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FOREWORD 

The need for  improved Quality and Reliability Assurance in the fabrication, 

construction, operation, and maintenance of nuclear power plants i s  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 facil i t ies,  

beginning with conceptual design through final shutdown, and coupled with e s -  

tablishment of a systematic reporting procedure for  currently occurring inci- 

dents, malfunctions, o r  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 o r  cost, safety, availability, o r  the maintainability of a 

nuclear power plant o r  tes t  facility. 

metal  facil i t ies with emphasis on mechanical components. 

will include other nuclear power plant types a s  well. 

Initial coverage will be limited to liquid 

Future coverage 

The value of this handbook will be realized only when it i s  used in the man- 

The following factors should not detract  f rom ne r  and fo r  the purpose intended. 

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

1 )  Fai lure  ra te  data printed herein,  will f o r  many years  have a very  low 

level of confidence. Inadequate source mater ia l  and the fact  that mos t  

fa i lures  to date a r e  of the break-in o r  experimental-design type rather  

than classical  random fai lures ,  necessitates extreme caution in their  

use. 

2 )  Fai lure  rate data f o r  systems other than mechanical a r e  recorded f o r  

the facil i t ies currently operating but should be used only to weigh 

values obtained f rom other published sources  having severa l  o rde r s  

of magnitude grea te r  statist ical  confidence. 

3 )  Emphasis i s  placed on the cause, mode, and effect of failures and 

associated engineering evaluation with recommendations. Careful 

examination of the description of the component o r  sys tem mus t  be 

made by a cognizant person in order  to ascer ta in  whether an event 

o r  associated recommendation i s  truly applicable f o r  comparison to 

his particular need o r  situation, 
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The introduction of each pa r t  and subsection descr ibes  the reason for  its 

development, the extent of coverage and growth expectation, i ts  application, 

and its limitation. 

important and should be rigidly adhered to. 

Expressed local assumptions and limitations a r e  extremely 

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 severa l  yea r s  to attain a reasonable level of utility. 
In Vourne 11, the category identification sys tem 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 grea te r  detail in both 

LMEC's MIRACODE system (with original document r eco rds )  and in a digital 

recording system. 

s imi la r ly  stored. 

this storage,  a s  shown in Volume 11. 
a rapid and effective means of retrieving information in response to detailed 

questions f r o m  contractor personnel. 

In addition, facility design and maintenance data will be 

An Electronic Accounting Machine (EAM) card  is used for  

Once in operation, this sys tem will afford 

This edition contains data retrieved f rom:  (1)  facility publications (i. e. , 
progress  reports ,  operation his tory reports ,  maintenance reports ,  fa i lure  

reports ,  and incident repor t s ) ;  ( 2 )  maintenance work o rde r s ;  ( 3 )  comqonent 

his tory records ;  (4)  verbal  communication; and (5 )  miscellaneous documents. 

None of these sources  were  prepared o r  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. 

to c lear ly  identify the cause of the event and many t imes  it was even quite un- 

c lear  as to exactly what pa r t  of which specific component failed and what final 

correct ive action was accomplished. 

tabulated data because present  schedule and prohibitive cost  did not warran t  the 

lengthy r e sea rch  required to obtain this information f r o m  remote and sometimes 

poorly documented sources .  

misinterpretat ion by the reviewer. Every effort, however, has been made to 

minimize these problems. 

these data will be obtained. 

As a result ,  it was r a re ly  possible 

Numerous blank spaces exist  in the 

In some cases ,  the ma te r i a l  may be subject to 

As the system improves and the need warrants ,  
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Events specifically recorded at LMEC facil i t ies 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: c lar i ty  with respect  to cause, c lear  de- 

scription with respect to environmental circumstances surrounding the event, 

and formal  followup on temporary correct ive action and recommendations. In 

some cases  the component which was considered to have failed, in reali ty may  

not have failed at all. F o r  example, the case of a circuit  breaker  which opened 

causing a pump to  t r i p  - the  breaker  may  have functioned in normal  response t o  

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 facil i t ies and keeping ab reas t  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 permi t  specific identi- 

fication and detailed classification (in the category format  described in  Volume 11) 

of each of the components in the individual systems of each of thefacil i t ies 

participating in the reporting system. 

the component with respect to each of the l a s t  s ix  columns covering design 

specifications. Similarly, the numerical  count of total  component population 

in each facility could not be made except fo r  isolated cases .  

impossible to obtain population failure ra tes  - even questionable ones. 

of the failure ra tes  quoted a r e  f o r  the reported population that failed. 

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

Thus, this edition does not fully describe 

This made  it 

Most 

That i s ,  

During the next f iscal  year,  LMEC plans, a s  a minimum, to tabulate and 

record (in computer s torage)  fully identified component information fo r  the heat 

t ransfer  and process  systems of LMEC's facil i t ies and EBR-11. 

cation will include both design specification and local system/component identi- 

fication tag numbers. 

tion on these facilities will begin to evolve. 

will a lso be tabulated. 

fa i lure  events were  recorded fo r  SRE, H N P F ,  and F e r m i  while a broader  cov- 

erage of fa i lure  events were  recorded fo r  EBR-11, SCTI, and LCTL. 

This identifi- 

Once this is accomplished, bet ter  failure ra te  informa- 

If possible, F e r m i  components 

In this issue,  only sodium and related sys tem component 
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Operational period experiences associated with each of the major  com- 

ponent and system categories described in  Volume I1 a r e  tabulated in Part 1. 

Each category and/or  subcategory is accompanied by representations of 

relative frequencies and summar ies  o r  discussion in o rde r  to give: 

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

repetition of which he  should s t r ive to avoid in  his own design. ' 

2 )  Project  Management - A tool fo r  estimating potential component o r  
system reliability in o rde r  to a s ses s  required system complexity 

and design margin requirements. 

3 )  RDT - A sound basis  fo r  specific R&D efforts to improve component 
design o r  methods of detecting failures while they a r e  st i l l  incipient, 

4 )  Operations - A human factor index fo r  reduction of the human e r r o r  

potential. 

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

inspection frequency, and incipient failure detection methods. 

Sources of data and recommended ground rules fo r  use  of this section a r e  

described.herein as a guide to the user .  Applications, theory, and methodology 

are  defined in  P a r t s  3 and 4. 

Each basic component is identified with its known failure experiences and 

these failures a r e  categorized in  a tabular presentation deemed suitable fo r  

ready design reference on problems to be avoided. 

these problems a r e  given along with statements a s  to the present  state-of-the- 

art, tes t  under consideration, and potential a r e a s  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. 

Suggestions on how to avoid 

Very few mechanical failures recorded in this handbook will fall  in the 

All have been subjected to redesign, en- classification of random failures. 

vironmental adjustment, and procedural change in  operation. 

responsibility to a s ses s  the reasoning behind the correct ive actions taken, to 

It i s  the designer 's  

I 
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apply this reasoning to his design, and to investigate other sources of failure 

data that may exist. 

Fai lure  detection effectiveness data a r e  given where possible to a s s i s t  the 

designer in improving the availability expectation of his facility. Also, recom- 

mendations of specific statements, to be included in  procurement o r  acceptance 

specifications o r  standards, a r e  presented a s  a guide to improvement of the 

reliability of the component. 

Specific limitations should be placed on the use of indicated failure rates.  

(1)  the failures a r e  non-random, occurring mostly The reasons fo r  this a r e :  

under tes t  conditions, and in many cases  the component was one of a kind; 

( 2 )  actual component environmental history i s  not obtainable f rom the historical  

records,  

given. 

to evaluate the potential of improvement in component reliability o r  system 

availability that could be expected by a component change, rating change, o r  

system redundancy modification. 

specific compoents improves, curves of failure ra te  vs operating level will be 

i nc lud e d . 

Failure ra tes  given he re  have no level of confidence unless one i s  

They should be used only for  comparative purposes by qualified persons 

As the confidence level of failure ra te  data for  

. 
All failure data for  each basic component i s  compiled under the heading of 

that component and i s  fur ther  broken down with respect  to major  subtypes. 

Basic components a r e  listed alphabetically with accompanying introductory 

descriptions of the component/part classification code and figures of the most  

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

In this section, a l l  failure data fo r  each basic component a r  compiled 

under the category heading fo r  that component, and a r e  fur ther  broken down 

with respect  to major  subtypes. 

l isted alphabetically with accompanying introductory descriptions of the 

componentlpart classification code and illustrations of the mos t  fundamental 

component types. 

Basic components have been categorized and 

The data tabulated in this section were  obtained f r o m  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 a r e  noted in the failure data tables. A key to these 

source documents is presented in the following alphabetical listing a s  an  aid 

to the reader ,  
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SOURCE DOCUMENT KEY 

DOCUMENT 

AGC Internal Let ter  

AGC TM 

AI Letter 

AI Monthly (HNPF) 

AI Manthly Hilites (HNPF) 

AI Monthly Operating Report  
(HNPF) 

AI Monthly ROAP Report  
(HNPF)  

ANL (EBR-11) 

ANL - Idaho 
Division - Operations Report  

ANS 

ANS-100 (EBR-11) 

APDA AECU 

SOURCE 

"Aero jet- General  Corporation Internal 
Letter,  Aero jet-Gene ra l  Corporation, 
Van Karman Center  

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

"Atomics International Letter,  Atomics 
Int e rna  tio nal, C ano ga P a  rk, C alifo rnia  

See tlMonthly Operating Report  (HNPF)" 

See "Monthly Hilites (HNPF)" 

See !'Monthly Ope rating Rep0 r t  (HNPF) ' I  

"Atomics International Monthly Reactor 
Operations Analysis P rogram Report, I t  

Hallam Nuclear Power Facility, Hallam, 
Nebraska 

"Reactor Development P rogram P r o g r e s s  
Report, Argonne National Laboratory, 
Experimental  Breeder  Reactor  #11, 
Argonne, Illinois 

"Report of EBR-I1 Operations, I t  Argonne 
National Laboratory - Idaho Division, 
National Reactor Testing Station, 
Idaho Fal ls ,  Idaho 

"American Nuclear Society'' 

"American Nuclear Society, EBR-I and 
EBR-I1 Operating Experience, F a s t  
Reactor Technology National Topical 
Meeting, April  26-28, 1965, Detroit, 
Michigan 

"Atomic Energy Commission, Unclas si- 
fied, f t  Atomic Power Development 
Associates,  Inc. ,  Detroit Michigan 
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SOURCE 

Q 
DOCUMENT 

APDA-CFE ( F e r m i )  

Conference 65 062 0 

Construction Log (HNPF) 

Construction Log Book 
(HNPF) 

CPPD Monthly (HNPF) 

Daily Site W i r e  (HNPF) 

Daily Wire (HNPF) 

EF ( F e r m i )  

E F A P P  ( F e r m i )  

"Enrico F e r m i  Atomic Power Plant 
Current Experience Series,  'I Atomic 
Power Development Associates, Inc., 
Detroit, Michigan 

Sodium Component Development P rogram 
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, I' 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), ( I  Hallam Nuclear 
Power Facility, Atomics International, 
Canoga Park ,  California 

See "Daily Site Wire (HNPF)" 

"Enrico F e r m i  Atomic Power Plant 
Monthly Report, I '  Power Reactor Develop- 
ment Co., Detroit, Michigan 

"Enrico F e r m i  Atomic Power Plant 
(Fermi) ' '  (unpublished internal document) , 
Power Reactor Development Co., 
Detroit, Michigan 

EFAPP Maintenance Report 
(Fe rmi )  

See "EFAPP (Fermi)" 

EFAPP-MR ( F e r m i )  See "EFAPP (Fermi)"  

HNPF Construction Log See "Construction Log Book (HNPF)" 

IL NAA-SR-TDR (HNPF) "Internal Letter for  North American 
Aviation, Special Report, Technical 
Data Report, Atomics International, 
Canoga Park,  California 
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DOCUMENT SOURCE 

IMPR 

IMR-MOR (HNPF) 

Incident, Malfunction, and 
Problem Rep0 r t  

Incident Report  (SCTI) 

Incident Report  (SRE) 

Initial Malfunction Report 
(HNPF) 

Internal Let ter  (HNPF) 

Internal Letter,  
A1-7518-9819 

KAPL 

Lab Notebook ( LC T L) 

LMEC, NAA-SR 

Log Book (LCTL) 

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

"Initial Malfunction Report - Monthly 
Operating Report (HNPF), I t  Hallam 
Nuclear Power Facility, Hallam, 
Nebraska 

See I I IMPR" 

"Sodium Component Test  Installation, 
Incident Report, Atomics International, 
Canoga Park ,  California 

"Sodium Reactor Experiment Incident 
Report, Sodium Reactor Experiment, 
Atomics International, C anoga Park ,  
California 

"Initial Malfunction Report, 'I Hallam 
Nuclear Power Facility, Hallam, Nebraska 

"Internal Letter,  ' I  Hallam Nuclear 
Power Facil i ty,  Hallam, Nebraska 

D.A. McGree to H.A. Gerber ,  "Repair 
of HNPF (Hallam Nuclear Power Facil i ty) 
EM (Electromagnetic) Pump, Hallam 
Nuclear Power Facility, Hallam, Nebraska 
(January 3,  1962) 

"Knolls Atomic Power Laboratory, I' 
General Elec t r ic  Company, Schenectady, 
New York 

Laboratory Notebook, Large Component 
Tes t  Loop, ' I  Atomics International, 
Canoga Park ,  California 

"Liquid Metal Engineering Center, 
North American Aviation Special Report, I '  
Atomics International, Canoga Park ,  
California 

"Large  Components Tes t  Loop Log Book 
(LCTL), I '  Atomics International, Canoga 
Park,  California 
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DOCUMENT 

Log Book (SRE) 

Maintenance Log Book (SRE) 

Maintenance Report  (EBR-11) 

Maintenance Report  ANL 
(EBR-11) 

Monthly Hilites (HNPF) 

Monthly Operating Report 
(HNPF) 

MOR (HNPF) 

MSA E P  

NAA-SR 

NASA C.R. 

Operating Log (SRE) 

Operating Maintenance 
Report  (EBR-11) 

Operating Monthly Report  
(EBR-11) 

SOURCE 

"Log Book (SRE), ' I  Sodium Reactor 
Experiment, Atomics International, 
Canoga Pa rk ,  California 

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

"EBR-I1 Maintenance Report, I '  Experi-  
mental  Breeder  Reactor No. 11, National 
Reactor Testing Station, Idaho Fal ls ,  Idaho 

See "Maintenance Report (EBR-11)" 

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

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

See "Monthly Ope rating Rep0 r t  (HNPF)" 

"MSA Research Corporation Bulletin, I '  

MSA Research Corporation, Gallery, 
Pennsylvania 

"North American Aviation Special Report, I '  

Atomics International, Canoga Park, 
California 

"NASA Contractor Report, I '  National 
Aeronautics and Space Administration, 
Washington, D. C. 

See "Log Book (SRE)" 

"Operating Maintenance Report  (EBR-11), I '  

Experimental  Breeder  Reactor  No. 11, 
National Reactor Testing Station, Idaho 
Fal ls ,  Idaho 

"Operating Monthly Report  (EBR-11), I '  

Experimental  Breeder  Reactor No. 11, 
National Reactor Testing Station, 
Idaho Fal ls ,  Idaho 
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DOCUMENTS SOURCE 

Operating Weekly Rep0 r t 
(EBR-11) 

1 I Operating Weekly Rep0 r t ( EBR - 11) , I I 
Experimental  Breeder  Reactor No. 11, 
National Reactor Testing Station, 
Idaho Falls, Idaho 

Opera tion Maintenance Rep0 r t  
(EBR-11) 

See I'Operating Maintenance Report 
(EBR-11)'' 

Operations Log (SRE) See "Log Book (SRE)" 

See "Operating Maintenance Report  
(EBR-11)" 

Operations Maintenance 
(EBR-LI) 

See "Operating Maintenance Report 
(EBR-11)'' 

Ope rations Maintenance 
Report  (EBR-11) 

Operations Monthly Report  
(EBR-11) 

See "Operating Monthly Report  (EBR-11)" 

Operations Weekly Rep0 r t 
(EBR-11) 

See "Operating Weekly Report (EBR-11)" 

Ope ration Weekly Rep0 r t 
(EBR-11) 

See Operating Weekly Rep0 r t (EBR - 11)" 

Oper.  Maint. (EBR-11) See "Operating Maintenance Report  
(EBR-11)'' 

Personal  Communication, 
C. W. Griffin 

"C. W. Griffin, ' I  Liquid Metals Engineering 
Center,  Canoga Pa rk ,  California 

Plant Modification and 
Maintenance Report  (EBR-11) 

Plant Modification and Maintenance 
Report, Experimental  Breeder  Reactor  
No. 11, National Reactor Testing Station, 
Idaho Fal ls ,  Idaho 

See "Plant  Modification and Maintenance 
Report  (EBR-11)" 

PMMR 

PRDC 

(EBR-11) 

"Power Reactor Development Company, 
Enrico F e r m i  Atomic Power Plant, 
Lagoona Beach, Michigan 

F e rmi) 

See " E F  ( F e r m i ) ' '  PRDC-EF ( F e r m i )  

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

Shift Leader 's  Log Book 
(HNPF) 

"Shift Leader 's  Log Book, I '  Hallam 
Nuclear Power Facility, Hallam, Nebraska 
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. . . . . . . . .. - - - . . .. . . . - - . - - . . . . - - -. - - . - . . . . . . 

DOCUMENTS SOURCE 

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

S .  T. P. (EBR-11) 

TWX 

TWX to R.S. Baker (HNPF) 

Weekly Hilites (HNPF) 

Weekly Maintenance 
Report  (EBR-11) 

Weekly Report  (EBR-11) 

Weekly Site Report  (HNPF) 

Weekly Site W i r e  (HNPF) 

Work Request (HNPF) 

WR (HNPF) 

Facil i ty comments, SNAP-8 Division of 
Aerojet-General, "MSA EM pump 
Fai lures ,  recorded March 18, 1966 on 
the November 22, 1965 summary, 
Aerojet  General  Corporation, Von Karman 
Center  

"Systems Training Program, Training 
Information, ( I  Experimental  Breeder  
Reactor  No. 11, National Reactor Testing 
Station, Idaho Fal ls ,  Idaho 

"Teletype Wri ter  Exchange, ' I  Atomics 
International, Canoga Park ,  California 

"Teletype Wri ter  Exchange to R. S. Baker,  ( I  

"HNPF EM Pumps, ' I  (November 3, 1961), 
Atomics International, Canoga Pa rk ,  
California 

"Weekly Hilites, (TWX), Hallam Nuclear 
Power Facility, Atomics International, 
Canoga Pa rk ,  California 

See "Operating Maintenance Report  
(EBR-11)" 

See "Ope rating We e kly Rep0 r t (EBR- 1I)ll 

See "Weekly Hilites (HNPF)" 

See "Weekly Hilites (HNPF)" 

"Hallam Nuclear Power Facil i ty Work 
Request, " Hallam Nuclear Power Facility, 
Hallam, Nebraska 

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

1. Demineralizers 

Fai lure  data for  demineralizers (ion exchange unit) a r e  presented in Tables 
1- 1 through 1-3.  

a. Reliability Information 

Design Features  : 

Demineralizers a r e  used to purify the feedwater feed to the s team generator. 

Mode of Fai lure  : 
~ ~~ 

Mechanic a1 vibration 

Fai lure  Description: 

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

tion. 

Control Methods : 

1)  Use stainless s teel  headers  and s t ronger  pipes. 

2 )  Anchor the pipes properly. 

b. Discussion and Recommendations 

The Poly-Vinyl Chloride pipe used in  the demineralizer failed because of 

vibration. 

vibrations f r o m  other pipes caused fatigue and finally pipe failure. 

to repair  the pipe were  unsuccessful. 

This pipe was held on the same  supports a s  other plant piping. The 

Attempts 

Poly-Vinyl Chloride plastic pipe should not be used where any vibration 

The pipe leading f r o m  a demineralizer system should be can cause failure. 

, either aluminum or steel  with a Polyproplene liner. 
, 
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c 

1 

2 

3 

4 

c 

1. COMPONENT/PART 

2. SY STEM/SUBSY STEM 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1.  Demine ra l i ze r /  
Distribution Header  

2. Feedwa te r  Supply and 
Trea tmen t /Bypass  
Purif icat ion 

273100 
3. 53 

1. Demine ra l i ze r /  

2.  Feedwater  Supply and 
Plas t ic  Tee  

Treatment/Condensate  
Demineral iz ing 

273200 
3. 53 

I .  Demine ra l i ze r /  
P las t ic  Pipe 

2. Feedwa te r  Supply and 
Trea tmen t  /Condensate 
Demineral iz ing 

273200 
3 .  53 

1.  Makeup Water 
Demine ra l i ze r  / 
Plas t ic  Water l ine 

2. Feedwa te r  Supply 
and  Trea tmen t /  
Demine ra l i ze r  

272200 
3. 53 

5 . Demine ra l i ze r  /Acid 
Inlet  Header  

:. Feedwate r  Supply 
and Trea tmen t /  
Demine ra l i ze r s  

272200 
'. 53 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-1 

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

~~ 

1. FACILITY 

2. COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

I .  SCTI 
?. Trea ted  water/condensate polishing 

3 .  120 gpm, 100 psig 
1. Incident repor t  No. 30 

s y s t e m  

I. SCTI 
?. Trea ted  water  and chemical feed 

systemlpol ishing demineral izer  
3. 
1. Incident repor t  No. 90 

1. SCTI 
?. Trea ted  wa te r  and chemica'l feed 

sys t em 
3 .  120 gpm, t o  140"F, 100 psig 
1. Incident repor t  No. 305 

1. SCTI 
?. Polishing sys t em 
3. 
+. Incident repor t  No. 68 

1. SCTI 
?. Steam and feed sys t em 
3 .  495"F,  19.6% flow 
1. Incident repor t  No. 328 

I1 = MINOR MALFUNCTION 
P = PROBLEM 

~ ~~ 

FAILURE INDEX 
CODE* 

CAUSE 

- - 
UI 
278 

LLI 
128 

MI 
143 

MI 
172 

M I  
253 

illODE 

- - 
[I 
3 

[I 
1 

I1 
3 

11 
9 

11 
9 

FF EC 

- - 
11 
17 

[I 
36 

11 
30 

11 
30 

11 
80  

PER ATIN( 
HOURS 

33 

,606 

175 

560 

300 

METHOD OF FAILURE 
DETECTION 

3i rec t  observation 

3 i rec t  observation 

Direct observat ion 

During r e p a i r  or 
inspection of s y s t e m  
issociated to  fa i lure  
component. 

Routine a r e a  watch 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  Distribution manifold pulled loose f r o m  t e e  due t o  
thin-wall SS tubing. 

?. P a r t  replaced.  
3 .  Scheduled monthly a i r  mixing will prevent  overpacking 

of res in  on pipeline within the flanged vesse l .  

I .  Plas t ic  tee  cracked a t  th reads  due to  vibration. 
?. Local  repa i r ,  replaced plast ic  piping with aluminum 

3. Upgrade QA procedures  for  installation of plast ic  pipe. 
piping. 

1. Piping manifold inadequately supported. 
?. Plas t ic  influent header  manifold replaced by SS flange 

and manifold. 
3. Improve QA on original  installation. 

1 .  Cracked wa te r  l ine.  
2 .  P a r t  replaced. 
3 .  P las t ic  piping should be careful ly  inspected before  

application. 

1 .  Weld holding acid inlet header  support  b racke t  t o  
tank broke allowing header  t o  t e a r  loose f r o m  
tank. 

?. Substituted header  ( s ta in less  s tee l  f langes)  and 
rewelded b racke t  of improved design. 

3.  Improve b racke t  design - rep lace  plast ic  flange by SS. 



TABLE 1-1 

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

* 

, . COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

1. CODE: 
(Component) 
(Svstem/Subsvstern) 

. Deminera l izer  / 
Manifold 

,. Feedwater  Supply 
and Trea tmen t /  
Deminera l izers  

2 7 2 2 0 0  
i. 53 

= INCIDENT 
MA = MAJOR MALFUNCTION 

~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. SCTI 

. Upper manifold deminera l izer  D-1 

. 12,600 gal, 100 psig 

. Incident r epor t  No. 309 (10-17-66) 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

- 
'ERATIN( 
HOURS 

- - 
5 5 0  

METHOD OF FAILURE 
DETECTION 

luring preventive 
iaintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Inspection found upper distribution manifold cracked 
in the threads  at the supporting flange. 
ma te r i a l  is plast ic  "Uscolite" and not strong enough 
to hold load. 

adequate strength.  

t o  prevent excess ive  packing. 

Header 

. Upper manifold replaced with SS header  to  provide 

. Resin  beds should be mixed during long shutdowns 



T A B L E  1-2  

FAILURE D I  STRl BUTlON FUNCTIONS 

Q 

COMPONENT DEMINERALIZERS (ION EXCHANGE UNIT) 

COMPONENT SUBTYPE 

FAILURES (%) 0 10 , 

Component Tes t  Faci l i ty  ;: 
$ 

Feedwater  Supply and Trea tmen t  

z w c 
v)’ > 
v) 

I 1 I 

Distribution Manifold 

P la s t i c  Tee  

+ Plas t i c  Tube 
a Acid Inlet Header a 
c Manifold Flange 

cz 

z 
W z 
0 a 
2 
0 
0 

Environmental  

1 I 

I 
Mechanical 7 
Labor  and ma te r i a l  l o s s  onl 
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T A B L E  1-3 

Environmental  

Impuritylcontamination 
W 

2 ’  

0 .  

~ 

W-I Inherent 

a 

Mechanical 

GENERAL SUMMARY 

I 

I 
L -- 
L 

W 
a 
Z ’  

OPERATING HOURS(TH0USANDS) 0 10 20 30 40 50 60 70 80 90 100 
Deminera l izers  

30 
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B. CONTAINMENT SYSTEM COMPONENTS 

1. Air Locks 

Fai lure  data for  a i r  locks a r e  presented in Tables 1-4 through 1-8. 

a. Reliability Information 

Design Fealxres:  

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

opening both doors a t  once. Valve and piping fo r  equalization of pressure ,  

Crit ical  Characteris t ics  : 

Maintain reliable atmospheric isolation. 

Mode of Fai lure:  

1)  Seal, gasket, and valve leakage 

2 )  Switch .malfunction 

3 )  Penetration leakage. 

Fai lure  Des c ription: 

1 )  Inflatable sea l  valve leaked 

2 )  Neoprene boot leaked 

3 )  Door sea l  ruptured 

4)  Door switch inoperative 

5)  Equalizing valves leaked 

6 )  Electr ical  and pipe penetrations leaked, 

Control Methods : 

1) Establish a regular schedule of inspection and testing f o r  all sea l  
equipment and specific procedures for  maintenance and repair .  

2 )  Optimum test  period assumed to be about eight months. 

3 )  Some facil i t ies use  continuous leak monitoring with no access  during 
operation. 

A 
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I Failure  Rates: 

Approximate failure ra tes  developed by Holmes & Narver,  Inc. fo r  a i r  lock 

components used in water  reactors  a r e  as follows: 
- 6  

-6  

- 6  

1)  2.5 x 10 

2 )  4.5 x 10 

3 )  4.5 x 10 

/ h r  for  valves 

/hr for  gaskets and seals  

/ h r  f o r  penetrations 

The frequency f o r  LMFBR's appears compara 

b. Discussion and Recommendations 

None. 

#le. 
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c c 

- 

TEh 

- - 
1 

2 

3 

4 

5 

6 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. A i r  LockIDoor 
2. Reactor  Containment/ 

3. 01 
Ai r  Lock 

19422 0 

1. A i r  Lock/Inflatable 

2. Reactor Containment1 

3. 01 

Seal Valve 

A i r  Lock 

194220 

1. Air  LockISeal A i r  

2. Reactor Containment/ 

3. 01 

Valve 

Ai r  Lock 

194220 

1. A i r  LockINeoprene 

2. Reactor  Containment/ 

3. 01 

Boot 

A i r  Lock 

194220 

1. A i r  LockISeal 
2. Reactor Containment/ 

3. 01 
A i r  Lock 

194220 

1. A i r  LockIHydraulic 

2. Reactor  Containment/ 

3. 01 

Unit 

Air  Lock 

194220 

TABLE 1-4 

FAILURE DATA FOR AIR LOCKS 
(Sheet 1 of 2 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-I1 
2. Equipment inner  door 
3. Ambient temperature  
4. ANL 7132-7152 

1. EBR-I1 
2. Equipment lockladmission valve 
3. Ambient temperature  
4. PMMR-58 (4) 

1. EBR-11 
2. Equipment lock 
3. Ambient t empera tu re  
4. PMMR-13 

1. EBR-11 
2. Inter lock - air lock 
3. Ambient temperature  
4. PMMR-10114164 (4) 

1. EBR-II 
2. Pe r sonne l  air lock 
3. Ambient temperature  
4. PMMR-17 (4)  

1. EBR-I1 
2. Pe r sonne l  air lock 
3. Ambient temperature  
4. PMMR- 18 

I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
I 
133 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
I 
35 

MI 
73 

MI 
55 

MI 
BZ 

MI 
59 

MI 
BZ 

- 

FF EC1 

- - 
[ 
580 

MI 
530 

MI 
550 

MI 
530 

MI 
550 

MI 
530 

- 

PERATIN( 
HOURS 

4,660 

9,300 

1,200 

1,200 

1,200 

1,200 

METHOD OF FAILURE 
DETECTION 

3i rec t  observat ion 

Preventive mainte-  
lance 

Direct observat ion 

Prevent ive mainte-  
nanc e 

Operational monitor  

Routine inspection 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Door blown off causing damage to other  components 
in the reac tor  building. 

?. Part replaced. 
3. None. 

1. Valve cracked.  
?. P a r t  replaced. 
3. None. 

1. Valve would not re lease  a i r  f r o m  seal .  
2. Local  repa i r .  
3. None. 

1. Leak. 
2. Local repa i r .  
3. Establ ish regular  inspection schedule f o r  sea ls .  

1. Leaking (pin hole  leak). 
2. Local repa i r .  
3. None. 

1. Unknown. 
2. P a r t  replaced. 
3. None. 



- 

TEN 

- - 
7 

8 

9 

10 

11 

- 
* I  

. . COMPONENT/PART 

! . SYSTEM/SU BSY STEM 

5 .  CODE: 
(Component) 
(System/Subsystem) 

1. A i r  LockIDoor Switch 
?. Reactor  Containment/ 

3. 01 
Air Lock 

194220 

1. A i r  Lock/Seal 
?. Reactor  Containment1 

A i r  Lock 
3. 01 

194220 

1. A i r  LockISeal 
?. Reactor  Containment1 

3. 01 
A i r  Lock 

194220 

1. A i r  LockISeal 
?. Reactor  Containment1 

3. 01 
A i r  Lock 

194220 

1. A i r  LockIElectr ical  
Conax Seal 

2 .  Reactor  Containment/ 
P r o c e s s  Penetrat ions 

3. 01 
194231 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-4 

FAILURE DATA FOR AIR LOCKS 

(Sheet 2 of 2 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

L. EBR-J.I 
!. Personne l  a i r  lock 
1. Ambient t empera tu re  
4. PMMR-5 

1. EBR-I1 
!. Personne l  a i r  lock 
1. Ambient t empera tu re  
4. PMMR-22 (4)  

1. EBR-I1 
!. Personne l  a i r  lock 
1. Ambient t empera tu re  
4. PMMR-49 (4) 

1. EBR-II 
t. Personne l  a i r  lock 
1. Ambient t empera tu re  
4. PMMR-49 (4)  

1. EBR-I1 
t. Emergency  a i r  lock electr ical  feed- 

through 
1. Ambient t empera tu re  
4. PMMR-82 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
5 00 

MI 
478 

MI 
500 

- 

MODE 

- - 
MI 
BZ 

MI 
59 

MI 
59 

MI 
59 

MI 
52 

- 
=F E C  

- - 
MI 
550 

MI 
550 

MI 
520 

MI 
520 

MI 
530 

- 
IPERATIN( 

HOURS 

1,200 

1,200 

7,800 

7,800 

7,400 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 

Direct  observat ion 

Direct  observat ion 

Di rec t  observat ion 

Routine inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Faulty switch. 
2. P a r t  replaced. 
3. None. 

1. Seal  ruptured. 
2. P a r t  replaced. 
3. None. 

1. Seal  ruptured. 
2. Part replaced. 
3. None. 

1. Seal  ruptured - improperly vulcanized. 
2. P a r t  replaced. 
3. Maintenance/repair  procedures  and inspection 

methods should b e  c l ea r ly  defined. 

1. Seal  leaking. 
2. P a r t  replaced. 
3. None. 



T A B L E  1-5 

FA I LURE DI STR I B UTI ON FUNCTl ONS 
COMPONENT AIR LOCKS 

COMPONENT SUBTYPE EMERGENCY 
FAILURES (z) 0 10 2 

1nllrtnr I I Nuclear T e s t  E 

I 

I 
Reactor  Containment 

I \  I 

1 

Elec t r ica l  Conax Seal  

c 
CT 
Q a 
I- z 
W z .  
0 a 
I 
0 
0 

I t  1 I 
W 
I/) 
I3 

V 
a '  

Unknown I- 

, Mechanical 
W 
n 
0 z 

I I  I I 

Labor  and m a t e r i a l  l o s s  only 
c 

LL 
W 
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TABLE 1-6 

FA1 LURE DI STRl B UTlON FUNCTIONS 
COMPONENT AIR LOCKS 

COMPONENT SUBTYPE EQUIPMENT 
FAILURES P/J 0 1 

Nuclear Test  Reactor - 
I- ZE 5> 
LC 

Reactor Containment 

Fuel Handling 

- - 

I I  I 

I I  
I I  I 
I I - l  

Environmental 

W 

3 

Unknown - 
Chemical7 

Mechanic a1 - 
0 - W n 
2 m a l  - 

Caused damage to other components 

Labor and material loss only 

- - c 
y 

Systemlcomponent inoperative 14 

~ I 
I I A 
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TABLE 1-7 

FAILURE DI  STRl BUTlON FUNCTIONS 

A 

COMPONENT *IR 

COMPONENT SUBTYPE PERSONNEL 
FAILURES (96) 0 1 

Nuclear  Tes t  Reactor  
- W  
Zn. :z 
1' . 

Reactor  Containment 

> 

Seal 

Hydraulic Unit 

- - 
+ Door Switch 
a a 

- 
ct 

w ,  
3 H u m a n e r r o r  

u 

v) 

a 

Unknown 

Mechanical 

- - 
Unknown 

Plan t  availability l o s s  

Labor  and ma te r i a l  loss onlv 

- - 
F 
q - 

A u 
System/component inoperat ive 

W 

3 
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T A B L E  1-8 
GENERAL SUMMARY 

COMPONENT 
FAlLURES(X)  0 1 0  20 30 40 5 

Environmental - 
Human e r r o r  - 

W 
v) Unknown --II-- 
3 - 
v -  
a 

Chemical  - 
Mechanical ---u- g u 

0 Metal lurgical  z 
Unknown 

I 
Caused damage to  other components 
P lan t  availability l o s s  

Labor and ma te r i a l  loss only 

- 
I- 
0 
W 
LL 
LL 
W Svstemlcomponent  inoperative 

TOTAL FAILURES PER TYPE 0 1 2 3 4 5 6 : TOTAL FAILURES PER TYPE 0 1 2 3 4 5 6 
Air locks - equipment 

Air locks - personnel  

Air locks - e m e r r e n c v  - Air locks - equipment 

Air locks - personnel  

Air locks - e m e r r e n c v  - 
t I I I I I I I  
t I I I I I I I  

I I I I I I I I  I I I I I I  

1 50 60 

i 
OPERATING HOURS (THOUSANDS) 0 10 20 

I 
I 

a > 
I- 

00 

T I I  
t I I  
H I  

n 
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2. Hoist Units 

Failure data fo r  hoist units a r e  presented in Tables 1-9 through 1- 12. 

a. Reliability Information 

Design Features : 

Grip and vertically position fuel elements. 

Crit ical  Characterist ics : 

Severe thermal,  p res  sure ,  chemical, and radioactive environment; blind 

ope ration; precis  ion movement; high reliability. 

Modes of Fai lure:  

1 )  Fai lure  to provide, control, o r  cut off power 

2 )  Fai lure  to l i f t ,  halt,  hold, and lower on command and at proper speed 

3 )  Failure to grasp, hold, and release on command 

4 )  Fai lure  to indicate, limit, and control the position of gripper and load 

5 )  Fai lure  to shield and support. 

Failure De s c r ip  tion : 

1 )  Defective electric components o r  an unreliable power supply 

2 )  Broken o r  jammed cables, gears,  bearings, and other par ts  of the 

lifting mechanism 

3 )  Jammed o r  broken precision machined par ts  in gripper 

4 )  Misaligned, jammed, o r  broken mechanical par ts  in control and 

sensing system 

5)  Insufficient shielding and loose connection in support s t ructure .  

Control Methods : 

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

2 ) Avoid overloading the lifting mechanism. 

3 )  Use proper  mater ia ls ,  simplify the configuration, and provide 

adequate clearances and tolerances. 
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4 )  Provide fai l -safe  devices, emergency controls,  and a verification 

of signal data. 

5 )  Inspect and maintain the hoist. 

Alternative Concepts : 

Hydraulic o r  liquid meta l  lifting mechanism. 

Suggested Incipient Failure Detection Methods : 

1 )  Fai lure  is sometimes preceded by detectable variations in cer ta in  

operating parameters .  

and the p re s su re  gage to detect loss  of oil p re s su re  a r e  well known. 

With respect  to hoists,  it should be possible to put a sonic detector 

in the drive box to sense  abnormal chat ter  f r o m  misaligned o r  fouled 

gears ,  etc. 

sense  abnormal energy requirements in lifting stuck fuel elements 

o r  other hangups. 

The thermocouple to detect a hot bearing 

Also, a power o r  work m e t e r  on the hoist motor could 

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

The fraying of a load cable o r  the c rack  in moment of catastrophy. 

a gripper a r e  typical examples. 

this type fai lure  i s  routine maintenance and inspection coupled with 

periodic proof and other nondestructive tes ts .  When this method is 

used with skill and diligence, it detects mos t  surface defects. Hid- 

den defects a r e  much m o r e  difficult to ascer ta in .  

flaw detection depends on the development of built- in, nondestructive 

scanners .  

nisms,  this development effort will be costly. 

The c lass ic  method used to avoid 

Improvement in 

Because of the complex configuration of hoisting mecha- 

b. Discussion and Recommendations 

General:  

The function of any hoist  is  to gr ip  and vertically move a load. The pr in-  
cipal par t s  of a hoist a r e  the power source,  the lifting mechanism, the gripper,  

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

Hoists for  fuel handling machines a r e  specialized in that they pr imar i ly  grip 

and move fuel elements inside a reactor .  The fuel elements mus t  be handled 

A 
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and maintained in a high-temperature, pressurized, chemically reactive, and 

also radioactive environment. 

operator. 

reliable. 

The movements a r e  mostly hidden f rom the 

Under these conditions the hoist movement mus t  be prec ise  and 

Power Source: 

Electric,  pneumatic, and hydraulic power can be used. The choice of 

power governs the operation and configuration of the other par t s  of the hoist. 

Most hoists use electric power. 

A power failure i s  lost, unprogrammed, o r  runaway power, Power failures 

a r e  caused by defective electrical  components o r  an  unreliable supply. 

The best  design and installation cannot prevent power failures with c e r -  

tainty. 

avoided by providing a fail-safe system, positive cutoff, and emergency power 

with the alternative of manual operation. 

However, the catastrophic consequences of a power failure mus t  be 

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 l i f t  mechanism is failure to l if t ,  halt, hold, o r  lower the 

Failures of the lifting mechanism load on command and a t  the proper speed. 

are  due mos t  often to broken gears  andgalled bearings. These result  in stalled 

o r  uneven movement. 
frequent but can have catastrophic consequences. 

A rupture o r  pull-out of the cable o r  l i f t  chain is less  

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 s implest  gripper is the 

hook which is manually attached to the load. 

the fuel handling gripper. It mus t  remotely and precisely grasp,  hold, and 

release the pickup attachment on a fuel element. 

on command and in a severe thermal,  p ressure ,  chemical, and radioactive 

envi ro nment . 

At the other end of the spectrum is 

This mus t  be accomplished 
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A failure of the gripper mechanism is  failure to grasp  hold, o r  release 

the load on command. 

o r  broken precision machined parts.  

Failures of the gripper mechanism a r e  due to jammed 

Such failures can usually be avoided i f ,  during design, the proper mater ia ls  

a r e  selected, simplicity of configuration is  s t ressed,  and adequate clearance 

and tolerance a r e  provided. 

Control and Sensing System: 

Hoists m a y  be manually controlled by the operator based on direct  observa- 

Completely programmed control i s  also possible. tion o r  on remote indicators. 

The mos t  common control mode i s  semi-automatic where the operator 's  com- 

mand initiates a sequence of automatic movement. 

Sensing devices a r e  required fo r  hidden hoist operations, for  programmed 

Signals actuate indica- sequences of events, and to automatically limit travel.  

tors ,  a la rms ,  protective devices, o r  controls. 

A failure of the control and sensing system is a failure to indicate, limit, 

o r  control the position of the gripper o r  the load. 

caused by misaligned, jammed, o r  broken mechanical par ts .  

Failures a r e  mos t  frequently 

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 i s  correct .  

Shielding and Supports : 

A housing contains the severe  environment surrounding the lifted element, 

and shields operations surrounding the hoist f r o m  adverse effects of the environ- 

ment. 

The shielding may  surround the entire hoist, some par ts  of it, o r  only the lifted 

element. 

Conditioning equipment may  be required to maintain the environment. 

The support s t ructure  holds the hoist and shielding and t ransmits  the dead 

and lifted loads to the building f r a m e  o r  foundation. 

be either stationary o r  mobile. 
The support s t ructure  may  

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

to the surrounding facility, o r  to the operating process .  Shielding failures a r e  
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. .  . .  . .  . 

almost always due to failure to provide shielding. 

usually to deterioration o r  loosening of the connections. 

Support fa i lures  a r e  due 

Proper  evaluation of the environment requiring shielding and detailed 

inspection and maintenance of the shield and support s t ructure  would reduce 

the possibility of failure. 

A 
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1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Hoist  Unit/Lifting 
Cable 

2. Nuclear  Fue l  Handling 
and Storage of Equip- 
men t  / F u e l  Handling 
Machine 

235163 
3. 50 

1. Hoist  Drum/Bear ings  
2. Nuclear  Fue l  Handling 

and Storage Equipment, 
F u e l  Handling Machine 

235163 
3. 50 

1. Hoist  UnitIFuel  
Gr ippe r  

2. Nuclear  Fue l  Handling 
and Storage Equipment 
F u e l  Handling Machint 

235163 
3. 50 

1. Hoist Un i t /Fue l  
Gr ippe r  

2. Nuclear F u e l  Handling 
and Storage Equipment 
F u e l  Handling Machint 

235163 
3. 50 

1. Hoist  Unit /Fue l  
Gr ippe r  Drive Gea r  

2. Nuclear  F u e l  Handling 
and Storage Equipment 
F u e l  Handling Machint 

235163 
3. 50 

I = INCIDENT 

TABLE 1-9 

FAILURE DATA FOR HOIST UNITS 
(Sheet 1 of 2 )  

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. F e r m i  
2. Cask  c a r  
3. Min.350'F, argon 
4. PRDC- E F  - 47 

1. F e r m i  
2. Cask  c a r  
3. Min.35OSF, a rgon  
4. EF-24 

1. EBR-II 
2. P r i m a r y / f u e l  unloading machine 
3. 210 t o  700°F  
4. ANL-6780 

1. EBR-LI 
2. P r i m a r y l f u e l  unloading machine 
3 .  210 t o  700°F  
4. APIL-6923 

1. EBR-I1 
2. P r i m a r y l f u e l  unloading machine 
3. 210 t o  700'F 
4. PMMR-14 

II = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

,AUSE 

- - 
MI 
120 

MI 
114 

MI 
218 

MI 
218 

MI 
500 

MODE 

- - 
MI 
59 

MI 
68 

MI 
55 

MI 
55 

MI 
59 

:FFECl 

- - 
MI 
530 

MI 
550 

MI 
550 

MI 
530 

MI 
550 

__. 

'PERATIN( 
HOURS 

14,941 

14,763 

1000 

1000 

1200 

METHOD OF FAILURE 
DETECTION 

Direct observation 

During actuation 

Operational mon i to r s  

During preventive 
maintenance 

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Cable broke.  
2. P a r t  replaced. 
3. None. 

1. Sodium deposition and d r y  bear ing su r faces  caused 
bear ing t o  gall. 

2. Vendor r epa i r  of component. 
3. Select  bear ing m a t e r i a l s  compatible with sodium. 

1 .  Mechanism jammed.  
2. Local  r epa i r .  
3. None. 

1. Gripper  jammed.  
2. Local  r epa i r ,  gr ipper  removed, cleaned, inspected, 

and reinstal led.  
3. None. 

1 .  Gea r  broken. 
2. P a r t  replaced.  
3 .  Check surface ha rdness  (Rc)  of m a t e r i a l  used to  

fabr icate  the g e a r s ;  change materia1,if necessa ry ,  
o r  heat  t r ea tmen t  method (i. e . ,  c a se  harden). 

MA = MAJORMALFUNCTION P = PROBLEM 

Q 



c 

* 

,. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

i .  CODE: 
(Component) 
(System/Subsystem) 

. Hoist Unit /Fuel  
Gripper  Funnel 

,. Nuclear  Fue l  Handling 
and Storage Equipment 
Fue l  Handling Machine 

235163 
t .  50 

. Hoist Unit /Fuel  
Gripper  Sensing Rod 

!. Nuclear  Fue l  Handling 
and Storage Equipment 
Fue l  Handling Machine 

235163 
i. 50 

. Hoist  Unit/Gripper 
J aw Gear s  

!. Nuclear Fue l  Handling 
and Storage Equipment 
Fue l  Handling Machinc 

235163 
I .  50 

(Sheet 2 of 2 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I .  SOURCE DOCUMENT 

. EBR-11 . Pr imary / in t e rna l  fuel handling 
equipment . 210 to  700°F . ANL-6944 

. EBR-II . P r i m a r y / f u e l  unloading machine . 210 t o  700°F . PMMR-108 

, EBR-II . Pr imary / fue l  unloading machine . 210 t o  700°F  . PMMR-43, 9-65 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
187 

MI 
172 

MI 
219 

- 
MODE 

- - 
MI 
54 

MI 
54 

MI 
59  

- 
FFEC 

- - 
MI 
550 

MI 
550 

MI 
530 

'ERATINC 
HOURS 

790 

11,320 

3070 

METHOD OF FAILURE 
DETECTION 

Iperat ional  monitor  

l u r ing  actuation 

3perational monitor  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. Funnel of g r ippe r  contacted the  hold-down. 
:. P a r t  replaced.  
i. Reduce speed of inser t ion t o  2 in . /min to  allow 

gripper  to  a t ta in  equilibrium t empera tu res .  

. Sensing rod bent. 
!. Local  r epa i r ,  s p a r e  gr ipper  installed. 
I .  Slower than 6 in . /min inser t ion into liquid sodium. 

.. Gear  broken. 
!. P a r t  replaced. 
I .  None. 



n 

T A B L E  1-10 

FA1 LURE D I  STR I B UTlON FUNCTIONS 
C 0 M PO NE NT HOIST UNITS 

COMPONENT SUBTYPE F U E L  HANDLING HOIST (EBR 11) 

FAILURES (z) 0 I 
Nuclear  Tes t  Reactor  - 
Fue l  Handling Machine 

I I 

Fue l  G r i  e r  Sensin Rod 

1 -  I 

Environmental  - 
Impurity/contamination I 

E 
2 
a I 
i, 

Unknown - 
Mechanical - 

W 
n 
0 z 

1 1 
Labor and ma te r i a l  l o s s  o n l  
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TABLE 1- 11 

FAILURE DI STRl  BUTION FUNCTIONS 

+ $2 
kc '  

Nuclear Power  Reactor 

Fuel  Handling 

I 1  I I 

I I  
I t  I I 

I 

I- 
fY 

a 
+ z 
W z .  
0 a 
I 
0 
0 

a 

Bearing 

I 

Environmental  

W 
In 
3 l z t  I 

I - t  1 I 

W 
0 
0 
I 

+ 
W 
LL 

0 

I I  I I 

Mechanical 

Metallurgical 

L 

Labor and m a t e r i a l  l o s s  only . 
Systemlcomponent inoperative II 

1 i51  I I 

L I 7 

I t T 

3 
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T A B L E  1-12 
GENERAL SUMMARY 

COMPONENT HOIST UNITS 11, ll 2l 3l 4l 
Environmental 

Impuri ty  /contamination 

Mechanical 

w Metal lurgical  
n 
0 
I 

-I 

Labor and ma te r i a l  l o s s  only 

System/component inoperat ive 
__ 

W 
LL 
l L '  
W 

X E S P E R T Y P E  0 1 2 3 4 5 6 7 8 9 1 

OPERATING HOURS (THOUSANDS) 0 10 20 30 1 

Fuel  handling hois ts  
I I I 

I I 

W 
a c 

FAILURE RATE (FAILURES/106 hr) 0 20 40 I 

Fuel  handling hois ts  I I  
H l l l l l  
M l l l l l  I II 
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3. Shielding 

Fai lure  data fo r  shielding a r e  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. 

Fai lure  Experience : 

1 )  The reason for  repeated occi r rence  of oxide impurity accumulation 

was not resolved, but cover gas impurit ies a r e  a potential source.  

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

ser ious accident. 

Control Methods : 

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

should be determined and eliminated whenever practical. 
n 

2 )  Sodium condensate in seals  can sometimes be prevented by including 

louvered cooling baffles between the sodium surface and sea l  a r e a  to 

precipitate the vapors before they reach the sea l  region. 

b. Discussion and Recommendations 

None. 
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- 
TEL 

- - 
1 

2 

3 

4 

5 

6 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Shielding /0- rings 
2. Reactor  Equipment/ 

Reactor  Shielding 
3. 16 

213000 

1. Uranium Shield/ 
Column 

2. Nuclear  Fue l  Handline 
and Storage Equip- 
men t  /Fuel  Handling 
Machine 

235150 
3. 16 

1. Uranium Shield/ 
Rotor 

2. Nuclear Fue l  Handling 
and Storage Equip- 
men t /Fue l  Handling 
Machine 

235150 
3. 16 

1. Shielding/Seal Trough 
2. Reactor  Equipment/ 

3. 16 
Shielding 

213000 

1. Shielding/Metal Seal 
2. Reactor  Equipment/ 

3. 16 
Shielding 

213000 

1. Shielding/Metal Seal  
2. Reactor  Equipment/ 

3. 16 
Shielding 

213000 

= INCIDENT 

TABLE 1-13 

FAILURE DATA FOR ~ H I E L ~ G  
(Sheet 1 of 2 )  

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. F e r m i  
2. Reactor  exit p o r t  shield plug 
3. - 
4. EF-46 

1. F e r m i  
2. C a s k c a r  
3. Minimum 350°F,  argon 
4. EF-APP-47 

1. F e r m i  
2. C a s k c a r  
3. Minimum 350"F,  argon 
4. EF-APP-47  

1. EBR-I1 
2. Rotating plug 
3. 281 to  355°F  
4. ANL-7082, 7/65 

1. EBR-I1 
2. Rotating plug 
3. 4 0 0 ° F  
4. ANL-7115, 10165 

1. EBR-II 
2. Small  rotating plug 
3. 281 to 4 0 0 ° F  
4. Maintenance r epor t  4/18/68 

II = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
312 

MI 
117 

MI 
117 

MI 
200 

MI 
200 

MI 
252 

- 
UOOE 

- - 
MI 
52 

MI 
54 

MI 
54 

MI 
55 

MI 
55 

MI 
51 

- 
FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
530 

- 
PERATlNl 
HOURS - 
14,941 

6470 

6470 

2590 

3410 

14,150 

METHOD OF FAILURE 
DETECTION 

X r e c t  observat ion 

l i r e c t  observat ion 

l i r e c t  observat ion 

h r i n g  prevent ive 
naintenance 

l u r i n g  inspect ion of 
system associated to 
'a i lure  component 

h r i n g  preventive 
naintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. O-ring worn out, causing s e a l  to leak. 
2. P a r t  replaced. 
3. Inc rease  preventive maintenance frequency. 

1. Column distorted. 
2. P o r t  replaced. 
3. None. 

1. Rotor bound against  the cask  walls. 
2. P a r t  replaced. 
3. None. 

1. Impuri t ies  i n  seal ,  o ~ d e s  of bismuth, tin, and sodium 
2. Local  r epa i r .  
3. None. 

1. Oxides and sodium i n  seal. 
2. Local repair .  
3. None. 

1. Oxides and sodium i n  seal. 
2. Local repair .  
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



c c 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

L .  Shielding/Plug Seal 

!. Reactor  Equipment/  

1. 16 

Trough 

Shielding 

213000 

I. Shielding/Plug Seal !. Reactor  Equipment/  

1. 16 
Shielding 

213000 

1. Shielding / T ransfe  r 
P o r t  O-ring 

i. Nuclear Fuel  Handling 
and Storage Equip- 
ment/Shielding 

235150 
3. 16 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

T A B L E  1-13 

FAILURE DATA FOR SHIELDING 
(Sheet 2 of 2 )  

1. EBR-II 
2. Top shield plug auxiliary gr ipper  
3. - 
4. Operation monthly- report, 2/68 

1. EBR-II 
2. Rotating Plug 
3. 281 to 400'F 
4. Operation monthly report ,  2/68 

1. EBR-II 
2. P r imary / fue l  unloading machine  
3. - 
4. PMMR-48 

= INCIDENT M I  = MINOR MALFUNCTION 
= MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
dA 
i o0  

dA 
115 

VlI 
I26 

JODE 

- - 
MA 
Bb 

MA 
37 

MI 
52 

- 

=F EC' 

- - 
MA 
530 

MA 
530 

MI 
530 

- 

DER ATIN( 
HOURS 

13,380 

13,380 

3410 

METHOD OF FAILURE 
DETECTION 

Xrec t  observation 

I i r e c t  observation 

?reventive main te-  
ianc e 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. Shield plug soaked with water ,  trapped under 

:. None. 
I.  None. 

labyrinth o r  end cap. 

L .  Water trapped under labyrinth o r  end cap  en tered  
p r imary  tank when plug was reinser ted,  sodium 
was expelled through the hole up around the plug. 

!. Local repair .  
1. Revise procedure  to require  inspections f o r  water .  

L .  O- r ing  worn out. !. P a r t  replaced. 
1. Replacement of O-rings and gaskets i s  desirable  

whenever pa r t s  a r e  d isassembled  f o r  maintenance o r  
r epa i r .  



TABLE 1-14 

FA1 LURE DISTRIBUTION FUNCTl ONS 
C 0 M PO NE NT SHIELDING 

COMPONENT SUBTYPE SHIELDING 
FAILURES (%) 0 

Nuclear Power Reactor  
'f Nuclear Tes t  Reactor  - 
St 
1' 1 

I 

Reactor  E- 

ar Fuel  - 
I 
w 
I- 
v, 
t 
m 

'D"Ring 

Metal Seal 

- - 

r-- I 

Environmental - 
g Impuri tvlcontaminat ion 

- 
m 
3 H u m a n e r r o r  I 

0 - Unknown - a 
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4. Vessel Internals (removable) 

Fai lure  data for  vessel  internals (removable) a r e  presented in  Tables 1- 16 

through 1 - 18. 

a .  Reliability Information 

Design Features  : 

Control rod thimble. 

Crit ical  Characteris t ics  : 

Thin-wall tube encloses and guides the control rod absorber  element in the 

The thimble extends f r o m  the shield plug into the core  and seals  reactor  core. 

the reactor  sodium out of the control rod internals and seals  the shield plug 

holes. 

Mode of Fai lure:  

1 )  Installation procedure e r r o r  

2 )  Embrittlement of metal. 

Fai lure  Description: 

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

2 )  The thin wall in the lower pa r t  of the thimble became brit t le 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 : 

Installation and maintenance procedures must  be adequate and must  

be used. 

Care must  be given to the selection of mater ia ls  when par ts  a r e  

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 o r  handling e r r o r s .  

solution to this problem i s  adequate and carefully followed operational and 

maintenance procedures using checklists for  backup. 

The only 
Q;19 

Four of the failures were a result  of one pr ime failure. This was a design 

problem due to improper selection of mater ia ls .  

knowledge of design requirements based on operating conditions. 

The solution is  a complete 

Incipient fa i lures  in two cases  studied would be impossible to detect be- 

cause they were  operator e r r o r s .  

pose makes it difficult to  predict failures. 

The very  nature of the thimble and its pur- 
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TABLE 1-16 

FA1 LURE DATA FOR VESSEL INTERNALS. REMOVABLE 
(Sheet 1 of 2 )  

1. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

5 .  CODE: 
(Component) 
(System/Subsystem) 

1 .  y e s s e l  In t e rna l s /  

!. Reactor  Equipment/ 
Thimble 

Core  Components and 
Supports 

216400 
3 .  07 

1. Vesse l  I n t e r n a h /  

?. Reactor  Equipment/ 
Thimble 

Core  Components and 
Supports 

21 6400 
3 .  07 

1. Vesse l  h t e r n a l s /  

2 .  Reactor  Equipment/  
Thimble 

Core  Components and 
Supports 

3 .  07--  
2 16400 

1. Vesse l  h t e r n a l s /  

2 .  Reactor  Equipment/ 
Thimble 

Core  Components and 
Supports 

216400 
3. 07 

1. Vesse l  h t e r n a l s /  

2. Reactor  Equipment/  
Thimble 

Core Components and 
Supports 

216400 
3. 07 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1 .  HNPF 
2. C-68 
3. 
4. NAA-SR-10743 (6-1-63) 

1. HNPF 
2. Control rod  thimble channel XIII 
3. P r i m a r y  hot l eg  - 945°F 

P r i m a r y  cold l eg  - 610°F 
4. Monthly operating r epor t  NO. 3 

1. HNPF 
2. Control  rod  thimble T Z - 3  
3. 350 t o  925°F 
4. Monthly operating r epor t  No. 13 

1. HNPF 
2. Control r o d  thimble TZ-6 
3. 350 t o  925°F 
4. Monthly operating r epor t  No. 13 

1 .  HNPF 
2. Control  rod thimble No. 12 
3. 350 t o  925°F 
4. Monthly operating r epor t  No. I 1  

!I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
121 

MI 
330 

I 
442 

I 
412 

I 
442 

dODE 

- - 
MA 
61 

MI 
53 

I 
8 4  

I 
84 

I 
84 

- 

=FEC 

- - 
MA 
550 

MI 
530 

I 
520 

I 
520 

I 
520 

- 

'ERATIN( 
HOURS 

Jnknown 

1605 

4450 

4'450 

3710 

L__ 

METHOD O F  FAILURE 
DETECTION 

Operational monitors  

Direct  observat ion 

Di rec t  observat ion 

Di rec t  observation 

Di rec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Thimble leaking. 
2. Replace thimble. 
3. None. 

1. Hydraulic fo rce  of sodium sufficient t o  float thimble 
out of co re  position (approx. 10 in.); holddown r ing 
inadvertently removed.  

2. Spare installed. 
3. None. 

1. 
2. P a r t  replaced.  
3. None. 

1 /Z-in.-diameter piece fell out of thimble wal l .  

1. Thimble had become bri t t le  and shat tered during 
examination. 

2. P a r t  replaced.  
3. None. 

1. Crack  in  thimble resul ted in  leakage. 
2 .  P a r t  replaced.  
3. None. 



Q e 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystern) 

. Vesse l  I n t e r n a h /  

. Reactor  Equipment/ 
Thimble 

C o r e  Components and 
Supports  

216400 
8 .  07 

. Vesse l  In t e rna l s /  
Thimble 

Core  Components and 
Supports 

,. Reactor  Equipment/ 

_ _  
i .  07 

216400 

. Vesse l  In t e rna l s l  
Thimble 

Core  Components and 
!. Reactor  Equipment/  

suppor t s  
i .  07 

216400 

T A B L E  1-16 

FAILURE DATA FOR VESSEL INTERNALS. REMOVABLE 
(Sheet 2 of 2 )  

~~~~~~ ~~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

!I. SOURCE DOCUMENT 

. HNPF . Control  rod  thimble No. 13 . 350 t o  925°F  

. Monthly operating report  No .  11 

. HNPF 

. Control rod  thimble TZ-13 

. 350 t o  925°F  . Monthly operating report  No. 11 

. EBR-I1 . Control rod gr id  position 5,C-3 
,. 300 t o  800°F  
.. ANL-7419 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
I 
442 

MI 
330 

MA 
172 

- 

MODE 

- - 
I 
84 

MI 
55 

MA 
54 

- 

-F EC1 

- - 
I 
520 

MI 
550 

MA 
520 

- 

'ERATINC 
HOURS 

3710 

3710 

13,380 

METHOD O F  FAILURE 
DETECTION 

~~~~ 

) i r ec t  observation 

I i r e c t  observat ion 

nspection of a s s o -  
:iated sys t ems  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1 .  Thimble cracked and resul ted in leakage. 
2 .  P a r t  replaced.  
3. None. 

1. Attempt made to  place thimble in  occupied maintenanc 
cel l  engaging thimble t o  plug pickup cup. 

2. Operational procedure and /o r  t ra ining change. 
3. None. 

1 .  Bent flat was wedged against  subassembly C-2039 
and caused th i s  and control rod L-446 to be  sc ra t ched  
when they  w e r e  removed.  

2. Component replaced.  
3. None. 



TABLE 1-17 

FAILURE D I  STRl  BUTlON FUNCTIONS 
COMPONENT VESSEL INTERNALS 

COMPONENT SUBTYPE VESSEL INTERNALS 
FAILURES (%) 0 

Nuclear Power  Reac tor  

Nuclear T e s t  Reac tor  

- 
- W  - 
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C o r e  Components and Supports 
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!- 
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t ul 
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0 a 
I 
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w Human e r r o r  
v, 
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-1 - 

W Mechanical - 
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2 
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Metallurmcal - 
Plant  availabilitv loss - 

!- 
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- - Svstemlcomponent inoperat ive 
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T A B L E  1-18 

GENERAL SUMMARY 

COMPONENT VESSEL INTERNALS 
FAILURES (%I 0 10 20 30 40 50 t 

I I t  Environmental  I 
Human e r r o r  

Inherent 
W 

2 a 
1 I I I I I  

Chemica l  

w Mechanical 
n 
0 Metallurgical 
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I 
I I 

P l a n t  availability l o s s  

Labor  and m a t e r i a l  l o s s  only 
, W 

L L -  
LL Svstemlcomponent inoperative 
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I -  t 1 I I I I I  

W a > 
I- 
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i I I 

FAILURE RATE CFAILURES/lO'hr) 0 1 

V e s s e l  in te rna ls  

- I 1 
I 
i 1 n 
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5. Vessels and Tanks 

Fai lure  data f o r  vessels  and tanks a r e  presented in Tables 1- 19 through 1-22,  

a. Reliability Wormat ion  

Design Features  : 

The p r imary  purpose is containment. In addition, reactor  vessels  have 

unique alignment requirements. 

sary.  

Heating of the sodium vessels  i s  also neces- 

Crit ical  Characterist ics : 

The vessel  is required to last the l ife of the plant (30 y e a r s )  under extreme 

Transient conditions loading conditions of temperature  and varying flow rates.  

resulting f r o m  seismic loadings and/or  s team generator operating abnormalities 

also have to be considered. 

Mode of Fai lure  : 

1) Broken par ts  

2 )  Clogging of lines 

3 )  Crack 

4 )  Fire .  

Fai lure  De s c r iption : 

1 )  Bolts broken due to torquing 

2 )  Lines were  clogged 

3 )  Stiffeners broken loose a t  weld 

4 )  Cracks a t  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 
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3 )  Operational procedures should be revised to minimize the possibility 
of f i r e  while draining sodium. 

b. Discussion and Recommendations 
6d 

None. 

A 
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1 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Tank /Brass  Studs 
2. Steam,Condensate and 

Feedwater  Piping and 
Equipment / Condens ate  

283000 
3. 06 

2 1. Tank/Weld Condensate 
Storage 

2. Steam,Condensate and 
Feedwater  Piping and 
Equipment /Condensate 

283000 
3. 06 

3 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. Vesse l /Wei r  Baffle 
P la t e  

2. Steam,Condensate and 
Feedwater  Piping and 
Equipment /Condensate 

283000 
3. 06 

1. EBR-II 
2. Condensor wa te r  box 
3. N o  information available 
4. PMMR-100 

4 

1. EBR-II 
2 .  Drain pipe connection 
3. No information available 
4. PMMR-17 

1. Tank/Vacuum Line 
2. Heat T r a n s f e r /  

3. 06 
Purification Sys t em 

224230 

1. SCTI 
2. S t eam and feedwater sys t em 
3. 200,000 l b  r a t ed  flow out p r e s s u r e  

25 psia  
4. Jncident r epor t  No. 107 

5 

1. EBR-11 
2 .  Surge tank sodium p r imary  
3. 300 t o  700°F 
4. Operations weekly report ,  4-3-68 

1. Tank/Vacuum Line 
2. Heat T r a n s f e r /  

3. 06 
Purif icat ion Sys t em 

224230 

1. EBR-II 
2. Surge tank sodium p r i m a r v  
3. 300°F 
4. PMMR-106 

1 

(Sheet 1 of 2 )  

FAILURE INDEX 

- 

ZAUSE 

- - 
MI 
500 

MI 
500 

MA 
175 

MI 
195 

MI 
195 

- 

CODE* - 

MODE 

- - 
M I  
59 

w 
73 

MA 
59 

MI 
51 

M I  
51 

- 

- 

:FFECl 

- - 
M I  
530 

MI 
530 

!VIP. 

117 

MI 
530 

MI 
550 

- 

PERATIN( 
HOURS 

345 

200 

,225 

4,000 

0,840 

METHOD OF FAILURE 
DETECTION 

) i rect  observation 

) i r e  c t  observat ion 

)uring r epa i r  o r  
nspection of sys t em 
ssociated t o  fa i lure  
omponent. 

Iperational monitors  

)perational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  B r a s s  studs broken. 
?. P a r t  replaced.  
3 .  Revise maintenance procedure t o  include torque limit 

for  b r a s s  bolts. 

1. C rack  in  tank a t  d ra in  pipe connection. 
?. Local  r epa i r .  
3 .  None. 

1. Two Weir  plate s t i f fener  b a r s  broke loose a t  welds 
in  deae ra to r .  

2 .  Local  r epa i r ,  new angle i ron  s t i f f ene r s  of l a r g e r  
c r o s s  section instal led;  baffle holes and to rn  a r e a s  
adjacent were  patched and reinforced.  

3 .  Maintain the polish flow r a t e  low enough to  prevent  
water  hammer  during s t e a m  generator  preheat  
circulation. 

1. Vacuum line clogged. 
2. Local  r epa i r ,  removed and cleaned. 
3. None. 

1. Vacuum line clogged. 
2. Local  r epa i r ,  line removed and cleaned 
3 .  None. 

Q 8 



c 

* 

. COMPONENT/PART 

. SY STEM/SU BSY STEM 

. CODE: 
(Component) 
(System/Subsystern) 

. Tank/Rupture Disk . Heat T r a n s f e r /  
Intermediate  Coolant 

222240 
I. 06 

. Vesse l I50  gal  Drum 
!. Other  Reactor  Plant  

Equipment / 
Maintenance 

292000 
I .  06 

I. Expansion Tank/  

?. Heat T r a n s f e r /  

3. 06 

Sodium 

Intermediate  Cooling 

222000 

1. Vesse l s  and Tanks /  
Plug Gasket  

2. Heat T r a n s f e r /  
Intermediate  Cooling 
Sys t em 

222000 
3. 06 

T A B L E  1-19 

FAILURE DATA FOR VESSELS AND TANKS 
(Sheet 2 of 2 )  

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1 .  HNPF 
?. Expansion tank NO. 2 
3 .  
1. Monthly operating report NO. 25 

I .  HNPF 
?. P r i m a r y  IHX ce l l  NO. 1 
3 .  300 t o  500°F  while filling and 

draining 
4.  Monthly operat ing report  No. 5 

1. HNPF 
2.  Tank No. 2, secondary, 304 SS 
3. 
4. WR-1902 (9-6-62) 

1. HNPF 
2. Secondary Expansion Tank, 

304 SS, 1 /?--in. wall 
3. 
4. AI monthly, 6-14-63 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
A I  
26 

36 

VlI 
L 94 

!AI 
500 

dODE 

- 
A I  
' 9  

14 

m 
\7 

MI 
BZ 

F EC1 

- 
[I 
30 

30 

41 
00 

/I1 
i90 

ERATING 
iOURS 

$2 0 

400 

744 

0,416 

METHOD OF FAILURE 
DETECTION 

l i r ec t  observation 

) i r ec t  observation 

Iperat ional  monitor  

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Small  hole worn through rupture  disk by rough edge 

. Tempora ry  r epa i r .  a second rupture  disk in  s e r i e s  

. None. 

. Sodium f i r e  occur red  i n  50 gal, open-top d r u m  while 
draining sodium. . Operat ionalprocedure change: u se  on lydrums  withcov- 
e r e d  ends with two bung holes, one f o r  sodium d ra in  and 
one f o r  purge line. Also insulate  be tweenbar re l and  rack 

on inner  backup plate. 

with the or iginal  disk. 

:. None 

. Velocity of sodium high enough t o  cause cover  gas  
entrainment .  

tank.  
?. Instal led bypass  line so  90% of sodium flows around 

3 .  None. 

I .  Level  probe plug gasket failed. 
?. Repaired gasket .  
3 .  None. 



TABLE 1-20 

FAILURE D I  STR l  B UTI ON FUNCTl ONS 

W 
v) 
3 

0 
a 

W 
n 
0 

COMPONENT VESSELS AND TANKS 

COMPONENT SUBTYPE TANKS - CONDENSATE AND WATER 

I 
Environmental  

~ 

Unknown 

Mechanical 

Metallurgical 

h 

FAILURES (%) 0 10 2 
Nuclear Tes t  Reactor  

Component Tes t  Faci l i ty  $2 $ - 

Main Steam 

$ 
W 
L L  
LL 
W 

*I I 

Labor and ma te r i a l  loss only 

S y s t e m / c o m p o n e y l  

Weir Baffle P la t e  

B r a s s  Studs 

+ Weld Condensate Storage 
E a 

i I 

w =I' I 
1 I 2 
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I t I 
I I I 
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I 1 I 
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TABLE 1-21 

FA I LURE D I STRl  B UTI ON FUNCTl ONS 

Q 

cs 

COMPONENT SUBTYPE TANKS - 
FAILURES (%) 0 1 0  

Nuclear  Power Reactor  
Nuclear T e s t  Reactor  . I 

:z * 
Coolant T rea tmen t  

Heat T rans fe r  
_________ 

? I  
I Other  P lan t  Equipment 
w -  
I- 
m -  
t. 
m -  

t I I 
I f I 

I I 

Vacuum Line 

b- 

+ z= 
5 
0 

Other  (Miscel laneous)  . 

Environmental  

~ 

0 

Chemical  

W Mechanical 
n 

2 , Other  

. Reactivitv change 
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T A B L E  1-22 

GENERAL SUMMARY 
COMPONENT VESSELS AND TANKS 

3 FAILURES(%) 0 10 20 30 40 50 60 70 80 90 I 

Environmental  
I I 1 I I 
I I I I I 

Inherent L 
%Unknown 
ZJ 

0 -  
a 

I t  I I I I I I  
I I I I 

Chemical - 
Mechanical 

n 
0 Metallurgical 
-~~~ 

%Reactivity- 
Other 

Labor  and mater ia l  loss  only 

System/component inoperat ive 

I 

W 
LL No effect 
L L .  
w 

- 
TOTAL FAILURES.PER TYPE 0 1 2 3 4 5 6 7 8 ' , I 

Sodium tanks 

Condensate and water  tanks I 

l l  I I  Q i I I I I I I I  

' 1 1 1 1 1 1 1  I I I I I I I I  

I I I I I I I I  

1 
OPERATING HOURS (THOUSANDS) 0 

Sodium tanks 

I W l  a 
'z I 

I C I  

FAILURE RATE (FAILURES/106 hr) 0 100 2 
Sodium tanks 

Condensate and water  tanks 1-11 - 

4 
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C. ELECTRICAL SYSTEM COMPONENTS 

1. Electrical  Generators (eme rgency and auxiliary) 

Failure data for  electrical  generators (emergency and auxiliary) a r e  pre-  

sented in  Tables 1-23 through 1-26. 

a. Emergency Diesel Generators - 
( 1 ) Reliability Information 

Design Features:  

Diesel-generator sets  a r e  d.esigned to provide emergency electric power to 

Undervoltage relays sense a loss  cr i t ical  plant loads on loss of normal power. 

of normal power, automatically s t a r t  the diesel, either with battery power o r  

compressed a i r ,  and actuate a t ransfer  switch. 

Mode of Fai lure:  

1 ) Mechanical malfunctions in diesel  engine. 

2 ) Fuel supply malfunctions. 

3 )  Control component malfunctions. 
n 

4)  Generator problems. 

5 )  System oriented malfunctions. 

Fai lure  Experience: 

Experience throughout industry has shown that any of the above failure 

modes mus t  be considered as  possibilities. 

Control Methods : 

1 )  Good quality control in sys tem component procurement. 

2 )  Top quality electricall and mechanical maintenance. 

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

Alternate Concepts : 

An alternate power supply f r o m  an independent source.  

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

Standby emergency diesel  generators offer a wide variety of malfunction 

Such malfunctions can be either component oriented o r  system possibilities. 

oriented. 

opens a whole bay of malfunction possibilities which do not exist with continuous 

duty machines. 

The generator is  at the m e r c y  of the diesel  engine, which must itself be main- 

tained in  the best  possible manner. 

condition, because a malfunction in any one of many components can prevent 

proper operation. 

By their  nature their  operating hours a r e  limited and errat ic .  This 

They go f rom a cold s t a r t  to full load in ten seconds o r  less .  

Control components must  be in  perfect 

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 pr ime mover,  operating f rom normal  

Output used a s  noise-free power supply, variable frequency power plant power. 

supply, o r  fo r  isolation purposes. 

Mode of Fai lure:  

1 )  Bearing failure 

2 )  B r u s h w e a r  

3 )  Control component failure. 

Fai lure  Experience : 

1 )  Bearing failure most  common. Reasons not available. 

2 )  Abnormal brush  wear  indicated in a few cases .  

able. 

Reasons not avail- 

Control Methods : 

1)  Install high-temperature a l a rms  on bearing housings of la rge  gen- 

e ra tor  s. 

2 )  Verify adequacy of bearing lubrication. 

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

0 4 )  Close maintenance surveillance. 

b. Discussion and Recommendations 

It is noted that most  of the reported malfunctions relate to bearing and brush 

This i s  normal for  rotating electrical  machines and if detected during problems. 

routine preventive maintenance, and did not cause an  unscheduled outage, per -  

haps would not even be considered a malfunction. 

Bearings should l a s t  a minimum of one year  under continuous operating 

conditions, and with proper maintenance can be expected to l a s t  two years .  

Brush life is m o r e  uncertain anld is dependent on environmental conditions. 

Brushes can las t  a year  o r  more.  

Other l e s s  -common malfunctions a r e  related to winding insulation failure.  

This i s  usually caused by generator overheating o r  insulation deterioration due 

to age. Overheating can be caused by poor ventilation, overloading, o r  d i r t  

accumulation in the windings. To i l lustrate 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 2 0  years  a t  130°C would have a rated life of 10 years  a t  

9OoC, o r  5 years  a t  100°C. 

@ 

Every machine should be completely dismantled every two yea r s  and 

thoroughly cleaned and inspected. Coils, s ta tors ,  and rotors  can be redipped 

and baked o r  spray  varnished. All windings should be meggered to detect any 
incipient insulation weaknesses.  

LMEC-Memo-69-7, Vol I 
1-53 



- 

TEV 

- - 
1 

2 

3 

4 

5 

6 

7 

- 
I 

3 .  CODE: 
(Component) 
(System/Subsystem) 

T A B L E  1-23 

FA1 LURE DATA FOR ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY) 

3 .  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

(Sheet 1 of 3 )  

1.  Genera tor  /Exci tor  
?. A c c e s s o r y  E lec t r i ca l  

3. 57 
Equipment/M. G. Se t  

470000 

1. Genera tor /Bear ing  
2. A c c e s s o r y  E lec t r i ca l  

3 .  57 
Equipment/M. G. Se t  

470000 

1. COMPONENT/PART I 1. FACIL ITY I FAILURE INDEX 

1 .  EBR-11 
2. P r i m a r y  pump/M. G. s e t  No. 2 
3. 400 hp, 480 volts 
4. Operations monthly repor t ,  7-31-68 

1.  EBR-LI 
2. P r i m a r y / p u m p  collector ring end 
3. 400 hp, 480 volts 
4. Operations monthly repor t ,  10-2-68 

2 .  SYSTEM/SUBSYSTEM I 2. COMPONENT LOCATION 

I -- 

CODE* 
I I 

I .  Genera tor /Bear ing  

2. A c c e s s o r y  E lec t r i ca l  

3. 57 

(inboard) 

Equipment/M. G. Se t  

470000 

1. G e n e r a t o r I B r u s h e s  
1. A c c e s s o r y  E lec t r i ca l  

3. 57 
Equipment /M. G. Se t  

470000 

1.  Genera tor IBrushes  
2 .  A c c e s s o r y  E lec t r i ca l  

3. 57 
Equipment/M. G. Se t  

470000 

1.  G e n e r a t o r I B r u s h e s  
2. A c c e s s o r y  E lec t r i ca l  

3. 57 
EquipmentIM. G. Set 

470000 

1.  G e n e r a t o r / B r u s h e s  
2 .  A c c e s s o r y  E lec t r i ca l  

3. 57 
EquipmentIM. G. Set  

470000 

1.  EBR-II 
2. P r i m a r y  sodium pump 
3. 400 hp, 480 volts 
4. PMMR-43 

1. EBR-II 
2. P r i m a r y  p m p / M . G .  s e t  No. 1 
3. 400 hp, 480 volts 
4. Operations weekly repor t ,  2-14-68 

1.  EBR-II 
2. P r i m a r y  pump/M. G. s e t  No. 1 
3. 400 hp, 480 volts 
4. PMMR-80 

1.  EBR-II 
2. P r i m a r y  pump/M. G. se t  No. 1 
3. 400 hp, 480 volts 
4. PMMR-80 

1. EBR-11 
2. P r i m a r y  pump/M. G. se t  No. 2 
3. 400 hp, 480 volts 
4. Operations weekly repor t ,  2-14-68 

- 
PERATINC 
HOURS 

- 3 0 7 0  

-13,500 

- 6900 

-6900 

- 13,500 

. 15,240 

- 15,240 

- 

METHOD OF FAILURE 
DETECTION 

During preventive 
na in t  enanc e 

During preventive 
naintenance 

During preventive 
naintenance 

During preventive 
naintenance 

During preventive 
naintenance 

Routine a r e a  watch, 
j i r ec t  observation 

During routine 
inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~ ~ ~ _ _ _ _ _  ~ 

I .  Bear ings  worn  out. 
?. P a r t  rep laced .  
3. Determine  cause of bearing failure and insti tute 

p r o c e d u r e s t o  prevent r e c u r r e n c e .  

1. Brushes  worn out. 
?. P a r t  replaced. 
3.  None. 

I .  Di r ty  commutator.  
?. Cleaned and polished commutator and resea ted  brushes  
3. The m o s t  c o r n o n  cause of commutator failure is the  

wrong type of b r u s h e s ;  therefore ,  de te rmine  that 
brushes  a r e  c o r r e c t  for  the serv ice .  

1 .  B r u s h e s  worn out. 
l .  P a r t  replaced. 
3. None. 

1. Brushes  worn  out. 
l .  P a r t  replaced. 
3 .  None. 

1 .  Commutator was worn. 
?. P a r t  replaced. 
3. Insufficient information to  comment.  P r o p e r l y  main-  

tained commutator should l a s t  -3 y e a r s  without 
machining . 

1 .  Bearing worn  out. 
1. P a r t  replaced. 
3.  None. 



c 

TEM 

1. COMPONENT/PART 1. FACILITY 

2. SYSTEM/SUBSYSTEM 2 .  COMPONENT LOCATION 

3. CODE: 3. OPERATING CONDITIONS 

I (Component) 14 .  SOURCE DOCUMENT 
(System/Subsystem) 

8 

9 

TABLE 1-23 

FA1 LURE DATA FOR ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY) 
(Sheet 2 of 3 )  

i .  Generator  /Excitor 1. EBR-LI 
2. Accesso ry  E lec t r i ca l  2. P r i m a r y  pump/M. G. set No. 2 

3. 57 4. Operations monthly report, 10-2-68  
Equipment/M. G. Set 3. 400 hp, 480 volts 

470000 

1. Genera to r /F req .Gen .  1. EBR-11 
2. Accesso ry  E lec t r i ca l  2. P r i m a r y  pump/M. G. set No. 2 

3. 57 4. Operations monthly report, 11 -67 
Equipment1M.G. Set 3. 

470000 

luring routine 
ispection 

10 

1 1  

12 

13 

14 

1. Removed the P u r e  Carbon b rushes  f r o m  the cxcitor 

2. P a r t  replaced. 
3. None. 

and replaced with National Carbon b rushes .  

'rotective sys t em 

)perational monitors  

luring routine 
nspection 

3. 5 f  - 
470000 

3. None. 

1. Brushes  worn out. 
2. P a r t  replaced.  
3. Follow manufacturer ' s  recommendations in c a r e  of 

b rushes  and commutators .  

1. Faulty b rushes ,  worn too short .  
2. P a r t  replaced.  
3. Up-grade preventive maintenance. 

1. Bearings worn out. 
2. P a r t s  replaced.  
3. Inc rease  preventive maintenance frequency. 

1. Genera to r IBrushes  
2. Accesso ry  E lec t r i ca l  

Equipment/M. G. Set 

3. 5 7  - 
470000 

1. EBR-LI 
2. P r i m a r y  pump 
3. 400 hp, 480 volts 
4. Maintenance r epor t ,  2-14-68 

1.  Generator  /Coupling 

2. Accesso ry  E lec t r i ca l  

3. 57 

Bearings 

Equipment/M. G. Set  

470000 

1. Generator /Bridge 

2. Accesso ry  E lec t r i ca l  

3. 57 

Circui t  Diode 

Equipment /M. G. Set  

470000 

1. Generator  /Brushes 
2. Accesso ry  E lec t r i ca l  

3. 57 
Equipment/M. G. Set 

470000 

1. Generator  /Bearings 
2. Accesso ry  E lec t r i ca l  

EquipmentIM. G. Set  
4. Operations monthly report, 10-2-68  

1. EBR-11 
2. P r i m a r y  pump No. I 
3 .  400 hp, 480 volts 
4. PMMR-102 

1. EBR-11 
2. Secondary sodium EM pump 
3. 
4. Maintenance r epor t ,  2-14-68 

1. EBR-I1 
2 .  P r i m a r y  pump No. 1 
3. 400 hp, 480 volts 
4. Maintenance r epor t ,  2-29-68 

1. EBR-11 
2. Plant  constant power supply M.G. se t  
3. 

1 1 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJORMALFUNCTION P = PROBLEM 

)perational monitors  

FAILURE INDEX 
CODE* 

1. Faulty diode. 
2. P a r t  replaced.  
3. None. 

CAUSE 

- - 
MI 
500 

w 
500 

MI 
500 

MA 
500 

MA 
500 

MI 
500 

MI 
500 

MODE FFEC 4 
41 
9 

41 
)Z 

41 
2 

AA 
3 

AA 
12 

AI 
J L .  

A I  
4 

41 
30 

dI 
30 

41 
50 

LA 
520 

AA 
b20 

A I  
830 

LI 
t30 

PERATIN( 
HOURS 

15,240 

12,500 

13,500 

13,500 

15,240 

10,000 

13,500 

1. FAILURE DESCRIPTION 
METHOD OF FAILURE 

DETECTION 
2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

)uring routine 
nspection 

1. Bearings worn out. 
2. P a r t  replaced.  
3. Check for  p rope r  alignment, proper  lubrication and 

frequency of preventive maintenance on bear ings.  



TABLE 1-23 

FA1 LURE DATA FOR ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY) 
(Sheet 3 of 3 )  

. Elec t r i ca l  Generators  / 
Wiring . Accesso ry  Elect.Equip. 
/Emerg .Diese l  Gen. 

. 57 
462100 

- 

TEM 

- - 
15 

16 

17 

18 

- 
* I  

1. SCTI 
2. Emergency  e l ec t r i ca l  sys t em 
3. 300 kw, 1800 r p m ,  277/480 volts 
4. Incident r epor t  No. 333 

.. COMPONENT/PART 1. FACILITY 

.. SYSTEM/SUBSYSTEM 2 .  COMPONENT LOCATION 

[. CODE: 1 3. OPERATING CONDITIONS 

(Component) 4 .  SOURCE DOCUMENT 
(Systern/Subsystern) 

. Elec t r i ca l  Generators  / 

. Accesso ry  E lec t r i ca l  
Voltage Regulator 

EquipmentlEmergency 
Diesel Generators  

462100 
. 57 

. Genera to r /Emergency  

. Accesso ry  E lec t r i ca l  
Diesel  

Equipment /Emergency  
Diesel  Generators  

462100 
. 57 

. Generator  /Emergency 

. Accesso ry  E lec t r i ca l  
Diesel  

Equipment/Emergencv 
Diesel  Generators  

1. SCTI 
2. Emergency  e l ec t r i ca l  sys t em 
3. 300 kw diesel ,  457 hp, 1800 r p m  
4. Incident r epor t  No. 319 

1. EBR-I1 
2. Emergency  generator  
3. 1200 t o  1360 r p m  
4. ANL-7017 

1. EBR-I1 
2. Emergency  generator  
3. 1200 to 1360 r p m  
4. ANL-7017 

INCIDENT MI = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
AA 
27 

A I  
53 

AA 
836 

LA 
,44 

MODE 

- - 
AA 
3 

A I  
5 

dA 
-6 

dA 
.4 

FFECl 

- - 
AA 
80  

L I  
850 

AA 
850 

dA 
850 

- 
PERATIN( 
HOURS 

8 

Inknown 

200 

200 

- 

METHOD OF FAILURE 
DETECTION 

'reventive maintenancq 

)perational monitors  

Iperational monitors  

Iperat ional  monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Maintenance personnel  hit w i r e s  while lowering a i r  
f i l ter  causing short  c i rcui t  in  wiring. 

. Replaced damaged wiring. . None. 

. Severe  power dip, incoming power, t r ipped circui ts .  

. Manufacturer  recommended removing damping 
This  modification was 

Voltage regulator  did not operate  properly.  

t r a n s f o r m e r  i n  c i rcui t .  
completed. 

8 .  None. 

. Diesel  s t a r t ed ,  loaded normally,  stopped, and could 

. Operating limits changed. 
not be r e s t a r t ed .  

). None. 

. Human e r r o r .  The diesel  control  switch had to be 
switched to  the  off position, then t o  standby. This  
was  not known by the operating personnel .  

:. Operational procedure change. 
1. Upgrade operator  t ra ining on d i e se l  engine operation. 

MA = MAJOR MALFUNCTION P = PROBLEM 

Q 



Q 

A 

TABLE 1-24 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY) 

COMPONENT SUBTYPE MOTOR - GENERATOR SETS 

FAILURES (z) 0 1 

IU 1 I 

Accesso ry  E lec t r i ca l  Equipment - 
I 1  1 

P I  t 
I -' 
I t  I 

I I 
Bear in  

1L1 I 
W 1M 

I t  1 

Unknown 

E lec t r i ca l  
W 
n .  ~ 

Mechanical - 
Unknown - 

L - 

€ 
7 = I I 
f 

LMEC-Memo-69-7, VOl I 
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TABLE 1-25 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 

COMPONENT ELECTRICAL GENERATORS (EMERGENCY AND AUXILIARY) 

COMPONENT S U B T y p ~  EMERGENCY DIESEL GENERATORS 

FAILURES V,/J 0 1 

2 <  
1 

Emergency  Elec t r ica l  Equipment - 
I 

t 

W 
k- 
v, 

v, 

Emergency  Diesel - 
Voltage Regulator - 

I- Others  - 
a w 

I- z 
W z 
0 a .  
I 
0 
0 

Environmental  - 
Human e r r o r  - 
I 

Elec t r ica l  

Instrumentation function 

I 1 
I 1 

I- 
V 
W 
IL Systemlcomponent inoperative - 
t l - 7  
W Potent ia l  damage t o  equipment - 

T 

1 

t, 
I 

LMEC-Memo-69-7, VOl I 
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W 

2 
0 
a 

Environmental 

Human e r r o r  

Unknown I 

111 

- 

Elec t r i ca l  

h s t rumen ta t ion  function - 
n 0 Mehcanical 

- 
~ - -  

J 
1 
1 

--- 
I 

OPERATING HOURS(TH0USANDS) 0 2 5  5 0  7 5  1 0 0  1 2 5  1 5 0  1 7 5  2 0 0  2 2 5  2  

Unknown I 

Motor - generator  s e t s  I 

Emergency d i e se l  gene ra to r s  I 

I 
Plan t  availability l o s s  

Labor  and ma te r i a l  loss  only 
W 

Systemlcomponent  inoperative 
I L L  
w Potent ia l  damage to  equipment 

T 
------I 

FAILURE RATE (FAILURES/106 hr) 0 2 0 0  4 0 0  
Motor - generator  sets  I 

Emergency d i e se l  gene ra to r s  

Motor - generator  s e t s  

Emergency d i e se l  gene ra to r s  

1 800 

L 

0 1 4 0 (  

T 

LMEC-Memo-69-7, VOl I 
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2. Heaters (electrical)  

Fai lure  data for  heaters  (electrical)  a r e  presented in Tables 1-27 through 
1-30. 

a. Reliability Information 

Design Features  : 

Resistance o r  inductioa type, electrically energized heaters  used for  the 

heating of liquid metal  systems.  

Crit ical  Characterist ics : 

Provide a regulated heating capability for  sodium pipes and vessels.  

Mode of Fai lure  : 

1) Heating elements melted away o r  burned out. 

2 )  Heater jacket ruptured. 

3 )  Heater circuits opened o r  grounded. 

- 

Failure  Des c ription: 

1)  Poor  heat sink caused excessive temperature .  

2 )  Stagnant sodium, o r  foreign particles caused burnout. 

3 )  Vapor bubbles on the surface of tubular hea ters  caused burnout. 

Control Methods : 

1)  Provide rigid specifications to ascer ta in  closed loop temperature  
c ont ro 1. 

2 )  Provide adequate heat  sinks. 

3 )  Quality assurance should review a l l  burnout fa i lures  to determine 

possible influence of the heater  control circuit. 

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

Resistance Heaters : 

The resis tance 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 f rom the 

LMEC-Memo-69-7, Vol I 
1-60 



A 

E N D  

C E R A M I C  
S E A L  / R E S I S T A N C E  E L E M E N T  

\ 

‘ALLOY STEEL SHEATH 

R E F R A C T O R Y  INS U L A T l O  N 

C R I M P  C L O S U R E  
7-7694-215-25 

’ \ L  
L E A D  WIRE 

Figure 1- 1. Cartridge Heater 

R E F R A C T O R Y  
I N S U L A T I O N  \ 
R E S I S T A N C E  
E L E M E N T  

7-7694-215-27 

Figure 1-2. Clam Shell Heaters  

A L L O Y  S T E E L  
S H E A T I ,  

R E F R A C T O R Y  
I N S U L A T I O N  

RES1 S T A N C E  
E L E M E N T  

S E C T I O N  A - A  

7-7694-215-26 

Figure 1-3. Strip Heaters  
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sheath mater ia l  of the tubular heaters.  

and packed around a furnace-type heater on the outside of a hot trap, causing 

the heater  to burn out. 

In one case,  insulating mater ia l  fell  

In severa l  other cases ,  tubular heaters  immersed  in  sodium burned out 

fo r  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. 

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 .  

the tubular heaters ,  effectively preventing good heat t ransfer  to the liquid sodium, 

and resulting in the heater  burnout. 

the situation is somewhat relieved since the bubbles a r e  removed f rom the 

hea ter  surface. 

Heaters with this type 

It is suspected that sodium vapor bubbles collect on the surface of 

If the sodium is flowing past  the heaters ,  

It is recommended that immersion heaters  shall  not be used in sodium 

heating applications in excess of 1000°F unless appropriate precautions a r e  

taken. 
tative heater  sheaths to control the heater  maximum temperature.  Another 

precaution would be to use  a flow switch which would deenergize the hea ters  

upon the loss of sodium flow. 

One such precaution would be to place skin thermocouples on represen-  

Resistance-type heaters  a re  very  reliable if properly installed and con- 

trolled. 

is practical. 

rated boltage. 

The maximum heat density should be controlled to as low a value a s  

This is usually accomplished by operating the heater  a t  l ess  than 

Various types of heater  control systems a r e  available, ranging f rom a 

sophisticated solid-state proportional control to a simple off-on control. 

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

In 

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

type tubular heaters  also a r e  considered to be highly reliable. 

Induction Heaters : 

Some induction heating malfunctions were  also reported. As might be ex- 

pected, mos t  of the problems were  related to grounded wiring, o r  open circuits.  

One weakness of induction heating is the la rge  amount of wire  which is exposed 

to mechanical damage, a s  well a s  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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c 

. , COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

1. CODE: 
(Component) 
(System/Subsystem) 

1. Hea te r ITe rmina l s  
?. Heat  TransferILiquid 

Metals  Purif icat ion 
3. 3 8  

224237 

1. HeaterIHeat ing Ele-  
m e n t  

1. Heat  TransferILiquid 
Metals  Purification 

3. 38 
224237 

1. Argon Hea te r lE le -  

2. Fue l  HandlinglFuel 
m e n t s  

Handling Machines 
(External)  

235140 
3. 38 

1. Hea te r s JPo t  Head 
2. Fue l  Handl inglFuel  

Handling Machines 
(External)  

235 140 
3. 38 

1. Heaters lHeat ing Ele-  

2. Fue l  Handling/Fuel 
m e n t s  

Handling Machines 
(External)  

235140 
3. 38 

1. Hea te r IE lemen t  
2. Fue l  Handling/ 

Machine Cooling 
System 

235140 
3. 38 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. SRE 
?. Hot t r a p  m a i n  p r imary  sodium sys -  

t e m  
3. 1300'F, 26 kw 
2. Maintenance log, 8/13/63 

1. SRE 
?. Hot t r a p  ma in  pr imary sodium sys -  

t e m  
3. 1300°F, 26 kw 
P. Operating log, 11 / 8 / 6 5  

1. F e r m i  
L. Cask  Car  
3. Minimum 350"F, 

4. E F A P P  No. 47 
Chromalox Type CABB-25 

1. F e r m i  
2. C a s k C a r  
3. Minimum 350'F, argon 
4. E F A P P  No. 59 

1. F e r m i  
2. C a s k C a r  
3. Minimum 350"F, argon 
4. PRDC-EF- 14 

1. EBR-II 
2. Fuel  unloading machine 
3. 10 kw, 4 4 0 v  
4. PMMR-93 

= MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* 

.AUSE 

- - 
MI 
320 

MI 
156 

MI 
187 

MI 
478 

MI 
478 

MI 
500 

MODE 

- - 
MI 
21 

MI 
12 

MI 
17 

MI 
17 

MI 
17 

MI 
12 

-F EC1 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

M I  
530 

'ERATINC 
HOURS 

Jnknown 

Jnknown 

4015 

6470 

1460 

9300 

METHOD OF FAILURE 
DETECTION 

~ 

Protect ive sys t em 

Protect ive sys t em 

Direct  observat ion 

Di rec t  observat ion 

Di rec t  observation 

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Open c i r cu i t  ( furnace t e rmina l  connection burned). 
1. Local repair .  
3. Design hot t r a p  vault to pe rmi t  p rope r  cooling of 

t e rmina l s  and the performance of maintenance work  
space  problem. 

1. The rma l  insulation falling into fu rnace  caused heating 
element  to bu rn  out. 

2. Elements  replaced. 
3. Prob lem re su l t  of inadequate space f o r  hot t r a p  instal .  

lation. 
working room. 

Design hot t r a p  vaults to provide adequate 

1. Heating elements  melted. 
2. P a r t  replaced with type TDH-60 (derated to 50 kw). 
3. None. 

1. Melted imprope r ly  m a d e  pot heads on  hea te r  t e rmina l  
2. Part replaced. 
3. Improve fabricat ion procedures .  

1. Melted imprope r ly  made  pot heads on  hea te r  t e rmina l  
2. Local repair .  
3. hnprove fabricat ion procedures .  

1 .  Hea te r  burned out. 
2. P a r t  replaced. 
3 .  None. 



TABLE 1-27 

FAILURE DATA FOR HEATERS (ELECTRICAL) 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Hea te r lE lemen t  
2. Fuel  Handling/ 

Machine Cooling 
System 

235140 
3. 38 

1. Hea te r IE lemen t  
2. Fue l  Handling/ 

Machine Cooling 
System 

235140 
3. 38 

1. Hea te r IE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38  

2 14340 

1. Hea te r / Jacke t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38 

214340 

1. Hea te r lE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38 

214340 

1. Hea te r IE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38 

2 14340 

1. Hea te r lE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38 

2 14340 

INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2. Fuel  unloading machine 
3. 10 kw, 4 4 0 v  
4. Operation weekly report ,  5 /68 

1. EER-II 
2. Fuel  unloading machine 
3. 10 kw, 4 4 0 v  
4. Weekly maintenance report ,  5 /68 

1. EBR-LI 
2. Rotating plug hea te r  
3. 218 to  3 5 5 ° F  
4. ANL-7071, 6 /65  

1. EBR-11 
2. P r i m a r y  sodium tank (W-2) 
3. 27 kw each 
4. Weekly maintenance report ,  5 /21/68 

1. EBR-II 
2. P r i m a r y  sodium tank (W-4) 
3. 27 kw each 
4. Operation weekly report ,  5 /21/68 

1. EBR-11 
2. P r i m a r y  sodium tank (W-4) 
3. 27 kw each 
4. Operation weekly report ,  2 /14/68 

1. EBR-LI 
2. P r i m a r y  sodium tank (W-5) 
3 .  27 kw each 
4. PMMR-69, 3/66 

I 1  = MINOR MALFUNCTION 
P = PROBLEM 

(Sheet 2 of 4 )  

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
12 

MI 
12 

MI 
12 

MI 
59 

MI 
13 

MI 
12 

MI 
12 

- 

- 
FF EC 

- - 
MI 
530 

MI 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
53 0 

MI 
530 

- 

P €RAT IN( 
HOURS - 
14,300 

14,700 

2190 

14,400 

14,400 

13,500 

4955 

- 

METHOD O F  FAILURE 
DETECTION 

Operational mon i to r s  

During actuation 

Operational monitors  

Operational monitors  

Operational monitors  

During preventive 
maintenance 

Operat ional  monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Hea te r  burned out. 
2. Part replaced. 
3. None. 

1. Heater  burned out. 
2. Part replaced. 
3. None. 

1 .  Heater  burned out. 
2. P a r t  replaced. 
3. Instal l  a fuse  o r  c i rcu i t  b reake r  in power leads to 

heater .  

1. Heater  jacket  ruptured. 
2. P a r t  replaced. 
3. Operate  hea ter  a t  slightly l e s s  than rated voltage to 

prolong life. 

1. Sodium shorted h e a t e r  element. 
2. P a r t  replaced. 
3. None. 

1. Heater  burned out. 
2. P a r t  replaced. 
3. None. 

1. Element  burned out. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNC TlON 



T A B L E  1-27 

- 

TEM 

- - 
14 

15 

16 

17 

18 

19 

20 

- 

~ 

. COMPONENT/PART 

' . SY STEM/SU BSY STE M 

1 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Hea te r fE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38  

2 14340 

1. Hea te r /E lemen t  
2. Reac to r  Equipment/ 

Preheat ing Systems 
3. 3 8  

2 14340 

1. Hea te r fE lemen t  
2. Reactor  Equipment/ 

Preheat ing Systems 
3. 38  

2 14340 

1. H e a t e r s f w i r i n g  
2. Reactor  Equipment/ 

3. 38  
Preheat ing 

2 14340 

1. H e a t e r s f w i r i n g  
2. Reactor  Equipment/ 

3. 38  
Preheat ing 

2 14340 

1. H e a t e r s f w i r i n g  
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

2 14340 

1. H e a t e r s f w i r i n g  
2. Reactor  Equipment/ 

3. 38  
Preheat ing 

214340 

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

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
?. P r i m a r y  sodium tank (W-5) 
3. 27 kw each 
4. Operation maintenance repor t  

1. EBR-II 
2. P r i m a r y  sodium tank (W-2)  
3. 2 7 k w e a c h  
1. PMMR-69, 3/66 

1. EBR-II 
2 .  Secondary sodium tank (west nozzle:  
3. 27 kw each 
4. PMMR-91, 12/1/66 

1. F e r m i  
2. Panel  6, c i rcu i t  5, No. 1 IHX 
3. - 
4. EF-46 

1. F e r m i  
2. Pane l  6, c i rcu i t  8, No. 1 IHX 
5. - 
4. EF-46 

1. F e r m i  
2. Panel  6, c i rcu i t  9, No. 1 IHX 
3. - 
4. EF-46 

1. F e r m i  
2. Panel  8, c i rcu i t  10, No. 3 30 in. pip 
3. - 
4. EF-46 

t I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
l6Z 

MI 
162 

MI 
162 

MI 
l6Z 

- 

- 
AODE 

- - 
MI 
18 

MI 
12 

MI 
12 

MI 
21  

MI 
21 

MI 
2 1  

MI 
13 

- 

- 

7F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

'ERATINC 
HOURS 

15,240 

4955 

8780 

14,941 

14,941 

14,941 

14,941 

METHOD OF FAILURE 
DETECTION 

During rout ine 
inspection 

Operational monitors  

Ope rat ional  monitors  

During actuation 

During actuation 

During actuation 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  R ECOM MEN OATIONS 

1. Low res i s tance  reading on heating element. 
2 .  P a r t  replaced. 
3. None. 

1. Heater  e lement  burned out. 
2. Part replaced. 
3. Operate  hea te r  a t  slightly l e s s  than rated voltage to 

prolong hea te r  life. 

1. Heater  e lement  burned out. 
2. P a r t  replaced. 
3. None. 

1. Open circui t .  
2. Local repa i r .  
3. None. 

1. Open circui t .  
2. Local repair .  
3. None. 

1. Open circui t .  
2. Local repa i r .  
3. None. 

1. Grounded circui t .  
2. Local repa i r .  
3. None. 



- 
T E b  

- - 
21 

22 

23 

24 

25 

26 

- 
M/ 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Hea te r s lWi r ing  
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

214340 

1. Hea te r s lWi r ing  
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

2 14340 

1. Hea te r s  /Heating 
Element  

2. Heat T r a n s f e r /  
Purif icat ion 

3. 38 
224237 

1. HeatersIWiring 
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

214340 

1. Hea te r s lWi r ing  
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

2 14340 

1. Hea te r s lWi r ing  
2. Reactor  Equipment/ 

3. 38 
Preheat ing 

2 14340 

= INCIDENT 
= MAJOR MALFUNCTION 

(Sheet 4 of 4 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. F e n n i  
2. Panel  6, c i rcu i t  4, pump No. 1 
3. - 
4. EF-46 

1. F e r m i  
2. Panel  8, c i rcu i t  19, pump No. 3 
3. - 
4. EF-46  

1. F e r m i  
2. P r i m a r y  sodium s e r v i c e  
3. - 
4. PRDC-EF-53 

1. F e r m i  
2. Secondary/secondary sodium piping 
3. - 
4. PRDC-EF-43 

1. F e r m i  
2. No, 2 and 3 circui t ,  12- 1 7  
3. - 
4. PRDC-EF-34 

1. F e r m i  
2. No. 2 and 3 circui t ,  12-18 
3. - 
4. PRDC-EF-34 

I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE" - 

;AUSE 

- - 
MI 
162 

MI 
l6Z 

MI 
161 

MI 
442 

MI 
152 

MI 
152 

- 

MODE 

- - 
MI 
13 

MI 
21 

MI 
12 

MI 
1 z  

MI 
13 

MI 
13 

- 

FF EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

M I  
530 

- 
'ERATINI 
HOURS 

14,941 

14,941 

14,941 

14,941 

14,763 

14,763 

METHOD O F  FAILURE 
DETECTION 

During actuation 

During actuation 

Di rec t  observat ion 

Di rec t  observat ion 

Operational monitors  

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Grounded circui t .  
2. Local repa i r .  
3. None. 

1. Open circui t .  
2. Local repa i r .  
3. None. 

1. Circui ts  burned out. 
2. Component cor rec t ive  modification. 
3. Recurr ing e lec t r ica l  problems should be technically 

analyzed and recommendat ions made. 

1 .  lnsulation dr ied,  cracked,  and was falling off. 
2. P a r t  replaced. 
3. Use high t empera tu re  insulation where t empera tu re  

is a problem. 

1. Heater  c i rcu i t  grounded. 
2. Component cor rec t ive  modification. 
3. None. 

1. Heater  c i rcu i t  grounded. 
2. Component cor rec t ive  modification. 
3. None. 



TABLE 1-28 

FAILURE D I  STR l  B UTlON FUNCTIONS 

I- 
r Y  

COMPONENT HEATERS (ELECTRICAL) 

COMPONENT SUBTYPE INDUCTION HEATERS 

Wiring - 
Heating Element  I 

FAILURES P/J 0 I 
Nuclear Power  Reac tor  111 

i: 
$ 

+ z 

Reactor  Auxiliary Cooling and Heating - 
Coolant Receiving, Makeup and Trea tment  II 

I 

I 
W 

3 
a 
0 Inherent - 

- a a 

0 

I I 

Environmental  

I I 

Elec t r ica l  
w n 

L I 
0 
W 
LL 
LL 

Labor and m a t e r i a l s  l o s s  onlv 

t 
i t I 
t 
i I 

3 
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TABLE 1-29 

F A I L U R E  DI STRl B UTI ON FUNCTl ONS 

I - -  zE  ;z 

2 
w + 
v) > 
v) 

COMPONENT HEATERS (ELECTRICAL) 

Nuclear Power  Reactor 

Nuclear T e s t  Reac tor  - 

Reactor  Auxiliary Cooling and Heating 

Coolant Receiving, Makeup and Trea tment  

Fuel Handling Machines 

~- 
1-1 

I- 

2 
IY 

1-1 I 
Heating Elements  

Heating T e r m i n a l s  

Heating Jacke t  

Others  D 

- - 

1 ,  

Environmental  

W 
v) 3 Human e r r o r  
Qq 
u Inherent 

a 
I 
0 

- 
I I  I I  

w a 
0 
I 

1 4  I I 

Unknown 

Elec t r ica l  

Mechanical 

1: I I 
I C  I -I I 1  

W System/component inoperat ive I 
I 
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TABLE 1-30 
GENERAL SUMMARY 

Environmental  

Human e r r o r  
W I  
v, Inherent  

E 

3 

5 Unknown 

n 

2 
0 

5 
W 
L L  
L L -  
W 

I I  

Elec t r i ca l  

Mechanical I 

Labor and ma te r i a l  l o s s  only 

System/cornponent inoperative - 

I 

Resis tance hea te r s  
1 I 

I 

OPERATlNGHOURS(TH0USANDS)O 20 40 60 80 100 120 140 160 180 200 
I I I 

Resis tance hea te r s  
Induction hea te r s  

I I I 

t I l l  

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

- I 
l l  

0 



3. 

a. 

( 1 )  

Motors (e lectr ic)  

Failure data for  motors  (e lectr ic)  a r e  presented in Tables 1-31 through 1-34. 

Motors (200 hp and l a r g e r )  

Reliability Information 

Design Features:  

Electric motors,  squi r re l  cage induction and synchronous types, 200  hp and 

la rger ,  operating a t  480 and 4160 volts, used a s  pump and fan  pr ime movers .  

