional steam drum, anda once-through superheating section.
The evaporating section is comprised of eight identical shell-and-tube heat ex-
changers connected in parallel on the tube side to a horizontal steam drum with
internal moisture separation. Dry saturated steam leaves the top of the steam
drum and flows downward to what, in the original design, were four identical
shell-and-tube superheater units in parallel. However, the superheaters were

not completed and two evaporators were modified and substituted.

The external design of the evaporators and superheaters is showninFigure 1-
22. The internal details are shown in Figure 1-23. Both evaporator and super-

heater shells are constructed of 2-1/4 Cr - 1 Mo steel.

A routine inspection of the steam generators while the plant was shut down
in October 1964 for control rod repairs disclosed the presence of water in the
space between the sodium and water upper tube sheets in evaporator No.702.
Subsequent testing confirmed that a leak existed in the water-side tube sheet of
one of its contained tubes. The interconnecting pipe between the evaporator and
the steam drum was removed, giving access to the water side of the tube sheet.
The air side of the tube sheet was pressurized and bubble-testing pinpointed the
location of the leak. A pinhole in a weld crater of a machine-made tube-to-tube-
sheet weld was discovered. Since it was accessible, the weld was partially
ground out and manually rewelded without having to remove the evaporator. A
subsequent helium mass spectrometer leak test showed the repair to be success-
ful. The riser pipe was then rewelded into the system, and the plant was pre-

pared for further operation.
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SCTI Alco/BLH

The Alco/BLH steam generator (Figure 1-24) is of the vertical once-through
type. The unit is 45 ft long and 32 in. in diameter. The sodium enters the shell @
at the top of the unit, passes through 54 disk-and-doughnut baffles in the shell,
and leaves at the bottom shell nozzle, The nozzle courses of the shellare thicker
(1-1/8 in.) than the main body (7/16 in.) to accommodate the thrusts and moments

applied by the piping to the shell nozzles.

The shell side is designed to operate with a free sodium surface in the region
just above the weir baffle., The relatively large gas space between the sodium
surface and upper tube sheet is provided to ensure that the upper tube sheet is
not subjected to rapid temperature fluctuations resulting from the severe tran-
sients that occur in the sodium. The lower tube sheet is protected from such
temperature changes by a thermal baffle which consists of ten 1/4 in. stainless-

steel plates spaced 1/8 in. apart. Both tube sheets are 6-5/8 in. thick.

Inconel cladding is provided for all steam generator surfaces contacted by
water or steam to minimize the effects of chloride stress corrosion on austen-
itic stainless steel. The shell heads and tube sheets are clad using Inconel weld
metal in multiple layers. The tubes are bimetallic; i.e., Type 316 stainless
steel on the sodium (shell) side and Inconel on the steam side. The two materials @

are metallurgically bonded by coextrusion to act as a single-wall tube.

Great care was required during assembly of the steam generator to maintain
the integrity of the cladding. Differential thermal expansion between shell and
tubes is accomplished by the sine-wave bends incorporated in the upper end of
the tubes. There are 360 tubes, 1/2 in. OD by 0.104-in. wall, in the unit.

To protect the shell in the event of a steam tube rupture with accompanying
sodium-steam-water reaction, a separate nozzle equipped with a double rupture
disk has been provided in the gas space of the unit. A separate disk assembly is
also incorporated in the first tee at the sodium outlet. The rupture disks are
connected to tanks maintained under inert atmosphere which serve to contain the

reaction products that are ejected from the steam generator.

Two cases of tube failure, one case of tube-to-tube-sheet weld failure, a
manway flange failure, and a shell failure were observed. After each failure
except the last, the steam generator was repaired and returned to test. The
causes of all the failures, except the manway flange, are unknown. The manway

flange failed because of inadequate flange design. @
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During both cases of tube failure the resultant sodium-water reaction was
of such low level that the relief and isolation systems were not required. The
failures were detected by sensing (1) hydrogen gas concentration and (2) humidity
in the cover gas. Upon detection of these conditions, manual shutdowns were

effected and the steam generator was secured in each case.

Hallam

The Hallam steam generators are natural-circulation, horizontally mounted
units composed of an evaporator, a steam drum, and a superheater (Figure 1-25).
Sodium in the evaporators and superheaters is contained in reentrant thimbles.
Hot sodium enters down a thermally insulated central tube, reverses flow at the
end of the tube by impinging on an end cap on the outer tube, and flows back
toward the inlet in an annulus between inner and outer tubes. Heat is lost by
evaporating and superheating steam in contact with the outside of the outer tubes.
The outer double-wall tube contains helium passages between the inner and outer
portions, and inner and outer sections are swaged together for maximum heat
transfer. Leaks in inner or outer sections produce a change in helium pressure.

The use of double-walled bayonet tubes reduces thermal stresses.

Two unusual fabrication techniques are automatic butt welding of tube sheets
and tube caps and two-way ultrasonic testing of tubes. It is estimated that double-

wall construction and the leak-monitoring system triple the cost.

Volatile chemicals are used to aid in maintaining low boiler solids. The use
of high solids concentration in boiler water comparable to conventional boiler

practice would result in plugging of the orifice-type baffles in the superheater.

Three cases of steam generator tube failure occurred. A weld crack in the
superheater center tube end cap resulted in an increase in third fluid pressure.
A radiograph of the weld region showed a mechanical interference between the
inner tube end cap and the outer tube cap weld. The tube was rewelded, stress-

relieved, and the unit returned to service.

A crack in the evaporator tube 18 end cap weld was visually detected when
the tube bundle was removed from the natural circulation shell so that it could
be installed in the kettle-type evaporator shell. The tube was rewelded and
stress-relieved and the tube bundle installed in the kettle-type evaporation shell.

The cause of this failure is unknown.
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Cracks in four evaporator core tube welds were detected when sodium was
found in the annulus of one bellows-type core tube during a destructive examina-
tion. All of the cracks observed were attributed to the additive effects of metal-
lurgical, mechanical, and thermal factors. Metallurgical factors include the
existence of a weld metal quite different from the parent metal and the lack of
heat treatment before and after welding. Mechanical factors involve stress con-
centrations imposed by laps in the weld head and the drastic change in the cross-
section of the material at the weld. Thermal considerations concern the stresses
imposed by heating and cooling during welding, differential thermal expansion of
the different weld and base materials, and the operating thermal gradients and

temperature cycling during the transient testing.

Dresden

Four cases of steam generator tube failure have occurred at the Dresden

facility. All of the failures were in the secondary steam generators.

San Onofre

Two cases of steam generator tube failure have occurred at the San Onofre
facility. Tube deformation was the result of an accident; the unit was dropped
during installation and sustained some minor damage. The unit was subsequently
put into service without any repairs. Tube leaks were detected in this same unit

during operation; however, it has operated for some time without tube problems.

Shippingport

The steam generators are shell- and tube-type units in which reactor coolant
inside the tubes heats secondary water in the shell. Both straight and U-bend

generators were used,

The two straight-tube heat exchangers each contain 2096 stainless steel tubes,
31 ft long with 1/2-in. outside diameter. These tubes are rolled and welded into a
stainless steel tube sheet and are enclosed by a stainless steel shell 43 in. in
diameter. The ends of the heat exchanger portion of the unit have hemispherical

heads of stainless steel with 18-in. pipe connections.

The two U-bend heat exchangers each contain 921 stainless steel tubes having
a length of 50 ft and an outside diameter of 3/4 in. Rolled and welded into stainless-
clad carbon-steel tube sheets, these are enclosed by a U-shaped shell 38 in. in

diameter. The ends of the heat-exchanger portion of the unit have hemispherical
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carbon-steel heads. Internal surfaces of these heads, as well as the face of the

tube sheet in contact with coolant water, are clad with stainless steel.

Four cases of steam generator tube failure have occurred at the Shippingport
facility. The causes of these failures were attributed to steam blanketing, caustic
stress corrosion, wall thinning, and thermal expansion heading to tube wear.
These conditions were corrected by adding two steam riserstothe heat exchangers,

improving the water chemistry, and installing a flow blocking plate.

The principal investigator of this subject was J. M. Blanco. If additional
information regarding steam generator failure experience is required, contact

J. M. Blanco, E. Ferguson, cr G. S. Budney at LMEC.
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FAILURE DATA FOR _STEAM GENERATORS

(Sheet 1 of 15)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oerar 1. FAILURE DESCRIPTION
PERATING| METHOD OF FAILURE
'TEM! 3. copE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE FFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Steam Generator /Tubedl. Fermi MA MA MA 13,000 {Dye penetrant and 1. Possible chemical attack, with thermal cycling due to
to-Tube Sheet Joint 2. Secondary sodium system 277 92 136 bubble tests flow instability as a contributing factor, resulted in
2. Heat Transfer/Steam |[3. Sodium (shell) side: 1000°F, 175 psig tube damage and leakage of water into sodium.
Generator Water (tube) side: 900°F, 1000 psig 2, Nicrobraze No. 180 overlay deposited over original
3. 40 4. NAA-SR-12534 welds.
223100 3. None.
2 1. Steam Generator/Tube{l. Fermi MA MA MA 13,000 |Dye penetrant and 1. Possible chemical attack due to foreign material, with
to-Tube Sheet Joint 2. Secondary sodium system 277 92 136 bubble tests thermal cycling as a contributing factor, resulted in
2. Heat Transfer/Steam |3. Sodium (shell) side: 1000°F, 175 psig water-to-sodium leakage in seal weld area.
Generator Water (tube) side: $00°F, 1000 psig 2. Internal bore weld through tube wall. Field repair.
3. 40 4. NAA-SR-12534 3. None.
223100 .
3 1. Steam Generator/ - 1. Fermi MA MA MA 13,000 |Sodium outlet temper- |1. Boiling in a large number of downcomer tubes,
2. Heat Transfer/Steam |2. Secondary sodium system 197 58 123 ature oscillations on 2. Installed feedwater flow orifices to increase pressure
Generator 3. Sodium (shell) side: 1000°F, 175 psig monitors drop between water and steam manifolds.
3. 40 Water (tube) side: 900°F, 1000 psig 3. None.
223100 4. NAA-S5R-12534
4 1. Steam Generator/ - 1. HNPF P P P 13,000 | Plugging meter 1. Sodium plugging temperature increase gave rise to the
2. Heat Transfer/Steamn |[2. Secondary sodium system 253 51 133 hypothesis that hydrogen being generated by an iron-
Generator 3. Water (shell) side: 550°F, 1000 psig water reaction was diffusing through the tubes and into
3. 40 Sodium (tube) side: 950°F, 100 psig the sodium.
223100 4., NAA-SR-12534 2. None.
3. None.
5 1. Steam Generator/Tube-{ 1. EBR-II MA MA MA 1200 Routine inspection 1. Faulty tube-to-tubesheet machine weld resulted in
to-Tube Sheet Weld 2. Secondary sodium system 454 59 136 water leakage into air space between sodium and
2. Heat Transfer/Steam [3. 800°F and 1500 psig on water side water tubesheets.
Generator 4. NAA-SR-12534 PMMR-16 2. Weld partially ground out, then manually rewelded
3, 40 and helium leak checked.
223100 3. None.
6 1. Steam Generator/Tubes| 1. Fermi MA MA MA |Unknown | Pressure test 1. Stress corrosion cracking, attributed to residual
2. Heat Transfer/Steam |2. Secondary sodium system 479 94 136 cleaning solution containing sodium hydroxide,
Generator 3. Sodium (shell) side: 1000°F, 175 psig resulted in water leakage into sodium.
3. 40 Water (tube) side: 900°F, 1000 psig 2. Units retubed and partially stress relieved.
223100 4. NAA-SR-12534 3. None.
* | = INCIDENT Mmi MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

¢

PROBLEM
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FATLURE DATA FOR _STEAM GENERATORS

{Sheet 2 of 15)

COMPONENT/PART | 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEX 1. FAILURE DESCRIPTION
ITEM OPERATING| METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
7 . Steam Generator/Tubed{ 1. Fermi MA MA MA 350 Gas chromatograph 1. Hydraulically induced tube vibration caused tube
to-Tube Sheet Joint 2. Secondary sodium system 197 59 136 cracking and resultant water leakage into sodium.
. Heat Transfer/Steam |[3. Sodium (shell) side: 1000°F, 175 psig 2. Baffle placed in front of sodium inlet nozzle and tubes
Generator Water (tube) side: 900°F, 1000 psig laced at two elevations on the outer vertical section.
. 40 4. NAA-SR-12534 3. None.
223100
8 . Steam Generator/Tube-{ 1. Fermi MA MA MA 8760 Dye penetrant 1. Oil and dirt deposits on joints reacted to form pits.
to-Tube Sheet Welds 2. Secondary sodiumn system 277 g2 136 inspection 2. Pits and flaws were ground out and rewelded.
. Heat Transfer/Steam | 3. Sodium (shell) side: 1000°F, 175 psig 3. None.
Generator Water (tube) side: 900°F, 1000 psig
. 40 4. NAA-SR-12534
223100
9 . Steam Generator No.2/[1l. Fermi I I 1 None Pressure test 1. During preoperational testing extensive stress corros-
Tubes 2. Secondary sodium system 479 94 520 ion cracking was discovered in the tubes of one of the
Heat Transfer/Steam | 3. Preoperational pressure test steam generators. This was caused by salts remain-
Generator 4. NAA-SR-12534, 11/1/67 ing in the tubes after a cleaning operation at the
. 40 TI-095-14-009, 8/29/69 manufacturer's facilities. In addition, several
223100 manufacturing defects were discovered: (1) One tube
was carbon steel instead of Croloy, (2) one tube had
a defect that penetrated the tube wall, and (3) one tube
had a lap defect.

2. The corroded generator was retubed and all three
generators were stress relieved by circulating hot
argon through the shell.

3. Upgrade chemical process control.

10 . Steam Generator No. 1|1. Fermi I 1 1 350 Cover gas hydrogen 1. A sodium-water reaction occurred during initial oper-
Tubes 2. Secondary sodium system 127 59 520 detector ation of the unit in 1962, The leak detection, reaction
. Heat Transfer/Steam | 3. Isothermal operation at 470°F relief, and isolation and dump systems operated sat-
generator 4. NAA-SR-12534, 11/1/67 isgactorily to contain and terminate the reaction. The
. 40 EF-8, 4/64 failure resulted from tube vibration opposite one of
223100 the sodium inlets. Subsequent water tests on a tube
bundle confirmed that installing impingement baffles
and tube lacing clips would be adequate to reduce
vibration to an acceptable level. In addition to the
vibration damage, four of the tubes in the reaction
area exhibited pressure failures {resulting from cor-
rosion and thinning caused by the reaction products).

2. The tube bundle was removed and cleaned in ethyl
alcohol. This was the first removal of sodium and
sodium-water reaction products from such a large
piece of equipment. The damaged area was retubed.