Motors a r e  designed for  both indoor and outdoor installation. 

Crit ical  Characterist ics : 

The maintenance with regard to lubrication, alignment, ,moisture and d i r t  

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 ra te  indicates that the machine maintenance 
in the facil i t ies reporting is not a s  thorough a s  it should be. In most  

cases ,  failure was caused by improper  lubrication. Misalignment o r  

improper loading probably accounts for  certain bearing failures.  

Proper  installation and maintenance a r e  necessary for  satisfactory 

s e rvice. 

2 )  Outdoor motors  should have enclosures which will protect  the motor 
windings f rom moisture.  

LMEC-Memo- 69- 7, Vol I 
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n 

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 character is t ics  of 

argon. 

a bet ter  choice. 

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

If an iner t  atmosphere must  be provided, nitrogen would be 

( 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. 

machinery, proper equipment installation and lubrication plays a very impor- 

tant pa r t  in long bearing life. 

As is the case  with a l l  rotating 

If the experience of the electric utility industry is used a s  a basis of com- 

parison, it i s  seen that the electric motor  malfunction experience of the facil i t ies 

reported on i s  f a r  greater  than the utilities standards. 

reported on a r e  either tes t  facil i t ies o r  prototype nuclear plants, it might be 

concluded that this difference in electric motor  performance i s  due to less  ef- 

fective preventive maintenance, lower installation standards,  o r  the difference 

in  the mode of operation between these facil i t ies and typical utility power plants. 

By their  nature, tes t  facil i t ies a r e  one-of-a-kind installations and a r e  therefore 

not always adoptable to established design and construction standards. 

usually operated on an intermittent basis,  which imposes unusual demands on 

electric motors.  

intermittent duty motors.  

will frequently suffer bearing damage. 

than the ambient temperature  will absorb moisture,  which frequently causes an 

insulation breakdown. 

heaters  to prevent this situation. 

Since the installations 

They a r e  

Continuous duty motors  have a longer operating life than 

A l a rge  motor  sitting a t  r e s t  fo r  long periods of t ime 

Motor windings which a r e  not kept warmer  

Large intermittent duty motors  should be provided with 

An examination of electric utility maintenance and operating standards 

would be of value in establishing s imi la r  standards for  nuclear facil i t ies,  par -  

ticularly large LMFBR plants. Different utilities have a variety of operating 

LMEC-Memo-69-7, Vol I 
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philosophies which affect their  maintenance procedures. 
utilities serving the Los Angeles a rea ,  for  example, operate with different 

preventive maintenance philosophies. 

units f rom 18 months to 24 months continuously before they have a scheduled 

shutdown. During this shutdown period, of f r o m  two to three weeks, a thorough 

inspection of the unit and a l l  of its auxiliary electric motors,  is made and nec- 

e s s a r y  maintenance is performed. At the next scheduled unit shutdown, all 

appropriate machines, including many electric motors ,  a r e  dismantled and 

completely overhauled. 

The two electric 

lone utility operates its turbo- generator 

The other utility has  a scheduled unit shutdown only once every five years .  

They a r e  willing to take the r i sk  of an unscheduled shutdown before the five- 

year  period i s  over;  and if this occurs,  their  major  overhaul may be performed 

during the emergency shutdown. Operating procedures a re  a blend of engineer- 

ing and economics. 

Both of the utilities re fer red  to maintain a highly efficient daily maintenance 

program. This includes visual inspection, complex instrumentation and alarm 

systems,  and redundant standby systems in  cr i t ical  a reas .  Lubrication tech- 

niques a r e  very  well organized. 

Appropriate methods should be borrowed f r o m  the electric utility industry 

and applied to the nuclear industry. 

downs due to bearing failure could be virtually eliminated. 

be especially applicable to future  LMFBR plants which will have a probable 

refueling shutdown about once a year .  

With proper maintenance, facility shut- 

These methods will 

Insulation failure in mos t  motors  can be t raced to moisture  in the windings 

o r  to overheating. 

closed o r  weather protected. 

vent overheating. 

mus t  be specified. 

gas environment. 

in such situations. 

argon. 

Motors exposed to the weather should be either totally en- 

Motors mus t  also be properly ventilated to pre-  

In some cases  high- temperature  insulation in the windings 

Electric motors  should never be operated in an argon cover 

Experience has  shown that insulation failure is quite common 

This is due to the low breakdown voltage character is t ics  of 

The same i s  t rue  of cer ta in  other iner t  gases. 

Probable insulation failure can be predicted by measuring the insulation 

resistance,  with a Megger o r  other non-destructive methods, at regular inter-  

vals. 

Whether a motor  is  rewound o r  replaced is a mat te r  of economics. 

Ten years  is a reasonable life expectancy for  large motor  windings. 

LMEC-Memo-69-7, Vol I 
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b. Motors ( less  than 200 hp) 

(1)  Reliability Information f\ 

Design Features:  w 
~~ 

Electric motors ,  squi r re l  cage induction, less  than 2 0 0  hp, operating a t  

120 and 480 volts a r e  for  a l l  types of applications. 

motors  a r e  rated 120 volts, single phase. 

integral  horsepower motors  a r e  rated 480 volts, three phase. 

Most fractional horsepower 

Some fractional horsepower and al l  

Crit ical  Characterist ics : 

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

Mode of Fai lure:  

1)  Bearing failure 

2 )  Insulation failure 

3 )  Brush failure. 

Fai lure  Experience: 

1 )  Eleven malfunctions due to bearing failure 
A 

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. 
lubrication. 

misalignment and improper  loading. 

nance of these motors  would eliminate most  bearing problems. 

Most bearing failures were  caused by improper 
Other contributing factors to bearing failures a r e  shaft 

P rope r  installation and mainte- 

2 )  Winding insulation fai lures  were  caused in mos t  cases  by open type 

motors  being exposed to the weather. 

motor  should be either totally enclosed o r  weather protected. 

In this type of location the 

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

adjustment. 

( 2  ) Discus sion and Recommendations 

Refer to Paragraph 3.a.(2). 
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* 

1. COMPONENT/PART 

2. SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. MotorIBearing 
2. Accesso ry  E lec t r i ca l  

Equipmentls ta t ion 
Service Equipment 

461000 
3. 09 

1. Motor/Stator  Winding 
2. Turbine-Generator  

Units and Condenser /  
Circulating Water  
System 

330000 
3. 09 

1. Moto r lBrushes  and 

2. Heat  T r a n s f e r /  

3. 09 

Brush  Rigging 

Reactor  Coolant 

221131 

1. MotorIBearings 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 09 

221131 

1. MotorIDust  Cover 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 09 

221131 

1. MotorIField 
2. Heat  T r a n s f e r /  

3. 09 
Reactor  Coolant 

221121 

= INCIDENT 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
2. Auxiliary p r i m a r y  pump-rectifier 

3. 
4. Operations weekly report, 12 /20 / t  

cooling f an  

1. SCTI 
2. Circulating cooling water  sys t em 

3. 200 hp, 4160 v, 26 amps 
4. Incident r epor t  No. 118 

(P-2)  

1. F e r m i  
2. P r i m a r y ,  pump 3Ipony moto r  
3. 350 hp, 900 rpm 
4. EF-28 

1. F e r m i  
2 .  P r i m a r y ,  pump 3lpony motor  
3. 350 hp, 900 r p m  
4. EF-28 

1. F e r m i  
2. P r i m a r y ,  pump 3Ipony moto r  
3. 350 hp, 900 r p m  
4. EF-29 

1. F e r m i  
2. P r i m a r y ,  pump I f m o t o r  
3. 1000 hp, 900 r p m  
4. PRDC- EF- 16 

= MINOR MALFUNCTION 

(Sheet 1 of 6 )  

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MA 
236 

MI 
500 

MI 
500 

MI 
136 

MI 
151 

- 

MODE 

- - 
MI 
52 

MA 
11 

MI 
52 

MI 
5 2  

MI 
53 

MI 
13 

- 

- 

FF Ec- 

- - 
MI 
530 

MA 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATIN( 
HOURS 

13,380 

8,400 

13,930 

13,930 

14,360 

9,390 

- 

METHOD OF FAILURE 
DETECTION 

Operat ional  monitors  

D i rec t  observat ion 

Audio noise  

Audio noise  

P ro tec t ive  sys t em 

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Bearings worn out. 
2 .  P a r t  replaced. 
3. None. 

1. Motor shorted out causing c i r cu i t  b reake r  t r i p  when 
at tempt  made  to s t a r t  motor .  

2. Vendor r epa i r  of component. 
3. Use weather  protected electr ical  mo to r s  if exposed 

to weather. 

1. Brushes dirty. 
2 .  Local r epa i r ,  b rushes  and rigging cleaned. 
3. Revise preventive maintenance inspection intervals  

to prevent  unscheduled outage of equipment. 

1. Bearings showed discolored ring. 
2. Local repair ,  two bearings t ransposed and reused. 
3. None. 

1. Argon leak past  dust  cover. 
2 .  Local repair ,  installing gasket beneath dust  cover  

and sealing with RTV 732. 
3. None. 

1. Short c i rcui t  in  field winding. 
2. Vendor repair  of component. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 

Q 



c c 

- 

TEN 

- - 
7 

8 

9 

10 

11 

12 

13 

1. COMPONENT/PART 

2 .  SY STEM/SU BSY STEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Moto r fBea r ings  
2. Hea t  T r a n s f e r /  

Reactor  Coolant 
3. 09 

221121 

1. MotorIBearings 
2. Heat  T r a n s f e r /  

Reactor  Coolant 
3. 0 9  

221121 

1. MotorIO-Rings 
2. Heat  T r a n s f e r /  

3. 09 
Intermediate  Cooling 

222121 

1. MotorIBearing 
2. Heat  T r a n s f e r /  

3. 09 
Reactor  Coolant 

221121 

1. MotorIBearing 
2. Hea t  T rans fe r1  

Intermediate  Coolant 
3. 09 

222121 

1. Motor/Shading Coil 
2. Heat T r a n s f e r /  

3. 09 
lntermediate  Coolant 

222121 

1. MotorIWinding 
2. Heat  T r a n s f e r /  

3. 09 
Intermediate  Coolant 

222121 

(Sheet 2 of 61 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. F e r m i  
2. P r i m a r y ,  pump l /mo to r  
3. 1000 hp, 900  rpm 
4. PRDC-EF-2 

1. F e r m i  
2. P r i m a r y ,  pump l /mo to r  
3. 1000 hp, 900 r p m  
4. PRDC-EF- 13 

1. HNPF 
2. Secondary sodium pump 
3. 350 hp  
4. Work request  No. 2675 

1. SCTI 
2. P r i m a r y  sodium pump (P-5) 
3. 200 hp, 480 v 
4. Incident r epor t  No. 334 

1. SCTI 
2. Secondary sodium system pump 

(P -6 )  
3. 350 hp, 4160 v, 3 phase 
4. Incident r epor t  No. 86 

1. SCTI 
2. Secondarv sodium system pump . .  

(P -6 )  
3. 350 hp, 4160 v, 3 phase 
4. Incident r epor t  No. 84 

1. SCTI 
2. Secondary sodium system pump 

(P -6 )  
3. 350 hp, 4160 v 
4. Incident r epor t  NO. 32 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

.AUSE 

- - 
MI 
472 

MI 
171 

MI 
11z 

MA 
500 

I 
114 

MI 
127 

MI 
167 

- 

MODE 

- - 
MI 
52 

M I  
5 2  

MI 
BZ 

MA 
52 

I 
58 

MI 
29 

MI 
15 

- 
T E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MA 
125 

I 
45 

MI 
520 

MI 
550 

'ERATINC 
HOURS 

2,920 

4,280 

6,54 1 

12,185 

555 

450 

115 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Ala rm 

During inspection of 
sys t em associated to 
fa i lure  component. 

Direct  observat ion 

Direct  observat ion 

Protect ive sys t em 

Protect ive sys t em 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bearing failed due to shaft current .  
?. P a r t  replaced. 
3. None. 

I .  Bearings worn out. 
?. P a r t  replaced. 
3. None. 

1. O-rings replaced during inspection of upper motor  
bearing. 

?. Component correct ive modification. 
3 .  None. 

1. Bearing noisy, mo to r  radial  bear ing r ace  broken. 
?. Replaced. 
3 .  Use of factory sealed bear ings recommended. 

1. Motor reported to have sealed bear ings;  therefore ,  
bear ing was not lubricated. 

2. Replaced bad bear ing with factory sealed type. 
3. Improve Quality Assurance inspection procedures .  

1. Shading coi ls  of mo to r  s t a r t e r  loose, caused contact 
chattering. 

2. Remove coils, repair ,  re instal l .  
3. Revise frequency of preventive maintenance inspectio 

to prevent  unscheduled outage. 

1. A phase-to-phase fault between a lead and coil caused 
the fuse  to blow. 

2. Component design change. 
3. A i r  cooling should replace argon cooling. 



(Sheet 3 of 6 )  
- 

'E k 

- - 
14 

15 

16 

17 

18 

19 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. MotorIWindings 
2. Heat T r a n s f e r /  

Intermediate Coolant 
3. 09 

222121 

1. Motor/Wiring 
2. Reactor Equipment/  

Reactor Shielding 
3. 09 

213000 

1. Motor lBear ing  
2. Other Reac tor  P lan t  

3. 09 
Equipment /Blowe r 

290000 

1. Motor IBear ing  
2. Reac tor  Equipment / 

Preheating Sys tems 
3. 09 

214330 

1. Motor/Starting Relay 
2. Reactor Equipment/  

Prehea t ing  Sys tems 
3. 09 
4. 214340 

1. Motor /Bear ing  
2. Feedwater  Supply and 

T reatment/Makeup 
Water  Trea tment  

272300 
3. 09 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I .  SOURCE DOCUMENT 

1. SCTI 
2. Secondary sodium sys tem pump 
3. 350 hp, 4160 v 
4. Incident r e p o r t  No. 2 

1. EBR-I1 
2. Reactor cover  holddown 
3. 
4. PMMR-80 

1. EBR-I1 
2. Secondary sodium expansion tank 

3. Alternating c u r r e n t  
4. Maintenance repor t ,  5/21/68 

1. SCTI 
2. P r e h e a t  furnace  (H-2)Iinduced 

3. 1.5 hp, 950 r p m  
4. Incident repor t  No. 111 

(level probe cooling) 

draf t  fan 

1. SCTI 
2. P r i m a r y  sodium air prehea t  fu r -  

nace fan  m o t o r  
3. 113 hp, 1725 rpm,  1 1 5 v  
4. Incident r e p o r t  No. 312 

1. SCTI 
2. Trea ted  water  s y s t e m  pump 
3. 75 gpm, 231 f t lhead ,  1 0 0 ° F  
4. Incident r epor t  No. 44 

I = MINOR MALFUNCTION I = INCIDENT 
MA = MAJORMALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
157 

MI 
500 

MA 
500 

MI 
187 

MI 
417 

MI 
4 14 

MODE 

- - 
MA 
13 

MI 
52 

MA 
52 

MI 
57 

MI 
57 

MI 
17 

:F EC1 

- - 
MA 
530 

MI 
530 

MA 
520 

MI 
530 

MI 
530 

MI 
530 

PERATINC 
HOURS 

Jnknown 

6,780 

14,576 

5,500 

4,518 

707 

- 

METHOD OF FAILURE 
DETECTION 

l u r i n g  actuation 

Preventive mainte- 
lance  

Audible noise 

Direc t  observation 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Motor winding insulation failed due to improper  
operating environment. 

?. Vendor r epa i r  of component. 
3. A i r  cooling should rep lace  a rgon  cooling. 

I .  Motor inoperative.  
2.  Local repa i r ,  motor  rewired. 
3. Revise preventive maintenance procedure  to include 

inspection fo r  oil  leak. 

1. Bearings failed. 
2. T e m p o r a r y  cooling applied until  t e s t s  completed. 
3. Power  supply should be  relocated to an a r e a  of 

lower ambient tempera ture .  

1. Motor bear ings  overheated and seized. 
2. P a r t  replaced. 
3. Recommend use  of h igh- tempera ture ,  fac tory-sea led  

bearings.  

1. Single phase s ta r t ing  re lay  burned out. Probable  
cause  bad bear ings  o r  st icking s t a r t  to run relay.  

2. Component pa r t  replaced, s t a r t  and stop procedure  
modified. 

3. None. 

1. Motor bearing r a c e  guide broke  because  bear ing  
overheated, sho r t  gage glass did not a f ford  indication 
of low oil level. 

Pro tec t ive  hood installed over  unit. 

2. P a r t  replaced. 
3. Design should specify adequate sight leve l  indication: 

lubrication procedures  should be  reviewed. 



c c 

- 

r m  

- - 
20 

21 

22 

23 

24 

2E 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Svstern/Subsystern) 

1. Motor/Winding Insula 
t ion 

2. S team Condensate and 
Feedwater Piping and 
Equipment/  Condensat 

283000 
3. 09 

1. Motor /Bear ing  
2. Accessory  Elec t r ica l  

Equipment/M. G. Set 
3. 09 

470000 

1. Blower Motor /  
Windings 

2. Heat T r a n s f e r /  Cold 
Traps ,  Hot Traps ,  
F i l t e r s ,  S t r a ine r s  

224233 
3. 09 

1. Motors (Elec t r ica l ) /  
Wiring 

2. Feedwater Supply and 
Trea tment /Fumps  ani 
Dr ives  

271200 
3. 09 

1. Motor /Bear ing  
2. Fue l  Handling/Coolin 

3. 09 
System 

235140 

1. Motor /Bear ing  
2. Fue l  Handling/Coolin 

System 

235140 
3. 09 

(Sheet 4 of 6 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. SCTI 
2. Steam and feedwater s y s t e m  
3. 40 hp, 3550 rpm,  440 v 
4. Incident r epor t  No. 99 

1. EBR-II 
2. Secondary sodium system/M. G. s e  
3. Alternating c u r r e n t  
4. PMMR-92-12-15-66 

1. SRE 
2. P r i m a r y  cold t r a p  blower 
3. 
4. Incident report ,  11/27/61 

1. SCTI 
2. Steam and feedwater 
3. 7.5 hp 
4. SCTI, incident repor t  No. 52 

1. F e r m i  
2. Argon blower c a s k  ca r  
3. Minimum 350"F, 100 r p m  
4. EFAPP-MR-47 

1. F e r m i  
2. Cask c a r  No. 1 argon blower 
3. Minimum 350"F, argon, 1000 r p m  
4. EFAPP-MR-98 

. I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
I 
236 

MI 
125 

MI 
237 

MI 
322 

MI 
187 

MI 
111 

- 

CODE* 

MODE 

- - 
I 
13 

MI 
52 

MI 
13 

MI 
13 

MI 
50 

MI 
52 

- 

- 
-FEC1 

- - 
I 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
530 

- 

'ERATIN( 
HOURS 

3,544 

9,045 

Jnknowr 

1,452 

6,470 

11,740 

METHOD OF FAILURE 
DETECTION 

3uring actuation 

Direct observation 

During actuation 

During preventive 
maintenance 

Direc t  observation 

Audio noise 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Motor shorted to ground winding, insulation failed. 
?. Vendor repa i r ,  motor  rewound and reinstalled.  
3 .  Design should provide f o r  totally enclosed motor  

(instead of d r ip  proof) if exposed to weather.  

1. Outboard thrus t  bear ing  badly worn. 
2 .  P a r t  replaced. 
3. Require m o r e  stringent preventive maintenance 

inspections. 

1. Water  shorted out windings. 
2. Repaired locally. 
3. P u r c h a s e  equipment fo r  the environment.  

1. Industrial  maintenance m a n  shor t -c i rcu i ted  t r ea t ed  
water  m o t o r  wi res .  

2. Ci rcu i t  b r e a k e r  r e se t ,  motor  res ta r ted .  
3. Improve design layout and maintenance procedures .  

1. Bearings over  heating. 
2. P a r t  replaced, two auxiliary fans  installed to cool 

the  new bear ings  (180 c f m  of a i r ) .  
3. Bearings operating under a d v e r s e  t h e r m a l  conditions 

should b e  considered during design. 

1. Bearings worn out. 
2. P a r t  replaced. 
3. None. 



T A B L E  1-31 

FAILURE DATA FOR MOTORS (ELECTRIC) 
(Sheet 5 of 6)  - 

rEhi 

- - 
26 

27 

28 

29 

30 

31 

- 
* I  

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(Systern/Subsystern) 

1. MotorIBearing 
Retainer  

2. Fuel  Handling/ 
Cooling System 

3. 09 
235140 

1. MotorIBrushes 
2. Accesso ry  E lec t r i ca l  

EquipmentIM. G. Set 
3. 09 

470000 

1. Motor /Windings 
2. Fue l  Handling/Cooling 

3. 09 
System 

235140 

1. Motor/Unknown 
2. Reactor  Equipment/ 

Reactor  Shielding 
3. 09 

213000 

1. MotorJBearing 
2. Turbine-Generator  

Units and Condenser /  
Central  Lubricating 
System 

350000 
3. 09 

1. MotorJBearing 
2. T u r b i n s G e n e r a t o r  

Units and Condenser 
Lubricating Sys t em 

350000 
3. 09 

= INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. F e r m i  
2. Cask  c a r  No. 1 argon blower 
3. Minimum 350PF ,  argon, 1000 rpm 
4. EFAPP-MR-98 

1. EBR-I1 
2. Secondary sodium sys t em/M.  G. s (  
3. 
4. PMMR-80-6-19-66 

1. EBR-I1 
2. Fue l  unloading machine 
3. 10 hp, a l ternat ing cu r ren t  blower 
4. Operations monthly r epor t  11/67 

1. EBR-I1 
2. Reactor  cover  lock No. 3 
3. Alternating c u r r e n t  
4. Operation weekly r epor t  2/14/68 

1. EBR-I1 
2. Main turbine lubricat ion 
3. 
4. PMMR-18 

1. EBR-I1 
2. Main tu rb ine lo i l  purification 
3. 
4. PMMR-89 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
127 

MI 
125 

MI 
126 

MI 
137 

MI 
500 

MI 
500 

UODE 

- - 
MI 
59 

MI 
19 

MI 
12 

MI 
12 

MI 
52 

MI 
52 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

11,740 

6,920 

12,500 

13,500 

1,200 

7,944 

METHOD OF FAILURE 
DETECTION 

Audio noise 

Prevent ive mainte-  
nanc e 

Operational monitors  

Operational monitors  

Audio noise  

Prevent ive mainte-  
nance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bearing retainer  broken. 
2. P a r t  replaced. 
3. Inc rease  frequency of preventive maintenance inspec- 

tions to detect developing problems be fo re  total fa i lure  

1. Brushes worn. 
2. P a r t  replaced. 
3. None. 

1. Motor burned out. 
2. Motor replaced. 
3. None. 

1. Motor burned out. 
2. P a r t  replaced. 
3. None. 

1. Noisy o i l  pump. 
2. P a r t  replaced. . 
3. Revise f requency of preventive maintenance inspec-  

tions to detect problem before fai lure  occurs .  

1. Bad bearing. 
2. P a r t  replaced. 
3. Revise f requency of preventive maintenance. 

MA = MAJOR MALFUNCTION P = PROBLEM 



1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. MotorIBearings 
2. Other  Reactor  Plant  

Equipment /Auxiliary 
Cooling 

290000 
3. 09 

1. MotorIWindings 
2. Heat T r a n s f e r /  

3. 09 
Intermediate  Cooling 

222121 

1. MotorlWindings 
2. Heat T r a n s f e r /  

3. 09 
Intermediate  Cooling 

222121 

* I = INCIDENT 

TABLE 1-31 

FAILURE DATA FOR MOTORS (ELECTRIC) 
(Sheet 6 of 61 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

1. EBR-I1 
2. P r i m a r y  sodium system blower 
3. 
4. Operations weekly report, 1212016 

1. SRE 
2. Main secondary sodium pump 
3. 
4. Incident report ,  9/16/65 

1. SRE 
2. Main secondary sodium pump 
3. 
4. Operations log, 12/2/66 

= MINOR MALFUNCTION 

FAILURE INDEX 

- 

AUSE 

- - 
MI 
500 

MA 
237 

MA 
237 

- 

CODE* - 

MODE 

- - 
MI 
52 

MA 
13 

MA 
13 

- 

- 

FF EC 

- - 
MI 
530 

MA 
530 

MA 
530 

- 

PERATIN( 
HOURS 

13,380 

METHOD OF FAILURE 
DETECTION 

l u r i n g  preventive 
naintenance 

4 l a r m  

4 l a r m  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Bear ing bad. 
L. A new blower moto r  was installed to replace existing 

moto r  which needs new bearings.  
3 .  None. 

1. Short  c i r cu i t  i n  windings due to wa te r  a f t e r  a r a in  
s to rm.  

?. Removed and sent  to vendor f o r  r epa i r .  
3. Should be  weather  protected, o r  totally enclosed. 

1. Short  c i rcui t  i n  windings due to wa te r  a f t e r  a r a in  
s to rm.  

?. Removed and sent  to vendor f o r  repair .  
3 .  Motor should be weather  protected o r  totally enclosed. 

MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE 1-32 

FAILURE DISTRIBUTION FUNCTIONS 
COMPONENT MOTORS (ELECTRIC) 

COMPON~NT S U ~ T Y P E  MOTORS, ELECTRIC (LARGER THAN 200 HP)  

FAILURES P/o) 0 1 
Nuclear Power  Reactor 

Nuclear T e s t  Reac tor  + W  
55 
-7 

12' 
Component T e s t  Faci l i ty  

Heat T r a n s f e r  

Accessory  Elec t r ica l  Equipment - 
2 Genera tor  Units and Condensor - 

- 

I 1  I 

Bearings - 
Windings - ~ 

+ Other - 
IY 
a 

k' z 
101 1 

I t  
I 1  

Environmental  

Unknown 

I I  1 
Elec t r ica l  111 - k! Mechanical 

0 
0 Other - 
2 

I I  I 
Plant  availability l o s s  - 
Labor and m a t e r i a l  loss  only 

+ 
I-! 

- 
Y 

Systemlcornponent inoperat ive 

I I  

€ 1 
L - 

LMEC-Memo-69-7, Vol I 
1-80 



TABLE 1-33 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 
COMPONENT MOTORS (ELECTRIC) 

COMPONENT SUBTYPE MOTORS, ELECTRIC (LESS THAN 2 0 0  HP)  

FAILURES (%) 0 
Nuclear Power Reactor  I 

Nuclear Tes t  Reactor  - k- 

2; 
kl- Component Tes t  Faci l i ty  

~ - -  
~ - 

Bearing - 
Winding - 

C Brushes  I 

2 Relays 
+ Unknown I 

CY 
I 

2 -  

0 
0 

I I  1 
I t  
I I  1 
I 1  I 

Environmental  

Impuri ty/contaminat ion 

Unknown 

I 1  I 

Environmental  

Impuri ty/contaminat ion 

Unknown 

I I  I 
1 

Elec t r i ca l  Y 

W Mechanical - 
n 

Other  

I 1  1 
, I  

Plan t  availability l o s s  II 

Labor and m a t e r i a l  l o s s  only u 
W 

LL 
LL System/component inoperative I 

I W L  

3 =F 

I I I  I 

LMEC-Memo-69-7, Vol I 
1-81 



T A B L E  1-34 

GENERAL SUMMARY 
COMPONENT MOTORS (ELECTRIC) 

3 

w .  
V, 
3 

2 
I 

E lec t r ica l  L 

Mechanical 
n 
0 Other 
2 

I 

I I 
Environmental  

Impurity /contamination 

H u m a n e r r o r  

Inherent 

Unknown 

I I 

I - 

I I  I I I I I I  

$ 
W 
LL 
L L -  
W 

P l a n t  availability loss 

Labor  and m a t e r i a l  l o s s  only 

System/component inoperative - L 

TOT 

8 0  90  I I I I 
OPERATING HOURS (THOUSANDS) 0 25 50 ' 

Motors e lec t r ic  > Z O O  H P  

Motors e lec t r ic  -= 200 H P  

I 

W 
Q c 

FAILURE RATE (FAILURES/106 hu) 0 100 
Motors e lec t r ic  > 200 H P  111 

Motors e lec t r ic  < Z O O  H P  I 4 - 

- 1  L 

I 

LMEC-Memo-69-7, Vol I 
1-82 



4. Power Switch Gear, Circuit Breakers ,  Relays, Transformers  

Fai lure  data fo r  Power Switch Gear,  Circuit Breakers ,  Relays, Trans-  

fo rmers  a r e  presented in Tables 1-35 through 1-40. 

a. Circuit Breakers  

8 

( 1 ) Reliability Information 

Design Features:  

Circuit b reakers  a r e  used to interrupt electrical  circuit  because of mal- 

functions. 

Crit ical  Characterist ics : 

Circuit b reakers  may  experience both electrical  and mechanical malfunc- 

tions. 

adequate. 

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

Mode of Fai lure:  

1 )  Short circuits 

2 )  Overheated 

3 )  Open circuits 

4 )  E r ra t i c  behavior 

5)  Broken. 

Failu r e D e s c r ip t ion : 

1 )  Wires were  shor t  circuited during cons-truction. 

2 )  A circuit  breaker  overheated. 

3 )  Circuit b reakers  tripped. 

4 )  Switch broke. 

Control Methods 

1 )  Improved supervision when construction work is being done 

2 )  Lmproved cooling 

3 )  Improved maintenance 

4 )  More attention to vendor specifications. 

LMEC-Memo-69-7, Vol  I 
1-83 



( 2 )  Discussion and Recommendations 

The data contained in the tabulated malfunction report  is  so fragmentary 

and incomplete that it is impossible to a r r ive  a t  any definite conclusions, o r  

for  that matter, to properly evaluate the malfunctions that have been tabulated. 

F o r  this reason the following c o m e n t s  re la te  t o  known problem a r e a s  in the 

various equipment cat  e go r ie s . 
Circuit  b reakers  fall  into two general  categories,  a i r  immersed  and oil 

immersed.  

a r e  subjected to both electr ical  and mechanical malfunctions and must  have both 

types of maintenance to a s s u r e  proper operation. 

The grea t  major i ty  a r e  air c i rcui t  b reakers .  All c i rcui t  b reakers  

Molded case  circui t  b reakers ,  are  the mos t  widely used type of a i r  c i rcui t  

When properly applied, they per form breaker ,  and also the leas t  reliable. 

satisfactorily;  but they should be frequently inspected to minimize malfunctions. 

Molded case  b reake r s  have their  own t r ip  elements, some adjustable and some 

not adjustable, which serve  as overload sensing devices. 
calibrated periodically to prevent false tripping. The mechanical action of all 

c i rcui t  b reake r s  should be frequently checked and contact surfaces  kept clean. 

Main contacts should produce equal p r e s s u r e  on all  th ree  phases and a r c  chutes 

should be kept clean. It is important that c i rcui t  b reake r s  have an adequate 

interrupting capacity fo r  the available fault cu r ren t  at the par t icular  point of 

b reake r  installation. 

without first verifying the adequacy of its interrupting capacity. 

b. Relays 

These should be 

A breaker  should not be relocated to a different c i rcui t  

(1) Reliability Information 

Design Fea tures :  

Relays a r e  specifically picked to f i t  their  function and environment. They 
a r e  control devices that a r e  actuated by variations in conditions in an electr ic  

c i rcui t  . 
Crit ical  Character is t ics  : 

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

ments  a r e  important. 
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Mode of Failure:  

1 )  Burnout 

2 )  Intermittent contact 

3 )  Broken par ts .  

Fai lure  Des c ription : 

1 )  The relays were  electrically burned out. 

2 )  Relays were  not pulling in properly o r  there  was chattering. 

3 )  Contactor was broken. 

Control Methods 

Establish maintenance procedures fo r  length of use. 

( 2 )  Discussion and Recommendations 

Relays a r e  precision instruments and mus t  be treated a s  such. 

be tested and calibrated a t  regular intervals to a s su re  proper operation. 

frequency of such testing will vary with the relay type and the operating environ- 

ment. 

have access  to the proper tes t  equipment. 

character is t ics ,  the tes t  procedure must  be tailored to the relay. 

pickup and dropout cur ren t  values must be checked. 

mus t  have their  t ime-current  character is t ics  verified and calibrated. 

relays contain timing devices which must  be calibrated. 

cleaned and their  movement must  a t  t imes be adjusted. 

They should 

The 

The testing and calibration should be done by qualified individuals who 
@ Since relays have many different 

Instantaneous 

Inverse overcurrent relays 

Certain 

Contacts mus t  be 

In addition to the above, certain relays,  such a s  overcurrent  relays,  mus t  

be externally adjusted to co,mpensate for varying load conditions. 

this may  resul t  in erroneous tripping. 

Fai lure  to do 

c. Switch Gear 

( 1 )  Reliability Information 

None 
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( 2 )  Discussion and Recommendations 

Most switches require only superficial inspection to make s u r e  that handles, 

linkage, and the like a r e  in good mechanical condition. 

self-cleaning, but may require occasional adjustment. 

Contacts a r e  usually 

Magnetic contactors require much the same type of maintenance that a 

circuit  b reaker  requires.  One difference is the holding coil in a contactor 

which is continuously energized and which may  occasionally require replace- 

ment. 

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

When used a s  a motor  s ta r te r ,  c a r e  mus t  be taken to install the proper 

d. Transformers  

( 1 ) Reliability Information 

Design Features:  

A t ransformer  is designed to convert cur ren t  variations in one electrical  

circuit into cur ren t  and voltage variations in a second circuit. 

Crit ical  Characterist ics : 

Transformers  mus t  be adequately cooled. 

Mode of Fai lure:  

1 )  Burned out 

2 )  Short circuited 

3 )  Overheated. 

Fai lure  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  a r e  generally considered to be the most  reliable of all the 

In spite of this high reliability factor,  general types of electrical  equipment. 

t ransformers  mus t  be properly maintained in o rde r  to obtain optimum service.  

crs 
Transformers  fall  into several  general categories, among them power 

distribution, instrument, and control. Each type of t ransformer  has  its own 

unique character is t ics  and does not require the same type of maintenance. 

Adequate cooling is  a requirement of a l l  t ransformers ,  and mos t  a r e  either 

a i r  o r  liquid cooled. 

clean and f r e e  of foreign mater ia l  to a s su re  proper cooling. 

Transformer windings and cooling fins must  be kept 

Among the tests which should periodically be performed on most  t rans-  

fo rmers  a r e  the following: 

1 ) Winding resistance 

Q 

2 )  Insulation resistance 

3 )  Ratio 

4 )  Polarity. 
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1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Relay /Te rmina l  
Board 

2. Turbine-Generator  
Units and Condenserf 
Gene ra to r  Side 

3. 58 
320000 

1. Re lay ITermina l  
2. Turbine-Generator  

Units and Condenserf  
Gene r a t0  r Side 

3. 58 
4. 320000 

1. Relay / T e r m i n a l  
2. Turbine-Generator  

Units and Condenserf  
Gene ra to r  Side 

320000 
3. 58 

1. Relay/Over  Cur ren t  
Relay 

2. Accesso ry  E lec t r i ca l  
Equipment/Protect ivr  
Equipment 

3. 5 8  - 
430000 

1. Relay/DC Power 

2. Accesso ry  E lec t r i ca l  
Equipment/Protect ivf  
Equipment 

430000 

Supply 

3. 58 

I = INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-35 

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 
(Sheet 1 of 5 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
2, Turbine gene ra to r  exci ter  

4. ANL-7457 
3. 20,000 kw 

1. EBR-I1 
2. Turbine gene ra to r  exci ter  
3. 85 kw, 2 5 0 v  
4. ANL-7457 

1 .  EBR-I1 
2. Generator  f ie ld  

4. Operations weekly report ,  5 /8 /68  
3. 20,000 kw 

1. LCTL 
2. LCTLIsodium s y s t e m  pump re l ay  
3. 750 rpm,  sodium 740°F 
4. LCTL log book No.21-1, 1 /3 /65  

1. LCTL 
2. LCTLIsodium sys t em re l ay  E 
3. 110 v, 40 amp,  var iable  speed to 

1000 r p m  
4. LCTL log book No. A-063347, 

3 /12 /64  

I = MINOR MALFUNCTION 
1 = PROBLEM 

~ 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MA 
148 

MA 
148 

MI 
148 

MI 
156 

MI 
500 

dOOE 

- - 
MA 
53 

MA 
12 

MI 
12 

MI 
14 

MI 
12 

-FEC 

- - 
MA 
520 

MA 
520 

MI 
520 

MI 
530 

MI 
550 

'ERATIN( 
HOURS 

14,650 

14,650 

14,400 

Jnknown 

Jnknowr 

METHOD OF FAILURE 
DETECTION 

3perat ional  mon i to r s  

Operational monitors  

Operational monitors  

Direct  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOM MEN DATl ON S 

1. Burned out. 
?. P a r t  replaced. 
3 .  None. 

1. Burned out. 
2. P a r t  replaced. 
3. None. 

1. Mounting boa rd  broke down causing t e rmina l  to loose1 
Malfunction caused turbine to t r i p  off the line. 

2. Local  repair .  
3. None. 

1. Relay was not pulling a l l  the way in. 
2. P a r t  replaced. 
3. None. 

1 .  Relay "E" burned out. 
2. P a r t  replaced. 
3. None. 



- 

TEN 

- - 
6 

7 

8 

9 

10 

11 

- 

1. COMPONENT/PART 

? . SY STEM/SU BSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. RelayICoil  
2. A c c e s s o r y  Elec t r ica l  

Equipment/  Circui t  
B r e a k e r s  

412000 
3. 58 

1. RelayfContacts 
2. Accessory  Elec t r ica l  

Equipment/Protective 
Equipment 

3. 58 
430000 

1. T r a n s f o r m e r  / Coils 
2. Accessory  Elec t r ica l  

Equipment/  T r a n s  - 
f o r m e r s  

3. 58 
411000 

1. T r a n s f o r m e r  /Coi l  
2. Accessory  Elec t r ica l  

Equipment / T r a n s  - 
f o r m e r s  

41  1000 
3. 58 

1. T r a n s f o r m e r  /Winding 
2. Accessory  Elec t r ica l  

Equipment/  T r a n s  - 
fo  &-e rs 

411000 
3. 58 

1. T r a n s f o r m e r  /Coil 
2. Accessory  Elec t r ica l  

Equipment/  T r a n s  - 
f o r m e r s  

411000 
3. 58 

* I = INCIDENT 

T A B L E  1-35 

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 
(Sheet 2 of 5)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

?. SOURCE DOCUMENT 

1. SCTI 
2. Secondary sodium P-6  sodium 

pump motor  s t a r t e r  
3. 350 hp, 4160v, 3 phase, c l a s s  I1 
4. Incident repor t  No. 32 

1. SCTI 
2. Boi ler  feed pump motor  
3. - 
4. Incident repor t  No. 329 

1. LCTL 
2. LCTLfsodium sys tem 
3. Sodium flow f r o m  supply to c o r e  

tank 
4. LCTL log book No. B- 104323, 

8 /28/63  

1. LCTL 
2. LCTL/sodium sys tem 
3. 110 v, 40 amp, variable speed to 

1000 r p m  
4. LCTL log book No. B- 104322, 

8 /26/63  

1. SCTI 
2. Control c i rcu i t  auxiliary pump P- 1 
3. 5 0 ~ 1 1 1 0 ~  
4. Incident repor t  No. 74 

1. SCTI 
2. P r i m a r y  sys tem/ low flow EM p u n  
3. 4 8 0 v  
4. Incident repor t  No. 50 

1 = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
127 

MI 
117 

MI 
151 

MI 
500 

MI 
157 

MA 
200 

- 

MODE 

- - 
MI 
14 

MI 
59 

MI 
17 

MI 
12 

MI 
13 

MA 
11 

- 

FFEC 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
530 

MA 
530 

PERATIN( 
HOURS - 
900 

6,635 

Jnknown 

Jnknown 

3610 

3600 

METHOD OF FAILURE 
DETECTION 

Audio noise 

Routine inspect ion 

Direc t  observation 

Direc t  observation 

Auxiliary oil pump foi 
boi ler  feed pump 
would not s t a r t  

Pgotective sys tem 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Faulty shading coi l  caused  chat ter ing noise. 
2. Replaced shading coi ls .  
3. Establish maintenance procedure  providing f o r  

replacement a f te r  specif ied hours of use. 

1. Contactor broken between s i lver  contact and bronze  
support  segments.  

2. Replacement of par t s .  
3. Design requi rements  and quality control  improve- 

ment  required.  

1. T r a n s f o r m e r  overheated. 
2. P a r t  replaced. 
3. None. 

1. Power  t r a n s f o r m e r  burned out. 
2. P a r t  replaced. 
3. None. 

1. T r a n s f o r m e r  shorted.  
2. T r a n s f o r m e r  and assoc ia ted  Mercoid switch 

3. None. 
replaced.  

1. Control t r a n s f o r m e r  shorted,  f u s e s  blown. 
2. Local repa i r ,  t r a n s f o r m e r  cleaned of d i r t  and m o i s -  

t u r e  and moved to a be t te r  protected a r e a  (switch 
gear  room). 

3. E lec t r ica l  contacts  shouldnot be d i rec t ly  exposed to 
weather  effects .  

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

rEhi 

- - 
12 

13 

14 

15 

16 

- 

1. COMPONENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. Breake r lCon tac to r  
2. Accesso ry  E lec t r i ca l  

Equipment / Circui t  
Breake r s  

412000 
3. 58 

1. Breake r IBake l i t e  
switch 

2. Accesso ry  E lec t r i ca l  
Equipment / Ci rcui t  
B r e a k e r s  

412000 
3. 58 

1. Circui t  B r e a k e r /  
Contacts 

2. Accesso ry  E lec t r i ca l  
Equipment 1 Circui t  
B r e a k e r s  

412000 
3. 58 

1. D-2 B r e a k e r l T r i p  
Mechanism 

2. Accesso ry  E lec t r i ca l  
Equipment/ Circui t  
B r e a k e r s  

412000 
3. 58 

1. Breake r  D-Z/Over- 
c u r r e n t  Relay 

2. Accesso ry  E lec t r i ca l  
Equipmept 1 Circui t  
B r e a k e r s  

412000 
3. 58 

T A B L E  1-35 

FAILURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 
(Sheet 3 of 5 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
2. P r i m a r y  tank cove r  
3. 
4. OWR, 11/21/67 

- 

1 .  EBR-I1 
2. P r imary - sod ium purification/ 

3. 
4. PMMR-109 

s i l icone pump No. 2 
- 

1. LCTL 
2. L C T L l 2  b y  3 pump 
3. - 
4. LCTL log book 

1 .  SCTI 
2. P r i m a r y  sod ium/P-5  pump 
3. - 
4. Incident report ,  2 /11/66 

1. SCTI 
2. P r i m a r y  sodium pump (P -5 )  
3. - 
4. Incident r e p o r t  No. 20 

I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

~~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
151 

MI 
157 

MI 
500 

AODE 

- - 
MI 
55 

MI 
59 

MI 
17 

MI 
22 

MI 
BZ 

-F EC- 

- - 
MI 
550 

MI 
530 

MI 
530 

MI 
520 

MI 
530 

- 
'ERATIN 
HOURS 

- 
12,425 

Jnknowi 

Jnknow 

Jnknowi 

383 

- 

METHOD OF FAILURE 
DETECTION 

l pe ra t iona l  monitors  

l pe ra t iona l  monitors  

Direct observat ion 

Protect ive sys t em 

Protect ive sys t em 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Breake r  inoperative. 
t. Local  repair .  
1. None. 

1. Switch broken. 
!. P a r t  replaced. 
3 .  None. 

1. Overheated b reake r .  
2. Local repair .  
3. None. 

1. T r i p  mechanism inoperat ive on D-2 b reake r .  
2. P a r t  replaced. 
3. None. 

1. Faul ty  b reake r ,  open circui t .  
2. Defective b reake r  was  replaced. 
3. None. 



8 c 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(Systern/Subsystern) 

I. Circui t  B r e a k e r /  

?. Turbine-Generator  
Overload 

Units and Condenser /  
Circulating Water  

330000 
3. 58 

1. Circui t  B r e a k e r /  

?. Turbine- Generator  
Overload 

Units and Condenser /  
Circulating Water  

3. 58 
330000 

1. B r e a k e r  D-2/Over-  
c u r r e n t  Relay 

2. Accesso ry  E lec t r i ca l  
Equipment /Circui t  
B r e a k e r s  

412000 
3.  58  

1. Circui t  B r e a k e r /  
Microswitch 

2. Accesso ry  Electr ical  
Equipment /Circui t  
B r e a k e r s  

412000 
3. 58  

1. Circui t  B r e a k e r /  

2. Turbine-Generator  
Overload 

Units and Condenser /  
Circulating Water  

330000 
3. 58 

T A B L E  1-35 

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

(Sheet 4 of 5 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. SCTI 
2. Circulating cooling water sys t em 

pump c i r cu i t  breaker .  
3. 
4. Incident r epor t  No. 10 

- 

1. SCTI 
2. Circulating cooling water  pump 

(P -2 )  c i rcui t  b reake r  
3. 
4. Incident r epor t  No. 11 

- 

1. SCTI 
2. P r i m a r y  sodium pump (P -5 )  
3. 
4. Incident r epor t  No. 124 

- 

1. SCTI 
2. Circulating water  system ( P - 2 )  

3. 5 kv, 4160 v, 1200 amps 
4. Incident r epor t  No. 322 

pump moto r  

1. SCTI 
2. Steam and feedwater system coolin 

wa te r  pump (P -2 )  
3. 
4. Incident report  No. 12 

- 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
157 

MI 
157 

MI 
500 

MA 
110 

MI 
157 

klODE 

- - 
MI 
22 

MI 
22 

MI 
21 

MA 
53 

MI 
22 

FF EC 

- - 
MI 
510 

MI 
510 

MI 
520 

MA 
530 

MI 
520 

'ERATIN( 
HOURS 

2205 

2205 

Jnknown 

Jnknown 

2205 

METHOD OF FAILURE 
DETECTION 

Protect ive sys t em 

Protect ive sys t em 

Protect ive sys t em 

During activation 

Protect ive sys t em 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. R ECOM ME N DATl ONS 

1. The rma l  overload r e l ay  t r ipped pump circui t .  
?. Time  delay r e l ay  reset .  
3 .  Review vendor specification. 

1. The rma l  overload relay t r ipped pump c i r cu i t  off. 
2.  Time delay r e l ay  reset .  
3. Review vendor specification. 

1. One w i r e  to the circui t  b r e a k e r  was loose. 
2.  Local repair .  
3. Improve electr ical  maintenance work control. 

1. Water pump failed to s t a r t .  Circui t  b r e a k e r  could not 
c lose a s  s c r e w s  worked loose on  latching mic ro -  
switch and i t  did not operate. 

2. Local repair .  
3. P r o p e r  installation (lock washe r s ,  e tc .  ) 

1. The rma l  overload relay tripped pump c i r cu i t  to open. 
2. Local r epa i r ,  t he rma l  overload tripping point was 

increased f r o m  100 to 110%. 
3. Review vendor specification. 

* I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEh 

- - 
22 

23 

24 

25 

26 

2 i  

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Circui t  Breake r IWi re  
2. Accesso ry  E lec t r i ca l  

EquipmentICircui t  
B r e a k e r s  

412000 
3. 58 

1. Breake r IBus  B a r s  
2. Accesso ry  E lec t r i ca l  

EquipmentlCircui t  
B r e a k e r s  

412000 
3. 58 

1. Circui t  B r e a k e r /  

2. Heat  T rans fe r I In t e r -  
Overload 

mediate  Coolant 
3. 58 

22212 1 

1. Circui t  B r e a k e r /  
Overload Coil 

2. Heat  T r a n s f e r /  
E lec t r i ca l  

3. 58 
221121 

1. Power  Switchgear/  
Reversing Contactor 

2. Accesso ry  E lec t r i ca l  
Equipment /Switch 
G e a r  

410000 
3. 58 

1. Main Disconnect 
SwitchIContact F a c e s  

2. Accesso ry  E lec t r i ca l  
Equipment /Switch 
G e a r  

410000 
3. 58 

T A B L E  1-35 

FA1 LURE DATA FOR POWER SWITCH GEAR CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 

(Sheet 5 of 5) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. SCTI 
2. Control panels  A, B, C 
3. B r e a k e r s  eneaeed 
4. Incident repirt-No. 304 

1. SCTI 
2. Motor control  cen te r  
3. 480 v, 16 unit panel, ambient  
4. Incident r epor t  No. 308 

1. SCTI 
2. Secondary sodium sys t em sodium 

P-P (P -6 )  
3. 350 hp, 4160 v, 1180 r p m  

(operated a t  680 r p m )  
4. Incident r epor t  No. 31 

1. SCTI 
2. P r i m a r y  sodium sys t em sodium 

3. - 
4. Incident r epor t  No. 1 

pump (P -5 )  c i r cu i t  b reake r  

1. HNPF 
2. Reactor  co re /dummy control  rod 

No. 1 
3. 350 to  9 2 5 ° F  
4. Monthly operat ing r epor t  No. 6 

1. EBR-11 
2. Auxiliary p r i m a r y  EM pump 
3. 
4. Operating maintenance report ,  

7 /17/68 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
MI 
324 

I 
3 00 

MI  
167 

MI 
472 

MI 
415 

MI 
500 

CODE* 

MODE 

- - 
MI 
13 

I 
13 

MI 
21 

MI 
22 

MI 
15 

MI 
11 

- 
TEC1 

- - 
MI 
43 

I 
570 

MI 
550 

MI 
157 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

2205 

Unknown 

9 

270 

3250 

15,240 

METHOD OF FAILURE 
DETECTION 

Protect ive sys t em - 
t r ipped plant e l ec t r i c  
power 

During modifications 

Protect ive s y s t e m  

Protect ive s y s t e m  

During actuation 

During routine inspec 
tion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Construction m e n  shorted w i r e s  while working on 
control panel (contractor  personnel) .  

?. Vendor repair .  
1. None. 

I .  Contractor  personnel  shorted bus b a r s  with electr ical  
f i sh  tape resul t ing in  f i r e  among bus b a r  cables. 

?. Bus b a r  sections and c i r cu i t  b r e a k e r  connections 
rewired. 

3 .  Improve supervis ion of construction work. 

1. Overload protect ive c i r cu i t  b r e a k e r  tripped. 
?. Operating limits change. 
3. A i r  cooling should replace a rgon  cooling. 

1. B reake r  t r ipped numerous t imes ,  initial s t a r tup  o r  

2. Local repair .  Circui t  b r e a k e r  was replaced. 
3. Stock replacement  components. 

shakedown problem. 

1. Contactor fused shut. 
2. New contacts instal led;  b reake r  r e s e t  
3. None. 

1. Faulty switch. 
2. P a r t  replaced. 
3. None. 



n 

A 

TABLE 1-36 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 
COMPONENT POWER SWITCH GEAR. CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 

COMPONENT SUBTYPE BREAKERS 
FAILURES Y/J 0 I 

- W  

;F 
=I- Component T e s t  Faci l i ty  

Nuclear Tes t  Reactor  I 

I 

1 
Heat T rans fe r  

Accesso ry  Elec t r ica l  Equipment i5 I 

I- 
m 
t 
m - 

Overload and T r i p  Mechanisms 

Contacts and Switches 

Wires  and Bus B a r s  

- 
I 

a 

I 
I I 

Environmental  

I I 
1 

Acceptable incipient damage 

Labor  and ma te r i a l  l o s s  only 

W S stem/component  inoperative 

3 
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TABLE 1-37 

FAILURE D I  STRIB UTI ON FUNCTIONS 
COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 

COMPONENT SUBTYPE 

FAILURES (%I 0 
I 1 

-. . I 
Y 

5: -'+ Component Tes t  Faci l i t ies  - Nuclear Tes t  Reac tors  - 
a -  

i 

Turbogenera tor  Units and Condensors 

Accessory  Electr ical  Equipment 
2 
W '  c 
v) 
t Ln 

Termina l  and Te rmina l  Boards  

Coil  ( S I  
k Other 
DI d 

0 y' 

0 

I I 

Electr ical  - 
W Mechanical - 
n s 11{ 

Plant  availabil i ty lo s s  

Labor and ma te r i a l  l o s s  only 

- 
I- o w 
!A Systemlcomponent inoperative - 
L L .  
W 

- 
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T A B L E  1-38 

FAILURE DI STRl  B UTI ON FUNCTl ONS 
COMPONENT POWER SWITCH GEAR. CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 

COMPONENT SUBTYPE GEAR 
FAILURES (%) 0 

Nuclear Power  Reactor 

Nuclear T e s t  Reac tor  
I -W 

$n 

I I Accessory  Elec t r ica l  Equipment 

I I  

I- I m l  I 
I > - I  I 

I I n l  i 
I t  
I t  1 

I 

Contacts 

I 1  I 

I t  1 

Elec t r ica l  

W 
n 
0 z -  

I 

Labor and mater ia l  loss  only 
I- 
O 
W 

I 
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TABLE 1-39 

FA1 LURE D I  STR l  BUTlON FUNCTIONS 
COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 

ZC 

Accessory  Elec t r ica l  Equipment 

' COMPONENT SUBTYPE 

FAILURES (z) 0 1 
Component T e s t  Faci l i t ies  - 

2: 

- 

Ul 
3 
a u 

I 

Windings 

Other 

I 

Environmental  - 
Impuritylcontamination - 
Unknown - 

I- 
L1L a a 
I- z 
W 
z 
0 

I I 

Elec t r ica l  

W 
n I 

Labor and m a t e r i a l  loss only - 
L S y s t e m l c o m p o n e n t -  
W 

t 
T t 
7 T 
I 

t = 
1 I I 

D 

A 
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T A B L E  1-40 
GENERAL SUMMARY 

W '  
v) 
3 a 
v -  

n o 

COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, RELAYS, TRANSFORMERS 
FAlLURES(Z)  0 1 0  20 30 40; 

Environmental  

Impurity /contamination c 
Human e r r o r  -. 

Inherent - 
Unknown 

Elec t r ica l  

Mechanical 

Other I 

I 

U 
LL 
LL 
w 

I I 1 

Acceptable incipient d 

P lan t  a v a i l a i b l i t y - -  

Labor and mater ia l  l o s s  only 

System/component inoperative 

----I . 

90 I (  

Switch gear  - 

OPERATING HOURS (THOUSANDS) 0 10 20 30 L 

Relays 

B r e a k e r s  

OPERATING HOURS (THOUSANDS) 0 10 20 30 L 

Relays 

B r e a k e r s  

T r a n s f o r m e r s  

Switch gear  
~ 

w 
I I v 

51 

;I-, I 

l l l l l  
t - .  I I I I I  

T I 
350 400 

1 
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5. Turbine Generators (generator s ide)  

Failure data fo r  turbine generators (generator side) a r e  presented in Tables 

1-41 through 1-43. 

a. Reliability Information 

Design Features:  

Power generator, with a s team turbine pr ime mover ,  generates electric 

power for  commercial  type usage. 

therefore is not broad-based. 

Malfunction data i s  limited to one unit, and 

Mode of Fai lure:  

1)  Oil s ea l  ring misalignment 

2 )  B r u s h w e a r  

3)  Bearing wear  

4 )  Misalignment o r  turbogenerator 

5)  Coil open circuited 

6 )  Exciter bus b a r  insulation failed. 

Fai lure  Experience: 

1 )  Two o r  more  malfunctions caused by unit misalignment. 

2 )  Brushes replaced o r  reseated in  two instances. 

3 )  Bearings were  defective in two instances. 

4 )  Generator coil defective on one occasion. 

5) Exciter bus b a r  insulation defective once. 

Control Methods : 

1 ) Turbogenerator physical alignment should be accomplished with grea t  

precision when unit is installed. 

2 )  Turbogenerator should be on turning gear  whenever the unit i s  down. 

3 )  Verify adequacy of bearing lubrication. 

4 )  Have adequate preventive maintenance program. 

n 
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b. Discussion and Recommendations 

Malfunction data in this report  i s  limited to one turbogenerator unit, and 

is therefore not broad enough to support general  conclusions. 

reported on, however, it i s  seen that several  of the malfunctions were  due to 

improper  alignment. 

erating units because of the possibility of harmonic vibrations developing which 

can be very  damaging to high inertia machines. 

F r o m  the events 
6id 

Prec i se  alignment is extremely important on l a r g e  gen- 

Maintenance procedures for  machines of this size,  and la rger ,  should 

follow the standards developed by the electric power industry. These proce- 

dures  differ considerably f rom those followed by general industry. Different 

utilities evolve their  own procedures which sometimes reflect such factors a s  

spinning r e se rve  and economics. One utility, for  example, reports  that their  

l a rge  generating units have a scheduled shutdown, after the first year ,  of only 

once every five years.  

t r i p  of the unit during that 5-year period. 

have that option since they would be shut down at approximate l -yea r  intervals 

f o r  reactor  refueling. 

They find it economically justified to r i sk  an  emergency 

A nuclear power plant would not 

The insulation resistance of a l l  l a rge  generators should be measured  a t  

regular intervals. 

spots in coil windings a s  well a s  other related coil conditions. 

Data f rom such tes t s  can be used to detect incipient weak 

During a shutdown period, the generator should be on i ts  turning gear,  to 

For  prevent bearing damage, and lubricating oil p re s su re  mus t  be maintained. 

this reason, lube oil  pumps a r e  usually powered by a motor  connected to an 
uninterruptable power supply. 
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- 

TEh 

- - 
1 

2 

3 

4 

5 

6 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Turbine Genera to r t  

2 .  Turbine Genera to r t  

3. 56 

Seal Ring 

Generator  Side 

320000 

1. Turbine Genera to r t  

2. Turbine G e n e r a t o r t  
Commutator  Brushes  

Genera to r  Side 
3. 56 

320000 

1. Turbine Genera to r t  

2. Turbine Genera to r t  

3. 56 

Bearing 

Generator  Side 

320000 

1. Turbine G e n e r a t o r t  

2. Turbine Genera to r /  
Bearing Cap 

Genera to r  Side 
3. 56 

320000 

1. Turbine Genera to r t  

2. Turbine Genera to r t  

3. 56 

Bearing 

Genera to r  Side 

320000 

1. Turbine Genera to r1  

2. Turbine Genera to r t  

3. 56 

Rotor 

Generator  Side 

320000 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

(Sheet 1 of 2 )  

1. EBR-I1 
2. Gene ra to r tHz  Seal  
3. 3,600 rpm, 20,000 kw, 13.8 kv 
4. ANL-7255 

1. EBR-I1 
2. Main generator  
3. 3,600 rpm, 20,000 kw, 13.8 kv 
4. PMMR-76 

1. EBR-I1 
2. Main gene ra to r lno r th  end 
3. 3,600 rpm,  20,000 kw, 13.8 kv 
4. PMMR-81 

1. EBR-I1 
2. Main gene ra to r lno r th  end 
3. 3,600 rpm,  20,000 kw, 13.8 kv 
4. PMMR-81 

1. EBR-I1 
2. Main gene ra to r t sou th  end 
3. 3,600 rpm,  20,000 kw, 13.8 kv 
4. PMMR-81 

1. EBR-I1 
2. Main gene ra to r  
3. 3,600 rpm, 20,000 kw, 13.8 kv 
4. PMMR-81 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSf 

- - 
MI 
500 

MI 
500 

MA 
500 

MA 
500 

MA 
500 

MA 
500 

- 

MODE 

- - 
MI 
56 

MI 
BZ 

MA 
56 

MA 
52 

MA 
56 

MA 
59 

- 

:FFEC 

- - 
MI 
530 

MI 
530 

MA 
520 

MA 
520 

MA 
520 

MA 
520 

- 

- 
PERATlNl 
HOURS 

7,800 

6,300 

15,240 

15,240 

15,240 

15,240 

- 

METHOD O F  FAILURE 
DETECTION 

Routine inspection 

Prevent ive mainte-  
nance 

Di rec t  observat ion 

Di rec t  observat ion 

Di rec t  observat ion 

Di rec t  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Seal oi l  r ing misal ignment .  
2 .  Local  r epa i r ,  ring remachined and reinstalled. 
3. None. 

1. Brushes replaced. 
2. P a r t  replaced. 
3. None. 

1. Generator- turbine combination not mounted a t  p rope r  
levels  causing shaf t  misal ignment .  

2. Local  r epa i r .  
3. Upgrade Quality Assu rance  survei l lance on 

installation of generator .  

1. Vibrating. 
2. P a r t  replaced. 
3. None. 

1. Generator  not mounted level  causing shaft 
misal ignment .  

2. P a r t  replaced.  
3. Improve alignment procedures .  

1. Vibrating. 
2. P a r t  replaced. 
3. None. 



6 Q e 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

. Turbine Genera to r t  

:. Turbine Genera to r t  

i. 56 

Coil Winding 

Generator  Side 

320000 

.. Turbine Genera to r /  

!. Turbine Genera to r /  

i. 56 

Bearings 

Generator  Side 

320000 

I. Turbine Genera to r /  
Exci ter  Brushes 

!. Turbine Genera to r t  
Generator  Side 

1. 56 
320000 

1. Turbine Genera to r /  
Exci ter  Armatu re  ;. Turbine Genera to r /  
Turbine Plant  Equip- 
men t  

370000 
3. 56 

= INCIDENT 

T A B L E  1-41 

FAILURE DATA FOR TURBINE GENERATORS (GENERATOR SIDE) 

(Sheet 2 of 2 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
3. Main generator  
3. 3,600 rpm, 20,000 kw, 13.8 kv 
$. PMMR-81 

1. EBR-I1 
2. Main generatorlamplidyne 
3. 85 kw, 250vdc  
4. PMMR-96 

1. EBR-I1 
2. Generator  exci ter  
3. 85 kw, 250vdc  
4. Weekly operations report, 7 /3 /68  

1. EBR-I1 
2. Turbine generator  exciter 
3. 85 kw, 250 vdc 
4. ANL-7457 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MA 
500 

MI 
500 

MI 
444 

MA 
191 

- 

MODE 

- - 
UA 
59 

MI 
B Z  

MI  
BZ 

MA 
18 

- 
FF ECl 

- - 
MA 
520 

MI  
530 

MI 
520 

MA 
520 

PERATlNl 
HOURS 

15,240 

9,345 

15,240 

14,650 

METHOD OF FAILURE 
DETECTION 

X r e c t  observat ion 

Preventive mainte-  
lance 

kudible noise  

Operational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Coil winding broken. 
?. P a r t  replaced. 
3. None 

1. Faulty bear ings.  
?. P a r t  replaced. 
3. None. 

1. Nosy brushes.  
?. Local  repair .  
3.  Follow manufac tu re r ' s  recommendations on  mainte-  

nance of b rushes  and frequency of inspections. 

1. Bus b a r s  i n  the exci ter  w e r e  reinsulated. 
2 .  Correct ive modification. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



T A B L E  1-42 

FAILURE DISTRIBUTION FUNCTIONS 
COMPONENT TURBINE GENERATOR (GENERATOR SIDE) 

Environmental  

COMPONENT SUBTYPE TURBINE GENERATOR (GENERATOR SIDE) 

FAILURES (%) 0 1 0  2 

I 

I 

ILL t 1 I 

_ .  
3 

v 
a 

I 
I 

Turbine Genera tor  - Genera tor  Side 

ae rent  

~ 

Unknown 

I t  I 

t-. 
W 
LL 
LL 
W 

1 I 

Plant  availabil i ty l o s s  

Labor and ma te r i a l s  l o s s  only 

I 0 I v t  
I t  1 I 
I t  f I 
I I  I I 

1:' I 

I t  I I 

~ 4 
2 f 

€ I I 
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T A B L E  1-43 

W 
v) 
3 .  

0 .  
a 

GENERAL SUMMARY 

Environmental 

Inherent I 

Unknown 
~ 

n 
o 
5 -  

I I I I I I I I  

Elec t r i c  a1 

Mechanical 

Unknown 

I 
pa- 

$ 
W 
LL 
L L -  

I I 1 I I I 

Plan t  availability lo s s  

Labor  and ma te r i a l s  l o s s  only 

w' I I I I I  
T O T A L F A I L U R E S  PER TYPE 0 1 2 3 4 5 6 7 8 9 10 

OPERATING HOURS (THOUSANDS) 0 25 f 
Turbine generator  - generator  s ide 

w a c 

I FAILURE RATE (FAILURES/106 hr) 0 
Turbine generator  - generator  side 1 

5 150. 1 I 
500 7 

0 

IO 
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D. 

1. Furnace Equipment 

ENERGY CONVERSION (MECHANICAL) SYSTEM COMPONENTS 

Fai lure  data f o r  furnace equipment a r e  presented in  Tables 1-44 through 
1-46. 

a. Reliability Information 

Design Features  : 

Common knowledge 

Crit ical  Characterist ics : 

Common knowledge 

Mode of Fai lure:  

1 ) Improperly established maintenance schedule. 

2 )  Thermal  expansion difference causing s t r e s s  cracks.  

3 )  Insufficient reinforcing to support furnace refractory.  

4 )  Operator caused malfunctions. 

Fai lure  Description: 

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

2 )  Flame rod cracked and electr ical  wi re  connector eyelet corroded; 
ra in  leakage shorted the electrical  wires.  

3 )  Sodium- smoke-type leak detector was actuated. 

4 )  Hangers f o r  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 s t r e s ses ,  design should pro- 

vide adequate clearance between mater ia ls  with different thermal  

expansion coefficients if they a r e  exposed to temperature  changes. 

2 )  Plant operator 's  manual should call  special  attention to those control 

and equipment adjustments where very  smal l  changes may cause heavy 

plant disturbances o r  even shutdowns. 

LMEC-Memo-69- 7, Vol I 
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3 )  Preventive maintenance frequency should be established fo r  a l l  

cr i t ical  subsystems, with special attention given to units exposed 

to outside environment. 

cases  where mater ia l  compatibility and reliability i s  cri t ical .  

Special instructions should be given in 

b. Discussion and Recommendations 

Although equipment i s  available to detect furnace equipment failures,  it is 

m o r e  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  a r e  sensitive enough to detect sodium leaks in their  

ear ly  s tages;  however, strategically placed s t ra in  gages can be utilized to detect 

incipient failures.  

LMEC - Memo - 6 9 - 7 
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* 

1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. f i r n a c e / P i l o t  Elec- 

2. Heat T r a n s f e r I F u r -  

3. 41 

t rode  

nace 

227300 

1. Gas F i r e d  F u r n a c e /  

2. Heat T r a n s f e r J F u r -  

3. 41  

Pi lot  Rod 

nace 

227300 

1. Gas F i r e d  Furnace /  

2. Heat T r a n s f e r / F u r -  

3. 41 

Tubes 

nac e 

227300 

1. Fu rnace /P i lo t  Burnei  
2. Heat T r a n s f e r / F u r -  

3. 41  
nace  

227300 

1. Fu rnace  Equipment/  

2. Heat T rans fe r /Reac tc  

3. 41 

Supports 

Coolant 

227300 

1. Fu rnace  Equipment/  

2. Heat T rans fe r /Reac t (  

3. 41 

Gas Pi lot  

Coolant 

227300 

= INCIDENT 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. SCTI 
2. P r i m a r y  
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  No. 348 

1. SCTI 
2. Hea te r  H-1 
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  NO. 340 

1. SCTI 
2. P r i m a r y  
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  No. 302 

1. SCTI 
2. P r i m a r y  
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  No. 332 

1. SCTI 
2. Sodium hea t  t r a n s f e r  
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  No. 63 

1. SCTI 
2. Sodium heat  t r a n s f e r  
3. Rating = 35 Mwt, 1200°F 
4. Incident r epor t  No. 54 

I I  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

;AUSE 

- - 
MI 
121 

MI 
121 

I 
136 

MI 
156 

MI 
416 

MA 
339 

JlODE 

- - 
MI 
13 

MI 
61 

I 
61 

MI 
47 

MI 
53 

MA 
BO 

=F EC' 

- - 
MI 
530 

MI 
530 

I 
520 

MI 
119 

MI 
520 

MA 
520 

- 
'ERATIN( 
HOURS 

9807 

26,274 

9580 

Unknowr 

9580 

4005 

- 

METHOD OF FAILURE 
DETECTION 

Zudible noise  

9larm 

3perat ional  monitor  

Ope rat ional  monitors  

During routine inspec 
tion 

During activation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  P i lot  e lectrode insulator  cracked allowing shor t  c i r cu i  
?. Replaced pa r t .  
3. None. 

1. F l ame  rod cracked and high t empera tu re  lead a s sembI  
eyelet soldered connection corroded.  

2. Replaced par ts .  
3. None. 

1. Sodium leak indicated on smoke detectors  - 4 gpm 
est imated f r o m  8 in . /hr  l o s s  of sodium level  in  
p r i m a r y  expansion tank. 

2. Local repair .  
3. None. 

1. Disturbance i n  Southern California Edison System 
resul ted in  power drip, causing automatic  plant 
shutdown. 

2. Norma l  power enabled r e s t a r t .  
3. None. 

1. The r e f r ac to ry  protecting tube support  hangers  broke 
loose. 

2. Wire  m e s h  was instal led to support  the r e f r ac to ry  
ma te r i a l .  

3. None. 

1. Operator  imprope r ly  adjusted gas  f lowrate  and 
combustion a i r  flow, causing a b u r n e r  flame out; 
this  in  turn, t r ipped the p r i m a r y  sodium pump. 

2. Pi lot  lights w e r e  reignited and the p r i m a r y  pump 
restar ted.  

3. hnprove ope ra to r  training. 

MA = MAJOR MALFUNCTION 



T A B L E  1-45 

FAILURE D I  STR I BUT1 ON FUNCTl ONS 

A 

COMPONENT FURNACE EQUIPMENT 

COMPONENT SUBTYPE FURNACE EQUIPMENT 
FAILURES (z) 0 10  2 

Component T e s t  Faci l i ty  

I I 

Heat T r a n s f e r  

Reac tor  Equipment 

I 

Pi lo t  

Tubes 
~ 

+ 
rx a a 
+ z 
W z 
0 a 
I 
0 
0 

t I I 

Environmental  

Inherent 

Human e r r o r  

111- 
~ 

1 I 

Elec t r ica l  1 
Metallur ica l  

Other 

Labor and mater ia l s  l o s s  only 

System/component inoperative . .- W 
LL Plant  availability l o s s  
LL 
W 

1 I 
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n 
0 

Elec t r i ca l  

Mechanical 

Metallurgical 

Other 

n 
0 

Elec t r i ca l  

Mechanical 

Metallurgical 

Other 

W 
LL 
L L -  

Labor  and m a t e r i a l  loss only 

, Systemtcomponent inoperative -- 
P l a n t  availabil i ty loss 

Furnace  equipment 

- 

J 

T A B L E  1-46 

GENERAL SUMMARY 
COMPONENT FURNACE EQUIPMENT 

Environmental  

6 0  70 80 90 IC I 
1 I 
n II 
E 1"l I I I I I  

70 80 90 100 OPERATING HOURS (THOUSANDS) 0 10 20 30 40 
Furnace  equipment I I I 1 I 

W a 
>- 
I- 

- I FAILURE RATE CFAILURES/106hr) 0 20 40 60 f 
I I I I I I  

Furnace  equipment I I I I I I I  

' 1 :  I I l l  
I I 1 1 1 1 1 1 1  
I I I I  I l l  

1- 
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2. Motors, Engines, and Turbines (hydraulic, pneumatic, s t eam)  

Fai lure  data for  motors ,  engines, and turbines,  (hydraulic, pneumatic, 

s t eam)  a r e  presented in Tables 1-47 through 1-49. 

a. Reliabilitv Information 

Design Features  : 

Small high-speed rotating machinery designed fo r  long t rouble-free serv ice  

life. 

Cri t ical  Character is t ics  : 

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

seals ,  bearing. 

Mode of Fai lure  

1) Turbine blade damage 

2 )  Seal fa i lure  

3 ) Overheating. 

Fai lure  Description: 

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

2 )  Turbine overheating resulted f r o m  excessive oil in system. 

3 )  Turbine seal  leakage resulted in bearing failure.  

4 )  Improper  s ize  bearing caused unusual wear  pattern. 

Control Methods 

1 )  Install  debris catcher  ups t ream of turbine s t eam inlet. 

2 )  Ensure clean s team supply to turbine. 

3 ) Maintain adequate surveil lance and preventive maintenance procedure 

relative to seals.  

4 )  Maintain adequate quality control and detailed installation procedures  

requiring checking of cr i t ical  dimensions before installation of replace- 

ment  par ts .  
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b. Discussions and Recommendations 

A total  -of five failure events were  reviewed with this component. The 

fai lures  were  pr imari ly  mechanical failures and failures resulting f rom 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. 

found i t s  way into the turbine inlet. 

cause, but this i s  not very  probable. 

shutdown o r  a l a r m  might have prevented the extensive damage observed but 

would not have prevented the failure. A debris t r ap  upstream of the turbine 

inlet may have prevented the failure. 

Four pieces of wood were  found in the pump; perhaps a fifth piece 

It is possible that blade fatigue was the 

A vibration indicator with an electronic 

Two problems were  reported. The first problem was caused by improper 

maintenance procedures;  too much oil  was added to the unit causing excessive 

smoking. 

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 s team sys tem appeared to be the problem. 

Either a clean system o r  a means of preventing contaminants f rom entering the 

turbine is required. 

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

The unit was shut down and the excess oi l  drained. On restart ing,  

Improper maintenance procedure o r  human e r r o r s  may  

A turbine seal  failure ultimately causing a bearing failure was reported. 

There i s  no indication that the sea l  was repaired o r  replaced. 

however, was replaced and the unit returned to service.  

undoubtedly corrected by increasing the load on the packing, replacing the 

packing or ,  i f  it was a mechanical seal ,  by replacing worn par ts .  

leakage was probably the resul t  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 s team system. 

leakage is a recurr ing problem it would be advisable to provide a means of 

preventing the s team leakage f rom condensing on the bearing. 

maintenance program could be initiated by which seals  a r e  periodically over- 

haul e d . 

The bearing, 

The sea l  leakage was 

The sea l  

Since sea l  

A preventive 
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During preventive maintenance inspection, an incipient failure was dis - 

covered and reported. 

pattern and it was found that the clearance was too small .  

a quality control problem either a t  the factory o r  during a previous replace- 

ment. 

ing was rebored to the co r rec t  size and reinstalled. 

The bearing was found to exhibit an unusual wear 

This was obviously 

The incorrect-s ize  bearing should not have been installed. The bear -  
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TABLE 1-47 

FAILURE DATA FOR MOTORS. ENGINES. AND TURBINES 

(HYDRAULIC, PNEUMATIC, STEAM) 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Turbine /Blading 
2. Steam, Condensate 

and Feedwa te r /Bo i l e r  
Feed  Pump 

284100 
3. 10 

1. Turb inenurb ine  Blade 
2. Steam, Condensate 

and Feedwater  /Boi ler  
Feed  Pump 

284100 
3. 10 

1. Turbine /Turbine Seal: 
2. Steam, Condensate 

and Feedwa te r l  
Condensate Pump 

283100 
3. 10 

1. Turbine /Turbine 
Bearing 

2. Steam, Condensate 
and Feedwa te r /  
Condensate Pump 

283100 
3. 10 

1. Motor (air) /Control  

2. Heat T rans fe r J In t e r -  

3. 10 

Valve Plunger  

mediate  Cooling 

222133 

= INCIDENT 
= MAJOR MALFUNCTION 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-I1 
2.  Turbine-driven feed pump 
3. 900 hp, 9700 r p m  
4. PMMR-24 

1. EBR-II 
2. Feedwater/turbine-driven feed pump 
3. 900 hp, 9700 r p m  
1. PMMR-52 

1. EBR-I1 
2.  Condensate / turbine-dr iven 

3. 122 hp, 1760 r p m  
Q. PMMR- 113 

condensate pump 

1 .  EBR-II 
2. Condensate / turbine-dr iven 

3 .  122 hp, 1760 r p m  
4. PMMR-94 

condensate pump 

1. HNPF 
?. Secondary/sodium sys t em 
3. - 
4. Monthly operating r epor t  No. 16 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

LAUSE 

- - 
M I  
500 

M I  
!73 

MA 
185 

M I  
500 

MA 
126 

MODE 

- - 
MI 
59 

MI 
52 

MA 
B8 

MI 
52 

MA 
59 

:FF EC1 

- - 
MI 
550 

MI 
530 

MA 
5 5 0  

MI 
530 

MA 
550 

- 
PERATIN( 
HOURS 

Jnknown 

Inknown 

12,390 

9345 

1560 

_c_ 

METHOD OF FAILURE 
DETECTION 

Routine a r e a  watch 

Direct observation 

3perat ional  monitors  

Preventive 
naintenance 

3perat ional  monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Seve re  damage t o  turbine wheel blades 
2. Damaged pa r t  replaced - local  r epa i r  
3. Maintain clean s t e a m  s y s t e m  - instal l  deb r i s  catcher  

a t  turbine inlet. Insure blade fatigue not problem. 

1. ( a )  Overheating and smoking because of too much oil in  
unit. (b)  Fa i lu re  due t o  turbine blade damage (minor) .  

2. Oil drained to p rope r  level  and turbine cleaned of 
me ta l  par t ic les  - local r epa i r  

3. Maintain clean s t e a m  s y s t e m  - improve maintenance 
procedures  ( excess  oil human e r r o r )  - instal l  deb r i s  
ca t che r  a t  turbine inlet. 

1. Turbine sea l  fa i lure  eventually causing bear ing fai lure  
2.  New bearing installed, local r epa i r .  
3. Improve surveillance of shaf t  s e a l s  - redesign t o  

prevent  s t eam condensation on bearing housing - 
maintain clean s t e a m  sys t em.  

1. Bearing discrepance - unusual rubbing on top and 
bottom of bear ing.  

2. Bearing c l ea rance  found too s m a l l  - bearing rebored 
and reinstal led with p rope r  c learance.  

3. Quality control problem - improve QC procedures .  

1. Direction control valve malfunctioned, resul t ing in 
slow response of r e v e r s e  selection operation. 

2 .  Control  valve was  overhauled, valve plunger and 
O-r ings replaced.  

3. None. 



TABLE 1-48 

FAILURE D I  STR l  BUTlON FUNCTl ONS 
COMPONENT MOTORS, ENGINES AND TURBINES (HYDRAULIC, PNEUMATIC, STEAM) 

COMPONENT SUBTYPE - STEAM 

FAILURES (%I 0 10 i 
Nuclear T e s t  Reac tor  

"h 1 
1 

I 

Bearing 

+ Seal  
E a 
a- I I 

a 
I 
0 

Environmental  

Impuritylcontamination 
J-J 
2 

L) 
a 

I I 
Unknown 

I I I 

d Mechanical 
1 
f '  

Other  

I 

- I I 
J ,  
f 
LI Systemlcomponent inoperat ive 

Labor and m a t e r i a l  l o s s  only 
L 
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T A B L E  & 

GENERAL SUMMARY 
COMPONENT MOTORS, ENGINES AND TURBINES (HYDRAULIC, PNEUMATIC, STEAM) 

FAILURES (%I 0 10 20 30 40 50 60 70 E 
Environmental  

Impur i ty lc  ontamination I 

Unknown 
W 

3 a 

w 
L L  
L L -  
L1J 

I I I I I I I  0 

Labor and mater ia l  loss  only 

System/component inoperat ive 

I I I 
I 

Mechanic a1 

Other 
D 

Steam turbines  

Pneumat ic  motors  - 
I I I I I I I  

- 

- FAILURE RATE (FAILURES/106 hr) 0 100 
Steam turbines  

Pneumat ic  motors  

I I 

t 

I U I AL kHILI 

1 

t I I I I I I I I I  

1 
1 

Pneumat ic  m o t o r s  - l l  OPERATING HOURS (THOUSANDS) 0 10 20 
Steam turb ines  I I I I 

, 
I l l 1  

I 

l5 
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3 .  Transmissions and Drive Shafts 

Failure data fo r  transmissions and drive shafts a r e  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 a s  found in reactor  systems.  

Crit ical  Characterist ics 

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

nisms with high precision and accuracy. 

Mode of Fai lure:  

1 )  Couplings failed o r  overheated. 

2 )  Shafts bent, worn out, broken o r  stuck. 

3 )  Seals leaked. 

4) Bearings broken, frozen to  shaft, and worn out. 
n 

5)  Gears  damaged, broken, o r  worn out. 

6 )  Snubbers leaked oil, stuck, and some had not been installed. 

7 )  Clutches and brakes inoperative and worn out. 

8 )  Keys, s e t  screws,  and pin - loose, worn out, o r  broken. 

9 )  Switches and contacts loose o r  broken. 

10 )  Bellows ruptured, leaked, o r  improperly welded. 

11) Actuator rods, cables, and wires  - stuck, jammed, o r  broken. 

1 2 )  Structures broken o r  cracked, 

Failur e D e s c ription : 

1 )  Mechanical couplings were  badly worn; they had broken splines and 

other broken par ts .  

The mechanical failures seemed to be due to overloads o r  misalign- 

ments 

due to improper cooling o r  overload which caused stoppage. 

A magnetic coupling (electr ical)  overheated. 

The electrical  heating of the magnetic coupling was probably 
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2 )  Shafts were generally bent, meaning they were  overloaded. Others 

were stuck due to foreign objects getting into their  guides o r  bearings. 

3 )  Shaft seals  leaked oil causing other components to  malfunction. 

4) Many mechanisms failed because bearings failed. Bearings failed 

due to misalignments, o r  loads, o r  improper  use. 

5 )  Gears  failed because of overloads, misalignments, and spacing o r  

support failures . 
6 )  Snubbers (shock absorbers )  failed because the static O-ring seals  

The snubber failures resulted in damage to failed and leaked oil. 

other par ts  of the control rod drives and pull rods. 

snubbers had not been installed. 

7)  Clutches and brakes were worn out due to normal  lifetime. 
clutches and brakes failed because oil  and grease  leaked onto them. 

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

In one case  

Some 

of shafts, and l e t  gears  loosen, resulting in other failures.  

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

electr ic  clutches to be inoperative. 

10) Bellows ruptured due to fatigue, resulting in sodium leaks which 
caused push rod, e tc . ,  for  gr ippers  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 f r o m  overload conditions. 

Control Methods : 

1 ) Proper  selection, ins tallation, and maintenance of most mechanical 

components such a s  shaft coupling, bearings, gears ,  keys, s e t  screws,  

and pins a r e  necessary fo r  trouble-free operation. 
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2 )  Installing of protective covers would eliminate damage to delicate 
components such a s  switches. 

3 )  Selection of proper mater ia l s  fo r  seals and co r rec t  installation 

procedures will eliminate mos t  sea l  problems. 

b. Discussion and Recommendations 

A total  of 60 mechanical failures were studied. The mechanisms involved 

were  control rods, fuel handling equipment, and gear  dr ives  f o r  reactor  shields. 

The fai lures  can be classified in basic component groups such as bearings, keys, 
and gears .  

reality a mechanism fails  because of a small  component pa r t  failure. Its com- 

ponent pa r t  m a y  have failed due to overload, misalignment, improper selection 

of mater ia l s  for  service required, o r  improper use  of component. In the study, 

five control rod snubber failures were  reported. The actual failure was a static 

O-ring sea l  at the bottom of the snubber which lost  its tension by cold flow of 

the mater ia l  and le t  the snubber fluid leak away. 

cushion the control element drop during s c r a m  caused failures to other par ts  

of the control rod. 

Sometimes failures a r e  reported a s  mechanism failures when in 

The snubber 's  inability to 

Clutch and brakes failed to function properly because oil  o r  grease  f rom 

Here the actual failures bearings and gear  boxes had dripped on their  linings. 

were  shaft seals.  

Some other failures were  due to improper assembly o r  failure to install 

parts.  

Some bearings, splines, coupling, pins, and keys failed because they were  
overloaded. 

stallation. 

The overloads m a y  be because of a design e r r o r  o r  improper in- 

In some cases  bearings and splines failed due to lubrication failures 

o r  d i r t  working into the lubrication. Incipient failure of bearings,  gears ,  and 

other moving elements may be detected by a change of sound o r  other operating 

character is t ics .  Seals will generally s t a r t  to leak slowly before complete fail- 

ure.  Clutches and brakes will start to show signs of slippage before complete 

failure. Keys, s e t  screws,  and pins will become loose and demonstrate some 

backlash before breaking. 

with regular inspection and maintenance programs. 

normal expected life, it m a y  be because of a faulty par t ;  but i f  replacements 

continue to fail,  it is evident that the pa r t  i s  being overloaded. 

Most of these pending failures should be detected 

If one pa r t  fails before the 
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- 

TEh 

- - 
1 

2 

3 

4 

5 

~ ~~ 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Drive /Magnetic 

?. Heat T r a n s f e r l T r a n s -  
Coupling 

m i s s i o n  and Drive 
Shafts 

222140 
3. 12 

1. Genera tor  Drive Shaft 
Seal 

2. Turbine-Generator 
Units and Condenser /  
Gene ra t0  r Side 

320000 
3. 12 

1. Coupling/Insert  
2. S team Condensate and 

Feedwater  Piping and 
Equipment / Condensat, 
Boos ter  Pump 

283200 
3. 12 

1. T r a n s m i s s i o n  and 
Dr ive  Shafts /Coupling 

2. Heat T r a n s f e r I R e a c t o  
Coolant P u m p  

3. 12 
221110 

1. T r a n s m i s s i o n s  and 
Dr ive  Shafts /Coupling 

2. Heat T r a n s f e r f R e a c t o  
Coolant P u m p  

3. 12 
221110 

* I = INCIDENT 

TABLE 1-50 

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

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. F e r m i  
2. Secondary s y s t e m  No. 2 pump 
3. 350 hp, 900 rpm,  12,000 gpm, 

675"F, 3 5 p s i  
4. EF-12  

1. EBR-I1 
2. Main genera tor l turb ine  
3. Oil s e a l  opera ted  a t  4.5 psig above 

hydrogen p r e s s u r e  in  the casing 
4. PMMR- 104 

1. EBR-I1 
2. Condensate/motor-driven 

3. 3 6 4 ° F  a t  1500 psig,  3580 r p m  
4. PMMR-35 

condensate pump 

1. LCTL 
2. LCTLIsodium s y s t e m  pump 

3. 500"F,  flow m e t e r  calibration 

4. LCTL log book, 10/25/63 

1. LCTL 
2. LCTLfsodium s y s t e m  pump 

3. 110 v, 40 amp, var iab le  speed to 

4. LCTL log book, 10/24/61 

coupling 

check  

coupling 

1000 r p m  

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
415 

MI 
500 

MI 
500 

MI 
126 

MI 
124 

- 

MODE 

- - 
MI 
12 

MI 
52 

MI 
59 

MI 
52 

MI 
73 

- 

- 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
550 

- 

- 
PERATINC 
HOURS 

6470 

10,380 

2590 

Unknown 

Unknown 

- 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Operational monitors 

Prevent ive  mainte- 
nance 

Direct observation 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. 
2. 
3. 

Magnetic coupling burned out. 
P a r t  replaced. 
Install  t empera ture  indicator on magnetic coupling 
and es tab l i sh  upper operating tempera ture  l imi t  f o r  
coupling. 

1. Seal worn out. 
2. P a r t  replaced. 
3. None. 

1. Coupling broken. 
2. P a r t  replaced. 
3. None. 

1. Coupling worn  out. 
2. P a r t  replaced. 
3. None. 

1. Sheared spline in lower half. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



c 

1. COMPONENT/PART 

2. SY STEM/SU BSYSTEN 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Drive ShaftfCoupling 
2. Accesso ry  Elec t r ica l  

EquipmentfM. G. Set 
3. 12 

470000 

1. T ransmiss ion fGear s  
2. Heat TransferIReacto 

3. 12 
Coolant System 

22 1140 

1. T ransmiss ion IGear  

2. Turbine-Generator 
Box Shaft 

Units and Condenser /  
Circulating Water  
Pump 

3. 12 
330000 

1. T ransmiss ion  Box 

2. Turbine-Generator  
BushingIGear  

Units and Condenser /  
Circulating Water  
P u m p  

3. 12 
330000 

1. Transmiss ion IS tem 
?. Nuclear Fuel Handlinj 

and  Storage Equip- 
ment lLiquid Metal 
In te rna l  

236100 
3. 12 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-50 

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

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-I1 
2. Secondary sodium systemfM. G. s e t  
3. 
4. PMMR-92-12-15-66 

1. Fermi 
2.  PrimaryINo.  1 pump expansion tank 
3. 100 eDm. 75 f t  discharee head 
4. EFAFP iio. 55 

1. EBR-I1 
2. Cooling tower (south r i s e r )  
3. 8 3 ° F  
4. PMMR-97 

1. EBR-I1 
2. Cooling tower (south r i s e r )  
3. 8 3 ° F  
4. PMMR-97 

1. EBR-I1 
2. Primarylfuc 
3. 700°F 
4. PMMR-61 

handling equipment 

I = MINOR MALFUNCTION ’ = PROBLEM 

~ ~~~ 

FAILURE INDEX 
CODE* 

;AUSE 

- 
~ 

MI 
125 

MI 
348 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
57 

MI 
57 

MI 
59 

- 

FFEC’ 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
530 

- 

#PERATIN( 
HOURS 

8420 

1628 

9345 

9345 

4660 

METHOD OF FAILURE 
DETECTION 

During r epa i r  of 
associated compone 

Direc t  observation 

Operational monitor 

Operational monito I 

Prevent ive mainte- 
nanc e 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Coupling badly worn. 
2. P a r t  replaced. 
3. None. 

1. Gea r s  worn out. 
2. P a r t  replaced. 
3 .  None. 

1. Shaft f rozen  to bushing. 
2. P a r t  replaced. 
3 .  None. 

1. Shaft f rozen to bushing. 
2. Part replaced. 
3 .  Inc rease  preventive maintenance inspections on 

valves to prevent shaft  f r o m  f reez ing  to bushings.  

1. Broken s tem.  
2. P a r t  replaced. 
3 .  None. 



- 

TEM 

- - 
11 

12 

13 

14 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. T r a n s m i s s i o n l T r a n s -  
f e r  Arm,  Clutch 

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

236100 

1. T r a n s m i s  6 ion/  T r a n s  - 
f e r  Arm, Elevation 
clutch Wi re  

2. Nuclear  Fue l  Handling 
and Storage Equip- 
ment /Liquid Metal  
Internal  

236100 

3. 12 

3. 12 

1. T ransmiss ion /C lu tch  

2. Nuclear  Fue l  Handling 
and Storage Equip- 
ment /Liquid Metal 
Internal  

236100 

Key 

3. 12 

1. T ransmiss ion  and 
Drive ShaftsIRai l  
Guide Bearing 

2. Nuclear  Fue l  Handling 
and Storage Equip- 
men t l suppor t  Struc-  
t u r e s  

235113 
3. 12 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-50 

FAILURE DATA FOR p 
(Sheet 3 of 13) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-I1 
2. P r i m a r y / f u e l  handling equipment 
3. 
4. PMMR-98 

1. EBR-I1 
2. P r i m a r y / f u e l  handling equipment 
3. 
4. Maintenance report ,  4 /18/68 

1. EBR-LI 
2. P r i m a r y l f u e l  handling equipment 
3. 
4. PMMR-108 

1. EBR-I1 
2. P r i m a r y l s u e l  unloading machine 
3. 
4. PMMR-113, 11/62 

I = MINOR MALFUNCTION 
) = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
148 

MI 
500 

- 

- 

MODE 

- - 
MI 
BZ 

MI 
59 

MI 
52 

MI 
59 

- 

- 

FF EC1 

- - 
MI 
550 

MI 
550 

MI 
550 

MI 
530 

- 

- 
PERATIN( 
HOURS 

9345 

14,150 

11,320 

12,390 

- 

METHOD OF FAILURE 
DETECTION 

During actuation 

Operat ional  monitor: 

During actuation 

Di rec t  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Clutch inoperative. 
2. Local r epa i r .  
3. None. 

1. Clutch w i r e  broken. 
2. Local repair .  
3. None. 

1. Key worn out due to slippage. 
2. Local repair .  
3.  Include in  preventive maintenance inspection to 

prevent  unpredicted recurrence.  

1. Bearings broken. 
2. Local repair .  
3. None. 



c 

- 

TEiV 

- - 
15 

16 

17 

18 

19 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. T ransmiss ion  and 
Drive/Rai l  Guide 
Bearings 

2. Nuclear  Fuel  Handling 
and  Storage Equip- 
men t l suppor t  Struc- 
t u r e s  

235113 
3. 12 

1. T ransmiss ion  and 
Dr ive l sha f t  Adapter  

2. Nuclear Fue l  Handling 
and Storage Equipmen; 
Reactor  Vessel  
Servicing Equipment 

232100 
3. 12 

1. T ransmiss ion  Exten- 
s ion/Takeup Reel  
Bearings 

2. Nuclear  Fue l  Handling 
and Storage Equip- 
mentICooling System 

235140 
3. 12 

1. T ransmiss ion  Exten- 
s ion/Takeup Real  
Bearings 

2. Nuclear  Fue l  Handling 
and Storage Equip- 
men t l coo l ing  System 

235140 
3. 12 

1. T ransmiss ion  Exten- 
s ion/Takeup Reel 

2. Nuclear Fue l  Handling 
and Storage Equip- 
men t  / Cooling System 

235140 
3. 12 

TABLE 1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 4 of 13) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
2. P r imary / fue l  unloading machine 
3. - 
4. Operation weekly report, 12/67 

1. EBR-I1 
2. P r imary / fue l  unloading machine 
3. 210 to 700°F  
4. Operation weekly report, 1 /17/68 

1. EBR-I1 
2. P r i m a r y  sys t em/ fue l  unloading 

3. - 
4. PMMR-62, 1/66 

machine 

1. EBR-I1 
2. P r i m a r y  sys t em/ fue l  unloading 

3. PMMR-82, 8/66 
machine 

1. EBR-I1 
2. P r i m a r y  system/fuel  handling 

3. - 
4. PMMR-113, 11/14 

machine 

= MINOR MALFUNCTION I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
500 

MI 
315 

MI 
500 

MI 
100 

MI 
500 

vlODE 

- - 
MI 
52 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

=F E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

13,212 

13,380 

4955 

7400 

12,390 

METHOD OF FAILURE 
DETECTION 

Direct  observation 

Direct  observat ion 

Prevent ive mainte-  
nanc e 

Direct  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bearings worn out. 
2. P a r t  replaced. 
3. None. 

1. Shaft adapter  broken. 
2. P a r t  replaced. 
3. Disassembly instruct ions should be  carefully 

reviewed p r i o r  to r epa i r  o r  maintenance. 

1. Bearings worn out. 
2 .  P a r t  replaced. 
3. None. 

1. Bearing broken. 
2. P a r t  replaced. 
3. Design modification required,  s i m i l a r  f a i lu re  

occur red  before .  See PMMR-62. 

1. Cable broken. 
2. P a r t  replaced. 
3. L a r g e r  cable m a y  accept  m o r e  wea r  and cycles. 



* 

- 

'EM 

- - 
20 

21 

22 

23 

24 

25. 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. T ransmiss ion  Gear  
Box /B olt s 

?. Reactor  Equipment/  
Reactor  Shielding 

3. 12 
213000 

1. T ransmiss ion  Oil 
Seals  /Seal  

1.  Reactor  Equipment/  
Reactor  Shielding 

3. 12 
213000 

1. T ransmiss ion  Oil 
Sea l /Sea l  

2. Reactor  Equipment/  
Reactor  Shielding 

3. 12 
213000 

1. T ransmiss ion  and 
Drive ShaftICable  
Drive Clutch 

2. Reactor  Equipment/  
Reactor  Shielding 

3. 12 
2 13000 

1. T ransmiss ion  and 
Dr ive lDr ive  G e a r  

2. Heat  T r a n s f e r /  
Reactor  Coolant 

3. 12 
221100 

1. T ransmiss ion  and 
Drive /Fol lower Rollei 
Shafts 

2. Reactor  Equipment/  
Reactor  Shielding 

3. 12 
213000 

= INCIDENT 
M A  = MAJOR MALFUNCTION 

T A B L E  1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 5 of 13) 

1. FACIL ITY 

!. COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

1. EBR-I1 
2. P r i m a r y  cover  lock No. 3 
3. 
4. Operation weekly report ,  511 

1. EBR-I1 
2. P r i m a r y  cove r  lock  No. 2 
3. 
4. PMMR-81 

1. EBR-I1 
2. P r i m a r y  cover  lock No. 1 
3. 
4. PMMR-80 

1. EBR-11 
2. Small  plug rotat ing dr ive 
3. 
4. Operation weekly report ,  2 / 7 / 6 8  

1. F e r m i  
2. No. 3 sodium pump, pony moto r  
3. 350 hp, 11,800 gpm, 900 r p m  
4. EF-28  

1. F e r m i  
2. Rotating shield plug dr ive 
3. 
4. PRDC-EF-6 

= MINOR MALFUNCTION 
' = PROBLEM 

~~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
32 1 

MI 
500 

MI 
500 

MI 
500 

MI 
148 

MI 
9 z z  

AODE 

- - 
MI 
68 

MI 
BZ 

MI 
52 

MI 
13 

MI 
53 

MI 
54 

T EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

14,300 

6920 

6780 

1200 

13,930 

4015 

- 

METHOD OF FAILURE 
DETECTION 

During r e p a i r  of 
p r i m a r y  f a i lu re  
component 

Prevent ive mainte-  
nanc e 

Prevent ive mainte-  
nanc e 

Operational monitor  

Audio noise  

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Set  s c rews  which lock into bolt t h read  caused galling. 
2. P a r t  replaced. 
3. None. 

1. Oil s ea l s  leaked. 
2. New oil s ea l s  installed. 
3. None. 

1. Oil s e a l  leak. 
2. P a r t  replaced. 
3. None. 

1. Thermocouples  were  shorted by sodium leakage. 
2. P a r t  replaced. 
3. None. 

1. Drive gea r  loose. 
2. Local repair ,  tightened dr ive gea r  s e t  screw.  
3. Revise preventive maintenance inspection intervals  

to  prevent  unscheduled outage of equipment. 

1. Roller shafts bent. 
2. P a r t  replaced. 
3. None. 



e 

- 

rERi 

- - 
26 

27 

28 

29 

- 
MI 

1. COMPONENT/PART 

? . SVSTEM/SUBSVSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. Transmission/Clutch 
Support 

2. Nuclear  Fuel  Handling 
and Storage Equip- 
men t lFue1  Handling 
Machines 

235110 
3. 12 

1. Transmission/Storage 
Basket  Drive Bearing: 

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

236100 
3. 12 

1. T ransmiss ion fUpper  
and Lower Radial 
Bearings 

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

236100 
3. 12 

1. T ransmiss ion  and 
Dr ives  /Gear  Reduc- 
tion Unit 

2.  Nuclear  Fue l  Handling 
and Storage Equipmen 
/Hoist 

235162 
3. 12 

= INCIDENT 

T A B L E  l-5O 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 6 of 13) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-11 
2. Ca r r i age  drive-fuel unloading 

3. - 
4. PMMR-113, 11/67 

machine 

1. EBR-I1 
2. P r i m a r y  sys t em - ferguson dr ive 
3. - 
4. PMMR-102 

1. F e r m i  
2. Sweep mechan i sm 
3. - 
4. EF-22 

1. SRE 
2. Fue l  handling machine 
3. - 
4. Incident report ,  5/12/62 

~~~ 

I = MINOR MALFUNCTION 
= MAJORMALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI  
114 

MI 
117 

MODE 

- - 
MI 
59 

MI 
52 

MI 
55 

MI 
73 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI  
530 

PERATIN( 
HOURS 

12,390 

10,820 

11,740 

Unknow 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 

Routine inspection 

During actuation 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Support broken. 
2. Local repair .  
3. None. 

1. Bearings worn  out. 
2. P a r t  replaced. 
3. None. 

1. Upper d r ive  mechan i sm bound up during folding of 
sweep arm. 
shaft scored.  

2. Provided manua l  operation during investigation. 
3. An engineering review of the design should be  

undertaken to  determine i f  a modification would 
prevent  fu tu re  malfunctions. 

Lower radial  bear ing found frozen and 

1. Gear  reduction unit developed a s e r i e s  of b r i t t l e  
c r acks .  

2. Gea r  uni t  replaced. 
3. None. 



* 

- 

TEh 

- - 
30 

31 

32 

33 

- 

~~ 

1. COMPDNENT/PART 

2 .  SYSTEM/SUBSYSTEW 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. T ransmiss ion  Exten- 
s ionIFr ic t ion  Com- 
pens ato r Shaft 

2. Nuclear  Fuel  Handlin 
and Storage Equip- 
ment /Liquid Metal  
Internal  (holddown) 

236100 
3. 12 

1. T ransmiss ion  Exten- 
s ion1Frict ion Com- 
pensator  Bearings 

2. Nuclear  Fuel  Handlin 
and Storage Equip- 
ment /Liquid Metal  
Internal  (holddown) 

236100 
3. 12 

1. T ransmiss ion  Exten- 
s ion lFr ic t ion  Com- 
pensa to r  Roll P in  

2. Nuclear  Fuel  Handlin 
and Storage Equip- 
ment /Liquid Metal  
Internal  (holddown) 

236100 
3. 12 

1. T ransmiss ion /Push  
F o r c e  Mechanism 
Switch 

2. Nuclear  Fuel  Handlir 
and Storage Equip- 
ment /Liquid Metal  
Internal  (holddown) 

236100 
3. 12 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  l-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 

(Sheet 7 of 13) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-LI 
2. P r i m a r y  sys t em/ fue l  handling 

3. 
4. Operat ion weekly report ,  1 /10/68 

subassembly holddown 

1. EBR-II 
2. P r i m a r y  sys t eml fue l  handling 

3. 
4. Operation weekly report ,  1 /10/68 

a s sembly  holddown 

1. EBR-Il 
2. P r i m a r y  s y s t e m l f u e l  handling 

3. 
4. Operation weekly report ,  1 /10/68 

subassembly holddown 

1. EBR-Il 
2. P r i m a r y  sys t em/ fue l  handling 

3. 
4. Operation weekly report ,  l l l O / 6 8  

subassembly holddown 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

!ODE 

- - 
MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
59 

- 

=F EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PER AT IN( 
HOURS 

13,380 

13,380 

13,380 

13,380 

METHOD OF FAILURE 
DETECTION 

Prevent ive mainte-  
nance 

Prevent ive mainte-  
nance 

Prevent ive mainte-  
nance 

Prevent ive mainte-  
nance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Shaft worn out. 
2. P a r t  replaced. 
3. Revise  preventive maintenance inspection in te rva l  

to pe rmi t  replacement  be fo re  total fa i lure .  

1. Bearings worn out. 
2. P a r t  replaced. 
3. Revise  preventive maintenance inspection in te rva l  

to pe rmi t  replacement  be fo re  total fa i lure .  

1. Roll pin worn out. 
2. P a r t  replaced. 
3. Revise preventive maintenance inspection interval  

to  pe rmi t  replacement  before  total fa i lure .  

1. Backup switch broken. 
2. P a r t  replaced. 
3. None. 



Q 

- 

'E k 

- - 
34 

35 

36 

37 

38 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

8 .  CODE: 
(Component) 
(Svstern/Subsvstem) 

1. Transmission/Bel low 
?. Reactor  Equipment/ 

Reactivity Control  anc 
Safety Shutdown 

212300 
3. 12 

1. T r ansmis  s i o n l  Lower 

?. Reactor  Equipment/ 
Drive Assembly 

Reactivity Control anc 
Safety Shutdown 

212300 
3. 12 

1. TransmissionIBel low 
?. Reactor  Equipment/ 

Reactivity Control anc 
Safety Shutdown 

212300 
3. 12 

1. Transmiss ion  and 
Drive Shafts lDrive 
shaft 

Reactivity Control ani 
Safety Shutdown 

212300 

2. Reactor  Equipment/ 

3. 12 

1. T ransmiss ion  and 
Drive ShaftsIBearing 

2. Reactor  Equipment/ 
Reactivity Control ani 
Safety Shutdown 

212300 
3. 12 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 8 of 13) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

!. SOURCE DOCUMENT 

1. EBR-I1 
2. Reactor  control rod  drive No. 7 
3. 300 to 800°F  
4. PMMR-74 

1. EBR-I1 
2. Reactor  control rod drive No. 6 
3. 300 to 8 0 0 ° F  
4. Operation weekly report, 12/20/67 

1. EBR-I1 
2. Mark  I1 osci l la tor  rod 
3. 300 to 800°F  
4. Operation maintenance report ,  

6 /19/68 

1. F e r m i  
2. Osci l la tor  rod extension 
3. Reactor  environment 
4. PRDC-EF- 17 

1. F e r m i  
2. Reactor  safety rod drive No. 7 
3. 
4. PRDC-EF-13 

I = MINOR MALFUNCTION 
) = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
328 

MI 
500 

CODE* - 

AODE 

- - 
MI 
59 

MI 
55 

MI 
B Z  

MI 
55 

MI 
52 

- 
:F EC1 

- - 
MI 
550 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

'ERATINC 
HOURS 

5990 

13,380 

15,240 

9390 

7200 

METHOD OF FAILURE 
DETECTION 

Operational monitor  

Operational monitor  

D i rec t  observat ion 

Direct  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows broken. 
2. P a r t  replaced. 
3. P e r f o r m  engineering study on  cause of f a i lu re  and 

make  recommendations. 

1. Drive a s sembly  inoperative. 
2. Part replaced. 
3. None. 

1. Found sodium in tube above bellows. 
2. New s p a r e  control rod was instal led in  i t s  place. 
3. None. 

1. A ~ a l  binding at t r ibuted to a f ragment  of a n  old dus t  
s ea l  found in  the upper  housing. 

2. Local repair .  
3. Require m o r e  s t r ingent  inspect ion p r i o r  to c losu re  

of equipment and u s e  p rope r  a'ssembly procedure.  

1. Badly worn shaft bearing. 
2. Part replaced. 
3. None. 



- 

rElV 

- - 
39 

40 

41 

42 

43 

- 
* I  

1. COMPONENT/PART 

!. SYSTEM/SUBSYSTEN 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. T ransmiss ion  and 
Drive ShaftlConnec- 
tion 

2. Reactor  Equipment/  
Reactivity Control  a n  
Safety Shutdown 

212300 
3. 12 

1. T ransmiss ion  and 
Drive ShaftsIExten- 
s ion Bellows 

2. Reactor  Equipment/  
Reactivity Control  an  
Safety Shutdown 

3. 12 
212300 

1. T ransmiss ion  and 

2. Reactor  Equipment/  
Dr ive fL imi t  Switch 

Reactivity Control  an  
Safety Shutdown 

212300 
3. 12 

1. Transmiss ion  and 
Drive Shafts /Brake  

2. Reactor  Equipment/  
Reactivity Control  
and Safety Shutdown 

212300 
3. 12 

1. T ransmiss ion lBe l lou  
2. Reactor  Equipment/  

Reactivity Control an  
Safety Shutdown 

212300 
3. 12 

INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 

(Sheet 9 of 13) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. F e r m i  
2. Safety rod extension No. 6 
3. - 
4. PRDC-EF-38 

1. F e r m i  
2. Reactor  system/No.  1 safety rod 
3. - 
4. PRDC-EF-13 and 14 

1. F e r m i  
2. Reactor  system/No.  1 safety rod 
3. - 
4. PRDC-EF-15 

I. F e r m i  
2. Safety rod dr ive  
3 .  - 
4. EFAPP-MR-45  

1. EBR-I1 
2. Reactor  control  rod dr ive No. 8 
3. 300 t o  8 0 0 ° F  
4. PMMR-38 

= 'MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
324 

MI 
456 

MI 
33 1 

MI 
157 

MI 
500 

dODE 

- - 
MI 
14 

MI 
67 

MI 
59 

MI 
13 

MI 
59 

- 
=FEC 

- - 
MI 
530 

MI 
550 

MI 
530 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

14,941 

7930 

8660 

4913 

2590 

METHOD O F  FAILURE 
DETECTION 

During activation 

Di rec t  observat ion 

Direct  observat ion 

Protect ive s y s t e m  

During preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Loose connection a t  t e rmina l  boa rd  caused safety 
rod flow speed dr ive  moto r  to  fail.  

2. Local  repa i r .  
3. None. 

1. Po ros i ty  i n  the flange weld a t  the bottom of the 
p r i m a r y  bellows resul ted in a sodium leak. 

2. Local repair .  Rewelded flange. 
3. Revise Quality Assu rance  p rocedures  f o r  acceptance 

of welds. 

1. Broken as a resu l t  of accidental movement  between 
switches. 

2. P a r t  replaced. 
3. Instal l  protect ive b racke t s  over  switches to prevent  

inadvertent  damage. 

1. Drive b rake  inoperative. 
2. P a r t  replaced. 
3. Revise preventive maintenance p rocedure  to requi re  

inspection of dr ive  b rakes  a t  schedule intervals .  

1. Control rod bellows ruptured. 
2. P a r t  replaced. 
3. None. 

Q 



c 

- 

TEN 

- - 
44 

45  

46 

4 7  

48 

- 

1. COMPONENT/PART 

! . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. Transmission/Bel low 

2. Reactor Equipment/ 
Reactivity 

Control and Safety 
Shutdown 

212300 
3. 12 

1. T ransmiss ion  /Sens in 

2. Reactor  Equipment/ 
Rod 

Reactivity Control an  
Safety Shutdown 

212300 
3. 12 

1. T ransmiss ion f Jaw 
Drive Clutch 

2. Reactor Equipment/ 
Reactivity Control an  
Safety Shutdown 

212300 
3. 12 

1. T r ansmi  s sion/Shaft 
2 ,  Reactor  Equipment/ 

Reactivity Control an  
Safety Shutdown 

212300 
3. 12 

1. T r a n s m i s s i o d J a w  
Drive Clutch 

2. Reactor  Equipment/ 
Reactivity Control an  
Safety Shutdown 

212300 
3. 12 

= INCIDENT 

T A B L E  1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 10 of 13) 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-II 
2. Reactor control  rod dr ive No. 9 
3. 300 to 800°F  
4. ANL-7105 

1. EBR-II 
2. Reactor control  rod dr ive 
3. 300 to 8 0 0 ° F  
4. ANL-7105 

1. EBR-11 
2. Control rod No. 3 
3. 
4. PMMR- 102 

1. EBR-11 
2. Control rod No. 7 
3. 
4. ANL-6965 

1. EBR-II 
2. Control rod No. 9 
3. 
4. Operations monthly report ,  91 18/ t  

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MA 
500 

MA 
500 

dOOE 

- - 
MI 
59 

MI 
55 

MI 
59 

MA 
BZ 

MA 
55 

- 
FF EC 

- ~ 

MI 
550 

MI 
550 

MI 
530 

MA 
520 

MA 
550 

PERATIN( 
HOURS 

3410 

3410 

10,000 

15,240 

1200 

METHOD OF FAILURE 
DETECTION 

During inspection 
of sys t em associate< 
to fa i lure  componenl 

Operational monitor  

During routine 
inspection 

Direct  observa-  
tion 

Protect ive sys t em 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sodium leaked into a r e a  between bellows and g r ippe r  
tube. 

2. P a r t  cleaned and f reed .  
3. None. 

1. Sodium leaked into a r e a  between bellows and g r ippe r  
tube. 

2. P a r t  cleaned and f reed .  
3. None. 

1. Roll pins broken. 
2. P a r t  replaced. 
3. None. 

1. Clutch inoperative. 
2. P a r t  replaced. 
3. None. 

1. Control rod shaft was stuck in reac tor  ves se l  cover ,  
and would not move even with a i r  ass is tance.  

2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE 1-50 

FA1 LURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 

(Sheet 11 of 13) 

. COMPONENT LOCATION 

1. COMPONENT/PART 

2. SYSTEM/SU BSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

49 

50 

51 

~~~~ 

1. Transmission/Shaft  
2. Reactor  Equipment/ 

Reactivity Control 
and Safety Shutdown 

212300 
3. 12 

1 .  Transmiss ion /C lu tch  
2. Reactor  Equipment/ 

Reactivity Control and 
Safety Shutdown 

212300 
3. 12 

1. T ransmiss ions  and 

2. Reactor  Equipment/ 
Drive Shafts /Snubbers 

Reactivity Control and 
Safety Shutdown 

212300 
3. 12 

52 

53 

54 

1. T ransmiss ions  and 
Drive ShaftsIBushing 

2. Reactor  Equipment/ 
Reactivity Control 
and Safety Shutdown 

2 12300 
3. 12 

1. T ransmiss ion  and 
Drive Shaft lDrive Unil 

2. Reactor  Equipment/ 
Reactivity Control 
and Safety Shutdown 

212300 
3. 12 

1. T ransmiss ions  and 

2. Reactor  Equipment/ 
Drive Shafts /Snubbers 

Reactivity Control  and 
Safety Shutdown 

3. 12 
212300 

I = INCIDENT 
MA = MAJOR MALFUNCTION 

. OPERATING CONDITIONS 

. SOURCE DOCUMENT CAUSE 

EBR-I1 
Control rod No. 9 

ANL- 6965 

EBR-I1 
Control rod No. 12 

Operations monthly report ,  11 167 

HNPF 
Reactor  co re l con t ro l  rod 
350 to 9 4 5 ° F  
Monthly operat ing r epor t  No. 14 

HNPF 
Reactor  co re / con t ro l  rod No. 2 
350 to 9 4 5 ° F  
Monthly operat ing r epor t  No. 3 

H N P F  
Reactor  co re / con t ro l  rod No. 8 
350 to 925 'F 
Monthly operat ing r epor t  No. 7 

HNPF 
Reactor  co re / con t ro l  rod  No. 10 
350 to  9 4 5 ° F  
Monthly operat ing r epor t  No. 24 

I 
= MINOR MALFUNCTION 
= PROBLEM 

VlODE 

- - 
MA 
55 

MI 
52 

MI 
52 

MI 
57 

MI 
BZ 

MI 
BZ 

FF EC 

- - 
MA 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

- 
PERATINC 
HOURS 

1200 

12,000 

4450 

1605 

3250 

8700 

METHOD O F  FAILURE 
DETECTION 

Protective s y s t e m  

During routine in-  
spection 

3perat ional  monitors  

Direct observat ion 

Direct observat ion 

Direct observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Control rod shaf t  jammed.  
?. P a r t  replaced. 
3. None. 