3. Upgrade chemical process control.

* | = INCIDENT MI = MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P

= PROBLEM
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FAILURE DATA FOR
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STEAM GENERATORS

(Sheet 3 of 15)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE opEraTE METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM ETHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT| 3. RECOMMENDATIONS
(System/Subsystem)
11 . Steam Generator No.2]|l. Fermi I I 1 Unknowp Cover gas hydrogen 1. Unit was manually isolated when the cover gas hydro-
. Water Manifold Tube | 2. Secondary sodium system 500 61 520 detector gen concentration increased rapidly to 400 ppm. The
Sheet 3. Unit was being cut into the mainten- rate of increase was 21 ppm/min.
. Stearmn Manifold Tube ance cooling loop 2. Bubble and dye penetrant tests were used to locate
Sheet Welds 4. EF-16, 12/64 defects. A total of 28 seal welds joining the tubes
. Heat Transfer/Steam and tube sheets were repaired.
Generator 3. Additional research and development required.
. 40
223100
12 . Steam Generator No.3/]1l. Fermi I I I Unknown| Bubble Test 1. Tests conducted on the tube bundle indicated a leak
Water Manifold Tube 2. Secondary sodium system 500 61 520 rate increase to 335 cc/day compared to an earlier
Sheet 3. Out of service for inspection leak rate of 65 cc/day.
. Heat Transfer/Steam |[4. EF-30, 2/66 2. The tube sheet was cleaned with aluminum oxide
Generator and the .tube sheet welds were dye-penetrant tested.
. 40 Nine small cracks and 276 flaws were found in the
223100 welds. The cracks were ground out and repaired
with 21/4 Cr - 1 Mo filler metal, using inert arc.
The flaws were repaired by nicrobrazing.
3. Additional research and development required.
13 | 1. Steam Generator No.1/41l. Fermi I I 1 UnknowTJ Unknown 1. Water manifold gasket leaked.
Water Manifold Gasket| 2. Secondary sodium system 500 BZ 520 2. Gasket was replaced.
. Heat Transfer/Steam | 3. In service 3. Materials: select for the enviroment.
Generator 4. EF-30, 2/66
. 40
223100
14 | 1. Steam Generator No.3/41l. Fermi I I I Unknown| Cover gas hydrogen 1. An increase in the hydrogen concentration of the cover
. Water Manifold Tube | 2. Secondary sodium system 500 61 520 detector gas was detected. Mass spectrometer and bubble
Sheet 3. In service testing revealed two ligament cracks in the water
. Steam Manifold Tube |4. EF-32, 4/66 manifold tube sheet and one suspected leaking tube in
Sheet the steam manifold tube sheet.
. Heat Transfer/Steam 2. Theligament cracks were ground out and welded and the
Generator twotubes bridged by the crack were plugged. The sus-
. 40 pected tube in the steam manifold was also plugged. Both
223100 tube sheets were also completelydye -penetrant checked.
Additional cracks in the seal welds of the inner row of the
water manifold were found. All inner row tubes in the
water manifold will be counterbored to remove the old
seal welds and will be rewelded. Theligaments between
these tubes were reinforced by additional weld material.
The pitted welds found by the dye-penetrant checkwere
overlayed with Nicrobraze. This amounted to several
hundred tubes.
* | INCIDENT Ml = MINOR MALFUNCTION 3. Additional research and development required.
MA MAJOR MALFUNCTION P = PROBLEM
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(Sheet 4 of 15)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE oPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM 2
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
15 1 1. Steam Generator No. 1/1l. Fermi I I I Unknown| Cover gas hydrogen 1. An increase in cover gas hydrogen concentration
a. Water Manifold Tube |2. Secondary sodium system 500 61 520 was detected. Tests conducted on the unit revealed
Sheet 3. In service increased leakage compared to previous results.
b. Steam Manifold Tube (4. EF-33, 5/66 2. A total of 898 tube end repairs were made to the unit
Sheet which consisted of the following: (a) 567 tube welds
2. Heat Transfer/Steam overlayed with Nicobraze, (b) 331 tube ends were
Generator repaired with 2-1/4 CR - 1 Mo filler material, (c) 4
3. 40 tubes plugged. The pitted welds found by dye-
223100 penetrant check were overlayed with Nicobraze. The
remaining defective welds were repaired using
2-1/4 Cr - 1 Mo filler material and the tungsten inert
gas technique. All inner row tubes in the water
inlet tube sheet were counterbored and rewelded
adding 2-1/4 Cr - 1 Mo filler rod.
3. Additional research and development required.
16 | 1. Steam Generator No.2/1l. Fermi I I I Unknown| Cover gas hydrogen 1. A steady increase of hydrogen leakage into the cover
Water Manifold Tube |2. Secondary sodium system 500 61 520 gas was observed over a period of time. Consequently
2. Heat Transfer/Steam |[3. In service it was decided to remove the manifold covers for
Generator 4. EF-33, 5/66 investigation and necessary repairs. Bubble
3. 40 testing revealed two tube weld leaks in the water
223100 manifold tube sheet. Dye penetrant checking showed
an additional 164 questionable welds of which 11
appeared to have flaws.
2. A total of 179 tube end welds were repaired by
counterboring out the welds and rewelding with 2-1/4
Cr - 1 Mo filler rod. Bubble testing after repairs
was satisfactory.
3. Additional research and development required.
17 | 1. Steam Generator No.3/] 1. Fermi I I I Unknown{ Unknown 1. Steam manifold cover gasket leaked.
Steam Manifold cover | 2. Secondary sodium system 500 BzZ |- 520 2. Steam manifold cover gasket was replaced.
gasket 3. In service 3. Materials: select for the enviroment.
2. Heat Transfer/Steam |[4. EF-34, 6/66
Generator EF-35, 7/66
3. 40
223100
* INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR STEAM GENERATORS

(Sheet 5 of 15)

111

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE operaiel METHOD OF FAIL 1. FAILURE DESCRIPTION
ITEM URE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
18 |1l. Steam Generator No.l/[l. Fermi I I I Unknown | Unknown 1. The unit was taken out of service for tube-to-shell-
Water Manifold Tube [2. Secondary sodium system 500 61 520 side leakage. A pressure test revealed a nitrogen
Sheet 3. In service leak rate of 430 cc/day.
2. Heat Transfer/Steam {4. EF-36, 8/66 2. Three leaks were found in the water manifold tube
Generator sheet by means of bubble testing. Two were tube
3. 40 weld leaks which were repaired by removing the
223100 defect area and refilling with 2-1/4 Cr - 1 Mo welding
rod using the inert arc technique. One of the leaks
appeared just below the weld in the tube roll. This
tube was plugged. Both tube sheets were completely
dye-penetrant checked. This revealed a number of
weld defects in the water manifold most of which
were in nicobraze overlays that were applied during
the last repair period. Repairs were made by re-
moving the nicobraze and rewelding with 2-1/4 Cr -
Mo filler rod.
3. Additional research and development required.
19 {1. Steam Generator No.24l. Fermi I 1 I Unknown | Unknown 1. Water manifold tube sheet leak.
Water Manifold Tube {2, Secondary sodium system 500 61 520 2. Tube welds in the water side manifold were repaired.
Sheet 3. In service Bubble testing and nitrogen pressure testing showed
2. Heat Transfer/Steam [|4. EF - 37, 9/66 the unit to be leak tight.
Generator EF - 38, 10/66 3. Additional research and development required.
3. 40 .
223100
20 |1. Steam Generator No.3/}1. Fermi I I 1 Unknown | Unknown 1, Water manifold gasket leak,
Water Manifold Gasket]2. Secondary sodium system 500 BZ 520 2. Water manifold gasket was replaced.
2. Heat Transfer/Steam |[3. In service 3. Materials: select for the environment.
Generator 4. EF - 37, 9/66
3. 40
223100
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR STEAM GENERATORS
(Sheet 6 of 15)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE operaTG] METHO 1. FAILURE DESCRIPTION
ITEM N HOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
21 |1. Steam Generator No. 1/l. Fermi I I 1 Unknown |Unknown 1. Both water and steam manifold tube sheets have been
a. Water Manifold Tubes |2. Secondary sodium system 500 61 520 tested for leaks. Two leaking tube end welds were

Sheet 3. In service found in the water manifold in the inner tube row.

b. Steam Manifold Tube |4. EF - 42, 2/67 The water side manifold was also dye-penetrant

Sheet EF - 43, 3/67 checked. Seven additional tube end welds were found

2. Heat Transfer/Steam EF - 44, 4/67 to have questionable defects. Four tube end welds

Generator EF - 45, 5/67 were trepanned as part of a metallographic study to

3. 40 EF - 47, 7/67 determine the nature of the weld failures.

22310 2. A welding technique developed by Foster-Wheeler
Corporation was used on this unit in an effort to
eliminate the problem of leaking tube joints. This
method employs a special welding head which is
inserted into a steam generator tube, and using the
tungsten inert gas method, fusion welds the tube to
the tube”sheet, Internal bore welding of the tube-to-
tube-~sheet joints in the water side tube sheet of the
unit was completed. A total of 1184 tube welds were
made. The remaining 16 tubes in the unit were
plugged. ILeak testing of the unit after repairs were
completed was satisfactory. The water manifold tube
ends on steam generators 2 and 3 will be welded
using the internal bore welding technique.

3. Additional research and development required.
22 11. Steam Generator No.1l/|1l. Fermi I 1 I Unknown | Cover gas hydrogen 1. An increase in hydrogen concentration in the shell
a. Water Manifold Gasket{2. Secondary sodium system 500 BZ 520 detector side cover gas on steam generator No. 1 indicated
b. Steam Namifold Gasket] 3. Inservice 61 tube-to-shell-side leakage. The unit was dis-
c. Tubes 4. EF - 61, 9/68 mantled as a result of water and steam manifold
2. Heat Transfer/Steam EF - 62, 10/68 gasket leaks as well as tube leaks. Subsequently,
Generator ‘three tube leaks were found. Two tubes (No. 112-3
3. 40 and No. 150-1) were leaking at the internal bore weld

223100 area in the water manifold tube sheet and the third
tube (No. 76-1) was leaking approximately 10 to
10-1/2 ft below the top of the steam manifold tube
sheet. The distance was determined by installing a
plastic hose with a valve over the defective steam
tube., The shell of the steam generator was pressur-
ized with nitrogen to 38 psig which passed through the
valve at an ultrasonic velocity. The ultrasonic
frequency changed while the water level was maintained
either above or below the leak.

2. The unit was repaired.
3. None.
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23 |1. Steam Generator No.2/{l. Fermi I I I Unknown [Visual 1. Water and steam manifold gasket leaks were experi-
a. Water Manifold Gasket |2. Secondary sodium system 500 BZ 520 enced on the unit. Hardness tests of the gaskets
b. Steam Manifold Gasket |3. Pressure test of steam side with showed values higher than expected for soft annealed
2. Heat Transfer/Steam water iron.
Generator 4. EF - 61, 9/68 2. Water and steam manifold gaskets were replaced
3. 40 with annealed gaskets.
223100 3. None.
24 |1, Steam Generator No. 1/{l. Fermi I I I Unknown |Visual 1. Water and steam manifold gasket leaks were experi-
a. Water Manifold Gasket |2. Secondary sodium system 500 BZ 520 enced on the unit. Hardness tests of the gaskets
b. Steam Manifold Gasket [3. Pressure test of steam side showed values higher than expected for soft annealed
2. Heat Transfer/Steam with water iron.
Generator 4, EF - 61, 9/68 2. Water and steam manifold gaskets were replaced with
3. 40 annealed gaskets.
223100 3. None.
25 |1. Steam Generator No. 3/|l. Fermi I I I Unknown {Visual 1. Water manifold gasket leak was experienced on the
Water Manifold Gasket |[2. Secondary sodium system 500 BZ 520 unit, Hardness test of the gasket showed values
2, Heat Transfer/Steam [3. Pressure test of steam side with higher than expected for soft annealed iron.
Generator water 2. Water manifold gasket was replaced with annealed
3. 40 4, EF - 61, 9/68 gasket.
223100 3. Materials: select for the environment.
26 |1. Steam Generator No. 1/|1. Fermi I I I Unknown |Test instrumentation 1. Feedwater flow tests were conducted on the unit after
Pressure Drop Devices|2, Secondary sodium system 27Z 51 520 a series of isolation checks. Results of the flow tests
2. Heat Transfer/Steam |3. Feedwater flow testing indicate that some of the pressure drop devices did
Generator 4. EF - 69, 5/69 not reseat after the isolation checks. Inspection of
3. 40 EF - 70, 6/69 the pressure drop orifices showed that all had reseated
after isolation tests except for several that were held
off their seats because of small-scale particles.
2. The orifices were cleaned and returned to service.
3. Upgrade chemical process control.
27 | 1. Steam Generator No.341l. Fermi I I I Unknown | Visual 1. The unit was water filled in preparation for running a
Steam Manifold 2. Secondary sodium system 500 BZ 520 feedwater flow test but a leak developed at the steam
Gasket 3. Unit was water filled to run feedwater manifold cover plate.
2. Heat Transfer/Steam flow test 2. The tube side was water filled following retorquing of
Generator 4. EF-69, 5/69 the steam manifold cover. Retorquing failed to elim-
3. 40 EF-70, 6/69 inate the gasket leak; therefore, the leak was re-
223100 paired by replacing the steam manifold gasket.
3. Materials: select for the environment.
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28

29

. Steam Generator No. 1

. Heat Transfer /Steam

. Steam Generator No. 1

. Heat Transfer/Steam

Downcomer Tubes

W BN -

Generator

. Fermi (LMFBR)

. Steam pressure:

40 4.

223100

Downcomer Tubes

W=

Generator
40 4
223100

Secondary sodium system
750 psia
Sodium temp: 510°F
NAA-SR-12534, 11/1/87
TI-095-14-009

. Fermi (LMFBR)

Secondary sodium system
Steam pressure: 950 psi
Sodium temp: 540°F
NAA-SR-12534, 11/1/67
TI-095-14-009

197

197

BA

BA

520

520

Unknown

Unknown

Sodium outlet tem-
perature oscillations
on monitors

Sodium outlet tem-
perature oscillations
on monitors

™~

w

o

3.

. Restriction of the operating parameters to limit the

During a 67-Mwt, two-loop run, instability occurred
as the steam pressure was being ramped from 900 psi
down to 600 psi. When the steam pressure reached
approximately 750 psia and the sodium outlet temper-
ature 510°F, large oscillations with a maximum am-
plitude of 100°F were observed in the sodium outlet
temperature of one steam generator. The high tem-
perature initiated a single-circuit shutdown which, in
turn, resuited in a muiticircuit shutdown and scram.
Restriction of the operating parameters to limit the
preheat area reduced this problem. In addition, poppet-|
type orifices were installed in the inlets of the water
downcomer tubes to increase the pressure drop, pro-
vide more even water distribution to all the tubes, and,
hopefully, eliminate the instability altogether. Con-
siderable tuning of the control system was necessary
before efficient operation was achieved.

Additional research and development required.

During a 100-Mwt, 3-loop run, large oscillations with
a maximum amplitude of 100°F were observed on loop
No. 2 after the sodium outlet temperature drifted from
517°F to approximately 540°F when operating at a
steam pressure of 950 psia. Approximately 5 min
after operation of this loop was terminated by a single-
circuit shutdown from the oscillations, loop No.1
exhibited the same behavior, thereby terminating the
run with a multicircuit shutdown scram. The outlet
steam temperature during both these runs was approx-
imately 600°F. Both instabilities developed when the
steam generator sodium outlet temperature coincided
with the saturation temperature of the feedwater at its
operating pressure.

preheat area reduced this problem. In addition, poppet
type orifices were installed in the inlets of the water
downcomer tubes to increase the pressure drop, pro-
vide more even water distribution to all the tubes, and,
hopefully, eliminate the instability altogether. Con-
siderable tuning of the control system was necessary
before efficient operation was achieved.

Additional research and development required.

il

INCIDENT Ml
MAJOR MALFUNCTION P

MINOR MALFUNCTION
= PROBLEM




y80€-IT
I 10A ‘L-69-0WLW-DANWT

0L61 ‘0€ 2ung

TABLE 1-111
FAILURE DATA FOR _STEAM GENERATORS

(Sheet 9 of 15)

2
ITEM 3

COMPONENT/PART
SYSTEM/SUBSYSTEM
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30

31

Steam Generator No.2
Downcomer Tubes

. Heat Transfer /Steam

Generator
40
223100

Steam Generator/

Water-Side Tube Sheet|2.

Heat Transfer/Steam
Generator

40

223100

1, Fermi (LMFBR)

. Secondary sodium system

3. Steam pressure: 950 psia
Sodium temp: 540°F

4. NAA-SR-12534, 11/1/67

TI-095-014-009

1. EBR-II (LMFBR)

Secondary sodium system

3. Plant was shut down for control rod
repairs

NAA-SR-12534, 11/1/67

197

500

6Z

520

580

Unknown

1200

Sodium outlet tem-
perature oscillations
on monitors

Routine inspection

. During a 100-Mwt, 3-loop run, large oscillations, with

. Additional research and development required.

. A routine inspection of the steam generators while the

. Since it was accessible, the weld was partially ground

. None.

a maximum amplitude of 100°F were observed on loop
No. 2 after the sodium outlet temperature drifted from
517°F to approximately 540°F when operating at a
steam pressure of 950 psia. Approximately 5 min
after operation of this loop was terminated by a single-
circuit shutdown from the oscillations, loop No.1 ex-
hibited the same behavior, thereby terminating the run
with 2 multicircuit shutdown scram. The outlet steam
temperature during both these runs was approximately
600°F. Both instabilities developed when the steam
generator sodium outlet temperature coincided with the
saturation of the feedwater at its operating pressure.
Restriction of the operating parameters to limit the
preheat area reduced this problem. In addition, poppet]
type orifices were installed in the inlets of the water
downcomer tubes to increase the pressure drop, pro-
vide more even water distribution to all the tubes, and,
hopefully, eliminate the instability altogether. Con-
siderable tuning of the control system was necessary
before efficient operation was achieved.

plant was shut down in October 1964 for control rod
repairs disclosed the presence of water in the space
between the sodium and water upper tube sheets in
evaporator No. 702. Subsequent testing confirmed that
a leak existed in the water side tube sheet of one of its
contained tubes. The interconnecting pipe between the
evaporator and the steam drum was removed, giving
access to the water side of the tube sheet. The air side
of the tube sheet was pressurized and bubble-testing
pinpointed the location of the leak. It was a pinhole in
a weld crater of a machine-made tube-to-tube-sheet
weld.

out and manually rewelded without having to remove
the evaporator. A subsequent helium mass spectrom-
eter leak test showed the repair to be successful. The
riser pipe was then rewelded into the system, and the
plant was prepared for further operation.
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(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
32 | 1. Steam Generator/ 1. SCTI (non-nuclear test facility) I I 1 2300 Hydrogen recorder 1. Steam generator hydrogen recorder showed H2 presence
Tubes 2. Secondary sodium system 500 6Z 520 in excess of 200 ppm. Temperatures increased. Peak
2. Heat Transfer/Steam | 3. Startup steam temperature was 550°F, as compared with a
Generator 4. IMPR-370, 6/22/70 sodium inlet temperature of 410°F. Feedwater inlet
3. 40 temperature was 370°F. This temperature response
223100 was indicative of a sodium-water reaction on the steam]
side of the steam generator.
2. Tubes 2-47 and 4-27 were plugged and seal welded
using a special weld procedure. Dye-penetrant exam-
ination and helium leak test verified weld integrity. A
hydrostatic test also served to assure the soundness
of the bundle at operating pressure.
3. Additional research and development required.
33 [ 1. Steam Generator/ 1. SCTI (non-nuclear test facility) I I I 3380 Visual 1. Following removal of ring seal from upper steam gen-
Manway Flange 2. Secondary sodium system 413 61 530 erator manway flange, cracks were observed at the
2. Heat Transfer/Steam | 3. Steam generator undergoing repair bottom of the groove around the entire periphery. The
Generator for tube leak cracks are believed to be structural failures due to
3. 40 4. IMPR-374, 8/6/69 high radial loading on the relatively small area within
223100 the ring diameter. Plastic deformation of the lip,
internal to the O-ring groove, is evidenced by the fact
that ID measurements at the top of the manway opening
indicate a 50-mil deflection. Similar deformation is
also evident at the lower manway flange but no cracks
exist in this latter region.
2, Upon completion of crack removal, the machined areas
in the groove were overlaid with Inconel to reestablish
a protective surface. Diaphragms fabricated from
Incoloy 800 were installed over the manway opening.
3, Additional research and development required.
34 [ 1. Steam Generator/ 1. SCTI (non-nuclear test facility) I I I 3410 Instrumentation 1. Steaming operation was terminated when evidence of
a. Tubes 2. Secondary sodium system 500 62 520 and visual water vapor was found in the cover gas over the sodium.
b. Steam Side Tube Sheet| 3. Startup operation Leakage was confirmed and the water side of the steam]
2. Heat Transfer /Steam | 4. LMEC Monthly Progress Reports generator was opened to permit detailed inspection and
Generator for 3/69 and 4/69 isolation of defects. Five defective tubes were found.
3. 40 Liquid penetrant inspections of the upper tube sheet fillet
223100 welds revealed a number of porosityand crack indications)
2, The five defective tubes were plugged and tube sheet
discrepancies were repaired.
3. Additional research and development required.
# | = INCIDENT Ml = MINOR MALFUNCTION
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35

36

. Steam Generator/
. Heat Transfer/

. 40

. Steam Generator/

Shell

AW N -

Steam Generator

223100

Tubes

Heat Transfer/Steam
Generator

40

223100

W W N

. SCTI {non-nuclear test facility)

. Secondary sodium system

. Steam generator hydrostatic test
. IMPR - 383, 5-20-70

. HNPF (LMFBR)

. Secondary sodium system

. Reactor in shutdown condition
. NAA-SR-12534, 11-1-67

500 99

456 61

520

520

3410 Visual

4926 Third fluid pressure

buildup

. Feedwater flow was established through the Alco test

. Pending (under investigation).
. Additional research and development required.

. A gradual third fluid pressure buildup indicated the

. Additional research and development required.

steam generator in preparation for hydrostatic test per
Special Procedure No. 123. This hydrostatic test was
to be conducted at 2300 psig and 350°F. A preliminary
inspection of the diaphragm and manway cover areas
was being conducted in preparation for heating the
steam generator to 350°F and increasing feedwater
pressure to 2300 psig. Phe feedwater pressure in the
steam generator was 580 psig and 90°F. The inspectio
indicated that there was a series of cracks in the steam]
generator feedwater chest in the vicinity of the lower
channel head and tube sheet area. The presence of so-
dium oxide deposits on the tube sheet edge and under-
surface, and of rust-colored stains beneath several of
the visible cracks, indicate that cracking and leakage
occurred prior to the end of the last operating interval.

probability of a leak in the superheater between the
third fluid and steam. The third fluid pressure was
bled to 300 psig. After a short time, the pressure
steadily increased to 400 psig. At this time, it was
felt that the leak was definite. Further proof of the
leak was made by venting the third fluid pressure to
345 psig and again allowing its pressure to approach
the steam pressure.

The tube bundle was removed from the shell, and the
leak was located in the center tube of the tube bundle.
A radiograph of the defective tube showed the inner
tube cap pushed ahead and rubbing the weld of the outer
tube cap. The inner tube was extruded into the outer
tube during the roller expansion and caused this inter-
ference fit, which could have caused the failure by set-
ting up residual stresses in this area which were not
stress relieved after fabrication. The combination of
this residual stress and the thermal stress during oper
ation probably caused the weld to crack. The leaking
tube was welded, stress relieved, and the tube bundle
reinstalled. The shell was rewelded, stress relieved,
and hydrostatically tested at 900 psig for 1 hr, steam-
ing operations were resumed.
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37

38

. 40

Steam Generator/ 1.

Tube

. Heat Transfer/ 3.

Steam Generator

. 40 4.

223100

Steam Generator/ 1.
Tube 2.
. Heat Transfer/ 3

Steam Generator

223100

HNPF (LMFBR)

2. Secondary sodium system
Steam generator out of service for

modifications
NAA-SR-~12534, 11-1-67

HNPF (LMFBR)

Secondary sodium system
Destructive examination of steam

generator

4. NAA-SR-12534

MA
500

MA
452

MA
61

61

MA
520

MA
580

4926

8541

Visual

Visual

w N

While preparing to stress relieve the end cap welds of
the heat transfer tube bundle, a crack was found
in the end cap weld of Tube No. 18.

. This crack was repaired and all other end caps were

radiographed to check for cracks and interference

fits between the cap welds of the inner and outer tubes.
Seven tubes which had not been stress relieved during
fabrication were stress relieved. These tubes (No's.
3, 6, 8 9,10, 13, and 20) were wrapped with a
heating coil, heated at a controlled rate to 1200°F, and
then cooled at a controlled rate to stress-relieve them.
The stress-relieved tubes were then checked with
penetrant dye and mass spectrometer, then leak

tested and radiographed. No defects were found

and the tube bundle was installed in the kettle-type
evaporator shell.

. Additional research and development required.

Sodium was found in the annulus of one bellows-type
core tube while attempting to cut it apart. The
annulus was almost completely filled with solidified
sodium, which prevented separation of the inner and
outer tubes. No sodium was found in the annulus

of any of the other core tubes. Four core tubes
were found in which numerous cracks were observed
in the weld between the inner and outer tubes on the
bellows end of the tube. Although the cracks found
in these tube end pieces penetrated through both tube
walls and the weld, the annulus space peculiarly
enough, was absent of sodium.

After all of the bellows-type core tubes had been
disassembled, each piece, including the bellows,
was individually helium leak-tested. The bellows and
all of the welds on the core tube were dye-checked.
No leaks were found in any of the length of tubing nor
in the bellows. The only leaks found were those in
the end pieces in which the welds were cracked.

. None (destructive examination of steam generator only)
. None.
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39 {1. Steam Generator/ 1. Dresden (BWR) MA MA MA | Unknown | Unknown 1. Dresden I has five steam generators: one primary
Tubes 2. Secondary water loop 500 6Z 510 and four secondary. As steam producers, there
2. Heat Transfer/ 3. Full power operation is no record of any operating difficulty with them
Steam Generator 4, TI-095-14-010, 11-15-69 except for tube leaks in the secondary generators.
3. 40 2. Unknown.
223100 3. Additional research and development required.
40 |1. Steam Generator/ 1. Dresden (BWR) MA MA MA | Unknown| Unknown 1. Dresden I has five steam generators: one primary
Tubes 2. Secondary water loop 500 6Z 510 and four secondary. As steam producers, there
2. Heat Transfer/ 3. Full power operation is no record of any operating difficulty with them
Steam Generator 4, TI-095-14-010, 11-15-69 except for tube leaks in the secondary generators.
3. 40 2. Unknown
223100 3. Additional research and development required.
41 |1. Steam Generator/ 1. Dresden (BWR)} MA MA MA | Unknown{ Unknown 1. Dresden I has five steam generators: one primary
Tubes 2. Secondary water loop 500 67 510 and four secondary. As steam producers, there
2. Heat Transfer/ 3. Full power operation is no record of any operating difficulty with them
Steam Generator 4, TI-095-14-010, 11-15-69 except for tube leaks in the secondary generators.
3. 40 2. Unknown.
223100 3. Additional research and development required.
42 |1 Steamn Generator/ 1. Dresden (BWR]) MA MA MA | Unknown| Unknown 1. Dresden I has five steam generators: one primary
Tubes 2. Secondary water loop 500 6Z 510 and four secondary. As steam producers, there
2. Heat Transfer/ 3. Full power operation is no record of any operating difficulty with them
Steam Generator 4. TI-095-14-010, 11-15-69 except for tube leaks in the secondary generators.
3. 40 2. Unknown.
223100 3. Additional research and development required.
43 | 1. Steam Generator/ 1. San Onofre (PWR) MI MI MI None Visual 1. On November 16, 1965, during construction, the rigging
Tubes 2. Primary coolant loop 477 54 510 contractor dropped the No. 3 steam generator as it was
2. Heat Transfer/Steam |3. Steam generator installation during being lifted into the vapor container. The lifting gear
Generator plant construction in the special portable bridge crane failed and the gen-
3. 40 4. TI-095-14-007, 6-25-69 erator (which was horizontal at the time) dropped 12in.
223100 onto wooden blocking. No nozzles were damaged; how-
ever, some tubes in the upper support structure were
deformed from a nominal of 0.640 to a deformed value
of 0.340 in. Collapse test, metallurgical investigations
velocity measurements, and other tests were performe
on similarly deformed tubes.

2. Westinghouse and Bechtel's recommendation was that
the unit be operated as-is without tube replacement or
plugging.

3. Improve handling technique of large components.
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44 |l. Steam Generator/ 1. San Onofre (PWR) MI MI MI Unknown | Unknown . The steam generator, dropped during construction,
Tubes 2, Primary coolant loop 500 6Z 510 developed a 2 gal/day leak (determined by the mea-
2. Heat Transfer/ 3. Full power operation sured tritium concentration in the feedwater).
Steam Generator 4, TI-095-14-007, Change No. 1, 3-70 . Unknown.
3. 40 . Additional research and development required.
223100
45 | 1. Steam Generator/ 1. Shippingport (PWR) MA MA MA | Unknown | Unknown . In 1958 a leak was discovered between the primary and
Tubes 2. Primary coolant loop 278 94 520 secondary sides of a heat exchanger. Testing revealed
Z. Heat Transfer/Steam |3. Unknown that 2 tubes were leaking, 15 had significani wall ihick-
Generator 4. TI-095-14-006, 7-7-69 ness defects, and there were defects between the sec-
3. 40 - ondary face of the inlet-end tube sheet and the first
223100 tube baffle. Examinations revealed that the failures
were caused by a combination of steam blanketing and
caustic stress corrosion as a result of operations out
of boiler water chemistry specifications (during initial
plant operations when excessive blowdown was required).
There were also quite a few other occasions in which
the plant experienced heat exchanger leak problems.