1. Clutch worn out. 
2 .  Replaced with new unit. 
3 .  Revise prevent ive maintenance inspection schedule 

to detect  problem be fo re  total fa i lure .  

1. Snubbers lost  oil. 
2. Correct ive modification. 
3. None. 

1. Bushing bent oblong, stopping rod movement .  
2. Unknown. 
3. None. 

1. Drive unit inoperative. No reason given. 
2 .  P a r t  replaced. 
3. None. 

1 .  Unknown. 
2 .  P a r t  replaced. 
3. None. 



c 

- 

-EV 

- - 
55 

56 

57 

58 

59 

- 
M I  

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(Systern/Subsystem) 

1. T ransmiss ion  and 

1. Reactor  Equipment/ 
Drive Shafts /Snubber: 

Reactivity Control an< 
Safety Shutdown 

212300 
3. 12 

1. T ransmiss ions  and 
and Drive Shafts /  
Mechanical Interlock 

2. Reactor  Equipment/ 
Reactivity Control ani 
Safety Shutdown 

212300 
3. 12 

1. Transmiss ions  and 
Drive Shafts/Rod 
Actuator  Brake  Shoe 

2. Reactor  Equipment/ 
Reactivity Control ani 
Safety Shutdown 

212300 
3. 12 

1. T ransmiss ions  and 
Drive ShaftsIShaft 
Seal 

2. Reactor  Equipment/ 
Reactivitv Control a n  
Safety Shkdown 

212300 
3. 12 

1. T ransmiss ion  and 
Drive Shafts /Pul l  
Tubes 

2. Reactor  Equipment/ 
Reactivitv Control an 
Safety Shkdown 

212300 
3. 12 

T A B L E  1-50 

FAILURE DATA FOR TRANSMISSIONS AND DRIVE SHAFTS 
(Sheet 12 of 13) 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

L .  HNPF 
:. Reactor  co re / con t ro l  rod No. 10 
3. 350 to 945°F  
1. Monthly operating report No. 24 

1. HNPF 
?. Reactor  core/automatic flux control  

rod No. 14 
3. 350 to 9 4 5 ° F  
P. Monthly operating report No. 6 

1. HNPF 
2. Reactor /control  rod No. 18 
3. 350 to 945°F  
4. Monthly operating report No. 2 1 

1. HNPF 
2. Reactor  core/control  rod CR- 19 
3. 350 to 9 4 5 ° F  
4. Monthly operating report No. 20 

1. HNPF 
2. Reactor  co re / con t ro l  rod SN-20 
3. 350 to 945°F  
4. Monthly operating report No. 25 

= INCIDENT MI = MINOR MALFUNCTION 
= MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

MI 
332 

MI 
3 1Z 

MI 
12z 

MI 
178 

- 

MODE 

- - 
M I  
BZ 

MI 
55 

MI 
A5 

MI 
5 z  

MI 
5 z  

FF EC' 

- - 
MI 
550 

MI 
530 

MI 
550 

MI 
530 

MI 
550 

PERATIN( 
HOURS 

8700 

3250 

8320 

7754 

9420 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 

Operational monitors  

Operational monitors  

Direct  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Unknown. 
2. P a r t  replaced. 
3. None. 

1. Mechanical inter lock jammed.  
2. Local repair .  
3. Replace with be t t e r  quality contactors .  Weekly 

inspection to  be performed.  

1. Evidence of g rease  on b rake  shoes,  causing slow 

2. P a r t  replaced. 
3. None. 

r e l ease  and sluggish drive. 

1 .  Oil observed on b rake  disk caused by leaking shaft 
seal. 

2. P a r t  replaced. 
3. None. 

1. Pull tubes elongated due to unsnubbed drops. 
2. Unknown. 
3. None. 
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T A B L E  1-51 

FAILURE DI STRl  B UTI ON FUNCTIONS 

COMPONENT TRANSMISSIONS AND DRIVE SHAFTS 

COMPONENT SUBTYPE 
TRANSMlSSIONS AND DRIVE SHAFTS 

FAILURES (%) 0 1 0  2 

Nuclear Tes t  Reac tor  

Nuclear Power  Reactor 

I 

iz Component T e s t  Faci l i ty  
I 

Reactor  Coolant 

Turbine Genera tor  

Heat T r a n s f e r  

Reactivity C ont ro l l  Equipment L 

I 

Bear ings  

G e a r s  

‘ 

I- Shafts and Stems 
E 

$ Couplings 

- - 
- 
I- Bellows 

9 Snubbers I z 

v 
I Other 1 I 

t I 
I I I 

Elec t r ica l  

Metallurgical 

Unknown 

Plant  availability l o s s  

Labor  and m a t e r i a l s  loss  only 

I 

w 
IL. 
W 

IL System/component inoperative I 

I 

LMEC-Memo-69-7, Vol 1 
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T A B L E  1-52 

GENERAL SUMMARY 

~. 
Human e r r o r  

W 
v, Inherent 
3 
a Unknown 
0 

COMPONENT TRANSMISSIONS AND DRIVE SHAFTS 
F A l l  I IRFS("/J 0 10 20 30 40 50 60 70 80 90 1 1  

I 

Electr ical  - 
Mechanical 

Metallurgical - 
. Unknown 

~ 

Reactivity - 
$ I I I I I 

Plant  availabil i ty lo s s  

Labor and ma te r i a l s  loss  o 

3 

L L -  
w 

SystemIcomponent inoperative 

W a > 

FAILURE RATE CFAILURES/106 hr) 0 20 40 
Transmiss ions  and dr ive shaf ts  

'llll 

I 

LMEC-Memo-69-7, Vol 1 
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4. Turbine Generators (turbine s ide)  

Fai lure  data f o r  turbine generators (turbine s ide)  a r e  presented in Tables 

1-53 through 1-55. 

a. Reliability Information 

Design Features  : 

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

operation. 

Crit ical  Character is  tics : 

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

Mode of Fai lure  : 

1 )  Steam flange leaks 

2 )  Seal ring 

3 )  Blade damage 

4 )  Control malfunctions. 

@ Description of Fai lures:  

1)  Leakage a t  s team turbine flange with cause undescribed. 

2 )  Section of broken seal  ring caused blade damage. 

3 ) P r e s  s u r e  governor malfunctioned apparently due to misalignment 
developing and resulting in control problems. 

Control Methods : 

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

af ter  failures which may cause increased sys tem vibration. 

2 )  Maintain accelerometer  surveillance of large equipment to detect 
fa i lures  . 

3)  Ensure running clearances a r e  in accordance with supplier recom- 

mendations. 

LMEC-Memo-69-7, Vo l  I 
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I 
4)  Pe r fo rm analysis to establish metallurgical cause of failure. 

I 

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 s team leak on the vertical  flange of the main turbine was reported. The 

report  did not indicate whether the leakage was a t  the flange joint o r  in  the 

flange parent metal. 

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, o r  by 

( 2 )  vibration causing loosening of the flange bolts. 

occur af ter  a reported turbine blade failure. 

increased vibration coupled with thermal  s t r e s s  could have resulted in the flange 
leakage. After turbine difficulties it would be in  o rde r  to torque check all bolted 

flange connections. 

It i s  assumed that the leakage occurred a t  the joint. 

This particular leakage did 

There is good possibility that the 

A mechanical failure of the sea l  r ing  was reported. A piece of the sea l  

ring broke f r o m  the turbine casing causing extensive blade damage. 

it is possible that a blade fai lure  caused the seal  ring damage. Assuming the 

sea l  ring to be a t  fault, the failure probably occurred a s  a resul t  of excessive 

rubbing between the ring and rotating assembly. 

cur red  at startup, damaging the ring, s o  that subsequent vibration and pres-  

s u r e  loading and even light rubbing eventually resulted in  the failure. There 

i s  no indication a s  to when the failure occurred, only when it was observed. 

any case,  it appears a s  though a design change i s  in o rde r  to prevent future 

problems. Opening the running clearances is one possible remedy for  this 

type of problem. 

indicate a quality control problem. 

However, 

The rubbing may have oc- 

In 

There i s  also the possibility of faulty mater ia l  which would 

The use  of a vibration me te r  with a recorded output and surveillance of the 

records might have indicated the t ime of failure and possibly given indications 

of an impending failure, depending upon how the failure progressed. 

LMEC-Memo-69-7, Vol  I 
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A control malfunction was reported. The governor p re s su re  control ap- 

0 parently experienced a performance shift which caused difficulties in controlling 

the header pressure .  The problem was solved by readjusting and realigning the 

gove rno r. 

The performance shift could have been caused by ( 1 )  vibration loosening 

the adjustment ,mechanism, ( 2 )  improper o r  inadequate lubrication, ( 3 )  me-  

chanical s t r e s s ,  {and (4)  improper maintenance and lack of cleaning. 

Since it i s  not known what was accomplished during the readjustment and 

realignment, it is difficult to make a recommendation. 

n 
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1. COMPONENT/PART 

2 .  SY STE M/SU BSY STE M 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Turb ine-Genera tor /  
Flange 

2. Turbine-Generator 
Units /Turbine Side 

3. 55 
310000 

1. Turb ine-Genera tor /  
Spill Strip Casing 

2 .  Turbine - Generato r 
Units /Turbine Side 

3. 55 
310000 

1. Turbine -Genera tor  / 
Governor 

2. Turbine-Generator 
UnitsITurbine Side 

3. 55 
310000 

* I = INCIDENT 

TABLE 1-53 

FAILURE DATA FOR TURBINE GENERATORS (TURBINE SIDE) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-I1 
2. Main turb ine /ver t ica l  flange 
3. 20,000 kw, 3,600 r p m  
4. PMMR-91 

1. EBR-I1 
2. Main turbine 
3. 20,000 kw, 3,600 r p m  
4. ANL7255, PMMR-85 

1. EBR-I1 
2. Main turbine 
3. 20,000 kw, 3,600 rpm 
4. PMMR-113 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
M I  
500 

MA 
500 

MI 
500 

MODE 

- - 
M I  
B Z  

MA 
53 

MI 
43 

FF EC1 

- - 
!AI 
550 

M A  
520 

MI 
550 

- 
PERATINC 
HOURS 

8,732 

7,800 

12,390 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Routine inspection 

Operational moni tors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. S team leak  on main  turbine flange 
?. Local r epa i r  to be attempted - apparently successfu l  

because  turbine put back in  serv ice .  
3 .  Following any  turbine problems of increas ing  vibratior 

recheck  turbine flange connections - tighten bolts.  

1. Por t ion  of s e a l  r ing broke f r o m  turbine causing 
extensive blade damage. 

2. The  supplier representa t ive  (GE) replaced o r  repaired 
a l l  questionable blading. 

3. Increase  running c learance  of s ea l  r ing if possible - 
c lean  s t e a m  sys tem - incorpora te  vibration m e t e r  
with visual read  out cha r t  or electronic a l a r m  r e d  
l ine - determine  blade fatigue not problem - determint 
r ing m a t e r i a l  i s  sound. 

1. P r e s s u r e  governor malfunction causing difficult ies in 
controll ing s t e a m  header  p r e s s u r e .  

2. Governor was realigned and r e se t  a t  facility. 
3. Improve maintenance procedures  - check f o r  clean- 

l iness  of mechanism,  cor ros ion ,  lubrication - 
check to e n s u r e  vibration is not loosening adjustment 
mechanism. 

MA = MAJORMALFUNCTION P = PROBLEM 

Q 



TABLE 1-54 

FAILURE DI STRl BUT1 ON FUNCTl ONS 
COMPONENT TURBINE GENERATOR (TURSINE SIDE) 

COMPONENT SUBTYPE TURBINE GENERATOR (TURBINE SIDE) 

FAILURES(%) 0 I E - 
Nuclear Tes t  Reac tor  

;2 
=?t 

Turbine-Generator Units - Turbine Side II 

Governor - 
Blades 

+ Flange 

- 
II 

E 
d 

I 
d l  I 

w z 
0 a .  
I 
0 
0 

1 I 

Environmental  

Unknown 

w Mechanical - 
n 
0 
ZZ 

~ 

Unknown - 
I 

0 1  J 
Ly 

U Plant availability l o s s  
LL 
w 

Systemlcomponent inoperative I 
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T A B L E  1-55 

Envir onrnental 

,Unknown 
__ 

W 
v) 
3 

0 
a 

GENERAL SUMMARY 

------- 

0 
0 
2 .  

W 
LL 
L L -  
W 

1 

Mechanical 

Unknown 

Plant  availability loss  

SystemIcomponent inoperat ive 

w t  

OPERATING HOURS (THOUSANDS) 0 5 10 15 ~ 

Turbine genera tor  - turbine 1 I I 

FAILURE RATE (FAlLURES/106 hr) 0 
Turbine genera tor  - turbine I T 

1 
LMEC-Memo-69-7, Vol I 
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5. Valve Operators (See Figures  1-4 and 1-5) 

Fai lure  data for  valve operators  a r e  presented in Tables 1-56 through 1-58. 

a. Reliability Information 

Design Fea tures :  

Pneumatic cyclinder is  used to open and close valves. 

Cri t ical  Character is t ics  : 

1 )  Cylinder seals  

2 )  Packing gland and valve s t em assembly 

3 )  Coupling between actuator and valve. 

Fai lure  Desc ription: 

1 )  D i r t  o r  paint on s t em 

2 )  Stem bent 

3 )  h p r o p e r  packing techniques 

4 )  Wrong type of packing 

5 )  Actuator moving too fast  

6 )  Improper repa i r  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 i s  of right s ize  and mater ia l .  

6 )  Install orifices in actuation sys tem to control timing. 

7 )  Write repair ,  assembly, and installation checklists and detailed 

procedures if necessary.  

8 )  Install water  t raps  and f i l ters  in air system. 

LMEC-Memo-69-7, Vol I 
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OPERATOR HEAD 

HOLDING SCREW BUSH I NG 

WOODRUFF KEY 
BOTH ENDS 

CORE FITTING 

EXPANSION PIN 
UPPER SLEEVE 

FERRULE 

CORE 

-- 

SLEEVE 

I 01 

'8 

ARMOR CABLE 
OR CASE 

LOWER DC TERMINAL- JI li 
&'' EXPANSION 

CORE FITTING SLEEVE HOLDING SCREW 

LOWER OPERATOR HEAD 

'---BUSHING 

P I N  

VALVE WHEEL ADAPTOR 

'/s" "U" BOLT CLAMPS 

7602-1568 A 

Figure 1-4. Remote Valve Operator 

A 
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F L O O R - S T A N D  S T Y  LE P N E U M A T I C  
V A L V E - O P E R A T O R  A N D  C O N T R O L  
I N S T R Uh4C N T A T IO N 

-C-L D R I V E  S H A f T  P C N E T R A T I O N  T P R O U G H  
G I O L O G I C A L  S H I E L D I N G  ( F U R N I S H E D  
WITH G A S  T I G H T  S H A F T  S E A L )  

S U P  P O  R T BR AC I< E T - M O  U N T E D 
O N  V A U L T  C E I L I N G  

P R I M R Y  T H R O T T L I N G  V A L V E  

DfZlVC S H A F T  ( A L S O  F U R N I S H E S  V A L V E  S T E M  P O S I T I O N  
r LLU-CACK TO C O N T R O L  I N S T R U M E N T A T I O N )  

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) a r e  generally required in sodium i 

systems f o r  reasons of accessibil i ty limitations. 

in which the valve operator  may function mus t  be considered to ensure that 

lubricants and electr ical  insulation will not suffer deterioration. 

mus t  be controlled in o rde r  not to exceed any s t ruc tura l  limitations to the valve. 

Frictional losses  associated with either flexible dr ive shafts o r  solid mechani- 

cal  drive t ra ins  interconnected to gear  boxes, universal  joints and couplings 

mus t  be allowed for,  when establishing power actuating requirements.  Allow- 

ances should also be made for  pipe deflections and valve motion relative to the 

dr ive shafts. 

have adequate provision for  reducing the t ransient  forces  by the use  of energy- 

absorption devices. 

The nuclear radiation field 

Stem force  

Where closing o r  opening speed is high, the valve design must  

Fai lures  to either the coupling o r  universal  joint were  high. It was con- 

cluded that the original design did not adequately consider the forces  involved 

and did not provide fo r  thermal  growth, 

and orifices installed in the sys tem would have provided m o r e  positive control. 

Water was found in the cylinders. 

t e m  were  designed with t raps  to prevent the collection of mois ture  in a reas  

that h a r m  the system. 

The timing of the actuator was off, 

This could have been prevented if  the sys-  

There were  many fai lures  during installation o r  while personnel were 

working in the a rea ,  

couplings, the shearing of pins, breaking of keys, bent s tems,  repa i r  and 

replacement of gea r s  and clutches, and improper  choice of packing and i ts  

installation, 

ing for  personnel, and m o r e  complete installation and maintenance procedures.  

These included the disengaging of shafts f r o m  their  

This situation could be improved with be t te r  design, m o r e  t ra in-  

LMEC-Memo-69-7, Vol I 
1-142 



c 

2 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

- I  

and Galves 

221230 
3. 21  

1. Valve O p e r a t o r i  

2. Heat  T r a n s f e r I P r i -  
Shaft 

1 11. Valve Opera to r /  

4 

12. sIh,”aft’TransferiPri- 
m a r v  Coolant PiDine 

1. Valve Opera to r /  

2. Heat  T r a n s f e r I P r i -  
Key 

m a r y  Coolant Piping 
and Valves 

221230 
3. 21  

m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

3 11. Valve Opera to r /  

5 

shaf t  

m a r y  Coolant Piping 
and Valves 

221230 

2. Heat  T r a n s f e r / P r i -  

3. 21  

1 

I = INCIDENT 
M A  = MAJOR MALFUNCTION 

T A B L E  1-56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 1 of 9 )  

1. FACIL ITY 

2. COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. H N P F  
2. P r i m a r y  (block valve)  V- 101 
3. Gas cooled f r e e z e  seal gate, 14 in. 

ambient  t empera tu re  
4. HNPF, work request  No. 1742 

1. HNPF 
2. P r i m a r y  (block valve) V-201 
3. Gas cooled f r e e z e  seal gate, 14 in. 

4. HNPF, work  request  No. 1742 
ambient  t empera tu re  

1. HNPF 
2. P r i m a r y  (block valve)  V-301 
3. Gas  cooled f r e e z e  seal gate, 14 in. 

4. HNPF, work request  No. 1742 
ambient  t empera tu re  

1. HNPF 
2. P r i m a r y  ( throt t le)  V-203 
3. Ambient t empera tu re  
4. S. Berge r ,  e t  al, HNPF, Reactor  

Operations Analysis P r o g r a m  S e m  
Annual P r o g r e s s  Report No. 4, 
Feb. 29, 1964-Sept. 30, 1964, 
NAA- SR- 10743 

1. HNPF 
2. Secondary ( throt t le)  V-102 
3. Ambient t empera tu re  
4. HNPF, work  request  No. 2490 

= MINOR MALFUNCTION 
’ = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSI 

- - 
MA 
110 

MA 
110 

MA 
110 

MI 
126 

MA 
126 

- 
MODE 

- - 
MA 
53 

MA 
53 

MA 
53 

MI 
59 

MA 
55 

- 
FF EC1 

- - 
MA 
530 

MA 
530 

MA 
530 

MI 
530 

MA 
520 

PERATINI 
HOURS 

2784 

2784 

2784 

14,208 

5836 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 
(unscheduled) 

Direct  observat ion 
(unscheduled) 

Direct  observat ion 
(unscheduled) 

Operational monitor  

Ope rat ional  monitor  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. R ECOM ME NDATl ONS 

1. Shaft r is ing and disengaging f r o m  coupling. 
2. Local r epa i r ,  tack welded shaf t  to coupling. 
3. None. 

1. Shaft r is ing and disengaging f r o m  coupling. 
2. Local r epa i r ,  tack welded shaf t  to coupling. 
3. None. 

1. Shaft r is ing and disengaging f r o m  coupling. 
2. Local r epa i r ,  tack welded shaf t  to coupling. 
3. None. 

1. P a r t  broken. 
2. Part replaced. 
3. None. 

1. P a r k  broken. 
2. P a r t  replaced. 
3. None. 



1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEV 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve Opera to r /  
Clutch and G e a r  Box 

!. Heat  T rans fe r I In t e r -  
mediate  Coolant Pipin 
and Valves 

1. 21 
222230 

I. Valve Opera to r /  

!. Heat  T r a n s f e r l l n t e r -  
G e a r  Box 

mediate  Coolant Pipin 
and Valves 

3.  21  
222230 

I. Valve Opera to r /  

?. Heat  T r a n s f e r I P r i -  
G e a r  Box 

m a r y  Coolant PiTing 
and Valves 

3 .  21 
221230 

I. Valve Opera to r /  

?. Heat T r a n s f e r I P r i -  
G e a r  Box 

m a r y  Coolant Piping 
and Valves 

3 .  21 
22 1230 

I. Valve Opera to r /  

?. Heat T r a n s f e r I P r i -  
G e a r  Box 

m a r y  Coolant Piping 
and Valves 

22 1230 
3. 21 

(Sheet 2 of 9)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

T .  SOURCE DOCUMENT 

1. HNPF 
2. Secondary ( throt t le)  V- 102 
3 .  Ambient t empera tu re  
4. HNPF,  work  r eques t  No. 2526 

1. H N P F  
2. Secondary ( throt t le)  V-302 
3. Ambient t empera tu re  
4. HNPF,  work  r eques t  No. 1932 

1. HNPF 
2. P r i m a r y  (fill and d ra in )  V-461 
3. Ambient t empera tu re  
4. HNPF, work  request  No. 949 

I. H N P F  
2. P r i m a r y  (fill and d ra in )  V-462 
3. Ambient t empera tu re  
4. HNPF, work  request  No. 949 

1. H N P F  
2. P r i m a r y  ( r eac to r  inlet)  V-002 
3. Ambient t empera tu re  
4. HNPF, work  r eques t  No. 2397 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

- 
:AUSE 

- - 
MA 
126 

MI 
126 

MI 
110 

MI 
110 

MI 
126 

- 

CODE* - 

MODE 

- - 
MA 
55 

MI 
52 

MI 
55 

MI 
55 

MI 
52 

- 

- 

FFECl 

- - 
MA 
520 

MI 
530 

MI 
530 

MI 
53 0 

MI 
530 

- 

- 
PERATIN( 
HOURS 

5932 

2640 

24 

24 

6790 

METHOD OF FAILURE 
DETECTION 

Alarm 

During preventive 
maintenance 

Di rec t  observat ion 
(unscheduled) 

Di rec t  observat ion 
(unscheduled) 

During preventat ive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

1. Dogs on both clutch and g e a r s  w e r e  shea red  off. 
2. P a r t  replaced. 
3. None. 

1. Broken par t .  
2. Local r epa i r ,  replaced with new gea r  and gaskets. 
3 .  None. 

1. Would not open or close. 
2. Local r epa i r ,  r epa i r ed  gea r  box. 
3. None. 

1. Would not open o r  close. 
2. Local r epa i r ,  r epa i r ed  gea r  box. 
3. None. 

1. Would not open o r  close.  
2. Local r epa i r ,  r epa i r ed  gea r  box. 
3. None. 

Q Q 



c 

- 

TEtW 

- - 
11 

12 

13 

14 

15 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystern) 

1. Valve Opera to r /  

2. Hea t  T r a n s f e r h t e r -  
Clutch Assembly Gear  

med ia t e  Coolant Piping 
a n d  Valves 

222230 
3. 2 1  

1. Valve Opera to r /  

2.  Heat  T r a n s f e r l P r i -  
G e a r s  

m a r y  Coolant Piping 
and  Valves 

22 1230 
3. 2 1  

1. Valve Opera to r /  

2. Heat T r a n s f e r / P r i -  
J ack  Screw 

m a r y  Coolant Piping 
and Valves 

221230 
3. 2 1  

1. Valve Opera to r /  

2. Heat T r a n s f e r / P r i -  
J ack  Screw 

m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

1 .  Valve Opera to r /  

2. Hea t  T r a n s f e r l P r i -  
J ack  Sc rew 

m a r y  Coolant Piping 
and Valves 

22 1230 
3. 21  

= INCIDENT 

T A B L E  1-56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 3 of 9 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

l! H N P F  
2. Secondary ( thro t t le )  V-302 
3. Ambient t empera tu re  
4. HNPF, work  reques t  No. 814 

1. H N P F  
2. P r i m a r y  ( thro t t le )  V-303 
3. Ambient t empera tu re  
4. HNPF, work  reques t  No. 959 

1. HNPF 
2. P r i m a r y  ( thro t t le )  V-103 
3. Ambient t empera tu re  
4. HNPF, work  reques t  No. 2852 

1. HNPF 
2. P r i m a r y  (thrott le) V-203 
3. Ambient t empera tu re  
4. HNPF, work  reques t  No. 2857 

1. H N P F  
2. P r i m a r y  ( thro t t le )  V-303 
3. Ambient t empera tu re  
4. HNPF,  work  reques t  No. 2857 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
126 

MI 
32 1 

MI 
110 

MI 
110 

MI 
i i n  

- 

NODE 

- - 
MI 
59 

MI 
59 

MI 
55 

MI 
55 

MI 
55 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

24 

48 

7200 

7440 

7992 

METHOD OF FAILURE 
DETECTION 

During actuation 

During actuation 

During preventive 
maintenance 

During preventive 
maintenance 

During preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~ ~ ~~ 

1 .  Clutch a s sembly  broken.  
2. Local repa i r ,  replaced damaged clutch a s sembly  

3. None. 
with a s sembly  f r o m  No. 3 p r i m a r y  valve. 

1 .  Gears  and shaft  jammed.  
2. Local repa i r ,  replaced damaged par t s .  
3. None. 

1. Movement obstruction (working s t r e s s ) .  
2. Local r epa i r ,  i nc reased  s i ze  of jack s c r e w  

penetration. 
3. Redesign of dr ive  mechanism of valve. 

1 .  Movement obstruction (working s t r e s s ) .  
2. Local repa i r ,  i nc reased  s i ze  of jack s c r e w  

penetration. 
3. Redesign of d r ive  mechan i sm of valve. 

1. Movement obstruction (working s t r e s s ) .  
2. Local repa i r ,  i nc reased  s i ze  of jack s c r e w  

penetration. 
3. Redesign of dr ive  mechan i sm of valve. 

MA = MAJOR MALFUNCTION P = PROBLEM 



, 

- 

TEh 

- - 
16 

17 

18 

19 

20 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve Opera to r /  
Jack Spindle 

?. Heat T r a n s f e r l h t e r -  
mediate  Coolant 
Piping and Valves 

222230 
3. 21 

1. Valve Opera to r /  

?. Heat T r a n s f e r f P r i -  
Roll P ins  

m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

1. Valve Ouera to r l  
Key 

2. Heat T r a n s f e r I P r i -  
m a r y  Coolant Piping 
and Valves 

3. 21 
221230 

1. Valve Opera to r /  

2. Heat T r a n s f e r l P r i -  
Drive Shaft 

m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

1. Valve Opera to r /  

2. Heat  T r a n s f e r I P r i -  
Universal  Joint 

m a r y  Coolant Piping 
and Valves 

22 1230 
3. 21 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 4 of 9 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. HNPF 
2. Secondary ( throt t le)  V-202 
3. Ambient t empera tu re  
4. HNPF, shift l eade r ' s  log book, 

2/23/63 

1. H N P F  
2. P r i m a r y  (block valve)  V-201 
3. Ambient t empera tu re  
4. HNPF, work  request  No. 3446 

1. HNPF 
2. P r i m a r y  ( throt t le)  V- 103 
3. Ambient t empera tu re  
4. HNPF, monthly operating report ,  

No. 10098 

1. H N P F  
2. P r i m a r y  ( throt t le)  V- 103 
3. Ambient t empera tu re  
4. HNPF, monthly operating report ,  

No. 10098 

1. H N P F  
2. P r i m a r y  (block) V-457 
3. Ambient t empera tu re  
4. HNPF, work  r eques t  No. 1915 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 

- 

:AUSE 

- - 
MA 
126 

MA 
416 

MI 
126 

MI 
149 

MI 
475 

- 

CODE* - 

MODE 

- - 
MA 
59 

MA 
59 

MI 
59 

MI 
68 

MI 
59 

- 

- 
FFECl 

- - 
MA 
520 

MA 
520 

MI 
530 

MI 
530 

MI 
530 

- 

PERATIN( 
HOURS 

5880 

4320 

13,536 

13,536 

3600 

- 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 
(unscheduled) 

Direct  observation 
(unscheduled) 

Operational monitors 

Operat inal  monitors  

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Keys in gea r  to jack spindle sheared.  
2. J ack  spindle sent  to vendor f o r  rework. 
3. Redesign of dr ive mechan i sm of valve. 

1. A dowel pin in  the valve ope ra to r  gea r  t r a in  sheared.  
2. Local r epa i r ,  replaced pin. 
3. Increase pin diameter .  

1 .  Key broke ( improper  differential motion). 
2. P a r k  replaced. 
3. None. 

1. Shaft s co red  ( improper  differential motion). 
2. P a r t  replaced. 
3. None. 

1. Broken during actuation. 
2. Local r epa i r .  
3. Change to s ta inless  s teel  type. 

Q 



c, c 

- 
'EM 

- - 
21 

22 

23 

24 

25 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve Opera to r /  

1. Heat  T r a n s f e r / P r i -  
Universal  Joint 

m a r y  Coolant Piping 
and Valves 

221200 
3. 21 

1. Valve Opera to r /  
Universal  Joint 

2. Heat  T rans fe r IL iqu id  
Metals  Purif icat ion 

3. 21 
224235 

1. Valve Opera to r /  

2. Heat T r a n s f e r / P r i -  
Universal  Joint 

m a r y  Coolant Piping 
and Valves 

3. 21 
221230 

1. Va lveOpera to r I  
Universal  Joint 

2. Heat  T rans fe r IL iqu id  
Metals  Purif icat ion 

3. 21 
224233 

1. Va lveope ra to r  I 
Universal  Joint 

2. Heat  T r a n s f e r I P r i -  
m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

T A B L E  1-56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 5 of 9) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. HNPF 
2. P r i m a r y  (dra in)  V-464 
3. Ambient t empera tu re  
4. HNPF, work request  No. 963 

1. HNPF 
2. P r i m a r y  (plugging me te r  in le t )  

v -443  
3. Ambient t empera tu re  
4. HNPF, work request  No. 2665 

1. HNPF 
2. P r i m a r y  (dra in  tank outlet) V-482 
3. Ambient t empera tu re  
4. HNPF, work request  No. l i s 9  

1. HNPF 
2. P r i m a r y  (cold t r a p  inlet) V-447 
3. Ambient t empera tu re  
4. HNPF, work request  No. 1913 

1. HNPF 
2. P r i m a r y  (balancing drain l e g )  V- 
3. Ambient t empera tu re  
4. HNPF, work request  No. 2825 

~ ~~ 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

c 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
110 

MI 
410 

MI 
410 

MI 
410 

MI 
117 

AODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
53 

- 
'F  ECi 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

'ERATINC 
HOURS 

48 

7656 

3624 

3750 

9432 

METHOD OF FAILURE 
DETECTION 

Direc t  observat ion 

During actuation 

During actuation 

Di rec t  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Broken universal  joint. 
2. Local  repa i r .  
3. Change to s ta in lcss  s tee l  type. 

1. Broken universal  joint. 
2. P a r t  replaced with s ta in less  s tee l  type. 
3. None. 

1. Broken universal  joint. 
2. P a r t  replaced. 
3. Change to  s ta in less  s tee l  type. 

1. Broken universal  joint. 
2. P a r t  replaced. 
3. Change to s ta inless  s tee l  type. 

1. Disconnection o r  loose universal  joint. 
2. Local repa i r  (welded U-joints to shaf t ) .  
3. None. 



(Sheet 6 of 9 )  - 

TEh 

- - 
26 

27 

28 

29 

30 

3 1  

- 

~ 

1. COMPONENT/PART 

1 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

I. Valve Opera tor /  
Universal  Joint 

!. Heat T r a n s f e r /  Pri- 
m a r y  Coolant Piping 
and Valves 

221230 
3. 21 

I. Valve Opera tor /  
Universal  Joint 

t. Heat T r a n s f e r /  Pri- 
m a r y  Coolant Piping 
and Valves 

221230 
$. 21 

1. Valve Opera tor /  
Universal  Joint 

?. Heat Transfer ILiquid  
Metals Purif icat ion 

3. 21 
224235 

1. Valve Opera tor /  
Universal  Joint 

?. Heat Transfer ILiquid  
Metals Purif icat ion 

3. 21 
224235 

1. Valve Opera tor /  

?. Heat 'Transfer /Pr i -  
Universal  Joint 

m a r y  Coolant Piping 
and Valves 

22 1230 
3. 21 

1. Valve Opera tor /  
Universal  Joint 

?. Heat T r a n s f e r /  Liquid 
Metals Purif icat ion 

3. 21 
224235 

I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. H N P F  
2. P r i m a r y  ( f i l l  l ine)  V-475 
3. Ambient t e m p e r a t u r e  
4. HNPF, work  reques t  No. 1984 

1. H N P F  
2. P r i m a r y  (sodium f i l l  tank vent)  

V-419 
3. Ambient tempera ture  
4. HNPF, w o r k  reques t  No. 2006 

1. H N P F  
2.  P r i m a r y  (plugging m e t e r  in le t )  

V-441 
3. Ambient tempera ture  
4. HNPF, work  reques t  No. 2048 

1 .  H N P F  
2. P r i m a r y  (cold t r a p  inlet)  V-449 
3. Ambient tempera ture  
4. HNPF, work  reques t  No. 2058 

1. H N P F  
2. P r i m a r y  (fill tank vent)  V-425 
3. Ambient tempera ture  
4. HNPF, work  reques t  No. 2326 

1. H N P F  
2. P r i m a r y  (cold t r a p  inlet)  V-449 
3. Ambient tempera ture  
4. HNPF, work reques t  No. 1322 

= MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 

- 
.AUSE 

- - 
MI 
410 

MI 
410 

?.:I 
410 

MI 
126 

MI 
410 

MI 
126 

- 

CODE* 

MODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

- 

- 
FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATIN( 
HOURS 

4416 

4056 

5064 

5136 

5688 

2160 

- 

METHOD OF FAILURE 
DETECTION 

During actuat ion 

During actuation 

During actuat ion 

During actuat ion 

During actuat ion 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

1. Broken universa l  joint. 
2. P a r t  replaced.  
3. Change to s ta in less  s tee l  type. 

1. Broken universa l  joint. 
2. P a r t  replaced. 
3. Change to s ta in less  s tee l  type. 

1. Broken universa l  joint. 
2. Part replaced.  
3. Replace with s ta in less  s t e e l  type. 

1. Broken universa l  joint. 
2. Part replaced with s ta in less  s t e e l  type. 
3. None. 

1. Broken universa l  joint. 
2. Part replaced with s ta in less  s tee l  type. 
3. None. 

1. Broken universa l  joint. 
2. Part replaced. 
3. Replace with s ta in less  s t e e l  type. 



c 

33 

34 

35 

36 

37 

* I = INCIDENT 

1. Valve Opera to r /  
Universal  Joint 

2. Heat T r a n s f e r /  
P r i m a r y  Coolant 

3. 2 1  
221230 

1. Valve Opera to r /  
Universal  Joint 

2. Heat T r a n s f e r /  
P r i m a r y  Coolant 

3. 21  
22 1230 

1. Valve Opera to r /  
Universal  Joint 

2. Heat T r a n s f e r /  
P r i m a r y  Coolant 

3. 21  
221230 

1. Valve Opera to r /  
Universal  Joint 

2. Heat  T r a n s f e r /  
P r i m a r y  Coolant 

3. 21  
22 1230 

1. Valve Opera to r /  
Universal  Joint 

2. Heat T r a n s f e r /  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 

Universal  Joint 
2. Heat  TransferfLiquid 

Metals  Purification 

224235 
13. 21  

P r i m a r y  Coolant 

22 1230 
3. 21 

T A B L E  1-56 

FA I LURE DATA FOR VALVE OPERATORS 
(Sheet 7 of 9)  . 

1. FACILITY 

2 ,  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. HNPF 
2. P r i m a r y  (plugging me te r  ou t le t )  

V-444 
3. Ambient t empera tu re  
4. HNPF, work reques t  No. 1797 

1. HNPF 
2. P r imary l f i l l  and dra in  V-465 
3. Ambient t empera tu re  
4. Work reques t  No. 1510 

1. H N P F  
2. P r imary /b lock  V-457 
3. Ambient t empera tu re  
4. Work reques t  No. 1912 

1. HNPF 
2. P r imary /b lock  V-458 
3. Ambient t empera tu re  
4. Work reques t  No. 1914 

1. HNPF 
2. P r imary lb lock  V-456 
3. Ambient t empera tu re  
4. Work reques t  No. 1915 

1. HNPF 
2. P r i m a r y l d r a i n  V-463 
3 .  Ambient t empera tu re  
4. Work r eques t  No. 1916 

= MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
410 

MI 
475 

MI 
475 

MI 
475 

MI 
475 

MI 
475 

- 

- 

MODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

- 

FFECl 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATlNl 
HOURS 

3600 

1872 

3600 

3600 

3572 

3572 

METHOD OF FAILURE 
DETECTION 

During actuation 

During actuation 

During actuation 

During actuation 

During actuation 

During actuation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Broken universa l  joint. 
2. P a r t  replaced. 
3. Replace with s ta in less  s t ee l  type. 

1. Broken universa l  joint. 
2. Local r epa i r ,  replaced U-joint and shea r  pins. 
3. Replace with s ta in less  s t ee l  type. 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced with s ta in less  s t ee l  joint. 
3. None. 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced with s ta in less  s t ee l  joint. 
3. None. 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced with s ta in less  s t ee l  joint. 
3. None. 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced with s ta in less  s t ee l  type. 
3 .  None. 

I 



< e 
c 

- 

TEM 

- - 
38 

39 

40 

41 

42 

43  

- 
. I  

1. COMPONENT/PART 

? . SY STE M/SU BSY STE M 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve Opera to r /  
Universal  Joint 

!. Heat T r a n s f e r /  
P r i m a r y  Coolant 

1. 21 
221230 

1. Valve Opera to r /  
Universal  Joint 

!. Heat T r a n s f e r /  
P r i m a r y  Coolant 

1. 21 
221230 

I. Valve Operator /  

?. Heat T r a n s f e r /  

1. 21 

Ai r  Line 

Intermediate  Coolant 

222230 

I.  Valve Operator /  

?. Heat T r a n s f e r /  
Coupling 

Liquid Metals Purifica 
t ion 

224230 
3. 21 

I. Valve Operator /  

?. Heat T rans fe r /  

3. 21 

G e a r  

P r i m a r y  Coolant 

221230 

1. Valve Operator /  

?. Heat T r a n s f e r /  
Shea r  P in  

Liquid Metals Purific: 
tion 

224230 
3. 21 

= INCIDENT 

T A B L E  1- 56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 8 of 9) 

~ 

1. FACIL ITY 

2. COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. H N P F  
2. P r i m a r y l d r a i n  V-464 
3. Ambient t empera tu re  
4. Work reques t  No. 1922 

1. HNPF 
2. P r i m a r y l d r a i n  V-464 
3. Ambient t empera tu re  
4. Work reques t  No. 1472 

1. SCTI 
2. Secondary sodium sys t em 
3. 
4. Incident r epor t  No. 77 

1. SRE 
2. Main p r imary l sod ium se rv ice  
3. Ambient t empera tu re  
4. Operations log book No. 6, p 70 

1. SRE 
2. Auxiliary p r i m a r y /  sodium 
3. Ambient t empera tu re  
4. Operations log book No. 13, p 106 

1. SRE 
2. Main p r imary / sod ium se rv ice  
3. Ambient t empera tu re  
4. Operations log book No. 39, p 75 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
475 

MI 
110 

MI 
479 

MI 
120 

MI 
120 

MI 
120 

BODE 

- - 
MI 
59 

MI 
59 

MI 
51 

MI 
59 

MI 
51 

MI 
51 

'FEC1 

- - 
MI 
530 

MI 
530 

MI 
110 

MI 
530 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

3572 

1800 

115 

3600 

17,300 

12,250 

METHOD OF FAILURE 
DETECTION 

During actuation 

Direc t  observat ion 

Direc t  observation 

Direc t  observation 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced with s ta in less  s t ee l  type. 
3. None. 

1. Broken universa l  joint. 
2. Local repa i r ,  replaced universa l  joint. 
3. Replace with s ta in less  s t ee l  type. 

1. Foreign object blocking a i r  l ine,  jammed opera tor .  
2. Instrument  air l ines  were  cleaned. 
3. All  air l ines between compresso r s  and ope ra to r s  

should b e  blown f r e e  p r io r  t o  installation. 

1. Weak so lder  joint broken. 
2. Part replaced. 
3. Use welded s t ee l  par t s .  

1. Gear  broken. 
2. P a r t  replaced. 
3. None. 

1. Shear  pin broke th ree  t imes .  
2. Correct ive modification (welded). 
3. None. 

MA = MAJOR MALFUNCTION 

Q 8 



* 

- 

rEhi 

- - 
44 

45 

46 

47 

48  

- 

1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve Operator  / 
Threaded Spindle 

!. Heat  T r a n s f e r /  
P r i m a r y  Coolant 

1. 21 
221230 

1. Valve Opera to r /  

!. Steam, Condensate 
Operator  

and Feedwater  Piping 
and EquipmentISteam 

282000 
1. 2 1 

I. Valve Opera to r /  
Posi t ion Control Rod 

?. Steam, Condensate an 
Feedwater  Piping and 
Equipment /Valves 

i. 2 i  
283300 

I. Valve Opera to r /  
Coupling 

?. Nuclear  Fuel  Handlinj 
and Storage Equip- 
ment/Cooling 

235140 
3. 21  

1. Valve Opera to r /  
Cylinder 

?. Steam, Condensate a r  
Feedwater  Piping and 
Equipment / Valve 

284300 
3. 21  

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1- 56 

FAILURE DATA FOR VALVE OPERATORS 
(Sheet 9 of 9 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I .  SOURCE DOCUMENT 

1. SRE 
2. Main p r i m a r y  
3. Ambient t empera tu re  
4. Operations log book No. 36, p 183 

1. EBR-I1 
2. Auxiliary s t e a m  supply valve 

(P3-VC-627B) 
3. 1250 to 1265 psig 
4. ANL-6965 

1. EBR-I1 
2. Condensate s to rage  tank 

(P3-UC-615B) 
3. 840"F, 1500 psig 
4. PMMR-58 

1. EBR-I1 
2. Fue l  unloading machine cooling 

3. 
4. PMMR-56. 12/65 

s y s t e m  (V-"A") 

1. EBR-I1 
2. Feedwa te r /moto r  driven f eed  pump 

3. 364"F,  1500 psig 
4. PMMR- 107 

(P5-VC-596) 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
126 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

- 

MODE 

- - 
MI 
50 

MI 
55 

MI 
59 

MI 
59 

MI 
52 

- 

FF EC 

- - 
MI 
530 

MI 
550 

MI 
530 

MI 
530 

MI 
59 

PERATIN( 
HOURS 

9700 

1200 

4544 

4400 

1500 

METHOD OF FAILURE 
DETECTION 

Direc t  observat ion 

Operational monitor  

D i rec t  observat ion 

Operational monitor  

Operational monitor  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOM ME N DATl ON S 

1. Stripped threads.  
2. P a r t  replaced. 
3. None. 

1. Valve tended to open fully when s t e m  position 
reached half open and seemed to  s t ick in full open 
position. 

2. P a r t  replaced with a l a r g e r  operator .  
3. None. 

1. Posi t ion control rod broken. 
2. P a r t  replaced. 
3. None. 

1. Coupling broken. 
2. P a r t  replaced. 
3. None. 

1. An a i r  leak in  the valve ope ra to r  cylinder caused the 
valve malfunction. 

2. Local r epa i r .  
3. None. 



T A B L E  1-57 

FA1 LURE DI STRl BUT1 ON FUNCTIONS 
COMPONENT VALVE OPERATORS 

COMPONENT SUBTYPE VALVE OPERATORS 
FAILURES (%) 0 10 20 30 L 

Nuclear  Power Reac to r s  ---I 
~ 

s? Component Tes t  Faci l i ty  
<> i' Nuclear Tes t  Reac to r s  - 

Steam and Equipment I 

Condensate I 

I Fuel  Handling I 
W 

& 
$ Heat T rans fe r  

Feedwater  I ---- - 
'Ill 

I l l  
I I I I I 

Mechanical 
I I I 
I I I 

W 

0 
n -  

= .  
t I I l l  

System/component inoperat ive m 
k 
0 Labor and m a t e r i a l s  loss only L w 

No effect  I 

Plant  availability l o s s  - ~ 

LMEC-Memo-69-7, Vol I 
1- 152 



Impurity IC ontamination rn 

Unknown - 
W v, Environmental  ------ 
3 a Human e r r o r  I 
0 --- 

Inherent 

Mechanical 

W ,  
n 
0 
I 

Systemlcomponent inoperat ive I 

Labor  and mater ia l s  loss  only 
W 
LL No effect I 
LL 
W Plant  availability l o s s  - 

- 
Valve opera tors  

OPERATING HOURS (THOUSANDS) 0 30 60 90 120 150 180 2 

Valve opera tors  I I I I I I I 
I 

W a 
t, 

FAILURE RATE C F A I L U R E S / ~ O ~  tlr) o 100 200 
Valve opera tors  

t I I I I I  . 
- 

LMEC-Mcmo-69-7, Vol I 
1- 153 

300 1000 

c1 



E. FUEL HANDLING AND CORE COMPONENTS 

1. Fuel and Breeder  E l e m e a  

Fai lure  data for  fuel and breeder  elements a r e  presented in Tables 1-59 

through 1 - 6 1. 

a. Reliability Information 

Design Features  : 

Fuel elements a r e  designed to prevent fuel, b reeder ,  and fission product 

ma te r i a l  f rom contaminating the pr imary  coolant. 

Crit ical  Character is t ics  : 

Heat t ransfer  and burn-up limitations. 

Mode of Fai lure  : 

1) Pin holes developed releasing fission products. 

2 )  Fuel  swelling due to excess burn-up. 

3 )  Fabrication defects in cladding undetected until inserLi.3g in reac tor  

core.  

4 )  Cladding scratched due to improper  handling. 

5 )  Fuel melting. 

6 )  Thermocouple shorted. 

7 )  Orifice dr ive cables stuck o r  broken. 

Fai lure  Description: 

1) Inadequate quality control permi ts  faulty elements to be used. 

2 )  Improper handling procedures resul t  in damage to elements during 

loading o r  unloading. 

3 )  Plugging of fuel channels by loose foreign mater ia l  causes  fuel mel t -  

ing. 

4 )  Thermocouple fa i lure  due to improper  attachment method o r  exces- 

sive vibration. 

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

practical .  

LMEC-Memo-69-7, Vol I 
1- 154 



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 tes t  procedures should be a s  explicit 

a s  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. 

LMEC-Memo-69- 7, Vol I 
1- 155 



1. COMPONENT/PART 

! . SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1.  Fue l  Subassembly/Ro 
2 .  Reactor  Equipment/  

Core Components and 
Supports 

216300 
3. 46 

1. Fue l  Subassembly/  
Ex te r io r  Can Wall 

2. Reactor  Equipment/ 
Core Components and 
Supports 

216300 
3. 46 

1. Fue l  Subassembly/Ro 
2. Reactor  Equipment/ 

Core Components and 
Supports 

216300 
3. 46 

1. Fue l  Subassembly/  

2. Reactor  Equipment/ 
Wrapper  

Core Components and 
Supports 

216300 
3. 46 

1. Fue l  E lemen t lo r i f i ce  

2. Reactor  Equipment/  
Drive Cable 

Core Components and 
supports 

3. 46.- 
216300 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

(Sheet 1 of 4 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I .  F e r m i  
!. Reactor  Core /M-098  
1. Reactor  Environment  
&. PRDC-EF-47 

L .  F e r m i  
?. Reactor  Core/M-lZZ 
3.  Reactor  Environment  
2. E F - 5 0  

1. F e r m i  
2 .  Reactor  CoreIM-127 
3 .  550°F  t o  800°F  
Q. PRDC-EF-47  

1. F e r m i  
2. Reactor  Core/M-140 
3 .  550°F  t o  800°F 
4. EF-38  and EF-46  

1. HNPF 
2.  Reactor  co re l e l emen t  MF-81 
3. Reactor  Environment  
4. Monthly operating r epor t  No.  28 

I = MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
LA 
111 

VlA 
11 

bfA 
111 

rn 
176 

MA 
172 

'F EC' 

- - 
IA 
20 

IA 
20 

M 
20 

/IA 
20 

AA 
850 

'ERATIN( 
HOURS 

14,941 

14,94! 

14,941 

14,941 

10,130 

VlETHOD OF FAILURE 
DETECTION 

lperational monitors  

) i r ec t  observation 

)perational monitors  

Iperational monitors  

Xrec to r  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Fue l  melting in  subassembly.  
!. P a r t  replaced. 
5. None. 

I .  A l a rge  p a r t  of the ex te r io r  can wall su r f ace  was founi 
t o  be covered with uranium which had alloyed with the 
s teel .  

!. P a r t  replaced. 
3 .  None. 

1. Fue l  melting in  subassembly. 
?. P a r t  replaced.  
3. None. 

1. Wrapper  can dis tor ted.  
2 .  P a r t  replaced. 
3 .  None 

1. Orifice dr ive cable a s sembly  broke a t  coupling. 
2 .  P a r t  replaced. 
3. None. 



G 

* 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I .  Fue l  Assembly /  
Thermocouple  

?. Reactor  Equipment/  
Core  Components and 
Supports 

216300 
3 .  46 

1.  Fue l  E lemen t lo r i f i ce  

?. Reactor  Equipment/ 
Control  

Core Components and 
suppor t s  

3. 46 
216300 

1. Fue l  Element/Orif ice  
?. Reactor  Equipmenti  

Core Components and 
Supports 

216300 
3 .  46 

1. F u e l  Element/Orif ice  
2. Reactor  Equipmenti  

Core  Components and 
suppor t s  

3. 46 
216300 

1. F u e l  Element  /Claddin 
2. Reactor  Equipmenti  

Core  Components and 
suppor t s  

3. 46 
216300 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-59 

FAILURE DATA FOR FUEL AND BREEDER ELEMENTS 
(Sheet 2 of 4 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I. HNPF 
?. Element  C-ZS/T/C 49-2 
3. Reactor  environment 
&. Monthly operating report No. 2 1  

I. HNPF 
?. Reactor  c o r e l o r i f i c e  M F - 8 1  
3. 350 to  945°F  - sodium 
%. Monthly operating report No. 30 

I. H N P F  
C. Orif ice  adjusting mechanism,C- 164 
3.  Reactor  environment 
P. WR 2783 

I .  H N P F  
?. Reactor  c o r e  I C - 8 1  
3 .  Reactor  environment 
i. WR 2814 

1. EBR-II  
?. P r i m a r y l r e a c t o r  core subassembly 

X028 
3. 300 to  800OF 
i. ANL-7445 

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
UP. 
15Z 

MA 
I95 

W A  
148 

MI 
142 

MA 

500 

- 

- 
MODE 

- - 
m .  
13 

MA 
55 

MA 
55 

MI 
55 

MA 

59 

- 

- 

FF EC 

- - 
MA 
520 

MA 
550 

MA 
550 

MI 
550 

MA 

520 

- 

PERATIN( 
HOURS 

10,130 

10,130 

Jnknown 

Jnknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

)perational mon i to r s  

I i r ec t  observation 

)perational monitors  

Iperational monitors  

Iperational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Thermocouple shorted to ground, causing s c r a m .  
?. Correct ive modification. 
3. None. 

1. Seven or i f ice  dr ive cables  stuck. 
?. Component correct ive modification, 
3. None. 

1. Orifice could not be adjusted properly.  
?.  Removed rod, replaced orifice rod sea l s ,  tightened 

packing nut. 
3 .  None. 

1. Orifice dr ive a s sembly  broke during operation. 
2. Replaced. 
3. None. 

1 .  Subassembly X028, f iss ion product r e l e a s e  t o  approx.  
30 t imes  the no rma l  level. Reactor  bldg. was  evacuate 

2.  P a r t  replaced. 
3. None. 



TABLE 1-59 

FAILURE DATA FOR FUEL AND BREEDER ELEMENTS 
(Sheet 3 of 41 

* 

- 

r E h  

- - 
11 

12 

13 

14 

15 

- 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

I. Fue l  E lemen t /Fue l  P i n  
1.. Reactor  Equipment/  

Core  Components and 
Supports 

216300 
3 .  46 

1. Fue l  Element  /Claddin) 
?. Reactor  Equipment/  

Core  Components and 
Supports 

2 16300 
3 .  46 

1. F u e l  Element  /Claddin 

2. Reactor  Equipment/  
F l a t  

Core  Components and 
Supports 

216300 
3 .  46 

1. F u e l  Element  /Claddin 
2. Reactor  Equipment/  

Core  Components and 
Supports 

216300 
3. 46 

1. Fue l  Element/Claddin 
2. Reactor  Equipment/  

Core Components and 
Supports 

216300 
3. 46 

= INCIDENT 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

. EBR-lI 
!. P r i m a r y l r e a c t o r  c o r e  
I .  300 t o  800°F  
4. ANL 7082 

.. EBR-I1 
!. P r i m a r y / r e a c t o r  co re  
5. 300 t o  800°F  
L.  ANL 7403 

I. EBR-I1 
1.. P r i m a r y / r e a c t o r  c o r e  subassembly 

C-2039 
5. 300 t o  8 0 0 ° F  
i. ANL 7419 

I .  EBR-II  
E. P r i m a r y / r e a c t o r  c o r e  subassembly 

XG05 
3 .  300 t o  800°F  
9 .  ANL 7438 

1. EBR-11 
2. P r i m a r y / r e a c t o r  co re  subassembly 

XA08 
3. 300 t o  8 0 0 ° F  
4. ANL 7438 

I1 = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
AA 
>oo 

AA 
io0 

YLA 

$ 0 0  

VLA 

500 

VlA 

500 

- 
FF EC1 

- - 
AA 
)30 

0. 
520 

VLA 

520 

VLA 

520 

MA 

520  

- 
'ERATIN( 
HOURS 

590 

3,340 

3,380 

3,800 

3,850 

METHOD OF FAILURE 
DETECTION 

uring routine 
ispection 

lperational monitors  

ispect ion of 
ssociated sys t ems  

)perational monitors  

)perational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

Swelling due t o  excessive burnout. 
P a r t  replaced. 
None. 

Smal l  defect  in cladding which r e l eased  bond sodium 

Component par t  replaced.  
Revise  Quality Assu rance  procedures  f o r  acceptance 
of fuel  cladding ma te r i a l .  

slowly. 

Subassembly was wedged against  control  rod L-446 
and caused the rod  to be  scratched when it was 
removed. 
Component replaced. 
None. 

F i s s ion  gas  r e l ease  into p r i m a r y  sys t ems ,  ve ry  slight. 
Component pa r t  replaced.  
None. 

F i s s ion  gas  r e l ease  into p r i m a r y  sys t ems ,  ve ry  slight. 
Component par t  replaced.  
None. 



c c 

- 

TEhi 

- - 
16 

17 

18 

19 

- 
* I  

1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEN 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I .  F u e l  Element/Claddin 
?. Reactor  Equipment/  

Core Components and 
Supports 

216300 
3 .  46 

I .  F u e l  Element  /Claddin 
?. Reactor  Equipment/ 

Core  Components and 
Supports 

216300 
3 .  46 

1. Fue l  Element/Orif ice  
?. Reactor  Equipment / 

Core Components and 
Supports 

216300 
3.  46 

1. Fue l  E lemen t s /  Fue l  
Meat and Cladding 

?. Reactor  Equipment/  
Core  Components and 
Supports 

216300 
3 .  46 

= INCIDENT 

T A B L E  1-59 

FAILURE DATA FOR FUEL AND BREEDER ELEMENTS 
(Sheet 4 of 4 )  

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

I. EBR-I1 
!. P r i m a r y / r e a c t o r  core subassembly 

xo11 
3 .  300 to  800°F  
%. ANL 7342 

I. EBR-11 
!. P r i m a r y / r e a c t o r  core  C-2111 and 

C-2113 
%. 300 to  800°F  
4. ANL 7403 

I. HNPF 
!. C-178 
3. Reactor  environment 
1. WR 2819 

1. SRE (Core I) 
!. Reactor  c o r e  %. 950°F sodium 
L. NAA-SR-4488 and NAA-SR-4488 

Supplement 

I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MA 

500 

MA 

500 

MI 
9z z 

[ 
I l l  

- 

- 

MODE 

- - 
MA 

59 

MA 

BZ 

MI 
59  

[ 
66 

- 

- 

FF EC 

- - 
M 

j 5 0  

LA 

i 2 0  

d1 
i 3 0  

520 

- 

PERATIN( 
HOURS 

0,270 

2,425 

6,200 

METHOD OF FAILURE 
DETECTION 

Iperational monitor  

Iperat ional  monitor  

Iperat ional  monitor  

)perational monitor  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. FGM monitor  indicated g r e a t e r  than 1 0  t imes  the 
no rma l  reading on a portable instrument .  

2 .  Reactor  power was reduced f o r  investigation. 
3. None. 

1. Fis s ion  gas  r e l ease  was f r o m  newly in se r t ed  "fresh" 
fuel assembly.  

2 .  Component replaced.  
3. Upgrade Quality Assu rance  procedure fo r  fuel 

e lement  inspection. 

1. Orif ice  housing broke.  
2 .  Replaced. 
3. None. 

1. Fue l  channel clogging caused by t e t r a l in  decompo- 
sition products  r e su l t s  in fuel  and cladding melting. 

2 .  Sodium pump t e t r a l in  f r eeze  seals  replaced with NaK 
f r e e z e  sea l s  t he reby  eliminating the potential sou rce  
of contaminant. 

3. None. 



TABLE 1-60 

FAILURE DI STRl BUTlON FUNCTl ONS 
COMPONENT FUEL AND BREEDER ELEMENTS 

COMPONENTSUBTYPE FUEL ELEMENTS 
FAILURES (%) 0 

Nuclear Power Reactor  - 
Nuclear Tes t  Reactor  - c - W  

$a 

I 
Co re  Components and Supports 

I m l  1 
I I  

Cladding - 
Fuel  P ins  

c- Rod - 
Q Wrapper D a 
c Exter ior  Can Wall - 
W Orif ice  Control  - 
E 

z 
z ~ 

Thermocouple D 

I 
Environment - 

w Unknown - 
I I  
L l  

Mechanical 

Elec t r ica l  

Metallur ica l  

Labor  and ma te r i a l s  l o s s  only - 
. u Plant  availability l o s s  - 

LL System/component inoperat ive - c 
w 
LL 
W 

I t  
LMEC-Memo-69-7, Vol  I 

1- 160 



t I I I I I I  

n o 

Mechanic a1 

Reactivity change I 

Unknown 

. Elec t r ica l  - 
Metallurgical - 
Labor  and mater ia l s  l o s s  only 

~ 

5 Plant  availability loss 

Systemtcomponent inoperative 
L L  I 

T A B L E  1-61 

GENERAL SUMMARY 
COMPONENT F U E L  AND BREEDER ELEMENTS 

FAILURES (%I 0 1 0  20 30 40 50 60 
I 

Environment 

Unknown 
W 

T O T A L F A I L U R E S  P E R T Y P E  0 5 10 15 2 0  2 5  30 35 4 0  45 5 0  

Fuel  and b r e e d e r  e lements  

1 I I I I  

I 175 2 

~ 
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2. Fuel Handling Equipment (liquid metal, internal)  (see Figure 1-6) 

Failure data for fuel handling equipment (liquid metal ,  internal)  a r e  pre-  

sented in Tables 1-62 through 1-64. 

1 )  Bearing failed due to misalignment. 

2 )  0- ring sea l  leaked. 

3)  Revolving lock in  a holddown mechanism wore out. 

Control Methods : 

1 ) Proper  installation and maintenance procedures a r e  required. 

2 )  Materials mus t  be selected f o r  their  particular use. 

I 
I 

, 
3 )  Special par ts  mus t  be carefully designed with complete knowledge of 

their  requirements. 

a. Reliability Information 

Design Feature:  

In-core handling mechanisms a r e  designed to provide motion interlocks fo r  

J.1 system operations minimizing damage to equipment. 

nosiki; - e-tuation f o r  opening and closing to reduce the r i sk  of accidental drop- 

page o r  unintentional removal of core  subassemblies. 

minimizes crudding and contamination resulting f rom frequent insertions and 

removal from the sodium pool. 

Crit ical  Characterist ic : 

Gripper design utilizes . 

Operation in sodium 

Equipment par ts  have to survive in  liquid sodium and sodium vapor environ- 

ments. 

Mode of Fai lure:  

1 ) Misalignment 

2 )  Seal leak 

3 )  Wear. 

Fai lure  Description: 

n 
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Figure 1-6. EBR-I1 Gripper  Mechanism 
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b. Discussion and Recommendations 

Bearing fai lures  occurr ing before the normal  projected lifetime a r e  the 

resul t  of overloading some portion of the race  o r  rolling element. This over- 

load comes f rom misalignments, d i rec t  overloads, too high preloads,  foreign 

objects in the bearings,  o r  changes in s t r e s s  on bearing due to temperature  

changes which shift the mounting. 

job. 

e r ly  protected f r o m  the entrance of foreign mater ia l s .  

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

In design, select  a bearing suitable for  the 

Also, design so  that the bearing will not loose its lubrication and is prop- 

Determine what the 

Bearings under low speed operation will generally show signs of breakdown 

before complete fa i lure  by binding and making scrapping and clicking sounds. 

An improperly mounted bearing is usually misaligned and will show this m i s -  

alignment by binding and freeing as it is  rotated. 

0- ring fai lures  a r e  due to improper  installation, improper  compression, 

o r  incor rec t  ma te r i a l  fo r  the environment. Make cer ta in  that the seal  is not 

damaged during installation, In design, select  co r rec t  mater ia l s  and design 

f o r  co r rec t  pressure .  

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

seal  is a l inear  seal ,  some evidence of the O-ring ma te r i a l  might be seen rubbing 

on the moving element. 

Incipient fa i lure  in mechanisms i s  manifested by changes in operating 

charac te r i s t ics  such a s  the force  to operate,  roughness, etc. Some visual 

evidence, such as meta l  chips o r  dust, may indicate future failure.  
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Q c 

. COMPONENT/PART 

' .  SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
(System/Subsystem) 

1. Fue l  Handling Equip- 
men t IBea r ing  

?. Nuclear Fuel  Handling 
and Storage Equipment 
Liquid Metal  Internal  

236100 
3 .  47 

1. Fue l  Handling Equip- 
men t /O- r ing  Seal 

Z.  Nuclear  Fuel  Handling 
and Storage Equipment 
Liquid Metal Internal  

236100 
3. 4 7  

1. Fuel  Handling Inter-  
nal1Revolving Lock 

2. Nuclear Fuel  Handling 
and Storage Equipment 
Liquid Metal Internal  

236100 
3. 47 

TABLE 1-62 

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

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

I. F e r m i  
!. Offset handling mechanism 
1. - 
4. EF-22 

1. F e r m i  
?. Offset handling mechanism 
1. - 
t. EF-42 

1. EBR-I1 
?. Holddown mechanism 
3. - 
P. Operation weekly report, 1110/68 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

LAUSE 

- - 
MI 
322 

MI 
417 

MI 
500 

dODE 

- - 
MI 
56 

MI 
52 

MI 
52 

-F EC- 

- - 
MI 
530 

MI  
530 

MI 
530 

'ERATINC 
HOURS 

11,740 

14941 

13,380 

METHOD OF FAILURE 
DETECTION 

During actuation 

Operational monitors  

Prevent ive mainte-  
nance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bearing misaligned. 
2. Operating limits changed to c o r r e c t  e r r a t i c  latching 

of subassemblies. 
3. Provide adequate a s sembly  procedures .  

1. O-ring s e a l  leak. 
2. Component design change; the O-ring ma te r i a l  was 

replaced. 
2 cfh was installed. 

A "s i las t ic"  s ea l  to s top a leak r a t e  of 

3. h p r o v e  engineering ma te r i a l  evaluation. 

1. Revolving lock worn out. 
2. P a r t  replaced. 
3. Revise  preventive maintenance inspection interval 

to p e r m i t  replacement  before  total fa i lure .  



A 

TABLE 1-63 

FA1 LURE DI STR I B UTI ON FUNCTl ONS 
COMPONENT FUEL HANDLING EQUIPMENT 

COMPONENT SUBTYPE 

FAILURES (%I 0 10 20 
Nuclear  Power Reactor  

Nuclear Tes t  Reactor  
- W  

$L $ 

Nuclear Fuel  Handling and Storage Equipment t I I 

I I I I  

I I I  
I 

Bearing 

"0" Ring Seal  ' 
k Revolving Lock 
a 
L i l  I I I  

I 
0 
0 "_ 

'I1 
1 I t  

Human e r r o r  

w Inherent  
m 
3 Unknown 
d 

I 1 I I  

Mechanical I I 

I I 
Labor and ma te r i a l s  l o s s  onlv 

c I 
U F  
W 
U 
L L  
W 

1 
1 t 
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T A B L E  1-64 

GENERAL SUMMARY 

W 
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FAILURES(%) 0 10 20 30 40 50 60 70 80 90  100 
I 

Human e r r o r  

Inherent 

Unknown 

Mechanical 

Labor and mater ia l  loss  only . 

Fuel handling equipment f 

FAILURE RATE CFAILURES/lO' hr) 0 10 20 

Fuel  handling equipment t i i i i  

I 
Fuel handling equipment t 
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F. HEAT TRANSFER SYSTEM CC 

1. Blowers and Fans 

P JENTS 

Fai lure  data fo r  blowers and fans a r e  presented in Tables 1 -65  through 1-68. 

a. Reliability Information 

Design Features:  

Provide air flow a t  specified ra tes  fo r  various applications. 

Modes of Fai lure:  

1 )  Bearings noisy o r  races  broken 

2 )  'Gear broken 

3 )  Fan blades cracked. 

Fai lure  Experience: 

Causes have been poorly describe1 , iL a t  a , However, there  were severa 

indications of inadequate inspection and incipient failure detection methods. 

Bearings were  the high-f requency failure i tem, with some indication on inade- 

quate lubrication and possible misalignment. 

Control Methods : 

1)  The bearing problem is common to a l l  types of rotating equipment. 
A concentrated effort should be made to adapt existing methods of 

incipient failure detection to ear ly  awareness of potential bearing 

failure in  o rde r  to prevent major  damage to other par ts  of the fan o r  

blower. 

2 )  Establish reliable inspection and maintenance procedures including 

checks on alignment and loading. 

b. Discussion and Recommendations 

None. 
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c 

530 

MI 
530 

MI 
530 

MA 
550 

MI 
530 

MI 
530 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

FanIShaf t  Bearing 
(inboard) 
Turbine -Generator 
Units and Condenser /  
Circulating Water  
28 
330000 

F a n / G e a r  
Turb ine  -Generator 
Units and Condenser /  
Circulating Water  
28 
330000 

FanIShaft Bear ing  
Turbine -Generator 
Units and Condenser /  
Circulating Water  
28 
330000 

F a n I B e a r i n g s  
Heat  Transfer IConven-  
t i o n a l F o s s i l  F u e l  F i r e d  
Superhea ters  o r  Boi le rs  
28 
227300 

Blowers and F a n s /  
Cooler  F a n  
Heat  T r a n s f e r  /Reactor 
Coolant Sys tem 
28 
221120 

Blower / F a n  Blade 
Other  P lan t  Equipment 
Cover  Gas  Cooling 
28  
290000 

T A B L E  1-65 

FAILURE DATA FOR BLOWERS AND FANS 
(Sheet 1 of 3 )  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

. EBR-I1 . Cooling tower  

. 70 t o  83°F 

. PMMR-82 

. EBR-II . Cooling tower 

. 70 t o  83°F . PMMR-82 

. EBR-LI . Cooling tower . 70 t o  83°F . PMMR-82 

. SCTI . P r i m a r y  sodium sys temlhea ter  (I  . 1160 rpm,  53,400 c f m  . Incident r e p o r t  No. 320 

. SCTI . P r i m a r y ,  sodium cooler fan, E-8 . 75,000 cfm, 526 rpm,  450 hp  . Incident r e p o r t  No. 8 5  

. EBR-I1 . F u e l  element rupture  detector 

. PMMR-48 

FAILURE INDEX 
CODE* 

59 

MI 
59 

MI 
59 

MA 
59 

MI 
53 

MI 
73 

IPERATIN( 
HOURS 

7400 

7400 

7400 

9,222 

03 

410 

METHOD OF FAILURE 
DETECTION 

lperational moni tors  

lperational moni tors  

lperational moni tors  

lire c t  observation 

.outine a r e a  watch 

lperational moni tors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. R ECDM M E  N DATION S 

Bearing broken. 
P a r t  replaced. 
Investigate cause for  broken bearing and modify 
accordingly.  

Gear  broken. 
P a r t  replaced. 
None. 

Bearing broken. 
P a r t  replaced. 
Investigate cause of bear ing  breakage .  
of blower,  load on bearing, etc.  

Check balance 

Bear ings  noisy a s  both r a c e s  had broken sur faces  and 
indentations in the  outer r a c e s  caused knocking. 
Defective pa r t s  replaced. 
Improve maintenance. 

G r e a s e  sea l  r ing of bear ing  became loose because of 
loose se t screw.  
F la t  plate ring and gaske t  substi tuted for  g r e a s e  sea l  
ring. 
None. 

Fan  blade cracked. 
P a r t  replaced. 
None. 

* I = INCIDENT M I  = MINOR MALFUNCTION 
M A  = MAJOR MALFUNCTION P = PROBLEM 



1. COPAPONENT/PART 

2. SY STEM/SUBSY STEM 

3. CODE: 
(Component) 
(System/Subsystem) 

7 

8 

9 

1. Blower /Fan Blades 
2. Other  Plant Equipment 

Cover  Gas Cooling 
3. 28 

290000 

1. B lower /Bea r ings  
2. F u e l  Handling /Fue l  

Handling Machines 
(cooling) 

235140 
3 .  28 

1. Blower/Bearings 
2. F u e l  Handline /Fue l  

Handling Mac-hine s 

235140 
1. 28 

10 

1 1 

12 

1. Blower /Bearing 
2. Other  Reactor  P lan t  

Equipment /Auxiliary 
Cooling 

290000 
3 .  28 

1. Blower /Bearing 
2. Other  Reactor  P lan t  

Equipment /Auxiliary 
Cooling 

290000 
3 .  28 

1. BlowerfBearing 
2. Other  Reactor  P lan t  

Equipment /Auxiliary 
Cooling 

3. 28 
290000 

1 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

(Sheet 2 of 3)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

. EBR-I1 . F u e l  e lement  rup tu re  detector  

. PMMR-34 

. F e r m i  . No. 1 argon c a s k  c a r  

. Min. 350"F, argon, 1000 r p m  

. E F A P P  MR No. 59 

. F e r m i  . No. 2 argon c a s k  c a r  . Min. 350"F, argon,  1000 rpm . PRDC-EF-14 

. EBR-II . Pump M-1 cooling a i r  

. PMMR-22 

. EBR-11 . P r i m a r y  sodium pump (M-2) 

. PMMR-22 

. EBR-11 

. P r i m a r y  auxi l iary E M  pump 

.. Operations weekly r epor t ,  2-21-68 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* 

I 
) O  

I 
18 

I 
!8 

I 
!7 

I 
!7 

[I 
$8 

I 

'F EC 

- - 
I 
!O 

I 
i o  

I 
30 

I 
30 

I 
30 

:I 
30 

- 

PERATINC 
HOURS 

590 

7930 

7930 

1200 

1200 

13,500 

- 

METHOD OF FAILURE 
DETECTION 

i rect  observat ion 

i r e  c t  observat ion 

udio noise  

udio noise  

udible noise 

i r e c t  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. F a n  blades bent. 
:. P a r t  replaced.  
1. None. 

. Bearings worn out. 
!. P a r t  replaced,  remachined galled motor  shaft. 
i. The  u s e  of high-temperature  lubricant  (melting point 

528°F)  might help. 

L.  Bad bear ings.  
!. Local  r epa i r .  
3 .  None. 

I. Noisy bearing. 
t. P a r t  replaced.  
3 .  None. 

L. Noisy bear ing.  
?. P a r t  replaced.  
3 .  Revise preventive maintenance inspections interval  

on blower bear ings to provide adequate lubrication. 

1. Outer  r ace  of bearings turning i n  bear ing housing. 
?. Bearings replaced.  
3 .  None. 



6 G 

- 

T E I  

- - 
13 

14 

15 

16 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEW 
3. CODE: 

(Component) 
(System/Subsystem) 

1. BlowerIBear ing  
2. Other Reac tor  P lan t  

Equipment /Auxiliary 
Cooling 

290000 
3 .  28 

1. Blower /Bear ings  
2. Heat T r a n s f e r I I n e r t  

G a s  Supply and 
Monitoring 

224600 
3 .  28 

1.  Blower /Bear ings  
?. Other P lan t  Equipment 

3 .  28 
Cover Gas  Cooling 

290000 

I .  Blower /Gears  
?. Other P lan t  Equipment 

3 .  28 
Cover Gas Cooling 

290000 

* I = INCIDENT I 
MA = MAJOR MALFUNCTION 

T A B L E  1-65 

FA I LURE DATA FOR BLOWERS AND FANS 
(Sheet 3 of 3 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

. EBR-I1 
!. P r i m a r y  auxiliary EM pump 

L. PMMR-95 

. EBR-I1 . P r i m a r y  a rgon purification 

. 10 hp, 440 volts,  150 cfm . PMMR-96 

No. 2 blower 

. EBR-I1 . F u e l  e lement  rupture  detector 

. PMMR-92 

. EBR-II . F u e l  e lement  rupture  detector 

. PMMR-92 

= MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* 

2AUS 

- 
VlI 
i o 0  

dI 
too 

A I  
00  

AI 
0 0  

- 
MOO 

- - 
V i 1  
52 

X I  
i2 

A I  
82 

61 
2 

- 
IFFE( 

- - 
VI1 
530 

VlI 
i 3 0  

XI 
$30 

A I  
830 

IPERATIN 
HOURS 

9345 

9345 

960 

960 

METHOD OF FAILURI  
DETECTION 

l u r ing  preventive 
naintenance 

lur ing  preventive 
naintenance 

) i re  c t observation 

) i r ec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Bearing worn out. 
!. P a r t  replaced. 
1. None. . 

. Bad bearings.  
,. Replaced bearings.  
8 .  None. 

. Bearings failed.  

. Bearings replaced. 

. None. 

. G e a r s  failed.  

. P a r t  replaced. . None. 



TABLE 1-66 

FAILURE DISTRIBUTION FUNCTIONS 
COMPONENT BLOWERS AND FANS 

COMPONENT SUBTYPE 

FAILURES (z) 0 10 2 
Nuclear  Tes t  Reactor  

Nuclear Power Reactor  I- i k  i c '  
Other Reactor  Equipment 

Fuel  Handling 
Other Plant Equipment 

w + Heat T r a n s f e r  

t I 
I I 

Bearings L 

F a n  Blade --- 
c G e a r s  
[1L 
Q 

c 
Z '  
W 
il 
0 
P 
5 

-1 

a .  

I I 
- 
0 
0 

1 I 
I I 

Unknown 

Environmental  
~ 

v) 
3 

2 '  

-3 I 
I 1 

I 

I- 
I Metal lurgical  

Mechanical g , 
O 
2 

1 I 
I I I 

Labor and ma te r i a l  loss only 
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TABLE 1-67 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT BLOWERS AND FANS 

COMPONENT SUBTYPE FANS 
FAILURES (70) 0 10 i 

Nuclear Tes t  Reactor  

Component T e s t  Faci l i ty  
~ 

1 I I 
Turbine Generator  

I I I 

Cooler  Fan 

( > I  

Unknown 

Environmental  
I/) 3 

I I 
- 
s t  

I I u 

I I 
Metallurgic a1 

g r  I 
Labor and ma te r i a l  l o s s  onlv I - I 

A 
L) Plant  availability loa8 
L 
L '  
l.l 

LMEC-Memo-69-7, Vol I 
1- 173 



w -  
u1 
3 

0 
a 

0 '  
0 z 

w 

I I 

Environmental  

Unknown 

Mechanical 

Metallurgical 

Labor and m a t e r i a l  loss  only 

Plant  availability lo s s  - I --- 

I l l 1  
Blowers 

90 100 

1 
11 a 

I 

OPERATING HOURS (THOUSANDS) 0 10 2 

Fans 

Blowers I- 

w 
a > 
t- 

1 I 
FAILURE RATE (FAILURES/106 hr) 0 100 

F a n s  
Blowers I 

I - 1 1 1 1  

I 
I t i l l  

1 I i 1 
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2. Cold Traps/Hot Traps (See Figure 1-7) 

Failure data for  cold t raps/hot  t raps  a r e  presented in Tables 1-69 through 

1-72. 

a. Reliability Information 

Design Features:  

Hot t raps  and cold t raps  a r e  designed to remove impurit ies f rom liquid 

sodium systems. 

Mode of Fai lure:  

1 ) Chemical reaction 

2 )  Electrical  aging o r  wear  

3 )  Mechanical wear  o r  distortion. 

Fai lure  De s c ription : 

1)  Sodium leakage a t  flange o r  other a rea  

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 a r e a  a r e  important. 

3 )  Personnel training and proper procedures aid in satisfactory opera- 
tion' of traps. 

b. Discussion and Recommendations 

None. 
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B Y P A S S  W I T H  
F L O W  CONTROL 
V A L V E  

I N L E T  TEMPERATURE 

7OO0F (MAX)  

-.--BLANK-OFF 
CYLINDER 

- RETURN F L O W  
PIPE 

I 
--MESH SECTION 

7 - 7 6 9 4 - 2  06-14 

Figure 1-7. Circulating Cold Trap  
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c 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Su bsystem) 

T A B L E  1-69 

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

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

I. Cold Trap /C lampJo in t  1.  F e r m i  
2. Cold t r a p  room 
3. 250 t o  1000°F 

?. Heat T r a n s f e r /  
Purification 

S .  36 
224239 

I. Cold T r a p /  - 
!. Heat T r a n s f e r /  

Purification 
3 .  36 

224239 

I. Cold Trap /F lange  
?. Heat T r a n s f e r /  

Purif icat ion 
3.  36 

224239 

I .  Cold TraplPlugged 
?, Heat T r a n s f e r /  

Purification 
3 .  36 

224239 

1. Cold TraplCoupling 
?. Heat T r a n s f e r 1  

Purif icat ion 
3 .  36 

224239 

1. Cold T r a p s  / - 
2 .  Heat T r a n s f e r /  

Purif icat ion 
3. 36 

224239 

1. Cold T r a p s /  - 
2 .  Heat T r a n s f e r /  

Purif icat ion 
3. 36 

224239 

4. EFAPP-MR-44 

1. HNPF 
2. P r i m a r y  sys t em cel l  No. 2 
3. Design - 100 psig, 6 5 0 ° F  

Operating - 20 psig 
4. Monthly operating report No. 6 

1. HNPF 
2.  P r i m a r y  sys t em cell No .  2 
3. Design - 100 psig, 6 5 0 ° F  

Operating - 20 psig,  Max. 600°F 
4. Monthly operating report No. 7 

1. HNPF 
2. Secondary sys t em loop No. 2 
3. Sodium flow, 10 gpm 

Inlet, 602°F ;  outlet, 295°F 
4. Monthly operating report No. 15 

1. HNPF 
2. P r i m a r y  sys t em 
3. Sodium flow, 1700 c fm/ t r ap  flow, 

10 gpm; inlet ,  350°F;  outlet, 295°F  
4. Monthly operating report No. 4 

1. HNPF 
2. P r i m a r y  sys t em cell No. 2 
3. 
4. AI monthly operating r epor t ,  2 /14 /63  

1. HNPF 
2 .  P r i m a r y  sys t em cell NO. 1 
3. 
4. Monthly operating report  No. 9 

I 

= INCIDENT MI = MINOR MALFUNCTION 

~ ~~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
136 

MA 
136 

MA 
326 

MI 
195 

MI 
32 1 

MI 
191 

MI 
191 

MODE 

- - 
MA 
34 

MA 
37 

MA 
34 

MI 
51 

MI 
53 

MI 
19Z 

MI 
19Z 

FFECl 

- 
__. 

MA 
550 

MA 
550 

MA 
550 

MI 
550 

MI 
530 

MI 
550 

MI 
550 

PERATINC 
HOURS 

5643 

Jnknown 

Jnknown 

4560 

Jnknown 

768 

3528 

METHOD OF FAILURE 
DETECTION 

Protective sys t em 

3perat ional  monitors  

3perat ional  monitors  

Operational monitors  

Operational monitors  

Operational monitors  

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Sodium leaked through union sea l  r ing joint. 
?. Local  r epa i r .  
3 .  Determine torque requirements  for flange bolts a t  the 

upper  operating t empera tu res  and torque. 

1 .  Visual observat ion through port  a f t e r  a l a r m  annuncia- 
tion revealed sodium on floor and on ni t rogen ducting. 

?. P a r t  replaced.  
3 .  None. 

1 .  Misalignment of inlet flange caused sodium leak.  
2. Local  r epa i r .  
3. None. 

1 .  Cold t r a p  plugged, 
2 .  P a r t  replaced.  
3. None. 

sent  to  AI f o r  cleaning and service.  

1. Spacer  piece and internal  coupling w e r e  not instal led.  
2. Local  r epa i r .  
3. None. 

1 .  Cold t r a p  filled. 
2. Replaced with cold t r a p  f rom p r i m a r y  cel l  No. I .  
3. None. 

1. Original  t r ap  moved to No. 2 p r imary  location. 
2. Instal led new t r ap .  
3. None. 

* I  



1. COMPONENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

2. Sodium purif icat ion/carbon t r a p  cel l  
3. Should be removed a t  l e s s  than 200"l 
4. Monthly operating r epor t  No. 5 

1. Cold T r a p s  / - 
2 .  Heat T r a n s f e r /  

Purification 
3. 36 

224239 

1. Hot T r a p  (carbon)  / 
Sampler  

2. Heat T r a n s f e r /  
Purification 

3. 36 
224239 

TABLE 1-69 

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

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. HNPF 
2. Secondary s y s t e m  
3. 
4. Monthly operating r epor t  No. 9 

= INCIDENT I = MINOR MALFUNCTION 
= MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
191 

I 
136 

- 

'JIODE 

- - 
MI 
192 

I 
34 

=F EC 

- - 
MI 
550 

I 
550 

PERATINC 
HOURS 

9360 

2100 

METHOD OF FAILURE 
DETECTION 

lperat ional  monitors  

l i r e c t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Cold t r a p  filled 
!. P a r t  replaced. 
I .  None. 

I .  One man  sprayed with sodium while removing a sample 
but was not burned due to  protective clothing. 

!. Operational procedure change. 
%. None. 

Q 



TABLE 1-70 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT COLD TRAPSJHOT TRAPS 

COMPONENT SUBTYPE TRAPS 
FAILURES (z) 0 1 

Nuclear Power Reactor  - 
Heat T rans fe r  

2 
W 
I- 
m 
v, 
t 

Clamp Joint  

Flange 

- 
+ Unknown - 
ix a 
I- z 
W z 
0 a 
I 
0 
0 

Environmental  - - w H u m a n e r r o r  

I 

Chemical  - 
w Mechanical - a 
0 
I 

System/component  inoperative - 
Labor and ma te r i a l s  l o s s  only 

+ 
0 w 

- 
L L  
LL I 
W I  I 

3 
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TABLE 1-71 

FA1 LURE D I  STRl BUTION FUNCTIONS 

Nuclear Power Reactor  

~ 

COMPONENT COLD TRAPSIHOT TRAPS 

COMPONENT SUBTYPE TRAPS 
FAILURES (x) 0 10 

Sampler  

I- 
lx 
a 
I- z 
W 
2 
0 a .  
I 
0 
0 

a 

l a  t 1 I L I  I I 
I 
I Heat T rans fe r  

I; 
I I  I I 

I I 
I 

Environmental  

W 
v) 
3 

0 
a 

I 
Chemical  I 

W 
n 
0 
I 

I 1  I I 
I 1  I I 

Systemlcomponent  inoperative 
1 

L 

W 

L - 

A 
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T A B L E  1-72 
GENERAL SUMMARY 

COMPONENT COLD TRAPSjHOT TRAPS 
FAlLURESP/o) 0 1 0  20 30 40 50 60 70 8 0  90 II 

Environmental  

Human e r r o r  
W 
v) 
3 .  
Q 
0 .  

Chemical  I 
~ 

w , Mechanical 
n 

5 

L 

0 

System/component  inoperat ive 

Labor  and ma te r i a l s  I 

W 
LL 
L L -  
w 

OPERATING HOURS (THOUSANDS) 0 10 
I 
I Cold t r a p  

Hat t r a p  I 

FAILURE RATE (FAILURES/lO'hr) 0 100 200 2 
Cold t r a p  

Hot t r a p  

I 

I 

I I  2 I I  ' 

4 

400 

T 
T 80 90 1 

1 
LMEC-Memo-69-7, Vol I 
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3. Coolers (other than liquid-metal-to-air) 

Fai lure  data fo r  coolers (other than liquid-metal-to-air) a r e  presented in  

Tables 1-73 through 1-75. 

a. Reliability Information 

Design Features  : 

An oil  cooler used to cool s team turbine lubricating oil. 

Mode of Fai lure:  

Deterioration of unit heads. 

Fai lure  Description: 

The unit heads were deteriorated. 

Control Methods 

1)  To prevent corrosion, chemically t reated 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 

t reated cooling water to prevent corrosion. 

erosion, then baffle plates a r e  installed to direct  the flow so the 

water  doesn' t  impinge on a r e a s  that may erode. Oil coolers have 

been used in industry f o r  many years ;  therefore,  nearly any operat-  

ing condition that may  be encountered has been experienced. 

system designer should be able to avoid problems of corrosion, 

erosion, galvanic action, etc. , i f  they a r e  considered during design 

of the system. 

If the problem was 

The 

b. Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
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Q c 

* 

TEN 

- - 
1 

- 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
(System/Subsystern) 

. Coolers  /Turbine Lube 
Oil Cooler 

Units and Condenser /  
Cen t ra l  Lubricating 

350000 

!. Turbine -Generator  

I .  35 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-73 

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

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. EBR-II 

. Turbine water  side 

. 1 4 0 t o  160°F  

. PMMR-87 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
/I1 
00 

- 
MODE 

PERATIN( 
HOURS 

'800 

METHOD OF FAILURE 
DETECTION 

Loutine inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~~ 

. Head of one unit deter iorated badly. Head of other 
unit slightly deter iorated.  

I .  Flow baffles built in and flange surfaces  remachined.  
I .  None. 



T A B L E  1-74 

FAILURE DISTRIBUTION FUNCTIONS 

COMPONENT COOLERS (OTHER THAN LIQUID METAL TO AIR) 

COMPONENT SUBTYPE 

I- 
E -  a a .  
I- z 
W z 
0 

FAILURES (z) 0 1 

Turbine Lube Oil Cooler  - 

Nuclear  Tes t  Reactor  
sg 
a> 

n 
0 
I 

0 

Impurity/contamination 

System/component inoperative 
L 

0 
W 
LL 
LL 
W 

I III 
T€ 
E- 

I I 
€ T 
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FAlLURES(Z)  0 1 0  20 30 40 50 6 0  70 80 90 100 

ImDuritv/c ontamination 

W 
Lo 
3 -  

0 
a 

Metal cor ros ion  -I-------- 
~ 

W 
n 
0 
2 .  

System/component inoperative 
I- u .  
W 
LL 
L L ’  
W 

T A B L E  1-75 
GENERAL SUMMARY 

i TOTAL FAILURES PER TYPE 0 1 
1- 

I i I 

OPERATING HOURS (THOUSANDS) 0 
Coolers  T 0 IO 6,000 8,000 10,i 

I I 

t 

i I I 

FAILURE RATE (FAILURES/106 hr) 0 100 
Coolers  

IO 

I l l  ll I l  A 
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4, Desuperheaters 

Fai lure  data for  desuperheaters a r e  presented in Tables 1-76 through 1-78. 

a. Reliability Information 

Design Features:  

Desuperheaters a r e  used in the main s team system to reduce the tempera- 

tu re  of the steam. 

Mode of Fai lure  : 

1)  Flange bolts 

2 )  .Flow vanes. 

Fai lure  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 a r e  standard equipment in high-temperature s team systems;  

therefore,  the problems associated with maintaining them a r e  well known. 

view of this fact ,  the r a sh  of flange leaks reported m a y  be attributed to improper 

techniques in making up flanges. 

mined sequence; that is, tighten one bolt just  snug, then move 180 degrees around 

the flange and another bolt. 

snug. 

above. 

In 

The bolts should be tightened in a predeter-  

Continue this sequence until a l l  the flange bolts a r e  

Then s t a r t  torquing the bolts in increments using the sequence described 

LMEC-Memo-69-7, Vol I 
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c 

- 
TEN 

- - 
1 

2 

3 

4 

5 

- 

1 .  COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 

(Systern/Subsvstem) 

1. Desuperheater  No. 11  
Straightening Vanes 

2. Steam, Condensate and 
Feedwater  Piping and 
Equipment /Main Stean 

281100 
3. 43 

1. Desuperheater  No. 1 / 
Flange Studs 

2. Steam, Condensate and 
Feedwater  Piping and 
EquipmentlMain Stean 

281100 
3. 43 

1. Desuperheater  No. 1 / 
Flange Joint  O-r ing 

2. Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Main Stean 

281100 
3. 43 

1. Desuperheater  No. 1 / 
Bolted Flange 

2. Steam,Condensate and 
Feedwa te r  Piping and 
Equipment /Main Stean 

281100 
3. 43 

1. Desuperheater  No. 11 
Flanged Joint 

2. Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Main Stean 

281100 
3. 43 

I = INCIDENT 
M A  = MAJOR MALFUNCTION 

TABLE 1-76 

FAILURE DATA FOR DESUPERHEATERS 
(Sheet 1 of 2) 

~~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. SCTI 
2. Feedwater  sys t eml l ine  21 1 
3 .  
4. Incident r epor t  No. 113 

1. SCTI 
2. S t eam and feedwater  system 
3. 17,000 l b / h r  
4. Incident r epor t  No .  121 

1. SCTI 
2. Feedwater  sys t em 
3. 670 t o  1032"F,  1285 t o  1825 psig 
4. Incident r epor t  No. 14 

1. SCTI 
2. S t eam and feedwater system 
3. 2200 psig, 1050°F 
4. Incident r epor t  No. 130 

1. SCTI 
2. Feedwater  sys t em 
3. 
4. Incident r epor t  No. 76 

I = MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* - 

2AUSE 

- - 
MI 
259 

MI 
148 

MI 
136 

MA 
144 

MI 
148 

- 

MODE 

- - 
MI 
51 

MI 
53 

MI 
56 

MA 
53 

MI 
53 

:FFECl 

- - 
MI 
520 

MI 
136 

MI 
520 

MA 
136 

MI 
530 

)PER ATINI 
HOURS - 

Unknown 

587 5 

510 

6030 

4470 

METHOD OF FAILURE 
DETECTION 

Operational monitors  

Direct  observation 

Direct  observation 

Di rec t  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. F low straightening vanes a t  f lowmeter  inlet  plugged. 
2. Local  r epa i r ,  flow t r ansmi t t e r  FR-203 isolated; 

straightening vane disassembled and cleaned. 
3. Keep line section ends sealed during construction; 

inspect  l i nes  before welding sections. 

1. Flange s tuds had not been torqued evenly. 
2. Local  r epa i r ,  studs retorqued.  
3. Specify torque requirements  and procedures  fo r  

flange bolts. 

1 .  Bolts imprope r ly  torqued and O-ring not seated in 
groove . 

2. Local  r epa i r .  
3. Piping design should provide gasket  change capability 

without pipe cutting and welding. 

1. Steam leaks developed during an operating period wher 
s t e a m  p r e s s u r e  was inc reased  f r o m  1400 t o  1850 psig. 

2. Component correct ive modification. 
3. Maintenance manual should include p rope r  flange bolt 

torquing instruct ions fo r  each type of flange and gaskei 

1. Bol ts  imprope r ly  torqued. 
2. Bolts re torqued.  
3. Improved QA procedures  a t  ini t ia l  contractor  level 



.. COMPONENT/PART 

l irect  observation 

' reventive maintenance 

!. SYSTEM/SUBSYSTEM 

L. CODE: 

1.  Thermocouple well  body cracked .  
2. Loca l  r epa i r ,  plant shut down t o  repa i r  l eak .  
3 .  P r o p e r  well design, good welding and hea t  t rea tment  

procedures  will reduce this type of fa i lure .  

1. Spray  nozzle loose.  
2. Local reDair: nozzles removed. cleaned. and se t  

(Component) 
(Systern/Subsystem) 

, i rec t  observation 

'reventive maintenance, 

. Desuperhea ter l  
Thermocouple Well . Steam, Condensate and 
Feedwater  Piping and 
Equipment /Main S team 

281100 
. 43 

I .  

s c r e w s  w e r e  applied to  prevent loosening. 
3 .  None. 

1. Bellows modified. 
2.  P a r t  replaced. 
3 .  None. 

1. Gasket worn out. 

. Desuperhea ter  /Spray 
Nozzle 

. Steam, Condensate and 
Feedwater  Piping and 
Equipment /Main S team 

281100 
I .  43 

. Desuperheater/Bellow: 
:. Steam, Condensate and 

Feedwater  Piping and 
Equipment /Main S team 

281100 
i .  43 

. Desuperhea ter IF lange  
Gasket 

!. Steam, Condensate and 
Feedwater  Piping and 
Equipment /Main S team 

281100 
i. 43 

TABLE 1-76 

FAILURE DATA FOR DESUPERHEATERS 
(Sheet 2 of 2) 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

!I. SOURCE DOCUMENT 

. EBR-11 . Main s teamldesuperhea ter  . 740 t o  840"F,  1250 psig . PMMR-82 

. EBR-11 . Main s teamldesuperhea ter  . 740 t o  840"F, 1250 psig . PMMR-81 

. EBR-U . Main s teamldesuperhea ter  . 740 t o  840"F, 1250 psig . PMMR-12 

. EBR-I1 . Main s teamldesuperhea ter  nozzle . 740 t o  840"F, 1250 psig . PMMR-83 

INCIDENT 1 = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

,AUSE 

- - 
MA 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
! v u  

BZ 

MI 
53 

MI 
BZ 

MI 
BZ 

- 

-FEC 

- - 
[A 
20 

11 
30 

I1 
30 

iI 
30 

- 

'ERATIN( 
HOURS 

7400 

6920 

1200 

7400 

- 

METHOD OF FAILURE 
DETECTION 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOM M E  N OATIONS 

2. P a r t  replaced. 
3 .  None. 



TABLE 1-71 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 

+ 
2 
+ 
2 .  
W 
2 

n 

Straightening Vanes 

Flange Studs 

Flange Joint  "0" Ring 

Bolted Flange 

- - - - 
Flange Joint  h 

Thermocouple  Well, 

Spray Nozzle 

- - 

COMPO NE NT DESUPERHEATER 

COMPONENT SUBTYPE 

FAILURES (8) 0 1 
Component Tes t  Faci l i tv  

~ 

5 " 

Nuclear Tes t  Reactor  
-It 

-Be l lows  I 
Flange Gasket  - 

L I I 

In 
3 
a 

Steam and Feedwater  - 

Environmental  

Impuri ty/contaminat ion - 
Unknown 

- - 

w 
n 
0 

Mechanical 

Unknown - - 

+ 
0 
W 
LL 
LL 
w 

"1 

Plan t  availability l o s s  

Labor  and ma te r i a l s  l o s s  only 

s 
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T A B L E  1-78 

GENERAL SUMMARY 
COMPONENT DESUPERHEATERS 

FAlLURES(X)  0 10  20 30 40 50 6 0  70 80 S 

Environmental  

Impuri tylcontaminat ion 

Unknown 

-' 
W 

3 

v .  
a 

Mechanical 

Unknown 
n '  
0 z 

Plant  availability loss  

Labor and ma te r i a l s  loss  only 
W 
L L  
L L '  
W 

A 

TOTAL FAILURES PER TYPE 0 1 2 3 
I 

Desuperheaters  

OPERATING HOURS (THOUSANDS) 0 10 20 2 
Desuperhea te r s  

I I 

I I  1 I I  
W a z 

FAILURE RATE CFAILURES/106 hr) 0 1 0 0  200 

Desuperheater  s 

LMEC-Memo-69- 
1 -  190 

1 7, Vol I 
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5. Feedwater Heaters 

Fai lure  data for feedwater heaters  a r e  presented in Tables 1-79 through 
1- 8 1. 

a. Reliability Information 

Design Features:  

Preheat  feedwater to s team generator. Tap off s team f rom the main steam 

header to heat incoming feedwater. 

Crit ical  Characterist ics:  

Exchange heat between s team generated in process  and feedwater to steam 

generator. 

Mode of Failure:  

Gasket leakage 

Fai lure  Des c ription : 

1)  Flange gasket leakage 

2 )  Manhole cover gasket leakage 

3 )  Heater nozzle gasket leakage. 

Control Methods : 

1)  When using spiral  wound gaskets, make s u r e  that mating surfaces of 

flanges a r e  f r ee  of nicks, radial  scratchs,  o r  grooves f rom previous 

installations. 

2 )  Retorque flange bolts af ter  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 mater ia l  for  the application o r  improper techniques 

used when the connections were  made up; therefore,  selecting the proper  gaskets 

and employing the co r rec t  installation techniques should eliminate mos t  of the 

problems. 

LMEC-Memo-69-7, Vol I 
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1. COMPONENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Feedwa te r  H e a t e r /  
Flange Gasket 

2 .  Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Fe edwate r 
Heater  

3. 54 
284200 

1. Feedwa te r  H e a t e r /  
Manhole Cover  Gaskel 

?. Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Feedwater  
Hea te r  

284200 
3. 54 

1. Feedwa te r  H e a t e r /  
Nozzle Gasket  

2 .  Steam, Condensate anc 
Feedwa te r  Piping and 
Equipment  /Feedwater  
Heater  

284200 
3. 54 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2 .  Feedwate r  hea te r  No. 4 leve l  control  
3 .  480 t o  565°F  
4. Operat ions maintenance repor t ,  

5-29-68 

1 .  EBR-I1 
2. Feedwa te r lhea te r  No. 2 
3. 374"F,  200 psig 
4. Operations weekly repor t ,  12-20-67 

1. EBR-11 
2. Feedwa te r lhea te r  No. 2 
3. 374"F,  200 psig 
4. PMMR-72 (4-20-66) 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE" - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
59 

MI 
52 

MI 
32 

- 

FF EC 

- - 
AI 
i30 

VlI 
i30 

$41 
j30 

- 

- 
PERATINC 
HOURS 

4,710 

780 

I090 

- 

METHOD OF FAILURE 
DETECTION 

I i r e c t  observat ion 

Zreventive 
naintenance 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  R ECOM MEN DATl ONS 

I. Flange leaking, bad gasket .  
!. Component cor rec t ive  modification, flexitallic gasket  

3 .  None. 
replaced or iginal  a sbes tos  gasket .  

I .  Manhole cover  gasket leaking. 
t .  P a r t  replaced.  
3.  None. 

1. Heater  nozzle gasket leaking. 
?. P a r t  replaced.  
3 .  None. 

(D 



TABLE 1-80 

FAILURE D I  STRl BUTION FUNCTl ONS 

1 

E!+ 

I -W 

5: 
Nuclear P o w e r  Reac tors  

I I 

Feedwater  l i  

w -  vr 
3 

0 
a 

I- 

W 
v .  

0 

I 
Labor  and m a t e r i a l s  l o s s  only  

Unknown 

L L  
L L '  
w 

Mechanical 

W 

0 
n 

5 
I t  I I 
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A 

FAILURES(%) 0 1 0  20 30 40 50 60 70 80 90  100 

Unknown L 

W 
m 
3 

v -  a 

Mechanical 

w a 
0 
I 

Labor and materials l o s s  only ---I------ - 
c 
0 w 
LL 
L L -  w 

W a z .  

TOTAL FAILURES PER TYPE 0 1 2 3 4 5 6 7 8 

Feedwater heaters 

OPERATING HOURS (THOUSANDS) 0 10 20 30 1 

Feedwater heaters 

r 

Feedwater heaters 

~ 

I 600 7 

/--I 
il 1 
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6. F i l te rs  and Strainers  (see Figure 1-8) 

Fai lure  data f o r  f i l ters  and s t ra iners  a r e  presented in Tables 
1-86. 

-82 through 

a. Reliability Information 

Design Features  : 

Strainers  and f i l ters  are  used to remove foreign particles f rom liquid sodium 

and water  systems. 

Mode of Fai lure  : 

1 ) Misalignment 

2 )  Plugging. 

Fai lure  De  sc  ription: 

1)  The torque bolts were  torqued improperly. 

2 )  The s t ra iners  were  plugged. 

Control Methods : 

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

2 )  When plugging of a f i l ter  o r  s t ra iner  is cr i t ical  to plant operation, 

they should be provided with audible a l a rms  against impending 

problems. 

3 )  Better  quality assurance shoulG be provided during construction to 

keep the feedwater sys tem clean. 

b. Discussion and Recommendations 

Micro-metallic f i l ters  a r e  general1 1 used in sodium service systems,  es -  

pecially when initially filling the sys tem with sodium. 

has  bolted O-ring flanges to facilitate changing the f i l ter  element. 

history of sodium filters has been good, 

vesse l  leaking was an isolated incident and was the resul t  of improper  installa- 

tion. 