. To correct the condition, two additional steam risers
were added to the heat exchangers, and the water
chemistry was improved to assure the complete ab-
sence of ""free' alkalinity in the boiler water. All four
Core 1 steam generators were replaced for the oper-
ation of Core 2.

. Continued upgrading of chemical process control.

46 | 1. Steam Generator/ 1. Shippingport (PWR) MA MA MA | Unknown | Unknown . Tube failures have occurred on at least three occasions
Tubes 2, Primary coolant loop 194 65 520 during Core 2, Seed 1 operations. Severe wall thinning
2. Heat Transfer/Steam |3. Unknown was found and eventually a flow blocking plate was in-
Generator 4, TI-095-14-006, 7-7-69 stalled. The following novel method was used to pin-
3. 40 point the failures. A long plastic tube was affixed to an]
223100 ordinary aspirator at one end and a rubber balloon at
the other. The balloon was moved along the tube in in-
crements, inflated and deflated in turn. With the other
end of a tube plugged, .inflating the balloon over a hole
stopped leakage and thus gave proof of failure. Some
of the failures were caused by thermal expansion lead-
ing to wear of certain tube banks on a stiffener brace.

. The steam generator deficiencies were repaired.

. Additional research and development required.

» I = INCIDENT Ml = MINOR MALFUNCTION
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TABLE
FAILURE DATA FOR

1-111

STEAM GENERATORS

{(Sheet 15 of 15)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CooE operaTNG] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
47 | 1. Steam Generator/ 1. Shippingport (PWR) MA MA MA Unknown | Unknown 1. Tube failures have occurred on at least three occasions
Tubes 2. Primary coolant system 194 €5 520 during Core 2, Seed | operations. Severe wall thinning
2. Heat Transfer/Steam [3. Unknown was found and eventually a flow blocking plate was in-
Generator 4, TI-095-14-006, 7-7-69 stalled. The following novel method was used to pin-
3. 40 point the failures. A long plastic tube was affixed to anf
223100 ordinary aspirator at one end and a rubber balloon at
the other. The balloon was moved along the tube in in-
crements, inflated and deflated in turn. With the other
end of a tube plugged, inflating the balloon over a hole
stopped leakage and thus gave proof of failure. Some
of the failures were caused by thermal expansion lead-
ing to wear of certain tube banks on a stiffener brace.
2, The steam generator deficiencies were repaired.
3. Additional research and development required.
48 |1. Steam Generator/ 1. Shippingport (PWR) MA MA MA | Unknown | Unknown 1. Tube failures have occurred on at least three occasions
Tubes 2. Primary coolant system 194 65 520 during Core 2, Seed ! operations. Severe wall thinnin
2. Heat Transfer/Steam [3. Unknown was found and eventually a flow blocking plate was in-
Generator 4. TI-095-14-006, 7-7-69 stalled. The following novel method was used to pin-
3. 40 point the failures. A long plastic tube was affixed to an
223100 ordinary aspirator at one end and a rubber balloon at
the other. The balloon was moved along the tube in in-
crements, inflated and deflated in turn. With the other
end of a tube plugged, inflating the balloon over a hole
stopped leakage and thus gave proof of failure. Some
of the failures were caused by thermal expansion lead-
ing to wear of certain tube banks on a stiffener brace.
2. The steam generator deficiencies were repaired.
3. Additional research and development required.
* | = INCIDENT Ml = MINOR MALFUNCTION
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TABLE 1-112

FAILURE DISTRIBUTION FUNCTIONS

COMPONENT _STEAM GENERATORS

COMPONENT sueType __STEAM GENERATORS

FAILURES (%)

0

10 20 30 40 50

60

70

80

90 100

PLANT
TYPE

Liquid Metal Nuclear Power Reactor

Pressurized Water Reactor

Boiling Water Reactor

Liquid Metal Test Facility

SYSTEM

Heat Transfer

COMPONENT PART

Tubes

Water-Side Tube Sheet

Steam-Wide Tube Sheet

Water Manifold Gasket

Steam Manifold Gasket

Pressure Drop Devices

Manway Flange

Shell

Other (Performance Instability)

CAUSE

Environmental

Impurity /Contamination

Inherent

Unknown - General

MODE

Mechanical

Metallurgical - Physical (Except Fracture)

Metal Corrosion

Other

EFFECT

Acceptable Incipient Damage

Plant Availability Loss

Labor and Material Loss Only

Potential Damage to Equipment
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COMPONENT STEAM GENERATORS

TABLE _1-113
GENERAL SUMMARY

FAILURES (%) © 10 20 30 40

50

60

70

80

90

100

Environmental

Impurity/Contamination

Inherent

Unknown - General

CAUSE

Mechanical

Metallurgical - Physical (Except Fracture)

Metal Corrosion

MODE

Other

Acceptable Incipient Damage

Plant Availability Loss

Labor and Material Loss Onl-

EFFECT

Potential Damage to Equipment

TOTAL FAILURES PER TYPE o 10 20 30 40

100

Steam Generators

OPERATING HOUES (THO

USANDS) 0 10 20 30 40

Steam Generators

TYPE

FAILURE RATE (FAILURES/lO6 he) 0 100 200 300 400

900

1000

Steam Generators

June 30, 1970
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13, Traps (General) (see Figures 1-27 through 1-30)

-

Failure data for traps (general) are presented in Tables 1-114 through 1-118.

a. Reliability Information

Critical Characteristics:

The proper installation and operation of traps is important to their use.

They should not be any more complex than necessary.

Mode of Failure:

1) Instrumentation error

2) Clogging

3) Wear

4) Disconnection

5) Distortion

6) Movement obstructed

7) Broken

8) Erosion. ' @

Failure Description:

1) Overheating

2) Packing worn out

3) Springs stuck

4) Plugging of vapor traps

5) Parts broken (shaft, steel balls).

Control Methods

1) Redesign of traps that are not adeqﬁate to do the job.
2) Further investigation of failures within a trap.

3) Do not over-design a part.

LMEC-Memo-69-7, Vol I
1-312
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Figure 1-27. HNPF Vapor Trap
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Figure 1-29. Fermi Vapor Trap
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-

b.

4) Improve training of personnel.

5) Electrical heaters used with freeze traps should be designed to pre-

vent overheating (spring-loaded circuit breaker, etc.).

Discussion and Recommendations

None.

LMEC-Memo-69-7, Vol I
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114

FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 1 of 12)

COMPONENT/PART 1. FACILITY FAILURE INDEX
. *
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE o 1. FAILURE DESCRIPTION
'TEMI 3. copE: 3. OPERATING CONDITIONS ouma) METHOD OF FAILURE 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC'H 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Freeze Trap No. 1/ . "HNPF MI MI MI | Unknown| Operational monitors | 1. Float not seated properly.
Float 2, Primary sodium service/drain tank 144 5Z 550 2. Local repairs: (a) replaced plugged section of vent
2, Heat Transfer/Coolanfl 3. 3-10 psi helium when draining piping, (b) heated freeze trap to melt sodium around
Storage sodium, 200 to 350°F shaft in housing, (c) pressurized housing with
3. 33 4. Work request No. 1682 helium to clean out sodium.

224400 3. Install another cooling device and/or allow sufficient
air flow and clearance around freeze trap housing in
order to minimizethe chance of overheating housing.
Thus, molten sodium can flow through rather than
solidifying around the cool shaft, as designed.

2 1. Freeze Trap No. 1/ 1. HNPF MI MI MI Unknown| Operational monitors | 1. Housing overheated.
Housing . Primary sodium service/drain tank | 137 44 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Coolan] 3. 3-10 psi helium when draining piping, (b) heated freeze trap to melt sodium around
Storage sodium, 200 to 350°F shaft in housing, (c) pressurized housing with helium
3. No. 33 4., Work request No. 1682 to clean out sodium.

224400 3. Install another cooling device and/or allow sufficient
air flow and clearance arcund freeze trap housing in
order to minimize the chance of overheating housing.
Thus, molten helium can flow through rather than
solidifying around the cool shaft, as designed.

3 1. Freeze Trap No. 1/ 1. HNPF MI MI MI Unknown| Operational monitors | 1. Vent piping plugged with sodium.
Vent 2. Primary sodium service/drain tank | 187 51 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Coolan{ 3. 3-10 psi helium when draining piping, (b) heated freeze trap to melt sodium around
Storage sodium, 200 to 350°F shaft in housing, (c) pressurized housing with helium
3. 33 4. Work request No. 1682 to clean out sodium.

224400 3, Install another cooling device and/or allow sufficient
air flow and clearance around freeze trap housing in
order to minimize the chance of overheating housing.
Thus, molten sodium can flow through rather than
solidifying around the cool shaft, as designed.

4 1. Freeze Trap No. 1/ 1. HNPF MI MI MI | Unknown| During actuation 1. Shaft stop broken.

Shaft Stop 2. Primary sodium service/drain tank | 331 59 550 2. Local repair, welded stop for cam actuator.

2. Heat Transfer/Coolant 3. 3-10 psi helium when draining 3. Procedures should be written cautioning against

Storage sodium, 200 to 350°F rotating the cam shaft control with excessive force

3. 33 4. Work request No, 2134 or speed to save the stops.

224400

* | = INCIDENT Mi MINOR MALFUNCTION

MA = MAJOR MALFUNCTION P
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TABLE __1-

114

FAILURE DATA FOR (TRAPS (GENERAL)

Sheet 2 of 12)

1. COMPONENT/PART | 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEX oeratnel METHOD O 1. FAILURE DESCRIPTION
ITEM N F FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE {EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
5 1. Freeze Trap No.2/ 1. HNPF MI MI MI | Unknown ]| Operational monitors | 1. Warmed housing did not solidify sodium.
Housing 2, Primary sodium 137 44 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/ 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
Reactor Coolant Piping sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear
3. 33 4. Work request No. 2252 sodium.

221210 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

6 1. Freeze Trap No. 2/ 1. HNPF MI MI MI Unknown | Operational monitors | 1. Vent piping plugged with sodium.
: Vent . Primary sodium 187 51 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/ 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
Reactor Coolant Piping sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear
3. 33 4, Work request No. 2252 sodium.

221210 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

7 1. Freeze Trap No. 3/ 1. HNPF MI MI MI Unknown | During actuation 1. Reach rod that actuates valve cam on freeze trap was

Cam Actuator 2. Primary cold trap No. l/actuator 47Z 53 550 disengaged. Tapered pins missing.

2. Heat Transfer/ 3. 3-10 psi helium when draining 2., Part replaced.
Reactor Coolant Piping sodium, 200 to 350°F 3. None.

3. 33 4, Work request No, 925
221210

8 1. Freeze Trap No. 3/ 1. HNPF MI MI MI | Unknown | Operational monitors | 1. Float not seated properly.

Float 2. Primary cold trap No.3 144 52 550 2. Local repairs: (a) replaced plugged section of vent

2. Heat Transfer/ 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
Reactor Coolant Piping| sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear

3. 33 4. Work request No, 2187 sodium.

221210 3, Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

9 1. Freeze Trap/Cam 1. HNPF ~ MI MI MI Unknown | During actuation 1. Cam shaft housing full of sodium.

Shaft Housing 2. IHX-1/freeze trap No. 1l 137 51 550 2. Local repairs: (a) removed freeze trap, (b) removed

2. Heat Transfer/ 3. 3-10 psi helium when draining cam shaft, (c) steam cleaned cam shaft housing of
Intermediate Heat sodium, 200 to 350°F sodium obstruction.
Exchanger 4. Work request No. 2331 3. None.

3. 33
222300

* | = INCIDENT Mi MINOR MALFUNCTION
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TABLE
FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 3 of 12)

1-114
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPER 1. FAILURE DESCRIPTION
ATING| METHOD OF FAILURE
'TEMI 3. cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFECﬂ 3. RECOMMENDATIONS
(System/Subsystem)

10 Freeze Trap No. 12/ HNPF MI MI MI Unknown | During actuation . Spring stuck.
Spring . IHX-2 410 55 530 . Component corrective modification; retainer spring
Heat Transfer/Inter- 3-10 psi helium when draining replaced with a solid follower (steel spacer).
mediate Heat Exchange sodium, 200 to 350°F . None.
33 Work request No. 1003
222300

11 Freeze Trap No. 10/ HNPF MI MI MI | Unknown | Direct observation 1. Helium leak through packing.
Packing Secondary sodium service 454 5Z 550 . Component corrective modification; added two rings
Heat Transfer/Inter~ 3-10 psi helium when draining of packing.
mediate Coolant sodium, 200 to 350°F . None.
Piping Work request No. 73
33
222210

12 . Freeze Trap No. 10/ . HNPF MI MI MI | Unknown| Direct observation 1. Spring loose, helium leak through packing.
Spring Secondary sodium service 410 53 550 . Component corrective modification; retainer springs
Heat Transfer/Inter- 3-10 psi helium when draining replaced with steel spacers.
mediate Coolant sodium, 200 to 350°F . Use steel spacers as integral design component and
Piping Work request No, 275 spring of sufficient tension and made of a suitable
33 material for this type of atmosphere in order to
222210 improve reliability.

13 Freeze Trap No. 7/ HNPF MI MI MI Unknown{ Operational monitors . Cam drive shaft bent at packing.
Cam Drive Shaft . Secondary cold trap (outlet) 339 54 550 Local repairs: (a) cam shaft straightened, (b) re-
Heat Transfer/Inter- . 3-10 psi helium when draining so- moved rough spots inside cam shaft housing.
mediate Coolant dium, 200 to 350°F 3. None.
Piping Work request No. 115
33
222210

14 Freeze Trap No. 7/ HNPF MI MI MI Unknown | Operational monitors | 1. Gap at packing allowed helium to leak out of system.
Packing . Secondary cold trap (outlet) 115 54 550 2. Local repair, replaced two rings of Jones packing.
Heat Transfer/Inter- 3-10 psi helium when draining 3. None.
mediate Coolant sodium, 200 to 350°F
Piping Work request No, 115

3. 33
222210
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet.4 of 12)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPERATING] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC"r 3. RECOMMENDATIONS
(System/Subsystem)
15| 1. Freeze Trap No.7/ 1. HNPF MI M1 MI Unknown | Operational monitors | 1. Helium leak, through packing.
Spring 2, Secondary cold trap (outlet) 2. Component corrective modification.
‘2. Heat Transfer/Inter- | 3. 3-10 psi helium when draining 3. None.
mediate Coolant Pipin sodium, 200 to 350°F
3. 33 7 4. Work request No. 275
222210
16 | 1. Freeze Trap No. 11/ HNPF MI MI MI 3495 During actuation 1, Spring stuck,
Spring IHX-1 410 55 530 2. Component corrective modification, retainer springs
2. Heat Transfer/Inter- | 3, 3-10 psi helium when draining replaced with a solid follower (steel spacers).
mediate Heat Ex- sodium, 200 to 350°F 3. None.
changer 4, Work request No. 1003
3. 33
222300
17| 1. Freeze Trap No.2/ 1. HNPF MI MI MI 2320 Operational monitors | 1. Float not seated properly.
Float 2, Primary/sodium 144 5Z 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/ 3, 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
Reactor Coolant Piping sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear
3. 33 4. Work request No. 2252 out sodium.

221210 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that
may flow past the float.

18 [ 1, Freeze Trap No.2/ 1. HNPF MI MI MI 3250 During actuation 1. Float not properly seated.
Float 2. Primary/sodium 144 57 550 2. Local repairs: (a) cut helium lines, cleaned out
2. Heat Transfer/ 3. 3-10 psi helium when draining sodium, replaced lines, (b) heated freeze trap housing

Reactor Cooling Piping sodium, 200 to 350°F to clear out sodium.

3. 33 4. Work request No. 2629 3. Allow sufficient cooling. Change in operating proce-

221210 dures should be made whereby a slight positive pres-
sure is maintained on freeze trap at all times. Also
a good look at a replacement component is in order.

19| 1. Freeze Trap No.2/ 1. HNPF MI MI MI 3250 During actuation 1. Thermocouple on housing failed to indicate rise in

Housing 2. Primary/sodium 137 44 550 temperature.

2. Heat Transfer/ 3. 3-10 psi helium when draining 2. Local repairs: (a) cut helium lines, cleaned out

Reactor Coolant Piping sodium, 200 to 350°F sodium, replaced lines, (b) heated freeze trap housing

3. 33 4. Work request No. 2629 to melt sodium in housing, (c) pressurized housing to

221210 clear out sodium.

3. Allow sufficient cooling. Change in operating proce-
dures should be made whereby a slight positive pres-
sure is maintained on the freeze trap at all times.
Also a good look at a replacement component is in
order.

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 5 of 12)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COooE operarne] METHOD OF £ 1. FAILURE DESCRIPTION
ITEM N HOD ILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE} MODE fFFECT‘ 3. RECOMMENDATIONS
(System/Subsystem)
20] 1. Freeze Trap No. 2/ HNPF MI MI MI 3250 During actuation 1. Vent clogged with sodium blocking helium flow.
Vent Primary/sodium 187 51 550 2. Local repair: (a) cut helium lines, cleaned out sodium,
2. Heat Transfer/ 3. 3-10 psi helium when draining replaced lines, (b) heated freeze trap housing to melt
Reactor Coolant Piping sodium, 200 to 350°F sodium in housing, (c) pressurized housing to clear
3. 33 4. Work regquest No. 2629 out sodium,

221210 3. Allow sufficient cooling. Change in operating proce-
dures should be made whereby a slight positive pres-
sure is maintained on the freeze trap at all times.
Also a good look at a replacement component is in
order,

21| 1. Freeze Trap No. 4/ HNPF MI MI MI | Unknown| Operational monitors { 1. Packing worn out.
Packing 2. Primary cold trap No. 2 (inlet) 115 52 530 2. Local repair; added 11 rings of packing.
2. Heat Transfer/Purifi-| 3, 3-10 psi helium when draining 3. Packing rings should be insulated from heat and hot
cation (Cold Trap) sodium, 200 to 350°F sodium vapors which evidently contribute to wear and
3. 33 4. Work request No. 1054 degradation of the packing ring.
224234
22 | 1. Freeze Trap No. 5/ HNPF MI MI MI Unknown| Operational monitors | 1. Packing worn out.

Packing 2. Primary cold trap No. 2 (outlet) 115 52 530 2. Local repair; added 11 rings of packing.

2, Heat Transfer/Purifi- 3-10 psi helium when draining 3. Packing rings should be insulated from heat and hot
cation {Cold Trap) sodium, 200 to 350°F sodium vapors which evidently contribute to wear and

3. 33 4. Work request No, 1054 degradation of the packing ring.
224234

23| 1. Freeze Trap No. 3/ 1. HNPF MI MI MI | Unknown| Operational monitors | 1. Warmed housing did not solidify sodium.

Housing 2. Primary cold trap No. 1 137 44 550 2, Local repairs: (a) replaced plugged section of vent

2, Heat Transfer/Purifi-| 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
cation sodium, 200 to 350°F in shaft housing, (¢) pressurized housing to clear

3. 33 4. Work request No. 2187 sodium.

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

24| 1, Freeze Trap No. 3/ 1. HNPF MI MI MI Unknown| Operational monitors | 1. Vent piping plugged with sodium.
Vent 2, Primary cold trap No. 1 187 51 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Purifi-| 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
cation sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear
3. 33 4., Work request No, 2187 sodium.

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that
may flow past the float.
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TABLE__1
FAJLURE DATA FOR _TRAPS (GENERAL)

(Sheet 6 of 12)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE PERATING METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
25| 1. Freeze Trap No. 3/ 1, HNPF MI MI MI | Unknown | Operational monitors | 1. Float not seated properly.
Float 2. Primary cold trap No. 1 144 52 550 2, Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Purifi-| 3. 3-10 psi helium when draining piping, (b) heated freeze trap housing to melt sodium
cation sodium, 200 to 350°F in shaft housing, (c) pressurized housing to clear
3. 33 4. Work request No. 2252 sodium,

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

26 | 1. Freeze Trap No. 3/ 1. HNPF MI MI MI | Unknown | Operational monitors | 1. Warmed housing did not solidify sodium.
Housing 2. Primary cold trap No. 1 137 44 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Purifi-| 3. 3-10 psi helium, 200 to 350°F piping, (b) heated freeze trap housing to melt sodium
cation 4., Work request No, 2252 in shaft housing, (c) pressurized housing to clear
3. 33 sodium.

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

27| 1. Freeze Trap No. 3/ 1, HNPF MI MI MI | Unknown| Operational monitors | 1. Vent piping plugged with sodium.
Vent 2, Primary cold trap No. 1 187 51 550 2, Local repairs: (a) replaced plugged section of vent
2, Heat Transfer/Purifi-| 3. 3~10 psi helium, 200 to 350°F piping, (b) heated freeze trap housing to melt sodium
cation 4. Work request No. 2252 in shaft housing, (c) pressurized housing to clear
3. 33 sodium.

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

28 | 1. Freeze Trap No. 3/ 1. HNPF MI MI MI Unknown| During actuation 1. Float not seated properly.
Float 2, Primary cold trap No. 1 144 5Z 550 2. Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Purifi-| 3. 3-10 psi helium, 200 to 350°F piping,(b) heated freeze trap housing to melt sodium
cation 4. Work request No. 2629 in shaft housing to clear sodium.
3. 33 3. Allow sufficient cooling capacity around the cam shaft

224234 housing to ensure solidification of any sodium that may

flow past the float.
2¢| 1. Freeze Trap No. 3/ 1, HNPF MI MI MI | Unknown| During actuation 1, Warmed housing did not solidify sodium.
Housing 2. Primary cold trap No. 1 137 44 550 2, Local repairs: (a) replaced plugged section of vent
2. Heat Transfer/Purifi-| 3. 3-10 psi helium, 200 to 350°F piping, (b) heated freeze trap housing to melt sodium
cation 4, Work request No. 2629 in shaft housing, (c) pressurized housing to clear
3. 33 sodium,

224234 3. Allow sufficient cooling capacity around the cam shaft
housing to ensure solidification of any sodium that may
flow past the float.

* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 7 of 12)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE N~ 1. FAILURE DESCRIPTION
ITEMI 3 cope: 3. OPERATING CONDITIONS TING| METHOD OF FAILURE 2. CORRECTIVE ACTION
'ﬁ HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
30 | 1. Freeze Trap No. 10/ 1. HNPF MI MI MI 3250 Operational monitors | 1. Packing worn out.

Packing 2. Secondary drain tank 115 52 530 2. Part replaced.

2. Heat Transfer/ 3. 3-10 psi helium when draining 3. Packing rings should be insulated from heat and hot
Coolant Storage sodium, 200 to 350°F sodium vapors which evidently contribute to wear and

3. 33 4. Work request No, 2447 degradation of the packing rings.

224400 ‘
31 | 1. Freeze Trap No. 5/ 1. HNPF MI MI MI | Unknown | During actuation 1. Shaft stop missing.
Shaft Stop 2. Primary cold trap No. 2 (outlet) 321 57 550 2. Local repair, installed shaft stop in shaft assembly.

2. Heat Transfer/Purifi-| 3. 3-10 psi helium when draining 3. Tighter quality control and inspection on components
cation sodium, 200 to 350°F that have been overhauled.

3. 33 4. Work request No, 1079
224234

32 | 1. Freeze Trap/Cam 1. HNPF MI MI MI | Unknown | Operational monitors | 1. Cam drive shaft sagged and bent at packing.
Drive 2. Secondary cold trap (inlet) 339 54 550 2. Local repair; cam shaft straightened.

2. Heat Transfer/Purifi-| 3. 3-10 psi helium when draining 3. Post instructions that cal rod heaters are not to be
cation sodium, 200 to 350°F used to heat freeze trap assemblies. Possible

3. 33 4. Work request No. 115 shortening of drive shaft may help to prevent this
224234 type of failure.

33| 1. Freeze Trap No. 6/ 1. HNPF MI MI MI | Unknown | Operational monitors | 1, Gap at packing allowed helium to leak out of system.
Packing 2. Secondary cold trap (inlet) 115 52 550 2. Local repair; removed rough spots inside cam shaft

2. Heat Transfer/Purifi-| 3. 3-10 psi helium when draining housing. .
cation sodium, 200 to 350°F 3. Post instructions that cal rod heaters are not to be

3. 33 4, Work request No. 115 used to heat freeze trap assemblies. Possible
224234 shortening of drive shaft may help to prevent this

type of failure.
34 | 1, Freeze Trap/Spring 1. HNPF MI MI MI Unknown | Operational monitors | 1. Spring loose.

2. Heat Transfer/Purifi-| 2. Secondary cold trap (inlet) 410 53 550 2. Component corrective modification; retainer springs
cation 3, 3-10 psi helium when draining replaced with steel spacers.

3. 33 sodium, 200 to 35Q°F 3. Either use steel spacers as integral design component
224234 4. Work request No. 275 or a spring of sufficient tension and material com-

patible with this type of atmosphere.
35 | 1. Freeze Trap/Spring 1, HNPF M1 MI MI | Unknown| During actuation 1. Spring stuck.

2. Heat Transfer/Inter- | 2. IHX-3/freeze trap-No. 13 410 55 530 2. Component corrective modification; retainer spring
mediate Heat Ex- 3. 3-10 psi helium when draining replaced with a solid follower (steel spacer).
changer sodium, 200 to 350°F 3. None.

3. 33 4. Work request No. 1003
222300 .
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FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 8 of 12)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION COoE A o 1. FAILURE DESCRIPTION
ITEM PERATING| METHOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component} 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
36 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 330 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling| 2. Fuel handling machine 218 51 530 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. PMMR-57
3. 33
235140
37 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 400 During inspection of 1, Vapor trap plugged.
2. Nuclear Fuel Handling | 2. Fuel handling machine 218 51 530 system associated to |2. Part replaced.
and Storage Equipment| 3. - failure component 3. None.
/Cooling 4. PMMR-85
3. 33
235140
38 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 1100 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling | 2. Fuel handling machine 218 51 530 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. PMMR-88
3. 33
235140
39 {1. Traps/Wire Mesh 1. EBR-II MI MI MI 960 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling [ 2. Fuel handling machine 500 BZ 530 2. Trap replaced.
and Storage Equipment| 3. - 3. Perform engineering analysis of problem and redesign.
/Cooling 4. PMMR-92
3. 33
235140
40 [ 1. Traps/Wire Mesh 1. EBR-II MI MI MI 576 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling | 2. Fuel handling machine 500 BZ 530 2. Trap replaced.
and Storage Equipment| 3. - 3. Recurring problem. Analyze and redesign.
/Cooling 4. PMMR-97
3. 33
235140
41 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 720 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling| 2. Fuel handling machine 500 BZ 530 2. Trap replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. PMMR-99
3. 33
235140
x| INCIDENT M MINOR MALFUNCTION
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TABLE__1-114
FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 9 of 12)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE A 1. FAILURE DESCRIPTION
ITEM PERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
42 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 954 During preventive 1. Vapor trap plugged.
2. Nuclear Fuel Handling { 2. Fuel handling machine 500 BZ 530 maintenance 2. Trap replaced.
and Storage Equipment| 3. - 3. None.
/Coolin 4. Operations weekly report, 1/68
3. 33 '
235140
43 |1, Traps/Argon Line 1. EBR-II Mi M1 MI 13,380 During preventive 1. Vapor trap plugged.
2. Nuclear Fuel Handling|2. Fuel handling machine 218 51 530 maintenance 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. Operations weekly report, 2/68
3. 33
235140
44 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 2670 Operational monitors | 1. Vapor trap plugged with liquid metal condensation.
2, Nuclear Fuel Handling| 2. Fuel handling machine 218 51 530 2. Part replaced.
and Storage Equipment| 3. - 3. Perhaps a longer drip time of fuel assembly in
/Cooling 4. PMMR-40, 8/65 transfer port plus a slower rate of removal from
3. 33 molten sodium.
235140
45 | 1. Traps/Wire Mesh 1., EBR-II MI MI MiI 400 Operational monitors | 1. Vapor trap plugged.
2, Nuclear Fuel Handling| 2. Fuel handling machine 218 51 530 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. PMMR-43, 9/65
3. 33
235140
46 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 1860 During actuation 1. Vapor trap plugged.
2. Nuclear Fuel Handling| 2. Fuel handling machine 500 BZ 530 2. Trap replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. Operation maintenance report, 6/68
3. 33
235140
47 | 1. Traps/Wire Mesh 1. EBR-II MI M1 M1 1440 During routine 1. Vapor trap plugged.
2. Nuclear Fuel Handling| 2. Fuel handling machine 218 51 530 inspection 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. Operation maintenance report, 8/68
3. 33
235140
* | = INCIDENT Mi MINOR MALFUNCTION
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TABLE
FATLURE DATA FOR

1-114

TRAPS (GENERAL)