The f i l ter  vesse l  usually 

The operating 

The one reported incident of a flange 

A 
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c 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. Sodium F i l t e r  / 
Vesse l  Flange 

2. Heat  T r a n s f e r /  
Purif icat ion 

3. 27 
224233 

1. F i l t e r  /Gas Pur i f i e r  
Sea l  Ring 

2.  Nuclear  Fue l  Handling 
ands to rage  Equipment 
Cooling 

235140 
3. 27 

1. F i l t e r s  /Oil Vapor 
Ex t rac to r  Bearings 

2. Turbine -Generator  
Units and Condenser /  
Lubricat ing System 

350000 
3. 27 

1. F i l t e r s  / 0 -R ings  
2. Feedwater  Supply and 

T r e a t m e n t / F i l t e r s  
3. 27 

271100 

1. S t r a ine r /Sc reen  
2. Other  Reactor  Plant  

Equipment/Plant  
Cooling Water  

290000  
3. 27 

1. S t r a ine r  /Basket  
2. Feedwater  Supply and 

Trea tmen t  /Boi ler  
F e e d  Pump 

284100 
3. 27 

I =  
MA = 

lNCl DENT 
MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1 .  SRE 
2. Sodium se rv ice  ma in  pr imary sodium 

sys t em 
3. 210 to 350°F  
4. SRE log book 

1. EBR-Il  
2. Fue l  unloading machine 
3. 
4. Operations maintenance, 10-23-68 

1. EBR-I1 
2; Main Turbine 
3. 1250 psig, 3600 r p m  
4. Operations weekly report ,  12-20-67 

1. SCTI 
2. Feedwater  diatomite f i l ters  (F-IR&II  
3. 140 gpm, 20-in. diameter 
4. Incident r epor t  No. 59 (11-2-65) 

1. EBR-11 
2. P r i m a r y  pump eddy current  coupling 

cooling water  sys t em 
3. 
4. PMMR-99 

1. EBR-I1 
2. Feedwater /motor-dr iven feed pump 
3. 369"F, 1300 psig 
4. PMMR-50 

!I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

ZAUSE 

- - 
MI 
321 

MI 
500 

MI 
500 

P 
325 

MA 
273 

MI 
252 

- 

- 

MODE 

- - 
VlI 
56 

M I  
52 

M I  
B Z  

P 
52 

MA 
51 

w 
51 

FF EC- 

- - 
VI1 
530 

MI 
530 

M I  
530 

P 
530 

MA 
520 

M I  
530 

- 

- 

'ERATII 
HOUR5 

- - 
Jnknow 

5,240 
S Of 7- 

3,380 

534 

1,320 

650 

METHOD OF FAILURE 
DETECTION 

Direct  observation 

Direct  observation 

Prevent ive maintenancm 

Di rec t  observation 

Operational monitor  

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. R ECOM MEN OAT IONS 

1. Sodium leak, flange bol ts  not torqued properly.  
2 .  Retorqued bolts. 
3. Specify values  f o r  torquing flange bolts. 

1. S e a l  r ing leaking gas. 
2. Part replaced. 
3. None. 

1. Bad bear ings.  
2. P a r t  replaced. 
3. None. 

1. F i l t e r s  cleaned, O-ring replaced with wrong s i ze  

2.  P r o p e r  s ize  O-r ings installed. 
3. Stock p rope r  s i ze  components; u se  p rope r  ma in -  

causing water  leak.  

tenance procedure s .  

1. S t r a ine r  plugging caused low water  p r e s s u r e  in  the 
p r i m a r y  pumps eddy cu r ren t  coupling cooling wa te r  
s y s t e m  which resul ted in  r eac to r  s c r a m s .  

2.  New type s t r a ine r  installed. 
3. Audible p r e s s u r e  different ia l  a l a r m  on s t r a i n e r  to  

s e r v e  as warning of insipient clogging. 

1. St ra ine r  badly plugged with mud and packing ma te r i a l .  
2. Local  r epa i r .  
3. Maintenance personnel  t ra ining should include instruc-  

t ions f o r  proper  packing installations. 



TABLE 1-83 

FAILURE DI STRl BUTlON FUNCTl ONS 
COMPONENT FILTERS AND STRAINERS 

COMPONENT SUBTYPE FILTERS, MISCELLANEOUS 

FAILURES (%) 0 10 20 
I I 

Nuclear  Tes t  Reactor  
k 
Z &  Component T e s t  Faci l i ty  6 22 - 

F u e  1 Handling Machine 

Turbine Generator  Unit --- --- 2 Instrumentat ion 
W 
k 
In-  > 

t I I  

I I 

Gas  P u r i f i e r  Seal Ring 

Oil Vapor Ex t rac to r  Bearings 
~ 

c "0"Rings 
a a .  

L 

tr 

I- z 
w z .  
0 a 
I 
0 
0 

t I I  

Mechanical 

Unknown 
I n '  
3 

c >  
a -> I I 

I 1 I 

Mechanical 
I 

W Unknown 
n 
0 
II I I I  

I I I I 

Labor  -and ma te r i a l  loss only 
I I 

c I I 
i I I  0 

W 

w kk I I 
I I I  

LMEC-Memo-69-7, Vol I 
1- 198 



T A B L E  1-84 

FAILURE DI STRl BUTlON FUNCTl ONS 
COMPONENT FILTERS AND STRAINERS 

COMPONENT SUBTYPE ('ODIUM) 
FAILURES P/J 0 10 2 

Iu. I 4 I 

Heat T r a n s f e r  ' 
I I 

I t  I 
I t  i I 

I 
I 

. Vesse l  Flanee 

1 I 

I 

Human e r r o r  

W 
'" 

I I 

I I 
I I I 

Mechanical I 
I 

0 g: I 
I 

Labor  and m a t e r i a l  loss  on l  

€ t 

1 I I 
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TABLE 1-85 

FAILURE D I  STR l  BUTlON FUNCTIONS 
COMPONENT FILTERS AND STRAINERS 

COMPONENT SUBTYPE 

FAILURES ?/o) 0 1 
Nuclear Tes t  Reactor  -. I 

;c 
Feedwater  

Other  Reactor  Plant  Equipment 

I 

Screen  

2 1  a 

Environmental 

W 
v) 
3 

5 

'Mechanical - 
41/ s 

Plan t  availability l o s s  - 
Labor and ma te r i a l  loss only 

+ 
0 
W 
LL 
II 
W 

- 

L - 
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FAlLURESP/J  0 10  20 30 40 50 60 70 80 90 100 

Environmental  

Mechanical 
W 
V, Human e r r o r  L 
3 '  5 Unknown 1 

Mechanical 

Unknown 
- 

n 
0 
5 

Labor and m a t e r i a l  loss  only 

5 Plant  availability lo s s  
W 
LL 
LL 
W 

OPERATING HOURS (THOUSANDS) 0 10 20 2 
Sodium f i l te rs  

S t r a ine r s  

Miscellaneous f i l t e r s  I 

~ 

~ 

Sodium f i l t e r s  7 

St ra ine r s  

Miscellaneous f i l t e r s  

I I 
I I I  

I I  
'11 

FAILURE RATE (FAlLURES/106 hr) 0 100 200 3 
Sodium f i l t e r s  

S t r a ine r s  L 

Miscellaneous f i l t e r s  II 
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I ann 

t 

- 

5l 
700 

1 
1 

0 

00 



7. Intermediate Heat Exchangers (see Figures 1-9  through 1-13) 

Fai lure  data for  intermediate heat exchangers a r e  presented in Tables 1-87 

through 1- 89. 

a. Reliability Information 

Design Features  : 

Loop-type shell-and-tube heat exchanger fo r  sodium-to-sodium heat 

t ransfer .  

C r itic a1 Char ac  te  ris t ic s : 

Provide efficient t ransfer  of heat f rom pr imary  source to secondary sys-  

tem. 

Provide buffer between radioactive p r imary  side and s team generator. 

Mode of Fai lure  
~~ 

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

strong fluctuation in the p r imary  surge tank level. 

2 )  Due to improper  matching of tube configuration and liquid meta l  flow 

rate,  harmonic oscillations produced s t r e s s ,  cracking, and failure 

of tubes, 

Description of Fai lure  : 

1)  NO vent line on top of intermediate heat exchanger where a la rge  

volume of cover gas was trapped, resulting in gas entrainment. 

2 )  Liquid metal  found leaking through cracked tubing. 

Control Methods : 

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

drainage. This objective m a y  be accomplished by use of the following: 

a )  Utilization of tools and equipment which do not by themselves 
introduce cover gas (or  a i r )  into the liquid meta l  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 

a r e  unavoidable. 

2 )  Any filling o r  draining procedure should be conducted in accordance 

with an operational manual which clear ly  delineates the nature and 

sequence of steps required fo r  filling and drainage. 

3 )  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 pr ior  to its manufacture. 

4 )  Any significant uncertainties o r  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 f rom hardware prototype o r  .mockup units. 

5 )  P r i o r  to acceptance and installation of the completed, manufactured 

unit, an  appropriate acceptance tes t  procedure should be devised and 

utilized to verify satisfactory operation of the component. 

b. Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
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Figure 1-9. EBR-I1 Intermediate Heat Exchanger 
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MAL BAFFLE 

TUBE SHEET 

TO SHELL OPERATING Na LEVEL 

SINGLE WALL TUBE 
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SHROUD SUPPORTS 
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Figure 1- 10. E F F R  Intermediate Heat 
Exchanger 
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P L U G  COOLING DUCT 
NaK 
I N L E T  

/- 

NaK 
O U T L E T  

F L O W  D I A G R A M  L 
/ T U B E - B U N D L E  C L A M P  

,8 OPENINGS 

CONTINUOUS 
L I Q U I D - L E V E L  

'PROBE . V E R T I C A L  B A F F L E  

- I D  x 0.552-in. OD 
888 T U B E S  0.472-in 

D I S T R I B U T E D  I N  12  
CONC E N T R  IC LAY E  R  S 

- P R E H E A T I N G  J A C K E T  

, LOWER PLENUM 

. NaK D R A I N  T U B E  ( S U C T I O N )  

N ITROGEN 

/ Na 
16  OPENINGS 216.5 in. 

7- 76 94 - 2 0 8 -1  6 

Figure 1- 12. Rapsodie Intermediate 
Heat Exchanger 
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Figure 1- 13. SRE Main Intermediate Heat Exchanger 
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Q c 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

,. In te rmedia te  Heat 
Exchanger /  Tubesheet 

!. Heat T r a n s f e r I I n t e r -  
media te  Heat Ex- 
changer  

222300 
I. 39 

1. In te rmedia te  Heat 
Exchanger ITubes  

!. Heat T r a n s f e r I I n t e r -  
media te  Heat Ex- 
changer  

222300 
5 .  39 

* I = INCIDENT 

T A B L E  1-87 

FAILURE DATA FOR INTERMEDIATE HEAT EXCHANGER 

I .  FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. SCTI 
:. P r i m a r y  sodium 
I .  Flow 885,000 l b / h r  

s o d i u n  tempera ture  inlout ( O F )  

7751 1175 
L. SCTI, incident r epor t  No. 46 

I. HNPF 
!. IHX No. 1A 
I. 
1. NAA-SR-10743 (11-18-62) 

I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
VlI 
110 

VlA 
128 

FF EC1 

- - 
VlI 
j30 

MA 
520 

PERATIN( 
HOURS 

611 

5,640 

METHOD OF FAILURE 
DETECTION 

lpera t iona l  monitor 

lpera t iona l  monitor 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  Original piping did not include a cover  gas vent f r o m  
the top of the IHX she l l  side.  
tween the sodium inlet  nozzle and the  upper tubesheet. 

!. A vent line and a manually operated valve were  in- 
s ta l led  f r o m  the she l l  side of the IHX to the p r i m a r y  
expansion tank. 

Gas was trapped be-  

I. None. 

1. Tubes c racked  and leaked a s  a resu l t  of flow induced 
vibration. 

!. Tube vibration s u p p r e s s o r s  installed. 
$. Provide adequate design analysis and acceptance 

testing. 



TABLE 1-88 

FAILURE D I  STR I B UTI ON FUNCTIONS 
COMPONENT INTERMEDIATE HEAT EXCHANGER 

COMPONENT S U B T y p ~  INTERMEDIATE HEAT EXCHANGER 

FAILURES (z) 0 
Component Tes t  Faci l i ty  - 

i - . ~  
Z w  Nuclear Power  Reac tor  
a? 2+ 

Heat T r a n s f e r  

Tube Sheet - 
Tubes - 

+ 
K 
CT i i l  a 

I 
0 
0 

I 1  
I 

Environmental  - 
Inherent - 

v) 
3 

Mechanical - 
W Metallurgical - 
n 

I I  -I 
Plant  availability 10s s - 
Labor and mater ia l  loss  - 

W 

I 
n 
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TABLE 1-89 
GENERAL SUMMARY 

w ’  
v, 
2 
4 u -  

w 
P 
0 z 

w 
LL 
LL 
w 

n 

I 1 I 
Environmental 

Inherent 

Mechanical 

Metallurgical I 

Labor and material loss only 7 - y  
Plant availability loss 

W n > -  
t 

t c 
FAILURE RATE (FAILURES/106 hr) 0 

Intermediate Heat Exchangers T 1T 
1 a 
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8. 

a. Introduction 

Piping and Associated Fit t ings (Figure 1 - 14) 

The piping and fittings data collected for this section include service in gas, 

steam, water,  and sodium. 

for  this analysis,  a r e  identified a s  a separate  subtype. While a large number of 

different piping mater ia l s  are used in nuclear systems,  the events collected 

herein a r e  pr imar i ly  for  the s ta inless  s teels  and high-strength alloys. 

failure events collected to  date a r e  itemized in Table 1-90. 

Some gas  systems will include sodium vapor and, 

The 38 

Evidence of a pipe failure i s  a leak or ,  in a limited number of cases ,  plug- 

ging or  high-pressure drop. 

fa i lures  were detected by d i rec t  observation and one-quarter of them by monitors.  

Monitors a r e  categorized as operations and performance measurements  that  a r e  

monitored by means of leak detectors  and protective systems.  

Approximately three-quar te rs  of the reported 

b. Summary of Tabulated Data 

The detailed data of Table 1-90 are  summarized in Tables 1-91 through 1-96. 

The data a r e  subdivided into piping subtypes: water,  steam, sodium, sodium 

vapor, iner t  gas,  and miscellaneous.  

Table 1-96 provides a general  summary  of the data a s  to  cause, mode, effeect, 

and total number of piping fai lures .  

mation has been discontinued until a later date. 

for any one of these subsystems i s  not large.  

t o  be in the c lass  of mechanical fa i lures  5770 of the t ime. 

is predominantly a labor  and mater ia l  loss  (71700). 

Computation of updated failure ra te  infor- 

The number of fa i lures  collected 

The mode of failure is indicated 

The effect of the fai lure  

The water-piping experience presented in Table 1-95 i s  pr imar i ly  associated 

with nuclear power reac tors ;  the feedwater sys tems contribute the majori ty  of 

the fai lures .  

and flange gasket t o  be the major  contributors of malfunctions. 

(Table 1-92), the bellows convolutions a r e  shown to be a troublesome area .  The 

fai lures  associated with miscellaneous piping (Table 1-91) occur pr imar i ly  in the 

fuel handling sys tem and instrument  a i r  supply system. 

The failure distribution function for  s team piping shows the flange 

In sodium piping 

Piping malfunctions can be reduced by following good design pract ices .  Ma- 

t e rial qua lit y r e qui r e me  nt s mu s t b e c a r e fully c on s id e r e d, ma t  e r i a l  s p e c i f  i c a t  i on s 
properly written, and the highest quality workmanship used during fabrication. 

@ 
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Figure 1-14. Sodium Pipe Section 



Welding procedures a r e  ve ry  important;  post-mortem examinations of pipe stub 

welds and joint welds have revealed severa l  ca ses  of very  poor penetration and 

of poor weld fitup. 

established, and closely followed. 

Facil i ty operating procedures  should be clear ly  defined, 

Fatigue problems under thermal  and mechanical cycling loading conditions 

When notches or  s t r e s s  mus t  be considered in the design of the piping system. 

r i s e r s  a r e  incorporated in the piping system, the potential for fatigue fai lures  

is increased. 

entials o r  mechanical vibrations a r e  a r e a s  of special  concern with respec t  to  

cycle fatigue. 

Piping wall sections that a r e  subjected to  la rge  temperature  differ-  

Par t icu lar  ca re  is required t o  avoid the initiation of s t r e s s  corrosion in the 

Type 300 s e r i e s  s ta inless  s teels  when using chloride cleaning solvents o r  acid 

pickling solutions. 

cleaning precautions must  be used. 

leaching of chlorides present in the insulation onto the pipe surface.  

precautions a r e  required for  inactivated sys tems exposed to  the elements.  Moist 

sea a i r  i s  a particular source of chlorides,  To minimize the possibility of s t r e s s  

corrosion due to chlorides f r o m  the insulation, choose insulating mater ia l s  which 

contain inhibitors o r  which a r e  low in chloride content. Obviously, the insulating 

ma te r i a l  should be protected f r o m  moisture .  

If the use  of such mater ia l s  is unavoidable, meticulous 

Insulation mus t  be kept d r y  to  prevent 

Special 

8 

Afte r  a piping sys tem has been exposed t o  the sensitizing temperature  range 

of 800 to 1300°F ( e . g . ,  a welded region), c a r e  must  be exercised to  protect the 

pipe surface f rom corrodents.  

t o  atmospheric o r  aqueous corrosion on piping exposed to  weather. 

potential exposure to  the weather,  a minimum of penetrations should be made 

through the insulation and protective covering. 

the effect of moisture  that contacts the pipe surface.  

Sensitized s ta inless  s teels  a r e  highly susceptible 

To reduce 

A preheat on the pipe minimizes 

c. Sodium Systems 

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

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

The over-pressurizat ion of sodium sys tems while thawing frozen l ines can 

be avoided by initiating thawing a t  a free  surface and progressing f rom there to 

the r e s t  of the system. 

June 30, 1970 
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Special consideration should be given to the design of mixing tees  in sodium 

to  minimize the effects of cyclic thermal s t r e s s  fatigue. 

In actual operating sodium systems, the normal  sodium impurit ies will not 

be detrimental  t o  piping, except possibly to  thin-walled tubing o r  fuel cladding. 

The post-operational examination of the SRE' 

regarding the sodium piping in the system. The pr imary  sodium system was 

exposed for approximately 44,000 h r  to  sodium at temperatures  ranging f rom 

205 t o  1030°F, while the secondary sodium system was expo'sed for approxi- 

mately 25,000 h r  at temperature  f rom 300 to  1000°F.(2) The resul ts  of this 

investigation disclosed no evidence of impending functional failures,  cracking, 

or  erosion problems. Some surface layers  showed slight evidence of carburiza-  

tion and possible corrosion, but in a l l  cases ,  mater ia l s  deterioration was insig- 

nificant. 

operated under SRE conditions could be expected to  have a reliable long life, 

substantiates this conclusion 

The investigators reached a conclusion that "large sodium systems 

commensurate with power plant practices.  ll(1) 

LMFBR systems will be operating a t  c reep  temperatures .  Creep s t r e s s  

rupture is caused by the combination of steady s t r e s s  a t  a temperature  where 

no appreciable s t ra in  hardening occurs.  Any excessive deformation may point 

out a c r eep  problem which indicates that pipe deformation o r  movement should 

be monitored. 

@ 

d. Discussion 

( 1 )  General  

The causes of piping failures can be classified into five categories as  follows: ( 3 )  

1 )  Service (excessively severe service conditions). 

2 )  Materials (selection and handling of base and welding mater ia l s ) .  

3) Base metal defects (introduced during manufacture). 

4) Design (structural ,  design notches, joint location, weld configuration). 

5) Fabrication (fabrication, welding, heat treatment,  o r  cleaning). 

Cyclic loading conditions, whether mechanical or  thermal ,  in piping with in- 

adequate flexibility resul ts  in peak s t r e s ses  of sufficient magnitude t o  initiate and 

propagate cracks.  

anchored supports where motion is res t r ic ted.  

These cracks a r e  often initiated a t  branch connections o r  

@ 
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Incor rec t  selection of piping mater ia l s  for  exposure conditions has  resul ted 

@ in numerous piping fai lures .  

carbon and carbon-molybdenum steal  piping af ter  service above 800°F.  

itization has been most  commonly found in the weld heat-affected zone when the 

ma te r i a l  has been heated briefly above 1333°F. 

well as heating conditions appear t o  affect cracking tendencies of Type 347 

s ta inless  s teel  piping in the weld heat-affected zone. 

cracking has  been a problem in the past, and has generally been related t o  a low 

liquation temperature .  

t o  r a i se  the liquation temperature  and increase  resis tance to cracking. 

Fa i lu re s  have resul ted due to  graphitization of 

Graph- 

Specific heat composition as 

This tendency toward hot 

High carbon and nitrogen in relation to  columbium tend 

Between 800 and 1300°F austenit ic s ta inless  s teels  become sensitized. C a r -  

bon combines with chromium nea r  the grain boundaries and precipitates out in 

these grain boundaries a s  chromium carbides .  

nar row zone on either side of the grain boundary which has  l e s s  than the 12% 

chromium necessa ry  for  corrosion res i s tance .  
environment the material is highly susceptible t o  intergranular  attack and 

possible failure.  

This precipitation leaves a 

In the presence of a corrosive 

Base meta l  defects such a s  laps,  laminations, seams,  porosity, o r  any 

significant discontinuities in the micros t ruc ture  can ac t  a s  s i tes  for  c r ack  

1311 cleat i on. 

Sharp change s in s e ction thic kne s s , hang e r s , noz z l  e s , branch c onne ct ion s , 
reinforcement,  metal lurgical  notches (e.  g . ,  welds), and built-in res idual  

s t r e s ses  a r e  a l l  a r e a s  for  concern under cyclic loading. 

Welded piping fabrication is par t icular ly  susceptible to  ca re l e s s  choice of 

weld rod, contaminated rod, poor fitup, poor welding technique, lack of penetra-  

tion, porosity, undercut, cracking, and a r c  s t r ikes .  Austenitic s ta inless  steels 

a r e  par t icular ly  susceptible to  s t r e s s  corrosion especially in the presence of 

chlorides.  

GEAP testing of mater ia l s  in flowing non-isothermal sodium indicated that 
corrosion ra tes :  (4 )  

1) Varied direct ly  with the oxide content of the sodium. 

2 )  F o r  mater ia l s  tes ted (316 SS, 2-1 /4  C r  - 1 Mo, 5 C r  - 1 / 2  Mo - 1 / 2  TC) 

were all  essentially the same.  
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cs 3 )  Became l inear  after an  initial period of a few hundred hours. 

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

1200°F. 

5) Were affected by sodium saturation. 
given temperature  showed the greatest  corrosion rate.  

"downstream" showed progressively lower corrosion rates .  

The f i r s t  mater ia l  exposed a t  a 

Material 

(2)  Detailed Discussion 

In the following discussion, specific examples of the effects of s t r e s s  co r -  

rosion, thermal/mechanical  cycling, fabrication deficiencies, and human e r r o r s  

a r e  presented. 

Str  e s s C or  rosion (Sensitization /Chloride Induced) 

Transgranular  s t ress -cor ros ion  cracks were detected(5) in Type 304 and 

Type 347 stainless s teel  components of the homogeneous reactor  during t e s t s  of 

remote-maintenance procedures pr ior  t o  actual s tar tup of the reactor.  

cracks were  in tubing of the secondary sys tem used for  detecting leaks a t  the 

flanged joints of the p r imary  sys tem and in the grooves of the flanges in the 

p r imary  system. 

f rom the secondary system. 

compound was not removed during fabrication and was baked in during subse- 

quent annealing. 

The 

@ Up t o  1070 ppm chlorides were  found in the fluid drained 

Apparently a chlorinated-hydrocarbon lubricating 

During hot-flushing of the piping in the merchant  ship, N. S. Savannah, 
( 6 )  several leaks developed in the primary system which wet the thermal insulation. 

Since it was known that the thermal  insulation applied to  the p r imary  sys tem 

piping contained chlorides, and that the p r imary  sys t em had been thermally 

cycled several  t imes af ter  the insulation had been wet, an  investigation was 

initiated t o  determine whether the sys tem had been damaged. 

showed that the proper  conditions existed for  chloride s t ress -cor ros ion  cracking 

of the austenitic stainless s teel  in the p r imary  system. Laboratory investigation 

of a sample of pipe removed f r o m  the p r imary  sys t em indicated that  chloride 

s t ress -cor ros ion  cracking had begun but that the reaction had been interrupted 

before ser ious damage occurred. 

The investigation 
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A sodium leak was observed in the secondary expansion tank overflow 

nozzle a t  the Hallam Nuclear Power Facil i ty.  

indicated that an ear l ie r  leak preceded the observed leak. A f t e r  removal of the 

insulation, visual inspection revealed severe corrosion on the external surfaces  

of the tank wall and 8-in. overflow nozzle f rom the tank to an 8-in. overflow line. 

A pinhole was discovered 1 / 2  in. f r o m  a butt-weld joining the nozzle with the 

overflow line. 

tank wall, which metallographic examination showed to be t ransgranular  in 

nature.  This was the initial (pr imary)  leak and sodium-insulation-reaction 

products f rom this leak appear to have produced the external  corrosion that 

resulted in the pinhole leak. 

granular s t r e s s  corrosion result ing f rom the chloride /fluorine contained in the 

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

The subsequent investigation 

Fur ther  examination showed a massive network of c racks  in the 

The p r imary  leak is considered to  be due to t r ans -  

Intergranular corrosion cracking was detected in two Type 304 s ta inless  steel  

outlet nozzles in high-purity heavy-water moderator  service at the Savannah 
River  reac tor  plant.(5) The c racks  propagated f r o m  general  intergranular  a t tack 

that apparently occurred a t  sensit ized grain boundaries a s  the resul t  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 

c racks .  

A 3-in. line of Type 304 s ta inless  s teel  a t  the Large Component Tes t  Loop 

(LCTL) developed a sodium leak.(7) Metallurgical examination of the failed 

section revealed the mater ia l  had been sensit ized due to  operation over 800°F 

and that corrosion attack was intergranular .  

insulation had been rain soaked. 

f rom the insulation and concentrated on the pipe surface.  

occurred in a plugging me te r  loop a t  the LCTL.(8) Again it was attributed to  

intergranular  corrosion due to  a corrodent leached f rom wet thermal  insulation. 

A t  the point of leakage the thermal  

It was postulated that a corrodent was leached 

A similar failure 

Three  Type 304 s ta inless  steel bellows expansion joints installed in the 

sodium piping a t  the Sodium Component Tes t  Installation (SCTI) a t  LMEC failed 

af ter  relatively short  service .(9) Fa i lure  analysis revealed the bellows had been 

sensitized during fabrication due to a baking t reatment  at 1300°F for 30 min to  

remove volatile mater ia l s .  There  was a 30-mo period between fabrication and 
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installation of the bellows in the SCTI. 

the mater ia l ,  sensit ized by the baking t reatment ,  was attacked by an unidentified 

corrodent.  I t  was known that moisture ,  salt,  and chemicals were present  in the 

atmosphere at the fabrication, storage, and installation s i tes .  

It was postulated that during this period 

Thermal  /Mechanical Cycling 

T h i e l ~ c h ( ~ )  reports  a s team pipe failure where periodic startups and shut- 

downs of the boiler resul ted in expansion and contraction of the line. 

insufficient flexibility in the system to absorb the s t r e s s e s  over the years ,  

"With 

cracking was initiated and gradually spread ac ross  the wall thickness." G E A P  (10) 

reports  10 cases  where expansion/flexibility is l isted a s  the p r imary  cause of 

failure. 

carbon steel  pipe) failed due to  bending over supports. 

fatigue was responsible for c rack  initiation and propagation. 

line nea r  the point of attachment to the main piping resulted in leakage of NaK a t  

the Russian BR-5 plant. (") The cause of this failure was attributed to inadequate 

provisions for t he rma l  expansion. 

In two instances s team header piping (14- and 16-in.-OD seamless  

Thermal  and mechanical 

Cracking of a drain 

A number of service failures resulting f rom the combination of a s t r e s s  

concentration and cyclic loading a r e  reported.  ( 3 9  lo )  Mechanical (notches, meta l -  

lurgical  notches, and high residual s t r e s ses  due to  a socket weld were a l l  p resent  

in these cases .  One such failure was in a socket weld joining a thermometer  well 

to a s team pipe and another in the thermowell of the SCTI secondary sodium sys-  

tem.  Another fa i lure(3)  occurred a t  the toe of a fillet weld attaching a hanger lug 

to  a curved pipe section. The failure was attributed to  the rma l  fatigue because of 

a sharp  change in weldment design. 

design notches. 

in.-wall main s t eam line and a hanger lug. In the other, a sha rp  notch between 

a reinforcing r ib  and a 5-in. schedule 40 17-4 P h  stainless s teel  was coupled to  

mechanical fatigue. 

@ 

Two similar  failures resulted f rom severe  

In one case,  coupled to thermal  fatigue in a 10-in.-OD by 0.690- 

A 2- 1 /2-in. Type 304L stainless steel  mixing tee  revealed numerous c racks  

af ter  9500 h r  of operation. (12) Cause of cracking was attributed to  thermal -  

s t r e s s  fatigue (possibly high cycle) due to  mixing of hot (-700°F) and cold 

(-5510°F) sodium. 

with a la rge  number of cycles required to cause failure. 

Crack  propagation under these conditions i s  relatively slow, 
' 
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The GEAP survey" lists 41 cases  where graphitization embrit t lement 

was reportedly the cause of failure.  

was in the weld-heat-affected zone of a welded pipe joint. 

fa i lures  occurred in carbon-molybdenon s t eam piping, operating between 900 

and 960°F,  a f te r  long exposure t imes ,  and resulted in cracking but not complete 

severance.  

The location of failure in 38 of these cases  

Essent ia l ly  all these  

F ab r i c at i on 

One instance of an  inadequate inspection requirement  of some Croloy (2- 1 /4  

C r  - 1 Mo) s t eam pipe was reported at the Sodium Component T e s t  Installation 

(SCTI) at LMEC. (13)  This ma te r i a l  had been purchased to  ASME P r e s s u r e  Vesse l  

Code, Section 11, 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, t o  contain a longitudinal forging lap. 

Subsequent ultrasonic inspection of all the Cr-Mo pipe resulted in rejection of 

s eve ra l  of the pipe spools due to  forging laps.  Plant  s tar tupwas delayed 69days.  (14) 

A NaK leak in the p r imary  coolant c i rcui t  of the Br i t i sh  Dounreay Fast 

Reactor  (DFR) (15)  i l lustrates  some of the problems that can be caused by defec- 

tive welds. 

to the radioactive nature  of the p r imary  circuit .  

surrounded by a leak  jacket. 

exact leak location and fur ther  complicated r epa i r  once the leak had been located. 

Final  metal lurgical  examination of the leak revealed that it had occurred  a t  a 

weld joint due to the following weld defects: 

weld f r o m  the line of the butt joint, lack of penetration, and a s t r e s s  r i s e r  where 

the weld had a double start. 

about 11 mo, which i l lustrates the severe  consequences of inadequate control of 

welding procedures .  The GEAP survey'") reported 31 cases  where the p r imary  

cause of failure was attr ibuted t o  some type of weld defect. 

The p r imary  coolant piping in this case  was enclosed in a vault due 

The p r imary  piping was a l so  

This situation made it difficult t o  determine the 

Joint misalignment, straying of the 

Total  facility down-time due to  this incident was 

Human E r r o r  

Improper  preheating of a line filled with solid sodium can resu l t  in melting 

of sodium between solid sodium plugs and possible overpressure  of pipe l ines due 

to  expansion of the melted sodium. 

Rapsodie during preheating of a sys tem fill l ine which was full of sodium.(16' This 

same procedure caused many fai lures  of bellows seals  in valves at the Sodium 

Reactor Experiment (SRE) during ear ly  operation. 

Fa i lure  of this so r t  was experienced at 
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A flanged lbow ruptured instantaneously f rom the impact of a slug of water  

@ accelerated by s t eam f rom a valve that had just  been opened.(3) This incident 

resul ted in the loss  of one life. 

Discussion with cognizant personnel revealed a pipe failure in the SRE in a 

2-in. pipe leading f r o m  the sodium service vault to  a p r imary  heat t r ans fe r  line. 

An electr ic  a r c  f r o m  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 pr i -  

m a r y  pump sodium line, leaving an undetected hole until the sys tem was filled. 

One case  was r e p ~ r t e d ' ~ )  where an  incorrect ly  identified coupling failed 

during a p r e s s u r e  tes t .  

s ta inless  steel .  Examination subsequent t o  the failure revealed the mater ia l  to  

be "Monel." Welding of this "Monel" with s ta inless  s teel  e lectrodes resul ted in 

a brit t le joint which was responsible for  the failure.  

The coupling had been certif ied and stamped a s  Type 304 

The principal investigator of this mater ia l  was R. C. Calkins. If additional 

information regarding piping/fitting fai lures  is required,  contact J. J. Auleta, 

R. C. Calkins, o r  E. Ferguson at LMEC. 

A 
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TABLE 1-90 

- 
TEL 

- - 
1 

2 

3 

4 

5 

6 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(SystedSubsystem) 

1. IHX Inlet P i p e /  
The rmowel l  

2. Heat  T r a n s f e r I H o t  

3. 18 
Leg 

22221 1 

1. Piping/Bel lows Con- 

2. Heat T r a n s f e r l H o t  

3. 18 

volution 

Leg 

221211 

1. PipingISuction Line 
2. Heat T r a n s f e r I P r i -  

3. 18 
m a r y  Coolant 

221210 

1. PipingIBel lows Con- 

2. Heat  T r a n s f e r I H o t  

3. 18 

volutions 

Leg 

2222 11 

1. PipingIBel lows Con- 

2. Heat T r a n s f e r I H o t  

3. 18 

volutions 

Leg 

2222 11 

1. Piping and Fi t t ings /  

2. Heat  Transfer /Coolan  

3. 18 

Gasket  

Receiving 

224110 

INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SCTI 
2. Secondary sodium sys tem,  inlet  l ine 

3. Contains thermocouples  to indicate 

4. Incident r e p o r t  No. 79 

1. SCTI 
2. Expansion joint  No. 5 
3. 1000'F a t  125 p s i  
4. Incident r e p o r t  No. 34 

to IHX 

sodium loop t e m p e r a t u r e  

1. SCTI 
2. P r i m a r y  sod ium sys tem,  sodium 

3. 10 in., schedule  40-304 SS, 1300°F 
4. Incident r e p o r t  No. 60 

pump (P-5)  

1. SCTI 
2.  Expansion joint  XJ- 10, l ine No. 552 
3. 1000°F a t  125 psig 
4. Incident r e p o r t  No. 108 

1. SCTI 
2. Expansion joint  No. 8 
3. - 
4. Incident r e p o r t  No. 114 

1. H N P F  
?. No. 2 d r u m  m e l t  station 
3. - 
P. AImonthly,  1 /11/63  

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* - 

CAUSE 

- - 
MI 
474 

MI 
457 

MI 
328 

I 
457 

I 
457 

MI 
442 

MODE 

- - 
MI 
128 

MI 
61 

MI 
34 

I 
61 

I 
61 

MI 
5 2  

FFEC 

- - 
MI 
520 

M I  
530 

MI 
136 

I 
520 

I 
520 

MI 
530 

- 
PERATIN' 
HOURS 

1140 

612 

1208 

6 12 

887 

Jnknown 

- 

METHOD OF FAILURE 
DETECTION 

Operat ional  moni tors  

Di rec t  observat ion 

Direc t  observat ion 
sodium f i r e  during 
loop filling 

Operat ional  moni tors  

Pro tec t ive  sys tem,  
leak  de tec tor  a l a r m  
actuated 

Direc t  observa t ion  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Thermowells  c racked  because of m e t a l  fatigue due to 
vibration. 

2. Thermowells  removed and replaced with s h o r t e r  
length unit. 

3. Deviations f r o m  specifications should be routed 
through a m a t e r i a l  review board.  

1. Bellows cracked.  
2. P a r t  replaced. 
3. Use of bellows expansion joints in  sodium loops is not 

recommended. 

1. Welder inadvertently touched pipe with welding t o r c h  
c rea t ing  a hole which remained undetected by v isua l  
inspection. 

2. Local  repair .  
3. Any welding on the  sodium l ine  should b e  checked by 

dye penetrat ion method p r i o r  to filling. 

1. This  bellows f a i lu re  was the s a m e  a s  previous fa i lure  
The s ta in less  s t ee l  had sens i t ized  and subsequent ly  
corroded.  

2. P a r t  replaced. 
3. Avoid use  of bellows expansion joints in sodium loops. 

1. Very s m a l l  c r a c k s  and pin hole leaks  developed in  the 
convoluted portion of the bellows due to sensit ization 
of the  metal .  

2. P a r t  replaced. 
3. Avoid u s e  of bellows expansion joints in  sodium loops. 

1. Sodium leak around gasket  between piping and dra in  
bung. 

2. A new gasket  of copper-covered asbes tos  was 
installed.  

3. None. 



- 

TEA 

- - 
7 

8 

9 

10 

11 

- 

. . COMPONENT/PART 

I. SY STEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

1. Piping and Fi t t ings/  
P ipe  

med ia t e  Cooline 
i. Heat  T rans fe r / In t e r -  

3. 18 
222000 

1. Vent Piping/Pump 

?. Heat  T r a n s f e r /  
Vent Line 

Reactor  Coolant 
Piping 

221210 
3. 18 

1. PipinglVent  Line 
2. Heat T r a n s f e r / P u r i -  

3. 18 
f icat ion (Cold T r a p )  

224239 

1. PipingILine to  

2. Heat T r a n s f e r / h e r t  

3. 18 

Chromatograph 

Gas  Monitor 

224600 

1. Piping/  Joint 
2. Heat T r a n s f e r I I n e r t  

3. 18 
Gas  Monitoring 

224630 

TABLE 1-90 

FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS 
(Sheet 2 of 7 J 

1. FACILITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. HNPF 
?. Overflow l ine pump to secondary 

expansion tank No. 3 
3. - 
1. Conference 650620 

1. HNPF 
2. P r i m a r y  sodium system 
3. Vent l ines  a r e  preheated to 3 3 8 ° F  
4. Monthly operating report  No. 2 

1. HNPF 
2. P r i m a r y  cold t r a p  No. l l f r e e z e  

t r a p  No. 3 
3. 3- 10 ps i  hel ium when draining 

sodium 200 to 3 5 0 ° F  
4. Work request  No. 2629 

1. EBR-11 
2. F i s s ion  Gas Monitor 
3. Ambient Tempera tu re  
4. PMMR- 104 

1. EBR-I1 
2. P r i m a r y / a r g o n  sys t em 
3. Ambient t empera tu re  
4. Operations maintenance report ,  

5 /29 /68  

I = MINOR MALFUNCTION 

FAILURE INDEX 

- 
AUSE 

- - 
M I  
!4Z 

MI  
116 

MI 
187 

MI 
500 

MI 
500 

CODE* - 
AODE 

- - 
MI 
94 

MI 
51 

MI 
51 

MI 
BZ 

MI 
43 

- 
T E F  

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

'ERATIN( 
HOURS 

15,000 

890 

Jnknown 

10,380 

14,710 

METHOD OF FAILURE 
DETECTION 

Direct observat ion 

Direct  observat ion 

During actuation 

Routine inspect ion 

Ope rat ional  mon i to r s  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sodium l eak  o c c u r r e d i n t h e  %in. inlet  overflow pipe 
f r o m  sodium pump No. 3 to expansion tank No. 3. 
Fa i lu re  of the pipe was due to s t r e s s  co r ros ion  
cracking. 

2. The pipe spool was removed f r o m  the s y s t e m  and 
replaced with a new section. 

3. None. 

1. Vent l ine plugged. 
2: Operating limits change. 
3. None. 

1. Vent piping plugged with sodium. 
2. Local r epa i r ;  ( a )  replaced plugged sect ion of vent 

piping, (b) heated f r e e z e  t r a p  housing to m e l t  sodium 
in shaf t  housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capacity ground the c a m  shaft 
housing to ensu re  solidification of any sodium that  
may  flow p a s t  the float. 
du re  should b e  m a d e  whereby a slight positive sodium 
p r e s s u r e  is maintained on f r e e z e  t r a p  a t  a l l  t imes.  

1. Gas l eak  f r o m  p r i m a r y  sys t em.  
2. Local r epa i r .  
3. None. 

Change in  operating p roce -  

1. Leaking joint in  a rgon  s y s t e m  to chromatograph. 
2. Tempora ry  r epa i r .  Joint was  sea l ed  with RTV. 
3. None. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEI 

- - 
12 

13 

14 

15 

16 

17 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Piping/Piping Pluggec 
2. Fuel  Handling Machine. 

3. 18 
Cooling System 

235140 

1. Piping/Argon Seal 
2. Fuel  Handl ing/Fuel  

Handling Machine 
Cooling 

235140 
3. 18 

1. PipingIFlange 
2. Steam-Feedwater /  

Piping 

281300 
3. 18 

1. Level  Sensing P ipe /  

2. S t eam-Feedwate r /  

3. 18 

Flange 

Feedwater  Hea te r  

284200 

1. Piping/Flange 
2. S t eam-Feedwate r /  

3. 18 
Piping 

281300 

1. Piping/Flange 

2. S t eam-Feedwate r1  

3. 18 

Gasket  

Piping 

281300 

TABLE 1-90 

FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS 
(Sheet 3 of 7 )  

1. FACILITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. Fuel  Handling Machine 
3. - 
4. ANL-6808, 9163 

1. F e r m i  
2. C a s k c a r  
3. - 
4. EFAPP-47 

1. SCTI 
2. Steam and Feedwater  System 
3. - 
4. Incident repor t  No. 129 

1. SCTI 
?. High p r e s s u r e  feedwater  hea te r  (E- 1 
3. 6OO"F, 2000 to 2400 psig s t e a m  
4. Incident repor t  No. 96 

1. SCTI 
?. Flow nozzle - FRC-ZOOE 
3. 0- 1200 HzO, 0- 146,000 l b / h r  
%. Incident repor t  No. 127 

1 .  EBR-I1 
t. Steam sys t emlh igh  p r e s s u r e  flash 

tank 
3. 578"F,  700 psig 
1. PMMR-62 

~ 

* I = INCIDENT = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSf 

- - 
MI 
218 

MI 
136 

MA 
144 

MI  
326 

MA 
136 

MI 
500 

MODE 

- - 
MI 
51 

MI 
54 

MA 
53 

MI 
53 

MA 
53 

MI 
BZ 

- 
FFEC 

- - 
MI 
530 

MI 
530 

MA 
136 

MI 
530 

MA 
550 

MI 
530 

- 
PERATIN1 
HOURS 

Jnknown 

6470 

6030 

4935 

6030 

4955 

r 

METHOD OF FAILURE 
DETECTION 

Operat ional  monitor  

D i rec t  observat ion 

Di rec t  observat ion 

Di rec t  observat ion 

Di rec t  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Liquid m e t a l  condensation clogged piping. 
2. Local repa i r .  
3. None. 

1. Seal leaking. 
2. Part replaced. 
3. None. 

1. Steam leaks developed during an  operat ing period 
when s t eam p r e s s u r e  was inc reased  f r o m  1400 to 
1850 psig. 

2. Component cor rec t ive  modification. 
3. Maintenance manual  should include p rope r  flange bolt 

torquing instruct ions f o r  each type of flange and 
gasket. 

1. Flange bol ts  unevenly torqued, flange leaking s team. 
2. Local repa i r ,  bolts p rope r ly  torqued. 
3. Quality control  f o r  gasket  m a t e r i a l  and torque of flangc 

connections should be specified. 

1. Steam leaks developed during an  operat ing period when 
s t e a m  p r e s s u r e  was inc reased  f r o m  1400 to 1850 psig. 

2. Component cor rec t ive  modification. 
3. Maintenance manual  should include p rope r  flange bolt 

torquing instruct ions f o r  each type of flange and 
gasket. 

1. Gasket worn out. 
2. P a r t  replaced. Original gasket  changed to  Flexatallic 

3. Gasket m a t e r i a l s  should be se lec ted  f o r  t empera tu re  
and p r e s s u r e  conditions. 
sent ia l  f o r  long las t ing operation. 

type. 

P r o p e r  instal la t ion is e s -  



TABLE 1-90 

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

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

. PipingIElbow 
:. Steam-Feedwate r /  

i. 18 
Piping 

281300 

L. PipingILine 
1. Steam-Feedwate r l  

$. 18 
Piping 

281300 

I. Pip ingIP ipe  Nipple 
?. Steam-Feedwate r /  

3. 18 
Condensate 

283400 

1. P i p i n g l o r i f i c e  
2. Steam- Feedwa te r l  

3. 18 
Piping 

284400 

1. PipinglGland Cooling 
Di scha rge  P ipe  

2. S t eam-Feedwate r /  
Piping 

3. 18 
284400 

1. P ip ing lo r i f i ce  Spool 

2. S t eam-Feedwate r l  

3. 18 

Flange 

Piping 

284400 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
!. Steam systemlbetween the high 

p r e s s u r e  and low p res su re  
f l a sh  tanks 

3. - 
1. Operating maintenance W/E, 8/21/61 

I. SCTI 
?. Steam and feedwater  system l ine 100 

PSV-208 
3 .  600 psig, 580"F, 16,900 l b l h r  
4. Incident r epor t  No. 3 16A 

1. SCTI 
2.  Feedwater  sys t em 
3. 121"F, 30 psia, 89,510 l b / h r  flow 
4. Incident r epor t  No. 73 

1. EBR-II 
2. Feedwa te r lmoto r  dr iven feed pump 
3. 364'F, 1300 psig 
4. PMMR-.55 

1. EBR-LI 
2. Feedwa te r l s t a r tup  boiler feed pump 

No. 1 cvl inder  
3. 364"F, 1500 psig 
4. Operating weekly report ,  11/29/67 

1. EBR-I1 
2. Feedwater / recirculat ing line 
3. 364"F, 1500 psig 
4. PMMR-78 

/ I  = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
VlI 
L26 

12 1 

M I  
470 

MI 
500 

MI 
417 

MI 
456 

- 

AODE 

- - 
MI 
65 

I 
94 

MI 
54 

MI 
54 

MI 
51 

MI 
73 

- 

'F E C  

- - 
MI 
530 

I 
136 

MI 
530 

MI 
530 

MI 
550 

M I  
530 

'ERATIN( 
HOURS 

15,240 

2 160 

3570 

4100 

Unknowr 

6700 

METHOD O F  FAILURE 
DETECTION 

I i r ec t  observat ion 

I i r ec t  observat ion 

I i r e c t  observat ion 

Preventive mainte-  
lance 

Operat ional  monitors  

D i rec t  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Elbow eroded. 
!. Local r epa i r ,  elbow replaced because of erosion. 
I .  Heavier  wal l  thickness  should be  required f o r  elbows 

than f o r  s t r a igh t  pipes because of high level  t u r -  
bulences. 

1. Steam leakage between two safety valves  due to 
chlor ide s t r e s s  co r ros ion  of 347 SS. Four  c r a c k s  
developed, 4 to 6 in. long. 

!. Replacement with ASTM-A335-P22, 2-114 C r  and 
1% Mo. 

3. None. 

1. Pipe nipple c racked  a t  t h reads  when bent to align 
during installation. 

?. Nipple replaced. Sight glass  co r rec t ly  aligned. 
3. Use p rope r  Quality Assu rance  procedures  during 

construction. 

1. Orif ice  plate  badly bowed out of shape. 
2. P a r t  replaced. A th i cke r  plate  with a l a r g e r  hole 

was  installed. 
3. None. 

1. P ipe  d i ame te r  too sma l l ,  p r e s s u r e  d r o p  too high. 
2. P a r t  replaced.  , 

3. None. 

1. Flange had c r a c k s  and porosi ty  holes. 
2. Tempora ry  r epa i r .  
3 .  P r o p e r  quality control  could el iminate  this  type of 

malfunction. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



- 

T E i  

- - 
24 

25 

26 

27 

28 

29 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1. Fitting /Bellows 

2. Steam-Feedwater /  
(2  un i t s )  

Piping 

283400 
3. 18 

1. Piping and Fi t t ings/  
Actuator  

2. Fue l  Handl ing/Fuel  
Handling Machine 

3. 18 
235130 

1. Piping and Fi t t ings/  
Actuator 

2. Fue l  Handl ing/Fuel  
Handling Machine 

3. 18 
235130 

1. Piping and Fi t t ings/  
Actuator  

2. Fue l  Handl inglFuel  
Handling Machine 

3. 18 
235130 

1. Piping/Air  Line 
2. Miscel laneous Equip- 

men t / Ins t rumen t  A i r  
Supply 

3. 18 
540000 

1. Piping/Nipple 
2. Miscel laneous Equip- 

m e n t l h s t r u m e n t  A i r  
SUPPlV _. . 

3. 18 
540000 

= INCIDENT 
MA = MAJOR MALFUNCTION 

(Sheet 5 of 7 )  

1. FACIL ITY 

2.  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2. Condense r l s t eam bypass  
3. - 
4. ANL-6965 

1. F e r m i  
2. Cask  C a r  
3. Minimum 350"F,  a rgon  
4. E F A P P  No. 1 

1. Fermi 
2. Cask  C a r  
3. Minimum 350"F,  a rgon  
4. E F A P P  No. 47 

1. F e r m i  
2. Cask  C a r  
3. Minimum 350°F,  argon 
4. E F A P P  No. 59 

1. SCTI 
2. Instrument  air l i ne l in s t rumen t  air 

3. - 
4. Incident r epor t  No. 133 

s y s t e m  

1. SCTI 
2. Instrument  a i r  s y s t e m  
3. Ambient t e m p e r a t u r e  
4. Incident r epor t  No. 345 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
151 

MI 
110 

MI 
172 

MI 
33 1 

MI 
127 

- 

- 

MODE 

- - 
MI 
59 

MI 
12 

MI 
55 

MI 
59 

MI 
59 

MI 
59 

- 

- 

FF EC 

- - 
MI 
550 

MI 
530 

MI  
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
PERATINC 
HOURS 

- 
1200 

3650 

2820 

i460 

10,250 

21,970 

METHOD OF FAILURE 
DETECTION 

Direc t  observat ion 

Operat ional  monitors  

D i rec t  observat ion 

Di rec t  observat ion 

Di rec t  observat ion 

Routine a r e a  watch 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Bellows ruptured,  leaked. 
2. P a r t  replaced. 
3. Determine cause  of fa i lure  be fo re  replacing bellows 

to  prevent  r ecu r rence .  

1. Actuator  failed. 
2. Vendor r e p a i r  of component. 
3. None. 

1. Uneven operat ion caused ac tua to r s  to join seal ing 
flange. 

2. Vendor r e p a i r  of component. 
3. None. 

1. Cot ter  key shea red  i n  the actuator  drive. 
2. Local  repair .  
3. None. 

1. Instrument  a i r  line stepped on and broken. 
2. Broken sect ion replaced. 
3. Instal l  protect ive device to prevent  r ecu r rence .  

1. Cooling wa te r  line c racked  a t  pipe nipple threaded 
a rea .  

2. Replaced broken component. 
3. F l ex  connection should be  installed to min imize  

vibrat ion effects. 



- 

TEL 

- - 
30 

31 

32 

33 

34 

35 

36 

I 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

1 .  Piping /Pipe 
2.  Heat  T rans fe r IP ip ing  
3. 18 

221210 

1. Piping /Insulation 
2 .  Heat T r a n s f e r J I n t e r -  

3. 18 
mediate  Cooling 

222210 

1.  Piping /Pipe 
2.  Steam, Condensate 

and Feedwater  /Main 
S team Piping 

281300 
3. 18 

1. Piping /Pipe 
2.  Heat  T r a n s f e r /  

Coolant Piping 

221210 
3. 18 

1. PipingIFinned Tube 
2. Heat T r a n s f e r 1  

Purif icat ion 
3. 18 

224235 

1. Piping /Flange 
2.  Instrumentat ion and 

Con t ro l l  F u e l E l e m e n  
Fai lure  Detection 

26114 
3. 18 

1. Piping /Pipe 
2.  Heat T rans fe r JP ip ing  
3. 18 

221210 

' I = INCIDENT 

TABLE 1-90 

FAILURE DATA FOR PIPING AND ASSOCIATED FITTINGS 
{Sheet 6 of 7) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. ETR 
2. P r i m a r y  s y s t e m  piping 
3. Steady full power (175 Mw) 
4. INC-69-124 

1. EBR-I1 
2.  Secondary sodium piping 
3. Happened over  severa l  yea r s  
4. EBR-I1 No. 4 

1. SCTI 
2. Main s t e a m  s y s t e m  
3. Down (unscheduled repair)  
4. SCTI-338 

1. LCTL 
2. 3-in. sodium loop, Line No .  303 
3 .  Down (unscheduled maintenance) 
4. IMPR No. 012 

1. LCTL 
2. 1-in. plugging loop 
3. Star tup 
4. IMPR No. 021 

1 .  ANL 
2. F u e l  fa i lure  detection loop 
3. Unknown 
4. F F D L  No. 1 

1. BNW Bldg. 324 
2. T e s t  loop 
3. Tes t  in p rogres s ,  1240°F 
4. 324-3-69 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

lAUS1 

- - 
I 
121 

MA 
477 

I 
452 

I 
200 

I 
200 

MA 
500 

I 
152 

- 

- 
MODE 

- - 
I 
61 

MA 
99 

I 
6Z 

I 
90 

I 
90 

MA 
53 

I 
59 

- 

- 
FFECI 

- - 
I 
520 

MA 
580 

I 
520 

I 
550 

I 
550 

MA 
550 

I 
550 

- 

1PERATlh 
HOURS 

Unknow 

Unknow 

Unknow 

Unknow 

Unknow 

Unknow 

Unknow 

METHOD OF FAILURE 
DETECTION 

Direc t  observat ion 
(unscheduled) 

Di rec t  observat ion 
(unscheduled) 

Di rec t  observat ion 
(unscheduled) 

Routine inspection 

Di rec t  observation 

Ala rm 

Direct  observat ion 
(unscheduled) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. C r a c k  developed in weld n e a r  inlet  of C-7 p r i m a r y  

2. Installed new sect ion of piping. 
3 .  None. 

1. Insulation cracked due t o  t h e r m a l  expansion ove r  

2.  Repaired waterproof  lagging cover .  
3 .  Provide adequate preventive maintenance t o  maintain 

heat  exchanger .  

s e v e r a l  y e a r s '  t ime.  

protection f r o m  moisture .  

1. During p rehea t  a separat ion in pipe wall was  

2. All new spools were  ul t rasonical ly  tes ted  and defecti? 
observed t o  "open up." 

sect ions rejected.  
into the sys t em.  

Acceptable sect ions were  welded 

3. Improved Quality Assu rance  procedures .  

1. Sodium leak discovered in  2-by-3-in. pump d i scha rge  
l ine.  Fa i lure  due to in te rgranular  cor ros ion .  

2 .  Pipe  remmvedfrom systemandreplacedwithnew spool. 
3. Maintain loop in preheat  condition (-250'F) when 

s y s t e m  is in standby. When in operation, protect  100~  
f r o m  elements .  

tube section. 
1. Sodium leak discovered in 1 -in. plugging loop finned 

F a i l u r e  due t o  in te rgranular  cor ros ion .  
2. Finned tubing removed and r ep laced  with new sect ion.  
3. Provide moi s tu re  protect ion f o r  loop when s y s t e m  is 

is in shutdown condition, maintaining loop in  preheat  
condition when pract ical .  

1. Sodium leak at flange located a t  b a s e  of r i s e r .  
2 .  Unknown. 
3. None. 

I 

Report  lacking in suff ic ient  information f o r  
complete analysis .  

1. Sodium leak occur red  causing sodium f i re .  
2.  3. Sys t em Operational redesign.  procedure changed. 

MA = MAJOR MALFUNCTION P = PROBLEM 



. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

I .  Piping /Flange 
!. Reactor Equipment / 

In-core Capsules and 
Test  Loops 

218000 
3 .  18 

TABLE 1-sn  

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

~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

1. ETR 
!. Test  loop 
3 .  Down (unscheduled repair) 
&. INC-69-120 

I = MINOR MALFUNCTION ' I = INCIDENT 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

- 
'ERATIN( 
HOURS 

Jnknowr 

METHOD OF FAILURE 
DETECTION 

Direct observation 
[unscheduled) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Flange sea l  had failed. 
:. New flange sea l  inserted. 
3 .  Additional research and development. 



TABLE 1-gl 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 

COMPONENT PIPING AND ASSOCIATED FITTINGS 

COMPONENT SUBTYPE MISCELLANEOUS PIPING 
FAILURES(%) 0 10 20 30 4 

Nuclear  Power  Reac tor  

Nuclear ig Jl- 

I I I l l  
I 1 I 

F u e l  Handling 

Ins t rument  Air Supply --I 

Miscellaneous Equipment 5 c 
v) 
t 
v) 

Actuator 

Ai r  Line I 

I NlDDle 

2 
I- z -  
W z 
0 a 
I 
0 
0 

I l l  

Environment 1 
Mechanic a1 

w Elec t r ica l  
n 
0 s 

I 

I I I l l  
I I 
1 1 

Labor  and m a t e r i a l  l o s s  only 
+ E!l/l W 

LMEC-Memo-69-7, Vol I 
rune 30, 1970 1-221 



TABLE 1-92 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 
COMPONENT PIPING AND ASSOCIATED FITTINGS 

COMPONENT SUBTYPE 'ODIUM 
FAILURES (x) 0 10 2 

Component T e s t  Faci l i ty  1 ;  
5: Nuclear Power  Reac tor  -- - 

W 

t 
I t I 
I I  I 

Bellows 

Thermowell  

,- Pipe  
a Gasket 

+ Insulation - 
I 

CT 

a i  

z 
Flange  - 

0 a 

I t  1 I 

Inhe ren t  

Human e r r o r  

Impurity /c  ontamination I m 
2 
0 Environmental  

Unknown 

I I 

Metallurgical 1 
Metal cor ros ion  

Other 

P lan t  availability loss  

Labor  and m a t e r i a l  l o s s  only 
w 
LL System/component inoperative u. 
W Potent ia l  damage t o  equipment - 

LMEC-Memo-69- 7, Vol I 
June 30, 1970 1-222 



. . . . . . . -. 

TABLE 1-93 

FAILURE DI STRl BUTION FUNCTl ONS 
COMPONENT PIPING AND ASSOCIATED FITTINGS 

COMPONENT SUBTYPE SODIUM VAPOR AND INERT GAS PIPING 
~~ 

FAILURES (%) 0 10 2 
Nuclear Power  Reac tor  

I 

I zf Nuclear T e s t  Reac tor  $: 
Heat T r a n s f e r  

Fuel  Handling 

I Coolant T r e a t m e n t  
W ’  
I- 
ul 

1 I 
I I 

I 
P u m p  Vent Line 

Vent Line I 

+ Line to  Chromatograph  
W E  a Joint  a 
+ Piping Plugged z 
w A r g o n s e a l  z 
0 a .  z 
0 
0 

L 

I I 
I I 

I 
Mechanical 

W Unknown 
n ~ 

Other 

1 I 
I I I 

Labor and m a t e r i a l  loss only 
I- 

W 
0 System/component inoperative 

I I LL 
L L  

LMEC-Memo-69- 7,Vol I 
rune 30, 1970 1-223 



T A B L E  1-94 

FAILURE D I  STRl B UTI ON FUNCTl ONS 
COMPONENT PIPING AND ASSOCIATED FITTINGS 

COMPONENT SUBTYPE STEAM '''ING 
FAILURES ?/J 0 1 

Component Tea t  Faci l i ty  - 
Nuclear T e a t  Reac tor  - - W  

5: 
k+. 

Main Steam - - 
I Steam and Feedwater 

E E  + 
m 
> - I  I in I 

1 1 

Flange 

Flange Gasket 

5 
0 

Envir onmental  

I 1 
Mechanical - 

w Metallurgical - 
n 
0 Unknown - z 

Plant  availability loss  
I- o Labor and m a t e r  
W 

30 4 

f 
~ 

€- _I 

II 

3 

June 30, 1970 
LMEC-Memo-69- 7, Vol I 

1-224 



TABLE 1-95 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 

Q 

COMPONENT PIPING AND ASSOCIATED FITTINGS 

COMPONENT SUBTYPE WATER 
FAILURES (%I 0 : 

Nuclear P o w e r  R e a c t o r  

Nuclear T e s t  Reac tor  
I- 

$2. - 
2s 

1 1  I 

R e a r t o r  Equipment 

I t  1 
I 

Pipe  Nipple 

Orif ice  

- 
I 

I- Gland Cooling Discharge  P ipe  
a Orif ice  Spool Flange 

I- Bellows 
W Flange  

- 
a - 
2- 

z -  
0 

Mechanical - - W Metallurgical 
n 
0 

l " 1  

Labor  and m a t e r i a l  l o s s  onl  * 

7 

LMEC-Memo-69-7, Vol I 
June 30, 1970 1-225 



T A B L E  1-96 

GENERAL SUMMARY 

w n 
0 z -  

w 
IJ. 
LL 
w 

Unknown 

Elec t r ica l  I 

Chemical  

Mechanical 

Metal lurgical  

Other I 

P l an t  availability l o s s  

Labor  and m a t e r i a l  l o s s  only 

Svstem/component  inoperat ive 1 - 1  

Potent ia l  damage to equipment I 

l- I I 
TOTAL FAILURES PER TYPE 0 2 ‘ 4  6 8 10 12 

I I I I I I I  

~ l l l l l l  

1 I I 
1 

LMEC-Memo-69-7, Vol I 
1-226 June 30, 1970 



9. Piping Supports 

Fai lure  data fo r  piping supports a r e  presented in Tables 1-97 through 1-99. 

a. Reliabilitv Information 

Design Features:  

Supports sodium piping under a l l  thermal  and hydraulic design conditions. 

Crit ical  Characterist ics : 

1)  Support pipe i f  adjoining supports fail 

2 )  Allow f o r  thermal  expansion. 

Mode of Fai lure  : 

1 ) Misalignment 

2 )  Sway braces  failed 

3 )  Weld failures 

4 )  Excessive loads. 

Fai lure  Des c ription: n 
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. 

Circumferential stiffeners for  local strengthening in support a r e a s  may  be a 

possibility, but present additional problems of thermal  s t r e s ses .  Problems 

relating to pipe support m a y  lead to revising traditional concepts of connecting 

fluid systems. 

sections might be similar flexible hoses,  with reinforcing rings at the base of 

the convolutions fo r  added strength. 

Pipe hangers a s  now used a r e  of questionable value. 

Short sections of connecting piping might be reasonable. These 
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1. COMPDNENT/PART 

2. SY STEM/SUBSY STEM 

3. CODE: 
(Component) 
(System/Subsystern) 

1. Piping Supports lTurbin 
Exhaust  P ipe  Hangers  

1. Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Feedwater  

284400 
3 .  19 

1. Piping Supports  / 
Balance Line Sway 
B r a c e s  

2. Steam, Condensate and 
Feedwa te r  Piping and 
Equipment /Feedwater  

284400 
3. 19 

1. Piping Supports  / 
Hanger 

2. Steam, Condensate and 
Feedwa te r  Piping and 
EauiDment /Feedwater  

3. 19’ ~ 

284400 

1. Piping SupportIHeader  

2 .  Feedwate r  Supply and 
Trea tmen t  Sys t em/  
Chemical  T rea tmen t  
Fac i l i t i es  

273300 

support  

3. 19 

1. Piping Support / 
Manifold Support 

2.  Feedwa te r  Supply and 
Trea tmen t  Sys t em/  
Chemical  T rea tmen t  
Fac i l i t i es  

273300 
3. 19 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-97 

FAILURE DATA FOR PIPING SUPPORTS 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
?. Condensate s y s t e m  
3 .  +. Operations weekly repor t ,  11-29-67 

1. EBR-11 
1. Feedwate r  s y s t e m  
3 .  
P. PMMR-107 

1. EBR-11 
2. Feedwa te r  s y s t e m  
3. 
4. PMMR-95 

1. SCTI 
2. T rea t ed  wa te r  and chemical  feed 

s y s t e m  makeup demine ra l i ze r  D- 
3. 
4. Incident r e p o r t  No. 328 

1.  SCTI 
2.  T rea t ed  wa te r  and chemical  feed 

s y s t e m  demine ra l i ze r  D-2 
3. 
4. Incident r e p o r t  No.315 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

,AUSE 

- - 
! v u  

$16 

MI 
500 

MI 
500 

MI  
416 

MI 
120 

MODE 

- - 
M A  
56 

M I  
54 

MI 
BZ 

MI 
59 

MI 
54 

=F EC 

- - 
LA 
50 

11 
50 

I1 
30 

Ll 
17 

I1 
30 

)PERATIN( 
HOURS 

12,600 

-11,320 

- 541 

4066 

19,380 

METHOD O F  FAILURE 
DETECTION 

‘uring r e p a i r  of 
ssociated sys t em 

l i rect  observat ion 

l i rect  observat ion 

l i rect  observat ion 

l i rect  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

Pipe  hangers  misaligned. 
Loca l  repa i r ,  pipe hangers  were  modified. 
Instal l  t h e r m a l  expansion joint in turbine exhaust l ine 
t o  prevent  loading turbine case.  

Sway b races  fa i led.  
Part replaced.  
None. 

Hanger fa i led.  Cause unknown. 
P a r t  replaced.  
None. 

Weld holding bracket  to  ves se l  wall failed. 
Local  repa i r .  
None. 

, Excessive s t r e s s  on manifold caused support to  b reak .  
New interface manifold fabricated with the tee  socket  
welded a t  all three  openings. 

, None. 



TABLE 1-98 

FA1 LURE D I  STR I B UTlON FUNCTl ONS 

A 

COMPO NE NT PIPING SUPPORTS 

COMPONENT SUBTYPE 

FAILURES P/J 0 10 20 
Nuclear Test Reactors 

g? Components Test  Facility r ;z 
Condensate 

Feedwater 

Feedwater Supply and Treatment 

~ 

5 . 
I- 

1 I I  wl 
t 

v)[I I I 
t I I I  
I L 

I 
I Environmental L 

Inherent r 
I 

wl 
3 Unknown 
a 
0 

-- I I 
I 

Mechanical 
A Unknown 
3 

3 
I I I I  

Labor and materials l o s s  only 

2 System/component inoperative 
- 
L I '  
L ~ 

L I I  

c 
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T A B L E  1-99  

GENERAL SUMMARY 
COMPONENT PIPING SUPPORTS 

FAlLURES(96) 0 10 20 30 40 50 60 70 80 90 I (  
Environmental  I 

Inherent I 

W 
v) Unknown I 
3 
.x 
0 -  

Mechanical 

Unknown 
0 
0 
I 

Labor and m a t e r i a l s  loss  only 

Systemlcomponent inoperative 
w 
LL 
L L -  
w 

TOTAL FAILURES PER TYPE 0 1 2 3 4 5 6 7 8 9 I 

OPERATING HOURS (THOUSANDS) 0 1 0  20 
Piping supports (sodium) I I 

40 50 
r 
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10. Pumps and Supports 

Fai lure  data for  pumps and supports a r e  presented in Tables 1- 100 through 
1- 107. 

63 
a. Feedwater 

( 1 ) Reliability Information 

Design Features:  

1 ) Rotary centrifugal 

2 )  Constant speed o r  variable speed 

3 )  Single impeller, double impeller,  o r  scoop tube 

4) Reciprocating startup pumps. 

Crit ical  Characterist ics : 
~ ~ 

1 ) Low-flow operation limit 

2 )  Flow control sensitivity vs head 

3 )  Pump drive reliability and character is t ics  a r e  especially cr i t ical  

between different types of drives. 

Mode of Fai lure:  

1 )  Wear, score,  o r  break of rotating components o r  sea l  elements 

2 )  Wiped o r  scored bearings 

3 )  Lubrication control inadequate. 

Fai lure  Des c ription : 

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 
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l 

8 )  Discharge flange gasket worn out 

9 )  Improper oil in oil reserv ior  

10) Too much oil in oil reservoi r  

A 

11) Rubber bushing of control shaft deteriorated on the turbine-driven 

Pump 

12) Strainer dirty 

13) Shaft labyrinth sea l  leaked oil  

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

Control Methods : 

1 )  There should be m o r e  frequent maintenance inspections. 

2 )  The maintenance procedures should be improved. 

3)  The installation procedures should be available. 

4 )  There should be m o r e  personnel training. 

5 )  In some cases ,  par ts  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 f rom proper ma-  

terial ,  ( 2 )  by determining and applying measured torque, ( 3 )  by request of 

manufacturer ' s  suggestions, and (4)  by training a l l  maintenance personnel who 

should per form 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. 

ventive maintenance schedule should be determined fo r  each important component, 

and check points should be detailed. 

An individual pre-  

There a r e  severa l  methods to reduce the possibility that a valve is left 

closed in a pump discharge l ine:  

Q 
LMEC-Memo-69-7, Vol I 

1-232 



1 ) Important changes in  the operational conditions should be transmitted 

in written f o r m  to the succeeding shift operators.  

2 )  Motor s t a r t  can be prevented by the installation of an  interlock be- 

tween a l l  valves in the pump discharge line and the motor  s ta r te r .  

3 )  Plant layout schematic board can supply visual inspection about the 

positions of a l l  important loop components. 

4 )  Thermal  switch in the pump recirculation line can actuate a l a r m  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- 

ual can be refreshed and discussed. During these occasions the participants 

can exchange their  experiences fo r  the benefit of plant safety and plant avail- 

ability. 

performance. 

A s imi la r  periodical course could improve preventive maintenance 

b. Miscellaneous 

( 1 ) Reliability 1nfor.mation 

Design Features:  

Generally centrifugal o r  positive displacement gear  o r  lobe types. 

Critic a1 Cha rac te  r i s  tic s : 

Prope r  installation, choice of type, and maintenance a r e  important to purnp 

bearings. 

Mode of Fai lure  : 

1 )  Clogging of sys tem o r  f i l ters  

2 )  Worn, broken, o r  ruptured component 

3 )  Vibration 

4 )  Misalignment 

Fai lure  Description: 

1 )  Bearing worn out 

2 )  Bearing wiped 
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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 o r  broken bearings can be detected ear ly  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  s t a r t e r  can prevent 
pump damage. The use of settling tank level switches and flow indicators that 

a r e  inspected frequently can signal clogging o r  malfunction of water  treatment 

s ys t ems  . 
Other suggestions a r e :  

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 s ta r te r .  

4 )  Corrosion and possible chemical reactions shall be considered in 
selecting pumps and piping mater ia ls  fo r  chemicals in a feedwater 

treatment loop. 

be requested and followed. 

Manufacturer's proposal f o r  maintenance should 
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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 

a n  intricate balance of wear  ring, weep hole, cover gas p re s su re  and sodium 

return line design character is  t ics.  

Crit ical  Characteris t ics : 

1)  The alignment and life of bearings, seals,  and shafts a r e  important. 

2 )  Adequate case  cooling is required to prevent thermal  distortion 

during startup o r  transient. 

3 )  Good sodium level control is vital. 

Mode of Fai lure:  

1 )  Restricting flow in system 

2 )  Wear 

3 ) Misalignment 

4) Seizure through thermal  distortion 

5 )  Vibration 

6 )  Maintenance deficiency. 

Fai lure  Description: 

1)  Bearing worn out 

2 )  Bearing noisy 

3 )  Bearing vibrating 

4)  Weep holes sucking sodium into pump casing 

5 )  Shaft s ea l  worn out 

6 )  Shaft s ea l  misaligned 

7 )  Carbon face sea l  rings chipped 

8 )  Foreign mater ia l  in rotating sea l  

9 )  O-ring worn out 
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H E R M E T I C A L L Y  
S E A L E D  MOTOR 

L A B Y R I N T H  S E A L S  

S T I L L I N G  B A F F L E  

SODIUM L E V E L  

H Y D R A U L I C  BEARING 

I N L E T  

7-7694-2 12-2 

Figure 1- 15. A 5000-gpm Mechanical 
Sodium Pump 

H IGH-TEM- F%YG u+j \ P E R A T U R E  T A N K  
LEVEL 

I M P E L L E R  

7-7694-212-4 

Figure 1- 16. High-Temperature 
Centrifugal Pump 
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Figure 1 -  18. P F R  P r i m a r y  Sodium Pump 
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10)  Shaft seizure  f r o m  foreign mater ia l  in bearings 

11) Shaft distorted f rom thermal  gradients causing binding 

12) Shaft deflected 

13) Sodium frozen to pump shaft and leaked into oil  reserv ior  

14) Pump squealing 

15) Piston cups worn out 

16) Oil leaks into sodium f rom oil seal. 

( 2 )  Discussion and Recommendations 

Description: 

The free-surface sodium pump is one of the ear ly  concepts. 

The pump has no internal seals  o r  internal lubricated bearings. The bear -  

ings and seals a r e  located on top of the pump floor plate. 

dynamic guide bearing, located inside the pump, guides the impeller shaft. 

An unlubricated hydro- 

These pumps require  no internal instrumentation except fo r  sodium level 

indicators located in thimbles. 

the exterior surface of the pump case,  

the pump need not be disturbed to perform maintenance work on the instrumenta- 

tion. 

The sodium level indicators may be located on 

In either case  they a r e  accessible and 

The sodium level in the free-surface pump i s  controlled by locating the 

pump a t  the high point in the system o r  the pump case  can be fitted with an 

overflow line that re turns  excess sodium to a balancing leg which in turn i s  
connected to the pump suction line. 

Problems : 

The following a r e  some of the m o r e  ser ious problems encountered with 

free-surface pumps: 

1)  Preheating the system pr ior  to filling with sodium has caused warpage 
that resulted in binding the impeller shaft. 

2 )  Foreign mat te r  (metal  cuttings) :have deposited in  the hydrodynamic 

bearing and caused seizure of the impeller shaft. 

LMEC-Memo-69-7, Vol I 
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3 )  An impeller shaft was bent during the installation of the bearing sea l  

@ assembly on the pump floor plate resulting in  loss  of plant availability. 

Mechanical oil sea ls  located in the bearing sea l  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 oil into the sodium 

system. 

Magnetic clutches used for  driving some free-surface pumps have 

operated a t  higher-than- specified temperatures.  

of inadequate a i r  circulation inside buildings. 

Problems with belt-driven tachometers have resulted in unnecessary 

shutdowns. 

Permitt ing pump drive motors  to be exposed to the elements ( ra in)  

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 sea l  assembly on some pumps; 

however, other purnps have operated fo r  thousands of hours without 

b ea ring problems . 
Pumps equipped with balancing legs have been flooded by improper 

operation of iner t  cover gas systems,  resulting in downtime and 

and plugged vent systems. 

Carbon (oil in sodium sys tem)  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. 

This was the result  

The thimbles were  attached on the upper end only. 

A 
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Summary : 

F r e e  surface pumps have been used quite extensively in the industry. 

There have been many problems encountered with the pumps; however, the 

operating his tory of these pumps is relatively good. After about one year  

of debugging the SRE, f ree-sur face  pumps were  considered very  reliable. 

Recommendations : 

The f ree-sur face  concept of sodium pumps should be fur ther  developed. 

The pump f loor  plate should be designed to make it near ly  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 a r e  presently used in the bearing sea l  assemblies  

inherently leak oil; therefore,  a method of knowing precisely how much oil 

is leaking ac ross  the seal  should be designed into the assembly. 

quantity of oil leaked and the amount of makeup is necessary  for  a f r ee  surface 

Pump. 

Knowing the 

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 a r e :  

1)  Bet ter  designed bearings 

2 )  Adequate preventive maintenance schedule 

3 )  Sensors to detect  bearing malfunctions 

4 )  Provision for tolerance checking of bearings 

5)  Provisions f o r  aligning bearings and seals during maintenance 
operations 

6 )  Selection of proper  mater ia l s  for  par t s  

7 )  Improvement of cover gas oil seals  

8)  Designing for  uniform pump casing cooling. 
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Figure 1- 19. Duriron Pump 
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d. F reeze  Seal (see Figure 1-19) 

( 1 )  Reliability Information 

Design Features  : 

h p e l l e r  region is sealed f rom the pump bearing case by a frozen column 
Freezing i s  maintained by a cooling of sodium between the case  and the shaft. 

system. 

Crit ical  Characterist ics : 

The f r eeze  seals  have small  operating tolerances and require  frequent 

inspection. 

Mode of Fai lure:  

1 )  Seizure of shaft 

2 )  Misalignment 

3 )  Broken 

4 )  Cracked. 

Fai lure  Description: 

1 )  Pump shaft  seizure  by f reeze  sea l  o r  wear-ring a r e a  

2 )  Loss of f reeze sea l  

3 )  Bearing alignment was performed improperly during maintenance 

4 )  Crack in thermowell welding, an organic mater ia l  deposit 

5 )  Magnetic seal leakage. 

Control Methods : 

1)  Procedure which set controls a t  proper limits. 

2 )  Bet ter  maintenance schedules and procedures. 

3 )  Design wide clearance between wear-  rings. 

4 )  Determine proper ratio between wear-r ing and weep-hole a reas :  

maintain same  ratio fo r  all subsequent modifications. 
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( 2 )  Discussion and Recommendations 

The f reeze  sea l  sodium p u p  is one of the f irst  concepts that was developed. 

Sodium is frozen around the periphery of the pump bucket and the impel ler  shaft 

to act  as seals.  

able. 

e r a l  variables.  

The pump case  seal  can be easily maintained and i s  quite reli-  

The pump impel ler  shaft seal  i s  a problem because it is affected by sev- 

The impel ler  shaft seal  requires  a lmost  constant surveil lance and then on 

occasion the sea l  appears to operate unpredictably. 

Loss of a f reeze  seal  renders  the pump inoperative. A complicated main- 

tenance activity is required to re turn the pump to an  operable status.  

pump is used to circulate radioactive sodium, then the t ime required to over-  

haul the pump af ter  losing a f reeze  seal  will increase  because the radioactive 

sodium mus t  be permitted to decay. 

Lf the 

The sodium in the seal  regions i s  kept f rozen by an  auxiliary cooling sys-  

tem. 

develop permitt ing the coolant to come in contact with the sodium. 

fuel badly damaged by leaking shaft seal ;  coolant - tetralin. ) 

The coolant in this auxiliary system may  present a hazard if a leak should 

(Note: SRE 

Losing a f r eeze  seal  requires  s t em cleaning the pump, replacing the pump 

bearings,  cutting, and welding f r eeze  seal  coolant l ines,  and generally involves 

extensive thermocouple work. 

Extensive experiments in  water loops and subsequent experience on the SRE, 

indicated that, f o r  the SRE pumps, a two-to-one a r e a  ratio between the wear-r ing 

annulus and the impel ler  weep-holes would give an  approximately constant p r e s -  

su re  at the base  of the f r eeze  seal  for  all pump speeds,  thus reducing the problem 

of blowing one of the seals  either by too much sodium p r e s s u r e  a t  the base  of the 

sea l  o r  too much cover gas  p re s su re  above the seal.  

another system. 

Summary : 

This could differ for  

F reeze  seal  sodium pumps have a poor reliabil i ty record,  they a r e  difficult 

to operate,  require  a lmost  constant operator  attention, a r e  costly to maintain, 

and require  support systems that a r e  not required by other pumps. 
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Plant o r  sys tem availability has been greatly reduced where these pumps 

were  used, due to their  fa i lure  history. 

Recommend a t  ions : 

Freeze  seals  should be kept under close surveil lance,  supported by f r e -  

quent inspection of pump functional indicators o r  recorders .  Preventive main- 

tenance shall  keep close check on the temperature  control sys tem of the f r eeze  

seal. 

F reeze  seal  can prevent sodium leakage at the pump shaft i f  the sodium is 

kept at cer ta in  low viscosity level in the seal  a rea .  

viscosity exists only in a very  narrow tempera ture  range, a close temperature  

control is required for  the f reeze  seal. 

speeds,  changing friction heat generation, which requires  elaborate heating- 

cooling sodium control. 

Since the required low 

Varying pump loads va ry  the pump 

At the present  the f ree-sur face  pump shaft seals  a r e  in a n  advanced de- 

velopment stage compared with the f reeze  seal ;  therefore,  f ree-  surface pumps 

a r e  m o r e  highly recommended. 

e. Electromagnetic (see Figure 1-20) 

( 1 ) Reliability Information 

Design Fea tu res :  

Electromagnetic pumps a r e  widely var ied in design, each having specific 

advantages and disadvantages which a r e  described in the text. 

tal types a re  AC conduction, DC conduction, rotary,  and stationary magnet. 

Four fundamen- 

Cri t ical  Character is t ics  : 

Thin-walled pump duct, delicate e lectr ical  equipment, overtemperature  

of liquid metal .  

Mode of Fai lure  : 

1)  Clogged 

2 )  Cracks 

3 )  Electrical .  
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Failure  De s c ription : 

1)  Clogged cooling lines 

2 )  Cooling jacket clogged 

3 )  Coolant void. 

Control Methods : 

1 ) Establish a preventive maintenance schedule. 

2 )  Install a differential p re s su re  gage to indicate f i l ter  congestion. 

( 2 )  Discussion and Recommendations: 

General  : 

Experience with electromagnetic pumps has  shown that reliability and effi- 

ciency a r e  adversely affected by the followi.ng: 

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 cur ren t  density in high ohmic resis tance 

joints, such as the duct-to-bus b a r  connection. 

2 )  P r e s s u r e  fluctuations will fatigue the thin-walled pump duct. 

3 )  Overtemperature in  the liquid metal. 

mance and life of all types of electromagnetic pumps. 

This can reduce the perfor-  

4 )  Loss of pump cooling. This adversely affects any of the various 

types of electromagnetic pumps by increasing coil resist ivit ies,  
reducing magnetic mater ia l  performance, and deteriorating electrical  

insulation. 

5 )  The pump duct is a thin-walled member  requiring extreme c a r e  in 
design and fabrication and possibly a hermetically sealed secondary 

enclosure. 

6 )  Electr ical  insulation breakdown may  resul t  if exposed to gamma o r  
neutron radiation. 
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7 )  Fabrication techniques a r e  not as conventional a s  fo r  centrifugal 

pumps and require  special  inspection and tes t  techniques, 

8 )  Delicate e lectr ical  equipment including field windings and bus b a r s  
a r e  frequently damaged during installation and maintenance if not 

adquately protected by cages o r  covers.  

Only four of the major  subtypes of pumps shown in Figure 1-20 a r e  discussed 

due to the limited availability of fa i lure  data. 

induction pump is the only data on this pump subtype. 

Alternating- Current  Conduction Pumps : 

As an  example, one failed annular 

Alternating-current pulsations can produce mechanical vibrations of the 

pump components. High temperature  (1000 to 1200°F) fatigue and s t r e s s  con- 

centration problems occur where the magnet poles and electrodes a r e  attached 

to the duct. 

connected loops. 
maximum design allowable f o r  copper, copper bus b a r s  a r e  recommended since 

copper is not susceptible to magnetostriction and would not vibrate under the 

influence of the magnetic field. 

bus b a r s  a r e  acceptable. 

(676.4"F), the pump power level should be maintained below the point where 

A detailed and careful piping s t r e s s  analysis is required for  the 

I3 the required EM pump output temperature  is below the 

For  higher temperature  application, nickel 

When operating below the cur ie  point of nickel 

forces  generate unacceptable vibration. 

Electr ical  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 tempera tures  that exceed the sodium plugging tem- 

The oxides of sodium having pera ture  by severa l  hundred degrees  fahrenheit. 

poor e lectr ical  conductivity tend to preferentially deposit at the poles. 

A 

Alternating-current conduction pumps should not be operated under condi- 

tions where the pump duct is empty, o r  that  allow gas bubbles to pass  into the 

pumps, since either will cause the cur ren t  passing through the sodium liquid 
to decrease.  This, due to magnetic coupling with the secondary, resul ts  in 

increased cur ren t  passing through the duct walls. 

the bond connecting the electrode o r  bus b a r  to the duct walls may result .  

Overheating and fai lure  of 
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To eliminate the possibility of energizing an ac conduction pump when 

there  is no liquid meta l  in the pump duct, it is recommended that the p m p  

star tup circui t  be interlocked with a liquid sensor  (spark-plug type). 

Direct-  Current  Conduction Pumps : 

Direct-current  conduction pumps a r e  suitable for  flow rates  up to 200 gpm, 

but the maximum liquid meta l  temperature  is  l imited to approximately 5 0 0 ° F  due 

to: 

1) Oxidation of the bus ba r  conductor which is  bonded to the pump duct. 

2 )  Deterioration of the d i rec t -cur ren t  source (rect i f iers  o r  generators)  

due to heat conducted into the source by the bus b a r s  f r o m  the pump 

duct. 

The p r e s s u r e  r i s e  that can be produced by a dc conduction pump can be in- 

c reased  by multiple-staging; that is, by exposing the liquid meta l  to the magnetic 

field at severa l  places within the pump where cur ren t  f r o m  the bus b a r s  passes  

through the liquid. 

of bonded joints that become necessary.  

However, this introduces problems due to the multiplicity 

Designers should consider the magnetostrictive fo rces  acting on the duct 

wall in attempting to eliminate fa i lures  due to self-induced vibration. 

To eliminate the possibility of mass t ransfer ,  ma te r i a l  compatibility should 

be investigated before final design of any components that a r e  in direct  contact 

with the liquid metal. 

Where cooling fans a re  used f o r  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 o r d e r  to eliminate the possibility 

of energizing a dc conduction pump when there  is no liquid meta l  in the pwnp 

duct, the existing pump star tup circui t  should be interlocked with a liquid sensor  

(spark-plug type). New designs should also provide this s ame  protective feature.  

Improper bonding of the bus b a r  to the pump duct permi ts  oxide corrosion, 

and eventual reduction in pump performance will occur. 
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Induction Pumps : 

Mechanical vibration and metal  fatigue that resul t  f rom magnetostrictive 

forces  should be considered in  l inear induction electromagnetic pump design. 

Curves showing the fatigue strengths of EM pump duct mater ia ls  a r e  in- 

cluded in  the AC Conduction Pump Standard being prepared by the LMEC. 

Vibration l imits have been established in this standard which will also apply 

to l inear induction pumps. 

Where environmental conditions, such as temperature,  humidity, fumes, 

etc. ,  can adversely affect the electrical  controls fo r  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 a r e  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 

Standards fo r  1 /4  to 20 NC f o r  proper  bolting of laminated a c  magnet cores.  

stud bolts a r e  35 to 105 in.-lb, and for  5/16 to 18 NC a r e  80 to 260 in.-lh. 

Torque a l l  bolts to minimum standards of 3 5  in.-lb for  1/4-in. bolts and 80 in.- 

lb  fo r  5/16 in. bolts. 

Linear induction pumps a r e  suitable f o r  much higher flow ra tes  than con- 

duction pumps but practical  problems such as increase  in weight, size,  cost  

of flow control equipment, and power conditioning apparatus limit the p re s -  

s u r e  rise.  

Cooling water systems used to control the purnp temperature  should offer 

the same degree of purification control a s  used fo r  feedwater purity to the s team 

generators.  

pump life. 

Obstruction to coolant flow in cooling jackets can adversely affect 

The annular induction pump was designed to provide easy installation of 

the excitation magnet and the central  i ron core  around the pump duct. 

Mechanical vibration and metal  fatigue that resul t  f rom magnetostrictive 

forces  should be considered fo r  a l l  types of induction pump designs. 
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Annular induction pumps a r e  suitable for  the same flows and p res su res  a s  

l inear induction pumps but a r e  temperature  limited because the s ta tor  winding 

cannot be cooled as effectively a s  in a l inear induction pump. 

This i s  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 p re s su re  gages to indicate the s ta te  of the f i l ters  

for  the maintenance personnel. 

2 )  Install sight glasses  to inspect sediments in settling pockets i f  they 

cannot be eliminated. 

3 )  Change f i l ters  to finer mesh  if l a rger -s ize  particles cause clogging. 

4 )  Build settling tanks in the loop if the piping slope i s  not adequate. 

5 )  Preventive maintenance schedules should be established to check the 

above-mentioned gages and sight glasses  if they a r e  not connected to 

an automatic a l a r m  system. 

F o r  New Loops o r  Loops Which Must be Rebuilt: @ 
1 )  Water source purity check, cooling loop orifice s ize ,  and available 

slope should determine the application of f i l ter  and settling tank 

dimensions. 

2 )  Use redundant filtering and settling equipment where uninterrupted 
service is at premium. 

3 )  If backwash i s  considered for  f i l ter  and settling tank cleaning, provicle 

adequate drain and sewer pipe s izes  for  mud and d i r t  removal. 

4 )  Apply temporary pipe end caps during loop construction to avoid 

entrance of foreign mater ia l  into the loop. 

5 )  After the loop construction is completed, wash it out with pressur ized  

water  to secure  as clean a loop a s  possible. 

6 )  Provide penalty and/or  premium fo r  the construction company if such 

accident may o r  may  not occur. 
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- 

TEM 

- - 
1 

2 

3 

4 

5 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(System/Subsystem) 

1. PumpIShaft  Bearing 
2. Steam, Condensate,  

and Feedwater Piping 
and EquipmentlMain 
Condensate P u m p  

283 100 
3. 17 

1. Pump1 Journal Bearinl 
2. Steam, Condensate,  

and F e e  dwat e r Piping 
and EquipmentICon- 
densate Booster PumF 

283200 
3. 17 

1. PumpIBear ing  
2. Steam, Condensate, 

and Feedwater Piping 
and EquipmentlMain 
Condensate P u m p  

283 100 
3. 17 

1. PumpIShaft  Bearing 
2. Steam, Condensate,  

and Feedwater Piping 
and EquipmentIMain 
Condensate P u m p  

283100 
3. 17 

1 .  PumpIBear ing  
2. Steam, Condensate,  

and Feedwater Piping 
and  EquipmentIMain 
Condensate P u m p  

283100 
3. 17 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 1 of 37) 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-I1 
2. Condensate/turbine dr ive condensate 

Pump 
3. 9700 RPM,  150 ps ig  
4. Operations weekly repor t ,  11-21-67 

1. EBR-I1 
2. Condensate/motor driven condensate 

Pump 
3. 364'F, 1500 psig, 3580 RPM 
4. PMMR-35 

1. EBR-I1 
2. Condensate sys teml turb ine  driven 

condensate pump 
3. 9700 RPM, 150 ps ig  
4. Operations weekly repor t ,  11-29-67 

1. EBR-I1 
2. Condensate sys teml turb ine  driven 

condensate pump 
3. 9700 R P M ,  150 ps ig  
4. Operations weekly repor t ,  12-13-67 

1. EBR-I1 
2. Condensatelturbine driven conden- 

3. 9700 R P M ,  150 ps ig  
4. PMMR-113 

s a t e  pump 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
125 

MI 
500 

MA 
146 

MA 
500 

MA 
136 

JODE 

- - 
MA 
52 

MI 
52 

MA 
52 

MA 
52 

MA 
59 

-F EC 

- - 
MA 
530 

MI 
530 

MA 
550 

MA 
530 

MA 
550 

'ERATIN( 
HOURS 

12,425 

2590 

12,600 

12,390 

12,390 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Preventive 
Maintenance 

Operational monitors 
bearing tempera ture  
high 

Operational moni tors  

Operational moni tors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bad bear ing.  
2. Bearing replaced.  
3. C o r r e c t  installation and sufficient lubricating 

procedures  should be maintained. 

1. Bearing worn out. 
2. P a r t  replaced. 
3. None. 

1. Bearing worn. 
2. P a r t  replaced.  
3. None. 

1. Bearings w e r e  completely worn. 
2. P a r t  replaced.  
3. Check alignment of pump and dr ive turbine. 

1. Bearing broken. 
2. P a r t  replaced.  
3. Request fac tory  ass i s tance .  

6 



c 

. C 0 M PO N E NT/P ART 

. SYSTEM/SUBSYSTEM 

8 .  CODE: 
(Component) 
(System/Subsystem) 

1. PumpIShaft  Sleeve 
2.  Steam, Condensate, 

and  Feedwater Piping 
and Equipment/Con- 
densate Booster Pum] 

283200 
3. 17 

1. F'ump/Carbon Sealing 

2. Steam, Condensate, 
Rings 

and Feedwater Piping 
and Equipment/  Main 
Condensate Pump 

3. 17 
283 100 

1. Condensate Pump 

2. Steam, Condensate, 
(P-4)fMechanical Sea. 

and  Feedwater Piping 
and  EquipmentfMain 
Condensate P u m p  

283100 
3. 17 

1. PumplBear ing  
2. Steam, Condensate, 

and Feedwater Piping 
and EquipmentfMain 
Condensate P u m p  

283100 
3. 17 

1. Pumps  and Supports 
2. S team,  Condensate, 

and  Feedwater Pipinf  
and EquipmentfMain 
Condensate P u m p  

283100 
3. 1.7 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 2 of 37) 

1. FACIL ITY 

2. COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

I. EBR-II 
?. Condensate/motor driven conden- 

s a t e  pump 
3. 364"F, 1500 psig,  3580 R P M  
%. PMMR-35 

1. EBR-II 
2. Condensatelturbine driven conden- 

3. - 
4. Operations maintenance r e p o r t  

s a t e  pump 

6- 19-68 

1 .  SCTI 
2 .  Feedwater s y s t e m  (condensate) 
3. 3 5 0 C P M .  2 2 5 ° F  
4. Incident r e p o r t  No.  103 

1 .  SCTI 
2. Condensate Pump (P-4)  
3. 3 5 5 0 R P M  
4. Incident repor t  No.  326 

1. SCTI 
2. S team and feedwater 
3. 350 GPM, 225°F 
4. Incident r e p o r t  NO. 134 

= INCIDENT MI = MINOR MALFUNCTION 
M A  = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

- 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
126 

MI 
500 

MA 
50C 

- 

CODE* - 
MODE 

- - 
MI 
52 

MI 
BZ 

MI 
52 

MI 
57 

MA 
BZ 

- 

- 

-F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MA 
520 

- 

'ERATINC 
HOURS 

Jnknown 

Jnknown 

Z700 

5200 

4427 

METHOD OF FAILURE 
DETECTION 

Preventive 
maintenance 

During routine 
inspection 

Routine a r e a  watch 

Direct observation 

Operational moni tors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Unknown. 
:. Unknown. 
I. None. 

L. Seal  r ings worn out. 
I .  P a r t  replaced.  
i. None. 

I .  Mechanical shaft sea l  leaked. 
Z. P a r t  replaced.  
3.  Maintenance schedule should be revised.  

1. Outboard bearing se ized  - inspection revea led  water  
in  bearing. 

Z. Replaced component par t .  
3.  Provide  equipment for the environment. 

1. Loss of feedwater flow requi red  manual s c r a m  which 
f r o z e  off sodium on the p r i m a r y  expansion tank vapor 
t rap.  

2. T h e r m a l  insulation was placed on the p r i m a r y  expan- 
s ion tank vapor t r a p  to eliminate sodium solidificatiox 
In s imi la r  future  cases .  As no t rouble  could be found 
pumps res ta r ted .  

3. None. 



T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 3 of 37) - 

TEk 

- - 
11 

12 

13 

14 

15 

- 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Pump/Packing  
?. Steam, Condensate, 

and Feedwater Piping 
and EquipmentIBoiler 
Feed  Pump 

284100 
3.  17 

1. PumpICylinder 

?. Steam, Condensate, 
Packing 

and  Feedwater Piping 
and Equipment/Boiler 
F e e d  Pump 

284100 
3 .  17 

1 .  Pump/Cylinder 

2.  Steam, Condensate, 
Packing 

and  Feedwater Piping 
and  EquipmentIBoiler 
F e e d  Pump 

284100 
3 .  17 

1. PumplCylinder 

2. Steam, Condensate, 
Packing 

and Feedwater Piping 
and EquipmentlBoiler 
F e e d  Pump 

284100 
3 .  17 

1. Pump/Cylinder 

2. Steam, Condensate, 
Packing 

and Feedwater Piping 
and Equipment/Boiler 
F e e d  Pump 

284100 
3. 17 

* I = INCIDENT 

1. FA,ClLlTY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2. Star tup 
3. 364'F, 1300 psig 
4. PMMR-69 

1. EBR-I1 
2. Star tup 
3. 364"F, 1300 psig 
4. PMMR-80 

1. EBR-I1 
2. Star tup 
3. 364'F,  1300 psig 
4. PMMR-82 

1. EBR-II 
2. Star tup 
3. 364"F, 1300 psig 
4. PMMR-87 

1. EBR-I1 
2. Star tup 
3. 364°F. 1300 psig 
4. PMMR-93 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

.AUSE 

- - 
MI 
328 

MI 
500 

MI 
126 

MI 
126 

MI 
500 

MODE 

- - 
MI 
59 

MI 
B Z  

MI 
52 

MI 
59 

MI 
BZ 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PERATIN( 
HOURS 

- 
1137 

1945 

500 

400 

1404 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Preventive 
maintenance 

Direct observation 

Routine a r e a  watch 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Too much packing instal led,  caused fai lure .  
2. P a r t  replaced.  
3. Request packing manufac turer  to provide ass i s tance  

with fa i lure  problem. 

1. Packing work out. 
2. P a r t  replaced.  
3. Request packing manufac turer  to provide ass i s tance  

with fa i lure  problem. 

1. Packing worn out. 
2. Part replaced.  
3. Request packing manufac turer  to provide ass i s tance  

with fa i lure  problem. 

1. Packing leaking. 
2. P a r t  replaced. 
3. Request packing manufac turer  to provide ass i s tance  

with fa i lure  problem. 

1. Packing work out. 
2. P a r t  replaced. 
3. Request packing manufac turer  to provide ass i s tance  

with fa i lure  problem. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

E N  

- - 
16 

17 

18 

19 

2( 

- 

~~ 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystern) 

. Pump/Cylinder 

. Steam, Condensate, 
Packing 

and Feedwater Piping 
and Equipment/Boiler 
F e e d  P u m p  

284100 
. 17 

. Pump/Cylinder 

:. Steam, Condensate, 
Packing 

and Feedwater Piping 
and EquipmentIBoiler 
Feed  Pump 

284100 
1. 17 

1. Pump/Bear ings  (Innel 

?. Steam, Condensate, 
Thrus t )  

and Feedwater Piping 
and EquipmentlBoiler 
F e e d  Pump 

284100 

1. Pump/Oi l  
2. Steam, Condensate, 

3.  17 

and Feedwater Piping 
and EquipmentlBoileI 
Feed  Pump 

284100 
3. 17 

1. Pump/Oi l  Reservoi r  
2. Steam, Condensate,  

and Feedwater Piping 
and Equipment/Boile:  
Feed  P u m p  

284100 
3. 17 

: I = INCIDENT 

T A B L E  l - l O o  

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 4 of 37)  

- 
. FACILITY 

. COMPONENT LOCATION 

. OPERATING CONDITIONS 

. SOURCE DOCUMENT 

. EBR-I1 . Star tup,  Cylinder 1 

. 364"F, 1300 psig . PMMR-96 

. EBR-I1 
!. Star tup,  Cylinder 2 
I .  364"F, 1300 psig 
1. PMMR-96 

1. EBR-I1 
?. Feedwater /motor  drive., feed pump 
3.  364"F, 1500 psig 
4. Operating monthly report  11/67 

1. EBR-I1 
2. Feedwater / turb ine  driven feed  

3. 3,64OF, 1500 psig,  3580 RPM 
4. Operating weekly report ,  12-20-67 

pump 

1. EBR-I1 
2. Feedwater / turb ine  driven feed  

Pump 
3. 364"F, 1500 psig,  3580 RPM 
4. PMMR-52 

I = MINOR MALFUNCTION 

~ ~~ 

FAILURE INDEX 
CODE* 

4USE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
3 10 

- 
IODE 

- 
MI 
BZ 

MI 
BZ 

MI 
52 

MI 
BZ 

MI 
33 

- 
= E C  

- 
b l I  

530 

MI 
530 

MI 
530 

MI 
530 

MI 
53c 

'ERATIN( 
HOURS 

141 

141 

Jnknowt 

Unknow 

Unknow 

dETHO0 OF FAILURE 
DETECTION 

Preventive 
maintenance 

Preventive 
maintenance 

Operational monitor 
High oil t empera tur l  

Preventive 
maintenance 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Packing worn out. 
2. P a r t  replaced.  
3. Request packing manufac turer  to provlde ass i s tance  

with fai lure  problem. 

1. Packing worn out. 
2. P a r t  replaced. 
3. Request packing manufac turer  to provide ass i s tance  

with fai lure  problem. 

1. Bearing was found to be worn. 
2. P a r t  replaced.  
3. None. 

1. Chemical analysis  indicated high viscosity. 
2. Local repa i r .  
3. None. 

1. Too much oil in pump caused smoke. 
2.  Local r e p a i r ,  oil was removed. 
3. Follow m a n u f a c t u r e r ' s  recommendations on quantity 

of oil to b e  used. 

MA = MAJOR MALFUNCTION p = PROBLEM 



TABLE 1- l o o  

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 5 of 37)  - 

TEF 

- - 
21 

22 

23 

24 

25 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. PumplShaf t  Bushing 
2 .  Steam, Condensate, 

and Feedwater Piping 
and Equipment/Boiler 
Feed  Pump 

284100 
3 .  17 

1 .  P u m p  /Bear ings  
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Boiler 
F e e d  Pump 

284100 
3 .  17 

1. PumplImpel le r  
2.  Steam, Condensate, 

and Feedwater Piping 
and Equipment/Boiler 
F e e d  P u m p  

284100 
3. 17 

1. Pump/St ra iner  
?. Steam, Condensate, 

and  Feedwater Piping 
and EquipmentIBoiler 
Feed  Pump . 
284100 

3. 17 

1. Pump/Labyr in th  Seal 
?. Steam,  Condensate, 

and  Feedwater Piping 
and  Equipment/Boiler 
F e e d  Pump 

284100 
3 .  17 

* I = INCIDENT 

~~ ~~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
2. Feedwater / turb ine  driven feed 

3. - 
4. PMMR-78 

pump governor control  

1. EBR-I1 
2. Feedwater /motor  driven feed pump 
3. 364"F, 670 to 90 GPM, 1500 psig,  

3580 RPM 
4. ANL-6808 

1. EBR-I1 
2 .  Feedwater /motor  driven feed  pump 
3. 364"F, 670 to  90 GPM, 1500 psig 

3580 RPM 
4. ANL-6808 

1 .  EBR-I1 
2 .  Feedwater / turbine driven feed 

Pump 
3. 900 HP,  9700 RPM,  150 psig 
4. PMMR-24 

1. EBR-I1 
2 .  Feedwater / turb ine  dr iven  feed pump 
3. 900 HP,  9700 RPM,  150 psig 
4. PMMR-35 

I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
187 

MI 
122 

MI 
122 

MI 
500 

MI 
500 

- 

VlODE 

- - 
MI 
52 

MI 
54 

MI 
54 

MI 
BZ 

MI 
BZ 

=F EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

)PER ATIN( 
HOURS 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

Preventive 
maintenance 

Operational monitors 

Operational monitor:  

Preventive 
maintenance 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Shaft bushing ( rubber )  de te r iora ted  due to 
excessive heat. 

2. P a r t  replaced with bronze  bushing. 
3. None. 

1. Bearings damaged due to overloading caused by a 
closed valve. 

2. P a r t  replaced. 
3. Upgrade operator t ra ining on pump. 

1. Impeller scored ,  was ' remachined .  
2. P a r t  replaced. 
3. None. 

1. Strainer  dirty. 
2. Cleaned and replaced s t ra iner .  
3. None. 

1. Labyrinth sea l  leaking oil. 
2. Local repa i r .  
3. None. 

Q 



Q c 

* 

1. COMPONENT/PART 

1 .  SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

. Pump/Manual Tr ip  

:. Steam, Condensate, 
Plunger 

a n d  Feedwater Piping 
and  Equipment/Boiler 
F e e d  P u m p  

284100 
j .  17 

I. Pump/Cyl inder  No. 3 

!. Steam, Condensate, 
Packing 

and  Feedwater Piping 
and Equipment / Boiler 
F e e d  Pump 

284100 
1. 17 

I.  Pump/Cyl inder  

t. Steam,  Condensate, 
Packing 

and  Feedwater  Piping 
and Equipment/Boiler 
F e e d  Pump 

284100 
3.  17 

1. Pump/Cylinder 

?. Steam, Condensate, 
Packing 

and  Feedwater Piping 
and  Equipment/Boiler 
F e e d  Pump 

284100 
3. 17 

1. PumplCylinder 

2. Steam, Condensate, 
Packing 

and Feedwater Piping 
and Equipment / Boiler 
F e e d  P u m p  

284100 

= INCIDENT 

3. 17 

MA = MAJOR MALFUNCTION 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 6 of 37)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

I .  EBR-II 
!. Feedwater f turb ine  driven feed pump 
I. 900 HP, 9700 R P M ,  150 psig 
4. Weekly repor t ,  5- 15-68 

I.  EBR-I1 
5 .  Feedwater / s ta r tup  boiler feedpump 
3. 364"F, 1300 psig 
2. PMMR-96 

1. EBR-I1 
?. F e e d w a t e r / s t a r t u p  boiler feed pump 
3 .  364'F, 1300 psig 
1. PMMR-I02 

1. EBR-I1 
2 .  Feedwater / s ta r tup  boiler feed pump 
3. 364"F, 1300 psig 
4. PMMR-104 

1. EBR-I1 
2. Feedwater / s ta r tup  boiler feed pump 
3. 364"F, 1300 psig 
4. PMMR-105 

I = MINOR MALFUNCTION 
) = PROBLEM 

~ ~~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

dOOE 

- - 
MA 
53 

MI 
BZ 

MI 
59 

MI 
52 

MI 
59 

=F EC' 

- - 
MA 
520 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

4,480 

141 

296 

680 

200 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Preventive 
maintenance 

Operational monitor: 

Pr eventive 
maintenance 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Spring malfunctioning. 
2. Spring and spr ing retainer  w e r e  modified by 

instal l ing a ro l l  pin. 
3 .  None. 

1. Packing worn out. 
2. P a r t  replaced. 
3. Schedule preventive maintenance inspections a s  

requi red  to prevent leakage. 

1. Packing ruptured.  
2. P a r t  replaced.  
3. Uneven repacking periods show that maintenance 

personnel  should be t ra ined f o r  proper repacking 
p r  oc  e dur e s . 

1. Packing worn out. 
2. P a r t  replaced.  
3. None. 

1. Packing ruptured.  
2.  P a r t  replaced.  
3. None. 



- 
T E b  

- - 
31 

32 

33 

34 

35 

- 
I 

1 .  COMPONENT/PART 

2 .  SY STEM/SU BSYSTEM 

3. CODE: 
(Component) 
(Svstem/Subsvstem) 

1. Pump/Cylinder No. 2 
Plunger Packing 

2. Steam, Condensate, 
and Feedwater Piping 
and Equipment/Boiler 
Feed  P u m p  

284100 
3. 17 

1. Pump/Cylinder No. 3 

2. Steam, Condensate, 
Packing 

and  Feedwater Piping 
and Equipment/Boiler 
F e e d  P u m p  

284100 
3. 17 

1. Pump/Packing  and 

2. Steam, Condensate, 
P lungers  

and  Feedwater Piping 
and Equipment/Boiler 
Feed  P u m p  

3. 17 
284100 

1. Pump/Cylinder No, 2 

2. Steam, Condensate, 
O-rings 

and F e e d v a t e r  Piping 
and Equipment/Boiler 
F e e d  P u m p  

3.  17 
28410" 

1. PumplCylinder 

2.  Steam, Condensate, 
O-r ings  

and Feedwater Piping 
and EquipmentlBoiler 
F e e d  P u m p  

3. 17 
284100 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 7 of 37) 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 . '  SOURCE DOCUMENT 

1. EBR-I1 
2. Feedwater / s ta r tupboi le r  feed pump 
3. 364"F,  1300 psig 
4. Operations maintenance 

repor t  5-22-68 

1. EBR-I1 
2. Feedwater / s ta r tup  boiler feedpump 
3. 364"F, 1300 psig 
4. Operations maintenance 

r e p o r t  8- 14-68 

1. EBR-I1 
2. Feedwater / s ta r tup  boiler feedpump 
3. 364"F, 1300 psig 
4. ANL-6749 

1 .  EBR-I1 
2. F e e  dwa te r / s t a r t u p  boile r feed pump 
3 .  364"F, 1300 psig 
4. PMMR-3 

1 .  EBR-I1 
2. Feedwater / s ta r tup  boiler feedpump 
3. 364"F, 1300 psig 
4. PMMR-8 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSt 

- - 
MI 
500 

MI 
500 

MI 
270 

MI 
500 

MI 
187 

- 

UODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
59 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PERATlNi 
HOURS 

- 
LO20 

540 

Jnknown 

Jnknown 

Jnknown 

METHOD OF FAILURE 
DETECTION 

Routine a r e a  watch, 
d i rec t  observation 

During preventive 
maintenance 

Unknown 

Direct observation 

Routine inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Packing worn out. 
2. Local r e p a i r ,  repacked cylinder. 
3. With improved maintenance procedure ,  even this  

r e c o r d  (10 days operat ion)  could be improved. 