{Sheet 10 of 12)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
48 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 720 Routine instrument 1. Vapor trap plugged.
2. Nuclear Fuel Handling { 2. Fuel handling machine 218 51 530 reading, direct 2. Part replaced.
and Storage Equipment| 3. - observation 3. Nomne.
/Cooling 4. Operation maintenance report, 9/68
3. 33
235140
49 | 1. Traps/Wire Mesh 1. EBR-UII MI MI MI 720 During preventive 1. Vapor trap plugged.
2. Nuclear Fuel Handling | 2. Fuel handling machine 500 BZ 530 maintenance 2, Trap replaced.
and Storage Equipment]| 3. - 3. Perform engineering analysis of problem and
/Cooling 4. Operation maintenance report, 10/68 recommend change in design.
3. 33
235140
50 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 15,240 Operational monitors | 1. Vapor trap plugged.
2. Heat Transfer/Driers | 2. Primary/argon system 218 51 550 2. Local repair; trap was removed, cleaned, and
and Traps 3. - reinstalled.
3. 33 4. Operations weekly report, 7-31-68 3, Install heaters on trap to permit blowing down
224640 without removal of trap.
51 1. Traps/Wire Mesh 1. EBR-II M1 MI MI 14,880 During actuation 1. Vapor trap plugged.
2. Heat Transfer/Inert 2. Secondary/gas bleed off 118 51 550 2. Temporary repair.
Gas Supply and Monitors 3. - 3. Closely monitor vapor trap level indicator when
3. 33 4. Operation maintenance report, filling vessel. Periodically test and operate vapor
224600 6-5-68 trap.
52 | 1. Traps/Vent Pipe 1. EBR-II I I I 1000 Protective systems 1. Vent pipe developed a small hole in its wall. Damage
2. Heat Transfer/ 2. Primary/temporary cold trap loop 500 BZ 530 was under $25, but one person slightly burned by
Purification 3. - sodium.
3. 33 4. ANL-6705 2. Unknown.
224233 3. Requires more stringent quality assurance on pipe
inspections before installation.
53 | 1. Traps/Heater 1. EBR-II MI MI MI 2190 Direct observation 1. Heater burned out.
2. Heat Transfer/Driers | 2. Primary/fission gas monitor 500 12 530 2. Part replaced.
and Traps 3. - 3. None.
3. 33 4., PMMR-31
224640
x| INCIDENT MI MINOR MALFUNCTION
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TABLE __1-114
FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 11 of 12)

COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING| METHOD OF FAILURE 2. CORRECTIVE AC
. . TION
3. CODE: 3. OPERATING CONDITIONS 4 HOURS DETECTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFEC 3. RECOMMENDATIONS
(System/Subsystem)
54 |1. Traps/Wire Mesh 1. EBR-II MI MI MI 4400 Operational monitors |[1. Vapor trap plugged with sodium.
2. Heat Transfer/Driers | 2. Primary/fission gas monitor 218 51 530 2. Local repair; unit was heated and sodium drained.
and Traps 3. - 3. If space permits, increase size of trap for longer
3. 33 4. PMMR-57 service.
224640
55 { 1. Traps/Wire Mesh 1. EBR-II MI MI MI 11,320 Operational monitors | 1. Wire mesh plugged.
2. Heat Transfer/Driers |2, Primary/argon purification 218 51 530 2. Part replaced.
and Traps 3. - 3. None.
3. 33 4. PMMR-108
224640
56 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 475 Operational meonitors | 1. Vapor trap plugged.
2, Nuclear Fuel Handling|2. Fuel handling machine 218 51 530 2. Part replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. PMMR-102
3. 33
235140
57 | 1. Traps/Wire Mesh 1. EBR-II MI MI MI 2156 Operational monitors | 1. Vapor trap plugged.
2. Nuclear Fuel Handling | 2. Fuel handling machine 500 BZ 530 2. Trap replaced.
and Storage Equipment| 3. - 3. None.
/Cooling 4. Operation weekly report, 11/67
3, 33
235140
58 | 1. Traps/Adjusting Shaft | 1. EBR-II MI MI MI 1200 Repair of primary 1. Adjusting shaft broken.
2. Steam, Condensate and| 2. Main steam (trap PVT-5) 500 59 530 failure 2. Part replaced.
Feedwater Piping and | 3. - 3. Determine cause of failure and confer with manufac-
Equipment/Main Stearf 4. PMMR-4 turer before replacing part. Redesign of part may
3. 33 be necessary.
281000
59 | 1. Traps/Gasket 1. EBR-II MI MI MI 1200 Direct observation 1. Gasket worn out.
2. Steam, Condensate and| 2. Main steam (trap PVT-5) 500 BZ 530 2. Part replaced.
Feedwater Piping and | 3. - 3. Determine cause of failure and confer with manufac-
Equipment/Main Stearr] 4. PMMR-4 turer before replacing part, Redesign of part may
3. 33 be necessary.
281000
* INCIDENT Ml MINOR MALFUNCTION

©

MA = MAJOR MALFUNCTION P

It H

PROBLEM




LZe-1

T 10A ‘L =69~0WSW-DINWT

©

TABLE

1-114

FAILURE DATA FOR _TRAPS (GENERAL)

(Sheet 12 of 12)

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE 1. FAILURE DESCRIPTION
ITEM OPERATING] METHOD OF FAILURE 2. CORRECTIVE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION : ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
60 | 1. Traps/Gasket 1. EBR-II . MI MI MI 5990 Preventive 1. Gasket worn out.
2. Steam, Condensate and | 2. Main steam (trap PVT-2) 500 BZ 530 maintenance 2. Part replaced.
Feedwater Piping and [3. - 3. Determine cause of failure and confer with manufac-
Equipment/Main Steam| 4. PMMR-75 turer before replacing part. Redesign of part may
3. 33 be necessary.
281000
61 { 1. Traps/Steel Ball 1. EBR-II MI MI MI 1200 Repair of primary 1. Steel ball lost.
2. Steam, Condensate and | 2. Main steam (trap PVT-5) 500 BZ 530 failure 2. Part replaced.
Feedwater Piping and [ 3. - 3. Determine cause of failure and confer with manufac-
Equipment/Main Steam| 4. PMMR-4 turer before replacing part. Redesign of part may
3. 33 be necessary.
281000
62 1. Traps/Drain 1. EBR-II MI MI MI 2670 Routine inspection 1. Failure of drain trap occurred twice in three months -
2. Steam, Condensate and | 2. Condensate system/air ejector 500 65 530 chemical or electrochemical reaction.
Feedwater Piping and | 3. 92°F at 230 psig 2. Local repair.
Equipment/Main Steam| 4. PMMR-39 3. Faulty casting - replace trap.
3. 33
283000
* | = INCIDENT Ml = MINOR MALFUNCTION
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COMPONENT _TRAPS (GENERAL)
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GENERAL SUMMARY
COMPONENT _TRAPS (GENERAL)

FAILURES (%) 0 10 20 30 40 50 60 70 80 90 100

Environmental

Impurity/contamination

Human error —

CAUSE

Inherent
Unknown

MODE

Electrical

Mechanical

Metallurgical

Unknown
Other

EFFECT

Labor and materials loss only

System/component inoperative

TYPE

TOTAL FAILURES PER TYPE 0 10 20 30 40 50 60 70 80 90 100

Sodium freeze traps

Sodium vapor traps

Steam traps p—

OPERATING HOURS (THOUSANDS) O 20 40 60 80 100 120 140 160 180 200

Sodium freeze traps r—

Sodium vapor traps

Steam traps =

FAILURE RATE (FAILURES/106 k0 100 200 300 400 500 600 700 800 900 1000

Sodium freeze traps

—
Sodium vapor traps "

Steam traps

LMEC-Memo-69-7, Vol I
1



14, Valves

a. Introduction

The valve typés for which malfunction data are considered in this section
include: gate, globe, bﬁtfcerfly, check, and safety valves. The failure e);peri—
ence includes service in gases, steam, water, and sodium. A total of 287
failure reports collected from plants, facilities, and loops in connection with

nuclear reactors are included in this section. The collected information is

itemized in Table 1-119,

Typical valve failure experience includes: (1) external leaks, internal leaks,
mechanical damage to component parts, and non-operation. Approximately three-
quarters of these reported failures were detected by direct observation and one-
quarter by monitors. Of the failures discovered by observation, about one-third

were found during preventive maintenance.

b. Summary of Tabulated Data

The data in Table 1-119 are summarized in Tables 1-120 to 1-126. The data
are subdivided into water loops: circulating, condensate, and feedwater; then

into steam, miscellaneous, and sodium loops.

Under the above headings, the data are further grouped into:
1) Type of plants where the information came from.
2) Systems where the valves actually operated. -
3) Valve components which failed.
4) Failure cause. |
5) Failure mode.

6) Failure effect.

The majority of information, as indicated in the Failure Distribution Tables
1-120 to 1-125, comes from experience collected from nuclear test reactors and
component test facilities, where valve ,oi)erating environments and requirements
are perhaps more severe than in rbegular power generatiﬁg plants. The tables
give failure occurrence percentages for the main valve components for each
group of fluids. As would be expected, the circulating water table shows no

valve body failures, since low pressure and temperature requirements can be
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easily fulfilled with high reliability. ILow temperature and somewhat higher
pressures of condensate water shows soine failures, including flange gasket
failures. Feedwater wifh medium temperatures but high pressures show an
increase in failures with the accent again on the ﬂanges. Valve body failures
in the high temperature and pressure steam lines show the occurrence of com-
patibility problems between seldom-used housing materials and water contam-
inants (chlorides). The miscellaneous valve body failures are the result of
experiments for material compatibilities. Sodium valve body problems are
mainly grouped around the reinforcements after replacing bellows seals with
freeze seals. The subject experience on sodium service valves is probably not
representative of future service, because so many of the valves have been

reworked.

Valve seat problems for valves in water account for a much larger percent

of the problems compared to the valves in steam and sodium service.

The explanation for the large ratio of stem failures in the circulating water
systems is probably due to the fact that the water is not chemically treated and

that the valves are more frequently used than those in other loops.
Actuator and linkage data are presented in Section D.5, Valve Operators.

Table 1-126 provides a general summary of the data as to cause, mode,
effect, and the total number of valve failures. Computation of updated failure

- rate information has been discontinued until a later date.
c. Discussion

To aid in understanding the following discussion, characteristics of the

various valve types are given in the following discussion.
(1) General

Components in the primary loop of a nuclear reactor must have a highdegree
of reliability since accessibility for repair is limited and depends in part on the
radioactive decay time of the primary loop fluid. Valve redundancy tends to
generate rather than solve problems. Valves with internal components remov-
able from the reactor containment without too much disturbance to the loop are

under test now to facilitate maintenance of seldom-used valves.
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Compatibility of valve component materials with the fluid carried in the
piping is important to reduce maintenance problems. This requirement is some-
times neglected during repairs if proper spare parts are not stocked, and sub-

stitutions made.

Improperly performed quality assurance and quality control lead to startup
troubles and malfunctions. Some of these problems become evident only after a

long period of operation.

Even the best designed and manufactured valves will perhaps malfunction if
servicing and shipping instructions are not followed, foreign material is left in

the loop, or valve actuators are improperly installed.

Plant operators' manual should instruct operators that valves are not to be

torqued beyond values given by the manufacturer for each extreme position.

Each valve in the loop shall be marked in accordance with the plant operators'

manual to reduce the likelihood of actuating a wrong valve, particularly during

emergencies. The marking should include the normal and the special valve posi-

tions as an aid in emergency applications.

Valves can be connected to the piping by flanges, by screw connections or

by welding.

Flanged Connections

Use of flanged connections shall be reduced to a minimum in sodium systems

or systems with high bending stresses and thermal transients.

Manufacturer recommendations with respect to gasket material and specifi-
cations, for bolts and nuts material (heat-treated state), and for applicable maxi-
mum torques in cold and in hot conditions should be used or References 1, 2, and
3 should be consulted. Good practice dictates the replacement of gaskets whenever

the joints are loosened.

Bolts exposed to high temperature (600°F and above) are subject to creep;
therefore, after each major temperature cycle the flange bolts should be checked

for tightness.

A series of steam and water leaks reported at flange connections previously

reported in this handbook were corrected by using improved gasket materials.
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Threaded Connections

Threaded connections are mainly for small-sized valves in low temperature
(300°F and below) and pressure (150 psig) applications. Seal ring and torquing
instructions /‘suppl'ied by the manufacfurer should be followed. Do not overtorque
sizes of 1 in. and below, since cracking of the material at the root of the thread
is the usual consequence. Crack propagation is sometimes so slow that the leak

appears only after a few weeks or even months.

Welded Connections

Two types of welded connections are used. For small pipe sizes (3 in, and
below) socket welds are acceptable and for larger sizes butt-welded connections

are typical.

Welding instructions are given in codes, usually listed in the procurement
specifications of the valves. Welding quality tests should be performed even for

small surface welds applied during maintenance repairs.

(2) Detailed Discussion

For the detailed discussion below, the valves will be grouped in accordance

with the fluids carried: gas, steam, water, and liquid sodium.

Failures of valve corhponents are discussed in the following groups: body,
including bonnets and yokes; seat, considering also discs, plugs, and diaphragms;
and steam, including stem extensions, bushings, packings, and glands. At the

end of each discussion, recommendations are given based on the analyzed failures.
Gas Valves

The following gaseous fluids are considered: air for instrumentation signal
transfer and for valve actuator systems and inert gases (e.g., nitrogen, argon,
and helium) used as cover gases above the free surface of liquid sodium. Air is
usually at environmental temperatures of 50 to 90°F and pressures not higher
than 200 psig. Cover gas temperatures approximate 900°F and the pressure is

seldom above 300 psig.

Body — Valves carrying high-temperature cover gases required bonnet and

stem reinforcement.

Seat — A valve supplying air for a control valve actuator leaked enough to

actuate the control valve intermittently, causing serious plant disturbances.
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Such seat leakage problems were the results of foreign particles carried to and
partially impressed into the valve seats. Corrosive vapors in gas/air lines
have developed sufficient corrosion to leak through the valve seats. In one case,
corrosion caused the valve plug to stick in the valve seat. Valve component

damage occurred due to a fast-acting, high-force actuator.

In a special valve, the spring load was so high that the ball type plug stuck

in the seat. A new spring with a reduced coefficient solved the problem.

Stem — One case of bushing and stem galling and one case of worn packing is
reported in the listing., Shafts and bushings of air dampers became stuck in a

venting system.

Other — O-rings wore out in some valves causing frequent maintenance.

The valves were redesigned.

Recommendations — As was earlier suggested, gaskets should be replaced
whenever the seal is loosened, Keep spare seal rings in stock and follow bolt

torquing instructions.

Use upstream filters and desiccants to maintain clean, smooth valve seats

and eliminate leakage.

Keep valve stems clean and free from paints or corrosive lubricants.

The use of extreme force in closing valves should be avoided. Back off

manually operated valves slightly from the end positions.

Apply packing materials and torquing procedures as suggested by the manu-
facturer. Accurate maintenance records will help to determine the time intervals

for packing changes.

Selection of proper valve types (Figures 1-31 through 1-35), sizes, and

materials compatibility is stressed.

Steam Valves

Since industrial and electrical \'power generating plants have used the basic
types of these valves for a long period of time, the following discussions refer

to types built more specifically for nuclear fueled plants.

Body — Where flanged connections are still in use, new-type gaskets and

bolts have improved the leakage problems.
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Valve bodies of Type 347 SS material developed strong chloride stress cor-
rosion cracks, which can result in long plant operational delays. Type 347 SS

valves were replaced by valves of 2-1/4 Cr - 1 Mo type material.

High-velocity, low-quality steam generates erosion damage on the internal

surface of a valve body. This damage may be restored by fill-in welding.

Seat — The majority of internal valve leakage is the result of seat or plug

erosion at high steam velocities.

Steam also leaks through cracked seats, which frequently is the consequence

of extreme closing force applied.

Valve seat cracks are occasionally developed by thermal stresses following

steep thermal gradients in high-temperature plant operations.

Stem — Frequently used valves naturally wear faster. Wear is accelerated
by tight tolerances between stem and guides at high temperatures. Noncompatible
packing material can also reduce the service life of a stem and improperly in-

stalled packing will leak earlier.

Recommendations —

Body — The danger of chloride stress corrosion exists in high-temperature
(over 1000°F), high-pressure pipe loops fabricated from Type 300 stainless steels.
If hydrostatic testing with water rather than some other fluid is necessary, use

" highly purified water with chloride content below 0.1 pPpm.

Select system conditions so as to reduce the probability of flashing inside
the valve body since this will cause erosion, or corrosion, thereby reducing
valve life expectancy. If a valve in a near-saturated steam loop may experience
high-flow velocity of degrading steam quality, placing a condensate separator up-

stream will improve valve function and life span by reducing erosion.

Seat — The seat at plug surfaces contact point should be properly lapped

with hard materials (usually Stellite) to provide longer service life.

Valve operators' manual should contain instruction to avoid application of
excessive forces (by wrench or cheaters) in either of the extreme valve positions,

which may result in either seat welding or seat cracking.
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In high-temperature, high-pressure steam lines, valve seat cracking caused
by thermal transients can be greatly reduced by requesting a uniform wall thick- @
ness, Some flexibility in the seat carrying section assures less leakage through

the equalizing of small distortions.

Stem — A major percent of valve stem leaks are the result of improper
packing methods. The valve maintenance manual must include proper instruc-
tions for valve stem packing procedures. The valve maintenance schedule must

consider the frequency of operation of each valve in the plant.

Water Valves

Valves built for water show a great variety in type and size. Usually the
temperature ratings are below the steam saturation point; pressure rating may
reach the critical pressure. Since water valve development is well advanced,

problems are mainly associated with the high-pressure, fast-acting type valves.

Body — The problems with flanged steam valves are also valid for high-
temperature and high-pressure water applications. For low pressures and tem-
peratures, carbon or ferritic steels are used; however, near critical pressures,
alloy steels should be used. Bronze valves are used only in low-pressure and

low-temperature pipe lines. @

Flanged or even screw type connections may be justified at lower pressure
in order to facilitate maintenance of frequently actuated valves. Facility design
should minimize load input to the valve and the higher corrosion sensitivity of

the threaded connections should be considered in the maintenance requirements.

Lack of proper quality control has resulted in: body leakage and even rup-
ture, while smaller failures have required early valve repairs. Improper
material selection and the resulting incompatibility yielded failures of plastic

valves.

Seat — Valve plug and seat cracking probably resulted from the use of closing

forces above the safe limit. Similar damage can be the consequence of maladjusted
valve actuators, or spring loading mechanism for safety valves. A loose valve

seat was perhaps the result of poor workmanship and quality control.

Relapping of closing seat surfaces have eliminated seat leakages in safety
and control valves. The same applies to seldom-used valves such as sight glass

valves or cooling-water-spray shut-off valves. @
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If pos sible plant control malfunctions are not considered in selecting valve

sizes, unstable subsystem operations may result.

Solenoid valve diaphragm cracking can be the result of high closing force,

or fluid incompatibility with the diaphragm.

Stem — Problems with these valve components are similar to those for steam
valves. Folrce applied to the stem above the buckling limit caused permanent
bending or worn stem thr’eads. Packing and consequent gland galling resulted
either in rough control operation or the stem jamming in the open position.
Improper thermal expansion tolerances between stem and gland can make a valve
inoperative. Good packing material should have enough resiliency to seal slightly
above design pressure for a short period of time. Dried out and worn packings
will leak. Instability of valve spring constants or improper adjustment may have

caused the early opening of a safety valve or the poor closing characteristics.

Recommendations — Many of the recommendations given for steam valves

also apply to valves for water service:

1) Select valves with material compatibility or protect the valves from
water impurities like chlorides, boron, hydrogen, etc. Type 300 SS

material may be sensitive to each in the few-ppb range.

2) Since nuclear reactor scrams reduce heat generation at a faster rate
than fossil-fuel-operated plants, thermal stresses will tend to be more
severe in the valve body and seat area. Increased attention must be

given to the design and selection of valves for this service,

3) Fast-acting control valve actuation is needed to meet reactor scram

requirements.

4) High pressure drops in control valves can excite vibration and cavi-

tation problems.

5) Materials should be selected so as to have compatibility between body,

seat, plug disc, and lapping materials.

6) Maintenance followup programs should be introduced in each plant to
establish maintenance schedules for: seat-plug lapping periods, stem
wear checking, changing dried out or worn out packing, and operator

linkage-wear inspection.
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7) Manufacturers' instructions should be requested or plant maintenance
experiences collected for packing material selection, packing proce- @

dures, and torquing values for high pressure valves in each plant.

8) Valve identification marking methods should be defined and tags
attached to the valves showing normal and emergency positionings.
Plant operators' manual should require checking of the position of

manually operated valves after maintenance and repair periods.

Liquid Sodium Valves

Functions of the liquid sodium valves are similar to water types; however,
differences are: in the material selection because of sodium compatibility prob-
lems, in the in-leakage limitations because of the high chemical affinity of sodium
for oxygen (in air), in the stress analysis because of the higher heat transfer and
conductivity coefficients of sodium as compared to water, and in the sizes. Some
variations in conventional valve designs that have performed satisfactorily in

sodium systems are illustrated in Figures 1-31 through 1-35.

Basic valve materials for liquid sodium service are alloy steels (Cr-Mo
types) and stainless steels (Type 300 or Type 400 series). Welded connections
are used almost exclusively. The welding of these dissimilar materials may @

represent a problem area.

Presently the valve stem seal types depend on the valve size. Small valves
tend to use bellows seals, with the maximum deflection and allowable fatigue
stresses vs operating cycles as the limiting parameters. Larger—sizé valves
are built with freeze seal stems to reduce extreme valve dimensions. Exotic

types of seals are under consideration with some in the testing stage.

Body — When flanged connections are in the loop, loose bolt connections
would be expected after thermal transients and the resulting leak may develop
into sodium fire. A similar situation could be the consequence of O-ring defor-

mation after expansions and contractions.

A number of bellows-sealed valves were modified to freeze-seal stems, with
the result that the bonnets and actuator linkages had to be reinforced to handle

the increased actuating force required to shear residual oxides.
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Seat — If in high-temperature sodium (at and over 1000°F) the seat surface
pressures are sufficiently high to bring the disc-seat materials within molecular
distance of each other, seat welding may occur, rendering the valve inoperative.
As indicated in References 5 and 9, harder seat lapping materials (e.g., Stellite)

resist seat welding even at high surface pressures,

Sodium leakage may develop at the back seat of a fully open valve if the
primary (and secondary) seals fail and the contacting surfaces are not maintained

in good condition. Seat and plug relapping restores valve seat seals.

Improper quality assurance and control can lead to early malfunctions of
valves with inherent design errors or manufacturing misalignment between seat

and plug/disc.

Forcing a plug into the seat may distort the seat so that leakage develops.
This is possible in either the fully open or fully closed position. Under certain

circumstances this extreme force can cause seat-self-welding (References 4and 5).

Stem — Different configurations of bellows-type stem seals have been used.

As seen in Figure 1-31, the bellows are welded at the bottom part of the stem
and at the bonnet flange at the top. This gives a complete mechanical seal with
a moving flexibility for the plug. Incomplete empirical design of the bellows and
the increasing valve sizes resulted in such a high frequency of bellows failures
that many of the sodium valves have been converted into frozen seal types, as
shown in Figure 1-32. The freeze seal can be cooled by environmental air using
fins around the bonnet, or by other fluids with temperature control within the
bonnet. Safety requirements suggest a combination of the presently used seals.
Forced air freeze seal and graphite asbestos gland packing is used for the gate
valve in Figure 1-33. A series of freeze bellows-packing gland seals are depicted
in Figure 1-34. Freeze seal and backup seat combination can be seen in Fig-

ure 1-35 for ball-type flow-control valve.

The failure reports list bellows cracks as a result of intergranular attack
in the heat-affected zone of the weld and fatigue cracks in the welding. Fatigue
stress cracks followed by sodium leaks can be blamed for the great majority of

failures in bellows-sealed sodium valves.

Some failures were caused by sodium solidification in the bellows convolutions
as a consequence of relatively high oxygen content. During the line thawing period,

the valve was actuated before complete melting, thereby breaking the bellows.
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In a solidified sodium line section, operation of the valve actuator was attempted,
consequently rupturing the bellows. A frozen piping loop was heated. in the middle
section which contained a bellows-sealed valve, with the result that thermal

expansion overpressure ruptured the bellows.

Bellows failures introduced by valve components are listed as follows:
(1) uneven expansion of convolutions because of lack of guidance resulted in local
overstresses which accelerated cracking, (2) bend valve stem rubbed the bellows
wall and produced leaking hole failures, (3) vibration transmitted to a valve
abbreviated the fatigue life of the bellows, (4) flow fluctuations which generated
vibration, led to reduced bellows fatigue life, and (5) direct impingement of

sodium stream on a bellows resulted in early fatigue failure.

The increased use of freeze seals in valves has identified several problem
areas. When the stem is removed from the sodium seal area, a thin sodium
layer clings to the surface of the stem. This thin layer forms an oxide, which
is considerably harder than the pure sodium. After several strokes of the valve
stem, sodium oxide may fill the seal gap, thereby substantially increasing the
break-away torque required. The higher actuating torque leads to a malfunction
which requires valve top work (bonnet) and stem reinforcements. Small gap
tolerances aggravate the problem. Valves which are seldom actuated require
additional heating because of the higher melting temperature of fhe oxidized

material in the seal area.

Related failures, but independent of the seal type, resulted in three cases

of non-concentricity of the stem and bushing.

A unique valve malfunction occurred due to interference between the moving

stem and the electrical wires of the sodium leak detectors in the valve bonnet.

A discussion of freeze seal problem areas and proposed techniques for

improving freeze seal design are given in References 7 and 8.

Recommendations — For valve bodies, body shapes which are adaptable to
reliable stress analyses should be selected. Abrupt body cross section changes
are to be avoided in order to reduce stress concentrations, thermal stresses,
and seat distortions. However, slightly flexible seat supports tend to give a

tighter seal.

Minimizing flow directional changes tends to improve valve operation by re-
ducing flow-induced vibrations, and tends to provide lower pressure loss across

the valve.
LMEC-Memo-69-7, Voll
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The high chemical affinity of sodium excludes the use of organic materials
@ (e.g., Teflon) in valves even in such applications as in the presence of sodium

vapor at low pressures and temperatures (e.g., in cover-gas exhaust line valves).

Check valve leak problems are less likely if the disc is closing in the vertical
position. Horizontally seated check valves are spring loaded; however, springs
with stable characteristics over a long period of time in a high-temperature

environment are yet to be developed.

In general, safety valves are not necessary in liquid sodium loops. Over-
pressures due to fluid hammer effects can be controlled by properly selecting
valve closing times in consideration of pump-motor inertias. Pressures gener-

ated by release of chemical energy can be safely controlled by rupture discs.

The use of bellows seals is satisfactory for valve sizes up to 4 in., if the
physical dimensions are acceptable and the fatigue life of the bellows is com-
patible with the expected actuation cycles. New bellows are being designed using
theoretical methods and 'incorporating materials tested for long fatigue life at

high temperatures (Reference 6).
Important design considerations are as follows:

@ 1) Bellows stresses are greatly reduced if the inert gas pressure applied

outside the bellows is equal to that of sodium.
2) Elimination of vibrations enhances fatigue life expectancy.
3) Limit seating force to avoid seat distortion.
4) Provide for complete sodium drainage in any valve position.
5) Install some type of sodium leak detector in the valve bonnet area.

6) Plant operators' manual should contain filling, drainage, and thawing
instructions emphasizing that thawing be started at that end of the line
where adequate space is available for sodium expansion without
pressure rise.

The freeze seal is a relatively thin layer of sodium between the stem and

guide at a temperature which can maintain the seal but with a shear stress low

enough to allow valve stem movement with reasonable torque loads. -

-
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The main design and operation considerations are:

1) Use of cover gas with low oxygen content to reduce the oxidization

process,

2) Actuating force can be reduced with only rotating motion in the seal

area.

3) Seal reliability is improved with the addition of other types of seals

and the inclusion of backup valve seats.

4) The valve actuator must be able to apply the break-away force as well
as properly position the valve and supply a sufficient but not excessive

seat closing force.
5) Fast valve stroking action may also be required.

6) Heaters in the seal area of seldom-used valves may be required to

melt the seal material with high sodium oxide content.

The selection of an actuator requires careful consideration of material com-
patibility, not only of liquid and vapors of sodium, but also with the different
cover gases. The effect on the electrical insulation of electrical motors or the

solenoid actuator must be included.

The principal investigator of this material was K. A, Bonyhady. If addi-
tional information regarding valve failure experience is required, contact K. A.

Bonyhady, E. Ferguson, or B. S, Pilling at LMEC.

Pages 1-349 through 1-352 deleted.

LMEC-Memo-69-7, Vol
June 30, 1970 . 1-348




v

d. References

1.

2.

ASME Pressure Vessel Code, Article 1-12 (1968), p 164-167.

M. J. Siegel, V. L. Malev, and J. B. Hartman, Mechanical Design of
Machines (4th Ed., International Textbook Co., Scranton, Pennsylvania,
1965), p 282-319,

. W, P. White and N. A. C. Bromidge, '""High Temperature Bolted Flanged

Joints," TRC-Report-1404 (May 1966), p 9-32.

. D. E. Smith, ""Final Report, LCRE Valve Development,'" PWAC-401,

Part II (May 1964).

. O. S. Seim, ''Large Valves for Liquid Metal Cooled Reactors,'" RFPR-

A-11/3-127-68 (1969).

. W. F. Anderson, ''Analysis of Stresses in Bellows,' Vols I and II,
‘"NAA-SR-4527 (May 27, 1965).

. P. K. Salzman and F. N. Shell, "S2G Valve Sodium Freeze Seal Evalua-

tion Phase II, ' KAPL-M-EDL-124 (Nov. 1956).

. R. Cygan and A. M. Stelle, "Design and Operation of Freeze Seal Valves

and Pumps,'' CEPR-52-157-56 (April 1956).

. D. E. Smith, "Final Report, LCRE Valve Development,'"" PWAC-401,

Part II (May 1964).