1. Packing worn out. 
2. Local r e p a i r ,  cyl inder  repacked. 
3. None. 

1. Coolant deficiency caused  damage to  plungers and 
packing. 

2. Modifications w e r e  made  to improve  the gland-coolin 
sys tem,  using condensate ra ther  than r a w  water.  

3. None. 

1. O-r ings  worn  out. 
2. P a r t s  replaced.  
3 .  None. 

1. O-r ings  worn out. 
2. P a r t  replaced.  Removed Neoprene O-r ings  and 

instal led high tempera ture  Viton O-r ings  on 
cyl inders .  

3. None. 



* 

- 

-EN 

- - 
36 

37 

38 

39  

40 

- 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

. Pump/Discha rge  
Flange Gasket  

:. Steam, Condensate,  
a n d  Feedwater  Piping 
and  Equipment/Boiler  
F e e d  P u m p  

284100 
I .  17 

.. Pump/Cylinder  

1. Steam, Condensate,  
Packing 

and  Feedwater  Piping 
and Equipment/Boiler  
F e e d  Pump 

284100 
!. 17 

I. Pump/Cylinder  

!. Steam, Condensate,  
Packing 

and  Feedwater  Piping 
and  Equipment/Boiler  
F e e d  Pump 

284100 
1. 17 

I. PumplCylinder  

?. Steam, Condensate,  
Packing 

and  Feedwater  Piping 
and  Equipment / Boiler 
F e e d  Pump 

284100 
3. 17 

1. Pump/Cylinder  No. 1 

?. Steam, Condensate,  
Packing 

and Feedwater  Piping 
and EquipmentIBoiler  
F e e d  Fump 

284100 
3. 17 

= INCIDENT 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 8 of 37)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

I .  EBR-lI  
!. Feedwater imotor  driven f eed  pump 
!. 364"F,  1300 psig 
4.  PMMR-36 

L .  EBR-I1 
!. Feedwate r l s t a r tup  boiler feedpump 
3 .  364"F, 1300 psig 
&. PMMR-4 

1. EBR-I1 
?. F e  edwa t e r / s t a r  tup boiler f eed  pump 
3. 364"F, 1300 psig 
$. PMMR-21 

1. EBR-I1 
2 .  Feedwater  / s t a r tup  boiler f eedpump 
3. 364'F, 1300 psig 
4. PMMR-23 

1. EBR-I1 
2. Feedwa te r / s t a r tup  boller feedpump 
3. 364"F,  1300 psig 
4. PMMR-33 

= MINOR MALFUNCTION 
1 = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
126 

MI 
126 

MI 
126 

MI 
500 

dODE 

- - 
MI 
BZ 

MI 
52 

MI 
52 

MI 
52 

MI 
B Z  

FFEC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

!190 

1200 

1200 

34 

1016 

METHOD OF FAILURE 
DETECTION 

Prevent ive 
maintenance 

Operational monitor 

Operational monitor  

Operational monitor 

Prevent ive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Gasket worn out. 
2. P a r t  replaced. 
3. Apply predetermined torques  to flange bolts and 

gaske t  ma te r i a l s .  

1. Packing worh out. 
2. P a r t  replaced. 
3. None. 

1. Packing worn out. 
2. P a r t  replaced. 
3. None. 

1. Packing worn out. 
2. P a r t  replaced. 
3. Factory representa t ive  will guarantee pump if 

he ove r sees  the pump modifications.  

1. Packing worn out. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION 



TABLE 1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 9 of 37) - 

TEh 

- - 
41  

42 

43 

44 

45 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 
3 .  CODE: 

(Component) 
(System/Subsystern) 

1. Pump/Cylinder  No. 2 

2. Steam, Condensate,  
Packing 

and Feedwater  Piping 
and EquipmentlBoiler  
Feed  Pump 

284100 
3. 17 

1. Pump/Cylinder  No. 3 

2. Steam, Condensate,  
Packing 

and Feedwater  Piping 
and Equipment / Boiler 
Feed  Pump 

284100 
3. 17 

1. PumplCylinder  

2. Steam, Condensate,  
Packing 

and Feedwater  Piping 
and Equipment/Boiler 
Feed  Pump 

284100 
3. 17 

1. Pump/No. 2 Unloader 

2. Steam, Condensate,  
Plunger  Rod 

and Feedwater  Piping 
and Equipment/Boiler 
F e e d  Pump 

284100 
3 .  17 

1. Pump/Bearing 
2. Steam, Condensate,  

and  Feedwater  Piping 
and Equipment/Boiler 
Feed  P u m p  

3. 17 
284100 

* I = INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. Feedwa te r / s t a r tup  boiler feedpump 
3. 364"F, 1300 psig 
4. PMMR-33 

1. EBR-I1 
2. Feedwa te r / s t a r tup  boiler feedpump 
3. 364"F, 1300 ps ig  
4. PMMR-33 

1. EBR-I1 
2. Feedwa te r l s t a r tupbo i l e r  feedpump 
3. 364°F.  1300 Dsie 
4. PMMR-51 

1. EBR-I1 
2. Feedwa te r / s t a r tup  boiler feed pump 
3 .  364"F, 1500 psig 
4. Operat ions maintenance 

r epor t  7-3-68 

1. SCTI 
2. Feedwater  s y s t e m  
3 .  345 GPM, 7450 RPM 
4. Incident r epor t  No. 19 (7-28-65) 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

ZAUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
172 

P 
332 

- 

MODE 

- - 
MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
54 

P 
5 2  

- 

FF EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

P 
590 

- 
PERATIN( 
HOURS 

1016 

1016 

2534 

Unknown 

1580 

METHOD OF FAILURE 
DETECTION 

Prevent ive 
maintenance 

Prevent ive 
maintenance 

Prevent ive 
maintenance 

Direct observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~~ ~ 

1. Packing worn out. 
2. P a r t  replaced. 
3. None. 

1. Packing worn out. 
2. P a r t  replaced. 
3 .  None. 

1. Packing worn out. 
2. P a r t  replaced. 
3. None. 

1. Pump not functioning properly - disassembled and 
found plunger rod  bent, 

2. P a r t  rep laced;  s p a r e  unloader was installed.  
3. None. 

1. Inboard bear ing threw oil when dr ive  motor  was 
s ta r ted .  

2 .  Motor pump combination shut down and r e s t a r t e d  0.k.  
3. A s s u r e  sufficient operation personnel  experience 

o r  training. 

MA = MAJOR MALFUNCTION P = PROBLEM 



* 

- 

rEFu 

- - 
46 

47 

48 

49 

50 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Pump/Shaft  Seal 
?. Steam, Condensate, 

and Feedwater  Piping 
and Equipment / Boiler 
F e e d  Pump 

284100 
3. 17 

1. Pump/Shaft  Seal 
2. Steam. Condensate, 

and Feedwater  Piping 
and Equipment/Boiler  
F e e d  Pump 

284100 
3. 17 

1. Pump/Shaft  
2 .  Steam, Condensate, 

and Feedwater  Piping 
and EquipmentlBoiler  
F e e d  Pump 

284100 
3. 17 

1. Boiler  ( P - I )  Feed  
Pump / Outboar d 
Mechanical Seal 

2. Steam, Condensate, 
and Fe,edwater Piping 
and Equipment/Boiler 
Feed  Pump 

284100 
3. 17 

1. Pump Rotating Ele  - 
ment  /W e a r  Rings 

2. Steam, Condensate, 
and Feedwater  Piping 
and Equipment/Boiler  
Feed  Pump 

284100 
3. 17 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AN D SUPPORTS 
(Sheet 10 of 37)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I .  SCTI 
!. Feedwater  s y s t e m  
i. 345 GPM, 7450 RPM 
4. Incident r epor t  No. 102 (2-7-66) 

1. SCTI 
?. Feedwater  sys t em 
3 .  345 GPM, 7450 R P M  
i. Incident r epor t  No. 105 (2-10-66) 

1. SCTI 
?. Feedwater  sys t em 
3. 345 GPM, 7450 R P M  
$. Incident r epor t  No. 303 (6-6-66) 

1. SCTI 
2. Feedwater  sys t em 
3. 900 HP, 7450 RPM, 165 psig 
4. Incident r epor t  No. 102 

1 .  SCTI 
2. Boiler Feed  Pump (P-1) 
3. 7450 RPM, 165 psi ,  345 GPM 
4. Incident r epor t  No. 303 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE" 

AUSf 

- - 
MI 
126 

MI 
126 

MI 
192 

MI 
126 

I 
111 

MODE 

- - 
MI 
52 

MI 
52 

MI 
55 

MI 
52 

I 
57 

FF EC1 

- - 
MI 
550 

MI 
550 

MI 
520 

MI 
530 

I 
45 

)PER ATIN( 
HOURS 

5183 

5225 

6075 

5183 

6075 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct  observation 

Operational monitors  

Direct  observation, 
feedwater leakage at 
pump shaft s ea l  

During activation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Feedwater leaking at pump shaft seal. 
2. Shaft seal  replaced.  
3. Improve maintenance schedule. Consider a l l  

pump drive components i n  accord with manufac-  
t u r e r s '  schedules. 

1. Feedwater leaking a t  pump shaft seal  due to lack 
of adequate cooling to inboard mechanical  seal .  

2. Installed new source of water to  provide g rea t e r  
p r e s s u r e  head. 

3. Improve maintenance schedule. 

1. Pump cavitation following s c r a m .  Pump drive 

2. Seal replaced,  and a modified boi ler  feed r e s e r v o i r  
tank and a condensate booster  pump sys t em (with a 

shaft seized. 

40-second t ime  delay for  shutoff in  c a s e  of s c r a m )  
w e r e  installed. 

3. Design should specify precautions to prevent  pump 
f r o m  running dry. 

1. F ragmen t s  of the worn sea l  r ing r i m s  destroyed the 
sealing effect  between shaft and seal. 

2. P a r t  replaced. 
3. Improved maintenance schedule shal l  be  establ ished 

considering al l  pump and drive components in 
accordance with pump manufacturer .  

1. Pump cavitation following s c r a m .  Three  casing wear  
r ings se i zed  to impel ler  wear  rings. 

2. Vendor r e p a i r ;  s e a l  replaced,  then modified boi ler  
feed r e se rvo i r  tank and condensate booster pump 
system. 

3. Include design precautions to prevent  pump f r o m  
running dry.  

/ 

I 



- 

TEh 

- - 
51 

52 

53 

54 

55 

56 

- 

TABLE l-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 11 of 37)  

1. COMPDNENT/PART I 1. FACIL ITY 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT (Component) 
(System/Subsystern) 

I. Pump Boiler Feed /  
Inboard Mechanical 
Seal 

!. Steam, Condensate,  
and Feedwater  Piping 
and Equipment/Boiler 
Feed  Pump 

284100 
3 .  17 

I. PumpIShaft  Seal 
?. Heat T r a n s f e r /  

Reactor  Coolant 

221110 
3. 17 

I. PumplShaft  Seal 
L. Heat T rans fe r /  

Reactor  Coolant 
3. 17 

221110 

1. Pump/Upper  F a c e  

?. Heat T r a n s f e r /  
Seals 

Reactor  Coolant 
3 .  17 

221110 

1. Pump/P i s ton  Cups 
2 .  Heat T r a n s f e r /  

Reactor  Coolant 
3 .  17 

221110 

1. Fump/O-Rings 
2. Heat T r a n s f e r /  

3.  17 
Reactor  Coolant 

221110 

. SCTI 
:. Steam and feedwater  sys t em 

.. Incident r epor t  No. 105 

1. FERMI 
2. P r i m a r y  system/overf low 

cxpansion tank No. 1 pump 
3. 100 GPM, 75 ft discharge head 
4. E F A P P  No. 82 

1 .  FERMI 
2. P r i m a r y  system/overf low 

expansion tank No. 1 pump 
3. 100 GPM, 75 f t  discharge head 
4. EFAPP-MRNo.  82 

1. FERMI 
2. P r i m a r y  system/overf low 

expansion tank No. 1 pump 
3. 100 GPM, 75 f t  discharge head 
4. E F - 4 2  

1. FERMI 
2. P r i m a r y  system/overf low 

expansion tank No. 1 pump 
3. 100 GPM, 75 f t  discharge head 
4. EF-42  

1. FERMI 
2. P r i m a r y  system/overf low 

expansion tank No. -1 pump 
3. 100 GPM, 75 f t  discharge head 
4. E F - 4 2  

I 

FAILURE INDEX 

- 

:AUSE 

- - 
MA 
275 

MI 
125 

MI 
321 

MI 
125 

MI 
125 

MI 
125 

- 

CODE* - 
WODE 

- - 
MA 
51 

MI 
52 

MI 
53 

MI 
52 

MI 
52 

MI 
52 

- 

- 

FF EC1 

- - 
MA 
136 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

.- 

PERATIN( 
HOURS 

5225 

2920 

168 

14, 941 

14, 941 

14, 941 

.- 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Direc t  observation 

During actuation 

Direc t  observation 

Direct observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Feedwater  leakage a t  pump shaft seal .  
2. P a r t  replaced. 
3. None. 

1. Shaft seal worn  out. 
2. P a r t  replaced. 
3. Determine operating l ife of sea l  f r o m  operating 

experience and schedule replacement  accordingly.  

1. Shaft  s ea l  loose ,  leaking. 
2. P a r t  rep laced .  
3. None. 

1. Carbon f a c e  sea l  r ings  chipped. 
2. P a r t  replaced. 
3. None. 

1. Piston cups worn  out. 
2. P a r t  replaced. 
3. None. 

1. O-r ings worn  out. 
2. P a r t  replaced. 
3 .  None. 

Q 



c 

- 

'EM 

- - 
57 

58 

59 

60 

61 

62 

- 
* I  

, .  COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
(System/Subsystem) 

I .  PumplLower  Face  

!. Heat  T r a n s f e r /  

1. 17 

Sea l s  

Reactor  Coolant 

221110 

I .  Pump/P i s ton  Cups 
?. Heat  T r a n s f e r /  

Reactor  Coolant 
1. 17 

221110 

1. Pump/Oil  Seal 
?. Heat  T r a n s f e r /  

3.  17 
Reactor  Coolant 

221110 

1. P u m p  
2. Hea t  T r a n s f e r /  

3 .  17 
Rea'ctor Coolant 

221110 

1. Pump/ Impe l l e r  
2. Heat  T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

1. P u m p  / Impel le r  
2. Heat  T rans fe r /  

3. 17 
Reactor  Coolant 

221110 

INCIDENT 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 12 of 37) 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

!. FERMI 
!. P r i m a r y  systemloverflow 

1. 100 GPM, 75 f t  discharge head 
L. EF-42  

expansion tank No. 1 pump 

L .  FERMI 
!. p r i m a r y  systemloverf low 

3.  100 GPM, 75 f t  discharge head 
t .  E F - 4 2  

I .  H N P F  
?. P r i m a r y  sodium sys t em pump No. 2 
3 .  7200 GPM 
L WR 927 

expansion tank No. 1 pump 

1. HNPF 
2 .  P r i m a r y  sodium system pump No. 1 
3.  7200 GPM 
1. ROAP Report  (AI) 11-18-62 

1. HNPF 
2. P r i m a r y  sodium system pump No. 2 
3 .  7200 GPM 
4. WR 2671 

1. HNPF 
2. P r i m a r y  sodium system pump No. 3 
3. 7200 GPM 
4. WR 2672 

MINOR MALFUNCTION 
) = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
125 

MI 
125 

MI 
126 

MI 
183 

MI 
113 

MI 
113 

- 

- 
AODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
57 

MI 
5 2  

MI 
5 z  

- 

- 
-F E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

'ERATINC 
HOURS 

14, 941 

14, 941 

Unknowr 

5000 

7623 

759 1 

METHOD OF FAILURE 
DETECTION 

- 
Direc t  observation 

Direc t  observation 

Direc t  observation 

Direc t  observation 

Operational 
monitors  

Operational 
monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Carbon face  sea l  r ings  chipped. 
2. P a r t s  replaced. 
3. Follow manufac tu re r ' s  ins t ruc t ions  on 

installation and operation of the sea ls .  

1. Pis ton  cups worn out. 
2. P a r t s  replaced. 
3. None. 

1. Oil s ea l  failed result ing In oil leakage. 
2. Seals changed, oil replaced. 
3. None. 

1. Pump c a s e  flooded with sodium as a r e su l t  of I H X  
tube fa i lure ,  preventing pump startup. 

2. Pump removed and cleaned. Pump modified by 
plugging 4 of 8 impel le r  weep holes to maintain 
proper  case  sodium level.  

3. None. 

1. Low sodium level in  pump c a s e  suspected a s  
result ing in gas  entrainment.  

2. Pump removed and 4 weep holes  in impel le r  pluggec 
to maintain proper  case  sodium level. 

3. None. 

1 .  Low sodium level i n  pump c a s e  suspected of 
result ing in gas  entrainment.  

2. Pump removed and 4 weep holes in impel le r  pluggec 
to maintzin proper  case  sodium level. 

3. None. 

M A  = MAJOR MALFUNCTION 



- 

rEhr 

- - 
63 

64 

65 

66 

67 

68 

- 
* I  

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. PumpIP i s ton  Cups 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. Pumplo -Rings  
2. Heat T rans fe r /  

3. 17 
Reactor  Coolant 

221110 

1. PumplLower  Face 

2 .  Heat T r a n s f e r /  

3. 17 

Seals  

Reactor  Coolant 

221110 

1. Pump/P i s ton  Cups 
2. Heat T rans fe r  1 

Reactor  Coolant 
3. 17 

221110 

1. Pump/O-Rings 
2 .  Heat T rans fe r1  

3. 17 
Reactor  Coolant 

221110 

1. PumpIPump Shaft 

2. Heat T rans fe r1  

3. 17 

Argon Seal 

Reactor  Coolant 

221110 

= INCIDENT 

(Sheet 13 of 37)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. FERMI 
?. P r i m a r y  systemloverf low No. 2 

Pump 
3. 100 GPM, 75 ft discharge head 
P. EF-43  

1. FERMI 
?. P r i m a r y  system/overf low 

3 .  100 GPM, 75 f t  discharge head 
P. E F - 4 3  

1 .  FERMI 
?. P r i m a r y  s y s t e m /  overflow 

3 .  100 GPM, 75 ft discharge head 
t .  E F - 4 3  

expansion tank No. 2 pump 

expansion tank No. 2 pump 

1. FERMI 
?. P r i m a r y  systemloverf low 

3 .  100 GPM, 75 f t  discharge head 
P. E F - 4 3  

1. FERMI 
L. P r i m a r y  s y s tem/overf low 

3 .  100 GPM, 75 f t  discharge head 
2. E F - 4 3  

1. FERMI 
L. P r i m a r y  system/overf low 

%. 100 GPM, 75 f t  discharge head 
%. E F - 6 1  

expansion tank No. 2 pump 

expansion tank No. 2 pump 

expansion tank No. 2 pump 

= MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSl 

- - 
MI 
126 

MI 
126 

MI 
146 

MI 
146 

MI 
146 

MI 
125 

- 

VlOOE 

- - 
MI 
68 

MI 
52 

MI 
56 

MI 
56 

MI 
56 

MI 
52 

- 
FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN 
HOURS 

14, 941 

14, 941 

14, 941 

14, 941 

14, 941 

14, 941 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct observation 

Direct observat ion 

Direct  observation 

Direct  observat ion 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Pis ton cups worn out. 
2. P a r t  replaced. 
3. None. 

1 .  O-rings worn out. 
2. P a r t  replaced. 
3. None. 

1.  Inadequate spring p r e s s u r e  on face seals .  
2. P a r t  replaced. 
3. None. 

1. Pis ton cups worn out. 
2. P a r t  replaced. 
3. None. 

1. O-r ings worn. 
2. P a r t  replaced. 
3. None. 

1. Seal worn out. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



(3 c 

- 

rElV 

- - 
69 

70 

71  

72 

73 

74 

- 

L .  COMPONENT/PART 

?. SY STEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Svstem/Subsvstem) 

1. P u m p / E l a s t o m e r  

?. Heat T r a n s f e r /  
Sea ls  

Reac tor  Coolant 
3. 17 

221110 

I. PumplShaf t  
?. Heat T r a n s f e r /  

3. 17 
Reac tor  Coolant 

221110 

1. PurnplShaft 
?. Heat T r a n s f e r /  

3. 17 
Reac tor  Coolant 

221110 

1. PumpIShaft  
2 .  Heat T r a n s f e r /  

3.  17 
Reactor Coolant 

221110 

1. PumpIShaft  
2. G a s  Seal  Heat 

T r a n s f e r  /Reac tor  
Coolant 

221110 
3. 17 

1. Sodium P u m p  P - 5 /  
Cover P la te  

2. Heat T r a n s f e r /  
Reac tor  Coolant 

3. 17 
221110 

I = INCIDENT 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 14 of 37) 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

I .  FERMI 
!. P r i m a r y  systemloverflow 

I .  100 GPM, 75 f t  discharge head 
L. E F - 6 1  

expansion tank No. 2 pump 

L. EBR-II 
!. P r i m a r y  sodium pump No. 1 
I .  5500 GPM, 350 H P  
L. ANL-7082 7 / 6 5  

1. EBR-I1 !. P r i m a r y  sodium pump No. 1 
I .  5500 GPM, 350 HP 
4. ANL 7082, 7 /65  

I.  EBR-II 
?. P r i m a r y  Sodium pump No. 2 
3. 5500 GPM, 350 HP 
1. ANL-6780, 8 / 6 3  

1. SCTI 
?. P r i m a r y  sodium pump P-5 
3. 2 0 0 ° F  
P. Incident repor t  No. 346, 1 /15/69  

1. SCTI 
2. P r i m a r y  sodium sys tem 
3. 1750 RPM, 8 4 0 ° F  
4. Incident repor t  No. 29, 8 /17/65  

I 1  = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
182 

MI 
218 

MI 
218 

MI 
412 

MI 
3 44 

MA 
145 

AODE 

- - 
MI 
52 

MI 
55 

MI 
55 

MI 
57 

MI 
54 

MA 
59 

=F E C  

- - 
MI 
530 

MI 
550 

MI 
550 

MI 
550 

MI 
520 

MA 
136 

?ERATIN 
HOURS 

14, 941 

2590 

2590 

Unknow 

8530 

58 6 

METHOD OF FAILURE 
DETECTION 

Direct observation 

During activation 

During activation 

Audio noise  

Routine a r e a  watch 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Elas tomer  s e a l s  leaking, worn out. 
2. P a r t  replaced. 
3 .  Request manufac turer ' s  ass i s tance  on sea ls .  

1. Pump failed to ro ta te  when activated. 
2. Impeller dr ive  shaf t  f r e e d  by ver t ica l  movemen 

of dr ive shaft. 
3. None. 

1. P u m p  fa i led  to rotate  when activated. 
2. Impeller dr ive  shaft f r e e d  by ver t ica l  movement 

of dr ive  shaft. 
3. None. 

1. Impeller dr ive  shaft se ized  a s  a resu l t  of shaf t  

2. P a r t  replaced.  
3. None. 

bowing. 

1. Excess ive  amounts of oil observed  leaking f r o m  the 
s e a l  vent l ine due to  s e a l  of the rotat ing face  
separa ted  f r o m  the s ta t ionary f a c e  by carbor ized  
oil preventing faces  f r o m  repositioning against  
each  other .  

2. Replaced par t .  
3. P r o c e d u r e  changed to reduce  probability of 

carburizat ion.  

1. Cover plate was  not secured  to the pump casing.  
2. P a r t  replaced. 
3. Upgrade maintenance procedures  on sodium pumps. 

MA = MAJORMALFUNCTION P = PROBLEM 



TABLE 1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 15 of 37)  - 

TEL 

- - 
75 

76 

77 

78 

79  

80 

81 

- 

1. COMPONENT/PART 

2. SY STEM/SU BSY STE M 

3 .  CODE: 
(Component) 
(SystedSubsystem) 

1. PumplShaft  Bearings 
2. Heat  T r a n s f e r ]  

3. 17 
Reactor  Coolant 

221110 

1. P u m p l T h r u s t  Bearing 
2. Heat-Transfer  I 

3. 17 
Reactor  Coolant 

221110 

1. PumpIShaft  Seal 
2. Heat T rans fe r1  

Reactor  Coolant 
3. 17 

221110 

1. PumpIShaft  Seal 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. P u m p I F a c e  Sea ls  
2. Heat T rans fe r1  

3. 17 
Reactor  Coolant 

221110 

1. Pumplo -Rings  
2. Heat T rans fe r /  

3. 17 
Reactor  Coolant 

221110 

1. P u m p /  U-Cup Seal 
2. Heat T r a n s f e r 1  

Reactor  Coolant 
3. 17 

221110 

~~~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

~ 

1. FERMI 
1. Pr imary lexpans lon  tank No. 1 pump 
3. 100 GPM, 75 f t  discharge head 
4. E F A P P N o .  55 

1. FERMI 
1. P r i m a r y  No. 3 pump 
3. 350 HP,  11,800 GPM, 900 RPM 
P. PRDC-EF-  17 

1. FERMI 
2 .  P r i m a r y  No. 3 pump 
3 .  350 HP, 11 ,800  GPM, 900 R P M  
1. E F A P P  No. 74  

1 .  FERMI 
1. P r i m a r y  sodium No. 3 pump 
3 .  350 HP,  11,800 GPM, 900 R P M  
4. PRCD-EF-  19 

1. FERMI 
2.  P r i m a r y  sodium pump No. 3 
3. 350 HP,  11,800 GPM, 900 R P M  
4. EF-22  

1. FERMI 
2. P r i m a r y  sodium No. 3 pump 
3. 350 HP,  11,800 GPM, 900 R P M  
4. E F - 2 2  

1. FERMI 
2. P r i m a r y  sodium No. 3 pump 
3 .  350 HP,  11,800 GPM, 900 R P M  
4. E F - 2 2  

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
3 48 

MI 
125 

MI 
126 

MI 
126 

MI 
125 

MI 
125 

MI 
125 

- 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
68 

MI 
52 

MI 
52 

MI 
52 

- 

- 
'F E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
PERATIN( 
HOURS 

1628 

9390 

10,120 

72 

235 

23 5 

11,740 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Direc t  observation 

Direc t  observation 

Direct observation 

Direc t  observation 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

1. Bearings worn out. 
2. P a r t  replaced. 
3. None. 

1. Thrus t  bearing worn out. 
2. P a r t  reulaced. 
3. Upgrade maintenance procedures .  

1. Shaft sea l  worn  out. 
2. P a r t  replaced. 
3. Upgrade maintenance procedure.  

1. Shaft s ea l  s co red  and galled. 
2. Parts replaced. 
3 .  Upgrade maintenance procedures .  

1. Sea ls  leaking. 
2. P a r t  replaced. 
3. Upgrade maintenance procedures .  

1. O-r ings worn  out. 
2. P a r t s  replaced. 
3. Upgrade maintenance procedures .  

1. U-cup sea l s  leaking. 
2. P a r t s  replaced. . 
3. Upgrade maintenance procedures .  



- 
TEFJ 

- - 
82 

83 

84 

85 

86 

87 

88 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1. P u m p / F a c e  Seals 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. Pump/Shaft Seal 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. PumpISeal  
2. Heat T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

1. P u m p l G e a r s  and 

2. Heat  T r a n s f e r /  

3. 17 

Bearing 

Reactor  Coolant 

221110 

1. Pump/Shaft  Seal 
2. Heat  T rans fe r /  

Reactor  Coolant 
3. 17 

221110 

1. Pumpisha f t  Seal 
2. Heat T rans fe r /  

Reactor  Coolant 
3. 17 

221110 

1. Pump/O-Rings 
2. Heat  T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 16 of 37) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I. FERMI 
?. P r i m a r y  sodium No. 3 pump 
3 .  350 HP,  11,800 GPM, 900 R P M  
$. EF-27  

1. FERMI 
?. P r i m a r y  sodium system/ 

3 .  100 GPM, 75 ft discharge head 
$. E F A P P  No. 20 

1. FERMI 
?. P r i m a r y  sodium system/ 

3 .  100 GPM, 75 f t  discharge head *. PRDC-EF-6 

1. FERMI 
2. P r i m a r y  sodium system/ 

3. 100 GPM, 75 f t  discharge head 
1. PRDC-EF-10 

expansion tank No. 1 pump 

expansion tank No. 1 pump 

expansion tank No. 1 pump 

1. FERMI 
2. P r i m a r y  sodium system/ 

3. 100 GPM, 75 f t  discharge head 
4. PRDC-EF- 12 

1. FERMI 
2. Pr imaryJexpansion tank No. 1 pump 
3. 100 GPM, 75 ft discharge head 
4. E F A P P  No. 55 

expansion tank No. 1 pump 

1. FERMI 
2. No. 3 
3. 350 HP, 11,800 GPM, 900 RPM 
4. E F - 2 7  

~~ 

I = MINOR MALFUNCTION * I  = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

.AUSE 

- - 
MI 
125 

MI 
135 

MI 
125 

MI 
126 

MI 
136 

MI 
348 

MI 
125 

MODE 

- - 
MI 
52 

MI 
56 

MI 
52 

MI 
52 

MI 
56 

MI 
52 

MI 
52 

FF ECI 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATlNl 
HOURS 

13, 200 

3650 

4015 

11,740 

3550 

3550 

13, 200 

METHOD OF FAILURE 
DETECTION 

~~ ~ ~~ 

Direct  observat ion 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observat ion 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. F a c e  seals  worn out. 
2. P a r t s  replaced. 
3. Upgrade maintenance procedures .  

1. Shaft seal  leak due to  misalignment. 
2 .  P a r t  replaced. 
3. None. 

1. Seal worn out. 
2. P a r t  replaced. 
3. None. 

1. Gears  and bearing worn out. 
2. P a r t  replaced. 
3. None. 

1. Pump shaft seal ,  backing spr ing imprope r ly  fit. 
2. Local r epa i r ,  co l l a rwas  relieved and the sea l  

reassembled.  
3. Upgrade maintenance procedures .  

1. Shaft s ea l  worn out. 
2. P a r t  replaced. 
3. None. 

1 .  O-rings worn out. 
2. P a r t s  replaced. 
3. None. 



- 

TER, 

- - 
89 

90 

91 

92 

93 

94 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

~ 

1. Pump/Shaft  Seal 

2. Heat T r a n s f e r  1 

3. 17 

(Upper) 

Reactor  Coolant 

221110 

1. Pump/Pump Shaft 
2 .  Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. P u m p l F a c e  Seals  

2. Heat T r a n s f e r /  

3. 17 

(Upper) 

Reactor  Coolant 

221110 

1. PumplAll  Argon Seals 
2. Heat T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

1. Pump/Shaft Seal 
2. Heat T rans fe r1  

Reactor  Coolant 
3. 17 

221110 

1. Pump / Bea r ing s 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

(Sheet 17 of 37) 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. FERMI 
?. P r i m a r y  system/overf low pump No. 
3. 100 GPM, 75 f t  d ischarge head 
1. E F A P P  No. 42 

1. FERMI 
2. P r i m a r y  system/overf low pump No. 
3. 100 GPM, 75 f t  d ischarge head 
1. PRDC-EFNo.  17 

1. FERMI 
2. P r i m a r y  system/overf low pump No. 
3 .  100 GPM, 75 f t  discharge head 
1. EF-43 

I .  FERMI 
2.  P r i m a r y  sodium, No. 1 
3 .  350 HP,  11,800 GPM, 900 RPM 
4. E F - 6 1  

1. FERMI 
2. P r i m a r y  sodium, s e a l  oil pump No. 
3.  
2. PRDC-EF-1  

1. FERMI 
2. P r i m a r y  sodium, No. 2 
3.  350 HP, 11,800 GPM, 900 RPM 
2. PRDC-EF-25 

* I = INCIDENT II = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
110 

MI 
110 

MI 
126 

MI 
120 

MI 
120 

MI 
120 

- 

VlODE 

- - 
MI 
87 

MI 
57 

MI 
68 

MI 
52 

MI 
52 

MI 
58 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PER ATIN' 
HOURS 

5643 

9390 

14, 941 

14, 941 

2190 

13, 368 

- 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 

During activation 

Direct  observation 

Operational monitor! 

Direct  observat ion 

Audio noise 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Black foreign ma te r i a l  on shaf t  s leeve beneath the 
upper rotating face seal. 

2. P a r t  replaced. 
3. None. 

1 .  Shaft seized at the upper labyrinth seal .  
2 .  Local repair .  
3. None. 

1. Seals  scored.  
2. P a r t s  replaced. 
3. None. 

1. Seals worn out. 
2 .  P a r t  replaced. 
3. Revise  preventive maintenance inspection intervals  

on pumps to detect problems before unscheduled 
outage occurs .  
r eac to r  shutdown. 

Inspections to  be made  during 

1. Drive gea r  fa i lure .  
2. P a r t  replaced. 
3. Revise preventive maintenance inspection intervals  

on pumps to detect problems be fo re  unscheduled 
outage occurs .  Inspections to be made during 
r eac to r  shutdown. 

1. Bearings noisy. 
2. P a r t  replaced. 
3. Revise preventive maintenance inspection intervals  

on pumps to detect problems before unscheduled 
outage occurs .  
r eac to r  shutdown. 

Inspections to be made  during 



- 

iEN 

- - 
95 

96 

97 

98 

99 

00 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Pump/Bear ings  
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. P u m p l T h r u s t  Bearing 
2. Heat T r a n s f e r /  

Reactor  Coolant 

221110 
3. 17 

1. Pump/Shaft  Seal 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3. 17 

221110 

1. PumplBear ings  
2. Heat T rans fe r /  

Reactor  Coolant 
3. 17 

221110 

I. Pumplo -Rings  
2. Heat T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

1. Pump/Argon Seal 

2. Heat T r a n s f e r /  
(Upper) 

Reactor  Coolant 

221110 
3. 17 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 18 of 371 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. FERMI 
2.  P r i m a r y  sodium, No. 2 
3. 350 HP,  11,800 GPM, 900 RPM 
4. PRDC-EF-29 

1. FERMI 
2.  P r i m a r y  sodium. No. 3 
3. 350 HP,  11,800 GPM, 900 RPM 
4. PRDC-EF-6 

1. FERMI 
2. P r i m a r y  sodium, No. 3 
3. 350 HP, 11,800 GPM, 900 RPM 
4. E F A P P  No. 68 

1. FERMI 
2. P r i m a r y  sodium, No. 3 
3. 350 HP,  11,800 GPM, 900 RPM 
4. E F A P P  No. 68 

1. FERMI 
2. P r i m a r y  system/overf low pump No. 
3. 100 GPM, 75 ft discharge head 
4. EF-42  

1. FERMI 
2. P r i m a r y  systemloverf low pump No. 
3. 100 GPM, 75 ft discharge head 
4. E F - 6 1  

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
120 

MI 
120 

MI 
120 

MI 
120 

MI 
125 

MI 
125 

dODE 

- - 
MI 
58 

MI 
58 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

=F EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

'ERATIN( 
HOURS 

392 

4245 

4245 

4245 

14, 941 

14,941 

METHOD OF FAILURE 
DETECTION 

Audio noise 

Direct  Observat ion 

During preventive 
maintenance 

During prevent ive 
maintenance 

Direct  observation 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bearings noisy. 
2. P a r t  replaced. 
3. Revise preventive maintenance inspection intervals  

on pumps to detect  problems before  unscheduled 
outage occurs .  
r eac to r  shutdown. 

1. Bearings vibrating. 
2. P a r t  replaced. 
3. Revise  preventive maintenance inspection intervals  

on pumps to detect 
outage occurs .  
r eac to r  shutdown. 

1. Shaft s e a l  worn out. 
2. P a r t  replaced. 
3. Revise  preventive maintenance inspect ion intervals  

on pumps to detect  problems be fo re  unscheduled 
outage occurs .  
r eac to r  shutdown. 

Inspections to be made during 

problems before  unscheduled 
Inspections to be made during 

Inspections to  be made  during 

1. Bearings worn out. 
2. P a r t s  replaced. 
3. Revise preventive maintenance inspection intervals  

on pumps to detect problems before  unscheduled 
outage occurs .  
r eac to r  shutdown. 

1. O-r ings worn out. 
2. P a r t s  replaced. 
3. None. 

Inspections to be made during 

1. Seal worn out. 
2. P a r t s  replaced. 
3. None. 

* = INCIDENT 
MA = MAJOR MALFUNCTION 



- 

T E b  

- - 
101 

102 

103 

104 

105 

106 

- 
. I  

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1. P u m p  /Elas tomer  

2. Heat T r a n s f e r /  

3. 17 

Seals  

Reactor Coolant 

221110 

1. Pump/Shaft  
2. Heat T r a n s f e r /  

3. 17 
Reactor Coolant 

221110 

1. P u m p l o - R i n g s  
2. Heat T r a n s f e r /  

3. 17 
Reactor Coolant 

221110 

1. P u m p / F a c e  Seals  
2. Heat T r a n s f e r /  

3. 17 
Reactor Coolant 

221110 

1. P u m p l F a c e  Seals  
2. Heat T r a n s f e r /  

Reac tor  Coolant 
3. 17 

221110 

1. Pump/O-Rings 
2. Heat T r a n s f e r /  

3. 17 
Reac tor  Coolant 

221110 

= INCIDENT 
MA = 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. FERMI 
2. P r i m a r y  sys temlover f low pump No. 1 
3 .  100 GPM, 75 ft d i scharge  head 
4. E F - 6 1  

1. FERMI 
2. P r i m a r y  sodium No. 1 pump 
3. 350 HP,  11,800 GPM, 900 RPM 
4. PRDC-EF-9  

1. FERMI 
2. P r i m a r y  sodium No. 3 pump 
3. 350 HP,  11,800 GPM, 900 RPM 
4. E F - 3 0  

1. FERMI 
2. P r i m a r y  sodium No. 3 pump 
3. 350 HP,  11,800 GPM, 900 RPM 
4. E F - 3 0  

1. FERMI 
2. P r i m a r y  sodium No. 1 pump 
3. - 
4. E F - 3 3  

1. FERMI 
2: P r i m a r y  sodium No. I pump 
3. - 
4. E F - 3 3  

II = MINOR MALFUNCTION 
MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

.AUSE 

- - 
MI 
182 

MI 
110 

MI 
321 

MI 
321 

MI 
125 

MI 
125 

MODE 

- - 
MI 
52 

MI 
54 

MI 
5 z  

MI 
5 2  

MI 
52 

MI 
52 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PER ATIN( 
HOURS 

- 
14,941 

5643 

1328 

1328 

14,702 

14, 702 

- 

METHOD O F  FAILURE 
DETECTION 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Constriction of e las tomer  sea ls  caused  leaking, 
2. P a r t  replaced.  
3. None. 

1. Shaft dis tor ted and rubbing. 
2. P a r t  replaced.  
3. None. 

1 .  O-r ings  worn  out. 
2. P a r t s  replaced.  
3. None. 

1. F a c e  sea ls  leaking. 
2. P a r t  replaced.  
3. None. 

1. F a c e  s e a l s  worn out. 
2. P a r t  replaced. 
3. None. 

1. O-rings worn out. 
2. P a r t  replaced.  
3. None. 

8 



0 c 

- 

TEFu 

- - 
107 

108 

109 

110 

111 

112 

113 

- 

1. COMPONENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. PumplSl ip  Rings 
?. Heat T rans fe r1  

3. 17 
Reactor  Coolant 

221110 

1. P u m p l T h r u s t  Bearings 
?. Heat T rans fe r IReac to l  

3. 17 
Coolant 

221100 

1. PumpIBear ings  
2. Heat T rans fe r  1 

3.  17 
Intermediate  Cooling 

2221 10 

1. Sodium PumpIShaft  
2. Heat T rans fe r1  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium PumplShaft  
2. Heat T rans fe r1  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium Pump/Shaft  
2. Heat T rans fe r1  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium PumpIBearing 
2. Heat T r a n s f e r l  

3. 17 
Intermediate  Cooling 

2221 10 

= INCIDENT * 
MA = MAJOR MALFUNCTION 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 20 of 37 )  

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. FERMI 
t. P r i m a r y  sodium No. 1 pump 
1. - 
$. E F - 3 3  

I. FERMI 
!. P r i m a r y  sodium No. 1 pump 
3.  - 
1. E F - 3 3  

I. HNPF 
?. Secondarylpump P l02  
3. 350 to 945'F, 350 HP, 7200 GPM 
1. HNPF, monthly operating r epor t  

No. 11, 6 /8 /63  

1. HNPF 
?. Secondarylpump P102 
3. 350 t o  945°F. 350 HP, 7200 GPM 
1. HNPF, monthly operating r epor t  

No. 15, 10163 

1. HNPF 
?. Secondarylpump P l02  
3. 350 t o  945'F, 350 HP, 7200 GPM 
P. Weekly hil i tes,  114164 

1. HNPF 
2. Secondarylsodium 
3. 350 to 925°F. 350 HP, 7200 GPM 
4. Weekly s i t e  r epor t ,  1019163 

1. HNPF 
2. Secondary1 sodium 
3. 350 to 925'F, 350 HP, 7200 GPM 
4. Work reques t  No. 2601, C P P D  

1130164 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSL 

- - 
MI 
125 

MI 
125 

MI 
200 

MI 
137 

MI 
137 

MA 
187 

MA 
4 14 

MODE 

- - 
MI 
68 

MI 
58 

MI 
55 

MI 
51 

MI 
55 

MA 
54 

MA 
52 

-FEC1 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
550 

MA 
530 

MA 
530 

- 

'ERATINC 
HOURS 

14, 702 

14, 702 

Shake- 
iown 

2560 

10,487 

9173 

10, 592 

METHOD OF FAILURE 
DETECTION 

During r epa i r  

Audio noise 

Direc t  observation 

Direc t  observation 

Direc t  observation 

Audio noise 

Audio noise 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

~ ~~~~~ ~~ 

1. Slip r ings  scored .  
2. Local  repa i r .  
3. Upgrade preventive maintenance procedure to 

include inspection of s l ip  r ings .  Check b rush  
tension, c leanl iness ,  etc.  Follow manufacturer ' s  
recommendat ions on c a r e  of s l ip  r ings .  

1. Bearings vibrating. 
2. P a r t  replaced. 
3. Dynamically balance pump. 

1. Bearings jammed.  
2. Local r epa i r .  
3. None, 

1. Pump shaft  plug ( in te rna l  leak).  
2. Local repa i r .  
3. None. 

1. Pump shaft  plug. Sodium deposition on shaf t  

2. Tempora ry  repa i r .  
3. None. 

between shaft  and c a s e  caused obstruction. 

1. Shaft d i s tor ted ,  poor c a s e  t empera tu re  distribution. 
2. Component co r rec t ive  modification. 
3 .  None. 

1. Lack of lubrication to bear ing - bearing worn out. 
2. Component co r rec t ive  modification. 
3 .  None. 



TABLE 1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 2 1  of 37 )  - 

TEA 

- - 
I14 

I15 

I16 

I17 

118 

I 19 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(component) 
(System/Subsystern) 

1. Sodium PumpIShaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium PumplOil  

2. Heat T r a n s f e r /  

3. 17 

Rese rvo i r s  

Intermediate  Cooling 

222110 

1. Sodium PumpIShaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium PumpIShaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

22210 

1. Sodium PumpIShaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Pumps l Impe l l e r  Weep 

2. Heat T r a n s f e r /  

3. 17 

Holes 

Reactor  Coolant 

221110 

* I = INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I. HNPF 
?. Secondarylsodium 
3. 350 t o  925"F, 350 HP, 7200 GPM 
t .  C P P D  monthly,  4130164 

1. HNPF 
?. Secondarylsodium 
3. 350 t o  950"F,  7200 GPM, 160 t o  

t .  Monthly operating r epor t  No. 15, 
170 f t  head, 0-850 RMP 

101 13/63 

1. H N P F  
?. Secondarylsodium 
3 .  350 t o  950"F,  7200 GPM, 350 H P  
t .  Weekly hil i tes.  12/15/63 

1. H N P F  
?. Secondarylsodium 
3. 350 t o  950"F, 7200 GPM, 350 H P  
2. NAA-SR-TDR-11485, 3 /6 /64  

1. H N P F  
?. Secondary/sodium 
3. 350 to 950"F, 7200 GPM, 350 H P  +. C P P D  monthly NAA-SR-TDR- 1485, 

41 20 I64  

1. HNPF 
?. Main p r i m a r y  sodium 
3. 350 t o  945"F, 850 RPM, 7200 GPM 
2. Monthly operating r epor t  No. 9 ,  

3 /63  

I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

LAUSE 

- - 
MA 
9zz 

MA 
137 

MA 
413 

MA 
413 

MA 
413 

MI 
137 

- 
MODE 

- - 
MA 
BZ 

MA 
51 

MA 
55 

MA 
55 

MA 
55 

MI 
A7 

- 
FFECl 

- - 
MA 
550 

MA 
550 

MA 
530 

MA 
530 

MA 
530 

MI 
550 

PERATIN( 
HOURS 

16,286 

4560 

10, 851 

12, 804 

14, 112 

3490 

- 

METHOD OF FAILURE 
DETECTION 

Audio noise,  
squealing 

Direc t  observation 

Audio noise 

Direc t  observation 

Direc t  observation 

During preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Pump shaft  squealing. 
2. None; 6 hours  inspection t ime  only. 
3. None. 

1 .  Sodium f roze  on pump shaft and  leaked into 
secondary oil  r e se rvo i r .  

2. Local repa i r .  
3. Upgrade opera tor  training on filling loop. 

1. Shaft expansion o r  c learance provision incor rec t .  
2. Component co r rec t ive  modification. 
3. None. 

1. Shaft stuck, pe r suade r  bar  u sed  to ro ta te  the shaft. 
2. Component co r rec t ive  modification. 
3. None. 

1. Shaft stuck, pe r suade r  bar  used to ro ta te  the shaft .  
2. Component co r rec t ive  modification. 
3. None. 

1. Weep holes sucking sodium into pump cas ings .  
2. Correct ive modification - four  of the eight holes 

welded closed. 
3. None. 

Q 



- 

TEN 

- - 
120 

121 

122 

123 

124 

125 

126 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. PurnpslImpel ler  Weep 

2. Heat T r a n s f e r /  
Holes 

Reactor  Coolant 
3. 17 

221110 

1. Pump/Shaft  
2. Heat  T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium Pump/P-202 
2. Heat T r a n s f e r /  

In t e rmed ia t e  Cooling 
3. 17 

222110 

1. Sodium PumpIShaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Sodium Pump/Shaft  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. PumpIBear ing  
2. Heat  T r a n s f e r /  

Intermediate  Cooling 
3. 17 

222110 

1. PumplShaft  
2. Heat T r a n s f e r /  

3. 17 
In t e rmed ia t e  Cooling 

222110 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

I. HNPF 
!. P r i m a r y  1s odium 
k. 350 to  945"F, 350 HP, 7200 GPM 
L. AI Monthly ROAP Report, 8 /29/63  

I. HNPF 
!. Secondary/sodium 
i. 350 t o  925"F,  7200 GPM, 350 H P  
1. NAA-SR-TDR-11485, 6 / 8 / 6 3  

I. HNPF 
!. Secondary/  sodium 
1. 350 t o  925"F,  350 HP,  7200 GPM 
4 .  Work reques t  No. 909, 4 /6 /62  

I. HNPF 
t . Secondary/  sodium 
5 .  350 to  925"F,  350 HP,  7200 GPM 
&. Daily s i t e  w i re ,  2/4/63 

1. HNPF 
?. Secondarylsodium 
3. 350 to  925"F, 350 HP, 7200 GPM 
i. ANS No. 101,Daily Wire, 6 /8 /63  

I. HNPF 
?. Secondary/sodium pump P102 
3 .  350 t o  945"F,  350 HP, 7200 GPM 
1. Internal  letter,  1 11 1/64 

1. HNPF 
?. Secondary/sodium pump P102 
3 .  350 to  945"F, 350 HP, 7200 GPM 
1. C P P D  monthly, 2 /  16/64 

I = MINOR MALFUNCTION 
~~~ ~ 

I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MA 
137 

MI 
413 

MI 
136 

MI 
413 

MI 
413 

MA 
187 

MA 
137 

MODE 

- - 
MA 
55  

MI 
55  

MI 
53 

M I  
55 

M I  
55  

MA 
54 

MA 
55  

'F EC- 

- - 
MA 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MA 
530 

MA 
550 

'ERATIN( 
HOURS 

4450 

7711 

P r e - O p  
Test ing 

3250 

1200 

10, 592 

11,309 

METHOD OF FAILURE 
DETECTION 

Direct  observat ion 

Direct  observat ion 

Direct  observat ion 

Audio noise  

Direct  observat ion 

Direct  observat ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Shaft leaking. 
2. Correc t ive  modification - four of eight weep holes  

welded closed. 
3. None. 

1. Pump shaft binding. 
2. Component co r rec t ive  modification. 
3. None. 

1. Loose bolts caused leak. 
2. Loca l  r epa i r .  
3. None. 

1. Sound of metal- to-metal  interference.  
2. Component co r rec t ive  modification; shaf t  machined, 

i n t e rna l  p a r t s  c leaned and inspected. 
3. None. 

1 .  Pump shaft  deflected with slight changes in  
tempera ture  distribution. 

2. Unknown. 
3. None. 

1. Bearing noise  due to  poor case  tempera ture  
dis t r ibut ion distorting pump b a r r e l .  

2. Component co r rec t ive  modification. 
3. None. 

1. Shaft would not ro t a t e  by hand. 
2. Component co r rec t ive  modification. 
3. None. 



T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 23 of 37) 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystern) 

1. Pump/Unknown 
2. Heat T r a n s f e r /  

3 .  17 
Intermediate  Cooling 

222110 

- 

ITEW 

- - 
127 

128 

129 

130 

131 

132 

133 

- 
k I  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. HNPF 
2. Secondary/sodium pump P I 0 2  
3. 350 to 945"F, 350 HP, 7200 GPM 
4. C P P D  Monthly, 4130164 

1. P u m p I B a r r e l  
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. PumpIBearing 
2. Heat T r a n s f e r /  

3. 17 
Intermediate  Cooling 

222110 

1. Pump/Oil  Seal 
2. Heat T r a n s f e r /  

Reactor  Coolant 
3.  17 

221110 

1. PumplShaft  
2. Heat T r a n s f e r /  

3 .  17 
Intermediate  Cooling 

222110 

1. PumpIShaft  
2. Heat T r a n s f e r /  

Intermediate  Cooline 
3 .  17 

222110 

1. PumplCooling Coils 
2. Heat T r a n s f e r /  

3 .  17 
Intermediate  Cooling 

222000 

1. HNPF 
2. Secondary sodium sys t em pump No. ? 
3. 7200 GPM 
4. Weekly s i te  r epor t ,  lOl9 l63  

1. HNPF 
2. Secondary sodium sys t em pump No. 1 
3. 7200 G P M  
4. In te rna l  l e t t e r ,  1 /11/64 

1. HNPF 
2. P r i m a r y  sodium sys t em pump No. 1 

3. 7200 G P M  
4. MOR 10102, 2/10/64 

1. HNPF 

upper oil  s ea l  

2. Secondary sodium sys t em No. 1 
3. 7200 GPM 
4. C P P D  monthly,  3 16/64 

1. HNPF 
2. Secondary sodium sys t em No. 2 
3. 7200 G P M  
4. C P P D  monthly,  3 /6 /64  

1. EBR-II 
2. Secondary No. 2 sodium pump 
3. 30 GPM, wa te r  
4. ANL-6944-9-64 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
9 z z  

MI 
111 

MI 
111 

MI 
126 

MI 
11z  

MI 
11z  

MI 
274 

- 

MODE 

- - 
MA 
BZ 

MI 
58 

MI 
58 

MI 
52 

MI 
57 

MI 
57 

MI 
51 

- 

- 
'F EC 

- - 
MA 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
IPERATINI 

HOURS 

12,685 

9173 

10, 592 

14, 076 

11,725 

12, 804 

790 

METHOD OF FAILURE 
DETECTION 

Audio noise 

Audible noise 

Audible noise 

Direc t  observation 

During s ta r tup  

During s ta r tup  

Direc t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Pump squealing. 
2. None; 6 hour s  inspection only. 
3. None. 

1. Rubbing noise  noted within pump. 
2. Increased r p m  and changed cooling distribution t o  

ba r re l .  
3. None. 

1 .  Rubbing noise  f r o m  upper bearing. 
-2. Altered cooling distribution on ba r re l .  
3. None. 

1. Oil s e a l  leaked. 
2. Seal and gaske ts  replaced. 
3. None. 

1. Pump failed to rotate.  
2. P e r s u a d e r  b a r  u sed  to init iate shaft  rotation. 
3. None. 

1. Pump failed to ro ta te .  
2. P e r s u a d e r  ba r  u sed  to init iate shaft  rotation. 
3. None. 

1. Cooling l ines plugged with debris.  
2. Local repa i r .  
3. Ins ta l l  para l le l  f i l t e r s  with differential  p r e s s u r e  

indicator to indicate f i l t e r  plugging. 



c 

- 

T E i  

- - 
134 

135 

136 

137 

138 

139 

- 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 

(Sheet 24 of 37)  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. Pump/Cooling Water 

2. Heat T r a n s f e r /  

3.  17 

Jacke t  

In te rmedia te  Cooling 

222000 

1. PumplCooling Water 

2.  Heat T r a n s f e r /  

3 .  17 

Jacket 

In te rmedia te  Cooling 

222000 

1. PumplCooling Water 

2 .  Heat T r a n s f e r /  

3 .  17 

Jacke t  

In te rmedia te  Cooling 

222000 

1. Pump/Cooling Water 

2 .  Heat T r a n s f e r /  

3. 17 

Jacke t  

Intermediate Cooling 

222000 

1. Pump/Cooling Water 

2. Heat T r a n s f e r /  

3. 17 

Jacke t  

In te rmedia te  Cooling 

222000 

1. AC Conduction Pump/  

2. Heat T r a n s f e r /  

3. 17 

Pumping Duct 

Intermediate Cooling 

2221 10 

1. FACIL ITY 

2. COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
?. Secondary No. 2 sodium pump 
3. 30 GPM, water  
2. PMMR 17-2-19 

1. EBR-U 
?. Secondary No. 2 sodium pump 
3. 30 GPM, water  
*. PMMR-26-4-22 

1 .  EBR-U 
2. Secondary No. 2 sodium pump 
3.  30 GPM, water  
P. PMMR-29-5-12-65 

1 .  EBR-11 
2.  Secondary No. 1 sodium pump 
3. 30 GPM, water  
4. PMMR 29-5-12-65 

1. EBR-II 
2 .  Secondary No. 2 sodium pump 
3. 30 GPM, water  
4. Operation weekly report  1/3/68 

1. Aerojet-General Corp . ,  Von Karman 

2 .  AGN loop No. 3, S / N  607 
3. 8 KW, 240 V,  1 phase,  60 cycle ,  

1500"F, 1 in. OD duct 
4. AGC TM 9436:66-393, MSA E P - 3  

Center 

I 1  = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
273 

MI 
273 

MI 
273 

MI 
273 

MI 
273 

I 
339 

- 

MODE 

- - 
MI 
51 

MI 
5 1  

MI 
51 

MI 
51 

MI 
51 

I 
61 

- 
'FEC 

- - 
MI 
550 

MI 
550 

MI 
550 

MI 
550 

MI 
530 

I 
136 

'ERATINC 
HOURS 

1200 

I610 

1850 

1850 

13, 380 

1 

METHOD OF FAILURE 
DETECTION 

Operational moni tors  

Operational moni tors  

Operational moni tors  

Operational monitor:  

Operational monitor: 

Direct observation 
(unscheduled) 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Cooling jacket  plugged with debris .  
2. Local repa i r .  
3. Instal l  paral le l  f i l t e rs  with differential p r e s s u r e  

indicator to indicate f i l t e r  plugging. 

1. Cooling jacket  plugged with debris .  
2. Local r e p a i r ,  unit was  back-flushed. 
3. Instal l  para l le l  f i l t e rs  with differential p r e s s u r e  

indicator  to indicate f i l t e r  plugging. 

1. Cooling jacket  plugged with debris  
2. Local r e p a i r ,  unit was  back-flushed. 
3. Instal l  para l le l  f i l t e rs  with differential p r e s s u r e  

indicator to indicate f i l t e r  plugging. 

1. Cooling jacket  plugged with debris .  
2. Local r e p a i r ,  unit was  ba.ck-flushed. 
3. Instal l  paral le l  f i l t e rs  with different ia l  p r e s s u r e  

indicator to indicate f i l ter  plugging. 

1. System plugged. 
2. Local r e p a i r ,  unit was  back-flushed. 
3. Instal l  paral le l  f i l t e rs  with differential p r e s s u r e  

indicator to indicate f i l ter  plugging. 

1. Pump duct overheated and ruptured due to lack of 
liquid metal  in duct when pump was s ta r ted .  
external .  

2. Component p a r t  replaced.  
3. Equip the pump duct with a tempera ture  controlling 

s e n s o r ,  including audible a l a r m .  

Leak 

* I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 25 of 37)  

1. COMPONENT/PART 
- 

TEh 

- - 
140 

14 1 

142 

143 

144 

- 

1. FACILITY 

1. AC Conduction Pump/  

2. Heat T r a n s f e r /  

3. 17 

Pumping Duct 

Intermediate Cooling 

221110 

2 .  SYSTEM/SUBSYSTEM I 2 .  COMPONENT LOCATION 

1. Aerojet-General C o r p . ,  Von Karman 

2. R P L - 2  p r i m a r y  NaK loop (RPL-2 

3. 55 KW, 480 V, 1 phase,  60 cycle, 

4. AGC TM 9436:66-393, MSA E P - 3  

Center  

floating mount) SIN 65 1 

1500°F, 52,000 l b l h r  

3 .  CODE: I 3. OPERATING CONDITIONS 

1. AC Conduction Pump/  

2. Heat T r a n s f e r /  

3. 17 

Connection Duct 

Intermediate Cooling 

222110 

4.  SOURCE DOCUMENT (Component) 
(System/Subsystem) 

1. Aero je t -Genera l  C o r p . ,  Von Karman 
Center  

2. R P L - 2  hea t  re ject ion loop (RPL-2 
floating mount) 

3 .  55 KW, 480 V, 1 phase,  60 cycle, 
1500°F, 52,000 l b / h r ,  1-1/2 in. 

1. AC Conduction Pump/  

2 .  Heat T r a n s f e r /  

3. 17 

Field Stator  Coils 

Intermediate Cooling 

222110 

1. Aero je t -Genera l  Corp . ,  Von Karman 
Center  

2. SL-1 heat re ject ion loop (SL-l 
sol id  anchoring) S/N 65 1 

3 .  55 KW, 480 V, 1 phase,  60 cycle ,  
1500"F, 52, 000 l b / h r  

4. AGC internal  l e t t e r  4931-65-0066 

OD duct 
4. AGC TM 9436:66-393, MSA E P - 3  

1. AC Conduction P u m p /  

2. Heat T r a n s f e r /  

3. 17 

Pumping Duct 

P r i m a r y  Cooling 

221110 

1. AC Conduction P u m p /  I 1. Aerojet-General Corp.,  Von Karman 

1. Aerojet-General C o r p . ,  Von K a r m a r  
Center  

2. PCS- 1 p r i m a r y  NaK loop SIN 564 
3. 55 KW, 480 V, 1 phase,  60 cycle, 

1500"F, 52,000 l b / h r  
4. Snap 8-D. of A.G.C. F . C .  MSA 

E M  P.F. 

C e n t i r  
2. S L - 1  p r i m a r y  NaK tes t  loop (SL-1 

sol id  anchoring-heater c i rcu i t )  SIN54 

Pump Duct 
2. Heat T r a n s f e r /  

3. 55 KW, 480 V,- 1 phase,  60 cycle ,  
1500"F, 52,000 l b / h r  = 210 GPM, 
1 - 112 in.  OD duct 

4. AGC TM 9436:66-393 MSA E P - 3  

I 
= INCIDENT M I  = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

LAUSE 

- - 
I 
339 

I 
128 

I 
339 

MA 
454 

MI 
195 

- 

MODE 

- - 
I 
61 

I 
61 

I 
61 

MA 
15 

MI 
51 

- 

FF E C  

- - 
I 
136 

I 
136 

I 
136 

MA 
151 

MI 
116 

- 

- 
PERATIN( 
HOURS - 

287 

1943 

55 1 

1302 

669 

- 

METHOD OF FAILURE 
DETECTION 

Direct observation 
(unscheduled) 

Direct observation 
(unscheduled) 

Direct observation 
(unscheduled) 

Pro tec t ive  s y s t e m  

Routine ins t rument  
reading (direct  
observation) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. No liquid meta l  in pumping duct - pump duct 
damaged (duct overheated and mel ted)  where bus 
b a r  attached to duct. 

2. Replaced pump with s p a r e  EM pump SIN 564 
f r o m  RPL-1. 

3 .  Equip pumping duct with a tempera ture  controlling 
s e n s o r ,  including audible a la rm.  

1. Vibration caused pump tube to c rack  a t  suction end 
where  bus b a r  attached. NaK leak,  external .  

2. P a r t  replaced.  
3. EM pumps opera ted  below the cur ie  point of Ni 

(676. 4OF) power leve l  should be reduced to a value 
where  the pump vibrat ion caused by magnetostrictive 
forces  i s  acceptable. 

1. P u m p  duct overheated and ruptured due to the 
lack of liquid meta l  in  the duct when the pump was 
s ta r ted .  Leak external .  

2. Component p a r t  replaced. 
3. Equip pumping duct with tempera ture  controlling 

sensor ,  including audible a l a r m .  

1. Vibrations damaged e lec t r ica l  insulation f ie ld  
coil "C. " Resultant shor t  on c i rcu i t  caused power 
cables  to mel t .  

2. Component p a r t  replaced. 
3. Pump should b e  checked f o r  excess ive  vibrat ion a s  

par t  of acceptance procedures  a f t e r  completion of 
installation. 

1 .  Pump duct par t ia l ly  plugged with oxide deposi ts  at 
poles - pumping capability dropped to 40, 000 l b / h r .  

2. Pump duct replaced.  
3. Pump should not be operated a t  m o r e  than 600°F 

if the  NaK plugging tempera ture  i s  >300°F. 



- 

rEl\i 

- - 
145 

146 

147 

148 

149 

- 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEN 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. AC Conduction Pump/  

2 .  Heat  T r a n s f e r l I n t e r -  

3. 17 

Supporting Structure  

media te  Cooling 

222110 

1. AC Annular Induction 

2. Hea t  t r a n s f e r l p r i m a r  

3. 17 

PumplSta tor  

Cooling 

221100 

1. AC Conduction Pump,  
Elec t rode  

2. Heat T r a n s f e r 1  
Purif icat ion 

3. 17 
224233 

1. AC ConductionPumpI 

2. Heat T r a n s f e r 1  

3. 17 

Elec t rode  

Emergency  Cooling 

224233 

1. AC ConductionPumpI 
Elec t rode  

2. Heat T r a n s f e r /  
Purif icat ion 

3. 17 
224233 

T A B L E  1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 26 of 37) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. Aeroje t -Genera l  Corp . ,  VonKarman 

?. R P L - 2  heat  re ject ion loop 
3. 55 KW, 480 V,  1 phase,  60 cycle ,  

1500"F, 52,000 l b l h r . ,  1-112 in. 
OD duct 

1. AGC TM 9436:66-393, MSA E P - 3  

1. APDA, q u a r r y  t e s t  facility 
?. NaK s y s t e m  
3. - 
4. NASA C. R. CR-380 

APDA AECU-3700 

Center 

1. KAPL, ALPLAUS s i t e  
2 .  MARK "A" cold t r a p  
3. 700"F, 260 V 
4. NASA C.R.  No. CR-380 

KAP L -M - J JM - 1 

1. KAPL, ALPLAUS s i t e  (No. 60500) 
2. MARK "A" cold t r a p  
3. 7 0 0 ° F  
4. NASA C.R. No. CR-380 

KAPL-M- J J M -  1 

1. KAPL, ALPLAUS s i t e  (No. 60500) 
2. MARK "A" cold t r a p  
3. 700"F,  190 V 
4. KAPL-M-JJM-1 

I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJORMALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
127 

I 
137 

MI 
127 

I 
127 

MI 
127 

dODE 

- - 
MI 
24 

I 
15 

MI 
21 

I 
61 

MI 
127 

FF EC 

- - 
MI 
148 

I 
111 

MI 
156 

I 
134 

MI 
156 

PERATIN( 
HOURS 

Jnknown 

Jnknown 

36 

78 

83 

METHOD OF FAILURE 
DETECTION 

I i rec t  observation 
unscheduled I 

Iperat ional  moni tors  

l i r e c t  observation 
unscheduled) 

X r e c t  observation 
(unscheduled) 

I i r e c t  observation 
(unscheduled) 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Excess ive  magnetostrictive vibrat ion of the  heavy 
nickel  bus b a r  caused bus b a r  to work loose. 

2 .  Operating l imi t s  changed. 
3. Nickel bus b a r s  should not be used  where  t e m p e r a -  

t u r e  of b a r  will be below cur ie  tempera ture  of 
nickel (676. 4°F) .  

I .  Shield can  surrounding i ron  c o r e  in  center  of pump 
fai led,  allowing NaK to leak into and around poles  - 
shor t  c i rcu i t  resul ted.  

2. Component par t  replaced.  
3. Pump development work incomplete, t h e r e f o r e  

problems a r e  to be expected. 
r e v e r s e d  flow type. ) 

1. Vibrations produced by pulsating frequency resu l ted  
in  broken electrode.  

2. Redesigned component to prevent r e c u r r e n c e .  
3. Design specif icat ions should consider vibrat ions 

produced by pulsating frequencies .  

(Einstein-Szi lard 

1. Vibrations produced by pulsating frequency resu l ted  
in  broken electrode.  

2. Redesigned component to prevent r e c u r r e n c e .  
3. Design specif icat ions should consider vibrat ions 

produced by pulsating frequency. 

1. Vibrations caused  by frequency pulsation resu l ted  
i n  broken electrode.  

2. Modify design to prevent recur rence .  
3. Design specifications should consider vibrat ions 

caused  by pulsating frequencies .  



- 

rEFu 

- - 
150 

151 

152 

153 

154 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. AC Conduction P u m p /  
Elec t rode  

2 .  Heat T r a n s f e r /  
Purif icat ion 
17 
224233 

1. AC Conduction P u m p /  

2 .  Heat Transfer  / 

3. 17 

P u m p  Duct 

Emergency  Cooling 

214400 

1. AC Conduction Pump/  
P u m p  Duct 

2. Heat T r a n s f e r /  
Purif icat ion 

3. 17 
224233 

1. AC Conduction P u m p /  

2. Heat Transfer lMain  

3. 17 

P u m p  Duct 

Cooling 

221110 

1. AC Conduction Pump/  

2.  Heat Transfer lMain  

3. 17 

Elec t rode  

Cooling 

221110 

TABLE 1-100 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 27 of 37) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. KAPL, ALPLAUS s i te  (No. 60500) 
2 .  MARK "A" cold t r a p  
3. 700'F, 200 V 
4. KAPL-M- JJM- 1 

1. KAPL, ALPLAUS s i te  (No. 60500) 
2 .  Emergency  cooling loop 
3. 7 0 0 ° F  
4. KAPL-M- JJM- 1 

1 .  KAPL, ALPLAUS s i te  (No. 60500) 
2. Cold t r a p  
3. 515"F, 150 V 
4. NASA C. R. No. CR-380, 

KAPL-M-JJM- 1 

1 .  KAPL, ALPLAUS s i te  (No. 60500) 
2. Main s y s t e m  
3. 6OO"F, 270 V, z e r o  flow a t  t ime of 

4. KAPL-M-JJM- 1 
fa i lure  

1. KAPL, ALPLAUS si te  (No. 60500) 
2. Main s y s t e m  
3. 600"F, 270 V 
4. KAPL-M-JJM- 1 

* I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

.AUSE 

- - 
MI 
127 

I 
127 

I 
127 

MI 
127 

MI 
127 

- 

- 
MODE 

- - 
MI 
21 

I 
61 

I 
61 

MI 
21 

MI 
21 

- 

- 
FFECl 

- - 
MI 
134 

I 
134 

I 
134 

M I  
156 

MI 
156 

- 

PERATINC 
HOURS 

400 

400 

42 

528 

1754 

- 

METHOD OF FAILURE 
DETECTION 

Direct observation 
(unscheduled) 

Di rec t  observation 
(unscheduled) 

Direct observation 
(unscheduled) 

Direct observation 
(unscheduled) 

Direct observation 
(unscheduled) 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Vibrations in piping caused by pulsation of frequency 
f r o m  z e r o  t o  peak resu l ted  in broken electrode.  

2. Modify design to prevent recur rence .  
3. Design specifications should consider vibrat ions 

caused by pulsating frequencies .  

1. Crack  generat ion,  sodium leak,  and f i re .  
2. Analyzed and redesigned duct to prevent recur rence .  
3. Pulsating frequency f r o m  zero  to  peak produced 

vibrat ion in piping, therefore ,  this phenomena 
should be considered during design of pump. 

1, Crack  generat ion,  sodium leak,  and f i re .  
2. Revised design to prevent r e c u r r e n c e .  
3. Pulsation frequency f r o m  z e r o  to  peak produced 

vibrat ions in  piping resul t ing i n  damage; therefore ,  
designer should consider these  c r i te r ia .  

1. Pulsating frequencies produced vibrat ions that 
resu l ted  in broken electrode.  

2. Modified design to prevent recur rence .  
3. Design specifications should consider vibrat ions 

produced by pulsating frequencies.  

1. Electrode broken by vibrat ions caused by pulsating 
frequencies .  

2. Modified design to prevent r e c u r r e n c e .  
3. Design specifications should consider vibrat ions 

produced by pulsating frequencies.  



c 

- 

'Eh 

- - 
55 

56 

57 

I58 

L 59 

- 

.. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
(System/Subsystem) 

. DC Conduction Pump/  

. Heat  TransferJMain  

. 17 

P u m p  Duct 

Cooling 

221110 

. DC Conduction Pump/  

. Heat  Transfer  /Main 

. 17 

P u m p  Duct 

Cooling 

221110 

. DC Conduction Pump/  
Copper Elec t rodes  

:. Heat  Transfer IMain  
Cooling 

I .  17 
221110 

. DC Conduction P u m p /  

!. Heat  Transfer IMain  

i. 17 

Bus Bar  

Cooling 

221110 

I .  AC Linear Induction 
P u m p I P u m p  Duct 

!. Heat Transfer IMain  
Cooling 

1. 17 
221110 

I =  
MA = 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 28 of 37)  

1. FACIL ITY ' 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

~~~ ~~~~~ ~ 

1. ANL, Lemont facility 
2. P u m p  No. 1 
3. 150 gpm, 75 psig head, 1000°F 
4. LMEC, NAA-SR-I2585 

1. ANL, Lemont facility 
2. P u m p N o .  2 
3. 100 gpm, 75 psig head, 1000°F 
4. NASA C.R. No. 380, LMEC, 

NAA-SR- 12585 

1. ANL, Lemont facility 
2. Pump No. 3 
3. 500 gpm, 700°F 
4. NASA C. R. No. 380, LMEC, 

NAA-SR- 12585 

1. ANL, Lemont facility 
2. P u m p  No. 4 
3. 250 gpm, 75 psig head,  1000°F 
4. NASA C.R. No. CR-380, LMEC. 

NAA-SR- 12585 

1. ANL, Lemont facility 
2. Pump No. 1 
3. 5000gpm 
4. LMEC, NAA-SR-12585 

INCIDENT MI = MINOR MALFUNCTION 
MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* - 

.AUSE 

- - 
I 
339 

I 
339 

MA 
445 

MI 
162 

MI 
124 

- 

- 
MODE 

- - 
I 
66 

I 
66 

MA 
87 

MI 
86 

MI 
61 

- 

- 
-F EC1 

- - 
I 
530 

I 
530 

MA 
630 

MI 
530 

MI 
136 

- 

'ERATINC 
HOURS 

1000 

50, 000 

30,000 

40,000 

6600 

METHOD O F  FAILURE 
DETECTION 

Direc t  observation 
(rout ine ins t rument  
reading)  

Direc t  observation 
(routine ins t rument  
reading)  shakedown 
t e s t  

Direct observation 
(rout ine ins t rument  
reading)  shakedown 
t e s t  

Pro tec t ive  sys tem 

Direct observation 
(routine a r e a  watch) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Pump duct overheated and ruptured  due to lack of 
sodium in  duct when pump w a s  s tar ted.  

2. Component par t  replaced.  
3. Suggest pump duct be equipped with tempera ture  

controlling sensor ,  including audible a l a r m .  

1. Pump duct overheated and damaged due to lack of 
sodium in duct when pump was  s ta r ted .  

2. Component p a r t  replaced.  
3. Suggest pump duct be equipped with tempera ture  

controlling sensor ,  including audible a la rm.  

1. Metallurgical - sur face  deposition ( m a s s  t r a n s f e r )  
copper t r a n s f e r r e d  f rom pump electrodes to  plugging 
m e t e r  valve. 

2. Redesigned electrodes to prevent recur rence .  
3 .  Copper and sodium a r e  incompatible;  therefore ,  

design accordingly. 

1. Air initiated cor ros ive  attack on copper conductors.  
2. Component design modified. 
3. Modify design to prevent a i r  entrainment.  

1. Fatigue c r a c k s  around top of spacers .  
2. Round holes cut  and d iscs  welded in  to c lose holes. 
3. Designers should consider the magneto-motive and 

magneto-strictive forces  act ing on the duct mater ia l .  



(Sheet 29 of 37) 
- 

TEhi 

- - 
160 

161 

162 

163 

164 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. DC Conduction Pump/  
Pump Duct 

2. Heat T r a n s f e r /  
Purification 

3. 17 
224232 

1. AC Conduction Pump/  
Copper Bus Bar  

2. Heat T r a n s f e r 1  
Pur i f ica t ion  

3 .  17 
224233 

1. AC Linear  Induction 
Pump/Pump Duct 

2. Heat T r a n s f e r /  
Intermediate  Cooling 

3. 17 
222110 

1. DC Conduction Pump/  

2. Heat T r a n s f e r /  

3. 17 

Electrodes 

P r i m a r y  Cooling 

221110 

1. AC Linear  Induction 
Pumplcoo l ing  Water 
Jacke t  

In te rmedia te  Cooling 

222110 

2. Heat T r a n s f e r /  

3.  17 

~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. ANL, EBR-I1 
2. Sodium purification sys t em 

3. 350°F  
( temporary)  

4. ANL-6739 

1 .  ANL, EBR-II 
2. Sodium purification svs t emlco ld  

t r a p  
3. 275 - 700"F, 60 gpm 
4. ANL-6885, EBR-I1 S. T. P. 

VOl. c - 9  

1. ANL, EBR-I1 
2. Main secondary 
3. 6500 gpm, 700°F P r e s s u r e  head 

53 p s i ,  480 V, 3 phase ,  60 cycle,  
r e&r e d  KW - 45 0- 

4. ANL-6885, ANL-6904, EBR-I1 
S. T. P. Vol. C-9, ANS-100 

1. ANL, EBR-I1 
2. P r imary /aux i l i a ry  
3. Operat ing voltage- 1 .4  V, 500 gpm, 

4. ANL-73 17, ANL-7329, EBR-I1 
0. 15 ps i ,  900°F sodium 

PMMR No. 99, ANL-Idaho Div. - 
Operations r epor t  1-1-67 

1. ANL, EBR-I1 
2. No. 2 secondary coolant 
3. 6500 gpm a t  53 ps i ,  700"F,  3 phase,  

60 cyc le  required a t  450 KW, water  
r equ i r emen t  30 gpm 

Operations weekly r epor t  2-21-68 
4. NASA CR No. 380, EBR-I1 

= INCIDENT I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSt 

- - 
MA 
500 

MI 
456 

MI 
500 

MI 
445 

MI 
127 

WOOE 

- - 
MA 
61 

MI 
14 

MI 
61 

MI 
87 

MI 
61 

- 

FF EC 

- - 
MA 
136 

MI 
550 

MI 
136 

MI 
250 

MI 
136 

PERATIN 
HOURS 

Unknowl 

550 

Unknowi 

Unknow 

I200 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 
(unscheduled) 

Unknown 

Operational monitor! 

Operational moni tor :  

Operational moni tor :  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Pump duct leaked sodium. 
2. Pump duct removed. 
3. None. 

1. Poor e lec t r ica l  contact a t  bus ba r  te rmina l .  
2. Repaired.  
3. None. 

1. Cracks resu l ted  f r o m  a combination of ve ry  low inlet  
p r e s s u r e  to the duct a t  a high flow ra te .  

2. Repaired in f ie ld  by cutting c i r cu la r  disks containing 
the c racks  f r o m  the duct and welding in  new disks.  
Flow rate was  l imi ted  to  75% af te r  repa i r .  

3. Revise pump operating p rocedure  to prevent  r ecu r -  
rence of incident. 

1. Copper dissolved in sodium. Approximately IO Ib 
eroded away f r o m  copper e lec t rodes .  

2. Dissolved copper was removed f r o m  p r i m a r y  sodium 
by cold trapping. 

3. Copper and sodium a r e  incompatible;  t he re fo re ,  
design accordingly.  

1. Obstruction of coolant passage by impur i t ies  in  plant 
cooling water ,  

2. Coolant passage back flushed. 
3. Install  f i l t e rs  for  removing par t icu la te  ma t t e r  f r o m  

cooling system. 

6 Q 



c) 

* 

- 

m 

- - 
165 

166 

167 

168 

- 

1. COMPONENT/PART 

2 .  SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. AC Linear  Polyphase 
Induction PumplCoils  

2. Heat  T r a n s f e r /  
Intermediate  Cooling 

3. 17 
221110 

1. AC Linear  Poly-phase 
Induction Pump/Coils  

2. Heat  T r a n s f e r /  Main 
Cooling 

3. 17 
2 2 l l l O  

1. AC Linear  Poly-phase 

2. Hea t  T rans fe r fMain  

3. 17 

Induction PumplCo i l s  

Cooling 

221110 

1. AC Linear  Poly-phase 
Induction Pump/  
J u m p e r s  

2. Heat  T rans fe r fMain  
Cooling 

3. 17 
221110 

= INCIDENT 

TABLE 1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 30 of 37)  

~ ~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. HNPF 
2. Secondary/sodium service 
3. 480 V, 3 phase,  60 cycle, 40 ps i ,  

900"F, 30 amp,  100 gpm, 3 in. 
diameter  piping 

4. HNPF W. R. No. 273, HNPF Const. 
Log Book No. 6, P. 32, TWX to 
R. S. Baker  "WPF EM Pumps. " 

1. HNPF 
2. P r imary / sod ium service No. 2 

Pump 
3. 480 V, 30 amp,  100 gpm, 950°F. 

60 cycle ,  40 ps i ,  3 phase, 3 in. 
diameter  piping 

4. AI l e t t e r  No. 63AT33, 4, HNPF 
monthly r epor t  No. 8, AI l e t t e r  
No. 63AT4480, HNPF work'request 
No. 2764, HNPF work request 
No. 2135 

1. HNPF 
2. P r i m a r y l s o d i u m  service No. 1 and 

No. 2 pumps 
3. 480 V, 3 phase,  60 cycle, 30 a m p ,  

100 gpm, 40 psi ,  950"F, 3 in. 
diameter  piping 

r eques t  No. 2135 
4. AI l e t t e r  No. 63AT334, HNPF work  

1. HNPF 
2. P r imary / sod ium service No. 1 and 

3. 480 V, 3 phase,  60 cycle, 30 a m p ,  
No. 2 pumps 

100 gpm, 40 ps i ,  950'F, 3 in. 
diameter  piping 

4. HNPF Construction log No. 6 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MA 
151 

MA 
151 

MI 
329 

MI 
410 

- 

MODE 

- - 
MA 
13 

MA 
13 

MI 
54 

MI 
13 

- 

FF E C  

- - 
MA 
151 

MA 
550 

MI 
530 

MI 
580 

- 

- 

PERATll 
HOUR: 

- - 
30 

Unknow 

Unknow 

Unknom 

- 

METHOD OF FAILURE 
DETECTION 

Protective sys t em 

Protective sys t em 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

~~ ~ ~ 

1. Ful l  l ine voltage applied at s tar tup caused excessive 
hea t  to  develop in  magnetic f ie ld  coi ls  thereby 
deter iorat ing the insulation and allowing the coils 
to  sho r t  c i rcui t  the system. 

2. Instal led Powerstat  in line. 
3. Component and sys t em design should consider  the 

s t a r tup  in - rush  cu r ren t s ,  whenever e lectr ical  AC 
components a r e  installed. AC magnetic coil design 
should obse rve  the special  insulation r equ i r emen t s  
i n  connection with laminated magnet ic  cores .  

1. Ful l  l ine voltage a t  s tar tup caused excessive heat  to  
develop i n  magnet ic  field coi ls ,  thereby deter iorat ing 
the insulation and allowing coi ls  to sho r t  c i rcui t .  

2. New coi ls  w e r e  fitted into the old pump f r ame .  
3. Revise  s t a r tup  p rocedure  to  prevent  r e c u r r e n c e  of 

incident. Instal l  t empera tu re  a l a r m s  on coi ls  and 
voltage control  devices on power supply. 

1. Cage over  480 V bus b a r  bent out of shape by pe r -  
sonnel using it fo r  a working platform. 

2. Installed angle i ron  supports. 
3. Work platform should be p a r t  of original installation. 

1. E lec t r i ca l  insulation deter iorated on jumper  wi re s .  
2. All jumper  w i r e s  insulated with glass  tape. 
3. Component and sys t em design should consider  the 

effects of the in - rush  cu r ren t s  during s tar tup when- 
ever  e l ec t r i ca l  AC components a r e  installed. 

MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE- 

FAILURE DATA FOR PUMPS AND SUPPORTS 
(Sheet 31 of 37) 

r 

? 

- 3  

E 
5 

I O  N I  

N.L 
m u  

< 
e 
t 

- 

'EM 

- - 
169 

170 

17 1 

172 

173 

. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
( S  ystern/Subs ys tern) 

1. AC Linear  Polyphase 
Induction Pump/Stator  
Bolts 

Cooling 

221110 

!. Heat T rans fe r lMain  

1. 17 

I. Pump/Shaft  F r e e z e  
Seal  

?. Reactor  Equipment/ 
P r i m a r y  Decay Heat 
Removal 

1. 17 
214210 

1 .  PumplRadial  Bearing 
?. Heat T rans fe r1  

3. 17 
Intermediate  Cooling 

222110 

1. Pump/Case  F r e e z e  

2. Reactor  Equipment/ 
Seal 

Secondary Decay Heat 
Removal 

2 14220 
3 .  17 

1. Pump/Shaft  F r e e z e  
Seal 

2. Reactor  Equipment/ 
Secondary Decay 
Heat Removal 

214220 
3. 17 

* I = INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. HNPF 
,. P r i m a r y / s o d i u m  se rv ice  No. 1 and 

I. 480 V, 3 phase,  60 cycle, 30 amp ,  
No. 2 pumps 

100 gpm, 40 psi ,  950'F, 3 in. 
diameter  piping 

l e t t e r  No. 63AT334 
I. HNPF Construction log No. 6, AI 

, 
.. SRE 
!. Auxiliary p r imary  sodium system 

I .  1000'F, 70 gpm 
L. Operations log No. 47, 10-15-62 

Pump 

1. SRE 
!. Main secondary sodium s y s t e m  pum] 
1. 6OO'F, 1500 gpm 
&, Incident report ,  9-17-63 

I. SRE 
?. Auxiliary secondary sodium sys t em 

1. 6OO"F, 70 gpm 
1. Operations log No. 41  

Pump 

1. SRE a 

?. Auxiliary secondary sodium sys t em 

3. 600°F. 70 gpm 
2. Operat ions log No. 36 

Pump 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
M I  
473 

MA 
185 

MI 
110 

MA 
338 

M I  
113 

dODE 

- - 
MI 
52 

MA 
66 

MI 
57 

MA 
66 

MI 
51 

:F E C  

- - 
MI 
590 

MA 
550 

MI 
520 

MA 
550 

MI 
550 

- 
'ERATIM 
HOURS 

Jnknowr 

Jnknowr 

Unknowi 

Unknowi 

Unknow 

METHOD OF FAILURE 
DETECTION 

iudio noise 

3perat ional  monitors  

During actuation 

Operational monitors  

A la rm 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. AC hum f r o m  laminated magnet co res .  
2. Torque bol ts  to  80 in.-lb. 
3.  Follow design specifications fo r  assembly laminated 

AC magnet  co res .  

1. Loss of shaf t  f r e e z e  s e a l  due to excessive 
t empera tu re .  

2. Removed, cleaned, and replaced seal. 
3. Operate  sea l  within specified l imits .  

1. Radial bear ing fai lure  because of improper  
installation of bear ing on shaft. 

2. Removed and replaced. 
3. Posi t ion bear ings on shaft with a p re s s .  

1. Case  f r e e z e  s e a l  f a i lu re  due to inadequate cooling. 
2. Removed, cleaned, and replaced pump. 
3. Upgrade operator  training fo r  pump operation. 

1. Loss of shaft f r eeze  sea l  due to excessive 
t empera tu re .  

2. P r e s s u r i z e d ,  and blew sodium back into the system. 
3. Upgrade operator  training p rogram for pump 

operation. 

MA = MAJOR MALFUNCTION P = PROBLEM 

/ 



c 

- 

TEL 

- - 
174 

175 

176 

177 

178 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. PumplShaft  F r e e z e  

2. Hea t  T r a n s f e r /  

3. 17 

Sea l  

Reac tor  Coolant 

221110 

1. Pump/Shaft  F r e e z e  

2. Heat  T r a n s f e r /  

3. 17 

Sea l  

Reac tor  Coolant 

221110 

1. PumpIShaft  Gas  Seal  
2. Reac tor  Equipment/  

P r i m a r y  Decay Heat 
Removal 

214210 
3. 17 

1. Pump/Shaft  F r e e z e  

2. Heat  T r a n s f e r /  

3. 17 

Seal  

In te rmedia te  Cooling 

222110 

1. Pump/Shaft  F r e e z e  

2. Heat  T r a n s f e r /  

3. 17 

Sea l  

In te rmedia te  Cooling 

222110 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-100 

FAILURE DATA FOR PUMPS A N D  SUPPORTS 
(Sheet 22 of 37)  

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. SRE 
?. Main p r i m a r y  sodium system pump 
3. 1000°F, 1500 gpm 
4. Incident repor t ,  11-20-63 

1. SRE 
2. Main p r i m a r y  sodium system pump 
3. 1000"F, 70 gpm 
4. Incident repor t ,  10-19-61 

1. SRE 
2. Auxiliary p r i m a r y  sodium s y s t e m  
3. 1000"F, 70 gpm 
4. Operations log, 2-2-59 

1. SRE 
2. Main secondary sodium sys tem 
3. 1000'F - 1500 gpm 
4. Incident repor t  1-17-59 

1. SRE 
2. Main secondary sodium sys tem 
3. 1000"F, 1500 gprn 
4. Incident repor t ,  11-25-62 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
157 

MI 
110 

MI 
114 

MI 
110 

MI 
110 

- 

- 
MODE 

-- - 
MI 
57 

MI 
57 

MI 
68 

MI 
17 

MI 
57 

- 
-F EC' 

- - 
MI 
520 

MI 
550 

MI 
530 

MI 
520 

MI 
520 

'ERATINC 
HOURS 

Jnknown 

Jnknown 

Jnknown 

Jnknown 

Jnknown 

METHOD OF FAILURE 
DETECTION 

Jperational moni tors  

During actuation 

3pera t iona l  monitors 

Pro tec t ive  s y s t e m  

Pro tec t ive  s y s t e m  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. P u m p  shaft  s e i z u r e  due to low shaft  f r e e z e  s e a l  
tempera tures .  

2. Reheated shaft seal .  
3. Upgrade opera tor  t ra ining program f o r  pump 

operation. 

1. Pump shaf t  s e i z u r e  because of low f reeze  s e a l  
tempera ture .  

2. Reheated shaft sea l .  
3. Upgrade opera tor  t ra ining program for pump 

operation. 

1. Loss of lubricat ion in bear ing.  
2. Removed and rep laced  gal led bearing. 
3. None. 

1. P u m p  shaft  se ized  due to low shaf t  s e a l  
t empera ture .  

2. Reheated shaf t  f r e e z e  sea l .  
3. Opera te  pump shaft  f r e e z e  sea l  a t  design 

tempera ture  to prevent se izure .  

1. Pump shaft  seized due to low shaft s e a l  t empera ture .  
2. Reheated shaf t  f r e e z e  seal .  
3. Opera te  pump shaf t  f r e e z e  sea l  a t  design tempera tur  

to prevent se izure .  



- 

m 

- - 
179 

180 

181 

182 

183 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. PumplShaft  Bearing 
2. Heat T r a n s f e r /  

Intermediate  Cooling 

2221 10 
3. 17 

1. Pump/Shaft  F r e e z e  
Seal Thermowell 

2. Heat T rans fe r /  
Intermediate  Cooling 

3 .  17 
222110 

1. Pump/Shaft F r e e z e  
Seal 

2. Reactor  Equipment/ 
P r i m a r y  Decay Heat 
Removal 

3. 17 
214210 

1. Pump/Shaft F r e e z e  
Seal 

2. Reactor  Equipment/ 
P r i m a r y  Decay Heat 
Removal 

214210 
3. 17 

1. PumplShaft  F r e e z e  
Seal 

2. Reactor  Equipment/ 
P r i m a r y  Decay Heat 
Removal 

214210 
3. 17 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

I. SRE 
?. Main secondary sodium sys t em 
3. 600°F,  1800 gpm 
1. Incident r epor t  9-17-63 

I .  SRE 
?. Main secondary sodium pump 
3 .  6OO"F, 1800 gpm 
1. Incident r epor t  9-25-58 

1. SRE 
?. Auxiliary p r i m a r y  sodium pump 
3. 6OO"F, 70 gpm 
$. Incident r epor t  10-4-62 

1. SRE 
2 .  Auxiliary p r i m a r y  sodium pump 
3 .  600"F, 70 gpm 
$. Incident r epor t  10-5-62 

1. SRE 
2 .  Auxiliary p r i m a r y  sodium pump 
3 .  6OO'F, 70 gpm 
#. Incident r epor t  11-15-63 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

;AUSE 

- - 
MA 
321 

I 
256 

MI 
110 

MI 
110 

MI 
110 

- 

- 
MODE 

- - 
MA 
56 

I 
61 

MI 
57 

MI 
57 

MI 
57 

- 

- 
R EC1 

- - 
MA 
520 

I 
530 

MI 
520 

MI 
520 

MI 
520 

- 

PERATIN( 
HOURS 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

- 

METHOD OF FAILURE 
DETECTION 

Direct  observation 

Operational monitors  

Protect ive system 

Direct  observation 

Protect ive system 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Pump shaft misal igned during reassembly.  
2. Removed and repaired.  
3. Upgrade maintenance procedure for  installing 

pump shaft hear ings.  

1. Organic  leaked into sodium sys t em through c rack  
in shaft s ea l  thermowell. 

2. Seal removed,  modified, and  replaced. 
3 .  None. 

1. Pump shaft seized due to low shaft s ea l  temperature .  
2. Reheated shaft f r eeze  seal. 
3. Operate  pump shaft  f r e e z e  s e a l  a t  design t empera -  

t u re  to prevent  seizure.  

1. Pump shaft s e i zed  due to  low shaft s ea l  temperature .  
2. Reheated shaft f r e e z e  seal. 
3. Operate  pump shaft  f r eeze  seal  a t  design t empera -  

t u re  to prevent  seizure.  

1. Pump shaft s e i zed  due to low shaft  s ea l  temperature .  
2. Reheated shaft f r e e z e  seal. 
3. Operate  pump shaft f r eeze  sea l  a t  design temperature  

to  prevent  seizure.  



Q 

- 
TEN 

- - 
184 

185 

186 

187 

188 

189 

- 
* I  

1. COMPONENT/PART 

2 .  SY STE M/SU BSY STE M 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1. PumplShaft  F r e e z e  

2. Heat T r a n s f e r /  
Sea l  

Reactor  Coolant 
3. 17 

221110 

1. Pump/Shaft  F r e e z e  
Sea l '  

Reactor  Coolant 
2. Heat T r a n s f e r 1  

3. 17 
221110 

1. PumpIShaft  F r e e z e  

2. Heat T r a n s f e r 1  

3. 17 

Seal 

Reactor  Coolant 

221110 

1. PumpIShaft F r e e z e  

2. Heat  T rans fe r  / 

3. 17 

Seal  

Reactor  Coolant 

221110 

1. PumpIShaft F r e e z e  
S e a l -  

Reactor  Coolant 

221110 

2. Heat  T r a n s f e r /  

3. 17 

1. PumplShaft  F r e e z e  

2. Reactor  Equipment1 
Seal  

Secondary Decay Heat 
Removal 

214220 
3. 17 

= INCIDENT 

(Sheet 34 of 37)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SRE 
2. Main p r i m a r y  sodium system 
3. 1000°F,  1500 gpm 
4. Incident repor t  3-6-63 

1. SRE 
2. Main p r i m a r y  dodium sys t em pump 
3. - 
4. Operations log No. 3, 4-27-57 

1. SRE 
2. Main p r i m a r y  sodium sys t em pump 
3. - 
4. Operations log No. 13, 4-19-59 

1. SRE 
2 .  Main p r i m a r y  sodium sys t em pump 
3. - 
4. Operations log No. 45, 6 -  15-62 

1. SRE 
2. Main p r i m a r y  sodium sys t em pump 
3. - 
4. Operations log No. 51, 2-14-63 

1. SRE 
2. Auxiliary p r i m a r y  sodium sys t em 

3. - 
4. Incident repor t  5-10-62 

Pump 

II = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
110 

I 
33 1 

I 
33 1 

I 
331 

MI 
153 

MI 
113 

- 

- 
MODE 

- - 
MI 
57 

I 
66 

I 
66 

I 
66 

MI 
57 

MI 
66 

- 

- 
3EC 

- - 
MI 
520 

I 
550 

I 
550 

I 
550 

MI 
550 

MI 
550 

- 

IPERATINC 
HOURS 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

~~ 

Operational monitors  

Operational monitors  

Operational monitors  

Operational monitors  

Operational monitors  

During actuation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Pump shaft seized due to low shaft sea l  t empera tu re .  
2. Reheated shaft f reeze  seal .  
3. Operate  pump shaft f r e e z e  sea l  a t  design t empera -  

tu re  to  prevent  seizure.  

1. Loss of shaft f r e e z e  s e a l  and se izure  of shaft. 
2. Removed pump and cleaned. 
3. Operate  sea l  within specified l imits .  

1. Loss of shaft f r e e z e  sea l  and se izure  of shaft. 
2. Removed pump and cleaned. 
3. Operate  sea l  within specified l imits .  

1. Loss of shaft f r e e z e  seal  and se izure  of shaft. 
2. Removed pump and cleaned. 
3. Operate  sea l  within specified l imits .  

1. Pump shaft seizure .  
2. Reheated shaft f reeze  seal .  
3. Operate  sea l  within specif ied l imits .  

1. Loss of shaft f reeze  seal .  
2. Reheated shaft f reeze  seal .  
3. Operate  seal  with specified l imi t s .  

MA = MAJOR MALFUNCTION P = PROBLEM 



(Sheet 35 of 37 )  

- 

r E b  

- - 
190 

191 

192 

193 

194 

- 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I. PumpIShaft F r e e z e  

?. Heat T r a n s f e r /  

3 .  17 

Seal 

Reactor  Coolant 

221110 

I. PumplGas  Seal 
?. Heat T r a n s f e r /  

3. 17 
Reactor  Coolant 

221110 

1. PumplMagnet ic  Seal 
2 .  Heat T rans fe r  1 

Reactor  Coolant 
3.  17 

221110 

1. Vacuum PumpICasing 
2. Nuclear  Fue l  Handling 

and EquipmentIFuel  
Handling Machine 

235000 
3. 1.7 

1 .  Pump/Dr ive  Belt 
2 .  Heat T rans fe r I Ine r t  

Gas Supply and Moni- 
toring System 

224650 
3. 17 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. SRE . Main p r imary  sodium sys t em . I O O O ' F ,  1500 gpm . Incident r epor t  5-27-63 

. L C T L  . L C T L l 6  x 8 sodium loop pump . 310 gpm, 550°F  . L C T L  log book, 9-29-60 

. L C T L  . LCTLIsod ium s y s t e m  2 x 3 

. L C T L  log book, 10- 16-59 

. SRE . Fue l  handling machine contaminated 
vent s y s t e m  

. Operating log No. 16, 1-25-60 

. EBR-LI . No. 2 s i l icone pump . 75 gpm, 75 psig 
.. PMMR-35 

= MINOR MALFUNCTION 
b = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
MI 
110 

MI 
128 

MI 
125 

MA 
3 16 

MI 
500 

- 

CODE* 

MODE 

- - 
MI 
57 

MI 
52 

MI 
52 

MA 
59 

MI 
BZ 

- 

- 
FF EC 

- - 
MI 
520 

MI 
530 

MI 
530 

MA 
550 

MI 
530 

- 

PERATINC 
HOURS 

Jnknown 

Jnknown 

Jnknown 

Jnknown 

Jnknown 

- 

METHOD O F  FAILURE 
DETECTION 

l pe ra t iona l  mon i to r s  

3perat ional  monitors  

Direct observation 

Direct  observation 

Prevent ive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~ - 

1. Pump shaft  seized due to low shaft seal  t empera tu re .  
2 .  Reheated shaft f r e e z e  seal .  
3.  Operate  pump shaft f r eeze  sea l  a t  design t empera -  

t u r e  to prevent  seizure.  

1. Seal vibrating, faces  worn out. 
2. P a r t  replaced. 
3. Upgrade prevent ive maintenance inspections of s ea l s  

to  prevent  unscheduled outage. 

1 .  Magnetic seal  leaking. 
2. P a r t  replaced. 
3. None. 

1. Pump placed in  se rv i ce  without opening discharge 
valve -pump ruptured. 

2. Component replaced. 
3. Install rup tu re  d i sc  or  re l ief  valve on pump discharge 

line. 

1. Drive bel t  broken. 
2. P a r t  replaced. 
3. None. 



- 
TEM 

- 
195 

196 

197 

198 

199 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. P u m p  
2.  Reactor  Containment 

S t ruc ture  and Building 
Air  Lock 

194220 

1. P u m p  1 Dis cha r ge 
Valve 

2. Turbine-Generator 
Units and Condenser/ 
Circulating water  
Sys tems 

330000 

1. 17 

3. 17 

1. P u m p  /Diaphragm 
2. Heat Transfer / Iner t  

Gas  Monitoring 
3. 17 

224600 

1. Pump/Rotor  Bearings 
2. Turbine-Generator 

Units and Condense$ 
Turbine Side 

3. 17 
310000 

1. PumplCas ing  
2. Turbine-Generator 

Units and Condenser /  
Circulat ing Water 
Sys tem 

330000 
3. 17 

I = INCIDENT 

(Sheet 36 of 37) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

9. SOURCE DOCUMENT 

1. EBR-II 
2. Personnel  a i r  lock No. 2 locking 

pin dr ive 
3. 40 psig on inflatable seal, ambient 

tempera ture  
4. PMMR-81 

1. SCTI 
2. Sulphuric ac id  sys tem pump, cool-  

ing tower water  treatment 
3 .  600 lb  ra t ing 
4. Incident repor t  No. 62 

1. EBR-I1 
2. Loop B f iss ion g a s  monitor loop 
3. - 
4. Weekly repor t  2-21-68 

1. EBR-I1 
2. Turbine genera tor  Inash pump 
3. 75  gpm, 100 psi  
4. PMMR-95 

1. EBR-I1 
2. Turbine Genera tor /nash  pump 
3. 75 gpm, 100 psi  
4. PMMR-95 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

.AUSE 

- - 
MI 
500 

MI 
445 

MI 
126 

MI 
500 

MI 
500 

- 

- 
MODE 

- - 
MI 
52 

MI 
51 

MI 
59  

MI 
52 

MI 
BZ 

- 

- 
-FEC 

- - 
MI 
530 

MI 
278 

MI 
530 

MI 
530 

MI 
530 

- 

'ERATIN( 
HOURS 

920 

020 

3. 500 

Jnknown 

Inknown 

METHOD OF FAILURE 
DETECTION 

Preventive 
maintenance 

Operational moni tors  

Operational moni tors  

Preventive 
maintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. P u m p  malfunction. 
2. P a r t  replaced.  
3. None. 

1. Valve was plugged with fe r rous  sulphate and i ron 
oxide, and corroded. 

2. P a r t  replaced.  
3. Consider mater ia l  compatibility in  component 

select ion for chemical process  loops. 

1. Diaphragm ruptured.  
2, P a r t  replaced.  
3. None. 

1. Bearings worn out. 
2. P a r t  replaced. 
3. None. 

1. Oscillation caused scor ing  of ro tor  and casing. 
2. Local repa i r .  
3. P e r f o r m  engineering study of problem and inst i tute  

remedy before re turning machine to serv ice .  

MA = MAJORMALFUNCTION P = PROBLEM 



- 
TEhr 

- - 
200 

201 

202  

- 
* I  

1. COMPONENT/PART 

? . SYSTEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Pump/Rotor  
2 .  Turbine-Generator  

Units and Condenser /  
Circulating Water  
System 

330000 
3.  17 

1. Pump/Bearing 
2.  Generator  Units and 

Condenser /Circulat  - 
ing Water  System 

330000 
3. 17 

1. Pump/Case  
2 .  Heat Transfer lPumD 
3 .  17 

221110 

= INCIDENT 

(Sheet 37  of 37)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

I. EBR-II 
!. Turbine gene ra to r /nash  pump 
1. 75 gpm, 100 psi 
L. PMMR-95 

I. SCTI 
t. Circulating water  sys t em (P -2 )  
1. 9000 gpm, 200 hp, 4160 V 
1. Incident r epor t  No. 21 

I.  Sodium pump tower 
1.. Pump t e s t  loop 
1. 300 to 12OO'F 
1. Pe r sona l  communication 

C. W. Griff in  

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSt 

- - 
MI 
500 

MI 
500 

MA 

MODE 

- - 
MI 
BZ 

MI 
52 

MA 

FF EC 

- - 
MI 
530 

MI 
530 

MA 

- 

PERATlNi 
HOURS 

Jnknown 

1790 

!677 

METHOD OF FAILURE 
DETECTION 

Prevent ive 
maintenance 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

I. Oscillation caused scoring of ro to r  and casing. 
!. Local repair .  
$. P e r f o r m  engineering study of problem and institute 

remedy before re turning machine to  service.  

I. Bearing worn out. 
C .  P a r t  replaced. 
1. Stock of factory sealed bear ings is recommended. 

1. Eros ion /co r ros ion  of suction side of pump case.  
t. 410 s e r i e s  s ta inless  s t ee l  pump was replaced with 

a 304 se r i e s .  
1. None. 

MA = MAJORMALFUNCTION P = PROBLEM 



TABLE 1-101 

FA1 LURE D I  S I R  I BUTlON FUNCTl ONS 
COMPONENT PUMPS AND SUPPORTS 

COMPONENT SUBTYPE PUMPS' 'ONDENSATE 
FAILURES P/J 0 10 2 

Nuclear  Tes t  Reactor  
;w Component Tes t  Faci l i ty  
i$ ~ 

?- 
1 

Condensate I 

I 
I I '5 I 

Bearing 

Other  L 

+ 
E 

2 i 

W z 
0 a 
I 
0 u 

I I 

Environmental  

w Unknown 
m 
3 

2 '  
-5 I 

I 1 

t I 

LMEC-Memo-69-7, Vol I 
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TABLE k!.!??- 

FAILURE D I  STRl BUTION FUNCTIONS 
COMPONENT PUMPS AND SUPPORTS 

COMPONENT SUBTYPE PUMPS, FEEDWATER 
FAILURES (%I 0 I 

Nuclear Test  Reactor 
Component Test  Facility - - + W .  

20. 
~ 

& 
Steam, Condensate and Feedwater - 
Piping and Equipment 

I 
w -  

I " I  1 

Cylinder Packing 

Cylinder "0"Rings 

- 
+ Bearings I I Other ... 

I I Seal 

0 1 - t  I 
1 - 1  I 
I t  I 
I I  I 

I I 

Unknown 

I I  I 

Chemical I 

w Mechanical 
n .  
0 Unknown - 
2 

- 
Plant availabilit l o s s  

No effect 

LMEC-Memo-69-7, Vol I 
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T A B L E  1-103 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 

A 

n 

COMPONENT PUMPS AND SUPPORTS 

COMPONENT SUBTYPE PUMPS, SODIUM F R E E  SURFACE 

FAILURES (z) 0 . 

Heat T rans fe r  

t 

1 I Shaft 

+ Face  Seals  
E 
a Bearings LI 
Q .  
+ Pis ton  Cup z 
w Shaft Seal II z 

Elas tomer  Seal 8 

Impel ler  Weep Holes m 

Other - 

II - 
5 " 

t 1 
I I 

Mechanical 

Reactivity Change Mechanism 

Other 

I I 
P lan t  availability l o s s  L 

W 
LL Labor and m a t e r i a l  l o s s  only 111 
LL 
W System/component  inoperat ive - - 

t - 

LMEC-Memo-69-7, Vol I 
1-291 



TABLE 1-104 

FAILURE D I  STRl BUTlON FUNCTIONS 
COMPONENT PUMPS AND SUPPORTS 

C O M p ~ ~ ~ ~ ~  s u B ~ y p ~  PUMPS, ELECTROMAGNETIC 

FAILURES (gb) 0 10 2 
Nuclear  Tes t  Reactor  + '  z2 Nuclear Power Reactor  

a> 
$+ Component T e s t  Loop 

Heat T r a n s f e r  

I I 

Cooling Water J acke t  

Pumping Duct 

Stator  Coi ls  

Electrode 

Supports I 

Jumper  Wires  I 

Other 

- -- 
1 I I t  1 I 

I I  i I 
I I  4 I 

Environmental  

Human e r r o r  

Inherent 

Natural  phenomena I 

Unknown 

~ 

-1 

I 

1 I 
Mechanical 

Elec t r ica l  
r 

Labor and ma te r i a l  l o s s  I 

System/component inop 
I 
I 

No effect  

Caused damage to  other  component(s) I 

Unknown I 

LMEC-Memo-69-7, Vol I 
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T A B L E  1-105 

FA I LURE D I  STR I B UTI ON FUNCTIONS 
COMPONENT PUMPS AND SUPPORTS 

COMPONENT SUBTYPE PUMPS, SODIUM FREEZE SEAL 
FAILURES P/o) 0 1 

Nuclear Test Reactor - 
Component Test Facility II 

Shaft F 

Other 

~~ 

Environmental 

~ 

I Electrical  b 
w Mechanical 
n 
0 Metallurgical - 
I 

111 
~ 

Plant availability loss  - 
Labor and material loss  only - 

w 
L L  
W 

LI Systemlcomponent inoperative - 

7 - 

LMEC-Memo-69-7,Vol I 
1-293 



TABLE 1-106 

FAILURE DI STRl  BUT1 ON FUNCTIONS 

ik! $ 

ZZ 
W 
!- 
in 

Nuclear Tes t  Reac to r s  - 
-Component Tes t  Faci l i ty  - 
Turbine Generator  Units 

Other  

- 
~ - 

I- 

a 
!x 

I- z I 

Bearings 

C a s e  

Other  

- - - ~ 

~ 

0 
0 1 

w 
3 
m 

a u 

Environmental  sl 

H u m a n e r r o r  

Unknown 

~ - - 

LL 
LL 
W 

w 
n 

I 
I 

Mechanical 

Unknown - 

LMEC-Memo-69-7, Vol  I 
1-294 

I- 

W 
0 

I 
Labor and ma te r i a l  

Systemlcomponent i 



T A B L E  1-107 

GENERAL SUMMARY 
COMPONENT PUMPS AND SUPPORTS 

FAILURES (%) 0 1 0  20 30 40 50 60 7 

w 
LL Systemlcomponent inoperative 
LL 
W Caused damage t o  other  components m 

80 90 1 1  I I I 
T O T A L F A I L U R E S  P E R T Y P E  0 10 20 30 40 50 6 0  70 80 90 100 

00 900 1000 

W 

t 
I- 

a 

1 
0 
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1 1 .  Rupture Discs 

Fai lure  data fo r  rupture discs  a re  presented in  Tables 1- 108 through 1 -  110. 

a. Reliability Information 

Design Feature:  

Rupture disc for protection of s team generator sodium side f rom over- 

pressure.  

Crit ical  Characterist ics : 

1)  Controlled burs t  p re s su re  af ter  prolonged exposure to high- 
t empe r a tu r  e s odium 

2 )  Fatigue of assembly due to p re s su re  and temperature  cycling. 

Mode of Fai lure  : 

1)  Fatigue c rack  resulted f rom p res su re  o r  temperature  cycling. 

2 )  Sodium impurities migrated to crevices  and corroded disc. 

3 )  Long-term corrosion, decarburization, o r  other constituents attacked 

by sodium. 

4 )  Long-term creep  rupture. 

5 )  Intergranular corrosion reduces strength. 

6 )  S t ress  corrosion reduces strength. 

Fai lure  Description: 

1)  Leakage through fatigue c rack  

2 )  Leakage f r o m  excessive corrosion in crevices 

3 )  Premature  burs t  f rom reductions in  ultimate strength o r  s t r e s s  rupture 
life 

4 )  Sodium spill  f rom rupture. 

Control Methods: 

1)  Design to eliminate fatigue failure. 

2 )  Design to avoid crevices fo r  collection of sodium impurities. 

LM.EC-Memo-69-7, Vol I 
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3 )  Maintain proper  sodium purity level. 

4) Protec t  f r o m  exter ior  contamination. 

5)  Replace rupture discs  used in c reep  range a t  periodic intervals of 

equipment life. 

Alternate Concepts : 
~~ 

Use cover gas in vesse l  and place rupture disc in gas a r e a  instead of sodium 

system. 

b. Discussion and Recommendations 

The par t icular  rupture disc seal  weld fai lure  was typical of fa i lures  that 

occur in in te r im o r  hur r ied  fixes. 

incorporate a seal  weld and consequently would not contain the sodium. 

in te r im fix was initiated by making a seal  weld at the flange joint. After about 

5000 hours  of operation t ime a leak was discovered during a routine inspection. 

The leak was descr ibed a s  a "pin-hole leak. " No post-failure metallurgical 

evaluation was performed t o  definitely character ize  this fa i lure  a s  to fatigue 

o r  poor weld quality. 

porosity whereas a fatigue fai lure  would be identified by a crack. Possibly a 

combination of both was the cause of the leak where a weld defect, resulting in 

a s t r e s s  r i s e r ,  initiated a low-cycle fatigue failure.  

The original rupture disc  installed did not 

An 

A pin hole would be  character is t ic  of inclusions o r  

@ 

A heavier weld joint design was incorporated and has  operated without 

incident for  over  three years .  More weld meta l  in a seal  weld will not neces-  

sa r i ly  co r rec t  a design problem and the la te r  joint configuration may also fail 

in t ime due to temperature  and p r e s s u r e  cycling. 

Any motion of the retaining ring relative to the flange caused by pres su re  

o r  thermal  conditions mus t  be res i s ted  by the sea l  weld. An examination of 

joint component movements in any design must  be made to verify that a non- 

s t ruc tura l  member  such a s  a seal  weld is not subjected to high cyclic s t r e s ses  

induced by relative motion of stiffer s t ruc tura l  members .  

LMEC-Memo-69-7, Vol I 
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* 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

8 .  CODE: 
(Component) 
(System/Subsystern) 

1. Rupture DiscISeal  

2. Heat T r a n s f e r /  
Weld 

Reactor  Coolant 
Piping 

22 1240 
3. 23 

1. Rupture DiscIDisc 
2. Hea t 'T rans fe r IS team 

3. 23 
Generators  

223000 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

T A B L E  1-108 

FAILURE DATA FOR RUPTURE DISCS 

1. SCTI 
2. Secondary sodium s y s t e m / s t e a m  

3. 
4. Incident r epor t  No. 93 

generator  

1. SCTI 
2 .  Steam and feedwater  rupture  d i sc  

RD- 2 
3. 12 in., 125 ps i  + 5 a t  950°F  
4. Incident r epor t  No. 98 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
M I  
121 

I 
500 

'ERATINC 
HOURS 

5,302 

1,150 

METHOD OF FAILURE 
DETECTION 

During routine inspec. 
;ion 

Direct  observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. A leak developed in  a s e a l  weld where the rupture  
d i sc  and i ts  support  r ing w e r e  welded to the f ace  of 
of the support  flange. 

2.  P a r t  replaced. 
3. Follow new quality control requirements .  

1. A c r a c k  developed f r o m  the rupture  d i sc  into the 
support  flange. 

2. A double rupture  disc  a s sembly  of a l l  welded con- 
s t ruct ion was designed, fabr icated and installed. 

3. None. 

Q Q 



TABLE 1-109 

FA1 LURE D I  STRl BUTlON FUNCTIONS 

Q 

Q 

COMPONENT SUBTYPE RUPTURE 
FAILURES ?/J 0 I 

Component T e s t  Faci l i ty  

Heat T r a n s f e r  

Seal  Weld  - 
Disc - ~ 

2 a 
+ z 
w z 
0 a 
2 
0 - 
0 

I 

Environmental  

w Unknown 
v, 

I I 
Metallurgical 

I I 

Plant  availability l o s s  + 

W 

I 1 
1 I 
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Environmental 

Unknown 
~ 

W 
v) 
3 

0 .  
a 

Metal lurgical  

W 

0 
n 

I 

Plan t  availability l o s s  
b- o ,  
W 
LL 
L L .  
W 

TOTAL FAILURES PER TYPE n i 7 3 4 5 h 7 8 9 i n  

I 

I 

t I l l 1 1 l 1 1 1 1 1  

I 1 1 1 1 1 1 1  
I I I I I I I  

I 1 1 1 1 1  

I 1  

I P  
I I  I 

i 1 
3 

00 
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12. Steam Generators 

a. Introduction 

The s team generator types for which failure data a r e  considered in this 
0 

section include four sodium-water designs and three water-water designs. 

total  of 40 incidents (49 fai lures)  were collected and l isted in Table 1- 11 1. 

A 

The failures were evaluated with respect  to  failure cause, mode, and effect. 

The resul ts  of this evaluation a r e  summarized in Tables 1-1 12 and 1-113. 

b. Summary of Tabulated Data 

The "Plant Type" section of Table 1 - 112 shows that approximately 8OTO of 

the s team generator incidents collected occurred in liquid metal  facil i t ies;  the 

remainder (2070)  occurr,ed in water  facil i t ies.  This distribution i s  a result  of 

information availability and should not be used for a reliability comparison 

between liquid metal  - water s team generators and water-water s team generators.  

The I'Component Pa r t "  section of Table 1-112 shows that tubes, tube-sheet 

welds, and manifold gaskets account for  8870 of the s team generator failures.  

Individually, tubes, tube-sheet welds, and manifold gaskets accounted for 3770, 

2 970, and 2270 of the failures,  respectively. P r e s s u r e  drop devices, manway 

flanges, shells,  and s team generator instability accounted for the remainder 

(1270). 
tube-sheet weld reliability would significantly improve s team generator re l ia-  

bility. Although the manifold gasket failures were numerous, these failures 

were  associated with only one facility, and therefore a r e  not a s  generally 

important as tube o r  tube - sheet weld failures . 

@ 
F r o m  this failure distribution it is apparent that  any upgrading of tube or  

The "Cause" section of Table 1-112 shows the proportion of failures asso-  

ciated with each cause. 

"Unknown." 

the chance of a repa i r  being t ruly successful is doubtful. 

As can be observed, the most  frequent cause (7170) i s  

This i s  unfortunate since, i f  the cause of the failure is unknown, 

Of the failures with known causes,  about 5070 were "Environmental," 1470 were 

l'Impurity/Contamination,' ' and 367'0 were  "Inherent." All tube failures were con- 

sidered to  be failures f rom environmental causes,  including damage f rom hydrau- 

lically induced vibrations, erosion f rom high coolant velocities, and operational 

instability f rom boiling in the feedwater dowiicomer tubes. These problems were 

corrected by installing flow baffles and preslsure drop devices to modify unfavor- 

@ 
able flow character is t ics  and installing tube supports to prevent damaging tube 
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Tubes and pressure  drop devices accounted for a l l  the failures caused by 

impurities or  contamination. 

sion due to  improper water chemistry, and p res su re  drop device failure resulted 

f rom unsatisfactory operation due to small-  scale particle contamination. 

tube problem was corrected by improving the water t reatment  t o  eliminate boiler 

water alkalinity, and the p re s su re  drop device problem was corrected by clean- 

ing the devices. 

Tube failures resulted f rom caustic s t r e s s  cor ro-  

The 

Tubes and manway flange accounted for  all the inherent failure causes.  Tube 

failures were  caused by s t r e s s  corrosion f rom residual alkaline cleaning solution, 

poor workmanship during tube fabrication, improper s t r e s s  relief, and an  instal- 

lation accident. Improved cleaning procedures were developed to preclude s t r e s s  

corrosion failures f rom residual cleaning agents. The manway flange failure was 

caused by inadequate flange design. 

prevent this failure f rom happening again. 

The flange was reworked and modified t o  

The "Mode" section of Table 1-112 shows the proportion of failures associ-  

ated with each failure mode. 

Physical, ' '  28.570 were  "Other," 6.2Y0 were  "Mechanical," and 6.lT0 were "Metal 

Corrosion." All of the fai lures  which failed by the metallurgical-physical mode 

were  either tubes o r  tube-sheet welds; the manway flange was the only exception. 

Of the modes observed, 59.270 were  "Metallurgical - 

The manifold gaskets and the feedwater downcomer tubes accounted for a l l  

of the failures listed under the "Other" classification. 

failures were  undiagnosed and the exact modes of failure are  not known. The 

feedwater downcomer tubes failed by exceeding temperature operating limits. 

The manifold gasket 

Tubes and p res su re  drop devices accounted for  a l l  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. 

factory seating could not be achieved due t o  small-scale  particle interference. 

The p res su re  drop devices failed by movement obstruction when sat is-  

Tubes and shell accounted for  all meta l  corrosion mode failures.  Tubes 

failed by s t r e s s  corrosion and the shell failed by corrosion undiagnosed a s  totype. 

The "Effect" section of Table 1- 112 shows the proportion of failures associ-  

ated with each plant effect. Of the effects observed, 81.670 resulted in a plant 

availability loss,  12.370 resulted in acceptable incipient damage, 4.170 resulted in 

potential damage to  equipment, and 2.070 resulted in a labor and mater ia l  loss  

only. 

a tor  failures resul t  in significant plant availability loss.  

F r o m  these figures it is apparent that the great  major i ty  of s team gener- 
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c. Discussion 

The following section descr ibes  s team generator designs and discusses  their  

failures.  

Fermi 

The Fermi s team generators (Figure 1 - 2 1 )  are  vertical, combination c r o s s  

and counterflow, single-wall-tube, shell-and-tube, once-through-type heat ex- 

changers, with water and s team 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 system a r e  provided t o  minimize possible damage 

f rom this reaction. 

would increase the cover gas pressure  over the sodium inside the steam gener- 

a tor .  

reaction products will be relieved through a 30-in. vent pipe to  the atmosphere.  

The isolation sys tem is designed to  isolate the s team generator f rom the feed- 

water and s team systems and open dump valves to permit the s team and water 

inside the tubes t o  vent to  the atmosphere. 

vent valve to the atmosphere. 

sure,  one of two detectors attached t o  the rupture disk, or  by a manually operated 

switch in the control room. 

a gas chromatograph and by a thermal  conductivity instrument. Bothare  recorded 

in the control room. 

The large quantities of hydrogen gas evolved f rom a reaction 

At 60 psig a 24-in.-diameter rupture disk will open up and the gas and 

The relief system opens a cover gas 

This system is actuated by high cover gas p re s -  

The argon cover gas over the sodium i s  analyzed by 

Three cases  of s team genera-tor tube failure occurred a t  Fe rmi .  Tube cracks 

resulted in leakage during a hydrotest. 
tubes disclosed that the tubes failed a s  a resul t  of s t r e s s  corrosion cracking. The 

cause of s t r e s s  corrosion was attributed t o  the omission of s t r e s s  relief af ter tube 

bending during fabrication, and to  the incomplete removal of the alkaline agent 

used t o  clean the tubes. The unit was completely retubed, s t ress-rel ieved,  and 

then returned t o  service.  

Metallographic examination of the cracked 

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. 

s team r i s e r s  and the uppermost bend sections where the tubes make the f i r s t  

horizontal pass  through the inner support bars .  

The tube damage was limited t o  the 

The support bar  clearances were  
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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. 

tubes. 

were  installed on a l l  units to preclude s imilar  failures.  

These tubes caused considerable rubbing damage t o  adjacent 

The unit was repaired and flow impingement baffles and tube lacing clips 

In another failure event, tube leaks resulted in a sodium-water reaction. The 

cause of the failure is unknown. 

turned t o  service.  

The tubes were repaired and the unit was r e -  

Fourteen water  and s team tube-to-tube- sheet weld failure incidents occurred, 

The nature of the leaks at the some of which resulted in sodium-water reactions. 

sea l  welds was generally found to  be that of pinholes, probably caused by oil o r  

d i r t  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 

resul ts  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 

t o  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 a t  l eas t  2 0  min pr ior  to  the bursting of the rupture 

disk. 

generator tubes, the rupture disk burst ,  releasing hydrogen and other reaction 

products to the atmosphere. 
of 64 psig; normal  cover gas p re s su re  is 4 psig. 

Almost simultaneously with action taken to dump water f rom the s team 

Rupture of the disk indicated a cover gas p re s su re  

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 a t  a low level. 

Nine water and s team manifold gasket failures occurred. The causes of 

these failures a r e  unknown; however, hardness t e s t s  of several  gaskets showed 
values higher than expected for soft annealed iron. The s team generators were 

repaired by replacing the leaking gaskets with annealed gaskets. 

Three  cases  of s team 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 a r e a  reduced this problem. 

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. 

In 

One case of a p re s su re  drop device (poppet-type orifices) failure was en- 

countered. 

seats  by small-scale  particles.  

Inspection of the devices showed that several  were  held off the valve 

EBR-I1 

The EBR-I1 steam generator system consists of a natural-circulation evapor- 

ating section, a conventional s team drum, and a 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 s team drum with 

internal moisture separation. Dry saturated s team leaves the top of the s team 

drum and flows downward t o  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 i s  shown in Figure 1 - 
The internal details a r e  shown in Figure 1-23. 22 .  

heater shells a r e  constructed of 2 -  1 / 4  C r  - 1 Mo steel. 

Both evaporator and super-  

A routine inspection of the s team generators  while the plant was shut down 

in October 1964 for control rod repa i rs  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 i ts  contained tubes. The interconnecting pipe between the evaporator and 

the s team d rum was removed, giving access  to  the water side of the tube sheet. 

The a i r  side of the tube sheet was pressurized and bubble-testing pinpointed the 

location of the leak. 

sheet weld was discovered. Since it was accessible,  the weld was partially 

ground out and manually rewelded without having to remove the evaporator. 

subsequent helium m a s s  spectrometer  leak test  showed the repair  to  be success-  

ful. 

pared for further operation. 

A pinhole in a weld c ra t e r  of a machine-made tube-to-tube- 

A 

The r i s e r  pipe was then rewelded into the system, and the plant was pre-  

n 
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SCTI Alco/BLH 

The Alco/BLH steam generator (Figure 1-24) is  of the vertical  once-through 

type. 
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 she l l a re  thicker 

(1-1 /8 in.) than the main body (7/16 in.) t o  accommodate the thrusts  and moments 

applied by the piping t o  the shell nozzles. 

The unit is 45 f t  long and 32 in. in diameter.  The sodium enters  the shell 

The shell side i s  designed t o  operate with a f r ee  sodium surface in the region 

just  above the weir baffle. The relatively l a r g e  gas space between the sodium 

surface and upper tube sheet is provided t o  ensure that the upper tube sheet is 

not subjected to  rapid temperature  fluctuations resulting f rom the severe t ran-  

sients that  occur in the sodium. 

temperature  changes by a thermal  baffle which consists of ten 1 / 4  in. stainless- 

s teel  plates spaced 1 /8  in. apar t .  

The lower tube sheet is protected f rom such 

Both tube sheets a r e  6-5/8 in. thick. 

Inconel cladding i s  provided for  a l l  s team generator surfaces contacted by 

water o r  steam to minimize the effects of chloride s t r e s s  corrosion on austen- 

i t ic stainless steel .  

metal in multiple layers .  

s teel  on the sodium (shell)  side and Inconel on the s team side. 

a r e  metallurgically bonded by coextrusion to  ac t  a s  a single-wall tube. 

The shell heads and tube sheets a r e  clad using Inconel weld 

The tubes a r e  bimetallic; i. e .  , Type 3 16 stainless 

The two mater ia l s  

Great c a r e  was required during assembly of the s team 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 s team 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 l so  incorporated in the first tee  a t  the sodium outlet. 

connected t o  tanks maintained under iner t  atmosphere which serve t o  contain the 

reaction products that a r e  ejected f rom the s team generator. 

A separate disk assembly is 

The rupture disks a r e  

Two cases  of tube failure, one case of tube-to-tube-sheet weld failure, a 
After each failure manway flange failure, and a shell  failure were observed. 

except the last, the s team generator was repaired and returned to  tes t .  

causes of a l l  the failures,  except the manway flange, a r e  unknown. The manway 

flange failed because of inadequate flange design. 

The 
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During both cases  of tube failure the resultant sodium-water reaction was 

The 
Q 

of such low level that the relief and isolation systems were not required. 

failures were  detected by sensing (1)  hydrogen gas concentration and ( 2 )  humidity 

in the cover gas. 

effected and the s team generator was secured in each case.  

Upon detection of these conditions, manual shutdowns were 

Hallam 

The Hallam steam generators a r e  natural-circulation, horizontally mounted 

units composed of an  evaporator, a s team 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. 

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 a r e  swaged together for maximum heat 

t ransfer .  

The u s e  of double-walled bayonet tubes reduces thermal  s t r e s ses .  

Heat is lost  by 

Leaks in inner o r  outer sections produce a change in helium pressure .  

Two unusual fabrication techniques a r e  automatic butt welding of tube sheets 

and tube caps and two-way ultrasonic testing of tubes. 

wall construction and the leak-monitoring system tr iple  the cost. 

It i s  estimated that double- 
@ 

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. 

relieved, and the unit returned to  service.  

The tube was rewelded, s t r e s s -  

A crack  in the evaporator tube 18 end cap weld was visually detected when 

the tube bundle was removed f rom the natural  circulation shell s o  that it could 

be installed in the kettle-type evaporator shell. 

s t ress-rel ieved and the tube bundle installed in the kettle-type evaporation shell. 

The cause of this failure i s  unknown. 

The tube was rewelded and 
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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 f rom the parent metal  and the lack of 

heat t reatment  before and af ter  welding. Mechanical factors  involve s t r e s s  con- 

centrations imposed by laps in the weld head and the drast ic  change in the c ros s -  

section of the mater ia l  a t  the weld. Thermal  considerations concern the s t r e s ses  

imposed by heating and cooling during welding, differential thermal  expansion of 

the different weld and base mater ia ls ,  and the operating thermal  gradients and 

temperature  cycling during the t ransient  testing. 

Dresden 

Four  cases  of s team generator tube failure have occurred a t  the Dresden 

facility. All of the failures were in the secondary s team generators.  

San Onofre 

Two cases  of s team generator tube failure have occurred a t  the San Onofre 

facility. 

during installation and sustained some minor damage. The unit was subsequently 

put into service without any repa i rs .  Tube leaks were detected in this same unit 

during operation; however, it has operated for some t ime without tube problems. 

Tube deformation was the resul t  of an accident; the unit was dropped 

Q 

Shippingport 

The s team generators a r e  shell- and tube-type units in which reactor  coolant 

inside the tubes heats secondary water in the shell. 
generators were  used. 

Both straight and U-bend 

The two straight-tube heat exchangers each contain 2096 stainless s teel  tubes, 

These tubes a r e  rolled and welded into a 31 f t  long with 1/2-in. outside diameter.  

stainless s teel  tube sheet and a r e  enclosed by a stainless s teel  shell 43 in. in 

diameter.  

heads of stainless steel with 18-in. pipe connections. 

The ends of the heat exchanger portion of the unit have hemispherical  

The two U-bend heat exchangers each contain 921 stainless steel tubes having 

a length of 50 f t  and an  outside diameter of 3 / 4  in. 

clad carbon-steel  tube sheets, these are  enclosed by a U-shaped shell 38 in. in 

diameter.  

Rolled and welded into stainless- 

The ends of the heat-exchanger portion of the unit have hemispherical  
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carbon-steel  heads. 

tube sheet in contact with coolant water,  a r e  clad with stainless steel .  

Internal 'surfaces of the:;e heads, a s  well as  the face of the 

Four  cases  of s team generator tube failure have occurred a t  the Shippingport 

facility. 

s t r e s s  corrosion, wall thinning, and thermal  expansion heading to tube wear.  

These conditions were corrected by adding two s team r i s e r s  to the  heat exchangers, 

improving the water chemistry,  and installing a flow blocking plate. 

The causes  of these failures were attributed t o  steam blanketing, caustic 

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, o r  G. S. Budney a t  LMEC. 

A 
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1. COMPONENT/PART 

2. SY STEM/SU BSY STEM 

3. CODE: 
(Component) 
(Systern/Subsystern) 

1 .  Steam GeneratorITubf  
to-Tube Sheet Joint 

2. Heat T rans fe r IS team 
Genera to r  

3. 40 
223100 

1. Steam Generator /Tube 
to-Tube Sheet Joint 

2. Heat T r a n s f e r l S t e a m  
Genera to r  

3. 40 
223100 

1. S t eam Genera to r /  - 
2. Heat T rans fe r IS team 

3. 40 
Genera to r  

223100 

1. S t eam G e n e r a t o r /  - 
2. Heat  T rans fe r IS team 

3. 40 
Genera to r  

223100 

1. S t eam GeneratorITube 
to-Tube Sheet Weld 

2. Heat T rans fe r IS team 
Genera to r  

3. 40 
223100 

1. S t e a m  GeneratorITube 
2. Heat T rans fe r IS team 

3. 40 
Genera to r  

223100 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. F e r m i  
2. Secondary sodium sys t em 
3. Sodium (shel l )  side: 1000"F, 175 psig 

Water  (tube) side: 900"F, 1000 psig 
4. NAA-SR-12534 

1. F e r m i  
2 .  Secondary sodium s y s t e m  
3. Sodium ( she l l )  side: 1000"F, 175 psi@ 

4. NAA-SR-12534 
Water  (tube) s ide:  900"F, 1000 psig 

1. F e r m i  
2. Secondary sodium sys t em 
3. Sodium ( she l l )  s ide:  1 0 0 0 " F ,  175 psig 

4. NAA-SR-12534 

1. HNPF 
2. Secondary sodium s y s t e m  
3. Water  (shel l )  side: 550"F, 1000 psig 

Sodium ( tube)  side: 950"F, 100 psig 
4. NAA-SR-12534 

Water  (tube) side: 900"F,  1000 psig 

1. EBR-I1 
2. Secondary sodium sys t em 
3. 800°F and 1500 psig on wa te r  side 
4 .  NAA-SR-12534 PMMR- 16 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. Sodium (shel l )  s ide:  1000"F, 175 psi  

4. NAA-SR-12534 
Water  (tube) side: 900"F,  1000 psig 

* I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
277 

MA 
277 

MA 
147 

P 
253 

MA 
454 

MA 
479 

vlODE 

- - 
MA 
92 

MA 
92 

MA 
58 

P 
51 

MA 
59 

MA 
94 

FF EC 

- - 
MA 
136 

MA 
136 

MA 
123 

P 
133 

MA 
136 

MA 
136 

- 

PER ATlNl 
HOURS 

13,000 

13,000 

13,000 

13,000 

1200 

Jnknown 

METHOD OF FAILURE 
DETECTION 

Dye penetrant and 
oubble t e s t s  

Dye penetrant and 
bubble t e s t s  

Sodium outlet t emper -  
a ture  oscillations on 
monitors  

Plugging me te r  

Routine inspection 

P r e s s u r e  t e s t  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Poss ib l e  chemical  a t tack,  with t h e r m a l  cycling due t o  
flow instability a s  a contributing factor ,  resul ted in 
tube damage and leakage of water  into sodium. 

2. Nicrobrame No. 180 overlay deposited over  or iginal  
welds .  

3. None. 

1. Poss ib l e  chemical  a t tack due to  foreign ma te r i a l ,  with 
t h e r m a l  cycling a s  a contributing factor ,  resul ted in  
water- to-sodium leakage in  seal  weld a r e a .  

2. Internal  bore weld through tube wall. Field r epa i r .  
3. None. 

1. Boiling in  a l a r g e  number of downcomer tubes.  
2. Instal led feedwater  flow orif ices  t o  inc rease  p r e s s u r e  

d r o p  between wa te r  and s t e a m  manifolds. 
3. None. 

1. Sodium plugging t empera tu re  inc rease  gave r i s e  to the 
hypothesis that  hydrogen being generated by a n  i ron-  
wa te r  react ion was  diffusing through the tubes and into 
the  sodium. 

2. None. 
3. None. 

1. Faul ty  tube-to-tubesheet machine weld resul ted in 
wa te r  leakage into a i r  space between sodium and 
wa te r  tube sheets .  

2. Weld par t ia l ly  ground out, then manual ly  rewelded 
and hel ium l eak  checked. 

3. None. 

1. S t r e s s  co r ros ion  cracking, attributed t o  r e s idua l  
cleaning solution containing sodium hydroxide, 
resul ted i n  water  leakage into sodium. 

2. Units re tubed and par t ia l ly  s t r e s s  relieved. 
3. None. 
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* 

- 

r E b  

- - 
7 

8 

9 

10 

1. COMPONENT/PART 

2 .  SY STEM/SUBSY STEW 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. S t e a m  Generator /Tub(  
to -Tubeshee t  Joint 

2. Hea t  T r a n s f e r l S t e a m  
Genera to r  

3. 40 
223100 

1. S t eamGenera todTubf  
L w - T u b c  Shect Wcldb 

2. Hea t  T rans fe r /S team 
Genera to r  

3. 40 
223100 

1. Steam Generator  No. 2 

2. Hea t  T rans fe r /S team 
Tubes 

Genera to r  
3. 40 

223100 

1. Steam Generator  No. 

2. Heat  T rans fe r lS team 

3. 40 

Tubes  

gene ra to r  

223100 

= INCIDENT 

(Sheet 2 of 15) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. F e r m i  
2. Secondary sodium system 
3. Sodium (shel l )  side: 1000"F, 175 psig 

4.  NAA-SR-12534 
Water  (tube) side: 900"F, 1000 psig 

1. F e r m i  
2 .  Srcowiary Jodiuiii system 
3. Sodium (shel l )  side: l O O O " F ,  175 psig 

Water  (tube) side: 900"F, ! 000 psig 
4.  NAA-SR- 12534 

1. F e r m i  
2. Secondary sodium system 
3. Preoperat ional  p re s su re  t e s t  
4. NAA-SR-12534, 11/1/67 

TI-095-14-009, 8/29/69 

1. F e r m i  
2.  Secondary sodium system 
3. I so the rma l  operation a t  470°F  
4. NAA-SR-12534, 11/1/67 

EF-8 ,  4/64 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
197 

MA 
277 

I 
479 

I 
127 

- 

MODE 

- - 
MA 
59 

MA 
^ ^  

YL. 

I 
94 

I 
59 

- 

FFEC- 

- - 
MA 
136 

MA .^ ,  
I30 

I 
520 

I 
520 

- 

'PERATIN( 
HOURS 

350 

8760 

None 

350 

METHOD OF FAILURE 
DETECTION 

;as chromatograph 

3ye penetrant  
nspecrion 

' r e s su re  t e s t  

=over gas  hydrogen 
ie tec  to r 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOM ME N DATl  ON S 

1. Hydraulically induced tube vibration caused tube 
cracking and resul tant  water  leakage into sodium. 

2.  Baffle placed in front of sodium inlet nozzle and tubes 
laced a t  two elevations on the outer  ve r t i ca l  section. 

3. None. 

1. Oil and d i r t  deposi ts  on joints reacted t o  f o r m  pits. 
L .  Pits and i&ws were  ground out and rewelded. 
3. None. 

1. During preoperat ional  testing extensive s t r e s s  c o r r o s -  
ion cracking was discovered i n  the tubes of one of the 
s t e a m  generators .  This was caused by sa l t s  remain-  
ing i n  the tubes a f t e r  a cleaning operation a t  the 
manufac tu re r ' s  facilities. In addition, s eve ra l  
manufacturing defects  w e r e  discovered:  (1) One tube 
was ca rbon  s t ee l  instead of Croloy, (2 )  one tiihe had 
a defect  that  penetrated the tube wall, and (3 )  one tube 
had a l ap  defect. 
The corroded generator  was retubed and al l  t h ree  
gene ra to r s  were  s t r e s s  re l ieved by circulat ing hot 
argon through the shell. 

2 .  

3. Upgrade chemical  p rocess  control. 

1. A sodium-water reaction occur red  during initial ope r -  
ation of the unit in 1962. The leak detection, react ion 
rel ief ,  and isolation and dump s y s t e m s  operated sa t -  
i s f ac to r i ly  t o  contain and t e rmina te  the  react ion.  The  
f a i lu re  resul ted f r o m  tube vibration opposite one of 
the sodium inlets .  Subsequent water  t e s t s  on a tube 
bundle confirmed that  installing impingement baffles 
and tube lacing cl ips  would be adequate to reduce 
vibration t o  an acceptable  level. In addition to  the 
vibration damage,  four of the tubes in the react ion 
a r e a  exhibited p r e s s u r e  f a i lu re s  ( resul t ing f r o m  c o r -  
rosion and thinning caused by the  react ion products). 

alcohol. This  was  the first r emova l  of sodium and 
sodium-water react ion products  f r o m  such a l a r g e  
piece of equipment. 

2. The tube bundle was removed and cleaned in ethyl 

The damaged a r e a  was retubed. 
3. Uperade chemical  Drocess control. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

E M  

- - 
11 

12 

13 

14 

M 

. . COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

i .  CODE: 
(Component) 
(System/Subsystern) 

. Steam Genera to r  No. 2 
L. Water  Manifold Tube 

3 .  Steam Manifold Tube 

?. Heat  T r a n s f e r l S t e a m  

3. 40 

Sheet 

Sheet Welds 

Genera to r  

223100 

1. Steam Genera to r  No. 3 
Water  Manifold Tube 
Sheet 

2. Heat  T rans fe r /S team 
Genera to r  

3. 40 
223100 

1. Steam Genera to r  No. 1 
Water Manifold Gaske 

2. Heat  T r a n s f e r / S t e a m  
Generator  

3. 40 
223100 

1. Steam Genera to r  No. C 
a. Water Manifold Tube 

b. Steam Manifold Tube 

2. Heat T r a n s f e r / S t e a m  

3. 40 

Sheet 

Sheet 

Gene ra to r  

223100 

~ 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. F e r m i  
2. Secondary sodium s y s t e m  
3 .  Unit was being cut  into the mainten-  

ance  cooling loop 
4. EF-16, 12/64 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. Out of s e r v i c e  f o r  inspection 
4. EF-30, 2/66 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. In s e r v i c e  
4. EF-30,  2/66 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. In s e r v i c e  
4. E F - 3 2 .  4 /66  

~ 

= INCIDENT MI = MINOR MALFUNCTION 
= MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

4USE 

- - 
I 
500 

I 
500 

I 
500 

I 
500 

CODE* 

90DE 

- - 
I 
61 

I 
61 

I 
B Z  

I 
61 

- 
-F EC1 

- - 
I 
520 

I 
520 

I 
520 

I 
520 

'ERATIN 
HOURS 

Unknoi 

Unknou 

Unknov 

Unknow 

- 

METHOD OF FAILURE 
DETECTION 

;over gas hydrogen 
le tector  

3ubble T e s t  

Unknown 

Cover gas hydrogen 
detector  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

I 
.. Unit was manually isolated when the cover  gas hydro- 

gen concentrat ion inc reased  rapidly to 400 ppm. The 
r a t e  of i n c r e a s e  was 21 ppm/min.  

;. Bubble and dye penetrant  t e s t s  were  used to locate 
defects .  A total of 28 s e a l  welds joining the tubes 
and tube shee ts  w e r e  repaired.  

3 .  Additional r e s e a r c h  and development required.  

1. Tests  conducted on the tube bundle indicated a leak 
r a t e  i nc rease  to 335 cc /day  compared  to an  e a r l i e r  
leak r a t e  of 65 cc/day.  

and the tube sheet  welds were  dye-penetrant  tes ted.  
Nine s m a l l  c r acks  and 276 flaws w e r e  found in the 
welds. The c r a c k s  were  ground out and r epa i r ed  
with 2 114 C r  - 1 Mo f i l le r  meta l ,  using i n e r t  a rc .  
The flaws w e r e  r epa i r ed  by nicrobrazing.  

3. Additional r e s e a r c h  and development required.  

1. Water manifold gasket leaked. 
2. Gasket was replaced.  
3. Mater ia l s :  se lec t  f o r  the enviroment .  

2. The tube shee t  was cleaned with aluminum oxide 

1. An inc rease  in  the hydrogen concentrat ion of the cover  
gas  was  detected. Mass spec t romete r  and bubble 
tes t ing revealed two l igament  c racks  in the water  
manifold tube sheet  and one suspected leaking tube in 
the s t eam manifold tube sheet .  

2. The l igament  c r a c k s  were ground out and welded and the 
twotubes b r idgedby the  c rack  were  plugged. The sus- 
pectedtube in the  s t eammani fo ldwas  alsoplugged. Both 
tube shee ts  were  a l s o  completelydye-penetrant  checked 
Additional c r acks  in the sea l  welds of the  inner  row of the  
wa te rman i fo ldwere  found. A l l inne r  rowtubes  in the  
wa te r  manifold will be counterbored t o  remove the old 
s e a l  welds and will be rewelded. The l igaments  between 
these  tubes were  reinforced by additionalweld mater ia l .  
The pi t tedwelds foundbythe dye-penetrant  checkwere  
overlayed with Nicrobraze.  Th i s  amounted t o  s e v e r a l  
hundredtubes.  

3. Additional r e s e a r c h  and development required.  



- 

r E L  

- - 
15 

16 

17 

* L I = INCIDENT 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEN 

3. CODE: 
(Component) 
(SystenVSubsystern) 

1. Steam Genera tor  No. 1 
a. Water  Manifold Tube 

b.  Steam Manifold Tube 

2. Heat T r a n s f e r l S t e a m  

3. 40 

Sheet 

Sheet 

Genera tor  

223100 

1. Steam Genera tor  No. 2 
Water Manifold Tube 

2. Heat Transfer IS team 
Genera tor  

3. 40 
223100 

1. Steam Genera tor  No. 3 
Steam Manifold cover  
gaske t  

2. Heat T r a n s f e r l S t e a m  
Genera tor  

3. 40 
223100 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. F e r m i  
2. Secondary sodium system 
3. In serv ice  
4. E F - 3 3 ,  5/66 

1. F e r m i  
2. Secondary sodium system 
3. In s e r v i c e  
4. EF-33, 5/66 

1. F e r m i  
2. Secondary sodium system 
3. In s e r v i c e  
4. E F - 3 4 ,  6/66 

E F - 3 5 ,  7 /66  

I = MINOR MALFUNCTION 

~~ 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
I 
500 

I 
500 

I 
500 

- 

MODE 

- - 
I 
61 

I 
61 

I 
BZ 

FFEC 

- - 
I 
520 

I 
520 

I 
520 

- 

PERATlh 
HOURS 

Unknow 

Unknow 

Unknow 

METHOD OF FAILURE 
DETECTION 

,over gas  hydrogen 

:over gas  hydrogen 

Jnknown 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOM ME NDATl DNS 

1. An i n c r e a s e  i n  cover  gas hydrogen concentration 
was detected.  T e s t s  conducted on the unit revealed 
increased  leakage compared  to previous resu l t s .  

2. A total  of 898 tube end r e p a i r s  w e r e  m a d e  to the unit 
which consisted of the following: (a) 567 tube welds 
overlayed with Nicobraze, (b)  331 tube ends w e r e  
repa i red  with 2-114 CR - 1 Mo f i l l e r  m a t e r i a l ,  ( c )  4 
tubes plugged. The pitted welds found by dye- 
penetrant check w e r e  overlayed with Nicobraze. The 
remaining defect ive welds w e r e  repa i red  using 
2-114 C r  - 1 Mo f i l le r  m a t e r i a l  and the tungsten i n e r t  
gas  technique. All inner  row tubes in  the water  
inlet  tube shee t  w e r e  counterbored and rewelded 
adding 2-114 C r  - 1 Mo f i l l e r  rod. 

3. Additional r e s e a r c h  and development required.  

1. A steady increase  of hydrogen leakage into the cover  
gas  w a s  observed  o v e r  a per iod  of t ime.  
i t  was  decided to remove the manifold covers  f o r  
invest igat ion and n e c e s s a r y  repa i rs .  Bubble 
tes t ing revealed two tube weld leaks  i n  the water  
iiiaiiifoli: tube dieei .  
an  additional 164 questionable welds of which 11 
appeared  to have f laws.  

2. A total  of 179 tube end welds w e r e  repa i red  by 
counterboring out the welds and rewelding with 2-114 
C r  - 1 Mo f i l l e r  rod. 
was  sat isfactory.  

3. Additional r e s e a r c h  and development required.  

1. Steam manifold cover  gasket leaked. 
2. Steam manifold cover  gasket was replaced.  
3. Mater ia l s :  se lec t  f o r  the enviroment.  

Consequent1 

D y e  penetrant checking showed 

Bubble tes t ing a f t e r  r e p a i r s  

MA = MAJOR MALFUNCTION P = PROBLEM 



. C 0 M PON E N T/P AR T 

. SY STEM/SUBSYSTEM 

' .  CODE: 
(Component) 
(System/Subsystern) 

. Steam Generator  No. 11 
Water Manifold Tube 
Sheet . Heat T rans fe r IS team 
Generator  

,. 40 
223100 

. Steam Generator  No. 2 
Water Manifold Tube 
Sheet 

!. Heat T rans fe r /S team 
Generator  

1. 40 
223 100 

. Steam Generator  No. 3 
Water  Manifold Gaskel !. Heat T rans fe r IS team 
Genera to r  

I .  40 
223100 

1-111 
T A B L E  

FAILURE DATA FOR STEAM 
(Sheet 5 of 15) 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. F e r m i  . Secondary sodium s y s t e m  . In serv ice  . EF-36,  8 /66  

. F e r m i  
!. Secondary sodium s y s t e m  
i. In serv ice  
L. E F  - 37, 9 /66  

E F  - 38, 10166 

. F e r m i  
!. Secondary sodium sys t em 
I .  In serv ice  
1. E F  - 37, 9/66 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJORMALFUNCTION P = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
BOO 

i 
500 

[ 
500 

CODE* - 
FF EC1 

- - 
j20 

[ 
520 

I 
520 

PERATIN( 
HOURS 

Jnknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

lnknown 

Jnknown 

Jnknown 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. The unit was  taken out of se rv ice  f o r  tube-to-shel l -  
s ide leakage. A p r e s s u r e  tes t  revealed a ni t rogen 
leak r a t e  of 430 cc lday .  

. T h r e e  leaks were  found in  the wa te r  manifold tube 
sheet  by means  of bubble testing. 
weld leaks which were  r epa i r ed  by removing the 
defect  a r e a  and refilling with 2- 114 C r  - 1 Mo welding 
rod using the i n e r t  a r c  technique. 
appeared jus t  below the weld in  the tube roll.  
tube was  plugged. 
dye-penetrant  checked. 
weld defects  in  the water  manifold m o s t  of which 
were  in  nicobraze overlays that w e r e  applied during 
the last repa i r  per iod.  
moving the nicobraze and rewelding with 2- 114 C r  - 
Mo f i l le r  rod. 

1. Additional r e s e a r c h  and development required.  

. Water  manifold tube sheet  leak. 
!. Tube welds in the water  s ide manifold were  repaired.  

Bubble tes t ing and ni t rogen p r e s s u r e  tes t ing showed 
the unit to be leak tight. 

1. Additional r e s e a r c h  and development required.  

Two w e r e  tube 

One of the leaks 
This  

This  revealed a number of 
Both tube shee ts  were  completely 

Repairs  w e r e  made  by r e -  

. Water  manifold gasket  leak. 
?. Water  manifold gasket  was replaced. 
3. Mater ia l s :  se lec t  f o r  the environment. 

Q 



T A B L E  l - l l 1  

FAILURE DATA FOR STEAM 
(Sheet 6 of 15) 

. . COMPONENT/PART 1. FACIL ITY 

!. SYSTEM/SUBSYSTEM 2 .  COMPONENT LOCATION 

I .  CODE: 3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT (Component) 
(System/Subsystern) 

. Steam Generator  No. 11 1. F e r m i  . Water  Manifold Tubes 2. Secondary sodium system 
Sheet 3. In serv ice  

I. Steam Manifold Tube 4. E F  - 42 2/67 
Sheet E F  - 43: 3/67 

.. Heat  T rans fe r lS team E F  - 44, 4/67 
Genera to r  E F  - 45, 5/67 

i. 40 E F  - 47, 7/67 
223 10 

3 .  Tubes 4. EF - 61, 9/68 

Genera to r  
3 .  40 

I 

= INCIDENT MI = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AODE 

- - 
1 

3 2  
, 1  

'ERATIN( 
HOURS 

lnknown 

lnknown 

METHOD OF FAILURE 
DETECTION 

Jnknown 

Cover gas hydrogen 
3etector 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I Both wa te r  and s t e a m  manifold tube shee ts  have been 
tes ted f o r  leaks.  
found in  the wa te r  manifold i n  the inner  tube row. 
The wa te r  s ide  manifold was a l s o  dye- enetrant  
checked. 
to have questionable defects .  
were  t repanned a s  p a r t  of a metal lographic  study to  
de t e rmine  the nature  of the weld fai lures .  . A weldins technique developed by Foster-Wheeler  
Corporat ion was  used on this unit in  a n  effor t  to 
e l iminate  the problem of leaking tube joints. 
method employs a special  welding head which is 
inser ted  into a s t e a m  gene ra to r  tube, and using the 
tungsten iner t  gas method, fusion welds the tube to 
the tube-sheet. Internal  bo re  welding of the tube-to- 
tube-sheet joints in  the wa te r  side tube shee t  of the 
unit was completed. A total of 1184 tube welds w e r e  
made. 
plugged. Leak testing of the unit a f te r  repa i rs  w e r e  
completed was  sat isfactory.  
ends on s t e a m  gene ra to r s  2 and 3 wil l  be welded 
usirip ilie iriirrrial bore wrldirip i e c h i q u e .  

I .  Additional r e s e a r c h  and development required.  

.. An inc rease  in hydrogen concentrat ion in the shel l  
side cover  gas on s t e a m  generator  No. 1 indicated 
tube-to-shel l -s ide leakage. 
mant led a s  a resu l t  of water  and s t e a m  manifold 
gasket leaks a s  well as tube leaks.  
th ree  tube leaks were  found. Two tubes (No. 112-3 
and No. 
a r e a  in the wa te r  manifold tube shee t  and the third 
tube (No. 76- 1 )  was leaking approximately 10 to 
10-112 f t  below the top of the s t eam manifold tube 
sheet. 
plast ic  hose with a valve ove r  the defective s t eam 
tube. 
ized with ni t rogen to 38 psig which passed through the 
valve a t  an  ul t rasonic  velocity. 
f requency changed while the wa te r  level  was maintaine 
ei ther  above o r  below the leak. 

Two leaking tube end welds were  

Seven additional tube end wefds were  found 
Four  tube end welds 

This  

The remaining 16 tubes in  the unit were  

The wa te r  manifold tube 

The unit was d is -  

Subsequently, 

150- 1 )  were  leaking at the internal  b o r e  weld 

The dis tance was  determined by installing a 

The shel l  of the s t eam gene ra to r  was p r e s s u r -  

The ul t rasonic  

L. The unit was repaired.  
3 .  None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEk 

- - 
23 

24 

25  

26 

27 

- 

1. COMPONENT/PART 1. FACIL ITY 

2. SYSTEM/SUBSYSTEM 2 .  COMPONENT LOCATION 

1-111 
TABLE 

FAILURE DATA FOR STEAM 

FAILURE INDEX 
CODE* - 

(Sheet 7 of 15) 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Steam Generator  No. 
L. Water Manifold Gasket  
3. Steam Manifold Gasket 
2.  Heat T rans fe r IS team 

3. 40 
Generator  

223100 

1. Steam Genera to r  No. 1 /  
I. Water  Manifold Gasket  
3. Steam Manifold Gasket 
1 .  Heat T r a n s f e r l S t e a m  

3. 40 
Genera to r  

223100 

1. Steam Genera to r  No. 3 /  

?. Heat T rans fe r IS team 

3. 40 

Water Manifold Gasket 

Generator  

223100 

1. Steam Generator  No. I /  
P r e s s u r e  Drop Devices 

?. Heat T rans fe r IS team 
Generator  

3. 40 

1. Steam Generator  No. 31 
Steam Manifold 
Gasket  

Gene ra to r  

223100 

2. Heat T r a n s f e r l S t e a m  

3. 40 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT CAUSE 

21'1. F e r m i  I 
2. Secondary sodium s y s t e m  
3. P r e s s u r e  t e s t  of s t e a m  side with 

wa te r  
4. E F  - 61, 9 /68  

1. F e r m i  
2. Secondary sodium s y s t e m  
3. P r e s s u r e  tes t  of s t e a m  side 

with wa te r  
4. E F  - 61, 9/68 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. P r e s s u r e  tes t  of s t e a m  side with 

4. E F  - 61, 9/68 
wa te r  

1. F e r m i  
2. Secondary sodium s y s t e m  
3. Feedwater  flow test ing 
4. E F  - 69, 5 /69  

E F  - 70, 6/69 

1. F e r m i  
2. Secondary sodium s y s t e m  
3. Unit was wa te r  filled to run feedwater  

flow t e s t  
4. EF-69,  5 / 6 9  

EF-70,  6/69 

I 

MODE 

- - 
i Z  

bZ 

bZ 

1 

12 

'F EC 

- - 
! O  

! O  

! O  

! O  

20 

PERATIN( 
HOURS 

lnknown 

fnknown 

lnknown 

lnknown 

Jnknown 

METHOD O F  FAILURE 
DETECTION 

Visual 

Visual 

Visual 

r e s t  instrumentat ion 

Visual 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Water and s t e a m  manifold gasket  leaks w e r e  experi-  
enced on the unit. 
showed values  higher  than expected f o r  sof t  annealed 
iron. 

2. Water and s t e a m  manifold gaskets  were  replaced 
with annealed gaskets .  

3. None. 

1. Water and s t e a m  manifold gasket  leaks w e r e  experi-  
enced on the unit. 
showed values  higher  than expected f o r  sof t  annealed 
i ron.  

2. Water and s t e a m  manifold gaskets  were  replaced with 
annealed gaskets .  

3. None, 

1. Water manifold gasket  leak was  experienced on the 
unit. 
h igher  than expected f o r  soft annealed i ron.  

2. Water manifold gasket  was replaced with annealed 
gasket. 

3 .  Mater ia l s :  se lec t  f o r  the environment. 

1. Feedwater  flow t e s t s  were  conducted on the unit a f t e r  
a s e r i e s  of isolat ion checks. Resul ts  of the flow t e s t s  
indicate  that  some  of the p r e s s u r e  d rop  devices  did 
not resea t  a f te r  the isolat ion checks. Inspection of 
the p r e s s u r e  d rop  or i f ices  showed that a l l  had reseatel 
a f t e r  isolat ion t e s t s  except f o r  s e v e r a l  that  were  held 
off the i r  sea ts  because of sma l l - sca l e  par t ic les .  

2. The or i f ices  w e r e  cleaned and returned to serv ice .  
3. Upgrade chemical  p rocess  control. 

1. The unit was water  filled in preparat ion f o r  running a 
feedwater  flow tes t  but a leak developed a t  the s t e a m  
manifold cover  plate. 

2. The tube s ide was wa te r  f i l led following retorquing of 
the s t e a m  manifold cover .  Retorquing failed to e l im-  
inate  the gasket leak;  therefore ,  the leak was r e -  
pa i r ed  by replacing the s t eam manifold gasket. 

Hardness  tes t s  of the gaskets  

Hardness  tes t s  of the gaskets  

Hardness  tes t  of the gasket  showed values  

3. Mater ia l s :  se lec t  f o r  the environment. 
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. C OM PONENT/P ART 

. SYSTEM/SUBSYSTEM 

' .  CODE: 
(Component) 
(System/Subsystem) 

. Steam Genera tor  No. 2 ,  

. Heat T r a n s f e r  /Steam 

. 40 

Downcomer Tubes  

Genera tor  

223100 

. Steam Genera to r /  

:. Heat T rans fe r /S team 

i .  40 

Water-Side Tube Sheet 

Genera tor  

223100 

I = INCIDENT 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. F e r m i  (LMFBR) . Secondary sodium sys t em 

. Steam p r e s s u r e :  950 psia 

. NAA-SR-12534, 11 /1 /67  
Sodium temp:  540°F 

TI-  095- 0 14- 009 

. EBR-II (LMFBR) 
:. Secondary sodium sys t em 
i .  P l an t  was  shut down fo r  control rod 

L. NAA-SR-12534, 11 / I  167 
r e p a i r s  

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

.AUSE 

- - 
97 

MA 
500 

F F E C  

- - 
520 

MA 
580 

'ERATIN( 
HOURS 

lnknown 

200 

METHOD OF FAILURE 
DETECTION 

;odium outlet t em-  
Ierature osci l la t ions 
Nn moni tors  

Loutine inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

. During a lOO-Mwt, 3-loop run, l a r g e  oscil lations,  with 
a maximum amplitude of 100°F  were  observed on loop 
No. 2 a f t e r  the sodium outlet t empera tu re  drifted f r o m  
517°F t o  approximately 540°F when operating at  a 
s t eam p r e s s u r e  of 950 psia.  Approximately 5 min  
af ter  operation of t h i s  loop was  te rmina ted  by a single- 
c i rcui t  shutdown f r o m  the oscil lations,  loop No. 1 ex-  
hibited the s a m e  behavior,  thereby  te rmina t ing  the run 
with a mult ic i rcui t  shutdown sc ram.  The outlet s t eam 
t empera tu re  during both these  runs  was  approximately 
600°F.  
genera tor  sodium outlet t empera tu re  coincided with the 
saturat ion of the feedwater at i t s  operating p res su re .  

!. Restr ic t ion of the operating pa rame te r s  t o  l imi t  the 
prehea t  a r e a  reduced this  problem. 
type or i f ices  were  installed in the inlets  of the water  
downcomer tubes  to  inc rease  the p r e s s u r e  drop, p ro -  
vide m o r e  even water  distribution to  a l l  the tubes,  and, 
hopefully, eliminate the instabil i ty a l together .  Con- 
s iderable  tuning of the control sys t em was necessa ry  
before  efficient operation was  achieved. 

Both instabil i t ies developed when the s t eam 

In addition, poppet 

1. Additional r e s e a r c h  and development required.  

1. A routine inspection of the s t eam genera tors  while the 
plant was  shut down in October 1964 for  control rod  
r e p a i r s  disclosed the presence  of water  in the space  
between the sodium and water  upper  tube sheets  in 
evapora tor  No. 702. Subsequent tes t ing confirmed that 
a l eak  existed in the water  side tube sheet of one of i t s  
contained tubes.  The interconnecting pipe between the 
evapora tor  and the s t e a m  d r u m  was  removed, giving 
access  t o  the water s ide of the tube sheet. The a i r  sidc 
of the tube  sheet  was  p re s su r i zed  and bubble-testing 
pinpointed the location of the leak. 
a weld c r a t e r  of a machine-made tube- to- tube-shee t  
weld. 

?. Since it was accessible ,  the weld w a s  par t ia l ly  ground 
out and manually rewelded without having t o  remove  
the evapora tor .  A subsequent helium m a s s  spec t rom-  
e t e r  l eak  t e s t  showed the r e p a i r  t o  be  successful .  The 
r i s e r  pipe was  then rewelded into the sys tem,  and the 
plant w a s  prepared  fo r  fu r the r  operation. 

It was a pinhole in 

3.  None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

5 .  CODE: 
(Component) 
(System/Subsystem) 

I. Steam Generator  / 

!. Heat  T rans fe r IS team 
Tubes 

Generator  
I .  40 

223100 

I. Steam Generator  / 
Manway Flange 

t .  Heat T rans fe r fS team 
Generator  

3.  40 
223100 

1. Steam Generator  / 
a. Tubes 
b. S t eam Side Tube Shee 
2.  Heat T rans fe r fS team 

3. 40 
Generator  

223100 

(Sheet 10 of 15) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. SCTI (non-nuclear tes t  facility) 
!. Secondary sodium system 
i. Star tup 
L.  IMPR-370, 6 /22 /70  

I. SCTI (non-nuclear tes t  facility) 
!. Secondary sodium system 
1. Steam generator  undergoing repa 

t .  IMPR-374, 8 / 6 / 6 9  
f o r  tube leak  

1. SCTI (non-nuclear tes t  faci l i ty)  
?. Secondary sodium system 
3. Star tup operation 
4. LMEC Monthly P rogres s  Repor t s  

for  3/69 and 4/69 

FAILURE INDEX 
CODE* 

AUSE 

- - 
500 

%13 

I 
500 

WODE 

- - 
5Z 

[ 
51 

I 
6Z 

-F EC1 

- - 
20 

~ 3 0  

520 

'ERATINC 
HOURS 

300 

i380 

3410 

METHOD OF FAILURE 
DETECTION 

3ydrogen r e c o r d e r  

Visual 

Instrumentat ion 
and visual  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Steam gene ra to r  hydrogen r e c o r d e r  showed H2 p resen  
in excess  of 200 ppm. Tempera tu res  increased .  P e a k  
s t e a m  t empera tu re  was 550"F, as compared with a 
sodium inlet  t empera tu re  of 410°F.  Feedwater  inlet  
t empera tu re  was  370°F.  This  t e m p e r a t u r e  r e sponse  
was  indicative of a sodium-water  react ion on the  s tear  
s ide of the  s t eam generator .  

1. Tubes 2-47 and 4-27 were  plugged and s e a l  welded 
using a spec ia l  weld procedure.  Dye-penetrant  exam- 
ination and helium leak t e s t  ver i f ied weld integri ty .  A 
hydrostat ic  t e s t  a l s o  se rved  t o  a s s u r e  the  soundness 
of the bundle at operating p r e s s u r e .  

3. Additional r e s e a r c h  and development required.  

1. Following r emova l  of r ing sea l  from upper  s t e a m  gen- 
e r a t o r  manway flange, c r a c k s  w e r e  observed at the 
bottom of the  groove around the ent i re  per iphery.  The 
c racks  a r e  believed t o  b e  s t ruc tura l  fa i lures  due t o  
high rad ia l  loading on the relat ively small a r e a  within 
the  r ing d i ame te r .  
internal  t o  the O-r ing groove, is  evidenced by the fact 
tha t  ID measu remen t s  at the top of the manway openin 
indicate a 50-mil  deflection. S imi l a r  deformation i s  
a l s o  evident a t  the lower manway flange but no c r a c k s  
ex is t  in t h i s  l a t t e r  region. 

2. Upon completion of c r a c k  removal ,  the machined area  
in the groove were  overl-aid with Inconel t o  reestabl is l  
a protect ive surface.  
Incoloy 800 were  instal led over  the  manway opening. 

P las t ic  deformation of the lip, 

Diaphragms fabricated f r o m  

3. Additional r e s e a r c h  and development required.  

1. Steaming operat ion was t e rmina ted  when evidence of 
wa te r  vapor  was  found in the cove r  gas  over  the  sodiu 
Leakage was  confirmed and the water  s ide of the  steal 
gene ra to r  was  opened to  pe rmi t  detailed inspection an  
isolation of defects. F ive  defective tubes were  found. 
Liquid penetrant  inspect ions of the upper  tube sheet  f i l l e  
welds  revealed a number of porosi ty  and c r a c k  indicatior 

2. The five defective tubes were  plugged and tube sheet  
d i sc repanc ie s  were  repaired.  

3. Additional r e s e a r c h  and development required.  

+ I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 



FAILURE DATA FOR STEAM GENERATORS 
(Sheet 11 of 15) 

1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

. Steam Genera to r /  
Shell 

S t eam Generator  

223100 

!. Heat T r a n s f e r /  

\. 40 

. Steam Genera to r /  
Tubes 

Generator  

223100 

!. Heat T rans fe r lS team 

!. 40 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

FAILURE INOEX 
CODE* 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT CAUSE 

1 .  SCTI (non-nuclear t e s t  faci l i ty)  
2. Secondary sodium s y s t e m  
3. Steam gene ra to r  hydrostat ic  t e s t  
4. IMPR - 383, 5-20-70 

1 .  HNPF (LMFBR)  
2. Secondary sodium s y s t e m  
3. Reactor  in shutdown condition 
4. NAA-SR-12534. 11-1-67 

I I 456 

I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

MODE 

- - 
I 
99 

I 
61 

FF EC1 

- - 
I 
520 

I 
520 

PERATIN( 
HOURS 

3410 

4926 

METHOD OF FAILURE 
DETECTION 

Jisual  

i-hird fluid p r e s s u r e  
)uildup 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  Feedwater  flow was established through the Alco t e s t  
s t e a m  gene ra to r  in preparat ion f o r  hydrostat ic  t e s t  per 
Special P r o c e d u r e  No. 123. This hydrostat ic  t e s t  was 
to be conducted at 2300 psig and 350°F.  A prel iminarb 
inspection of the diaphragm and manway cover  a r e a s  
was being conducted in  preparat ion for heating the 
s t e a m  generator  to 350°F  and increasing feedwater 
p r e s s u r e  to 2300 psig. 
s t e a m  generator  was  580 psig and 90'F. The inspectic 
indicated that t he re  was  a s e r i e s  of c r acks  in the s tean 
generator  feedwater  chest  in  the vicinity of the lower 
channel head and tube sheet  a r ea .  The p resence  of so -  
dium oxide deposi ts  on the tube sheet  edge and under- 
surface,  and of rust-colored s ta ins  beneath seve ra l  of 
the visible c racks ,  indicate that cracking and leakage 
occur red  p r i o r  to the end of the l a s t  operating interval ,  

?. Pending (under  investigation). 
3. Additional r e s e a r c h  and development required.  

I .  A gradual  third fluid p r e s s u r e  buildup indicated the 
probability of a leak in  the supe rhea te r  between the 
third fluid and s team. The third fluid p r e s s u r e  was 
bled to 300 psig. After  a sho r t  t ime,  the p r e s s u r e  
steadily inc reased  to  400 psig. At this t ime,  i t  was 
felt that the leak was definite. F u r t h e r  proof of the 
leak was made  by venting the third fluid p r e s s u r e  to 
345 psig and again allowing i t s  p r e s s u r e  to approach 
the s t e a m  p r e s s u r e .  

?. The tube bundle was removed f r o m  the shell, and the 
leak was  located in the cen te r  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. 
tube during the ro l l e r  expansion and caused this inter-  
ference fit, which could have caused the fai lure  by se t -  
ting up residual  s t r e s s e s  in  this a r e a  which w e r e  not 
s t r e s s  relieved af ter  fabrication. The combination of 
this res idual  s t r e s s  and the the rma l  s t r e s s  during ope1 
ation probably caused the weld to c rack .  
tube was welded, s t r e s s  relieved, and the tube bundle 
re instal led.  The she l l  was  rewelded, s t r e s s  relieved, 
and hydrostat ical ly  tes ted a t  900 psig f o r  1 h r ,  s t eam-  
ing operat ions w e r e  resumed.  

3. Additional r e s e a r c h  and development required.  

@he feedwater  p r e s s u r e  in the 

The inner  tube was  extruded into the outer 

The leaking 



* 

1. COMPONENT/PART 1. FACILITY 

?.  SYSTEM/SUBSYSTEM 2 .  COMPONENT LOCATION 

3 .  CODE: 3. OPERATING CONDITIONS 

14 .  SOURCE DOCUMENT (Component) 
(System/Subsystem) 

T A B L E  1-111 

FAILURE DATA FOR STF-S 
(Sheet 12 of 15) 

1. Steam Genera to r1  

2 .  Heat T r a n s f e r /  

3. 40 

Tube 

Steam Generator  

223100 

1. Steam Generator1 

2. Heat  T r a n s f e r /  

3. 40 

Tube 

Steam Generator  

223100 

1. HNPF (LMFBR) 
2. Secondary sodium system 
3. Steam gene ra to r  out of se rv ice  f o r  

modifications 
4. NU-SR-12534, 11-1-67 

1. 
2. 
3. 

4. 

HNPF (LMFBR) 
Secondary sodium system 
Destruct ive examination of 
gene ra to r  
N U -  SR-12 534 

s t e a m  

= INCIDENT MI = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSI 

- - 
MA 
500 

MA 
452 

- 

MODE 

- - 
MA 
61 

MA 
61 

- 

FF EC 

- - 
MA 
520 

MA 
580 

__ 

PERATlNl 
HOURS 

4926 

8541 

METHOD OF FAILURE 
DETECTION 

Visual 

Visual 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. While p repa r ing  to s t r e s s  re l ieve the end cap  welds  of 
the heat  t r a n s f e r  tube bundle, a c r a c k  was found 
in the end cap  weld of Tube No. 18. 

t. This c r a c k  was r epa i r ed  and a l l  other  end caps w e r e  
radiographed to check f o r  c racks  and interference 
f i t s  between the cap welds of the inner  and outer  tubes.  
Seven tubes which had not been s t r e s s  re l ieved during 
fabricat ion were  s t r e s s  relieved. These tubes (No!s. 
3; 6 ;  8; 9; i n ;  13; and 20) w e r e   rapped with a 
heating coil, heated a t  a control led r a t e  to 12OO"F, and 
then cooled a t  a control led r a t e  to s t r e s s - r e l i e v e  them 
The s t ress - re l ieved  tubes w e r e  then checked with 
penetrant  dye and m a s s  spec t romete r ,  then leak 
tes ted and radiographed. No defects  were  found 
and the tube bundle was  instal led in the kettle-type 
evaporator  shell. 

3 .  Additional r e s e a r c h  and development required.  

. Sodium was found i n  the annulus of one bellows-type 
c o r e  tube while attempting to cut i t  apar t .  
annulus was a lmos t  completely filled with solidified 
sodium, which prevented separat ion of the inner  and 
outer  tubes. No sodium was  found in the annulus 
of any of the other  c o r e  tubes. 
w e r e  found in  which numerous c r a c k s  were  observed 
in  the weld between the inne r  and outer  tubes on the  
bellows end of the tube. 
in these  tube end pieces  penetrated through both tube 
wal ls  and the weld, the annulus space  pecul iar ly  
enough, was absent  of sodium. 
After  all of the bellows-type co re  tubes had been 
disassembled,  each piece,  including the bellows, 
was individually hel ium leak-tested.  
a l l  of the welds on the c o r e  tube w e r e  dye-checked. 
No leaks w e r e  found in  any of the length of tubing no r  
in  the bellows. The only leaks found were  those in  
the end pieces  in which the welds w e r e  cracked.  

?. None (des t ruc t ive  examination of s t e a m  gene ra to r  only 
3. None. 

The 

Four  co re  tubes 

Although the c r a c k s  found 

The bellows and 

MA = MAJOR MALFUNCTION p = PROBLEM 



* 

1. COMPONENT/PART 

2 .  SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. Steam Genera to r /  
TuSes 

Steam Generator  

223100 

2 .  Heat T r a n s f e r /  

3. 40 

1. Steam Genera to r /  

2 .  Heat T r a n s f e r /  

3. 40 

Tubes 

Steam Genera to r  

223100 

1. Steam Genera to r /  

2. Heat T r a n s f e r /  

3. 40 

Tubes 

Steam Generator  

223100 

1 Steam Genera to r /  

2 .  Heat T r a n s f e r /  

3. 40 

Tubes 

Steam Generator  

223100 

1 .  Steam Genera to r /  

2. Heat T r a n s f e r l S t e a m  

3. 40 

Tubes 

Genera to r  

223100 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. Dresden (BWR) 
2 .  Secondary wa te r  loop 
3. Fu l l  power operat ion 
4. TI-095-14-010, 11-15-69 

1. Dresden (BWR) 
2. Secondary wa te r  loop 
3. Ful l  power operat ion 
4. TI-095-14-010, 11-15-69 

1. Dresden ( B W R )  
2. Secondary wa te r  loop 
3. Ful l  power operat ion 
4. TI-095-14-010. 11-15-69 

1. Dresden (BWRJ 
2. Secondary wa te r  loop 
3. Ful l  power operat ion 
4. TI-095-14-010, 11-15-69 

1. San Onofre (PWR) 
2. P r i m a r y  coolant loop 
3. Steam gene ra to r  installation during 

plant construct ion 
4. TI-095-14-007. 6-25-69 

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MA 
500 

MA 
500 

MA 
500 

MA 
500 

MI 
472  

- 

- 
MODE 

- - 
MA 
6Z 

MA 
6Z 

MA 
6Z 

M A  
6Z 

MI 
54 

FF EC1 

- - 
MA 
510 

MA 
510 

MA 
510 

MA 
510 

MI 
510 

- 
PERATIN( 
HOURS 

Unknown 

Unknowr 

Unknowr 

Unknowr 

None 

1. FAILURE DESCRIPTION 
METHOD O F  FAILURE 

DETECTION 
2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

Unknown 

Unknown 

Unknown 

Unknown 

Visual 

1. Dresden I h a s  f ive s t e a m  generators :  one p r i m a r y  
and fou r  secondary. As s t eam producers ,  t he re  
i s  no r eco rd  of any operating difficulty with them 
except f o r  tube leaks i n  the secondary generators .  

2. Unknown. 
3. Additional r e s e a r c h  and development required. 

1. Dresden I h a s  f ive s t e a m  gene ra to r s :  one p r i m a r y  
and f o u r  secondary. As s t eam producers ,  t he re  
is no r eco rd  of any operating difficulty with them 
except  f o r  tube leaks i n  the secondary gene ra to r s .  

2. Unknown 
3. Additional r e s e a r c h  and development required.  

1. Dresden I has five s t e a m  generators :  one p r i m a r y  
and f o u r  secondary. A s  s t e a m  producers ,  t he re  
i s  no r eco rd  of any operating difficulty with them 
except f o r  tube leaks i n  the secondary generators .  

2. Unknown. 
3. Additional r e s e a r c h  and development required. 

1. Dresden I h a s  f ive s t e a m  gene ra to r s :  one p r i m a r y  
and four  secondary. A s  s t eam producers ,  t he re  
is no r eco rd  of any operating difficulty with them 
except f o r  tube leaks i n  the secondary generators .  

2. Unknown. 
3. Additional r e s e a r c h  and development required. 

1 .  On November 16, 1965, during construction, the rigging 
contractor  dropped the No. 3 s t e a m  generator  a s  it wa. 
being lifted into the vapor  container. The lifting gea r  
in  the special  portable br idge c rane  failed and the gen- 
e r a t o r  (which was  horizontal  a t  the t ime)  dropped 121n 
onto wooden blocking. No nozzles  w e r e  damaged: how 
eve r ,  some  tubes in the upper  support s t ruc tu re  w e r e  
deformed f r o m  a nominal of 0.640 to a deformed value 
of 0.340 in. Collapse t e s t ,  metal lurgical  investigation, 
velocity measu remen t s ,  and other  t e s t s  w e r e  pe r fo rm,  
on s imi l a r ly  deformed tubes. 

2. Westinghouse and Bechtel ' s  recommendation was  that 
the unit be operated a s - i s  without tube replacement  o r  I plugging. 

3. Improve handling technique of l a r g e  components. 



- 

TEN 

- - 
44 

45 

46 

- 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

. Steam Genera tor /  

!. Heat T r a n s f e r /  

1. 40 

Tubes 

S team Genera tor  

223100 

. Steam Genera tor1  
Tubes 

Genera tor  

223100 

..  eat T r a n s i e r l S t e a m  

i .  40 

I .  S t e a m  Genera tor /  

t. Heat Transfer IS team 

1. 40 

Tubes 

Genera tor  

223100 

i- I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1- 111 

FA I LURE DATA FOR STEAM GENERATORS 

(Sheet 14 of 15)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

~~ . San Onofre (PWR) 
!. P r i m a r y  coolant loop 
,. Full  power operation -. TI-095-14-007, Change No. 1, 3-70 

. Shippingport (PWR) 
!. P r i m a r y  coolant loop 
r. unknown 
!. TI-095-14-006, 7-7-69 - 

I .  Shippingport (PWR) 
I .  P r i m a r y  coolant loop 
I. Unknown 
L. TI-095- 14-006, 7-7-69 

= MINOR MALFUNCTION 
1 = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MA 
278 

MA 
I94 

- 

- 

MODE 

- - 
MI 
6Z 

MA 
94 

MA 
65 

- 

- 

FF EC' 

- - 
MI 
510 

MA 
5 20 

MA 
5 20 

- 

IPERATINt 
HOURS 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

Jnknown 

Jnknown 

Jnknown 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. The s t e a m  genera tor ,  dropped during construct ion,  
developed a 2 ga l lday  leak  (determined by the m e a -  
s u r e d  t r i t ium concentration in  the  feedwater l .  

2. Unknown. 
3. Additional r e s e a r c h  and development required.  

1. In 1958 a leak was  discovered between the p r i m a r y  and 
secondary  s i d e s  of a heat  exchanger.  Testing revea le t  
~'nat 2 lubes w e r e  iedking, i j  iiad sigri i i icai ir  w a i i  riiich. 
ness defec ts ,  and there  w e r e  defects  between the s e c -  
ondary face  of the inlet-end tube sheet  and the f i r s t  
tube baffle. Examinations revealed that  the fa i lures  
w e r e  caused  by a combination of s t e a m  blanketing and 
caust ic  s t r e s s  cor ros ion  as a resu l t  of operations out 
of  boi ler  water  c h e m i s t r y  specif icat ions (during initial 
plant operations when excess ive  blowdown was required) .  
There  w e r e  a l s o  quite a few o ther  occasions i n  which 
the plant experienced heat  exchanger l e a k  problems. 

2. To c o r r e c t  the condition, two additional s t e a m  r i s e r s  
w e r e  added to the heat exchangers,  and the water  
chemis t ry  was  improved to  a s s u r e  the complete ab- 
sence  of " f ree"  alkalinity in  the boi ler  water .  
C o r e  1 s t e a m  genera tors  w e r e  replaced for  the oper -  
ation of Core  2. 

3. Continued upgrading of chemica l  p r o c e s s  control. 

1. Tube fa i lures  have o c c u r r e d  on a t  l e a s t  th ree  occasions 
during Core 2, Seed 1 operations.  Severe  wall thinning 
was found and eventually a flow blocking plate was  in- 
stalled. The following novel method w a s  used to pin- 
point the fai lures .  
o rd inary  a s p i r a t o r  a t  one end and a rubber balloon a t  
the other .  
c rements ,  inflated and deflated in  turn. With the o ther  
end of a tube plugged, .inflating the balloon o v e r  a hole  
stopped leakage and thus gave proof of fa i lure .  Some 
of the fa i lures  w e r e  caused  by t h e r m a l  expansion lead-  
ing to w e a r  of cer ta in  tube banks on a s t i f fener  brace .  

2.  The s t e a m  genera tor  def ic iencies  w e r e  repa i red .  
3. Additional r e s e a r c h  and development required.  

All four  

A long plast ic  tube w a s  affixed to  ai 

The balloon w a s  moved along the tube in  in-  
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T A B L E  1-112 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT STEAM GENERATORS 

COMPONENT SUBTYPE STEAM 
FAILURES (%) 0 10 

Liquid Metal Nuclear Power  Reactor 

P r e s s u r i z e d  Water  Reac tor  
+ 

2g ' Boiling Water Reac tor  - -- Liquid Metal T e s t  Faci l i ty  

Heat T r a n s f e r  

I 1  

I t  I I 

] 1 L I  Mechanical 

Metallurgical - Phys ica l  (Except F r a c t u r e )  

Other 

Acceptable Incipient Damaee  
I- o , Plant  Availability L o s s  w 

Labor  and Mater ia l  L o s s  Onlv I 

u u  

LMEC-Memo- 65 
June 30, 1970 1-310 

€ 
i- 

t f 
I 



w 
3 
m 

5 

w 
n ’  
0 
2 

Q 

Environmental  

Impurity/Contamination 

Inherent 

Unknown - Genera l  

Mechanical - 
Metallurgical - Phys ica l  (Except Fr . ic ture)  

Meta l  Corros ion  

Other 
- 

n 

I 
r 

Labor  and Mater ia l  Loss On1 I 

I 

I 

I 

TOTAL FAILIJRt 

S t e a m  G e n e r a t o r s  

I S  PER TYPE o 10 20 30 40 517 60 717 80 90 io0 

I I I  

OPERATING H0UF:S (THOUSANDS) 0 

FAILURE RATE CFAILURES/106 hr) 0 100 

S t e a m  Genera tors  

7 

90 100 

I 900 1 I 00 
LMEC-Memo-69-7, Vol I 

June 30, 1970 1-311 



13. Traps  (General) (see Figures  1-27 through 1-30) 

Fai lure  data for  t raps  (general)  a r e  presented in Tables 1- 114 through 1- 118. 63 
a. Reliability Information 

Crit ical  Characterist ics : 

The proper  installation and operation of t raps  is important to their use. 

They should not be any m o r e  complex than necessary.  

Mode of Failure:  

1 )  Instrumentation e r r o r  

2 

3 

4 

5 

Clogging 

Wear 

Disconnection 

Distortion 

6 )  Movement obstructed 

7 )  Broken 

8 )  Erosion. 

Fai lure  Des c ription : 
~~~ 

1)  Overheating 

2 )  Packing worn out 

3 )  Springs stuck 

4 )  Plugging of vapor t raps  

5 )  P a r t s  broken (shaft, s teel  balls) .  

Control Methods 

1)  Redesign of t raps  that a r e  not adequate to do the job. 

2 )  Fur ther  investigation of fa i lures  within a trap.  

3 )  Do not over-design a part .  

LMEC-Memo-69-7, Vol I 
1-3 12  



W I R E  M E S H  ( 1 2 - 1 5  lb / f t3 )  A 

f 
1 2  

3-5-68 7 - 7 6 9 4 - 2 1 5 - 4 0  

Figure 1-27. H N P F  Vapor Trap  

ARGON 

2 - i n .  SS P IPE 
E F L E C T O R S  (SS) 

RE S U P P O R T S  ( 3 )  A L T  NO. 16  AND 3 
SS M E S H  

I4-P 1 - i n .  SS P I P E  

SODIUM VAPOR AND ARGON 
7- 7694- 2  15-4 2 

Figure 1-28. ANL Refluxing 
Type Trap  

LMEC-Memo-69-7, Vol I 
1-3 13 



CYCLONE SEPARATOR ARGON 

13.5 t 

I1 I 

26 in*--i COOLING WATER 
7 - 7 6 9 4 - 2 1 5 - 4 1  3 - 5 - 6 8  

Figure 1-29. F e r m i  Vapor Trap  

GAS O U T L E l  

t F R E E Z E  
S E C T I O N  

STEM PACKING 

LIQUID AND, OR 
GAS I N L E T  7-7694-215-36 

Figure 1-30. Freeze  Trap  

A 

LMEC-Memo-69-7, Vol I 
1-3 14 



A 

4)  Lmprove training of personnel, 

5 )  Electrical  heaters  used with f reeze  t raps  should be designed to pre-  
vent overheating (spring-loaded circuit  breaker ,  etc. ). 

b. Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
1-3  15 



T A B L E  1-114 

FAILURE DATA FOR TRAPS (GEN.Ew-L) 
(Sheet 1 of 12) 

. COMPONENT/PART 

: .  SYSTEM/SUBSYSTEM 

i. CODE: 
(Component) 
(System/Subsystem) 

1. F r e e z e  T r a p  No. 1/  
F loa t  

Storage 

224400 

1. Heat  TransferICoolar  

3 .  33 

1. F r e e z e  T r a p  No. 11 
Housing 

2. Heat Transfer /Coolar  
Storage 

3. No. 33 
224400 

1. F r e e z e  T r a p  No. 11 

2. Heat TransferICoolar  

3. 33 

Vent 

Storage 

224400 

1. F r e e z e  T r a p  No. 1 /  

2. Heat T rans fe r lCoo la t  

3. 33 

Shaft Stop 

Storage 

224400 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. HNPF 
2. P r i m a r y  sodium se rv ice ld ra in  tank 
3. 3- 10 ps i  helium when draining 

sodium, 200 to  350°F  
4. Work reques t  No. 1682 

1. HNPF 
2. P r i m a r y  sodium se rv ice ld ra in  tank 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to  350°F  
4. Work reques t  No. 1682 

1. HNPF 
2. P r i m a r y  sodium se rv ice /d ra in  tank 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 350°F  
4. Work r eques t  No. 1682 

1. H N P F  
2. P r i m a r y  sodium se rv ice ld ra in  tank 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 2134 

~ 

= INCIDENT MI = MINOR MALFUNCTION 
: MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
COO€* - 

AUSE 

- - 
M I  
144 

M I  
137 

MI 
187 

MI 
33 1 

- 

MODE 

- - 
MI 
5 2  

MI 
44 

MI 
51 

MI 
59 

- 

- 
FF EC1 

- - 
MI 
550 

MI 
550 

MI 
550 

MI 
550 

- 

- 
PERATIN( 
HOURS 

- 
Unknown 

Unknowr 

Unknowr 

Unknowr 

METHOD OF FAILURE 
DETECTION 

Operat ional  monitors  

Operational monitors  

Operat ional  monitors  

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Float  not seated properly.  
2. Local  r e p a i r s :  ( a )  replaced plugged section of vent 

piping, (b) heated f r e e z e  t r a p  to me l t  sodium around 
shaft in  housing, ( c )  p re s su r i zed  housing with 
hel ium to clean out sodium. 

3. Instal l  another  cooling device and /o r  allow sufficient 
air flow and c l ea rance  around f r e e z e  t r a p  housing i n  
o r d e r  to minimizethechance of overheating housing. 
Thus, molten sodium can flow through r a t h e r  than 
solidifying around the cool shaf t ,  a s  designed. 

1. Housing overheated. 
2. Local  r e p a i r s :  ( a )  replaced plugged sect ion of vent  

piping, (b) heated f r e e z e  t r a p  to m e l t  sodium around 
shaf t  in  housing, ( c )  p re s su r i zed  housing with hel ium 
to clean out sodium. 

3. Install another  cooling device and /o r  allow sufficient 
air flow and c l ea rance  around f r e e z e  t r a p  housing in 
o r d e r  t o  minimize the chance of overheating housing. 
Thus, molten helium can flow through r a t h e r  than 
solidifying around the cool shaft, a s  designed. 

1. Vent piping plugged with sodium. 
2. Local  r e p a i r s :  ( a )  replaced plugged sect ion of vent 

piping, (b )  heated f r e e z e  t r a p  to m e l t  sodium around 
shaf t  in  housing, ( c )  p re s su r i zed  housing with hel ium 
to clean out sodium. 

3. Install another  cooling device a n d l o r  allow sufficient 
a i r  flow and c l ea rance  around f r e e z e  t r ap  housing in  
o r d e r  to  minimize the chance of overheating housing. 
Thus, molten sodium can flow through r a the r  than 
solidifying around the cool shaft, a s  designed. 

1. Shaft s top broken. 
2. Local  r epa i r ,  welded s top for  c a m  actuator .  
3. P rocedures  should be wri t ten cautioning against  

rotating the c a m  shaft control  with excessive fo rce  
o r  speed to save  the stops. 

Q 



T A B L E  1-114 

FAILURE DATA FOR TRAPS (GENERAL) 
(Sheet 2 of 12) 

* 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

$ .  CODE: 
(Component) 
(Systern/Subsystern) 

1. F r e e z e  T r a p  No. 2 /  

2. Heat  T r a n s f e r /  

3. 3 3  

Housing 

Reactor  Coolant Pipin 

221210 

1. F r e e z e  T r a p  No. 2 /  

2. Heat T r a n s f e r 1  

3. 33 

Vent 

Reactor  Coolant Pipin, 

221210 

1. F r e c z e  T r a p  No. 31 

2. Heat T r a n s f e r /  

3. 33 

C a m  Actuator 

Reactor  Coolant Pipin 

221210 

1. F r e e z e  T r a p  No. 31 

2. Heat T r a n s f e r 1  

3. 33 

Float  

Reactor  Coolant Pipir 

221210 

1. F r e e z e  Trap /Cam 
Shaft Housing 

2. Heat T r a n s f e r /  
Intermediate  Heat 
Exchanger 

222300 
3. 33 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. HNPF 
1. P r i m a r y  sodium 
3 .  3- 10 psi  hel ium when draining 

sodium, 200 to 350°F  
4. Work request  No. 2252 

1. HNPF 
2. P r i m a r y  sodium 
3. 3- 10 psi  hel ium when draining 

sodium, 200 to 350°F  
4. Work request  No. 2252 

1. HNPF 
2. P r i m a r y  cold t r a p  No. l l ac tua to r  
3. 3- 10 psi  helium when draining 

sodium, 200 to 350°F  
4. Work request  No. 925 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 3 
3. 3- 10 psi  helium when draining 

sodium, 200 to 350°F  
4. Work request  No. 2187 

1. HNPF / 
2. IHX- l / f r e e z e  t r ap  No. 11 
3. 3- 10 psi  helium when draining 

sodium, 200 to 350°F 
4. Work request  No. 2331 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
137 

MI 
187 

MI 
472 

MI 
144 

MI 
137 

AODE 

- - 
MI 
44 

MI 
51 

MI 
53 

MI 
5 2  

MI 
51 

- 
3 EC 

- - 
MI 
550 

MI 
550 

MI 
550 

MI 
550 

MI 
550 

IPERATINt 
HOURS 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

3perat ional  monitors  

Operational monitors  

During actuation 

Operational monitors  

During actuation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Warmed housing did not solidify sodium. 
1. Local r e p a i r s :  ( a )  replaced plugged section of vent 

piping, (b) heated f r eeze  t r a p  housing to m e l t  sodium 
in shaft housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capaci ty  around the c a m  shaft  
housing to ensu re  solidification of any sodium that ma) 
flow past  the float. 

1. Vent piping plugged with sodium. 
2 .  Local r epa i r s :  (a) replaced plugged section of vent 

piping, (b) heated f r e e z e  t r ap  housing to  m e l t  sodium 
i n  shaft housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capaci ty  around the c a m  shaft  
housing to ensu re  solidification of any sodium that ma! 
flow pas t  the float. 

1. Reach rod that actuates  valve c a m  on f r e e z e  t r a p  was 
disengaged. Tapered pins missing.  

2. P a r t  replaced. 
3. None. 

1. Float  not seated properly.  
2. Local r epa i r s :  ( a )  replaced plugged sect ion of vent 

piping, (b )  heated f r e e z e  t r a p  housing to me l t  sodium 
i n  shaft housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capacity around the c a m  shaft  
housing to ensu re  solidification of any sodium that ma.  
flow past  the float. 

1. C a m  shaft housing full of sodium. 
2. Local r epa i r s :  ( a )  removed f r e e z e  t rap,  (b) removed 

c a m  shaft, (c) s t e a m  cleaned c a m  shaft housing of 
sodium obstruction. 

3. None. 



(Sheet 3 of 12) - 

T E L  

- - 
10 

11 

12 

13 

14 

- 
' I  

1. COMPDNENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. F r e e z e  T r a p  No. 12/  

2. Heat  T rans fe r / In t e r -  

3. 33 

Spring 

mediate  Heat Exchange 

222300 

1. F r e e z e  T r a p  No. 10/ 
Packing 

med ia t e  Coolant 
2. Heat T rans fe r / In t e r -  

Piping 

222210 
3. 33 

1. F r e e z e  T r a p  No. 101 

2. Heat T r a n s f e r h t e r -  
Spring 

med ia t e  Coolant 
Piping 

222210 
3. 33 

1. F r e e z e  T r a p  No. 7 /  
C a m  Dr ive  Shaft 

2. Heat T rans fe r I In t e r -  
med ia t e  Coolant 
Piping 

222210 
3. 33 

1. F r e e z e  T r a p  No. 7 1  

2. Heat  T rans fe r I In t e r -  
Packing 

med ia t e  Coolant 
Piping 

222210 
3. 33 

- - 
MA = 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. H N P F  
2. IHX-2 
3. 3- 10 p s i  hel ium when draining 

4. Work request  No. 1003 
sodium, 200 to  350 'F 

1. H N P F  
2. Secondary sodium se rv ice  
3. 3- 10 ps i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 73 

1. H N P F  
2. Secondary sodium se rv ice  
3. 3- 10 ps i  hel ium when drainirig 

sodium, 200 to  3 5 0 ° F  
4. Work request  No. 275 

1. H N P F  
2. Secondary cold t r a p  (outlet) 
3. 3- 10 p s i  hel ium when draining so- 

dium, 200 to 350 'F 
4. Work request  No. 115 

1. H N P F  
2. Secondary cold t r a p  (outlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to  350'F 
4. Work r eques t  No. 115 

INCIDENT I = MINOR MALFUNCTION 
MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSt 

- - 
MI 
410 

MI 
454 

MI 
410 

MI 
339 

MI 
115 

- 

- 

@ODE 

- - 
MI 
55 

MI 
5 z  

MI 
53 

MI 
54 

MI 
54 

- 

FF EC 

- - 
MI 
530 

MI 
550 

MI 
550 

MI 
550 

MI 
550 

-- 

- 
PERATIN( 
HOURS 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

During actuation 

Direct  observat ion 

Direct  observat ion 

Operational monitors  

Operat ional  mon i to r s  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Spring stuck. 
2. Component co r rec t ive  modification: r e t a ine r  spr ing 

replaced with a solid follower ( s t ee l  space r ) .  
3. None. 

1. Helium leak through packing. 
2. Component co r rec t ive  modification: added two rings 

of packing. 
3. None. 

1. Spring loose, hel ium leak through packing. 
2. Component co r rec t ive  modification; r e t a ine r  spr ings 

replaced with s t ee l  space r s .  
3.  Use s t ee l  s p a c e r s  a s  i n t eg ra l  design component and 

spr ing of sufficient tension and made  of a suitable 
m a t e r i a l  f o r  this type of a tmosphe re  i n  o r d e r  to 
improve reliability. 

1. C a m  dr ive  shaft bent a t  packing. 
2. Local r e p a i r s :  ( a )  c a m  shaft straightened, (b)  r e -  

moved rough spots  inside c a m  shaft housing. 
3 .  None. 

1. Gap a t  packing allowed helium to l eak  out of system. 
2. Local r epa i r ,  replaced two r ings of Jones packing. 
3. None. 

Q 



- 

'EN 

- - 
15 

16 

17 

18 

15 

- 
MI 

. COMPONENT/PART 

. SY STEM/SU BSY STEM 

. CODE: 
(Component) 
(System/Subsystem) 

. F r e e z e  T r a p  No. 7 /  
Spring 

!. Heat T r a n s f e r / I n t e r -  
mediate  Coolant Pipir 

:. 33 
222210 

1. F r e e z e  T r a p  No. 111 
Spring 

?. Heat Transfer /Lnter-  
mediate  Heat Ex- 
changer  

222300 
3 .  33 

1. F r e e z e  T r a p  No. 2/  

1. Heat T r a n s f e r /  

3. 33 

Float  

Reactor  Coolant Pioin 

221210 

1. F r e e z e  T r a p  No. 2 /  

2. Heat T r a n s f e r /  

3. 33 

F loa t  

Reactor  Cooling Pipin 

221210 

1. F r e e z e  T r a p  No. 2 /  

2. Heat T r a n s f e r /  

3. 33 

Housing 

Reactor  Coolant Pipir 

221210 

T A B L E  1-114 

FAILURE DATA FOR TRAPS (GENERAL) 
(Sheet 4 of 12) 

~~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

I .  HNPF 
?. Secondary cold t r a p  (outlet) 
3 .  3 -  10 psi  helium when draining 

sodium, 200 to  350°F 
1. Work reques t  No. 215 

1. HNPF 
2. IHX-1 
3. 3- 10 ps i  hel ium when draining 

sodium, 200 to 350°F  
4. Work request  No. 1003 

1. HNPF 
2. P r i m a r y l s o d i u m  
3. 3- 10 ps i  helium when draining 

sodium, 200 to 350°F 
4. Work request  No. 2252 

1. HNPF 
2. P r imary / sod iu rn  
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 350°F  
4. Work request  No. 2629 

1. HNPF 
2. P r imary / sod ium 
3. 3- 10 ps i  hel ium when draining 

sodium, 200 to 350°F 
4. Work r eques t  No. 2629 

= INCIDENT MI = MINOR MALFUNCTION 
= MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
/I1 

dI 
L10 

\XI 
144 

MI  
144 

MI 
137 

CODE* 

llODE 

- - 
MI 

MI 
55 

MI 
5 2  

MI 
5 2  

MI 
44 

-F E C  

- 
MI 

MI 
530 

MI 
550 

MI 
550 

MI 
550 

'ERATIN( 
HOURS 

Jnknown 

3495 

2320 

3250 

3250 

METHOD OF FAILURE 
DETECTION 

Iperational monitors  

l u r ing  actuation 

3perat ional  monitors  

During actuation 

During actuation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Helium leak,  through packing. 

. Component correct ive modification 
8 .  None. 

I. Spring stuck. 
!. Component co r rec t ive  modification, r e t a ine r  spr ings 

1. None. 
replaced with a solid follower (s teel  space r s ) .  

I .  F loat  not seated properly.  
?. Local r epa i r s :  ( a )  replaced plugged sect ion of vent  

piping, (b) heated f r eeze  t r a p  housing to m e l t  sodium 
in shaft housing, ( c )  p re s su r i zed  housing to  c l e a r  
out sodium. 

3. Allow sufficient cooling capacity around the c a m  shaft 
housing to ensu re  solidification of any sodium that 
m a y  flow past  the float. 

1. Float  not p rope r ly  seated. 
?. Local  r epa i r s :  ( a )  cut hel ium l ines ,  cleaned out 

sodium, replaced l ines ,  (b) heated f r e e z e  t r a p  housinl 
to c l e a r  out sodium. 

3. Allow sufficient cooling. Change in  operating proce-  
du res  should be  m a d e  whereby a slight positive p r e s -  
s u r e  is maintained on f r e e z e  t r ap  at a l l  t imes.  Also 
a good look a t  a replacement  component is  in o r d e r .  

1. Thermocouple  on housing fai led to indicate r i s e  i n  
t empera tu re .  

2. Local  r epa i r s :  ( a )  cut hel ium lines, cleaned out 
sodium, replaced l ines ,  (b) heated f r eeze  t r a p  housin 
to m e l t  sodium i n  housing, ( c )  p re s su r i zed  housing to 
c l e a r  out sodium. 

3. Allow sufficient cooling. Change i n  operating proce-  
d u r e s  should be  made  whereby a slight positive p r e s -  
s u r e  i s  maintained on the f r e e z e  t r a p  a t  all t imes .  
Also a good look a t  a replacement  component i s  i n  
o r d e r .  



T A B L E  1-114 

- 

r E l l  

- - 
20 

21 

22 

23 

24 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEb 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. F r e e z e  T r a p  No. 2 /  

2. Heat T r a n s f e r /  

3. 33 

Vent 

Reactor  Coolant Pipin 

221210 

1. F r e e z e  T r a p  No. 41  
Packing 

2. Heat T r a n s f e r f P u r i f i  
cation (Cold T r a p )  

3. 33 
224234 

1. F r e e z e  T r a p  No. 51 

2. Heat T r a n s f e r I P u r i f i  
Packing 

cat ion (Cold T r a p )  

224234 
3. 33 

1. F r e e z e  T r a p  No. 3 /  

2. Heat T r a n s f e r f P u r i f i  

3. 33 

Housing 

cat ion 

224234 

1. F r e e z e  T r a p  No. 31 

2. Heat T r a n s f e r f P u r i f i  

3. 33 

Vent 

cat ion 

224234 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. H N P F  
2. P r i m a r y l s o d i u m  
3. 3- 10 ps i  hel ium when draining 

sodium, 200 to  3 5 0 ° F  
4. Work request  No. 2629 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 2 (inlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to  350°F  
4. Work r eques t  No. 1054 

1. H N P F  
2. P r i m a r y  cold t r a p  No. 2 (outlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work request  No. 1054 

1. H N P F  
2. P r i m a r y  cold t r a p  No. 1 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work reques t  No. 2187 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 1 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 2187 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

.AUSI 

- - 
MI 
187 

MI 
115 

M I  
115 

M I  
137 

M I  
187 

MODE 

- - 
MI 
51 

MI 
52 

MI 
52 

MI 
44 

MI 
51 

FFEC 

- - 
MI 
550 

MI 
530 

MI 
530 

MI 
550 

MI 
550 

- 
PERATIN( 
HOURS 

3250 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

During actuation 

Operat ional  monitors  

Operat ional  monitors  

Operat ional  monitors  

Operational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Vent clogged with sodium blocking hel ium flow. 
2. Local  r epa i r :  (a) cut hel ium l ines ,  cleaned out sodium 

replaced l ines ,  (b) heated f r e e z e  t r a p  housing to m e l t  
sodium i n  housing, ( c )  p re s su r i zed  housing to c l e a r  
out sodium. 

Change i n  operating p roce -  
du res  should be  made  whereby a slight positive p r e s -  
s u r e  is maintained on the f r e e z e  t r a p  a t  all t imes.  
Also a good look a t  a replacement  component is  i n  
o rde r .  

3. Allow sufficient cooling. 

1. Packing worn out. 
2. Local  r epa i r :  added 11 r ings of packing. 
3. Packing r ings should be  insulated f rom hea t  and hot 

sodium vapor s  which evidently contribute to w e a r  and 
degradation of the packing ring. 

1. Packing worn out. 
2. Local  r e p a i r ;  added 11 rings of packing. 
3. Packing r ings should be insulated f r o m  hea t  and hot 

sodium vapor s  which evidently contribute to w e a r  and 
degradat ion of the packing ring. 

1. Warmed  housing did not solidify sodium. 
2. Local  r epa i r s :  ( a )  replaced plugged sect ion of vent  

piping, (b) heated f r e e z e  t r a p  housing to me l t  sodium 
in shaft housing, ( c )  p re s su r i zed  housing to c l e a r  

3. Allow sodium. sufficient cooling capacity around the c a m  shaft 

housing to ensu re  solidification of any sodium that ma! 
flow pas t  the float. 

1. Vent piping plugged with sodium. 
2. Local  r epa i r s :  ( a )  replaced plugged section of vent  

piping, (b) heated f r e e z e  t r a p  housing to me l t  sodium 
in shaft housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capacity around the c a m  shaft 
housing to  ensu re  solidification of any sodium that  
m a y  flow pas t  the float. 

Q 



c) 

T A B L E  1-114 

FAILURE DATA FOR TRAPS (GENERAL) 
(Sheet 6 of 12) 

* 

_I 

TEh 

- - 
25 

26 

2 7  

28  

2c 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. F r e e z e  T r a p  No. 3 1  

2. Heat Transfer IPur i f i -  

3. 3 3  

Float  

cat ion 

224234 

1. F r e e z e  T r a p  No. 3 f  

2. Heat  Transfer IPur i f i .  
Housing 

cat ion 
3. 33  

224234 

1. F r e e z e  T r a p  No. 3 1  

2. Heat Transfer /Pur i f i -  

3. 33  

Vent 

cat ion 

224234 

1. F r e e z e  T r a p  No. 3 1  

2. Heat Transfer lPur i f i .  

3. 33 

Float  

cation 

224234 

1. F r e e z e  T r a p  No. 3 1  

2. Heat T r a n s f e r / P u r i f i .  

3. 33 

Housing 

cation 

224234 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 1 
3. 3-  10 p s i  helium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work reques t  No. 2252 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 1 
3. 3-10 p s i  helium, 200 to 3 5 0 ° F  
4. Work request  No. 2252 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 1 
3. 3 -10  p s i  helium, 200 to 3 5 0 ° F  
4. Work request  No. 2252 

1. HNPF 
2. P r i m a r y  cold t rap  No. 1 
3. 3-10 p s i  helium, 200 to 3 5 0 ° F  
4. Work reques t  No. 2629 

1. HNPF 
2. P r i m a r y  cold t rap  No. 1 
3. 3 - 1 0  ps i  helium, 200 to 3 5 0 ° F  
4. Work request  No. 2629 

I = MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
144 

MI 
137 

MI 
187 

MI 
144 

MI 
137 

- 

- 
MODE 

- - 
M I  
5 2  

MI 
4 4  

MI 
51 

MI 
5 2  

MI 
44 

- 

- 
FF EC1 

- - 
MI 
550 

MI 
550 

MI 
550 

MI 
550 

MI 
550 

- 

PERATIN( 
HOURS 

unknown 

Unknown 

Unknowr 

Unknowr 

Unknowr 

METHOD OF FAILURE 
DETECTION 

Operat ional  monitors  

Operational monitors  

Operational monitors  

During actuation 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Float  not seated properly.  
2. Local repa i rs :  (a )  replaced plugged sect ion of vent  

piping, @) heated f r e e z e  t r a p  housing to me l t  sodium 
in  shaft housing, (c )  p re s su r i zed  housing to c l e a r  
sodium. 

housing to ensu re  solidification of any sodium that  ma)  
flow pas t  the float. 

3. Allow sufficient cooling capacity around the c a m  shaft 

1. 
2. 

Warmed housing did not solidify sodium. 
Local  repa i rs :  (a) replaced plugged sect ion of vent  
piping, @ )  heated f r e e z e  t r a p  housing to me l t  sodium 
in shaf t  housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capacity around the c a m  shaft 
housing to ensu re  solidification of any sodium that  ma)  
flow pas t  the float. 

1. Vent piping plugged with sodium. 
2. Local r e p a i r s :  ( a )  replaced plugged sect ion of vent  

piping, (b) heated f r e e z e  t r a p  housing to mel t  sodium 
in shaf t  housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capacity around the c a m  shaft 
housing to ensu re  solidification of any sodium that  m a ]  
flow past  the float. 

1. Float  not seated properly.  
2. Local  r e p a i r s :  ( a )  replaced plugged sect ion of vent  

piping,@) heated f r e e z e  t r a p  housing to m e l t  sodium 
in shaft housing to c l e a r  sodium. 

3. Allow sufficient cooling capaci ty  around the c a m  shaft 
housing to ensu re  solidification of any sodium that m a ]  
flow past  the float. 

1. Warmed housing did not solidify sodium. 
2. Local repa i rs :  ( a )  replaced plugged sect ion of vent  

piping, @ )  heated f r e e z e  t r a p  housing to me l t  sodium 
in shaft housing, ( c )  p re s su r i zed  housing to c l e a r  
sodium. 

3. Allow sufficient cooling capaci ty  around the c a m  shaft 
housing to ensure solidification of any sodium that  ma! 
flow past  the float. 



TABLE 1-114 

FAILURE DATA FOR TRAPS (GENERAL) 
(Sheet 7 of 12) - 

TEM 

- - 
30 

31 

32 

33 

34 

35 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. F r e e z e  T r a p  No. IO/ 
Packing 

2. Heat  T r a n s f e r /  
Coolant Storage 

3. 33 
224400 

1. F r e e z e  T r a p  No. 5 /  

2. Heat T r a n s f e r l h r i f i -  

3. 33 

Shaft Stop 

cation 

224234 

1. F r e e z e  T r a p / C a m  

2. Heat T r a n s f e r / h r i f i -  
Drive 

cat ion 
3. 33 

224234 

1. F r e e z e  T r a p  No. 6 1  

2. Heat  T rans fe r /Pur i f i -  

3. 33 

Packing 

cat ion 

224234 

1. F r e e z e  TrapISpring 
2. Heat T r a n s f e r / P u r i f i -  

3. 33 
cation 

224234 

1. F r e e z e  Trap/Spring 
2. Heat T rans fe r / In t e r -  

mediate  Heat Ex- 
changer  

222300 
3. 33 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. HNPF 
2. Secondary d ra in  tank 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 2447 

1. HNPF 
2. P r i m a r y  cold t r a p  No. 2 (outlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 350 'F 
4. Work r eques t  No. 1079 

1. HNPF 
2. Secondary cold t r a p  (inlet) 
3. 3- 10 ps i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 115 

1. HNPF 
2. Secondary cold t r a p  (inlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 0 ° F  
4. Work r eques t  No. 115 

1. HNPF 
2. Secondary cold t r a p  (inlet) 
3. 3- 10 p s i  hel ium when draining 

sodium, 200 to 3 5 Q " F  
4. Work r eques t  No. 275 

1. H N P F  
2. IHX-3/freeze t rap-No.  13 
3. 3- 10 p s i  hel ium wheh draining 

sodium, 200 to 3 5 0 ° F  
4. Work request  No. 1903 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

CAUSE 

- - 
MI 
115 

MI 
32 1 

MI 
339 

MI 
115 

MI 
410 

MI 
410 

- 

MODE 

- - 
MI 
52 

MI 
5 2  

MI 
54 

MI 
52 

MI 
53 

MI 
55 

- 

- 
-F E C  

- - 
MI 
530 

MI 
550 

MI 
550 

MI  
550 

MI 
550 

MI 
530 

- 

- 
FERATIN( 
HOURS 

3250 

Unknown 

Unknown 

Unknown 

Unknown 

Unknowr 

- 

METHOD O F  FAILURE 
DETECTION 

Operational monitors  

During actuation 

Operat ional  monitors  

Operat ional  monitors  

Operat ional  monitors  

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Packing worn out. 
2. P a r t  replaced. 
3. Packing rings should be  insulated f r o m  heat  and hot 

sodium vapors  which evidently contribute to wea r  and 
degradation of the packing rings. 

1. Shaft stop missing.  
2. Local  r epa i r ,  ins tal led shaf t  s top in  shaft assembly.  
3. Tighter  quality control  and inspection on components 

that  have been overhauled. 

1. Cam dr ive  shaft sagged and bent at packing. 
2. Local  r epa i r ;  c a m  shaft straightened. 
3. P o s t  instruct ions that ca l  rod hea te r s  a r e  not to  be  

used  to heat  f r e e z e  t r a p  a s sembl i e s .  
shortening of d r ive  shaft m a y  help to prevent  this 
type of fa i lure .  

1. Gap a t  packing allowed hel ium to l eak  out of system. 
2. Local  repair ;  removed rough spots  inside c a m  shaft 

housing. 
3. P o s t  instruct ions that  ca l  rod hea te r s  a r e  not to b e  

used to heat  f r e e z e  t r a p  a s sembl i e s .  Possible  
shortening of dr ive shaft m a y  help to prevent  this 
type of fa i lure .  

Possible  

1. Spring loose. 
2 .  Component co r rec t ive  modification; r e t a ine r  spr ings 

replaced with s t ee l  space r s .  
3. Ei ther  u se  s teel  s p a c e r s  a s  i n t eg ra l  design component 

o r  a spr ing of sufficient tension and m a t e r i a l  com- 
patible with this type of a tmosphere.  

1. Spring stuck. 
2. Component co r rec t ive  modification; r e t a ine r  spr ing 

3. None. 
replaced with a solid follower (s teel  space r ) .  

* I  

Q 



t) 

1. COMPDNENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

* 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

- 

TEh 

- - 
36 

37 

38 

39 

40 

41 

- 

1. T r a p s / W i r e  Mesh 
2 .  Nuclear  Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T r a p s / W i r e  Mesh 
2. Nuclear Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T r a p s / W i r e  Mesh 
2. Nuclear Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T r a p s l W i r e  Mesh 
2. Nuclear Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T raps IWire  Mesh 
2. Nuclear  Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T raps IWire  Mesh 
2 .  Nuclear  Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

T A B L E  1-114 

FAILURE DATA FOR -AT I 

1. EBR-I1 
2. Fue l  handling machine 
3. - 
4. PMMR-57 

1. EBR-I1 
2 .  Fue l  handling machine 
3. - 
4. PMMR-85 

1. EBR-J.I 
2. F u e l  handling machine 
3. - 
4. PMMR-88 

1. EBR-I1 
2. F u e l  handling machine 
3. - 
4. PMMR-92 

1. EBR-II 
2. F u e l  handling machine 
3. - 
4. PMMR-97 

1. EBR-I1 
2. Fue l  handling machine 
3. - 
4. PMMR-99 

(Sheet 8 of 12) 

I 

= INCIDENT MI = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

ZAUSE 

- - 
MI 
218 

MI 
218 

MI 
218 

MI 
500 

MI 
500 

MI 
500 

- 

- 
MODE 

- - 
MI 
51 

MI 
51 

MI 
51 

MI 
BZ 

MI 
BZ 

MI 
BZ 

- 

- 
.FFEC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATIN( 
HOURS 

i30 

LOO 

(100 

960 

576 

720 

.- 

METHOD OF FAILURE 
DETECTION 

3perat ional  monitors  

During inspection of 
sys t em associated to  
failure component 

Operational monitors  

Operational monitors  

Operational monitors  

Operational monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Vapor t r a p  plugged. 
2.  P a r t  replaced. 
3 .  None. 