LMEC-Memo-69-7, Vol I

June 30, 1970 1-353




0L61 ‘g oump

yse-1

I T0A ‘L-69-0WaN-DTNW'T

TABLE

1-

119

FAILURE DATA FOR _vALVES

(Sheet 1 of 52)

~

. COMPONENT/PART 1. FACILITY FAILURE INDEX
ODE*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE perarac] weTHO 1. FAILURE DESCRIPTION
ITEM ING| METHOD OF FAILURE 2. CORRECTIVE ACTION
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION .
(Component) 4. SOURCE DOCUMENT CAUSE} MODE EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
1 1. Valve/Float 1. SCT1 MI MI MI {4015 Direct observation 1. Circuit breaker to pump P-7 tripped as demand for
2. Feedwater Supply and }2. Treated water system valve to 182 17 550 water from P-7 was excessive, causing overload to
Treatment System/ precoat filter and demineralizer pump. Thermal overioad burned out.
Chemical Treatment 3. - 2. Valve throttled to reduce flow and pump P-7 restarted.
Facility 4. Incident report No. 314 (11-3-66) 3. Keep flow demand at system design limits.
3. 20 -
273300
2 1. Valve/Float 1. SCTI Ml MI M1 3568 Direct observation 1. Circuit breaker to pump P-9 tripped due to excessive
2. Feedwater Supply and |2. Treated water system deaerator 182 17 550 demand. Deaerator float valve stuck open. -
Treatment System/ valve 2. Pump P-7 started to continue operation. System
Chemical Treatment 3. - - to P-9 returned to normal.
Facility 4. Incident report No. 313 (11-2-66) 3. Keep flow demand at system design limits so that
3. 20 pump motors are not overloaded. -
273300 R
3 1. Valve/Seat 1. EBR-II MI Ml MI 13, 620 Direct observation 1. Seal ring surface was worn out.
2. Steam, Condensate, 2. Startup boiler feed pump 500 BZ 530 2. Local repair, surface was remachined.
and Feedwater Piping |3. - 3. None.
and Equipment/Valves | 4. Operations weekly report (2.-28-68)
3. 20
284300
4 1. Valve/Lower Bushing |1. EBR-II Ml MI ML |72 Operational monitors | 1. Valve leaking.
2. Steam, Condensate, 2. Motor driven feed pump (P5-VC- 500 52 530 2. Local repair.
- and Feedwater Piping 596) 3. Irregular control characteristics and noise during
and Equipment/Valves |3. 1250°F, 1265 psig valve operation should be observed earlier. Plant
3. 20 4. PMMR-27 operators' training should be improved.
284300
5 1. Valve/Upper Seat l. EBR-II M1 M1 MI |72 Operational monitors | 1. Valve leaking.
2. Steam, Condensate, 2. Motor drived feed pump 500 52 530 2. Local repair.
and Feedwater Piping (P5-VC-596) 3. Irregular control characteristics and noise during.
and Equipment/Valves | 3. - valve operation should be observed earlier. Plant
3. 20 4. PMMR-27 operators' training should be improved.
284300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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TABLE_1-119

VALVES

(Sheet 2 of 52)

MA = MAJOR MALFUNCTION P

= PROBLEM

1. COMPONENT/PART 1. FACILITY FAILURE INDEX
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODEY operarncl e 1. FAILURE DESCRIPTION
ITEM IN HOD OF FAILURE
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE]| MODE [EFFECT] 3. RECOMMENDATIONS
(System/Subsystem)
6 |1. Valve/Lower Seat 1. EBR-II MI MI MI |72 Operational monitors |1. Valve leaking.
2. Steam, Condensate, 2. Motor driven feed pump 500 53 530 2. Local repair.
and Feedwater Piping (P5-VC-596) 3. Irregular control characteristics and noise during
and Equipment/Valves 3. - valve operation should be observed earlier.
3. 20 4. PMMR-27 Plant operators' training should be improved.
284300
7 1. Valve/Seat 1. EBR-II MI MI MI 908 Routine inspection 1. Valve seat worked loose. .
2. Steam, Condensate, 2, Motor driven feed pump 500 53 530 2. Local repair, seat was retightened and spot welded
and Feedwater Piping (P5-VC-596) into place.
and Equipment/Valves {3. - = 3. Since the seats were welded in place not too long
3. 20 4. PMMR-36 before, better workmanship could avoid this failure.
284300 Improve quality control over repairs. Assembly
procedure needed.
8 |1. Valve/Stem Connector |1. EBR-II MI MI MI 480 Preventive 1. Valve thread connecting stem to operator was
2. Steam, Condensate, 2. Motor driven feed pump 500 59 530 maintenance stripped.
and Feedwater Piping (P5-VC-596) 2. Part replaced.
and Equipment/Valves [3. - 3. Assembly procedure needed.
3. 20 4. PMMR-42
284300
9 1. Valve/Body 1. EBR-II MI MI MiI 1610 Operational monitors | 1. This was reported as a failure in a new valve.
2, Stearmm, Condensate, 2. Motor driven feed pump 456 55 530 2, Local repair.
. and Feedwater Piping (P5-VC-596) 3. Better receiving inspection or Quality Assurance
and Equipment/Valves |3. - before installation can prevent such malfunctions.
3. 20 4. PMMR-72
284300
10 {1. Valve/Nipple 1, EBR-II MI MI MI 1610 Direct observation 1, Nipple cracked.
2. Steam, Condensate, 2, Motor driven feed pump 475 73 550 2, Part replaced.
and Feedwater Piping (P5-VC-596) 3. Welding of 1-1/4Cr-1/2 Mo steel to carbon steel shall
and Equipment/Valves |3. - conform to code requirement, Improper welding can
3. 20 4. PMMR-25 result in cracks at small thermal expansion differ -
284300 ences. With proper construction supervision such
errors could be avoided. Use proper specification
and procedures.
* | = INCIDENT Ml = MINOR MALFUNCTION
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1. COMPONENT/PART 1. FACILITY FAILURE INDEX
*
SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION Cooe operatncl METHOD OF FAILURE 1. FAILURE DESCRIPTION
ITEM
3. CODE: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE EFFEC‘ﬁ 3. RECOMMENDATIONS
(System/Subsystem)
11 | 1. Valve/Packing 1. EBR-II MA MA MA | 144 Direct observation 1. Plant shutdown due to packing blowout.

2. Steam, Condensate, 2. Motor driven feed pump 122 59 520 2. Part replaced.
and Feedwater Piping (P5-VC-596) 3. Pressure control valves should be able to resist
and Equipment/Valves | 3. - certain over-pressures. Using higher rated lubri-

3. 20 4. PMMR-44 cants is advisable in case of valve lubricator
284300 rupture. Review procedures to assure proper

assembly of parts and use of materials.
12 [ 1. Valve/Stop (For Air 1. EBR-II MI MI MI |3314 Operational monitors | 1. Broken stop.
Piston) 2. Motor driven feed pump 172 59 550 2. Local repair.

2. Stearn, Condensate, {(P5-VC-596) 3. None.
and Feedwater Piping 3. -
and Equipment/Valves | 4. PMMR-91

3. 20
284300

13 | 1. Valve/Upper Bushing 1. EBR-II MI MI M1 72 Operational monitors | 1. Valve leaking.

2. Steam, Condensate, 2. Motor driven feed pump 500 53 530 2. Local repair.
and Feedwater Piping (P5-VC-596) 3. Irregular control characteristics and noise during
and Equipment/Valves 3., - valve operation should be observed earlier. Plant

3. 20 4. PMMR-27 operators' training should be improved. Review
284300 procedure to assure proper assembly.

14 | 1. Valve/Lower Bushing | 1. EBR-II MA MA MaA | 508 Operational monitors | 1. Valve failed and is not repairable.

2. Steam, Condensate, 2. Motor driven feed pump 500 59 520 2. Temporary jury rig - an orifice was installed in the
and Feedwater Piping (P5-VC-596) discharge line from the pump and pressure drop was
and Equipment/Valves |3, - controlled with 2 valves downstream.

3. 20 4, ANL-7122, PMMR-52 3. Previous repair time seemed to be too short for the
284300 described work. Closer quality control should be

exercised for such critical repair.
15 | 1. Valve/Packing 1. EBR-II MI MI M1 3400 Preventive 1. Packing deteriorated and leaking.

2, Steam, Condensate, 2. Feedwater heater No. 4 500 BZ 530 maintenance 2. Part replaced.
and Feedwater Piping (P5-VC-609) 3. None,
and Equipment/Valves |3, -

3. 20 4. PMMR-75
284300

16 | 1. Valve/Packing 1. EBR-II . MI MI MI1 770 Routine inspection 1. Packing deteriorated and leaking.

2. Steam, Condensate, 2. Feedwater heater No. 4 500 BZ 530 2. Part replaced.
and Feedwater Piping {(P5-VC-609) 3. None.
and Equipment/Valves | 3. -

3. 20 4, PMMR-36
284300

* | = INCIDENT Mi

)

MA = MAJOR MALFUNCTION P

= MINOR MALFUNCTION

PROBLEM
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COMPONENT/PART 1. FACILITY FAILURE INDEX
*
2. SYSTEM/SUBSYSTEM | 2. COMPONENT LOCATION CODE oPERATIVG] METHOD OF FAILURE 1. FAILURE DESCRIPTION
ILUR
'TEMI 3. cope: 3. OPERATING CONDITIONS HOURS DETECTION 2. CORRECTIVE ACTION
(Component) 4. SOURCE DOCUMENT CAUSE| MODE [EFFECT 3. RECOMMENDATIONS
(System/Subsystem)
17 | 1. Valve/Flange 1. EBR-II MiI MI MI 3850 Preventive 1. Flange gasket leaking.
Gasket 2. Feedwater heater No. 3 500 BZ 530 maintenance 2. Part replaced.
2. Steam, Condensate, (P3-VC-508) 3. None.
and Feedwater Piping 3. -
and Equipment/Valves {4, PMMR-51
3. 20
284300
18 | 1. Valve/Gasket 1. EBR-II M1 MI Mi 2140 Preventive 1. Gasket leaking.
2. Steam, Condensate, 2. Feedwater heater No, 3 500 BZ 530 maintenance 2. Part replaced.
and Feedwater Piping (P3-VC-508) 3. None,
and Equipment/Valves | 3. -
3. 20 4. PMMR-75
284300
19 | 1. Valve/Body 1. EBR-II MI MI MI 2910 Direct observation 1, Leakage through porous valve body.
2. Steam, Condensate, 2. Feedwater heater No, 3 454 BZ 530 2, Repair was performed by internal grinding and welding
and Feedwater Piping (P3-VC-508) the affected area,
and Equipment/Valves | 3. - 3. Proper quality assurance test could detect this fault of
3. 20 4. PMMR-92 the valve body.
284300
20 { 1. Valve/Solenoid 1, EBR-II MI MI MI Unknown | Operational monitors | 1, Solenoid coil burned out. Loading valve on No. 3
2, Steam, Condensate, 2. Startup boiler feed pump 500 12 530 cylinder.
and Feedwater Piping |3. 364°F - 1300 psig 2, Part replaced.
and Equipment/Valves | 4. PMMR-49 3, None.
3, 20
284300
21 | 1. valve/Stem 1. EBR-II M1 MI MI 3890 Direct observation 1. Stem was bent.
2. Steam, Condensate, 2. Motor driven feed pump 500 54 550 2. Local repair, stem was straightened.
and Feedwater Piping (governor valve) 3. None.
and Equipment/Valves |3, -
3. 20 4. PMMR-52
284300
22 | 1. Valve/Seat 1. EBR-II MI MI MI 3722 Direct observation 1. Valve would not seat, stuck open.
2. Steam, Condensate, 2. Motor driven feed pump 500 BZ 530 2. Part replaced.
and Feedwater Piping (relief valve) 3. None.
and Equipment/Valves } 3. -
3. 20 4. PMMR.-42
284300
* | = INCIDENT Ml = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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23 | 1. Valve/Disk 1. EBR-II MI MI MI 3460 Preventive 1. Valve received considerable punishment due to

2, Steam, Condensate, 2. Motor driven feed pump (warmup 122 59 530 maintenance excessive pressure drop across the seat.
and Feedwater Piping line) PF-13 2. Part replaced.
and Equipment/Valves |3. - 3, If the life period of a valve repair is less than the

3. 20 4. PMMR-58 plant preventive maintenance cycle, it should be
284300 replaced with a better design.

24 [1. Valve/Packing 1. EBR-II MI MI MI1 1200 Direct observation 1. Packing worn out.

2. Steam, Condensate, 2. Motor driven feed pump (warmup 500 BZ 530 2. Part replaced and tie rod installed to limit vibration.
and Feedwater Piping line) PF-13 3. Since vibration aggravates the wear of the valve
and Equipment/Valves |3. - packing, installation of a tie rod is only a temporary

3. 20 4. - solution. Longer, reliable service requires elimi-
284300 nation or reduction of piping vibration,

25 |1. Valve/Stem 1. EBR-II MI MI MI 540 Preventive 1. Valve plug and stem failure due to severe working

2. Steam, Condensate, 2. Feedwater - motor driven feed 500 BZ 530 maintenance conditions.
and Feedwater Piping pump warmup line (PF-13) 2. Parts replaced.
and Equipment/Valves |3. - 3. None.

3. 20 4. PMMR-69
284300

26 |1. Valve/Plug 1. EBR-II Mi MI MI (540 Preventive 1. Valve plug and stem failure due to severe working

2. Steam, Condensate, 2. Feedwater - motor driven feed 500 59 530 maintenance conditions.
and Feedwater Piping pump warmup line (PF-13) 2. Parts replaced.
and Equipment/Valves |3. - 3. None.

3. 20 4. PMMR-69
284300

27 | 1. Valve/Seat 1. EBR-II M1 MI MI 1200 Direct observation 1. Valve relieved at lower than set pressure.

2. Steam, Condensate, 2. Motor driven feed pump 500 BZ 550 2. Part replaced.
and Feedwater Piping [3. - 3. None.
and Equipment/Valves |4. PMMR-5

3. 20
284300

* | = INCIDENT MI = MINOR MALFUNCTION
MA = MAJOR MALFUNCTION P = PROBLEM
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28 |1, Valve/Seat (Locked 1. EBR-II MI MI MI |Startup |Operational monitors |l. Valve locked in open position.
Open) 2. Feedwater /motor driven feed pump 333 51 530 2, Vendor repair of component.

2. Steam, Condensate, 3. 364°F, 670 to 90 gpm, 1500 psig, 3. Operating procedures should be more closely followed:
and Feedwater Piping 3580 RPM (a) A signoff system should be used on the preventive
and Equipment/Valves |4. ANL 6808 maintenance work when completed,

3. 20 (b) step-by-step checkoff sheet system should be
284300 used for plant operation,

(c) back off valve one-half turn when fully opening
valve.
29 | 1. Valve/Plug 1. SCT1 MA MA MA 1500 Direct observation 1. Valve rework, revealed cracked and broken valve plug.

2. Feedwater Supply and [2. Steam and feedwater system valve 122 59 520 2. Replaced part.

Treatment/Feedwater (FR-201V) 3. None,
Pur