1. Vapor t r a p  plugged. 
2 .  P a r t  replaced. 
3. None. 

1. Vapor t r a p  plugged. 
2 .  P a r t  replaced. 
3. None. 

1. Vapor t r a p  plugged. 
2. T r a p  replaced.  
3. P e r f o r m  engineering analysis  of problem and redesign 

1. Vapor t r a p  plugged. 
2. T r a p  replaced.  
3. Recur r ing  problem. Analyze and redesign 

1. Vapor t r a p  plugged. 
2. T r a p  replaced.  
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEh 

- - 
42 

43 

44 

45 

46 

47 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. T r a p s / W i r e  Mesh  
2. Nuclear  Fue l  Handling 

and Storage Equipmeni 
/Cooling 

3. 33 
235140 

1. T r a p s  /Argon Line 
2. Nuclear  F u e l  Handling 

and Storage Equipmeni 
/Cooling 

235140 
3. 33 

1. T r a p s / W i r e  Mesh  
2. Nuclear  F u e l  Handling 

and Storage Equipmen 
/Cooling 

3. 33 
235140 

1. T r a p s / W i r e  Mesh 
2. Nuclear  F u e l  Handling 

and Storage Equipmen 
/Cooling 

235140 
3 .  33 

1. T r a p s I W i r e  Mesh 
2. Nuclear  F u e l  Handling 

and Storage Equipmen 
/Cooling 

235140 
3. 33 

1. T r a p s I W i r e  Mesh  
2. Nuclear  Fue l  Handling 

and Storage Equipmen 
/Cooline - 

3. 33 
235140 

* I = INCIDENT 

. T A B L E  l - l 1 4  

FAILURE DATA FOR (GENERAL) 

(Sheet 9 of 12) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-II  
2. F u e l  handling machine 
3. - 
4. Operations weekly r epor t ,  1/68 

1. EBR-II  
2. F u e l  handling machine 
3. - 
4. Operations weekly r epor t ,  2 /68 

1. EBR-II 
2. Fue l  handling machine 
3 .  - 
4. PMMR-40, 8 /65  

1. EBR-I1 
2. F u e l  handling machine 
3 .  - 
4. PMMR-43, 9/65 

1. EBR-LI 
2. Fue l  handling machine 
3 .  - 
4. Operation maintenance r epor t ,  6 /68  

1. EBR-I1 
2 .  Fue l  handling machine 
3. - 
4. Operation maintenance r epor t ,  8 /68  

II = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

CAUSE 

- - 
MI 
500 

MI 
218 

MI 
218 

MI 
218 

MI 
500 

MI 
218 

- 

MODE 

- - 
MI 
BZ 

MI 
51 

MI 
51 

MI 
51 

MI 
BZ 

MI 
51 

- 
FF E F  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

)PER ATlNl 
HOURS 

954 

13,380 

2670 

400 

1860 

1440 

METHOD O F  FAILURE 
DETECTION 

During preventive 
maintenance 

During preventive 
maintenance 

Operational monitors  

Operational monitors  

During actuation 

During routine 
inspection 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Vapor t r a p  plugged. 
2. T r a p  replaced.  
3. None. 

1. Vapor t r a p  plugged. 
2.  P a r t  replaced.  
3. None. 

1. Vapor t r a p  plugged with liquid me ta l  condensation. 
2. P a r t  replaced.  
3. P e r h a p s  a longer  d r ip  t ime of fuel a s sembly  in 

t r a n s f e r  port  plus a s lower r a t e  of removal  f r o m  
molten sodium. 

1. Vapor  t r a p  plugged. 
2.  P a r t  replaced. 
3 .  None. 

1. Vapor t r a p  plugged. 
2. T r a p  replaced.  
3 .  None. 

1. Vapor t r a p  plugged. 
2. P a r t  replaced.  
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 

Q 8 



- 

TEh 

- - 
48 

49 

50 

51 

52 

53 

- 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1 .  T r a p s f w i r e  Mesh 
2. Nuclear  Fue l  Handling 

and Storage Equipment 
/Cooling 

235140 
3. 33 

1. T r a p s f w i r e  Mesh 
2. Nuclear  Fue l  Handling 

and Storage Equipment 
f Cooling 

235140 
3 .  33 

1 .  T r a p s f w i r e  Mesh 
2. Heat  T r a n s f e r f D r i e r s  

~~ 

1. COMPONENT/PART 1 1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-J.I 
2. Fue l  handling machine 
3. - 
4. Operation maintenance report. 9 /68 

1. EBR-11 
2. Fue l  handling machine 
3. - 
4. Operation maintenance report ,  10168 

1. EBR-I1 
2. P r i m a r y l a r g o n  system 

and T r a p s  

224640 
3. 33 

.~ 

4. Operations weekly report, 7-31-68 

I .  T r a p s f w i r e  Mesh 1 .  EBR-11 
2. Heat T r a n s f e r f l n e r t  I 2. Secondaryfgas bleed off 

3. 33 
Gas  Supply and Monitor 

224600 

1. T r a p s f v e n t  Pipe 
2.  Heat T r a n s f e r /  

Purif icat ion 
3. 33 

224233 

1 .  T r a p s  /Heater  
2 .  Heat  T r a n s f e r I D r i e r s  

and T r a p s  
3. 33 

224610 

3. - 
4. Operation maintenance report ,  

6-5-68 

1. EBR-I1 
2. P r i m a r y f t e m p o r a r y  cold t r a p  loop 
3. - 
4. ANL-6705 

1. EBR-I1 
2. P r i m a r y f f i s s i o n  gas  monitor 
3. - 
1. PMMR-31 

II = MINOR MALFUNCTION 

(Sheet 10 of 12) 

FAILURE INDEX 

:AUSE 

- - 
MI 
218 

MI 
5 00 

MI 
218 

MI 
118 

I 
500 

MI 
500 

- 

CODE* - 
MODE 

- - 
MI 
51 

MI 
BZ 

MI 
51 

MI 
51 

I 
BZ 

MI 
1 2  

- 

- 
:FFECl 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

I 
530 

MI 
530 

- 

PERATIN( 
HOURS 

120 

720 

15,240 

14,880 

1000 

2190 

METHOD O F  FAILURE 
DETECTION 

Routine instrument  
reading, d i r ec t  
ab s e rvation 

During preventive 
maintenance 

Operational monitors  

During actuation 

Protect ive sys t ems  

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Vapor t r a p  plugged. 
2 .  P a r t  replaced.  
3 .  None. 

1. Vapor t r a p  plugged. 
2 .  T r a p  replaced.  
3 .  P e r f o r m  engineering analysis  of problem and 

recommend change ‘_n design. 

1.  Vapor t r a p  plugged. 
2. Local  r e p a i r ;  t r a p  was removed, cleaned, and 

3. Instal l  hea t e r s  on t r a p  t o  pe rmi t  blowing down 
reinstal led . 
without r emova l  of t r ap .  

1. Vapor t r a p  plugged. 
2. Tempora ry  r epa i r .  
3. Closely monitor vapor t r a p  level  indicator  when 

filling vesse l .  
t r ap .  

Per iodical ly  t e s t  and operate  vapor  

1 .  Vent pipe developed a sma l l  hole in  i ts  wall. Damage 
was under  $25, but one pe r son  slightly burned by 
sodium. 

2. Unknown. 
3. Requires  m o r e  s t r ingent  quality a s su rance  on pipe 

inspections before  installation. 

1. Heater  burned out. 
2 .  P a r t  replaced.  
3. None. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEtV 

- - 
54 

55 

56 

57 

58 

59 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. T r a p s l W i r e  Mesh 
2. Heat T r a n s f e r / D r i e r s  

3. 33 
and T r a p s  

224640 

1. T r a p s / W i r e  Mesh  
2. Heat T r a n s f e r / D r i e r s  

3. 33 
and T r a p s  

224640 

1. T r a p s / W i r e  Mesh  
2. Nuclear  F u e l  Handling 

and Storage Equipmen 
/Cooling 

3. 33 
235140 

1. T r a p s / W i r e  Mesh 
2. Nuclear  F u e l  Handling 

and Storage Equipmen 
/Cooling 

235140 
3. 33 

1. Traps/Adjust ing Shaft 
2.  Steam, Condensate and 

Feedwa te r  Piping and 
Equipment/Main Stear 

281000 
3. 33 

1. T raps /Gaske t  
2 .  Steam, Condensate anc 

Feedwa te r  Piping and 
Equipment/Main Stear 

281000 
3. 33 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

TABLE 1-114 

FAILURE DATA FOR TRAPS (GENERAL) 
(Sheet 11 of 12) 

1. EBR-I1 
2 .  P r i m a r y / f i s s i o n  gas  monitor  
3. - 
4. PMMR-57 

1. EBR-I1 
2. P r i m a r y l a r g o n  purification 
3. - 
4. PMMR-108 

1. EBR-I1 
2. F u e l  handling machine 
3. - 
4. PMMR-102 

1. EBR-I1 
2. Fue l  handling machine 
3. - 
4. Operation weekly r epor t ,  11 /67 

1. EBR-11 
2. Main s t e a m  ( t r a p  PVT-5)  
3. - 
4. PMMR-4 

1. EBR-I1 
2. Main s t e a m  ( t r ap  PVT-5)  
3. - 
4. PMMR-4 

I I  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

;AUSE 

- - 
MI 
218 

MI 
?18 

MI 
218 

MI 
500 

MI 
500 

MI 
500 

- 

- 

MODE 

- - 
MI 
51 

MI  
51 

MI 
51 

MI 
B Z  

MI 
59 

MI 
BZ 

- 

FF E C  

- - 
M I  
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
'PERATIN( 

HOURS 

$400 

11,320 

475 

2 156 

1200 

1200 

- 

METHOD OF FAILURE 
DETECTION 

Operational mon i to r s  

Operational monitors  

Operational monitors  

Operational monitors  

Repair  of p r i m a r y  
fai lure  

Di rec t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Vapor t r a p  plugged with sodium. 
2. Local  r epa i r ;  uni t  was  heated and sodium drained.  
3. If space pe rmi t s ,  i nc rease  s i ze  of t r a p  for  longer 

se rv i ce .  

1. Wi re  m e s h  plugged 
2. P a r t  replaced.  
3. None. 

1. Vapor t r a p  plugged. 
2 .  P a r t  replaced. 
3. None. 

1. Vapor t r a p  plugged 
2. T r a p  replaced. 
3. None. 

1. Adjusting shaft broken. 
2.  P a r t  replaced. 
3. Determine cause of fa i lure  and confer with manufac- 

t u r e r  before  replacing pa r t .  
be necessa ry .  

Redesign of pa r t  m a y  

1. Gasket  worn out. 
2.  P a r t  replaced. 
3. Determine cause of fa i lure  and confer with manufac- 

t u r e r  before  replacing pa r t .  
be necessa ry .  

Redesign of par t  m a y  

Q Q 



(D 

. C OM PONE NT/P AR T 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystern) 

. T r a p s I G a s k e t  . Steam,  Condensate and 
Feedwater  Piping and 
Equipment /Main Steam 

281000 
. 33 

. T r a p s l S t e e l  Bal l  

. Steam,  Condensate and 
Feedwater  Piping and 
EquipmentIMain S tean  

281000 
I. 33 

. T r a p s l D r a i n  
.. Steam,  Condensate and 

Feedwater  Piping and 
EquipmentfMain S tean  

283000 
:. 33 

= INCIDENT 

(Sheet 12 of 12)  
~~ 

1 .  FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

t .  SOURCE DOCUMENT 

. EBR-I1 . Main s t e a m  ( t rap  PVT-2) . -  

. PMMR-75 

. EBR-LI 

. Main s t e a m  ( t rap  PVT-5) . -  . PMMR-1 

. EBR-I1 

. Condensate s y s t e m l a i r  ejector 

. 9 2 ° F  a t  230 psig 

. PMMR-39 

1 = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

w 
500 

MI 
500 

AODE 

- - 
/I1 
IZ 

AI 
5Z 

d1 
t5 

'F E C  

- - 
/I1 
30 

/I1 
830 

d1 
)30 

'ERATINC 
HOURS 

,990 

200 

:670 

METHOD OF FAILURE 
DETECTION 

?reventive 
naintenance 

Xepair of p r i m a r y  
:ailure 

Routine inspection 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Gasket worn  out. 
!. Part replaced.  
3 .  Determine cause of fa i lure  and confer with manufac- 

t u r e r  before replacing par t .  
be necessary .  

Redesign of par t  m a y  

1. Steel  bal l  los t .  
Z. Part replaced.  
3.  Determine cause  of fa i lure  and confer with manufac- 

t u r e r  before  replacing par t .  
be n e c e s s a r y .  

Redesign of par t  m a y  

1. Fai lure  of dra in  t r a p  occurred  twice in t h r e e  months - 
chemical o r  electrochemical react ion.  

2 .  Local  repa i r .  
3 .  Faul ty  cast ing - replace t r a p .  

MA = MAJOR MALFUNCTION P = PROBLEM 



T A B L E  1-115 

FA1 LURE D I STR I B UTI ON FUNCTI ONS 
COMPONENT TRAPS (GENERAL) 

COMPONENT SUBTYPE 'ODIUM FREEZE TRAPS ~~ 

FAILURES P/d 0 10 2 
Nuclear Power  Reac tors  

Gg 
52 - 
1 1 

Heat T r a n s f e r  

1 I 

Floa t  

Housing 

+ Vent 
a Shaft Stop - a .  
+ C a m  Actuator 
w C a m  Shaft Housing I 

e 

I 

z 
z 

Spring I 

Packing 

C a m  Drive Shaft I 

C a m  Drive 

2 

r 
I I 

Envir onmental  
Human e r r o r  

v) 
3 Inherent l 
a .  u - 

I I 

Mechanical L System/component inoperative 

Labor and m a t e r i a l s  loss  only 
w 
LL 
L L  
W 

7 
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T A B L E  1-116 

FAILURE D I  STRl BUTlON FUNCTl ONS 
COMPONENT TRAPS (GENERAL) 

COMPONENT SUBTYPE ’ODIUM TRAPS 

FAILURES (%I 0 I 
Nuclear T e s t  Reac tors  

Fuel  Handling 

Iner t  Gas  Supply 

Heat T r a n s f e r  

ln 

I I 

Wire Mesh 

Argon Line 

Vapor T r a p  Vent P ipe  

Vapor T r a p  Heater 

I - 
Environmental  - 

73 Unknown 7 
v) 

a 

“1 
I I 

Mechanical 

Metallur ica l  

Unknown 

Labor  and m a t e r i a l s  l o s s  only 

4 
i 
I 
_I t 

3 

LMEC-Memo-69-7, Vol  I 
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TABLE 1- 117 

FA1 LURE D I  STR I B UTI ON FUNCTl ONS 
COMPONENT TRAPS (GENERAL) 

COMPONENT SUBTYPE STEAM TRAPS 
FAILURES (7'0) 0 1 

Nuclear T e s t  Reac tors  Id 2L 

Steam, Condensate, Feedwater 

Gasket - 
Adjusting Shaft - 

I- Steel  Ball 
a 

- 
C-L 

0 

0 
0 i ! E l  

I I  

I 

Mechanical - 
w Unknown - 
n 1 

~ 

I 

Mechanical - 
w Unknown - 
n 1 

~ 

I t  I 
1 1  1 

Labor  and mater ia l s  loss only 

I t  1 
LMEC-Memo-69-7, Vol I 
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TABLE 1-118 

W vr 
3 ’  a 
u 

w a 
0 
5 

GENERAL SUMMARY 

Environmental . 1 

Impurity /contamination I- 

Human error  
Inherent 

Unknown 

, Elect‘rical 

, Mechanical 

, Metallurnical ’ 
, Unknown I- 

Other - 
I 1 

w I I 
S r I I I I I l  

I 
I 

I 1 1 I 1 I I 1 

Sodium freeze  traps 

Sodium vapor traps 

Steam traps 

TOTAL FAILURES PER TYPE 0 10 20 30 

I 

m 

m 

Sodium freeze  traps 

Sodium vapor traps 

Steam traps II 

t I l l  

I I I l l  
1 I 

I I I 
1 

OPERATlNGHOURS(TH0USANDS)O 20 40 60 80 100 1 
Sodium freeze  traps 

Sodium vapor traps I 

Steam traps I 

> 
I- a w I I I / I I I  

I I I I I I I  
t 1 I I I I I  

I FAILURE RATE (FAILURES/106 hr) 0 

s 
100 200 3 

~ 1 
b - 

1 140 1 

1 700 8 

1. 

2 - 

I 
0 
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14. Valves 

a. Introduction 

The valve types for which malfunction data a r e  considered in this section 

include: gate, globe, butterfly, check, and safety valves. 

ence includes serv ice  in gases ,  steam, water ,  and sodium. 

failure repor t s  collected f rom plants, facilities, and loops in connection with 

nuclear r eac to r s  a r e  included in this section. 

i temized in Table 1 - 11 9.  

The failure experi-  

A total of 287 

The collected information is 

Typical valve failure experience includes: (1) external leaks,  internal leaks,  

mechanical damage to  component par ts ,  and non-operation. 

qua r t e r s  of these  reported fai lures  were  detected by d i rec t  observation and one- 

quar te r  by monitors .  Of the fai lures  discovered by observation, about one-third 

were  found during preventive maintenance. 

Approximately three-  

b. 

are 

into 

Summary of Tabulated Da ta  

The data in Table 1-119 a r e  summarized in Tables 1-120 t o  1-126. 

subdivided into water  loops: circulating, condensate, and feedwater;  then 

s team, miscellaneous,  and sodium loops. 

Under the above headings, the data a r e  fur ther  grouped into: 

The data 

1) Type of plants where the information came from. 

2 )  Systems where the valves actually operated. 

3 )  Valve components which failed. 

4) Fa i lu re  cause.  

5) Fai lure  mode. 

6 )  Fa i lure  effect. 

4 

The majori ty  of information, as indicated in the Fa i lure  Distribution Tables 

1 - 120 to  1 - 125, comes f rom experience collected f rom nuclear test  r eac to r s  and 

component tes t  facilities, where valve operating environments and requirements 

are perhaps more  severe than in regular  power generating plants. 

give failure occurrence percentages for the main valve components for each 

group of fluids. A s  would be expected, the circulating water  table shows no 

valve body failures,  since low p res su re  and tempera ture  requirements  can be 

The tables  
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easily fulfilled with high reliability. Low temperature  and somewhat higher 

p re s su res  of condensate water shows some failures,  including flange gasket 

failures.  Feedwater with medium tempera tures  but high p r e s s u r e s  show an @ 
increase  in fa i lures  with the accent again on the flanges. 

in the high tempera ture  and p res su re  s team lines show the occurrence of com- 

patibility problems between seldom-used housing ma te r i a l s  and water contam- 

inants (chlorides).  

experiments for ma te r i a l  compatibilities. 

mainly grouped around the reinforcements af ter  replacing bellows sea ls  with 

freeze seals .  

Valve body failures 

The miscellaneous valve body failures a r e  the resul t  of 

Sodium valve body problems a r e  

The subject experience on sodium service valves is probably not 

representat ive of future service,  because so many of the valves have been 

reworked. 

Valve seat  problems for valves in water account for a much l a rge r  percent 

of the problems compared to  the valves in s team and sodium service.  

The explanation for the large rat io  of s tem failures in the circulating water 

sys tems is probably due to  the fact that the water is not chemically t reated and 

that the valves a r e  more  frequently used than those in other loops. 

Actuator and linkage data a r e  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.  

ra te  information has been discontinued until a la te r  date. 

c. Discussion 

Computation of updated failure 

To aid in understanding the following discussion, characteristics of the 

various valve types a r e  given in the following discussion. 

(1)  General  

Components in the p r imary  loop of a nuclear reactor  must  have a highdegree 

of reliability since accessibil i ty for repa i r  is l imited and depends in par t  on the 

radioactive decay t ime of the p r imary  loop fluid. 

generate ra ther  than solve problems. Valves with internal components remov- 

able f rom the reactor  containment without too much disturbance to  the loop a r e  

under t e s t  now to facilitate maintenance of seldom-used valves.  

Valve redundancy tends t o  

. 

@ 
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Compatibility of valve component mater ia ls  with the fluid car r ied  in the 

piping is important t o  reduce maintenance problems. 

t imes neglected during repa i rs  i f  proper  spare  par t s  a r e  not stocked, and sub- 

This requirement  is some- 

stitutions made. 

Improperly performed quality assurance and quality control lead t o  s tar tup 

troubles and malfunctions. 

long period of operation. 

Some of these problems become evident only af ter  a 

Even the best  designed and manufactured valves will perhaps malfunction i f  

servicing and shipping instructions a r e  not followed, foreign mater ia l  is left in 

the loop, o r  valve actuators a r e  improperly installed. 

Plant  operators '  manual should instruct  operators that valves a r e  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 t o  reduce the likelihood of actuating a wrong valve, particularly during 

emergencies .  

tions a s  an aid in emergency applications. 

The marking should include the normal  and the special  valve posi- 

Valves can be connected t o  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 

o r  systems with high bending s t r e s s e s  and thermal  t ransients .  

Manufacturer recommendations with respec t  t o  gasket mater ia l  and specifi- 

cations, for bolts and nuts mater ia l  (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 a r e  loosened. 

Bolts exposed t o  high temperature  (600°F  and above) a r e  subject to  creep;  

therefore,  af ter  each major  temperature  cycle the flange bolts should be checked 

for tightness. 

A se r i e s  of s t eam and water  leaks reported a t  flange connections previously 

reported in this handbook were  corrected by using improved gasket mater ia ls .  
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Threaded Connections 

Threaded connections a r e  mainly for  small-sized valves in low temperature  

(300°F and below) and p res su re  (150 psig) applications. 

instructions supplied by the manufacturer should be followed. 

s izes  of 1 in. and below, since cracking of the ma te r i a l  at the root of the thread 

is the usual consequence. 

appears  only af ter  a few weeks or  even months. 

Seal r ing and torquing 
@ 

Do not overtorque 

Crack propagation is sometimes so slow that the leak 

Welded C onn e ction s 

Two types of welded connections a r e  used. F o r  small pipe s izes  (3 in. and 

below) socket welds a r e  acceptable and for  l a rge r  s izes  butt-welded connections 

a r e  typical. 

Welding instructions a r e  given in codes, usually l isted in the procurement 

specifications of the valves. 

small surface welds applied during maintenance repa i rs .  

( 2 )  Detailed Discussion 

Welding quality tes t s  should be performed even for 

F o r  the detailed discussion below, the valves will be grouped in accordance 

@ 
with the fluids carr ied:  gas ,  steam, water,  and liquid sodium. 

Fa i lu re s  of valve components a r e  discussed in the following groups: body, 
including bonnets and yokes; seat, considering a l so  discs ,  plugs, and diaphragms; 

and s team, including s t em extensions, bushings, packings, and glands. A t  the 

end of each discussion, recommendations a r e  given based on the analyzed fai lures .  

G a s  Valves 

The following gaseous fluids a r e  considered: air for  instrumentation signal 

t r ans fe r  and for  valve actuator sys tems and iner t  gases  (e. g . ,  nitrogen, argon, 

and helium) used as cover gases  above the f r ee  surface of liquid sodium. 

usually at environmental t empera tures  of 50 to  90°F  and p res su res  not higher 

than 200 psig. 

seldom above 300 psig. 

A i r  is 

Cover gas tempera tures  approximate 9 0 0 ° F  and the p re s su re  is 

Body - Valves carrying high-temperature cover gases  required bonnet and 

stem reinfor cement. 

Seat - A valve supplying air for a control valve actuator leaked enough to  
c_ 

actuate the control valve intermittently, causing ser ious plant disturbances.  

LMEC-Memo-69-7, Vol I 
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1 

Such sea t  leakage problems were  the resu l t s  of foreign par t ic les  ca r r i ed  to  and 

partially impressed  into the valve seats .  

have developed sufficient corrosion to  leak through the valve seats.  

corrosion caused the valve plug to  s t ick in the valve seat.  

damage occurred due to  a fast-acting, high-force actuator.  

Corrosive vapors in gas / a i r  l ines  

In one case,  

Valve component 

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 s t em galling and one case of worn packing is 

reported in the listing. 

venting system. 

Shafts and bushings of a i r  dampers  became stuck in a 

Other - O-rings wore out in some valves causing frequent maintenance, 

The valves were redesigned. 

Recommendations - A s  was ear l ie r  suggested, gaskets should be replaced 

whenever the seal  is loosened. 
torquing instructions. 

Keep spare  sea l  r ings in stock and follow bolt 

Use ups t ream f i l ters  and desiccants to maintain clean, smooth valve seats  

and eliminate leakage. 

I Keep valve s t ems  clean and f r ee  f rom paints o r  corrosive lubricants.  

The use of extreme force in closing valves should be avoided. Back off 

manually operated valves slightly f rom the end positions. 

Apply packing mater ia l s  and torquing procedures a s  suggested by the manu- 

fac turer ,  

for packing changes. 

Accurate maintenance records  will help to  determine the time intervals  

Selection of proper valve types (F igures  1-31 through 1-35), sizes,  and 

mater ia l s  compatibility is s t ressed .  

Steam Valves - 
Since industrial  and electr ical  'power generating plants have used the basic 

types of these valves for  a long period of t ime, the following discussions re fer  

to types built more  specifically for nuclear fueled plants. 1 

Body - Where flanged connections a r e  still in use,  new-type gaskets and 

bolts have improved the leakage problems. 
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- ROTATED90O !r 

I 
7-7694-2 13-6 

Figure 1 - 3 1. Blocking and Diverting 
Valve (Bellows Stem Seal)  
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INERl  - GAS 

. .  

CON NE CTI ON 

' BELLOWS 

LMEC-M 

June 3 0 ,  1970 

.em( 
1-3  

7693-5466 

Figure 1-32. Combination 
F reeze -  Stem Bellows 

Seal Valve 

3 -  69- 7 ,  Vo 
38  

1 1  



7-7694-2 13-15 

Figure 1-33. Freeze-Seat-Type 
Valve 
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SPRING L O A D E D  
P A C K I N G  G L A N D  

H O L L O W  V A L V E  S T E M  

HIGH T E M P E R A T U R E  
A S B E S T O S  P A C K I N G  

W E L D E D  BODY-  
B O N N E T  J O I N T  

- 

G U A R D  P I P E  ANCHOR 

7-7694-2 13-4 

Figure 1-34. Sodium Blocking Valve 
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H O L L O W  V A L V E  

HIGH T E M P E R A T U R E  
S T E M  F R E E Z E  S E A L  A S B E S T O S  P A C K I N G  
D E V I C E  F O R C E D  
C O N V E C T I O N  C O O L I N G  

B A C K  S E A T I N G  

V A L V E  GONNE 

I N T O  S E A T  BY 
C A G E  A T  F U L  

7-7694-2 13-8 
L E A K  D E T E C T O R  

Figure 1 - 3 5 .  Sodium Throttling Valve 
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Valve bodies of Type 347 SS ma te r i a l  developed strong chloride s t r e s s  co r -  

rosion c racks ,  which can resu l t  in long plant operational delays. 

valves were  replaced by valves of 2-1 /4  C r  - 1 Mo type mater ia l .  

Type 347 SS 
@ 

High-velocity, low-quality s team generates erosion damage on the internal 

sur face  of a valve body. This damage may be res tored  by fill-in welding. 

Seat - The majori ty  of internal valve leakage is the resu l t  of seat  o r  plug 

erosion at high s t eam velocities. 

Steam a lso  leaks through cracked seats,  which frequently is  the consequence 

of ex t reme closing force applied. 

Valve seat  c racks  a r e  occasionally developed by the rma l  s t r e s s e s  following 

s teep  the rma l  gradients in high-temperature plant operations. 

Stem - Frequent ly  used valves naturally wear  faster. W e a r  is accelerated 

by tight tolerances between s t em and guides at high tempera tures .  

packing ma te r i a l  can a l so  reduce the service life of a s t em and improperly in- 

stalled packing will leak ear l ie r .  

Noncompatible 

Re commendations - 

Body - The danger of chloride s t r e s s  corrosion exis ts  in high-temperature 

(over  1000"F) ,  h igh-pressure pipe loops fabricated f r o m  Type 300 s ta inless  s teels .  

If hydrostatic testing with water  ra ther  than some other fluid is necessary ,  u se  

highly purified water  with chloride content below 0.1 ppm. 

0 

Select sys tem conditions so as to  reduce the probability of flashing inside 

If a valve in a near -sak i ra ted  s team loop may  experience 
the valve body since this will cause erosion, o r  corrosion, thereby reducing 
valve life expectancy. 

high-flow velocity of degrading steam quality, placing a condensate separa tor  up- 

s t r e a m  will improve valve function and life span by reducing erosion. 

Seat - The sea t  at plug surfaces  contact point should be properly lapped 

with hard ma te r i a l s  (usually Stellite) t o  provide longer se rv ice  life. 

Valve operators  manual should contain instruction to  avoid application of 

excessive forces  (by wrench o r  chea ters )  in e i ther  of the ex t reme valve positions, 

which may  resu l t  in either sea t  welding or  sea t  cracking. 
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In high-temperature,  high-pressure s t eam lines,  valve seat cracking caused 

by thermal  t ransients  can be great ly  reduced by requesting a uniform wall thick- 

ness .  Some flexibility in the sea t  car ry ing  section a s s u r e s  less leakage through 

the equalizing of small distortions.  

Stem - A  major  percent of valve s t e m  leaks a r e  the resul t  of improper  

packing methods. 

t ions for valve stem packing procedures.  

consider the frequency of operation of each valve in the plant. 

The valve maintenance manual must  include proper  instruc-  

The valve maintenance schedule mus t  

Water Valves 

Valves built for  water  show a grea t  var ie ty  in type and size.  Usually the 

tempera ture  ratings a r e  below the steam saturation point; p re s su re  rating may 

reach  the cr i t ical  p re s su re .  

problems are mainly associated with the high-pressure,  fast-acting type valves. 

Since water valve development is well advanced, 

Body - The problems with flanged s t eam valves a r e  a l so  valid for high- 
temperature  and high-pressure water applications, For low p res su res  and tem- 

pera tures ,  carbon or  ferritic steels a r e  used;  however, near critical p re s su res ,  

alloy s teels  should be used. 

low-temperature  pipe l ines.  

Bronze valves a r e  used only in low-pressure  and 

Flanged or  even screw type connections may  be justified a t  lower p r e s s u r e  

in o r d e r  to  facilitate maintenance of frequently actuated valves.  

should minimize load input to  the valve and the higher c.orrosion sensitivity of 

the threaded connections should be considered in the maintenance requirements .  

Faci l i ty  design 

Lack of proper  quality control has  resulted in: body leakage and even rup-  

ture, while sma l l e r  fa i lures  have required ear ly  valve repa i rs .  

ma te r i a l  selection and the result ing incompatibility yielded fai lures  of plastic 

valves . 

Improper 

Seat - Valve plug and seat  cracking probably resul ted f rom the use  of closing 

forces  above the safe limit. 

valve actuators ,  or spring loading mechanism for  safety valves. 

sea t  was perhaps the resu l t  of poor workmanship and quality control. 

Similar  damage can be the consequence of maladjusted 

A loose valve 

Relapping of closing sea t  surfaces  have eliminated seat  leakages in safety 

and control valves.  

valves o r  cooling-water-spray shut-off valves. 

The same  applies to seldom-used valves such a s  sight glass  
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If possible plant control malfunctions a r e  not considered in selecting valve 

sizes,  unstable subsystem operations may result .  

Solenoid valve diaphragm cracking can be the resul t  of high closing force,  

o r  fluid incompatibility with the diaphragm. 

Stem - Problems with these valve components a r e  similar to  those €or  s team 

Force  applied to  the s t em above the buckling limit caused permanent 

Packing and consequent gland galling resulted 

valves. 

bending o r  worn s t em threads .  

e i ther  in rough control operation or  the s t em jamming in the open position. 

Improper  thermal  expansion tolerances between s tem and gland can make a valve 

inoperative. 

above design p res su re  for  a shor t  period of t ime. 

will leak. 

caused the ea r ly  opening of a safety valve o r  the poor closing character is t ics .  

Good packing mater ia l  should have enough resi l iency to seal  slightly 

Dried out and worn packings 

Instability of valve spring constants o r  improper  adjustment may have 

Recommendations - Many of the recommendations given for s team valves 

a l so  apply to  valves for water sexvice: 

1 )  Select valves with mater ia l  compatibility o r  protect the valves f rom 
water  impurit ies like chlorides,  boron, hydrogen, etc. Type 300 SS 

ma te r i a l  may be sensitive to each in the few-ppb range. 

2 )  Since nuclear reac tor  s c r a m s  reduce heat generation a t  a fas ter  ra te  

than fossil-fuel-operated plants, thermal  s t r e s ses  will tend to be more  

severe  in the valve body and sea t  a rea .  

given to  the design and selection of valves for this service.  

3 )  Fast-act ing control valve actuation is needed t o  meet  reactor  s c r a m  
requirements .  

Increased attention must  be 

4) High p res su re  drops in control valves can excite vibration and cavi- 

tation problems. 

5 )  Mater ia ls  should be selected so  as to  have compatibility between body, 

seat ,  plug disc,  and lapping mater ia l s .  

6 )  Maintenance followup programs should be introduced in each plant to  

establish maintenance schedules for:  seat-plug lapping periods, s tem 

wear  checking, changing dr ied out o r  worn out packing, and operator  

linkage-wear inspection. 
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7)  Manufacturers '  instructions should be requested o r  plant maintenance 

experiences collected for  packing mater ia l  selection, packing proce-  

dures ,  and torquing values for  high p res su re  valves in each plant. 
@ 

8) Valve identification marking methods should be defined and tags 
attached to  the valves showing normal  and emergency positionings. 

Plant  opera tors '  manual should requi re  checking of the position of 

manually operated valves after maintenance and repa i r  periods. 

Liquid Sodium Valves 

Functions of the liquid sodium valves a r e  similar to  water types;  however, 

differences a r e :  

lems, in the in-leakage limitations because of the high chemical affinity of sodium 

for  oxygen (in a i r ) ,  in the s t r e s s  analysis because of the higher heat t ransfer  and 

conductivity coefficients of sodium as compared to  water ,  and in the s izes .  Some 

variations in conventional valve designs that have performed satisfactorily in 

sodium sys tems a r e  i l lustrated in F igu res  1-31 through 1-35. 

in the material selection because of sodium compatibility prob- 

Basic valve materials for  liquid sodium service a re  alloy steels (Cr-Mo 

types) and s ta inless  s teels  (Type 300 or  Type 400 se r i e s ) .  

a r e  used almost  exclusively. 

represent  a problem area. 

Welded connections 

The welding of these d iss imi la r  mater ia l s  may 

Present ly  the valve stem seal types depend on the valve s ize .  Small  valves 

tend to use  bellows seals ,  with the maximum deflection and allowable fatigue 

s t r e s ses  vs  operating cycles as the limiting parameters .  Larger-s ize  valves 

a r e  built with f reeze  seal  s t ems  to  reduce extreme valve dimensions. Exotic 

types of seals  a r e  under consideration with some in the testing stage. 

Body - When flanged connections a r e  in the loop, loose bolt connections 

would be expected af ter  thermal  t ransients  and the resulting leak may develop 

into sodium f i re .  

mation af ter  expansions and contractions. 

A s imi la r  situation could be the consequence of O-ring defor- 

A number of bellows-sealed valves were modified to  f reeze-sea l  s tems,  with 

the resul t  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 sea t  surface 

p re s su res  a r e  sufficiently high to  bring the disc-seat  mater ia l s  within molecular 

distance of each other, sea t  welding may occur, rendering the valve inoperative. 

A s  indicated in References 5 and 9, harder  sea t  lapping ma te r i a l s  (e.  g . ,  Stellite) 

r e s i s t  sea t  welding even at high surface p re s su res .  

Sodium leakage may develop a t  the back seat  of a fully open valve i f  the 

p r i m a r y  (and secondary) seals  fail and the contacting surfaces  a r e  not maintained 

in good condition. Seat and plug relapping r e s to re s  valve seat  seals .  

Improper  quality assurance  and control can lead to  ea r ly  malfunctions of 

valves with inherent design e r r o r s  o r  manufacturing misalignment between sea t  

and plug/disc.  

Forcing a plug into the sea t  may dis tor t  the seat  so that  leakage develops. 

This is possible in e i ther  the fully open o r  fully closed position. 

c i rcumstances this ex t reme force can cause seat-self-welding (References 4 and 5) .  

Stem - Different configurations of bellows-type s t em seals  have been used. 

Under cer ta in  

A s  seen in F igure  1-31, the bellows a r e  welded a t  the bottom par t  of the s t em 

and at the bonnet flange at the top. 

a moving flexibility for  the plug. 

the increasing valve s izes  resulted in such a high frequency of bellows fai lures  

that  many of the sodium valves have been converted into frozen seal  types, as 

shown in Figure 1 - 3 2 .  The f reeze  sea l  can be cooled by environmental a i r  using 

fins around the bonnet, o r  by other fluids with tempera ture  control within the 

bonnet. 
Forced  air f reeze  seal  and graphite asbestos  gland packing is used for  the gate 

valve in F igure  1-33. 

in Figure 1-34. 

u r e  1-35 for  ball-type flow-control valve. 

This gives a complete mechanical seal  with 

Incomplete empir ical  design of the bellows and @ 

Safety requirements  suggest a combination of the presently used seals .  

A se r i e s  of f reeze  bellows-packing gland seals  a r e  depicted 

F r e e z e  seal  and backup sea t  combination can be seen in F i g -  

The fai lure  repor t s  list bellows cracks  as a resu l t  of intergranular  attack 

in the heat-affected zone of the weld and fatigue c racks  in the welding. Fatigue 

s t r e s s  c racks  followed by sodium leaks can be blamed for  the grea t  major i ty  of 

fa i lures  in bellows-sealed sodium valves. 

Some fai lures  were caused by sodium solidification in the bellows convolutions 

During the line thawing period, as a consequence of relatively high oxygen content. 

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 resul t  that thermal  

expansion overpressure ruptured the bellows. 

Bellows failures introduced by valve components a r e  listed a s  follows: 

( 1 )  uneven expansion of convolutions because of lack of guidance resulted in local 

overs t resses  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 s t r eam on a bellows resulted in ear ly  fatigue failure.  

The increased use  of f reeze seals  in valves has identified several  problem 

a reas .  

layer  clings to the surface of the stem. 

i s  considerably harder  than the pure sodium. 

stem, 

break-away torque required.  

which requires  valve top work (bonnet) and s t em reinforcements. 

tolerances aggravate the problem. 

additional heating because of the higher melting temperature  of the oxidized 

mater ia l  in the seal  a r ea .  

When the s tem is removed f rom the sodium seal  a r ea ,  a thin sodium 

This thin layer  forms  an  oxide, which 

After several  strokes of the valve 

sodium oxide may f i l l  the seal gap, thereby substantially increasing the 

The higher actuating torque leads t o  a malfunction 

Small gap 

Valves which a r e  seldom actuated require 

Related failures,  but independent of the sea l  type, resulted in three  cases  

of non-concentricity of the s tem and bushing. 

A unique valve malfunction occurred due to  interference between the moving 

s t em and the electr ical  wires  of the sodium leak detectors in the valve bonnet. 

A discussion of f reeze seal  problem a r e a s  and proposed techniques for 

improving freeze sea l  design a r e  given in References 7 and 8. 

Recommendations - F o r  valve bodies, body shapes which a r e  adaptable t o  

reliable s t r e s s  analyses should be selected. 

a r e  to  be avoided in order  to  reduce s t r e s s  concentrations, thermal  s t resses ,  

and seat  distortions. 

tighter seal. 

Abrupt body c ross  section changes 

However, slightly flexible seat  supports tend t o  give a 

Minimizing flow directional changes tends to improve valve operation by r e -  

ducing flow-induced vibrations, and tends to provide lower pressure  loss  ac ross  

the valve. 
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The high chemical  affinity of sodium excludes the use  of organic ma te r i a l s  

(e. g . ,  Teflon) in valves even in such applications as  in the presence of sodium 

vapor at low p r e s s u r e s  and tempera tures  (e. g . ,  in cover-gas exhaust line valves).  

Check valve leak problems a r e  l e s s  likely if the disc  is closing in the ver t ical  

position. Horizontally seated check valves a r e  spring loaded; however, spr ings 

with stable charac te r i s t ics  over a long period of t ime in a high-temperature 

environment a r e  yet to  be developed. 

In general ,  safety valves a r e  not necessary  in liquid sodium loops. Over- 

p r e s s u r e s  due to  fluid hammer  effects can be controlled by properly selecting 

valve closing t imes  in consideration of pump-motor iner t ias .  

ated by r e l ease  of chemical energy can be safely controlled by rupture  discs .  

P r e s s u r e s  gener-  

The use  of bellows sea ls  is sat isfactory for valve s izes  up to  4 in. ,  i f  the 

physical dimensions a r e  acceptable and the fatigue life of the bellows is com- 

patible with the expected actuation cycles.  

theoret ical  methods and incorporating materials tes ted for  long fatigue life at 

high tempera tures  (Reference 6 ) .  

New bellows a r e  being designed using 

Important design considerations a r e  as follows: 

1)  Bellows s t r e s ses  a r e  great ly  reduced i f  the iner t  gas  p re s su re  applied 
outside the bellows is equal t o  that of sodium. 

2)  Elimination of vibrations enhances fatigue life expectancy. 

3 )  Limit  seating force to avoid sea t  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  opera tors '  manual should contain filling, drainage, and thawing 

instructions emphasizing that thawing be s ta r ted  at that end of the line 

where adequate space is available for sodium expansion without 

p r e s s u r e  r i se .  

The f reeze  seal  is a relatively thin layer  of sodium between the s t e m  and 

guide at a tempera ture  which can maintain the sea l  but with a shear  s t r e s s  low 

enough t o  allow valve s t em movement with reasonable torque loads. 
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The main design and operation considerations a r e  

1) Use of cover gas with low oxygen content t o  reduce the oxidization 

process .  

2 )  Actuating force can be reduced with only rotating motion in the seal 

a rea .  

3 )  Seal reliabil i ty is improved with the addition of other types of seals  

and the inclusion of backup valve seats .  

4) The valve actuator mus t  be able to apply the break-away force as well 

a s  properly position the valve and supply a sufficient but not excessive 

sea t  closing force.  

5)  F a s t  valve stroking action may a l so  be required.  

6 )  Heaters  in the seal  a r e a  of seldom-used valves may be required to  
melt the seal material with high sodium oxide content. 

The selection of an actuator requi res  careful consideration of ma te r i a l  com- 

patibility, not only of liquid and vapors of sodium, but a l so  with the different 

cover gases .  

solenoid actuator mus t  be included. 

The effect on the electr ical  insulation of e lectr ical  motors  or  the 

The principal investigator of this ma te r i a l  was K. A.  Bonyhady. If addi- 

tional information regarding valve failure experience is required,  contact K. A .  

Bonyhady, E. Ferguson,  o r  B. S. Pilling at LMEC. 

Pages 1-349 through 1-352 deleted. 
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TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 1 of 52) 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(Systern/Subsystem) 

1. Valve /F loa t  
2. Feedwate r  Supply and 

Trea tmen t  Sys tem/  
Chemica l  T rea tmen t  
Facil i ty 

273300 
3. 20 

I. Valve /Floa t  
2.  Feedwater  Supply and 

Trea tmen t  Sys tem/  
Chemical  T rea tmen t  
Fac i l i ty  

273300 
3. 20 

1. Valve/Seat  
2. Steam, Condensate ,  

and Feedwater  Piping 
and Equipment /Valves  

284300 
3. 20 

1. ValvefLower Bushing 
2. Steam, Condensate ,  
. and Feedwater  Piping 

and Equipment / Valves 

284300 
3. 20 

1. ValvelUpper  Seat  
2. Steam, Condensate ,  

and Feedwater  Piping 
and Equipment/Valves  

284300 
3. 20 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. Trea ted  water  s y s t e m  valve to 

precoa t  f i l t e r  and deminera l izer  
3. - 
4. Incident r e p o r t  No. 314 (11-3-66) 

1. SCTI 
2. Trea ted  water  s y s t e m  d e a e r a t o r  

valve 
3. - 
4. Incident r e p o r t  No. 313 (11-2-66) 

1. EBR-II 
2. Startup boiler feed pump 
3. - 
4. Operat ions weekly r e p o r t  (2-28-68) 

1. EBR-LI 
2. Motor dr iven feed pump (P5-VC- 

596) 
3. 1250'F. 1265 psig 
4. PMMR-27 

1. EBR-II  
2. Motor dr ived feed  pump 

3. - 
4. PMMR-27 

(PS-VC- 596) 

I = MINORMALFUNCTION , 

= PROBLEM 

- 

FAILURE INDEX 
CODE* - 

AUS 

- - 
MI 
182 

MI 
182 

MI 
500 

MI 
500 

MI 
500 

- 
MODE 

- - 
MI 
17 

MI 
17 

MI 
BZ 

MI 
52 

MI 
52 

- 
FFEC 

- - 
MI 
550 

MI 
550 

MI 
530 

MI 
530 

MI 
530 

- 
PER ATIM 
HOURS 

- 
1015 

1568 

13.620 

'2 

'2 

METHOD OF FAILURE 
DETECTION 

Direc t  observat ion 

Direc t  observat ion 

Direc t  observat ion 

Operat ional  moni tors  

Operat ional  moni tors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. C i rcu i t  b r e a k e r  to  pump P - 7  t r ipped  a s  demand for 
water  from P - 7  was excessive,  causing overload to 
pump. The rma l  overload burned out. 

!. Valve thrott led to  reduce  flow and pump P - 7  r e s t a r t e d .  
I. Keep flow demand a t  s y s t e m  design li~nits. 

L. Circui t  b r e a k e r  to  pump P - 9  t r ipped due to excess ive  
demand. Deaera tor  float valve s tuck  o p e n  

!. Pump P - 7  s t a r t e d  to continue operation. Sys t em 
to  P - 9  re turned  to  normal .  

I. Keep flow demand a t  s y s t e m  design limits so that  
pump m o t o r s  a r e  not overloaded. 

I. Seal  r ing s u r f a c e  was  worn out. 
!. Local  r e p a i r ,  sur face  was remachined.  
I. None. 

I. Valve leaking. 
!. Local  repa i r .  
I. I r r e g u l a r  control c h a r a c t e r i s t i c s  and nois 

valve operat ion should be observed ea r l i e r .  
o p e r a t o r s '  training should be improved.  

during 
P lan t  

I. Valve leaking. 
I. Local repa i r .  
I. I r r e g u l a r  control c h a r a c t e r i s t i c s  and noise during. 

valve operat ion should be observed ea r l i e r .  P lan t  
o p e r a t o r s '  training should be improved. 



c 
T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 2 of 52)  

1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Lower Seat  
2. S team,  Condensate,  

and  Feedwater Piping 
and  Equioment/Valves . .  

3 .  20 
284300 

1. Valve/Seat 
2 .  Steam,  Condensate, 

and Feedwater Piping 
and  Equipment/Valves 

284300 
3. 20 

1. Valve/Stem Connector 
2. Steam, Condensate,  

and  Feedwater Piping 
and  Equipment/Valves 

284300 
3 .  20 

1. Valve/Body 
2 .  Steam,  Condensate, 
. and Feedwater Piping 

and Equipment/Valves 

284300 
3. 20 

1. Valve/Nipple 
2.  Steam,  Condensate, 

and Feedwater Piping 
and Equipment/Valves 

284300 
3 .  20 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
2. Motor driven feed pump 

3. - 
4. PMMR-27 

(P5-VC-596) 

1. EBR-II 
2. Motor driven feed pump 

3. - 
4. PMMR-36 

(P5-VC - 506) 

1. EBR-I1 
2.  Motor driven feed  pump 

3 .  - 
4. PMMR-42 

(P5  -VC - 506) 

1. EBR-II 
2. Motor driven feed pump 

3. - 
4. PMMR-72 

(P5-VC - 596) 

1. EBR-II 
2 .  Motor driven feed  pump 

3. - 
4. PMMR-25 

(P5-  VC - 596) 

* I = INCIDENT I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
456 

MI 
47 5 

- 

MODE 

- - 
MI 
53 

MI 
53 

MI 
50 

MI 
55 

MI 
7 3  

- 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

- 

IPERATIN 
HOURS 

72 

)OS 

480 

1610 

I610 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Routine inspection 

Preventive 
maintenance 

Operational moni tors  

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve leaking. 
2. Loca l  repa i r .  
3. I r r e g u l a r  control  c h a r a c t e r i s t i c s  and noise  during 

valve operation should be observed  e a r l i e r .  
P lan t  o p e r a t o r s '  t ra ining should b e  improved. 

1 .  Valve s e a t  worked  loose. 
2. Loca l  r e p a i r ,  s e a t  was retightened and spot  welded 

into place. 
3. Since the sea ts  w e r e  welded in  p lace  not too long 

before ,  be t te r  workmanship could avoid this  fa i lure .  
Improve  quality control  over r e p a i r s .  Assembly  
procedure  needed. 

1. Valve thread  connecting s t e m  to  opera tor  was 
s t r ipped.  

2. Part replaced. 
3. Assembly  procedure  needed. 

1. This w a s  repor ted  as a fa i lure  i n  a new valve. 
2. Loca l  repa i r .  
3. Bet te r  receiving inspection o r  Quality Assurance  

before  instal la t ion can prevent such malfunctions. 

1. Nipple cracked. 
2. P a r t  replaced.  
3. Welding of 1 -  1 /4  C r -  1 /2  Mo s t e e l  to carbon s t e e l  shall 

conform to code requi rement .  Improper  welding can  
r e s u l t  i n  c r a c k s  at s m a l l  thermal  expansion differ-  
ences .  With proper  construction supervision such  
e r r o r s  could be avoided. Use proper  specif icat ion 
and procedures .  



1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

PERATINC 
HOURS 

44 

3314 

72 

508 

3400 

770 

- 

~ 

11 

1. Valve/Packing 
2. Steam, Condensate,  

and Feedwater Piping 
and Equipment/Valves 

284300 
3. 20 

1. Valve f Packing 
2. S team,  Condensate,  

and Feedwater Piping 
and Equipment/Valves 

284300 
3. 20 

12 

1. ValvelPacking 
2. S team,  Condensate,  

and Feedwater  Piping 
and EquiprnentlValves 

284300 
3. 20 

13 

14 

15 

16 

- 

1. Valve/Stop (For  A i r  

2. S team,  Condensate, 
P is ton)  

and Feedwater Piping 
and Equipment/Valves 

284300 
3. 20 

1. Valve/Upper Bushing 
2. S team,  Condensate,  

and Feedwater  Piping 
and Equipment/Valves 

3. 20 
284300 

1. Valve/Lower Bushing 
2. S team,  Condensate,  

and Feedwater Piping 
and Equipment/Valves 

284300 
3. 20 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 3 of 52)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

!I. SOURCE DOCUMENT 

. EBR-II 
:. Motor dr iven  feed pump 

1. - 
4. PMMR-44 

( ~ 5 - v c - 5 9 6 )  

I .  EBR-I1 
?. Motor driven feed pump 

3 .  - 
$. PMMR-91 

( ~ 5 - v ~  -596) 

1. EBR-I1 
2.  Motor driven feed  pump 

3. - 
4. PMMR-27 

(P5-VC- 596) 

!. EBR-II 
!. Motor driven feed pump 

I .  - 
t .  ANL-7122, PMMR-52 

(P5-VC-  596) 

I .  EBR-I1 
?. Feedwater hea te r  No. 1 

3. - 
+. PMMR-75 

( ~ 5 - v c - 6 0 9 )  

1. EBR-Ll 
2. Feedwater  hea te r  No .  4 

3. - 
( ~ 5 - v c - 6 0 9 )  

4. PMMR-36 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
122 

MI 
172 

MI 
500 

MA 
500 

MI 
500 

MI 
500 

IODE 

- - 
MA 
59 

MI 
59 

MI 
53  

MA 
59 

MI 
BZ 

MI 
BZ 

- 

- 
'F EF 

- - 
MA 
520 

MI 
550 

MI 
530 

MA 
520 

MI 
530 

MI 
530 

- 

METHOD OF FAILURE 
DETECTION 

~ 

J i rec t  observation 

3pera t iona l  moni tors  

Operational moni tors  

3pera t iona l  monitors 

prevent ive  
maintenance 

Routine inspection 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. P l a n t  shutdown due to packing blowout. 
.. P a r t  replaced. 
,. P r e s s u r e  control  valves should be able  to  r e s i s t  

cer ta in  over -pressures .  
can ts  is advisable in  c a s e  of valve lubr ica tor  
rupture .  
assembly  of  p a r t s  and u s e  of  mater ia l s .  

Using higher r a t e d  l u b r i -  

Review procedures  to  a s s u r e  proper  

I. Broken stop. 
!. Local  r e p a i r .  
3 .  None. 

1. Valve leaking. 
2. Local repa i r .  
3. I r r e g u l a r  control  c h a r a c t e r i s t i c s  and noise  during 

Plan t  valve operation should b e  observed  e a r l i e r .  
o p e r a t o r s '  t ra ining should b e  improved. 
procedure  to  a s s u r e  proper  assembly .  

Review 

I .  Valve fa i led  and i s  not repa i rab le .  
!. T e m p o r a r y  jury  r i g  - an  or i f ice  was  instal led in  the 

d ischarge  l ine f r o m  the pump and p r e s s u r e  d r o p  w a s  
controlled with 2 valves downstream. 
Previous  repa i r  t ime s e e m e d  to  be too shor t  for the  
descr ibed  work. 
e x e r c i s e d  for such  cr i t i ca l  r e p a i r .  

3 .  
C l o s e r  quality control  should b e  

1. Packing de ter iora ted  and  leaking. 
?. P a r t  replaced.  
3 .  None. 

1. Packing de ter iora ted  and leaking. 
2. P a r t  replaced. 
3. None. 



- 

TElV 

- - 
17 

18 

19 

20 

21 

22 

- 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Flange 

2. Steam, Condensate, 
Gasket 

and Feedwater Piping 
and Equipment/Valves 

284300 
3 .  20 

1. Valve/Gasket 
2. Steam, Condensate, 

and Feedwater  Piping 
and EquipmentIValves 

284300 
3. 20 

1. Valve /Body 
2. Steam, Condensate, 

and Feedwater  Piping 
and Equipment/Valves 

284300 
3. 20 

1. Valve /Solenoid 
2. Steam, Condensate, 

and Feedwater  Piping 
and Equipment/Valves 

284300 
3. 20 

1. Valve/Stem 
2. Steam, Condensate, 

and Feedwater  Piping 
and Equipment /Valves 

284300 
3. 20 

1. ValvelSeat 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipmentlvalves  

284300 
3. 20 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 4 of 52) 

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. Feedwater heater No. 3 

3. - 
4. PMMR-51 

(P3  -VC - 5 0 8 )  

1. EBR-II 
2. Feedwater heater No. 3 

3. - 
4. PMMR-75 

(P3-VC-508) 

1. EBR-LI 
2. Feedwater heater No. 3 

3. - 
4. PMMR-92 

(P3-VC-508) 

1. EBR-II 
2. Startup boiler feed pump 
3. 364°F - 1300 psig 
4. PMMR-49 

1. EBR-II 
2. Motor driven feed pump 

3. - 
4. PMMR-52 

(governor valve) 

1 .  EBR-U 
2. Motor dr iven feed pump 

3. - 
4. PMMR-42 

(relief valve) 

: I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
COO€* 

AUSf 

- - 
MI 
500 

MI 
500 

MI 
454 

MI 
500 

MI 
500 

MI 
500 

UOOE 

- - 
MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
12 

MI 
54 

MI 
BZ 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
530 

- 

)PERATIN( 
HOURS 

3850 

2 140 

2910 

Unknown 

3890 

3722 

METHOD OF FAILURE 
DETECTION 

Preventive 
maintenance 

Preventive 
maintenance 

Direct  observation 

Operational monitors  

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Flange gasket leaking. 
2. P a r t  replaced. 
3. None. 

1. Gasket leaking. 
2. P a r t  replaced. 
3. None. 

1. Leakage through porous valve body. 
2. Repair  was performed by internal grinding and welding 

the affected area.  
3 .  P r o p e r  quali ty a s su rance  t e s t  could detect  this fault of 

the valve body. 

1. Solenoid coil burned out. Loading valve on No. 3 

2. P a r t  replaced. 
3 .  None. 

cylinder.  

1. Stem was  bent. 
2. Local r epa i r ,  s t e m  was  straightened. 
3. None. 

1. Valve would not sea t ,  stuck open. 
2. P a r t  replaced. 
3. None. 



T A B L E  1-119 

FAILURE DATA FOR VALVES 

- 

'EM 

- - 
23 

24 

25 

26 

27 

- 

,. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

1. CODE: 
(Component) 
(System/Subsystem) 

. Valve/Disk . Steam, Condensate,  
and Feedwater Piping 
and Equipment/Valves 

284300 
,. 20 

. ValveIPacking .. Steam, Condensate,  
and Feedwater  Piping 
and Equipment /Valves 

284300 
8 .  20 

. ValveIStem 
:. Steam, Condensate,  

and F e  edw a t  e r Piping 
and EqulpmentlValves 

284300 
i. 20 

!. Valve/Plug 
!. Steam, Condensate,  

and Feedwater Piping 
and Equipment /Valves 

284300 
i. 20 

I. ValveISeat 
t. Steam, Condensate,  

and Feedwater  Piping 
and EquiprnentiValves 

284300 
1. 20 

1. FACIL ITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

. EBR-II .. Motor driven feed pump (warmup 
l ine)  PF- 13 

5. - .. PMMR-58 

. EBR-LI 
!. Motor dr iven feed pump (warmup 

l ine)  P F - 1 3  
). - 
L. - 

. EBR-II 
!. Feedwater  - motor  driven feed 

pump warmup  line (PF- 13) 
). - 
I. PMMR-69 

I. EBR-11 
!. Feedwater - motor  driven feed 

i. - 
&. PMMR-69 

pump warmup  line (PF- 13) 

I .  EBR-I1 
2 .  Motor driven feed pump 
3. - 
1. PMMR-5 

~ 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

(Sheet 5 of 52) 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
122 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

dODE 

- - 
M I  
5 9  

MI 
BZ 

MI 
B Z  

MI 
59 

MI 
B Z  

=F EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

'ERATINC 
HOURS 

460 

200 

40 

840 

1200 

- 

METHOD OF FAILURE 
DETECTION 

'r eventive 
naintenance 

Xrec t  observation 

3r eventive 
naintenance 

3r eventive 
naintenance 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Valve received considerable punishment due to 
excessive p re s su re  drop a c r o s s  the seat.  

. P a r t  replaced. . If the l i fe  period of a valve repair  is l e s s  than the 
plant preventive maintenance cycle,  i t  should be  
replaced with a bet ter  design. 

. Packing worn out. 

. P a r t  replaced and t ie rod installed to  l imi t  vibration. 

. Since vibration aggravates  the wea r  of the valve 
packing, installation of a t ie rod i s  only a t empora ry  
solution. Longer, re l iable  se rv i ce  r equ i r e s  e l imi-  
nation o r  reduction of piping vibration. 

. Valve plug and s t e m  fa i lure  due to seve re  working 
conditions. 

. P a r t s  replaced. 

. None. 

. Valve plug and s t em fa l lure  due to  s e v e r e  working 
conditions. 

.. P a r t s  replaced. 
!. None. 

. Valve relieved a t  lower than se t  p re s su re .  
!. P a r t  replaced. 
I .  None. 



'Eh 

- - 
28 

29 

30 

31 

32 

- 

~ 

. COMPONENT/PART 

'. SYSTEM/SUBSYSTEM 

i. CODE: 
(Component) 
(System/Subsystem) 

. ValvelSeat (Locked 

:. Steam, Condensate,  
Open)  

and Feedwater  Piping 
and  EquipmentIValves 

284300 
I .  20 

I. Valve/Plug 
!. Feedwater  Supply and 

Trea tmen t lFeedwa te r  
Purification 

273100 
I. 20 

I. Valve/Stem !. Steam, Condensate.  
and  Feedwater  Piping 
a n d  EquipmentlValves 

284300 
1. 20 

1. ValveIBody 
?. Feedwater  Supply and 

Treatment/Storage 
Faci l i t ies  

272400 
3. 20 

1. Valve/Body 
2. Feedwater  Supply and 

TreatmentIStorage 
Faci l i t ies  

272400 
3. 20 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 6 of 52 ) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

~~ ~ 

. EBR-II 
:. Feedwater /motor  drlven feed pump 
,. 3 6 4 ' ~ .  670 to  90 gpm, 1500 pslg. 

3580 RPM 
1. ANL 6808 

I .  SCTl  
!. Steam and feedwater system valve 

(FR-20 1V) 
I .  375'F 
L. IMPR No. 344 

I. EBR-11 
?. motor  driven feed pump 

3. - 
$. PMMR-102 

(PS- VC - 596) 

1. SCTI 
?. Treated motor  s y s t e m  
3. 100 ps i  at  130'F 
$. Incident r epor t  No. 36 

1. SCTI 
2. T rea t ed  water  sys t em 
3. 2 in. ,  150 psi ,  100°F 
$. Incident r epor t  No. 42 

11 = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
333 

MA 
122 

MI 
456 

MI 
417 

MI 
4 17 

- 
MODE 

- - 
MI 
51 

MA 
59 

MI 
55 

MI 
59 

MI 
59 

- 
TEC- 

- - 
MI 
530 

MA 
520 

MI 
530 

MI 
35 

MI 
35 

PERATINC 
HOURS 

Start up 

1500 

1016 

1668 

2397 

METHOD OF FAILURE 
DETECTION 

iperational monitors  

) i rec t  observation 

)perational monitors  

I i rec t  observation 

) i rec t  observation 

1. FAILURE DESCRlPTlON 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Valve locked in open position. 
2 .  Vendor r epa i r  of component. 
3. Operating procedures  should be m o r e  closely followed 

(a) A signoff sys t em should be u s e d  on the preventive 

(b) step-by-step checkoff sheet s y s t e m  should be 

(c) back off valve one-half turn when fully opening 

maintenance work when completed,  

used for plant operation, 

valve. 

1. Valve rework,  revealed cracked and broken valve plug 
1.  Replaced part .  
3. None. 

1. Valve s t e m  stuck. 
2. Local  r epa i r ,  out of tolerance p a r t  w a s  remachined. 
3. Quality control could eliminate improperly manu- 

factured par ts .  

1. PVC (plastic) ma te r i a l  spli t  open in  the body section. 
2. Component correct ive modification, p las t ic  valve and 

associated plactic sys t em replaced with metal  valve 
and piping. 

3. More careful  selection if used under special  
conditions. 

1. Body of valve cracked. 
2. P a r t  replaced. 
3. None. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION p = PROBLEM 



TABLE 1-119 

FAILURE DATA FOR VALVES 

1. ValvelO-Rings 
?. Steam, Condensate, 

and Feedwater Piping 
and EquipmentIValves 

3. 20 
284300 . . . . ~ . . ~  

1. Valve/Nipple 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Valve 

284300 
3. 20 

1. Valve/Body 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Valves 

284300 
3. 20 

1. Solenoid Valve/ 

2 .  Feedwater Supply and  
Diaphragm 

Trea tment  / 
Deminera l izers  

272200 
3. 20 

1. Relief ValveISeat 
2. Steam, Condensate, 

and Feedwater Piping 

- 

TEk 

- - 
33 

34 

35 

36 

37 

38 

- 
* I  

1. EBR-II 
2. Feedwater (No. 1 and 3 suction 

valves) 
3. - 
4. Operationweekly repor t ,  51 1 /68  

1. EBR-II 
2. Feedwater 
3. 364"F, 1500 psig 
4. PMMR-27 

1. EBR-I1 
2. Feedwater 
3. 364'F, 1500 psig 
4. PMMR-27 

1. SCTI 
2. Trea ted  water sys tem valve SV-D. 

Deminera l izer  D-1 
3. 35 gpm a t  30-100 psig 
4. Incident r epor t  No. 342 

1. EBR-II 
2. Startup boiler feed pump relief 
3. - 

3 .  CODE: 3. OPERATING CONDITIONS 

(Component) 4 .  SOURCE DOCUMENT 
(Svstem/Subsvstem) 

and Equipment/Valv& 

284300 
3. 20 

4. Operating maintenance repor t ,  
6 I26 I68  

1 .  ValvelSpring 1. EBR-II 
?. Steam, Condensate, 2. Startup boiler feed pump 

and Feedwater Piping 3. 364"F, 1300 psig 
and EquiprnentlValves 4. PMMR-42 

284300 
3 . 2 0  1 
= INCIDENT MI = MINOR MALFUNCTION 

(Sheet 7 of 52)  

FAILURE INDEX 
CODE* 

.AUSI 

- - 
MI 
500 

MI 
452 

MI 
452 

MI 
131 

MI 
500 

MI 
500 

MODE 

- - 
M I  
BZ 

MI 
59 

MI 
59 

MI 
59 

MI 
BZ 

MI 
55 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

)PERATIN( 
HOURS 

13,620 

1682 

1682 

4210 

15, 168 

3722 

METHOD OF FAILURE 
DETECTION 

Preventive 
maintenance 

Direc t  observation 

Direct observation 

Routine a r e a  watch 

Operational monitors 

Operational monitor 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. O-r ings  worn out. 
2. P a r t  replaced. 
3. Possibly se lec t  O-r ing  of different mater ia l .  

1. Nipple ruptured. 
?. P a r t  replaced. 
3. Proper ly  managed quality control could eliminate 

this failure. 

1. Valve ruptured. 
2. P a r t  replaced. 
3. Proper ly  managed quality control could eliminate 

this failure. 

1. Valve diaphragm cracked. 
2. Replaced part .  
3. Determine, f romana lys i s ,  compatibility of mater ia l s .  

1. Seat worn out. 
2. Local repa i r .  
3. Relief valves should be checked periodically a s  a pa r t  

of a preventive maintenance schedule. 

1. Safety valve opened and would not r e sea t .  
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

EM 

- - 
39 

40 

41 

42 

43 

44 

- * 

. . COMPONENT/PART 

! . SY STEM/S U BSY STEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

I .  Valve/O-Ring 
!. Steam, Condensate,  

and  Feedwater  Piping 
and Equipment/Valves 

284300 
1. 20 

I. ValvelCasket  
?. Steam, Condensate,  

and Feedwater  Piping 
and  Equipment/Valves 

284300 
3. 20 

1. Valve/O-Ring 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlValves 

3. 20 
284300 

1. Valve/Seat 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlValvei 

284300 
3. 20 

1. ValvelNipple 
2. Steam, Condensate, 

and Feedwater  Piping 
and EquipmentlValvei 

284300 

Deleted 

3. 20 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 8 of 52 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. EBR-LI . Startup boiler feed pump No. 2 
suction valve 

. -  
.. PMMR-96 

. EBR-LI 
:. Startup boiler feed pump 

L. PMMR-42 
). - 

I .  EBR-l l  
!. Startup boiler feed pump (No. 3 

I .  - 
L. PMMR-96 

suction valve) 

I .  EBR-I1 
t. Startup boiler feed pump (p res su re  

relief valve) 
1. - 
1. Operations monthly report ,  11/67 

1. EBR-II 
2. Startup boiler feed pump (p res su re  

relief valve) 
3. - 
4. Operations monthly repor t ,  11/67 

I1 = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

\USE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
122 

nODE 

- - 
MI 
52 

MI 
59 

MI 
52 

MI 
65 

MI 
59 

- 

-F E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

'ERATIN( 
HOURS 

rnknown 

722 

Jnknown 

!2.594 

12,594 

METHOD OF FAILURE 
DETECTION 

'r eventive 
iaintenance 

bperational monitor 

' reventive 
naintenance 

h r i n g  r epa i r  of 
ssociated sys t em 

Xrec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3 .  RECOMMENDATIONS 

. O-ring worn out. 

. P a r t  replaced. 

. Investigate u s e  of different  O-r ing mater ia l .  

. Gasket blew out. 
.. P a r t  replaced. #. None. 

. 0- ring worn out. 
!. P a r t  replaced. 
1. Investigate use  of different O-ring mater ia l .  

I .  Valve sea t  erosion. 
!. Local repair .  
I. None. 

I .  Nipple broken. 
t. P a r t  replaced. 
1. None. 



T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 9 of 52) 

* 

- 

TEh 

- - 
45 

46 

47 

48 

49 

- 

1. COMPONENT/PART 

1 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(SystedSubsystern) 

1. ValvelPacking 
2.  Steam, Condensate, 

and  Feedwater  Piping 
and Equipment/ 
Feedwater  Heater 

284200 
3. 20 

1. ValveISeat 
2. Steam, Condensate, 

and Feedwater  Piping 
and Equipment/ 
Feedwater  Heater 

284200 
3. 20 

1. Valve/Gasket 
2. Steam, Condensate, 

and  Feedwater  Piping 
and Equipment/ 
F e e  dwa t e r  Heater 

3. 20 
284200 

1. ValveIPacking 
2. Steam, Condensate,  

and Feedwater Piping 
and Equipment/ 
Feedwater  Heater 

3 .  20 
284200 

1. ValvefPacking 
2. Steam, Condensate,  

and Feedwater  Piping 
and Equipment/ 
Feedwater  Heater 

284200 
3. 20 

= INCIDENT 
MA = MAJOR MALFUNCTION 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. Feedwater  heater  No. 4 
3. Shell s ide - 480"F, 1200 psig 

1500 psig 
4. PMMR-72 

Tube s ide - 565"F, 

1. EBR-JJ 
2. Feedwater  heater  No. 3 sightglass 
3. - 
4. PMMR-76 

1. EBR-I1 
2. Feedwater  heater  No. 4 
3. - 
4. PMMR-29 

1. EBR-lI 
2. Feedwater  heater  No. 4 
3. - 
4. PMMR-30 

1. EBR-lI 
2. Feedwater  heater  No. 4 
3. - 
4. Weekly maintenance report ,  5 /21/68 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MA 
126 

MI 
500 

- 

- 
dOOE 

- - 
MI 
BZ 

MI 
52 

MI 
59 

MA 
52 

MI 
B Z  

- 
=F E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MA 
520 

MI 
530 

- 
IPERATN 

HOURS 

1840 

144 

1850 

2000 

14, 500 

- 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct  observation 

Operational monitors  

Direct  observation 

Routine a r e a  watch, 
d i r ec t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

L .  Packing worn out. 
?. Packing replaced. 
1. None. 

1. Valve leaking past  sea t .  
?. Local r epa i r ,  repaired valve sea t .  
3. N o  requirement  needed. 

L.  Gasket ruptured. 
2.  P a r t  replaced. 
3. None. 

1. Packing ruptured, valve leaking. 
2.  P a r t  replaced. 
3. Ensu re  that the valve packing ma te r i a l  be installed 

properly and that the valve i s  not subjected to 
excessive p r e s s u r e s .  

1. Valve leaked. 
2. Local r epa i r ,  was reconditioned. 
3. None. 



- 

-EN 

- - 
50 

51 

52 

53 

54 

- 

1. COMPONENT/PART 

I .  SY STEM/SUBSYSTEM 

1. CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Seat 
2. S team,  Condensate, 

and Feedwater Piping 
and Equipment/  
F e  e dwa t e r  He a te  r 

284200 
3. 20 

1. Valve/Stem 
2. Steam, Condensate, 

and Feedwater Piping 
and  Equipment1 
Condensate Valves 

283300 
3. 20 

1. Valves/Seat 
2. S team,  Condensate, 

and  Feedwater Piping 
and Equipment/  
Condensate Valves 

3. 20 
283300 

1. Valve/Body 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/  
Condensate Valves 

283300 
3. 20 

1. ValveIBushing 

2. Steam, Condensate, 
and Feedwater Piping 
and Equipment1 
Condensate Valves 

283300 

(Upper) 

3. 20 

* I = INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 10 of 52) 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-Il  
2. Feedwater hea te r  No. 2 
3. ~ 

4. PMMR-46 

1. EBR-Il  
2. High p res su re  f lash  tank 
3. 578.F. 700ps ig  
4. PMMR-80 

1. EBR-II 
2. Main s teamlcondensa te  valve 

3. 150 psig 
4. PMMR-25 

( ~ 5 - v c - 6 2 0 )  

1. EBR-II 
2. Main steam/condensate valve 

3. 150 psig 
4. Operations maintenance report ,  

61261 68 

(P5-VC-620) 

1. EBR-Il  
2. Main steam/condensate valve 

3. 150 psig 
4. PMMR-25 

(P5-VC-620) 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
BZ 

MI 
BZ 

MI 
59 

MI 
B Z  

MI 
68 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATIN( 
HOURS 

3410 

6900 

1610 

13,630 

1610 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Preventive 
maintenance 

Operational monitor 

Direct observation 

During repa i r  of 
p r imary  component 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

I. Valve leaked. 
2. Local r epa i r ,  sea t  and d isc  cleaned, lapped, 

checked, new packing and lubr ica tor  nipple installed. 
3. Preventive maintenance r epa i r  should be per formed 

periodically before leak develops. 

1. Stem worn. 
2. Local r epa i r ,  valve removed and s t em remachined. 
3. Better sightglass ma te r i a l  would reduce the frequency 

of the valve operation, saving valve and s t e m  wear.  
Investigate use  of different mater ia l .  

1. Valve sea t  broken. 
2.  Temporar i ly  reassembled  f o r  continued operation 

(no par t s ) .  
3. As the s ta te -of - the-ar t  advances with l a rge r  FBR's,  

adequate s torage  of spa re  pa r t s  should be m o r e  
closely planned. Do not close valve a s  tight a s  pos-  
sible,  especially when valve is cold. 

1. Valve r epa i r s  completed (only information available).  
2. P a r t s  replaced. 
3. Periodical checking should be a pa r t  of the preventive 

maintenance schedule. 

1. Valve bushings were  galled. 
2. Temporar i ly  reassembled  fo r  continued operation 

(no par t s ) .  
3. As the s ta te -of - the-ar t  advances with l a rge r  FBR ' s ,  

adequate storing of spa re  pa r t s  should be more  
closely planned. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

'EN 

- - 
55 

56 

57 

58 

59 

- 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

i. CODE: 
(Component) 
(Systern/Subsystern) 

1. ValvelBushing 

?. Steam, Condensate, 
(Lower)  

and Feedwater  Piping 
and Equipment/ 
Condensate Valves 

283300 
3.  20 

1. Valve/Stem 
2.  Steam, Condensate, 

and Feedwater  Piping 
and Equipment/ 
Condensate Valves 

283300 
3. 20 

1. Valve/Seat 
2. Steam, Condensate,  

and Feedwater Piping 
and Equipment/ 
Condensate Valves 

283300 
3. 20 

1. Valve/Flange Gasket 
2. Steam, Condensate, 

and Feedwater  Piping 
and Equipment/ 
Condensate Valves 

283300 
3 .  20 

1. ValveiSupport  Valves 
2. Steam, Condensate,  

and Feedwater  Piping 
and Equipment/ 
Condensate Valves 

283300 
3 .  2 0  

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 11 of 52 ) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-II 
2. Main s team/condensate  valve 

3.  150 psig 
2. PMMR-25 

(P5-VC-620) 

1. EBR-II 
2. Main s team/condensate  valve 

3. 150 psig 
4. PMMR-25 

(P5-VC-620) 

1. EBR-II 
2. Main s team/condensate  high 

3. 700 psig.  578°F 
4. Operations maintenance r epor t ,  

p r e s s u r e  flash tank 

week ending 8/14/68 

1. EBR-II 
2. Main s t eam/condense r  bypass valve 

3. 150ps ig  
4. PMMR-80 

(P3-VC -544D) 

1. SCTI 
2. Valves HIC 209 and HIC 210 

controlling flow through condensate 
pump P - 4  

3. Open valves 
4. Incident report  No. 330 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
346 

dODE 

- - 
MI 
68 

MI 
68 

MI 
BZ 

MI 
BZ 

MI 
52  

-F EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
I l l  

- 
PERATIN( 
HOURS 

1610 

1610 

15,240 

6900 

6215 

METHOD O F  FAILURE 
DETECTION 

lur ing r epa i r  of 
i r imary  component 

l u r ing  r epa i r  of 
) r i m a r y  component 

During preventive 
naintenance 

Prevent ive 
maintenance 

Routine instrument  
reading, d i r ec t  
observat ion 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Valve bushings w e r e  galled. . Temporar i ly  r eas sembled  f o r  continued operation 
(no par t s ) .  . A s  the  s ta te-of- the-ar t  advances with l a r g e r  FBR's ,  
adequate s tor ing of s p a r e  pa r t s  should be m o r e  
closely planned. 

. Valve s t e m  was  galled. 
!. Temporar i ly  r eas sembled  for continued operation 

(no par t s ) .  
I. As the s ta te-of- the-ar t  advances with l a rge r  FBR's .  

adequate storing of s p a r e  pa r t s  should be m o r e  
closely planned. 

I. Valve sea t  worn. 
t. Local r epa i r ,  valve disassembled and the sea t  was 

repaired.  
3 .  Possibly different s e a t  ma te r i a l  might  improve 

duration. 

1. Leak a t  gasket.  
?. P a r t  replaced. 
3 .  None. 

1. Ze ro  flow on indicators F I -201  and F1-202 indicating 
valves w e r e  closed o r  clogged - valves  HIC 209 and 
210 closed - standard operating procedures  not 
followed. 

2. Opened valves.  
3. Standard operating procedure should be followed and 

a sys t em insti tuted to  provide verification of 
concurrence.  

* = INCIDENT 
MA = MAJOR MALFUNCTION 



c) 

- 

- E N  

- - 
60 

61 

62 

6 3  

64 

- 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

1. CODE: 
(Component) 
(System/Subsystem) 

I .  ValveIValve Seat 
?. Turbine-Generator 

Units and Condenser /  
Circulating Water 

330000 
3. 20 

1. Valve/Shaft  
?. Turbine-Generator 

Units and Condenser /  
Circulating Water 
System 

330000 
3. 20 

1. ValvelBushing 
?. Turbine-Generator 

Units and Condenser /  
Circulating Water 
System 

330000 
3. 20 

1. Valve/Rubber Seat 
?. Turbine-Generator 

Units and Condenser/ 
Circulating Water 
System 

330000 
3. 20 

1. ValveIStem 
2. Turbine-Generator 

Units and Condenser /  
Circulating Water 
System 

330000 
3. 20 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 12 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SCTI 
2. Cooling water  system/cooling tower 

3. 150 lb WOG 
4. Incident report  No. 300 

E - 5  

1. EBR-II 
2. Cooling tower (by pas s  valve) 
3. 8 4 ° F  
4. PMMR-97 

1. EBR-LI 
2. Cooling tower (YW- 10) 
3. 8 4 ° F  
4. PMMR-101 

1. EBR-II 
2. Cooling tower (north r i s e r )  (YW-IO) 
3. 84°F  
4. PMMR-107 

1. EBR-II 
2. Cooling tower r i s e r  
3. 84‘F 
4. PMMR-109 

!I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 

- 
AUSE 

- - 
MI 
144 

MI 
172 

MI 
500 

MI 
500 

MI 
500 

- 

CODE* - 
MODE 

- - 
MI 
52 

MI 
54 

MI 
55 

MI 
59 

MI 
BZ 

- 

- 
FFECl 

- - 
MI 
530 

MI 
550 

MI 
530 

MI 
530 

MI 
530 

- 

PER ATlNl 
HOURS 

Jnknown 

)345 

3345 

1975 

11,420 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Operational monitors  

Direct  observation 

Operational monitors  

Direct  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Cooling tower dump valve opened, leaking valve 
seat  on air control valve. 

2. Valve replaced. 
3. Upgrade preventive maintenance on i tems. 

1. Shaft was  bent. 
2. P a r t  replaced. 
3. Protect  valve handle, ver i fy  proper  operating 

procedures  . 

1. Bushings jammed. 
2. P a r t  replaced. 
3. Revise  preventive maintenance procedure to  require  

m o r e  frequent valve operation, s t e m  lubrication to  
prevent sticking. 

1. Seat worn out. 
2. P a r t  replaced. 
3. None. 

1. Valve stuck. 
2. Local repair .  
3. None. 



- 

E h  

- - 
65 

66 

67 

68 

69 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

8 .  CODE: 
(Component) 
(System/Subsystem) 

. ValveIStem 
:. Turbine-Generator 

Units and Condenser /  
Circulating Water 
System 

330000 
8 .  20 

. Valve/Opening 
!. Turbine-Generator 

Units and Condenser /  
Circulating Water 
System 

330000 
I .  2 0  

1. Valves/Valve !. Turb ineGenera to r  
Units and Condenser /  
Circulating Water 
System 

330000 
3. 20  

I .  ValveIPacking 
1. Steam, Condensate, 

and Feedwater Piping 
and EquipmentIMain 
Steam Valves 

281200 
3.  20 

1. ValveISeal Ring 
?. Steam, Condensate, 

and Feedwater Piping 
and EquipmentIMain 
Steam Valve 

281200 
3 .  20 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

? .  SOURCE DOCUMENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 13 of 52) 

. EBR-I1 

. Cooling tower Ispraywater  
8 .  8 4 ° F  -. Oper.  maint.  8 /14 /68  

. SCTI 
!. Cooling tower basin dump valve 

(C R -3 OOV) 
I .  3 in . ,  300 psig,  316 SS 
4. Incident r epor t  No. 97 

I .  SCTI 
1. Valve 334F, water  inlet  valve 
3 .  300 psig,  3 in. 
i. SCTI, Incident r epor t  No. 61 

1. EBR-LI 
2. S team systemlshutoff  valve PF-20  

between power plant and sodium 
building 

3.  - 
4. PMMR-29 

1. EBR-I1 
2. Steam systemlShutoff valve PF-20  

between power plant and sodium 
building 

3. - 
4. PMMR-80 

~~ 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
410 

MI 
410 

MI 
500 

MI 
500 

AODE 

- - 
MI 
BZ 

MI 
52  

MI 
55 

MI 
BZ 

MI 
BZ 

- 

'F E C  

- - 
MI 
530 

MI 
590 

MI 
520 

MI 
530 

MI 
530 

- 

'ERATINC 
HOURS 

I ,  320 

Jnknown 

4995 

1110 

1810 

- 

METHOD O F  FAILURE 
DETECTION 

lur ing preventive 
naintenance 

Iperational monitors  

3perational monitors  

Preventive 
naintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Valves binding. 
!. Local repair .  
1. None. 

. Conductivity a l a r m  f r o m  cooling water  sys t em opened 
dump valve. 
cooling water  and adding raw water  lowers  conduc- 
tivity to acceptable l imi t s .  
makeup r a t e  so available water  level drops.  

?. Control a i r  t o  CR-300V shut off closing dump valve 
allowing water  level  to build up. 
valve fi t ted with r educe r s  to reduce flow. 

3 .  Design of valve s i zes  should take possibil i ty of 
problems l ike  above into account. 

L.  Flowrate  of the dump valve exceeded that of makeup 
valve in  automatic operation and the valve stuck i n  
closed position. 

2.  Water dump discharge l ine s i ze  reduced to match the 
makeup valve flowrate. 

3 .  New design considerations w e r e  initiated to on-off 
type makeupfdrawn controls .  

Raw water  add valve opened dumping 

Dump r a t e  exceeds 

Outlet of dump 

1. Packing worn out. 
2. P a r t  replaced. 
3 .  Use proper  packing for service.  

1.  Seal ring leaking. 
2. P a r t  replaced. 
3. None. 



- 
TEM 

- - 
70 

71 

72 

73 

74 

- 

COMPONENT/PART 

SY STEM/SUBSY STEM 

CODE: 
(Component) 
(System/Subsystem) 

ValvelSeat 
Steam, Condensate, 
and Feedwater  Piping 
and EquipmentIMain 
S team Valves 
20 
281200 

Valve /Plug 
Steam, Condensate, 
and Feedwate r Piping 
and Equipment 1 Main 
Steam Valves 
20 
281200 

Valve / Packing 
Steam, Condensate, 
and Feedwater  Piping 
and Equipment/Main 
S team Valves 
20 
281200 

ValveIStem 
Steam, Condensate 
and Feedwater Piping 
and Equipment /Main 
Steam Valves 
20 

281200 

Valve /Bushing 
Steam, Condensate, 
and Feedwater  Piping 
and EquipmentIMain 
Steam Valves 
20 
281200 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

VALVES 
(Sheet 14 of 52) 

FAILURE DATA FOR 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
2 .  Steam sys t emlva lve  PT-25 
3 .  - 
4. PMMR-50 

1. EBR-I1 
2.  Steam system/Valve PT-25 
3. - 
4. PMMR-50 

1. EBR-I1 
2. Main s teamlbypass  valve 

(P3-VC-501B) 
3 .  840"F, 1250 psig 
4. PMMR-29 

1. EBR-I1 
2 .  Main s teamlbypass  valve 

(P3  -VC-5OlB) 
3. 840°F, 1250 psig 
4 .  PMMR-105 

1. EBR-I1 
2. Main s teamlbypass  valve 

(P3-VC-501B) 
3. 840'F. 1250ps ig  
4. PMMR-105 

II = MINOR MALFUNCTION 
P = PROBLEM 

~~ ~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
175 

MI 
175 

MI 
500 

MI 
500 

MI 
500 

IODE 

- - 
MI 
52 

MI 
52 

MI 
59 

MI 
52  

MI 
52  

'F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

M I  
530 

'ERATINC 
HOURS 

4660 

4660 

2110 

1975 

1975 

METHOD OF FAILURE 
DETECTION 

Iperational monitors  

3perational monitors  

Direct observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Valve leaked a s  a resul t  of plug and sea t  deter iorat ion 
!. Temporarily reassembled.  
1. Preventive periodic maintenance could avoid such 

deterioration. 

I .  Valve leaked a s  a resul t  of plug and sea t  deter iorat ion 
?. P a r t  replaced. 
i .  Preventive periodic maintenance could avoid such 

deter iorat ion.  

1. Bad packing leak developed. 
2 .  P a r t  replaced. 
3 .  Prefabricated packing elements and prescr ibed bolt 

torques could eliminate these f a i lu re s .  

1. Stem worn out. 
2 .  P a r t  replaced. 
3. None. 

1. Bushing worn out. 
2 .  P a r t  replaced. 
3 .  None. 



- 

TEl 

- - 
75 

76 

77 

78 

79 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEb 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValvelGasket 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Main 
Steam Valves 

281200 
3. 20 

1. ValvelDisk 
2. Steam, Condensate, 

and Feedwater Piping 
and EquipmentlMain 
Steam Valves 

281200 
3. 20 

1. Valve/Bushing 
?. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Main 
Steam Valves 

281200 
3. 20 

1. Valve V-3129/ 
Adapter Nipple 

?. Turbine-Generator 
Units and Condenser1 
Circulating Water 

330000 
3. 20 

1. Valve/Flange Gasket 
?. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Main 
Steam Valves 

281200 
1. 20 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 15 of 52) 

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-11 
?. Main s teamlbypass  valve 

(P3-VC-501B) 
3 .  840°F, 1250ps ig  
1. PMMR-72 

1. EBR-II 
2 .  Main s teamlbypass  valve 

(P3-VC-501B) 
3. 840°F. 1250 psig 
4. PMMR-94 

1 .  EBR-11 
L. Main s team/bypass  valve 

(P3-VC-50 1B) 
3. 840"F, 1250ps ig  
2. PMMR-94 

1. SCTI 
?. Cooling tower acid sys tem 
3. - 
2. Incident r epor t  No. 80 

1. EBR-LI 
?. Steam system/P3-VC-530 
3. 160 Dsie normal  s e t  noint 
i. PMMR--75 

FAILURE INDEX 
CODE* 

AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
277 

MI 
500 

UOOE 

- - 
MI 
BZ 

MI 
52 

MI 
52 

MI 
91 

MI 
BZ 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

= MINOR MALFUNCTION 
I = PROBLEM 

)PERATIN 
HOURS - 

830 

1945 

1945 

5925 

5990 

- 
r 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Preventive 
maintenance 

Preventive 
maintenance 

Operational monitors 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve leaking. 
2. Local r epa i r ;  s t em was cleaned, gasket and packing 

replaced. 
3. Replace valve either with a better made  or with a 

higher ra ted  one. 

1 .  Disk worn out. 
2. P a r t  replaced. 
3. Investigate new disk ma te r i a l  for  longer se rv ice .  

1 .  Bushing worn out. 
2. P a r t  replaced. 
3. None. 

1. Nipple corroded through causing acid leak. 
2. Removed and replaced with s ta in less  s tee l  i tem. 
3. Improve design requirements of chemical feed 

components. 

1 .  Old type gaskets were  exchanged to flexitall ic gasket 

2. P a r t  replaced. 
3. None. 

to improve flange seal.  



c 

- 

'Eh 

- - 
80 

81 

82 

8: 

8~ 

- 

.. COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Bonnet 
?. Steam, Condensate,  

and Feedwater Piping 
and  EquipmentlMain 
S team Valves 

281200 
3.  20 

1. Valve/Seal Ring 
2.  Steam, Condensate,  

and Feedwater Piping 
and  EquipmentIMain 
S team Valves 

3. 20 
281200 

1. ValveIGasket  
2. Steam, Condensate,  

and  Feedwater Piping 
and  EquipmentIMain 
S team Valves 

281200 
3. 20 

1. ValveISeal 
2. Steam, Condensate,  

and  Feedwater  Piping 
and EquipmentlMain 
S team Valves 

281200 
3. 20 

1. ValveISeat and Disc 
2. Steam, Condensate, 

and Feedwater  Piping 
and  EquipmentIMain 
Steam Valves 

281200 
3. 20 

* I = INCIDENT 

T A B L E  1-11'? 

FA I LURE DATA FOR VALVES 
(Sheet 16 of 52)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

. EBR-LI . PS-614lSafety relief system 
#. 1250 to 1265 psig 
.. PMMR-77 

I .  EBR-II 
I. PS-6141Safety relief system 
I .  1250 to 1265 psig 
k. PMMR-77 

1. EBR-11 
C. Isolation Valve PS-309 
3 .  150 psig 
$. PMMR-75 

1. EBR-LI 
2. Isolation valve PS-301 
3. 1250 to  1265 psig 
4. PMMR-81 

1. EBR-LI 
2. Steam sys t em P3-VC-676 
3. - 
4. Weekly maintenance report  

(5-21-68) 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MA 
500 

MA 
500 

MI 
500 

MI 
500 

MI 
500 

10DE 

- - 
MA 
52 

MA 
52 

MI 
BZ 

MI 
BZ 

MI 
BZ 

:F EC1 

- - 
MA 
520 

MA 
520 

MI 
530 

MI 
530 

MI 
530 

'ERATINI 
HOURS 

444 

,444 

j990 

5920 

14, 576 

METHOD OF FAILURE 
DETECTION 

3irect  observation 

Direct observation 

Preventive 
maintenance 

Prevent ive 
maintenance 

Routine instrument  
reading 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bonnet worn out. 
2. Local repair .  
3. None. 

1. Seal r ing worn out. 
2. Local r epa i r .  
3. None. 

1. Gasket leaking. 
2. P a r t  replaced, new Flexatall ic gaskets  were  installed.  
3. Use of new gaskets  is not enough. Apply controlled 

(calculated) bolt torques for  long lasting sea ls .  

1. Seal leaking. 
2. P a r t  replaced. 
3. None. 

1. Valve was reconditioned. 
2. Local repair .  
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEF 

- - 
85 

86 

87 

88 

89 

- 
* I  

1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystern) 

1. ValvelPacking 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlMain 
Steam Valves 

281200 
3. 20 

1. ValvelGasket 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlMain 
Steam Valves 

281200 
3. 20 

1. ValvelPacking 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentIMain 
Steam Valves 

281200 
3. 20 

1. ValveIConnector 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlMain 
Steam Valves 

3. 20 
281200 

1. ValvelPacking 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentlMain 
Steam Valves 

281200 
3. 20 

= INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-119  

FAILURE DATA FOR VALVES 
(Sheet 17 of 52)  

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. Steam system1PS-611 
3 .  1250 to 1265°F 
4. PMMR-4 

1. EBR-II 
2. PS-311/Low p r e s s u r e  l ine 
3. 150 psig 
4. PMMR-72 

1. EBR-II 
2. Steam sys t em (V-PF-  18) 
3. - 
4. PMMR-51 

1. EBR-I1 
2. ~ 3 - V C - 5 0 1 B I b y p a s s  
3. 840’F, 1250 psig 
4. PMMR-58 

1. EBR-II 
2. P 3  -VC- 50 1 Blbypass  
3. 840’F, 1250 psig 
4. PMMR-42 

I = MINOR MALFUNCTION ’ = PROBLEM 

FAILURE INDEX 
CODE* 

,AUSI 

- - 
MI 
125 

MI 
500 

MI 
500 

MI 
500 

MI 
126 

- 
MODE 

- - 
MI 
52 

MI 
B Z  

MI 
52 

MI 
53 

MI 
52 

FFEC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
1PERATINi 
HOURS 

1200 

5940 

3850 

1 0 1 0  

360 

- 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct observation 

Preventive 
naintenance 

P r  eventive 
maintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Packing worn out. 
2. Part replaced. 
3. Since isolation valves a r e  usually used i n  case  of 

emergencies ,  their  maintenance should be scheduled 
for  plant down t imes when other ma jo r  periodic repair  
a r e  planned. Select packing ma te r i a l s  which will l a s t  
for one maintenance per iod without deterioration. 

1. Gasket leaking. 
2. P a r t  replaced. 
3. Determine the necessa ry  bolt  torques f o r  each flange 

s i ze  and gasket type and r equ i r e  the i r  application 
during any maintenance work. 

1. Packing worn out. 
2. P a r t  replaced. 
3. Select  packing ma te r i a l  which will l a s t  fo r  one 

maintenance period without deterioration. 

1. Connector worked loose. 
2. Local repair .  
3. Avoid u s e  of valves having spli t  nut stem-plug con- 

nectors .  Replace them with a bet ter  type. 

1. Packing worn out. 
2. P a r t  replaced. 
3. Provide bet ter  maintenance procedures .  

Q Q 



- 

rEll  

- - 
90 

91 

92 

93 

94 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValveIStem 
2. Steam, Condensate, 

and  Feedwater Piping 
and EquipmentIMain 
Steam Valves 

281200 
3. 20 

1. ValvelCasket 
2. Steam, Condensate, 

and  Feedwater Piping 
and  Equipment/Main 
Steam Valves 

281200 
3. 20 

1. Valve/Stem 
2. Steam, Condensate, 

and Feedwater Piping 
and  Equipment/Main 
Steam Valves 

28 1200 
3. 20 

1, Valve/Packing 

2. Steam, Condensate, 
Retainer 

and  Feedwater Piping 
and Equipment/Main 
Steam Valves 

281200 
3. 20 

1. ValveIStem 
2. Steam, Condensate, 

and  Feedwater Piping 
and EquipmentlMain 
Steam Valves 

281200 
3. 20 

* I = INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 18 of 5 2 )  

~~ ~~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2. ~ 3 - v C - 5 0 l B / b y p a s s  
3. 840°F. 1250 p i g  
4. PMMR-42 

1. EBR-II 
2. P3-VC-501B/ bypass 
3. 840'F. 1250 psig 
4. PMMR-49 

1. EBR-11 
2. ~ 3 - V C - 5 0 1 B / b y p a s s  
3. 840"F, 1250 psig 
4. PMMR-94 

1. EBR-LI 
2. P3-VC-501Blbypass 
3. 840"F, 1250 psig 
4. PMMR-42 

1. EBR-LI 
2. P3-VC-50 IBlbypass  
3. 840'F, 1250 psig 
4. Operation weekly repor t  3-27-68 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
68 

MI 
52 

MI 
52 

MI 
68 

MI 
52 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

IPERATINI 
HOURS 

960 

580 

1945 

960 

2530 

METHOD O F  FAILURE 
DETECTION 

Preventive 
maintenance 

Preventive 
maintenance 

Preventive 
maintenance 

Preventive 
maintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Stem galled. 
2. P a r t  replaced. 
3. Provide better maintenance procedures.  

1. Packing and gaskets were  replaced due to excessive 
s team leakage. 

2. P a r t  replaced. 
3. To reduce packing fa i lures ,  use  prefabricated packing 

rings and apply predetermined packing bolt torques. 

1. Valve s t em worn. 
2. P a r t  replaced. 
3. Recurr ing  fa i lure .  Revise preventive maintenance 

inspection interval to prevent unscheduled failure,  o r  
purchase  be t te r  quality valve. 

1. Retainer worn out. 
2. P a r t  replaced. 
3. Repair should provide improved operation conditions. 

Supervision should control repeatedly repa i red  fa i lure  

1. Valve s tem worn out. 
2. P a r t  replaced, sen t  to vendor fo r  inspection. Recom- 

mended changing cage ma te r i a l  f r o m  s ta in less  s tee l  
to stell i te.  

3. To provide high p res su re  drop  (1200 psig) in  a single 
valve is cri t ical .  The loop design needs better bas ic  
study of the high p res su re  drop. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEM 

- - 
95 

96 

97 

98 

99 

- 
I 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. ValvelCage Assembly 
2. Steam, Condensate,  

and Feedwater Piping 
and Equipment/Main 
Steam Valves 

28 1200 
3. 2 0  

1. Valve/Stem 
2. Steam, Condensate,  

and  Feedwater  Piping 
and Equipment/Main 
Steam Valves 

281200 
3. 20 

1. Valve/Packing 
2. Steam, Condensate, 

and Feedwater Piping 
and Equipment/Main 
Steam Valves 

281200 
3. 20 

1. Valve/Packing 
2. Turbine-Generator  

Units and Condenser /  
Turbine Side 

3 10000 
3. 20 

1. Valve/Packing 
2. Steam, Condensate,  

and Feedwater Piping 
and EquipmentlMain 
Steam 

3. 20 
28 1200 

= INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 19 of 52) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-II !. P 3  -VC-50 lB /bypass  
3 .  840"F,  1250 psig 
3. Operat ion weekly r e p o r t  3-27-68 

1. EBR-II 
?. P 3  -VC-50 lB /bypass  
3.  840"F,  1250 psig 
3. PMMR-80 

1. EBR-II 
2. P 3  -VC- 50 lB /bypass  
3 .  840"F, 1250 psig 
4. PMMR-82 

1. EBR-II 
2. Main tu rb ine / s t eam regulator 
3 .  N o  information 
4. PMMR-29 

1. EBR-LI 
2. Line to desuperheater  control valve 

P 3  -VC-616 
3. 1250 to 1265 psig 
4. PMMR-80 

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
5 0 0  

- 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
BZ 

MI 
52 

MI 
BZ 

- 

- 

-F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
PERATIN( 
HOURS 

!530 

1430 

480 

2590 

6920 

-- 

METHOD OF FAILURE 
DETECTION 

Preventive 
naintenance 

Preventive 
maintenance 

Prevent ive 
maintenance 

Prevent ive 
maintenance 

Prevent ive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

L. Valve cage assembly worn out. 
I .  P a r t  replaced. 
$. To provide high p r e s s u r e  drop (1200 psig)  in  a single 

valve is cri t ical .  The loop design needs bet ter  bas i c  
study of the high p r e s s u r e  drop. 

I .  S tem was remachined. 
!. Local repair .  
3. None. 

1. Stem badly worn,  no packing would l a s t  for a normal  
period. 

2.  P a r t  replaced. 
3. Bet ter  quality valve was o rde red  a s  replacement  

for damaged valve. 

1. Valve leak around packing. 
2. P a r t  replaced. 
3 .  None. 

1. Valve packing worn out. 
2. P a r t  replaced. 
3. Use proper  packing and installation procedures .  

MA = MAJOR MALFUNCTION 



Q 

- 

TEN 

- - 
100 

101 

102 

103 

104 

- 

1. COMPONENT/PART 

?.  SYSTEM/SUBSYSTEM 

5 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. ValvelGasket 
2. Steam, Condensate, 

and  Feedwater Piping 
and  EquipmentIMain 
S team 

282000 
3. 20 

1. P r e s s u r e  Reducing 

2. Steam, Condensate, 
Valve/Body 

a n d  Feedwater Piping 
and  EquipmentlMain 
S team 

281200 
3. 20 

1. Valve/Flange 
2. Steam, Condensate, 

and  Feedwater Piping 
and EquipmentIMain 
Steam 

281200 
3. 20 

1. ValvelRing Gaskets 
2. Steam, Condensate, 

and Feedwater Piping 
and EquipmentlMain 
S team 

28 1300 
3. 20 

1. ValveILine Outlet 

2. Steam, Condensate, 
Flange 

and  Feedwater Piping 
and EquipmentIMain 
Steam 

281200 
3. 20 

TABLE 1-119 

FAILURE DATA FOR VALVES 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-LI 
2. Auxiliary s t e a m  supply valve 

3. 150 psig 
4. PMMR-61 

~ 3 - v c - 6 6 4  

1. SCTI 
2 .  Steam-generator second stage/valve 

body 
3. To  2500 lb, 110, 800 lb/hr 
4. Incident repor t  No. 306 

1. SCTI 
2. Steam and feed  outlet nozzle on f i r s t  

s tage  p r e s s u r e  reducing valve 
(PRC-ZOO-VB) 

3. 600 psig,  520°F 
4. Incident repor t  317A 

1. SCTI 
2. Steam and feedwater system, 

3. Steam - 1400 psig, 800'F. 15%flow 
4. Incident repor t  No. 126 

(TRC -20 1V) 

1. SCTI 
2. Steam and feedwater system 

3. 1100°F. 2500 psig 
4. Incident repor t  No. 128 

(PRC-ZOOV) 

I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

(Sheet 20 of 52) 

FAILURE INDEX 
CODE* - 

AUSf 

- - 
MI 
500 

I 
450 

MA 
121 

MA 
122 

MA 
122 

- 
WODE 

- - 
MI 
BZ 

I 
61 

MA 
94 

MA 
53 

MA 
53 

- 
FF EC1 

- - 
MI 
530 

I 
550 

MA 
136 

MA 
136 

MA 
136 

'PER AT IN1 
HOURS 

1708 

600 

88 

6030 

6030 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Direct observation 

Direct observation 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve s e a t  worn. 
2. Local repa i r ,  sea t  and d isc  w e r e  lapped. 
3. Preventive maintenance p r o g r a m  shall  be established 

to avoid valve through (internal)  leaks. 

1. Cracks  i n  valve body allowing s t e a m  leakage. 
Chloride s t r e s s  cor ros ion  and poor quality casting 
( 3 4 7 s ) .  

2. Replace valve. 
3. Improve QA on procurement.  

1. Investigation of a l l  347 S S  revealed c racks  below 
center l ine of outlet nozzle w e r e  due to chloride 
stress corrosion. 

2. Replacement with 2- 1/4 C r  and 1 % Mo. 
3. None. 

1. Steam leaks developed during a n  operating period 
when s t e a m  p r e s s u r e  was increased  f r o m  1400 to 
1850 psig. 

2. New gaskets and high strength alloy bolts w e r e  
installed. 

3. Maintenance manual should include proper  flange bolt 
torquing instructions f o r  each type of flange and 
gasket. 

1. Steam leaks developed during a n  operating period 
when s t e a m  p r e s s u r e  was increased  f r o m  1400 to 
1850 psig. 

2. New gaskets and high strength alloy bolts w e r e  
installed. 

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



- 

T E N  

- - 
105 

106 

107 

108 

109 

- 
* I  

1. COMPDNENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystern) 

1. ValveIBody 
2. Steam, Condensate,  

and Feedwater Piping 
and EquiprnentlMain 
Steam 

281200 
3. 20 

1. ValveIPacking 
2. Steam, Condensate,  

and Feedwater Piping 
and EquipmentIMain 
Steam Valves 

281200 
3. 20 

1. ValveIPacking 
2. Steam, Condensate,  

and Feedwater  Piping 
and EquipmentIMain 
Steam Valves 

281200 
3. 20 

1. ValveISeal Ring 
2. Steam, Condensate,  

and Feedwater Piping 
and EquipmentfMain 
Steam Valves 

281200 
3. 20 

1. ValvetPacking 
2. Steam, Condensate, 

and Feedwater  Piping 
and EquipmentIMain 
Steam Valves 

281200 
3. 20 

= INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 2 1 of 52 1 

~ ~~ 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. Second s tage p r e s s u r e  reducing valve 

(PRC -20  1") 
3. - 
4. Incident report  No. 306 (10-1-66) 

1. EBR-II 
2. Steam s y s t e m  (PS-603A) 
3. -, 
4. PMMR-61 

1. EBR-II 
2. PS-VC-552, isolating valve P F - 8  
3. - 
4. PMMR-51 

1. EBR-II 
2. Blocking valve PS-609 
3. 1250 to 1265 psig 
4. PMMR-29 

1.  EBR-II 
2. Turbine generator  l i ne  valve 

PS-605 
3. 1250 to 1265 psig 
4. PMMR-29 

II = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSt 

- - 
MA 
121 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MODE 

- - 
MA 
94 

MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
52 

FF EC1 

- - 
MA 
520 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

)PER ATIN( 
HOURS 

600 

4700 

3850 

1820 

1860 

METHOD O F  FAILURE 
DETECTION 

Direct observation 

Direct  observation 

Prevent ive 
maintenance 

Direct  observation 

Prevent ive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Cracks  in  valve body (chloride s t r e s s  corrosion 
of 347.5s and poor quality of valve casting).  

1.. Valve removed (metallurgical examination) and 
replaced with 2- 114 C r  112 Mo body composition 

3 .  Improve quality control requirements  for valve 
purchase and design specifications.  

type. 

1 .  Packing worn out. 
1.. P a r t  replaced. 
3 .  Possibly need different type of packing. 

1 .  Packing worn out. 
2. P a r t  replaced. 
3 .  None. 

1. Leak developed a t  the sea l  ring. 
2. P a r t  replaced. 
3. Prevention of leakage can be achieved with periodical1 

planned maintenance and not waiting until leak 
develops. 

1 .  Packing worn out. 
2. 3. P a r t  Possibly replaced. need different type of packing. 

MA = MAJOR MALFUNCTION p = PROBLEM 



- 

EM 

- - 
10 

11 

12 

113 

11A 

- 

. COMPONENT/PART 

. SY STEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

. ValveJPacking .. Steam, Condensate. 
and Feedwater Piping 
and EquipmentJMain 
Steam Valves 

281200 
i. 20 

I. ValveJPacking 
!. Steam, Condensate,  

and Feedw.ater Piping 
and EquipmentJMain 
S team Valves 

28 1200 
3 .  20 

1. ValveJBody 
2.  Steam, Condensate,  

and Feedwater Piping 
and EquipmentJCon- 
densate  Valves 

3. 20 
283300 

1. ValveJGasket 
2. Steam, Condensate,  

and  Feedwater Piping 
and EquipmentJCon- 
densate Valves 

283300 
3. 20 

1. ValveJSeat 
2. Steam, Condensate,  

and Feedwater Piping 
and  EquipmentICon- 
densate  Valves 

283300 
3. 20 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 22 of 52)  

1. FACILITY 

? .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. EBR-II . P3-VC-544B bypass valve PS-607 . 1250 to 1265 psig 

. PMMR-51 

. EBR-Il . Lube oil pump block valve PS-607A 

. 1250 to 1265 psie. .~ 
PMMR-61 

. EBR-I1 
.. Main s team/condensate  hlgh p res -  

s u r e  flash tank valve P3-VC-553 ,. 700 psig,  578'F 
I. PMMR-95 

I. EBR-II 
!. Condensate pump turbinellow p r e s -  

3. 150 psig 
&. PMMR-75 

s u r e  l ine,  valve PS-308 

1. EBR-LI 
2. Main s teamJturblne driven conden- 

3. - 
4. PMMR-94 

sa t e  pump s t eam stop, valve SS-602 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* 

\USE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
126 

MI 
122 

IODE 

- 
MI 
BZ 

MI 
BZ 

MI 
64 

MI 
52 

MI 
64 

EC- 

- - 
w 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
53( 

- 

'ERATIN( 
HOURS 

890 

660 

,345 

5490 

9345 

illETHOD OF FAILURE 
DETECTION 

' reventive 
iaintenance 

) i rec t  observation 

luring repair  of p r i -  
na ry  component 

Preventive 
maintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

~~ 

. Packing worn out. . P a r t  replaced. . Possibly different type of packing. 

. Difficulty in  valve operation made the repacking 

. P a r t  replaced. 

. Revise preventive maintenance inspections of valves 

necessary.  

to  prevent  outage f r o m  packing failure.  

!. Valve body damaged. Erosion f r o m  steam. 
!. Local r epa i r ;  erosion m a r k s  were  weld-filled and 

I .  In such a ser ious erosion/corrosion case ,  investi-  
valve was  reassembled.  

gation should be init iated to define and co r rec t  it. 

1. Gasket leaking. 
2. P a r t  replaced. 
3 .  Use of new gasket i s  not enough. 

New Flexitall ic gaskets installed. 
Apply controlled 

(calculated) bolt torques for long lasting sea ls .  

1. Seat was s t eam cut. 
2. Local repair .  
3. Reduce velocity of fluid a c r o s s  seat.  

x I = INCIDENT 
MA = MAJOR MALFUNCTION 



- 

TEL 

- - 
115 

1 I6 

117 

118 

119 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1 .  ValvelSpring 
2. Station Service Equip- 

3. 20 
ment  /Air  Starting 

462400 

1. ValvelDisk 
2. Turbine Generator  

Units and Condenser /  
Central  Lubricating 

350000 
3. 20 

1. Valve/Plug 
2 .  Turbine Generator  

Units and Condenser /  
Central  Lubrication 

350000 
3.  20 

1. Valve/Fuel Supply 

?. Instrumentation and 
Line 

Con t ro l /F i r e  Control 
System 

267100 
3. 20 

1. Valve/Throat  
2. Heat T rans fe r fPur i f i -  

cation System 
(Vacuum Line)  

224239 
3. 20 

INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 23 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-II 
2. Valve P3-X724 on emergency air 

compresso r  
3.  90 to  100 ps i  *. PMMR-82 

1. EBR-11 
?. Main turbine/control  valve to  

auxi l iary pump (P063) 
3.  135 l b  hydraulic p r e s s u r e  
1. PMMR-63 

1. EBR-11 
?. Main turbine/lubricating sys t em 
3.  1250 psig -%. PMMR-45 

1. SCTI 
?. P r i m a r y  sodium sys t em supe r -  

3.  Open 
t .  Incident r epor t  No. 125 

v i so ry  valve 1 

I .  EBR-LI 
?. P r i m a r y  purification vacuum 

s y s t e m  
3. - 
&. PMMR-15 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
330 

MI 
2 18 

MODE 

- - 
MI 
52 

MI 
73 

MI 
61 

MI 
5 1  

MI 
51 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
520 

MI 
550 

- 
IPERATlNi 

HOURS 

'400 

4660 

1410 

$362 

1200 

- 

METHOD OF FAILURE 
DETECTION 

Xoutine inspection 

'reventive 
naintenance 

lperat ional  monitors  

3uring activation 

lperat ional  monitors  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve internals  binding. 
?. Part replaced. 
3.  None. 

1. Valve leaked a c r o s s  seat.  
?. Part replaced. 
3.  A regular  plant malntenance schedule should be se t  

up for  a l l  valves in  the system. 
with high fa i lure  r a t e s  should be redesigned o r  
replaced. 

Valves in  locations 

1. Valve sticking and leaking s team. Stellite was 
cracked on valve plug. 

?. Temporar i ly  r eas sembled  fo r  continued operation. 
3 .  P e r f o r m  metal lurgical  study of cracked metal  to 

determine cause of fa i lure  and make  recommenda-  
tions if necessary.  

1. Valve closed on fuel supply l ine p r e s s u r e  gage 
indicator. 

?. Open valve. 
3.  Improve operations procedure.  

1. Valve throat  plugged with sodium condensate. 
?. P a r t  replaced. 
3. None. 



6 8 

- 

'Ell 

- - 
I20 

I21 

122 

12: 

124 

- 

. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

1 .  CODE: 
(Component) 
(System/Subsystem) 

I .  Isolation Valve/Seat 

!. Reactor Containment 
Ring 

St ruc ture  and Building 
Ventilation 

196300 
i. 20 

1. Valve/Rubber Seal 
!. Reactor Containment 

S t ruc ture  and Building 
Ventilation 

3. 20 
196300 

1. Valve, Isolation/ 
Discharge P o r t  

?. Reactor Containment 
S t ruc ture  and Building 
Ventilation 

196300 
3.  20 

1. Valve, Damper /  
Bearings 

2.  Reactor Containment 
S t ruc ture  and Building 
Ventilation 

196300 
3. 20 

1. Damper Valve/Seals 
2. Reactor Containment 

S t ruc ture  and Building 
Ventilation 

196300 
3. 20 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 24 of 52) 

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

I. EBR-I1 
L. Reactor building /exhaust air  s y s t e m  
1. - 
1. ANL 7082 

I. EBR-II 
!. Reactor buildinglexhaust air  s y s t e m  

(VR-306) 
3 .  - 
2. PMMR-107 

1. EBR-II 
2. R 13VR-318/air exhaust system 
3 .  - '  

4. PMMR-47 

1. EBR-II 
2. RS-DM-7261air exhaust system 
3. - 
4. PMMR-113 

1. EBR-II 
2. Reactor buildinglair  exhaust s y s t e m  
3. - 
4. PMMR-113 

FAILURE INDEX 
CODE* - 

.AUSE 

- - 
MI 
500 

MI 
500 

MI 
122 

MI 
500 

MI 
500 

- 

AODE 

- - 
MI 
BZ 

MI 
BZ 

MI 
55 

MI 
BZ 

MI 
BZ 

- 

'F E C  

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
530 

MI 
530 

PER ATIN( 
HOURS 

1920 

1. 320 

3 160 

12, 390 

12, 390 

METHOD OF FAILURE 
DETECTION 

Routine inspection 

3perational monitors 

Operational monitors 

Preventive 
maintenance 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Did not s e a t  properly. 
2. P a r t  replaced. 
3. None. 

1. Rubber s e a l  replaced. 
2. P a r t  replaced. 
3. None. 

1. Valve s lammed shut and jammed. 
2. Local repair ,  d i scharge  p o r t  o n  a i r  cylinder was  

orificed. valve normally open, and thermostatically 
actuated. 

3. Incorporate valve timing into installation and 
operational procedures .  

1. Damper sticking on switch over. 
2. New bearings and sea ls  installed.  
3. None. 

1. Damper sticking on switch over.  
2. New bearings and sea ls  installed. 
3. None. 

~~ 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 



. 

- 

T E I  

- - 
125 

126 

127 

128 

129 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEW 

3. CODE: 
(Component) 
(System/Subsystem) 

1. ValvelBody 
2. Heat T rans fe r f Ine r t  

Gas Supply and 
Monitor 

224600 
3. 20 

1. Valve f Body 
2.  Turbine-Generator 

Units and Condensers1 
Cent ra l  Lubricating 

350000 
3. 20 

1. Valve/Body 
2. Heat T rans fe r f Ine r t  

Gas Supply and 
Monitor 

224600 
3. 20 

1. ValvelBody 
2. Nuclear Fuel Han- 

dling and Storage 
Equipment /Containers 
and Racks 

232500 
3. 20 

1. Valve/Valve Seat 
C. CompressedAir  and 

Vacuum Cleaning 
EquipmentfAir Con- 
t ro l  Valve 

520000 
1. 20 

* I = INClDENl 

TABLE 1-119 

FAILURE DATA FOR VALVES 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. F iss ion  gas monitor (loop B) 
3. - 
4. PMMR-109 

1. EBR-II 
2. Turb inefo i l  cooler 
3. No information 
4. PMMR-25 

1. EBR-11 
2. F iss ion  gas monitor (loop A) 
3. - 
4. Operation maintenance repor t  

8-21-68 

1. EBR-11 
2. Source coffin 
3. - 
4. PMMR-72 

1. SCTI 
2. Control valve fo r  cooling tower 

3. - 
%. Incident r epor t  No. 300 6-2-66 

dump valve 

I = MINOR MALFUNCTION 

(Sheet 25 of 5 2 )  

FAILURE INDEX 
CODE* - 

:AUS€ 

- - 
MI 
218 

MI 
500 

MI 
500 

MI 
500 

MA 
125 

- 

- 

MODE 

- - 
MI 
51 

MI 
59 

MI 
51 

MI 
59 

MA 
52 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MA 
520 

- 

- 
)PERATIN 

HOURS 

11,420 

1610 

15. 240 

5490 

Unknown 

- 

METHOD OF FAILURE 
DETECTION 

'r eventive 
naintenance 

Xrec t  observation 

Xrec t  observation 

I i r ec t  observation 

3 i rec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve clogged with sodium. 
2. Local repa i r .  
3. If needle valve, remove  f r o m  vapor environment. 

1. Valve broken. 
2. P a r t  replaced. 
3. If valve must  have excessive force  applied to open 

or  close: check packing gland, rep lace  valve. 

1. Valve clogged with sodium. 
2. Local r epa i r .  
3. None. 

1. Valve was  broken when coffin was s e t  upright 
a f t e r  coffin repa i rs .  

2. P a r t  replaced. 
3. If valve is an important pa r t  of unit, install  a 

pro tec tor  so a s  not to repea t  incident. 
appropr ia te  procedures.  

Revise 

1. Valve sea t  of a i r  control valve leaked causing dump 
valve to open. 

2. Remove line ( a i r )  f rom valve taking i t  out of sys tem.  
3. Zs tab l i sh  maintenance procedure  fo r  a l l  c r i t i ca l  con- 

t ro l  components (executed). 

MA = MAJOR MALFUNCTION P = PROBLEM 



* 

- 

TEh 

- - 
130 

1 1  

132 

133 

134 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValveIBushing 
2. Nuclear Fuel  Handlinf 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. ValvelStem 
2. Nuclear Fuel Handling 

and Storage Equip- 
mentJFue1 Handling 
Machine 

235140 
3. 20 

1. ValveJBonnet 
2. Nuclear Fuel  Handlinj 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. ValveIBonnet 
2. Nuclear Fuel Handlinj 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. Valve/Bonnet 
2. Nuclear Fuel Handlin] 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 26 of 52 )  

1. FACILITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-LI 
2. FUMIargon cooling system 

3. 210°F 
4. PMMR-27 

(valve G )  

1. EBR-II 
2. FUMJargon cooling system 

3 .  Remote operated valves 
4. PMMR-27 

(valve C) 

1. EBR-Il 
2. FUM/argon cooling system 

(valve A) 
3. 450'F 
4. PMMR-104 

1. EBR-LI 
2. FUMIargon cooling system 

(valve B) 
3. 450°F 
4. PMMR-104 

1. EBR-Il 
2. FUMIargon cooling system 

(valve F) 
3. 450'F 
4. PMMR-104 

I 1  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

blODE 

- - 
MI 
68 

MI 
55 

MI 
BZ 

MI 
BZ 

MI 
BZ 

- 
FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATlNl 
HOURS 

1610 

t400 

10,380 

10.380 

10,380 

METHOD OF FAILURE 
DETECTION 

Operational monitors  

During actuation 

During preventive 
maintenance 

During preventive 
maintenance 

During preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve bushing galled. 
2. Local repair .  
3. None. 

1. Valve s t e m  stuck. 
2. Local r epa i r .  
3. None. 

1. Valve modified. 
2. P a r t  replaced. 
3. None. 

1. 'Valve modified. 
2. P a r t  replaced. 
3. None. 

1. Valve modified. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION 



- 

TErJ 

- - 
135 

136 

137 

138 

139 

- 

1. COMPONENT/PART 

2. SY STEM/SUBSY STEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. ValvelBonnet 
2. Nuclear Fuel  Handling 

and  Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. ValveISeats 
2. Nuclear Fuel Handling 

and Storage Equip- 
m e n t l l u e l  Handling 
Machine 

235140 
3. 20 

1. ValveISeat 
2. Nuclear Fuel Handling 

and Storage Equip- 
men t /Fue l  Handline. 
Machine 

235140 
3. 20  

1. ValvelBonnet Gasket 
2. Nuclear Fuel  Handling 

and Storage Equip- 
men t IFue l  Handling 
Machine 

235140 
3. 20 

1. Valve/Packing 
2. Nuclear Fuel Handling 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20  

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 27 of 52) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-II 
2. FUM/argon cooling sys t em 

(valve G )  
3. 450°F 
4. PMMR-104 

1. EBR-I1 
2 .  FUMIargon cooling system 

(ball  valves ) 
3. 450°F  
4. ANL-6912 

1. EBR-I1 
2. FUMIargon cooling sys t em 

(valve ZI 
3. 450°F  ' 

4. PMMR-22 

1. EBR-I1 
2. FUMIargon cooling system 

3. 450°F  
4. PMMR-22 

(valve Z )  

1 .  EBR-11 
2. FUMIargon cooling sys t em 

3. 450°F 
4. PMMR-76, 5 166 

(valve F) 

* I = INCIDENT M I  = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

FAILURE INDEX 
CODE* 

AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
456 

- 

MODE 

- - 
MI 
BZ 

MI 
52 

MI 
BZ 

MI 
B Z  

MI 
55 

- 

FFECl 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATINI 
HOURS 

0, 380 

I000 

I200 

1200 

5300 

METHOD OF FAILURE 
DETECTION 

h r i n g  preventive 
iaintenance 

Iperational monitors  

Iperational monitors  

Iperational monitors  

)perational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve modified. 
2. P a r t  replaced. 
3 .  None. 

I. Valve seats  worn out. 
2. P a r t  replaced. 
3. None. 

1. Valve sea t  worn out 
2. P a r t  replaced. 
3. None. 

1. Gasket worn out. 
2. P a r t  replaced. 
2. None. 

1. Packing worn out. 
2. P a r t  replaced. 
3 .  None. 



- 

TEh 

- - 
140 

141 

142 

143 

144 

- 

~ 

1. COMPONENT/PART 

2, SY STEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. ValveISeats 
2. Nuclear Fuel  Handling 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. ValveIBonnet 
2. Nuclear  Fuel Handling 

and Storage Equip- 
rnent /Fuel  Handling 
Machine 

235140 
3. 20 

1. ValveIBonnet 
2. Nuclear  Fuel Handling 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. ValvelSeat 
2. Nuclear Fuel Handling 

and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

1. 
2. 

Valve /Spring 
Nuclear Fuel Handling 
and Storage Equip- 
men t /Fue l  Handling 
Machine 

235140 
3. 20 

= INCIDENT 

TABLE 1-119 

FA I LURE DATA FOR VALVES 
(Sheet 28 of 52) 

1. FACILITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-II 
2. FUMlargon cooling system 

3. 450°F 
4. PMMR-77. 6/66 

(valve L) 

1. EBR-II 
2. FUM/argon cooling system 

(valve J)  
3. Remote operated,  450°F 
4. PMMR-104 

1. EBR-11 
2. FUMJargon cooling system 

(valve W )  
3. Remote operated,  450°F 
4. PMMR-104 

1. EBR-II 
2. FUMIargon cooling system 

3. Remote operated,  outlet valve 
4. Operation weekly report ,  2-21-68 

(valve D) 

1. EBR-II 
2. FUM/argon cooling system 

3. No information 
4. PMMR-82, 8-66  

(valve C) 

I1 = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
212 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
51 

MI 
BZ 

MI 
BZ 

MI 
55 

MI 
55 

- 
-F EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

IPERATINC 
HOURS 

6500 

10, 380 

10, 380 

13, 500 

7400 

METHOD OF FAILURE 
DETECTION 

Sperational monitors  

During preventive 
maintenance 

During preventive 
maintenance 

Operational monitors  

During actuation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I .  Small  me ta l  par t ic les  w e r e  found imbedded in  the 
Teflon sea ts .  

2. Local repair .  
3. Ensu re  sys t em is f r ee  of foreign matter  initially. 

Where additional fluids a r e  added to system. a 
f i l t e r  should be installed downstream of entry point. 

1. Reinforced supports and bonnets installed. 
2. P a r t  replaced. 
3. None. 

1. Reinforced supports and bonnets installed. 
2. P a r t  replaced. 
3. None. 

1. Valve stuck. 
2. P a r t  replaced. 
3. Replace sea t  mater ia l  if necessa ry  - t e s t  cycle 

the 5 hp DC turbine on regular  schedule.  

1. Spring which fo rces  ball  onto sea t  was  removed. 
This  has  co r rec t ed  binding difficulties. 

2. Local repair .  
3. Use  weaker  o r  sma l l e r  diameter  spring, if necessa ry  

to  valve closing. 

* 
MA = MAJOR MALFUNCTION 



TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 29 of 52) 

- 

'EIV 

- - 
145 

I46 

I47 

148 

149 

- 

.. COMPONENT/PART 

! . SY STEM/SU BSY STEM 

1. CODE: 
(Component) 
(System/Subsystem) 

I. Valve/Spring 
!. Nuclear Fuel Handling 

and Storage Equip- 
ment /Fuel  Handling 
Machine 

235140 
1. 20 

I. Valve/Solenoid 
!. Heat T r a n s f e r / I n e r t  

Gas  Supply and 
Monitor 

224650 
1. 20 

1. ValveIPneumatic 
Damper 

Gas  SUDD~V and 
C. Heat T r a n s f e r I I n e r t  

. &  

Monitor 
3 .  20 

224650 

1. Valve lTransfer  P o r t  
Locator P ins  

?. Nuclear Fuel Handling 
and Storage Equip- 
ment /Reac tor  Vessel 
Servicing 

213000 
3 .  20 

1. ValveIFuel T r a n s f e r  
P o r t  Drip Catcher 

2. Nuclear Fuel Handling 
and  Storage Equip- 
ment  /Shielding 

235150 
3.  20 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
!. FUMIargon cooling sys tem 

1. N o  information 
&. PMMR-82, 8/66 

(valve W )  

I .  EBR-U 
?. P r i m a r y  shield/cooling blower No. 1 

exhaust damper  
1. - 
1. Operation weekly r e p o r t ,  2-7-68 

I. EBR-II 
?. Reactor top shield cooling exhaust 

valve DM-726 
3. - 
1. PMMR-109 

1. EBR-II 
2. Reactor exit  por t  shield plug 
3 .  150°F 
1. Operation maintenance report ,  3-6-6, 

1. EBR-LI 
2.  P r i m a r y l f u e l  handling machine 
3. Argon heated 
4. Operation weekly r e p o r t ,  7-10-68 

~ 

= INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
312 

MI 
218 

WOOE 

- - 
MI 
55 

MI 
BZ 

MI 
55 

MI 
52 

MI 
55 

FF EC1 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
530 

MI 
550 

- 
PERATIN( 
HOURS 

'400 

13, 400 

11,420 

15, 240 

1000 

- 

METHOD OF FAILURE 
DETECTION 

luring actuation 

lperation 1 moni tors  

Iperational moni tors  

I i rec t  observation 

I i r e c t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Spring which forces  ball onto sea t  was  removed. 
This has  cor rec ted  binding difficulties. 

?. Local repa i r .  
3 .  Use weaker o r  smal le r  diameter spring, if necessary  

to valve closing. 

I .  Valve did not operate properly.  
2. P a r t  replaced. 
3 .  None. 

1. Damper stuck 
2. Local repa i r .  
3. None. 

1. Location pins misaligned. 
2. Local r e p a i r ,  pin realigned to alleviate binding 
3. None. 

1. The d r i p  catcher had been completely filled with 
sodium each t ime the por t  was  cleaned. 

2. Temporary  repa i r .  
3 .  P e r m i t  element to dra in  m o r e  thoroughly over core.  



8 

* 

- 

TEN 

- - 
150 

151 

152 

153 

154 

- 

1. COMPONENT/PART 

?. SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Transfer  P o r t  
Tube 

2. Nuclear Fuel Handling 
and Storage Equip- 
ment/Shielding 

232100 
3 .  20 

1. ValvelTransfer  Po r t  
Bevel Gear 

2. Nuclear Fuel Handling 
and Storage Equip- 
ment lshielding 

235150 
3. 20 

1. ValveIRotating P o r t  
Gasket 

2. Nuclear Fuel Handling 
and Storage Equip- 
ment /Reactor  Vessel  
Servicing Equipment 

232100 
3. 20 

1. ValvelRotating 0-Rin 
2. Nuclear Fuel Handlinc 

and Storage Equip- 
ment  /Shielding 

235150 
3. 20 

1. ValvelTransfer  P o r t  
0- Ring 

2. Nuclear Fuel Handlin] 
and Storage Equip- 
ment lReactor  Vessel 
Servicing 

232100 
3. 20 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 30 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-11 
2 .  Pr imary lReac to r  shield cover port  
3. ANL 6912, 6-64 

1. EBR-11 
2. P r i m a r y l f u e l  handling machine 
3. Ambient t empera tu re  
4. ANL 6912, 6-64 

1. EBR-I1 
2. Reactor shield cover port 
3. Ambient t empera tu re  
4. PMMR-43, 9-65 

1. EBR-II 
2. Fuel unloading machine cover port  
3. Ambient temperature  
4. PMMR-44, 9-65 

1. EBR-II 
2. Reactor shield cover port 
3. - 
4. Operation weekly repor t ,  4-10-68 

~~ ~ 

II = MINOR MALFUNCTION 

~~ ~ 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

dODE 

- - 
MI 
59 

MI 
59 

MI 
52 

M 
52 

MI 
52 

FFEC1 

- - 
M 
530 

M 
530 

MI 
530 

M 
530 

MI 
530 

- 

- 
PER ATIN( 
HOURS 

1000 

IO00 

3070 

3070 

14, 024 

METHOD O F  FAILURE 
DETECTION 

Direct observation 

Direct observation 

Preventive 
maintenance 

During repair  of 
p r imary  fa i lure  
component 

Preventive 
maintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Trans fe r  port  tube r e s t r i c t ed  gr ipper  movement. 
!. P a r t  replaced. 
3 .  None. 

I .  Trans fe r  port  tube r e s t r i c t ed  gr ipper  movement. 
?. P a r t  replaced. 
3. None. 

1 .  Gasket worn out. 
?. P a r t  replaced. 
3. None. 

1. O-ring worn out. 
2 .  Part replaced. 
3. None. 

1. O-r ing worn out. 
2. P a r t  replaced. 
3. Replacement of O-rings and other s ea l s  is des i r ab le  

whenever p a r t s  a r e  disassembled for  r epa i r  o r  
maintenance. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEh 

- - 
155 

156 

157 

158 

159 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(System/Subsystem) 

1. ValveITransfer  Po r t  
0- Ring 

2. Nuclear Fuel Handling 
and Storage Equip- 
ment /Reac tor  Vessel 
Servicing 

232100 
3. 20 

1. ValveITransfer  Po r t  
0- Ring 

2. Nuclear Fuel Handlint 
and Storage Equip- 
ment /Reac tor  Vessel 
Servicing 

232100 
3. 20 

1 .  ValveITransfer  P o r t  
0- Ring 

2. Nuclear Fuel Handling 
and Storage Equip- 
ment1Reactor Vessel 
Servicing 

232100 
3. 20 

1. ValvelStem 
2. Heat Transfer lLiquid  

Metal Purification 
3. 20 

224233 

1. ValvelBellows 
2. Heat T r a n s f e r l P r i -  

3. 20 
m a r y  Coolant 

221220 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 31 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-II 
2. Reactor shield cover port  
3. - 
4. Operation weekly repor t ,  12-27-67 

1 .  EBR-II 
2. Reactor shield cover port  
3. - 
4. Operation weekly repor t ,  3-27-68 

1. EBR-II 
2. Reactor shield cover  port  
3. - 
4. Operation weekly repor t ,  2-7-68 

1. SCTI 
2. Secondarylpurification cold t r ap  V-51 
3. 900"F, approximately 100 psig 
4. SCTI, incident r epor t  No. 48 

1. FERMI 
2. P r imary l sod ium se rv ice  V-516 
3. 210 to 700°F 
4. APDA. CFE-21,  Page 42 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

.AUSI 

- - 
MI 
500 

MI 
500 

MI 
500  

MI 
47 1 

MI 
136 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
55 

MI 
61 

- 

FFEC 

- - 
MI 
530 

MI 
530  

MI 
530 

MI 
550 

MI 
530 

- 

'PER ATlNl 
HOURS 

13, 380 

13, 800 

13,400 

115 

1 5 ,  000 

METHOD OF FAILURE 
DETECTION 

~ 

Preventive 
maintenance 

Preventive 
maintenance 

Preventive 
maintenance 

Operational monitor 

3perational moni tors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. O-ring worn out. 
2. P a r t  replaced. 
3. None. 

1 .  O-ring worn out. 
2. P a r t  replaced. 
3. None. 

1. O-ring worn out. 
2. P a r t  replaced. 
3. None. 

1 .  Improperly placed s t em stop prevented valve closing. 
2. Local repa i r .  
3. Preopera t iona l  acceptance procedures  should include 

tes t  to a s s u r e  valve closure.  

1 .  Local in te rgranular  attack in weld hea t  affected zone. 
2. P a r t  replaced. 
3. Investigate a l te rna te  ma te r i a l  of construction. 

Q 



* 

- 

E N  

- - 
60 

61 

I62 

163 

164 

165 

16t 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

. Valve/Bellows 
,. Heat  T rans fe r1  

b. 20 
P r i m a r y  Coolant 

22 I220 

. Valve/Bellows 
!. Heat  T rans fe r1  

i .  20 
Coolant Treatment  

224235 

I. Valve/Bellows 
!. Heat  T rans fe r /  

I .  20 
P r i m a r y  Coolant 

221220 

I. ValvelBellows 
?. Heat  T rans fe r /  

3. 20 
P r i m a r y  Coolant 

221220 

1. Valve/Bellows 
2. Heat  T r a n s f e r /  

3. 20 
Coolant Treatment  

224235 

1. ValvelDisk 
2. Heat  T rans fe r /  

Intermediate  Coolant 
3. 20 

222220 

I. Valve/Seat 
2. Heat T rans fe r1  

3. 20 
Intermediate  Coolant 

222220 

= INCIDENT 
M A  = MAJOR MALFUNCTION 

T A B L E  l 9  

FAILURE DATA FOR VALVES 
fSheet 32 of 52)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. F e r m i  
!. Pr imary l sod ium service 
\. 3 in. motorized value FCV-505 
1. APDA. CFE-11,  page 22 

'. F e r m i  
!. Plugging indicator1NaK loop 

I. 210 to  700°F  
k .  E F A P P ,  maintenance report  No. 129 

I. F e r m i  
?. P r i m a r y l s o d i u m  service V-502-1 
3 .  210 to  700'F 
i. APDA, CFE-21 ,  page 39 

TCV-509 

1. F e r m i  
?. Pr imary l sod ium service FCV-506 
3. 550 to  800°F  
1. APDA, CFE-11, page 22 

1. F e r m i  
2. Secondary sodium/plugging 

3. 765'F 
4. EF-26,  page 5 

1. F e r m i  
2. IHX/drain l ine  
3. Ambient to  300"F, V-521 
4. E F A P P ,  maintenance report  No. 71 

indicator (FCV-829) 

1. F e r m i  
2. IHXIdrain l ine 
3. Ambient to  300°F. V-521 
4. E F A P P ,  maintenance report  No.  71 

I I  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

4USE 

- - 
MA 
137 

MI 
136 

MI 
136 

MI 
124 

MI 
136 

MI 
456 

MI 
137 

dODE 

- - 
MA 
61 

MI 
59 

MI 
61 

MI 
61 

MI 
61 

MI 
61 

MI 
56 

-F E F  

- - 
MA 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

5,000 

000 

5,000 

1632 

13, 400 

9400 

3400 

METHOD OF FAILURE 
DETECTION 

Iperational monitors  

Direct observation 

3perat ional  monitors  

Operational monitors  

Operational monitors  

Operational monitors  

Operational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Bellows leaked. 
2. Vendor repair .  
3. None. 

I. Defective bellows. 
2. Bellows replaced. 
3. None. 

1. Defective bellows. 
2. Bellows replaced. 
3. None. ' 

1. Bellows leaked. 
2. Vendor repair .  
3. Source acceptance s tandards should be reviewed to 

ensu re  sat isfactory performance of fu ture  purchased 
pa r t s .  

1. Bellows leaked. 
2. Bellows replaced 
3. None. 

1. Not seating properly.  
2. Vendor r epa i r  of part .  
3. None. 

1. Not seating properly.  
2. Vendor r epa i r  of part .  
3. None. 



- 

TEF 

- - 
167 

16E 

165 

17C 

17 1 

172 

- 

1. COMPONENT/PART 

2. SY STEM/SU BSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValvelDisk 
2. Heat  TransferILiquid 

Metals  Purification 
3. 20 

224239 

1. ValveIDisk 
2. Heat  Transfer lLiquid 

Metal Purification 
3. 2 0  

224239 

1. ValvelDisk and Seat  
2. Heat  T rans fe r /  

3. 20 
Intermediate  Coolant 

222220 

1. ValvelLeak Detector 
Leads 

2 .  Heat  T rans fe r l ln t e r -  
mediate  Heat  Ex- 
changer  

222300 
3. 20 

1. ValvelDisk 
2. Heat T r a n s f e r /  

3. 20 
P r i m a r y  Coolant 

221220 

1. ValveIDisk 
2. Heat  T rans fe r1  

3. 20 
P r i m a r y  Coolant 

221220 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 33 of 52) 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. FERMI 
2. T rans fe r  tanklcold t r ap  
3. Approx. 700'F 
4. EF-26,  page 3 

1. FERMI 
2. T rans fe r  tanklcold t r ap  
3. Approx. 700°F  
4. EF-26,  page 3 

1. FERMI 
2. IHXldrain l inelshut  off 
3. Approx. 765°F  
4. EF-18 ,  page 3 

1. FERMI 
2. IHXIdrain l inelshut  off 
3. Approx. 765°F  
4. EF-18,  page 3 

1. FERMI 
2. P r imary INo .  1 sodium pump 
3. 360 to 1000°F 
4. E F A P P ,  maintenance r epor t  No. 15 

1. FERMI 
2. P r imary INo .  2 sodium pump 
3. 360 to  1999°F 
4. E F A P P ,  maintenance r epor t  No. 33 

FAILURE INDEX 
CODE* - 

AUSt 

- - 
MI 
4 17 

MI 
4 17 

MI 
136 

MI 
156 

MA 
174 

MA 
174 

- 
MODE 

- - 
MI 
56 

MI 
55 

MI 
52 

MI 
21 

MA 
58 

MA 
58 

FFECl 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MA 
417 

MA 
417 

PER ATIN( 
HOURS 

13, 400 

13,400 

10,100 

10,. 100 

7588 

7840 

- 

METHOD OF FAILURE 
DETECTION 

3perational monitors  

3perational monitors  

3perat ional  monitors  

3perat ional  monitors  

Protect ive sys t em 

Protect ive system 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Valve s t rokes  had been found incompatible with the 
intended design control  p r e s s u r e  signals.  

2. Vendor design modification, new discs w e r e  installed 
to provide better flow character is t ics .  

3. Preoperat ional  acceptance procedures  should be  
established to ensu re  proper  operation of the valve. 

1. Valve s t rokes had been found incompatible with the 
intended design control p r e s s u r e  signals.  

2. Vendor design modification, new discs  were  installed 
to provide better flow character is t ics .  

3. Preoperat ional  acceptance procedures  should be  
established to  ensure proper  operation of the valve. 

1. Leak a c r o s s  valve seat.  
2. Component correct ive modification, rework of the 

3. None. 
disk and sea t  (relapped).  

1. Operation of the valve caused damage to three of the 
four leak detector leads.  

2 .  Leads were  r epa i r ed  and relocated to avoid in t e r f e r -  
ence with valve s tem.  

3. Leads should be secu red  s o  a s  not to interfere  with 
valve operation. 

1. Check valve caused sodium h a m m e r  during pump 
startup. 

2. Component design change; the original check valve 
was  replaced with a new check valve incorporating 
a n  integral  dash pot. 

3. The design of check valves should consider r a t e  
decay and valve closure r a t e  to minimize sodium 
hammer .  

1. Check startup. valve caused sodium hammer  during pump 

2. Component design change; the original check valve 
was  replaced with a new check valve incorporating 
a n  integral  dash pot. 

3. The design of check valves should consider r a t e  
decay and valve closure r a t e  to minimize sodium 
hammer .  

I = MINOR MALFUNCTION * I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

8 Q 



- 

TEM 

- - 
173 

174 

175 

176 

177 

178 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Disk 
2. Heat T r a n s f e r /  

3. 20 
P r i m a r y  Coolant 

22 1220 

1. Valve/Bellows 
2. Heat Transfer iLiquid 

Metals Purification 
3. 20  

224239 

1. Valve/Bellows 
2. Heat Transfer  /Liquid 

Metals Purification 
3. 20 

224239 

1. Valve/Bellows 
2. Heat T rans fe r /  
' P r i m a r y  Coolant 

3. 20 
22 1220 

1. ValvelBellows 
2. Heat T rans fe r /  

Primary Coolant 
3. 20 

22 1220 

1. ValvelBellows 
2. Heat Transfer lLiquid 

Metal  Purification 
3. 20 

224230 

= INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 34 of 52 ) 

1. FACIL ITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. FERMI 
2. Pr imaryINo.  3 sodium pump 
3. 360 to  1000'F 
4. E F A P P ,  maintenance report  No. 27 

1 .  FERMI 
2. Secondary/cold t r a p  V-836 
3. 515'F 
4. EF-21  

1. FERMI 
2. Transfer  tank/cold trap FCV-401 
3. 515°F 
4. E F - 5 2  

1. FERMI 
2. P r i m a r y  sodium 
3. - 
4. APDA. CFE-11  

1. FERMI 
2. P r i m a r y  sodium service building 
3. 550 to 800°F 
4. EF-26,  page 3 

1. EBR-LI 
2. P r i m a r y  (cold t r ap  bypass) 
3. 250 to  700'F 
4. ANL 6810. December 1963 

II = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

AUSt 

- - 
MA 
174 

MI .' 
136 

MI 
136 

MI 
136 

MI 
454 

MI 
172 

- 

CODE* 

MODE 

- - 
MA 
58 

MI 
59 

MI 
61 

MI 
61 

MI 
61 

MI 
59 

- 
FF EC1 

- - 
MA 
417 

MI 
530 

MI 
530 

MI 
530 

MI 
136 

MI 
136 

)PERATIN( 
HOURS 

7840 

11,010 

15,000 

15,000 

13,400 

100 

METHOD OF FAILURE 
DETECTION 

Protect ive system 

Direct  observation 

Leak detector sys t em 

Operational monitors  

Operational monitors  

Direct  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Check valve caused sodium hammer  during pump 
startup. 

2. Component design change; the original check valve 
was  replaced with a new check valve incorporating 
a n  integral  dash pot. 

3. The design of check valves should consider r a t e  
decay and valve closure r a t e  to minimize sodium 
hammer .  

1. Bellows ruptured. 
2. Bellows replaced. 
3. None. 

1. Bellows leaked. 
2. Defective component re turned to manufacturer .  
3. None. 

1. Bellows leaked. 
2. Vendor r epa i r  of component. 
3. None. 

1. Bellows leaked. 
2. Component par t  replaced by vendor.  
3. Source acceptance s tandards should be  reviewed to 

ensu re  sat isfactory performance of 
pa r t s .  

future  purchased 

1. Bellows leaked. 
2. P a r t  replaced. 
3. None. 



- 

TEh 

- - 
179 

180 

181 

182 

183 

184 

185 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

~ 

1. ValvelBellows 
2. Heat TransferILiquid 

Metal Purification 
3. 20 

224233 

1. Valve/Bellows 
2 .  Heat T rans fe r /L iqu id  

Metals Purification 
3. 20 

224233 

1. Valve/Gate 
2. Heat Transfer /Liquid 

Metals  Purification 
3. 20 

224233 

1 .  Valve/Bellows 
2. Heat Transfer /Liquid 

Metals  Purification 
3. 20 

221220 

1. Valve/Bellows 
2. Heat T r a n s f e r /  

3. 20 
P r i m a r y  Coolant 

221220 

1. Valve/Bellows 
2. Heat T rans fe r IL iqu id  

Metals Purification 
3. 20 

224239 

1. Valve/Bellows 
2. Heat Transfer lLiquid 

Metals Purification 
3. 20 

222220 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 35 of 52) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

. EBR-II 
!. P r i m a r y  system/plugging loop 
1. 250 to  700'F 
i. PMMR-86 

. EBR-II 
1. P r i m a r y  system/plugging loop 
1. 250 to 700°F  
1. PMMR-86 

I. EBR-LI 
!. Primary/plugging loop plug 

RIVC-677 
1. 300°F at 60 gpm 
1. PMMR-101 

I. EBR-LI 
?. Pr imary / th ro t t l e  
3 .  300°F  
t. PMMR-IO1 

I .  EBR-II 
2 .  Pr imary / th ro t t l e  
3.  300°F +. PMMR-IO1 

1. EBR-LI 
2.  P r i m a r y  
3 .  250 to 700°F  
1. Operations weekly report ,  

week ending Apri l  10, 1968 

1. EBR-LI 
2. Secondary/plugging me te r  
3. 250 to 700°F  
4. ANL 6965, October 1964 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
172 

MI 
172 

MI 
172 

MI 
260 

MI 
260 

MI 
126 

MI 
172 

- 

dO0E 

- - 
MI 
59 

MI 
59 

MI 
55 

MI 
52 

MI 
52 

MI 
61 

MI 
59 

- 

- 

'F EC 

- - 

MI 
530 

MI 
530 

MI 
530 

M I  
580 

MI 
580 

MI 
530 

MI 
I36 

PERATINC 
HOURS 

1800 

1800 

I O ,  400 

I O ,  400 

IO, 400 

15, 000 

2608 

- 

METHOD OF FAILURE 
DETECTION 

X r e c t  observation 

3irect  observation 

Direct observation 

Preventive 
naintenance 

Preventive 
maintenance 

Direct observation 

Operational monitors  

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Bellows ruptured. 
?. P a r t  replaced. 
3. None. 

1. Bellows ruptured. 
2. P a r t  replaced. 
3. None. 

1 .  Gate jammed,  forced open. 
2. Local r epa i r ,  valve gate was stuck into the seat.  

The valve was f r eed  manually. 
3. Valve operated sat isfactor i ly  following co r rec t ive  

action. 

1. Possible  copper deposition on bellows. 
2. P a r t  replaced. 
3. Components containing copper should not be  used  

in sodium systems.  

1. Possible  copper deposition on bellows. 
2. P a r t  replaced. 
3. Components containing copper should not be  used 

in sodium systems.  

1 .  Bellows ruptured. 
2. Valve replaced. 
3. None. 

1. Bellows ruptured. 
2. P a r t  replaced. 
3. None. 

I = MINOR MALFUNCTION * I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

8 Q 



c 

* 

- 

TEN 

- - 
186 

187 

188 

189 

190 

191 

- 

~~ 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Svstern/Subsystern) 

. ValveIBellows 
!. Heat  T rans fe r l In t e r -  

1. 20 
mediate  Cooling 

222220 

[. Valve/Bellows 
!. Heat  T rans fe r  /Inter - 

I. 20 
mediate  Cooling 

224236 

I .  Valve/Unknown 
!. Heat Transfer /Liquid 

Metal Purification 
1. 20 

224235 

I.  Valve/Bellows 
?. Heat Transfer /Liquid 

Metals  Purification 
3. 20 

224235 

1. Valve/Bellows 
2. Heat Transfer /Liquid 

Metals Purification 
3. 20 

224235 

1. Valve/Bellows 
2. Heat Transfer /Liquid 

Metals  Purification 
3. 20 

224235 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 36 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

. EBR-II .. Secondary/surge tank vent. 

i .  300°F 
I. PMMR-25 

. EBR-II 
!. Secondarylsurge tank vent, 

I .  250 to  700°F  
L. PMMR-33 

I .  EBR-11 
!. Secondary/plugging 
1. 250 to  700'F 
1. PMMR-57 

SZ-VC- 1589 

S2-VC-1589 

I. EBR-II 
!. Secondary/plugging loop 
1. 250 to  700'F 
4. PMMR-77 

I.  EBR-I1 
?. Secondary/plugging loop 
3. 250 to  700'F 
1. PMMR-92 

1. EBR-11 
2. Secondary/plugging loop 
3. 250 to  700°F  
i. PMMR-102 

I 1  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
172 

MI 
172 

MI 
125 

MI 
126 

MI 
172 

MI 
172 

MODE 

- - 
MI 
59 

MI 
59 

MI 
52 

MI 
59 

MI 
59 

MI 
59 

- 

F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATlNl 
HOURS 

,608 

i208 

!415 

7290 

10.100 

10, 800 

METHOD OF FAILURE 
DETECTION 

) i rec t  observation 

) i rec t  observation 

h r i n g  actuation 

) i rec t  observation 

I i r ec t  observation 

3irect  observation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Bellows ruptured. 
,. P a r t  replaced. 
#. None. 

. Bellows ruptured. 
:. Part ieplaced. 
,. None. 

,. Valve not operating properly.  
!. Local repair .  
I .  None. 

I. Bellows leaked. 
I .  P a r t  replaced. 
I .  None. 

I. Bellows leaked. 
!. P a r t  replaced. 
3 .  None. 

1. Bellows leaked. 
?. P a r t  replaced. 
3 .  None. 

MA = MAJOR MALFUNCTION 



1. COMPONENT/PART 

2 .  SY S T E  M/S U BSY STE M 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. Valve/Bellows 
2. Heat T rans fe r l In t e r -  

3. 20 
media te  Coolant 

222220 

1 .  Valve/Bellows 
2. Heat T r a n s f e r I P r i -  

3. 20 
m a r y  Coolant 

221213 

1. ValveIPlug 
2. Heat T r a n s f e r l T e s t  

3. 20 
Section 

221213 

1. Y -Valve/Stem and 

2. Heat T r a n s f e r l T e s t  

3. 20 

Bushing 

Section 

222213 

1. Ball  ValvefBall  
2. Heat T rans fe r ITes t  

Section 
3. 20 

222213 

1. Y -Valve/Bushing 

2. Heat T r a n s f e r l T e s t  

3. 20 

and Stem 

Section 

222213 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 37 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1 .  EBR-I1 
2 .  Secondaryfsodium 
3. 250 to 700°F 
4. Operations weekly report ,  

week ending 2-14-68 

1. ANL 
2. Sodium quality t e s t  loop 
3. 1200°F 
4. NAA-SR-12585 

1. ANL 
2. Mechanical pump t e s t  loop 
3. 1000°F 
4. NAA-SR-12585 

1. ANL 
2. Mechanical pump t e s t  loop 
3. 800°F 
4. NAA-SR-12585 

1. ANL 
2. Mechanical pump t e s t  loop 
3. 750’F 
4. NAA-SR-12585 

1 .  ANL 
2. AC l inea r  induction sodium pump 

t e s t  loop 
3. 850°F 
4. NAA-SR-12585 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
M I  
172 

MA 
120 

MA 
45 5 

MI 
413 

MI 
126 

MI 
413 

illODE 

- - 
MI 
59 

MA 
69 

MA 
55 

MI 
55 

MI 
83 

MI 
55 

R E C  

- - 
MI 
530 

MA 
136 

MA 
55 0 

MI 
111 

MI 
590 

MI 
111 

)PERATIN( 
HOURS 

14.500 

6100 

6750 

21.500 

11.400 

6600 

METHOD O F  FAILURE 
DETECTION 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows leaked. 
2. P a r t  replaced. 
3. None. 

1. Bellows leaked, fatigue f a i lu re  at the weld joint. 
2. P a r t  replaced. 
3. None. 

1 .  Failed to open o r  c lose - handwheel that s e c u r e s  
valve position was closed a t  the s a m e  t ime operator  
was attempting to operate  valve. 

2. Local repair :  replaced with new pa r t s .  
3. Redesign of sys tem to prevent  operation i n  the 

locked position. 

1. Valve s t em and bushing not fabricated to specified 
dimensions,  result ing in  flow variance through valve. 

2 .  Local repair:  s t em and bushing machined to c o r r e c t  
dimensions.  

3. Revise quali ty assurance procedures  to include 
inspecting s t em and bushing. 

1. Stell i te-coated bal l  worn. 

2. Vendor repaired component - resurfaced ball. 
3. None. 

Valve operated 11, 400 
Normal  wearout.  hours  before being resurfaced.  

1. Valve s t e m  and guide bushing not fabr icated to 
specified dimensions,  resul ted in  unstable flow 
through valve. 

2. Local repair ;  s t e m  and bushings were  machined to 
specified dimensions.  

3. Upgrade quality a s su rance  inspections for  acceptance 
of valves.  

* = INCIDENT I = MINOR MALFUNCTION 
MA = MAJORMALFUNCTION P = PROBLEM 

Q Q 



(D 

- 

TEV 

- - 
198 

199 

200 

201 

202 

203 

- 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

. Y-Valve/Stem and 

!. Heat T r a n s f e r / T e s t  

I .  20 

Bushing 

Section 

222213 

I. Valve/Bellows 
?. Heat Transfer /Liquid 

Metals  Purification 
I. 20 

224230 

I. Valves /Bellows 
!. Heat T r a n s f e r / P r i -  

m a r y  Coolant 
3. 20 

224230 

I. ValveIBellows 
?. Heat T rans fe r /L iqu id  

Metals  Purification 
3. 20 

224230 

1. ValvelPacking 
?. Heat  T r a n s f e r / P r i -  

3.  20 
m a r y  Coolant 

22 1220 

1. Valve/Packing 
2. Heat T r a n s f e r / P r i -  

m a r y  Coolant 
3. 20 

221220 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 38 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

1. ANL 
2. Electromagnetic pump tes t  loop 
3. 850°F  
1. NAA-SR- 12585 

1. HNPF 
2. P r imary /co ld  t r a p  inlet (V-449) 
3. 300 t o  700°F 
4. HNPF monthly hil i tes,  10-12-62 

1. HNPF 
2. P r imary / f i l l  and drain line (V-466) 
3. 300 to  700°F  
4. HNPF, work request No. 2092 

1.  HNPF 
2. P r imary /ho t  t r ap  (V-471) 
3. 300 to  700'F 
4. HNPF,  initial malfunction report-  

MOR 10081 

1. HNPF 
2. P r imary / th ro t t l e  (V- 103) 
3. 300 to  900°F 
4. HNPF, work request  No. 1869 

1. HNPF 
2. P r imary l th ro t t l e  (V-203) 
3. Ambient temperature  
4. HNPF, work request No. 1869 

I=- MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
413 

MA 
172 

MA 
172 

MA 
332 

MI 
125 

MI 
125 

- 

- 
AODE 

- - 
MI 
55 

MA 
59 

MA 
59 

MA 
59 

MI 
52 

MI 
52 

- 

T E C  

- - 
MI 
111 

MA 
136 

MA 
136 

MA 
136 

MI 
530 

MI 
530 

- 

IPERATIN( 
HOURS 

5000 

5280 

4320 

15,744 

730 

730 

METHOD OF FAILURE 
DETECTION 

) i rec t  observation 

luring actuation 

luring actuation 

lur ing actuation 

lur ing preventive 
naintenance 

lur ing preventive 
naintenance 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve s t e m  and guide bushing not fabricated 
to  specified dimensions,  result ing in  unstable 
flow through valve. 

2. Local r epa i r ;  s t e m  and bushings were  machined 
t o  specified dimensions.  

3. Upgrade quality a s su rance  inspections for acceptance 
of valves.  

1. Bellows ruptured. 
2. P a r t  replaced. 
3. Replace bellows sealed valve with s t e m  f r eeze  sea l  

type. 

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows sealed valve with s t e m  f r e e z e  

sea l  type. 

1 .  Bellows leaked; valve operated before  i t  was 
properly preheated. 

2. P a r t  replaced. 
3. Replaces  bellows sealed valve with s t e m  f r e e z e  

sea l  type. 

1. Packing worn out. 
2. Local r epa i r ;  packing replaced. 
3. None. 

1, Packing worn out. 
2. Local r e p a i r ;  packing replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEFu 

- - 
2 04 

205 

206 

207 

208 

209 

- 

1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Packing 
2. Heat T r a n s f e r I P r i -  

3. 20 
m a r y  Coolant 

221220 

1. Valve/Packing 
2. Heat T rans fe r / In t e r -  

mediate  Coolant 
3. 20 

222220 

1. ValvelYoke Mecha- 

2. Heat T r a n s f e r l P r i -  

3. 20 

n i sm 

m a r y  Coolant 

221220 

1. ValveIYoke Mecha- 

2. Heat T r a n s f e r l P r i -  
n i s m  

m a r y  Coolant 
3. 20 

221220 

1. Valve/Yoke Mecha- 

2. Heat T r a n s f e r / P r i -  

3. 20 

n i sm 

m a r y  Coolant 

221220 

1. ValveIYoke Mecha- 

2. Heat T r a n s f e r I P r i -  

3. 20 

n i s m  

m a r y  Coolant 

221220 

* I = INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 39 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. HNPF 
2. P r imary l th ro t t l e  (V-303) 
3. Ambient t empera tu re  
4. HNPF, work reques t  No. 1869 

1. HNPF 
2. Secondary/thrott le (V- 102, V-202, 

3. - 
4. Work reques t  No. 1869 

1 .  HNPF 
2. P r imary l th ro t t l e  (V-103) 
3. - 
4. Work reques t  No. 2749 

V-302) 

1 .  HNPF 
2. P r i m a r y 1  thr  ottle (V- 203) 
3. - 
4. Work reques t  No. 2749 

1. HNPF 
2. P r imary l th ro t t l e  (V-303) 
3. - 
4. Work reques t  No. 1440 

1. HNPF 
2. P r imary / th ro t t l e  (V- 103) 
3 .  - 
4. AI monthly hil i tes.  8-15-62 

= MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
125 

MI 
125 

MI 
124 

MI 
124 

MA 
122 

MI 
416 

MODE 

- - 
MI 
52 

MI 
52 

MI 
54 

MI 
54 

MA 
54 

MI 
52 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MA 
550 

MI 
530 

- 

)PERATIN( 
HOURS 

730 

2130 

7000 

7000 

1656 

3000 

METHOD OF FAILURE 
DETECTION 

During preventive 
maintenance 

During preventive 
maintenance 

Direc t  observation 

Direc t  observation 

Operational moni tors  

During routine 
inspection 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Packing worn out. 
2 .  Local r e p a i r ;  packing replaced. 
3 .  None. 

1. Packing worn out ( th ree  secondary thrott le valves).  
?. Local r e p a i r ,  packing replaced. 
3 .  None. 

1. Distortion. 
?. Local r e p a i r ,  rebuilt  yoke mechanism 
3 .  None. 

1. Distortion. 
2. Local r e p a i r ,  rebuilt  yoke mechanism 
3. None. 

1 .  Distortion, yoke and s t e m  w e r e  bent a t  75% open 
position. 

2. Vendor repa i r  of component. 
3. Redesign yoke mechanism t o  eliminate bending 

s t r e s s  in s tem.  

1. Distortion. 
2 .  Local r e p a i r ,  s t i f feners  added to c ros s -a rm.  
3. Redesign yoke mechanism t o  eliminate bending 

s t r e s s  i n  s tem.  

MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE 1-119 

FAILURE DATA FOR VALVES 

- 

'EN 

- - 
10 

11 

:12 

!13 

!14 

!15 

Z16 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

I. ValveIYoke 
Mechanism 

!. Heat T r a n s f e r l P r i -  
m a r y  Coolant 

I .  20 
221220 

I. ValvelYoke 
Mechanism !. Heat T rans fe r l ln t e r -  
media te  Coolant 

1.  20 
222200 

I. ValveIYoke 
Mechanism 

?. Heat T r a n s f e r l P r i -  
m a r y  Coolant 

3 .  20 
221220 

1. ValveIStem 
Z. Heat T r a n s f e r I P r i -  

3. 20 

1. ValveIStem 
2. Heat T r a n s f e r l P r i -  

m a r y  Coolant 
3. 20 

221220 

1. ValveIStem Guide 
Bushing 

2. Heat Transfer lLiquid  
Metals Purification 

3. 20 
224233 

1. ValveIBellows 
2. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224236 

m a r y  Coolant 

221220 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

I. HNPF 
?. Pr imary / th ro t t l e  (V-  103) 
3. - 
2. Work request No. 2867 

1. HNPF 
?. Secondaryfthrott le (V-202) 
3.  - 
1. Work reques t  No. 2939 

1. HNPF 
2. P r i m a r y  / thrott le (V- 3 03) 
3.  - 
4. Work reques t  No. 2749 

1. HNPF 
2. P r imaryhhro t t l e  (V-303) 
3. - 
4. Work reques t  No. 1440 

1. HNPF 
2. P r i m a r y l d r a i n  (V-459) 
3. - 
4. A.I. Monthly Hili tes,  3-20-63 

1. HNPF 
2. Secondary/cold t r ap  fi l l  and d ra in  

3. - 
4. Work request No. 3364 

1. HNPF 
2. Secondarylfi l l  tank outlet (V-491) 
3. 100 - 300'F 
4.  IMR - MOR 10089 

(V-4109) 

: I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

(Sheet 40 of 52) 
~~ 

FAILURE INDEX 
CODE* 

\USE 

- - 
MI 
126 

MI 
331 

MI 
416 

MA 
32 1 

MI 
172 

MI 
126 

MA 
172 

BODE 

- - 
MI 
59 

MI 
54 

MI 
54 

MA 
55 

MI 
68 

MI 
68 

MA 
61 

-F EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MA 
122 

MI 
530 

MI 
530 

MA 
136 

'ERATIN( 
HOURS 

'392 

7180 

7000 

1656 

3928 

5800 

18840 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Operational monitors 

Di rec t  observation 

Operational monitors 

Di rec t  observation 

Direc t  observation 

Routine a r e a  watch 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

I. Cross -a rm cracked. !. Local repa i r ,  repa i red  c r o s s - a r m  and straightened 
s tem.  

1. Redesign yoke mechanism to eliminate bending 
s t r e s s  in  s t em.  

I .  Yoke distorted because of misuse .  
?. Local repa i r ,  straightened s t em and jack sc rew.  
3 .  Review opera tor  training manual.  

1. Yoke distorted.  
2 .  Local repa i r ,  rebuilt  yoke mechanism. 
3 .  Redesign yoke mechanism to eliminate bending 

s t r e s s  in  s t em.  

1. Stem shield plug ove r  valve installed wrong, preventec 
valve operating ove r  full  range. 

2 .  Vendor r epa i r  of component. 
3. Redesign shield plug to prevent in te r fe rence  with 

valve operation. 

1.  Valve s t em was  bent and scored .  
2 .  Component p a r t  replaced. 
3. None. 

1. Scoredlgalled.  
2. Component p a r t  rep laced .  
3. None. 

1. Bellows leaked. 
2.  P a r t  replaced. 
3. Replace bellows with f r eeze  s t em sea l .  



- 

TEl 

- - 
2 1; 

2 1E 

215 

22c 

22 1 

!22 

- 

1. COMPDNENT/PART 

2. SY STEM/SUBSY STEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. ValvelBellows 
2. Heat T r a n s f e r l P r i -  

3. 20 
m a r y  Coolant 

221220 

1. Valve/Bellows 
2. Heat T r a n s f e r /  

Liquid Metals 
Purification 

224230 
3. 20 

1. Valve/Bellows 
2. Heat T r a n s f e r /  

P r i m a r y  Coolant 
3. 20 

224230 

1. Valve/Yoke 
Mechanism 

2. Heat T rans fe r / In t e r -  
mediate  Coolant 

3. 20 
222220 

1. ValvelYoke 
Mechanism 

2. Heat T rans fe r / In t e r -  
mediate  Coolant 

3. 20 
222220 

1. Valve/Yoke 
Mechanism 

2. Heat T rans fe r / In t e r -  
mediate  Coolant 

3. 20 
222220 

= INCIDENT * 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 41 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. HNPF 
2. P r imary /b lock  (V-476) 
3. 100 to  300'F 
4. IMR - MOR 10113 

1. HNPF 
2 .  Primary/plugging m e t e r  (V-443) 
3. 100 to 300°F 
4. Work reques t  No. 1432 

1. HNPF 
2. P r i m a r y / h o t  t r ap  carbon (V-471) 
3. 100 to 300°F  
4. Work reques t  No. 1772 

1. HNPF 
2. Secondary/thrott le (V- 102) 
3. - 
4. Work reques t  No. 2749 

1. HNPF 
2. Secondaryl throt t le  (V-202) 
3.  - 
4. Work reques t  No. 2749 

1. HNPF 
?. Secondary/thrott le (V-302) 
3 .  - 
t. Work reques t  No. 2749 

FAILURE INDEX 
CODE* 

:AUSI 

- - 
MA 
172 

MA 
172 

MA 
172 

MI 
416 

MI 
416 

MI 
416 

MODE 

- - 
MA 
61 

MA 
59 

MA 
59 

MI 
54 

MI 
54 

MI 
54 

FF EC- 

- - 
MA 
136 

MA 
136 

MA 
136 

MI 
530 

MI 
530 

MI 
530 

= MINOR MALFUNCTION 
' = PROBLEM 

- 
'PER ATINI 

HOURS 

!1,000 

1440 

3600 

7000 

7000 

7000 

- 

METHOD OF FAILURE 
DETECTION 

Protective sys t em 

During actuation 

During actuation 

Direct  observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows with f r eeze  s t e m  sea l .  

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows with freeze s t em seal.  

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows with freeze s t e m  seal.  

1. Yoke distorted.  
2. Local r epa i r ;  rebuilt  yoke. 
3. Redesign yoke mechanism to  eliminate bending 

s t r e s s  in  s tem.  

1. Yoke distorted.  
2. Local r epa i r ;  rebui l t  yoke. 
3. Redesign yoke mechanism t o  eliminate bending 

s t r e s s  in  s tem.  

1. Yoke distorted.  
2. Local r epa i r ;  rebuilt  yoke. 
3. Redesign yoke mechanism to  eliminate bending 

s t r e s s  in s tem.  



- 

TEI 

- - 
!23 

!24 

!25 

!26 

:27 

:28 

- 

1. COMPONENT/PART 

2. SY STEM/SU BSY S TE I\ 
3. CODE: 

(Component) 
(System/Subsystem) 

1. Valve/Packing 
2. Heat Transfer  /Inter - 

3. 20 
mediate Coolant 

222220 

1. Valve/Packing 
2. Heat T rans fe r l In t e r -  

3. 20 
mediate Coolant 

222220 

1. Valve/Bellows 
2. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224230 

1. Valve/Bellows 
2. Heat Transfer/Liquid 

Metals Purification 
3. 20 

224230 

1. Valve/Bellows 
2. Heat T rans fe r l In t e r -  

mediate Coolant 
3. 20  

222220 

1 .  Valve/Bellows 
2. Heat Transfer /Liquid  

Metals Purification 
3. 20 

224230 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 42 of 52)  

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. HNPF 
2. Secondary/thrott le (V-202) 
3. - 
4. Work reques t  No. 1869 

1. HNPF 
2. Secondary/thrott le (V-302) 
3. - 
4. Work reques t  No. 1869 

1. SRE 
2. Main pr imarylsodium serv ice  

3. 250 to 950°F 
4. Operation log book, 1-29-63 

1. SRE 
2. Main secondarylsodium se rv ice  

3. 250 to 950°F 
4. Operationlogbook No. 51, 2-24-63 

1. SRE 
2. Main secondary/sodium (V- 124) 
3. 250 to 950 'F  
4. Operation log book No. 51, 3-6-63 

(PMV) 

(V- 124) 

1. SRE 
2. Main pr imary/sodium service 

3. 250 to 950°F 
4. Maintenance log book, 7- 10-63 

(V-644) 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUS 

- 
MI 
125 

MI 
125 

MI 
126 

MI 
125 

MI 
321 

MI 
126 

- 

MODI 

- - 
MI 
52 

MI 
52 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

- 

FFE( 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

IPERATlh 
HOURS 

'30 

30 

760 

6,400 

36 

8. 100 

METHOD OF FAlLURt 
DETECTION 

During preventive 
maintenance 

During preventive 
maintenance 

Direc t  observation 

Direct observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Packing worn out. 
2. Local  r epa i r ;  packing replaced. 
3. None. 

1. Packing worn out. 
?. Local r epa i r ;  packing replaced. 
3. None. 

I. Bellows leaked. 
?. P a r t  replaced. 
3. Replace bellows valve with f r e e z e  s t em seal.  

I. Bellows leaked. 
?. P a r t  replaced. 
1. Replace bellows valve with f r eeze  s t em seal.  

I. Bellows leaked due to assembly  e r r o r .  
!. P a r t  replaced. 
I. Replace bellows valve with f r e e z e  s t em seal.  

!. Bellows leaked. 
!. Part replaced. 
1. Replace bellows valve with f r eeze  stem seal.  



- 

TEM 

- - 
?29 

230 

23 1 

232 

233 

234 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve/Bellows 
?. Heat Transfer /Liquid 

Metals Purification 
3. 20 

224235 

1 .  Valve/Bellows 
?. Heat TransferICoolant  

Receiving, Makeup, and 
Trea tmen t  

224230 
3.  20 

1. Valve/Bellows 
2 .  Heat Transfer /Liquid 

Metals Purification 
3. 20 

224230 

1. Valve/Bellows 
2. Heat Transfer /Liquid 

Metals Purification 
3. 20 

224230 

1. Valve/Bellows 
2. Heat TransferILiquid 

Metals Purification 
3. 20 

224230 

1. ValveIBellows 
2. Heat TransferILiquid 

Metals Purification 
3. 20 

224230 

I =  
MA = 

INCIDENT 
MAJOR MAL 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 43 of 52)  

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SRE 
2. Main secondary/plugging m e t e r  

3 .  250 to  950°F 
4. Operation log book No. 9 

1. SRE 
2. Main secondarylf i l l  and drain (V- 166 
3. 250 to 950'F 
4. Operation log book No. 1 1 ,  11-25-58 

(PMV) 

1. SRE 
2. Main p r imary l sod ium service 

3. 250 to 950°F 
4. Operation log book No. 13. 6-23-59 

1.' SRE 
2. Main p r imary / sod ium se rv ice  

3. 250 to 950°F 
4. Operation log book No. 6, 1-4-58 

1 .  SRE 
2. P r i m a r y / f r e e z e  t r a p  (V-624) 
3. 250 to 950°F 
4. Operation log book No. 7 ,  6-1-58 

(PMV) 

(V-105) 

1. SRE 
2. Main secondary/sodium se rv ice  

3. 250 to 950°F 
4. Operation log book No. 7 ,  6-16-69 

(V-126) 

!I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
126 

MI 
126 

MI 
126 

MI 
120 

MI 
126 

MI 
I26 

MODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
54 

MI 
59 

MI 
59 

'FECl 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PERATIN( 
HOURS 

600 

5, 100 

8,720 

'200 

)360 

?360 

- 

METHOD OF FAILURE 
DETECTION 

lirect observation 

lir ec t  observation 

) i rec t  observat ion 

I i rec t  observation 

I i rec t  observation 

I i r ec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Bellows leaked. 

. P a r t  replaced. 

. Replace bellows valve with f r e e z e  s t e m  seal.  

. Bellows failed. 

. P a r t  replaced. . Replace bellows valve with f r eeze  s t e m  seal.  

. Bellows ruptured. 
!. P a r t  replaced. 
;. Replace bellows valve with f r e e z e  s t e m  sea l .  

I. Bellows leaked. 
!. P a r t  replaced. 
I .  Replace bellows valve with f r e e z e  s t e m  sea l .  

I. Bellows ruptured. 
!. P a r t  replaced. 
3 .  Replace bellows valve with f r e e z e  s t e m  seal. 

1. Bellows leaked. 
?. P a r t  replaced. 
3. Replace bellows valve with f r e e z e  s t e m  seal.  

.FUNCTION 

Q Q 



6 Q 

- 

TEL 

- - 
235 

236 

237 

238 

239 

240 

- * 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValveIBellows 
?. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224230 

1. ValveIBellows 
2. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer  /Liquid 

Metals Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer ILiquid  

Meta ls  Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224230 

1. ValveIBellows 
2. Heat Transfer lLiquid  

Metals Purification 
3. 20 

224230 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 44 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SRE 
?. Main secondarylsodium serv ice  

3. 250 to 950'F 
t. Operation log book No. 7, 6-24-69 

1. SRE 
?. Main secondarylsodium serv ice  

3. 250 to 950'F 
$. Operation log book, 8-12-60 

1. SRE 
?. Main pr imarylsodium service 

3. 250 to 950°F 
$. Operation log book, 3-10-60 

1. SRE 
?. Main pr imary/sodium serv ice  

(V-617) 
3. 250 to 950'F 
$. Operation log book No. 24, 9-30-60 

(PMV) 

(PMV) 

(V - 634) 

1. SRE 
2. Main secondarylsodium serv ice  

(V- 1251 
3. 250 to 950'F 
4. Operation log book No. 25, 12-28-60 

1. SRE 
2. Main pr imarylsodium service 

3. 250 to 950°F 
4. Operation log book No. 26, 1-13-61 

(V-620) 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
126 

MI 
126 

MI 
126 

MI 
126 

MI 
126 

MI 
126 

- 

MODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

- 

FFEC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

~~ 

IPERATIN( 
HOURS 

1080 

$200 

3720 

3720 

13,600 

12.100 

METHOD OF FAILURE 
DETECTION 

I i r ec t  observation 

Xrec t  observation 

3 i rec t  observation 

X r e c t  observation 

X r e c t  observation 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows ruptured. 
2. P a r t  replaced. 
3. Replace bellows valve with f r eeze  s t em seal.  

1. Bellows ruptured. 
2. Part replaced. 
3. Replace bellows valve with f r eeze  s t em sea l .  

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows valve with f r eeze  s t e m  seal.  

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows valve with f r eeze  s t em seal.  

1. Bellows leaked. 
2. P a r t  replaced. 
3. Replace bellows with f r eeze  s t em seal.  

1. Bellows ruptured. 
2. P a r t  replaced. 
3. Replace bellows with f r eeze  s t e m  seal. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEM 

- - 
24 1 

242 

243 

244 

245 

246 

247 

_I 

* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. ValveIBellows 
2. Heat Transfer tLiquid  

Metals Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer tLiquid  

Metals Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer tLiquid  

Metals Purification 
3. 20 

224230 

1. ValvelBellows 
2. Heat Transfer tLiquid  

Metals Purification 
3. 20 

224230 

1. Valvelo-Ring 
2. Heat TransferJLiquid  

Metals Purification 
3. 20 

224235 

1. ValvelBellows 
2. Heat Transfer tLiquid  

Metals Purification 
3. 20 

224230 

1 .  ValvelBellows 
2 .  Heat TransferJLiquid  

Metals Purification 
3. 20 

224230 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 45 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

I. SRE 
!. Main pr imary/sodium serv ice  

1. 250 to  950'F 
i. Operation log book No. 26, 1-28-61 

I .  SRE 
!. Main pr imary/sodium serv ice  

3 .  250 to  950'F 
&. Operation log book No. 26, 3-30-61 

I. SRE 
Z. Main primarytplugging me te r  

3 .  250 to 950'F 
1. Operation log book No. 35, 

1. SRE 
Z. Main p r imary l sod ium (V-635) 
3.  250 to 950°F 
1. Operation log book No. 35, 2-6-62 

(V-6 16) 

(V-618) 

(PMV) 

11-8-61 

1. SRE 
?. Main secondarylplugging meter  

3. 250 to 950°F 
a. Operation log book No. 11, 11-30-58 

1. SRE 
?. Main p r imary l sod ium serv ice  

3. 250 to 950'F 
1. Operation log book No. 8, 6-24-58 

1. SRE 
2. Main secondary lsodium serv ice  

3. 250 to 950'F 
4. Operation log book No. 8,  7-2-58 

P M V )  

(PMV) 

(V-124) 

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
126 

MI 
126 

MI 
327 

MI 
120 

MI 
32 1 

MI 
126 

MI 
126 

dODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
56 

MI 
59 

MI 
59 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
136 

MI 
530 

MI 
530 

IPERATINC 
HOURS 

12,100 

13,000 

11,000 

12,000 

14,400 

3600 

4560 

METHOD OF FAILURE 
DETECTION 

~~ 

I i r ec t  observation 

3 i rec t  observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Bellows failed. 
2. P a r t  replaced. 
3. Replace bellows with f r eeze  s t e m  seal.  

1. Bellows failed. 
2 .  P a r t  replaced. 
3. Replace bellows with f r eeze  s t em seal.  

1. Bellows failed: valve was closed when cold. 
2. P a r t  replaced. 
3. Replace bellows with f r eeze  s t em seal. 

1. Bellows failed. 
2. P a r t  replaced with f r eeze  s t em seal.  
3. None. 

1. O-ring not sea ted  ontop flange. 
2. Stainless s tee l  O-ring rep laced .  
3. None. 

1. Bellows failed. 
2. P a r t  replaced. 
3. Replace bellows with f reeze  s t em sei 

1. Bellows failed. 
2. P a r t  replaced. 
3. Replace bellows with f reeze  s t e m  seal.  

Q 



* 

- 

'EM 

- - 
248 

249 

250 

251 

252 

253 

- 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
( S  ystem/Subsystem) 

1. Valve/Bellows 
2. Heat  Transfer  /Liquid 

Metals  Purification 
3. 20 

224230 

1. Valve/Bellows 
2. Heat  TransferILiquid 

Metals  Purification 
3. 20 

224230 

1. Valve/Solenoid 
2. Heat T r a n s f e r /  

3. 20 
E lec t r i ca l  

221121 

1. Valve/Solenoid 
2. Heat  T rans fe r /  

3. 20 
E lec t r i ca l  

221121 

1. Valve/Bellows 
2. Heat  T rans fe r /  

Reactor  Coolant 
Piping and Valves 

221220 
3. 20 

1. ValvelSolenoid 
2. Heat  T r a n s f e r /  

3 .  20 
E lec t r i ca l  

221121 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 46 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SRE 
2. Main secondary/sodium service 

3. 250 to 950°F 
4. Operation log book No. 8, 7- 13-68 

(V- 127) 

1. SRE 
2. Main secondary/sodium service 

IV- 124) 
3. 250 to 950°F 
4. Operation log book No. 8, 8- 16-58 

1. L C T L  
2. LCTL/core  tank drain (V-33) 
3. 1200'F 
4. Lab notebook A-086301, 9-28-59 

1. LCTL 
2. LCTL/core  tank inlet  (V-303C) 
3. 1200°F 
4. Lab notebook A-086301, 9-28-59 

1. LCTL 
2. LCTL/Z by 3 loop vent (V-23A) 
3. 1200°F 
4. Lab notebook A-086374, 4-20-60 

1. LCTL 
2. LCTLldra in  tank drain (V-37) 
3. 1200°F 
4. Log book 21-2, 1-4-65 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
126 

MI 
126 

MI 
236 

MI 
236 

MI 
126 

MI 
236 

- 

AODE 

- - 
MI 
59 

MI 
59 

MI 
13  

MI 
13 

MI 
59 

MI 
13 

- 

:F EC- 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
550 

MI 
550 

'ERATIN( 
HOURS 

0,  800 

10,800 

Jnknown 

Jnknown 

Jnknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

I i rec t  observation 

I i r ec t  observation 

I i r e c t  observation 

X r e c t  observation 

J i r ec t  observation 

Direct observation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows failed. 
2. Part replaced. 
3. Replace bellows with f r eeze  s t e m  seal.  

1. Bellows failed. 
2. Part replaced. 
3. Replace bellows with f r eeze  s t e m  seal.  

1. Coil of solenoid failed. 
2. Replaced part .  
3. Cover  coil  with a sealant  to protect  against  moisture .  

1. Coil of solenoid failed. 
2. Replaced part .  
3. Cover  coil  with a sealant to protect  against  moisture .  

1. Bellows ruptured. 
2. Replaced bellows. 
3. Replace bellows with f r eeze  s t e m  seal.  

1. Solenoid inoperative. 
2. Replaced part .  
3. None. 

MA = MAJOR MALFUNCTION 



- 

TEB 

- - 
2 54 

255 

256 

257 

258 

259 

- 

1. COMPONENT/PART 

2. SVSTEM/SUBSVSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystern) 

1. ValvelFlange 
2. Heat Transfer  /Cold 

3. 20 
T r a p  

224230 

1. ValveIFlange 
2. Heat T rans fe r /  

Reactor  Coolant 
Piping and Valves 

22 1220 
3. 20 

1. ValvelStem 
2. Heat  T r a n s f e r I P r i -  

m a r v  Coolant 
3. 20 

221220 

1. ValvelFlange 
2. Heat T r a n s f e r l P r i -  

m a r y  Coolant 
3. 20 

221220 

1. Valve/Solenoid 
2. Heat T r a n s f e r I P r i  

m a r y  Coolant 
3. 20 

221121 

1. Valve/Bellows 
2 .  Heat T rans fe r  /Inter - 

mediate  Coolant 
T e s t  Section 

2222 13 
3. 20 

* I = INCIDENT 
M A  = MAJOR MALFUNCTION 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Sheet 47 of 52) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. LCTL 
2. LCTL/ in l e t  to cold t r ap  
3. 1200°F 
4. Lab notebook B-041182. 10-11-61 

1. LCTL 
2. L C T L / 3  in. t he rma l  shock drain 

3. 1200°F 
4. Lab notebook B-041183, 10-17-61 

l ine (V-31A) 

1. L C T L  
2. LCTLI6  in. t he rma l  shock loop 

3. 1000'F 
4. Lab notebook B-104302, 1-15-62 

1. LCTL 
2. L C T L / 3  in. magnet ic  t r ap  
3. 1200'F 
4. Lab notebook A-086329 

(V- HIC - 6 2) 

1. L C T L  
2. L C T L / c o r e  tank inlet  (V-HIC-63) 
3. 1000°F 
4. Log book No. 2, 2-20-68 

1. LCTL 
2. LCTLI6  by 8 tes t  section (V-67) 
3. 1000°F 
4. Lab notebook A-086360 

1 = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
MI 
148 

MI 
148 

MI 
120 

MI 
148 

MI 
236 

MI 
120 

- 

dODE 

- - 
MI 
34 

MI 
53 

MI 
55 

MI 
34 

MI 
13 

MI 
34 

=F EC' 

- - 
MI 
530 

MI 
530 

MI 
550 

MI 
550 

MI 
550 

MI 
550 

- 

- 
PERATIN1 
HOURS 

lnknown 

lnknown 

lnknown 

Jnknown 

Jnknown 

Jnknown 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Flange bolts worked loose which caused a sodium 
leak. 
service.  

2. Flange was welded. 
3. Initial maintenance procedures  on co r rec t  installa- 

tion of flanges.  

1. Flange bolts worked loose which caused a sodium 
leak. 
service.  

2. Flange was welded. 
3 .  Init iate maintenance procedure on co r rec t  installa- 

t ion of flanges.  

Valves not originally designed for sodium 

Valves not originally designed for sodium 

1. Valve s t e m  jammed. 
2. Disassembled,  cleaned, and placed back in system. 
3. None. 

1. Flange bolts worked loose which caused a sodium 
l eak -  

2. Tightened flange bolts. 
3. Initiate maintenance Drocedure on co r rec t  installa- 

tion of flanges. 

1. Solenoid inoperative. 
2. Replaced par t .  
3. None. 

1. Bellows ruptured. 
2. Replaced bellows. 
3. Replace bellows with f r eeze  s t e m  seal.  



- 
TEll 

- - 
260 

26 1 

2 62 

263 

264 

265 

- 

.. COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

1. CODE: 
(Component) 
(System/Subsystem) 

1. Valve /F reeze  Stem 
!. Heat T r a n s f e r l P r i -  

I .  20 
m a r y  Coolant 

221220 

L .  Valve 
?. Heat T r a n s f e r  System 

Gas Supply and 
Monitoring Sys tem 

224600 
3 .  20 

1.  Valve 
?. Heat T rans fe r l Ine r t  

Gas  Supply and 
Monitoring Sys tem 

224610 
3. 20 

1. ValvelAssembly 
2. Nuclear Fuel  Handlin 

and Storage Equipmer 
/Fue l  Handling 
Equipment 

236000 
3. 20 

1. Valve 
2. Nuclear Fue l  Handlin 

and Storage Equipmei 
/Fue l  Handling 
Equipment 

236000 
3. 20 

1. Valve /Bellows 
2. Heat Transfer /Coola i  

Piping and Valves 
3. 20  

221220 

t I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

TABLE 1- 119 

FAILURE DATA FOR VALVES 
(Sheet 48 of 52) 

1. LCTL 
2. Supply tankldra in  (V-HIC-305A) 
3. Maximum operating tempera ture  

4. Incident, malfunction, and problem 
1200'F 

repor t  No. 002 

1. F e r m i  
2 .  No. 2 recirculating gas compresso r  

room c l imate  changer (TCV- 1904-2) 
3. Unknown 
+. EF-51, page 4 

1.  F e r m i  
2. No. 1 rec i rcu la t ing  gas compresso r  

(Valve FCV-471) 
3. Unknown 
4. EF-51, page 4 

1.  F e r m i  
2.  C a s k c a r  
3. 450 to  550'F sodium temperature 
4. EF-16  and EFAPP-MR-85 

1. F e r m i  
2. C a s k c a r  
3. Unknown 
4. EFAPP-MR-59 

1.  F e r m i  
2.  Cold t r a p  room pr imary  sodium 

serv ice  piping (V-516) 
3. Unknown 
4. EF-53, EF-56 ,  and EF-57 

I = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MA 
195 

MI 
479 

MI 
479 

MI 
410 

MI 
218 

MI 
124 

dODE 

- - 
MA 
55 

MI 
51 

MI 
51 

MI 
55 

MI 
51 

MI 
59 

FFEC 

- - 
MA 
550 

MI 
5 50 

MI 
550 

MI 
550 

MI 
550 

MI 
530 

- 

PERATIN 
HOURS 

Jnknowr 

Jnknowi 

Jnknowi 

Unknow! 

Unknow 

Unknow 

METHOD OF FAILURE 
DETECTION 

Direct observation 

During actuation 

During actuation 

During actuation 

Operation moni tors  

During preventive 
maintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

I. Valve inoperative - oxide deposit in  s tem region. 
:. Jury  rig,  f r eeze  s t em heated with GE hea ter  cable . until valve s t e m  f r ee  to move. Valve is in  the s c r a m  

c i rcu i t  of the sys t em and therefore  not usually 
operated. 

1. None. 

1.  Valve would not close upon demand. 
1. Valve disassembled, revealing a foreign object in 

valve housing. 
3. Quality assurance  needs improvement.  

1 .  Valve would not close upon demand. 
2 .  Valve disassembled, revealing a foreign object in  

valve housing. 
3. Quality a s su rance  needs improvement.  

1. Sodium f roze  valve shut. 
2. Assembly cleaned, and thrus t  bearings and O-ring 

sea l  replaced. 
3. Additional r e sea rch  and development required.  

1. Ball valve operation difficult due to  accumulation of 
sodium in the  valve cavity. 

2.  Valve cleaned, and a l l  O-ring sea l s  replaced. 
3. Additional r e sea rch  and development required.  

1 .  Bellows leaked. 
2 .  Bellows replaced. 
3. Additional r e s e a r c h  and development required.  



- 
ITEl 

- - 
266 

267 

268 

269 

270 

271 

- 
I 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEN 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Valve /Bellows 
2. Heat Transfer /Coolar  

3. 20 
Piping and Valve 

221220 

1. Valve 
2. Heat T rans fe r /Pump 
3. 20 

221110 

1. Valve /Dra in  Plug 
2. Heat T rans fe r lS team 

3. 20 
Genera tors  

223000 

1. Valve /Solenoid 
2. Instrumentation and 

3. 20 
Coltrol  /Argon Supply 

269000 

1. Valve /Solenoid 
2. Instrumentation and 

Control /Shield 
3. 20 

261200 

1. Valve 
2. Nuclear Fue l  Handlin 

and Storage Equipmen 
/Cooling and Cleaning 

233100 
3. 20 

= INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 49 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. F e r m i  
2. Cold t r a p  room pr imary  sodium 

serv ice  piping (V502- 1) 
3. Unknown 
4. EF-52, EF-56, a n d E F - 5 7  

1. F e r m i  
2. No. 1 p r imary  pump liquid rheos ta t  

genera l  s e rv i ce  wa te r  bypass valve 
3. 450 t o  525°F sodium tempera ture  
4. EF-37, page 4 

1. F e r m i  
2. No. 1 s t eam genera tor  dra in  plug on 

isolation valve (FSV-604) 
3. 450 to  525'F sodium tempera ture  
4. EF-34, page 8 

1. F e r m i  
2. Cleaning machine (FSV-202) 
3. 475 t o  650'F sodium tempera ture  
4. EF-33 ,  page 5 

1. F e r m i  
2.  P r i m a r y  shield tank sensing l ine 
3. Unknown 
4. EFAPP-MR-125 

1. F e r m i  
2. S t eam cleaning machine valve 
3. Unknown 
4. EF-41 and EFAPP-MR-119 

= MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
124 

MI 
110 

MI 
125 

MI 
124 

MI 
16Z 

MI 
127 

- 

- 
MODE 

- - 
MI 
59 

MI 
51 

MI 
96 

MI 
52 

MI 
13 

MI 
57 

- 

- 
FFEC 

- - 
MI 
530 

MI 
550 

MI 
530 

MI 
530 

MI 
550 

MI 
550 

- 

IPERATI! 
HOURS 

Unknow 

Unlmou 

Unknou 

Unknou 

Unknou 

Unknou 

- 

METHOD OF FAILURE 
DETECTION 

Routine a r e a  watch - 
d i rec t  observation 

Operation monitor 

Di rec t  observation 

Operational monitors 

During actuation 

Direc t  observation 
(unscheduled) 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Bellows leaked. 
2. Bellows rep laced .  
3 .  Additional r e sea rch  and development requi red .  

1. Valve plugged and inoperative.  
2.  Valve removed and cleaned. 
3. None. 

1. Leaking d ra in  plug. 
2. While genera tor  vented off, plug repa i red .  
3. None. 

1. E r r a t i c  a rgon  supply valve operation to the cleaning 
machine. 

2 .  Solenoid a rma tu re  fo r  FSV-202 replaced. 
3 .  None. 

1. Malfunction of the solenoid valve caused a fuse to blou 
in the e lec t r ica l  circuit ,  which prevented switch-over 
to  the a l te rna te  sensing l ine.  The overall  r e su l t  was 
a lo s s  of control with positive p r e s s u r e  swings. 

2.  The a l te rna te  sensing l ine was switched into serv ice ,  
and FCV-1370-4was energizedbyreplacingblownfuse. 

3 .  Design modification to pa r t  o r  c i rcu i t .  

1. Valve f roze  in a partially open position, result ing 

2. Galled valve s tem,  bushing, and valve c a r r i e r  were  

3. None. 

in a low load cut-out. 

replaced with new pa r t s  of ha rde r  mater ia l .  

MA = MAJOR MALFUNCTION 



- 

TEA 

- - 
272 

273 

274 

275 

2 76 

277 

- 

1. COMPONENT/PART 

2 .  SY STEM/S U BSY STEh 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve /Bushing 
2. Nuclear FuelHandlin 

and Storage Equipmer 
/Cooling and Cleaning 

233100 
3. 20 

1. Valve /Gasket 
2.  Reac tor  Equipment/  

In-core Capsules and 
T e s t  Loops 

218000 
3. 20 

1. Valve /Packing 
2. Heat T rans fe r  Syster 

/ T e s t  Facil i ty Coolan 
Sys tem and Valves 

3. 20 
221220 

1. Valve /Seat 
2.  Heat T rans fe r  Syster 
' /Steam and Feedwate 

/Piping and Valves 

281200 
3. 20 

1. Valve /Stem 
2. Heat T rans fe r  Syster 

/Coolant System and 
Valves 

221220 
3. 20 

1. Valve 
2.  Reactor Equipment / 

In-core Capsules and 
T e s t  Loops 

218000 
3. 20 

* 1 = INCIDENT 

TABLE 1-119 

FAILURE DATA FOR VALVES 
(Sheet 50 of 5L) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. F e r m i  
2. Steam cleaning machine valve 
3. Unknown 
4. EF-42, page 5 

1. CCTL 
2. Cold t r a p  loop 
3. Unknown 
4. CCTL-1 

1. SCTI 
2. P r i m a r y  sodium sys tem 
3. 850°F 
4. IMPR-359 

1. SCTI 
2. S team and water  sys tem 
3. 2200 psig, 1050"F, 6 Mwt 
4. IMPR-357 

1. LCTL 
2. Supply tank 
3. Down (scheduled maintenance) 
4. LCTL IMPR-008 

1. ETR 
2. Reactor surge tank 
3. 700°F 
4. INC-69-81 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
127 

3 

MI 
124 

I 
137 

P 
195 

MI 
332  

MODE 

- - 
MI 
57 

MA 
96 

MI 
52 

I 
65 

P 
55 

MI 
43 

FF EC 

- - 
MI 
550 

MA 
580 

MI 
580 

I 
530 

P 
520 

MI 
520 

PERATlh 
HOURS 

Unknow 

Unknow 

Unknow 

Unknow 

Unknow 

Unknow 

METHOD OF FAILURE 
DETECTION 

During actuation 

Direc t  observation 
(unscheduled) 

Pro tec t ive  sys tem 

Direc t  observation 
(routine watch) 

Di rec t  observation 
(unscheduled) 

Operational moni tors  

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Recently installed pa r t s  galled, resu l t ing  in valve 

2.  Galled valve s t em bushing, and valve c a r r i e r  rep lace< 

3. None. 

s iezure .  

with pa r t s  hardened to  Rockwell C 50155. 

1. Sodium leakage through gasket caused a f i r e  and dam. 
age t o  a 2 - i n .  control valve. Severe  cor ros ion  was  
noted on the outer sur faces  of the valve body and piping 

2. F i r e  extinguished and valve replaced. 
3. Provide valves with shor t -c i rcu i t  type leak  detection. 

1. Sodium extruded pas t  gland packing, causing a smal l  
f i r e  and lo s s  of e 3  lb  sodium. 

2. Replaced valve packing. 
3. Per iodic  maintenance checks. 

1. P r e s s u r e  safety valve was  observed to be weeping 
a c r o s s  valve sea t  with s t eam genera tor  operating 
a t  2200 psig. Leakage slight, plant not shut down. 

2.  Valve sea t  lapped t o  r epa i r  eroded a rea .  
3. Continued R&D for  high p res su re  s t eam safe ty  re l ie f  

valves.  

1. Valve failed to c lose  when cycled closed. Sodium 
and sodium oxide held valve open. 

2. Sodium melted with hea ter  until valve was  f r ee .  . 
3. Bellows enclosure should be added to  f r eeze  s t e m  

a r e a  of valve. 

1. Surge tank partially drained because of i nco r rec t  tank 
level reading. 
valves were  found to  be open, causing the  fa l se  
indication. 

2. Valves closed, normal  operation reestablished. 
3. Modify procedure fo r  filling and venting. 

Three  surge  tank liquid leve l  f i l l  l ine 

MA = MAJOR MALFUNCTION P = PROBLEM 



I T E L  

- - 
278 

279 

280 

281 

282 

283 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Valve /Stem 
2. Heat T rans fe r  System 

/Reactor Coolant 
Piping and Valves 

221200 
3. 20 

1 .  Valve /Stem 
2. Heat T rans fe r lReac tc  

3. 20 
Coolant Svs tem 

221200 

1.  Valve 
2.  Feedwater  Supply and 

Trea tment  /Makeup 
Water Trea tment  

272000 
3. 20 

1 .  Valve /Seat 
2 .  Heat T rans fe r  System 

/Reactor Coolant 
System 

3. 20 
221200 

1. Valve/ 
2 .  Heat Transfer IReac to  

Coolant Sys tem 
3. 20 

218000 

1.  Valve /Stem 
2. Heat T r a n s f e r s y s t e m  

/Coolant System 
and Valves 

221220 
3. 20 

= INCIDENT 

T A B L E  1-119 

FAILURE DATA FOR VALVES 
(Shee t  51 of 5 2 )  

1. FACIL ITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. ATR 
2. P r i m a r y  p res su re  sys tem 
3. Shut down 
4. INC-69-183 

1. ATR 
2. P r i m a r y  coolant sys t em 
3. Down (scheduled maintenance) 
4. INC-69-50 

1.  ETR 
2. Deoxygenation sys t em 
3. Steady full power (175 Mw) 
4. INC-69-102 

1.  ATR 
2 .  P r i m a r y  coolant sys tem 
3. Tes t  in p rogres s  
1. INC-69-102 

1 .  ATR 
2.  P r i m a r y  coolant sys t em 
3 .  Steady full power (250 Mw) 
4. INC-69-162 

1.  LCTL 
2. Supply tank 
3. Startup 
4. LCTL IMPR-002 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

;AUSE 

- - 
P 
448 

I 
448 

I 
332 

MI 
41z 

I 
344 

P 
195 

MODE 

- - 
P 
68 

I 
68 

I 
32 

MI 
85 

I 
BA 

P 
55 

- 

TEC 

- - 
P 
530 

I 
520 

I 
580 

MI 
520 

I 
520 

P 
520 

- 

- 

IPERATII 
HOUR: 

Unknov 

Unknov 

Unknov 

Unknov 

Unknov 

Unknoi 

- 

METHOD OF FAILURE 
DETECTION 

Direct observation 
[unscheduled) 

Direct observation 
(un s c heduled ) 

Direct observation 
(unscheduled) 

Routine ins t rument  
reading 

Pro tec t ive  sys t em 

Direc t  observation 
(unscheduled) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. During d isassembly  of p r imary  sys t em p r e s s u r e  con- 
t ro l  valve an examination of the shaft  was  made. Gal- 
ling was  discovered in the  upper guide bushing. Dam- 
age  was  probably caused by  improper  ma te r i a l s  and 
inadequate heat treatment.  

2.  Replaced shaf t  and bushings. Machined galled a r e a  in  
valve body. 

3. Review ma te r i a l s  available f o r  th i s  application and 
fabr ica te  new components with mos t  suitable ma te r i a l  

1 .  Ai r  operated diaphragm valve opened with pulsating 
motion, causing vibration of the  valve and assoc ia ted  
piping. Examination of valve showed eros ion  of the 
s tem,  apparently due to  cavitation. 

1. Opera tor  e r r o r  caused low level in makeup water  tank 

2. System re turned  to normal  operation. 
3. Improve operations procedure  and training. 

by inco r rec t  valve operation. 

1.  The rma l  and radiation measurements  indicated leakag 

2. Valve sea t  relapped. 
3. Additional R&D. 

f rom p r imary  sys t em to  water  supply l ines .  

1 .  Reactor s c rammed  when valves were  operated in 
wrong sequence. 

2 .  System re turned  to  normal  operation. 
3. Review operating procedures  thoroughly. 

1 .  Valve failed to  close when cycled closed. Sodium and 
sodium oxide in f r e e z e  s t e m  held valve open. 

2.  Valve heated until operation was  normal .  
3. Bellows enclosure should be added to  f r e e z e  s t e m  a r e  

ILIA = UAJOR MALFUNCTION p = PROBLEM 

Q Q 



- 

TER 

- - 
184 

185 

!86 

587 

!88 

I * 

. COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

;. CODE: 
(Component) 
(System/Subsystem) 

I. Valve /Plug 
?. Steam, Condensate, 

and Feedwater /  
Feedwater  

284300 
3 .  20  

1. Valve /Stem 
?. Heat T rans fe r /  

Coolant Piping and 
Valves 

221200 
3 .  20 

1. Valve 
1 .  Reactor Equipment/  

In-core Capsules and 
T e s t  Loops 

218000 
3 .  20 

1. Valve 
2.  Reac tor  Equipment/  

In-core  Capsules 
and Tes t  Loops 

218000 
3. 20 

1. Valve 
2 .  Reactor Equipment/  

Capsules and Tes t  
Equipment 

218000 
3 .  2 0  

- 
= INCIDENT 

;JA = VAJOR MALFUNCTION 

TABLE 1-119 

FA I LURE DATA FOR VALVES 
(Sheet 52 of 52) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SCTI 
2. Feedwater bypass line 
3. Down (scheduled maintenance) 
4. IMPR 344 

1. ATR 
2. P r i m a r y  coolant system 
3. Down (scheduled maintenance) 
4. INC-69-105 

1. ETR 
2.  P r i m a r y  coolant system 
3. Down (scheduled maintenance) 
4. INC-69-135 

1 .  ETR 
2. P r i m a r y  r eac to r  pressurization 

3 .  Down (scheduled maintenance) 
4. INC-69-109 

sys tem 

1. ATR 
2. P r i m a r y  reac tor  pressurization 

3. Down (scheduled maintenance) 
4. INC-69-104 

sys tem 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
M 
149 

I 
192 

MI 
3 3 2  

MI 
332 

I 
332 

MODE 

- - 
M 
59 

I 
64  

MI 
59 

MI 
5 2  

I 
5 z  

T E C l  

- - 
M 
530 

I 
550 

MI 
530 

MI 
550 

I 
590 

PERATINC 
HOURS 

1440 

Unknown 

Unknown 

Unknown 

Unknown 

METHOD OF FAILURE 
DETECTION 

During preventive 
maintenance 

Direc t  observation 
(unscheduled) 

Di rec t  observation 
(unscheduled) 

Operational monitors 

Di rec t  observation 
(unscheduled ) 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Valve plug was  broken. 
2. The valve plug and s t em were  replaced. Valve modi- 

fied by incorporating a hydraulic snubber to  reduce 
the  impact during operation. 

r icated of Type 440C Martensit ic s ta in less  steel .  
3. Snubbers should be provided when valve plug is fab- 

1. Inspection of previously repa i red  valve (INC-69-50) 
revealed s t em eros ion  and galling. 

2. Valve s t em replaced. 
3. Additional r e sea rch  and development. 

1. Steam leak discovered. Valve closed to  eliminate 
Rotometer blew out due to loop possible source.  

ove r -p res su re  caused by cracked  open dra in  valves 
in surge tank. 

2. Valves closed to  stop excessive water  makeup ra te .  
Rotometer replaced. 

3. Procedure  revision required.  

1. Lack of gas-tightness in nitrogen pressur iza t ionvalve  
caused flow fluctuations and thermal  "spikes" in 
p r imary  coolant system. 
a l so  cited. 

Incor rec t  closing of valve 

2. Valve repa i red  - procedures  changed. 
3. Operator training needs review. 

1. During experimental  sample removal,  an operator 

2. Operator closed valve a f te r  realizing h is  e r r o r .  
3. Improve operating training. 

closed a vent valve on the loop high point vent. 



TABLE 1-120 

FAILURE DI STRl  BUTION FUNCTl ONS 
COMPO NE NT VALVES 

COMPONENT SUBTYPE CIRCULATING WATER VALVES 

FAILURES (%) 0 
Nuclear Tes t  Reactor  

2: ComDonent Tes t  Faci l  

Turbogenerator Units and Condcnscr 

Reactor  Equipment 

I Heat T rans fc r  I 
W 
L 
7 

v) 
t I 
7- 

Seat 

Stem 
+ Shaft - 
3 Bushing - 
+ Other - oc 

Z '  
W 
z 
0 a 
I 
0 
0 

1 
Environmental  

-~ 
Mechanical 1111 

A Other - 
2 J 
I 

I 
Labor and mater ia l  l o s s  on1 

S s t e m  com onent ino erat ive 

Plant  availabilit loss 

No ef fec t  

20 
I 

A 

LMEC-Memo-69-7, Vol I 
June 30. 1970 1-402 



T A B L E  1-121 

FA1 LURE D I  STR I B UTI ON FUNCTI ONS 
COMPONENT VALVES 

COMPONENT SUBTYPE CONDENSATE VALVES 
FAILURES (%) 0 

Nuclear T e s t  Reactors  - 
5% 2- 
a JZ 

Steam, Condensate, Feedwater Piping and 
Equipment 

I A  
I I 

I I  I 

Environmental - 
w Unknown - 
3 Human e r r o r  
vr 
a 

l " 1  I 
1 

Mechanic a1 '1 
Plan t  availability lo s s  - 

I- 
0 Svste mlcomvonent inoDerative Im 
W 
IL 
LL 
W 

f 1 
I 
;I- T I 

June 30, 1970 
LMEC-Memo-69-7, Vol I 

1-403 



=w e 2+ 

Feedwater Supply and Trea tment  
Steam, Condensate and Feedwater Piping and > 

W 
C Equipment 
v, 
>. 

Nuclear Tes t  Reactor u- 

Irm I I 

W 

L L  
W 

LL 

Plant availability lo s s  - 
Labor and mater ia l  l o s s  only 

System/component inoperative I 

~ 

I I  I I I  

L 

II 

- 

I T 

5 - 

June 30, 1970 
LMEC-Memo-69-7, Vol I 

1-404 



T A B L E  1-123 

FA1 LURE DI  STRl BUTlON FUNCTIONS 

n 

A 

C 0 M PO N E N T VALVES 

COMPONENT S U B T Y P ~  MISCELLANEOUS VALVES 

FAILURES (7%) 0 10 20 I 
Nuclear T e s t  Reactor  

sE Component T e s t  Facil i ty I 

:z Nuclear Power  Reactor  I 

Bonnet 

Body 

I- Seat Ring 

rm - 
E 

t I I  
t I I I  
I 4 I I  

Environmental I 

Impuritylcontamination - 
m 
3 Human e r r o r  111 

0 Unknown 
a 

I 1 I 

Mechanic a1 

w Metallurgical - 
D s I Unknown L 

I I I I  

Plant  availabil i ty loss m 

Labor and ma te r i a l  l o s s  only 
w 
LL 
W 

LL Systemlcomponent  inoperative 

t I 1 1  

7 0 

LMEC-Memo-69-7, Vol I 
June 30, 1970 1-405 



TABLE 1-124 

FAILURE 01 STRl BUTlON FUNCTIONS 
COMPONENT VALVE 

COMPONENT SUBTYPE ‘ODIUM VALVES 
FAILURES 60) 0 1 

Nuclear Power  Reactor - - .w Nuclear Tes t  Reactor 

Lt- Component Tes t  Facil i ty 
5:  - 

Component Tes t  Loop I 

Heat T rans fe r  - 
- Nuclear Fue l  Handling I 

I Reactor Equipment I 
w 

Stem 

Packing I 

I 

+ Yoke 

Qa 
+ Seat I 

$ 
2 . Other 
5 

- - w -  
Bellows 

z -  
~ Disk I - 

- 
0 
0 

Environment 

1 I 
Mechanical “:“;.I“:..- 
Metal co r ros ion  

Other 

Labor and ma te r i a l  l o s s  only - 
t- 
v Svstem/component inoperative - 
w -  

No effect m 
W 

LMEC-Memo-69-7. Vol I - ,  
June 30, 1970 ’ 1-406 



TABLE 1-125 

FAILURE DISTRIBUTION FUNCTIONS 
COMPONENT VALVES 

COMPONENT SUBTYPE STEAM VALVES 
FAILURES (701 0 10 2 

Nuclear  T e s t  Reactors  

I 1 

Turbine - Generator  Units and Condenser 

I I  I I 
I I  ' 1  I 
L .  

Environmental -- 
H u m a n e r r o r  

- 
In 
3 Unknown l 
a 
0 

I L I  
I 1  I 1 

Mechanical 

W 

LMEC-Memo-69-7, Vol I 
1-407 

June 30 ,  1970 

90 100 I 
n Il II 



W ’  
v) 
2 -  

5 

TOTAL FAILURES PER TYPE 0 25 50 75 100 125 

Environmental  

Impurity Ic  ontamination 

Human e r r o r  

Inherent 

Unknown h 

~ - -  

Elec t r ica l  I 

n 
o 
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G. INSTRUMENTATION AND CONTROL SYSTEM COMPONENTS 

Q 1. Air Dryers  

Fai lure  data fo r  air d rye r s  a r e  presented in Tables 1 -  127 through 1- 129. 

a. Reliability Information 

Q 

Design Features:  

They a r e  used to remove moisture  f rom pneumatic instrumentation systems. 

Mode of Fai lure  : 

Mechanical. 

Fai lure  Des c ription: 

Improper mater ia l  in  gaskets. 

Control Methods : 

Maintenance manual should contain a regular inspection schedule of these 

parts.  

b. Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
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1. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEV 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I. Air  Dryer lGasket  
:. Instrument Air Supply 

5. 26 
Air  Dryer  

540000 

L .  A i r  Dryer  /Gasket 
?. Instrument Air  Supply 

5 .  26 
Air  Dryer  

540000 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. Instrument Air Sys tem 
3. 150 psig max . ,  190 scfm,  

4. Incident r epor t  No. 94 

1. SCTI 
2. Instrument a i r  line desicant f i l ter  
3. 190 scfm, 99 in.2, 150 psig max. 
4. Incident report  No.94 (1 -17-66)  

f i l t e r  a r e a  99in.2 

!I = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

MODE 

- - 
AI 
t2 

A I  
i 5  

FF EC1 

- - 
Ll 
37 

AI 
i 30  

- 
PERATIN( 
HOURS - 

,320 

.438 

- 

METHOD O F  FAILURE 
DETECTION 

Xrect  observation 

I i r ec t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. Gasket failure, improper (hard)  ma te r i a l  did not seal. 
!. P a r t  replaced. 
:. Periodic  inspection of the "Poro-Stone" f i l t e r s  and 

gaskets should be included in the maintenance manual. 

. Bottom gaskets on the "Poro-Stone" f i l t e r s  in both 
desiccant d rye r s  were  too hard t o  permit  sealing: f i l ter  
o r  d rye r  unit  leaked par t ic les  of poro-stone in  a i r  line 
causing faulty operation of several  valve operators .  

!. New gaskets installed, instrument a i r  headers  cleaned 
and valve operators  removed, cleaned, and replaced. 

1. Add regular  inspection of a i r  d rye r s  t o  maintenance 
schedule. 



TABLE -1-128 

FA1 LURE D I STR I B UTlON FUNCTl ONS 

A 

COMPONENT SUBTYPE AIR DRYERS 
FAILURES (%I 0 1 

Component T e s t  Facil i ty - 
1 

Instrument Ai r  Supply 

Gasket - 

Impuritylcontamination - 
3 H u m a n e r r o r  - 
0 

m 

a 

Mechanical 

w 
0 
0 
I 

I I 

Labor and mater ia l  l o s s  only 

D 
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TABLE 

GENERAL SUMMARY 

I OPERATING HOURS (THOUSANDS) 0 1 3 3  

a > 

Air dryers I T 1 
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2. Annunc ia to r s - Ala r m s  

Fai lure  data for  annunciators-alarms a r e  presented in Tables 1 -  130 
through 1 - 132. 

a. Reliability Information 

Design Fea tures :  

Designed on the inductive principle. Does not require  physical contact with 

the liquid during operation (sodium level). 

Crit ical  Character is t ics :  

Insulation and wire  mater ia ls .  

Mode of Fai lure  : 

1)  Wire mater ia l  corrosion 

2 )  Power supply failure. 

Fai lure  Description: 

1 ) Overheating during the bake-on of insulation during manufacture 

resul ts  in mater ia l  decomposition. 

2 )  Capacitor failure in power supply attributed 

Control Methods : 

to faulty component. 

1 ) Improve manufacturing process control. 

2 ) Stringent quality requirements in procurement specifications. 

Alternate Concepts : 

Resistance level probes o r  float techniques. Different type of coil insula- 

tion that would not require  high-temperature installation process .  

b. Discussion and Recommendations 

It should be noted that the circui t  design of these instruments provides for  

a fai l -safe  warning. 

circuit ,  the alarm will sound. 

resulting f r o m  the failure of the alarm to operate in a r ea l  emergency situation. 

In the event of a power supply failure o r  a coil open- 

This feature eliminates any sys tem consequences 

A 
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This fact  should be weighed against the added cost  of m o r e  stringent quality 

control. The cost  of high reliability is probably not warranted in this case. 

The feasibility of backup warning devices could also be considered. In this 

case,  fo r  instance, a second-level device existed which could be visually 

monitored during the cr i t ical  operation of filling the loop with sodium, which 

is about the only conceivable t ime when an  overflow condition could occur. 

LMEC-Memo-69-7, Vol I 
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c 

. COMPONENT/PART 

' . SY STE M/SU BSY STEM 

t .  CODE: 
(Component) 
(System/Subsystern) 

, Level Alarm/Coi l  . Control and Instrumen. 
tation /Intermediate 
Coolant Vesse l  

262210 
. 62 

. Level A la rmlPower  

, Control and Instrumen. 
Supply Capacitor 

tation /Intermediate 
Coolant Loop 

262210 
. 62 

= INCIDENT 
MA = MAJOR MALFUNCTION 

TABLE 1-130 

FAILURE DATA FOR ANNUNCIATORS - ALARMS 

FAILURE INDEX 
CODE* 

1. FACILITY 

2.  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

. HNPF . SecondaryINo. 2 expansion tank level 
a l a r m  

. Monthly operating report  No. 12 

. HNPF . Secondary/No. 3 expansion tank level 
a l a r m  

. Monthly operating report  No. 13 

I I 

I = MINOR MALFUNCTION 
= PROBLEM 

PERATIN( 
HOURS 

,4450 

,4450 

METHOD OF FAILURE 
DETECTION 

~ 

) i rec t  observation 

) i re  c t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Coil, open circuit .  
, Component cor rec t ive  modification. 
. Improve manufacturing process  control 

. Faulty capacitor.  . P a r t  replaced. . Upgrade quality requirements in  procurement 
specifications. 



TABLE 1-131 

FA1 LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT ANNUNCIATORS - ALARMS 

COMPONENT SUBTYPE ALARM (SODIUM LEVEL) 
FAILURES(X) 0 10 20 : 

1 
Nuclear Power Reactor 

+w :: 
a+ 

, Instrumentation and Control 

I 1  
I+ Coil 

Power Supplv Capacitor -- 
E 

a 
+ 
2 
w z 
0 a .  z 
0 -  
0 

a 

I I  I I I  
I 

Environmental 

w ,  
v, 
13 

0 
a 

Electrical 
W 

0 z 
n 

I t  I I  
L I  I I 1 

I I 
Labor and material l o s s  onlv 

c I 

_ _ _ _ ~  ~~~ 
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3. Compressors  

Fai lure  data for  rs a r e  p e ent d in  Tables 1-133 th ugh 1-135. 

a. Reliability Information 

Design Features:  

Auxiliary machinery, providing compressed air fo r  the operation of control 

instrumentation and associated devices used in reactor  installations, 

Crit ical  Characterist ics : 

Environmental conditions (grit ,  d i r t ,  moisture),  seals  and gaskets, torquing 

requirements i n  flanges, and bearing alignment. 

Mode of Fai lure  : 

1)  Plugging of lines, jamming of valves, etc. 

2 )  Rupture of seals,  gaskets, diaphragms 

3 )  Degradation of performance below acceptable limit. 

Fai lure  Description: 

1 )  Air  leakage, intermittent operation, sticking valves, e tc . ,  caused by 

grit ,  d i r t ,  moisture.  

2 )  Blowout of head gasket, rod packing wearout, etc.,  due to inadequate 

maintenance o r  extreme operating condition. 

3 )  Shaft seals  worn, packing worn, etc. ,  reason unknown. 

Control Methods : 

1) Ascertain that component has adequate capacity. 

2 )  Review design provisions to cope with environmental conditions. 

3 )  Review, and if  necessary revise, preventive maintenance provisions. 

4 )  Review preventive maintenance schedule. 

b. Discussion and Recommendations 

The compressor  failures fall essentially into one of two categories:  (1 )  fail-  

u r e s  due to lack of preventive maintenance (hence, insufficient o r  poorly scheduled 

LMEC-Memo-69-7, Vol I 
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.. . . .. . - 

preventive maintenance) and ( 2 )  fa i lures  due to inadequacy of design o r  installa- 

tion provision (e. g, lack of air intake fi l ter ,  allowing the admission of dirt ,  g r i t ,  

dust, etc. ) which causes  an important par t  of the compressor  to become inopera- 

tive. 

It is therefore  recommended that: 

1) The design selection of the compressors  needs to be based on a capac- 

ity which provides a generous margin  of safety below its rated capa- 

bility so  that it never has  to operate near  its marginal  character is t ics .  

2 )  The design selection of the compressors  needs to take into considera- 
tion the fact  that the operation of these compressors  will be frequently 

under outdoor environmental conditions o r  at leas t  under generally 

unfavorable environmental conditions such as blowing sand and dust, 

contaminated a i r  etc. ,  leading to an  accumulation of gr i t ,  d i r t ,  and 

mois ture  in the sensit ive par t s  of the machinery, unless appropriate 

m e a s u r e s  prevent such an accumulation, 

3 )  Maintainability procedures need to be developed which take into con- 

sideration the unfavorable environmental conditions a s  well as the 

normal  wear  and tear .  

par t s  such a s  gaskets, diaphragms, seals ,  packings, bearings,  e tc . ,  

should be established realist ically,  and should take the typical outage 

schedules of the power generating station into account in o r d e r  to 

reduce any unscheduled down-time to an  absolute minimum. 

Replacement schedule fo r  typical wear-out 

4) Operating cycles and down-time periods need to be carefully recorded 
and provisions need to be  planned by Quality and Reliability Assurance 

to have satisfactory data documented for  each of the air compressors  

installed as pa r t  of a nuclear power generating facility. 
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TABLE 1-133 

FAILURE DATA FOR COMPRESSORS 

Compressor /Gaskets  
Instrument Ai r  Supply 
25 
540000 

CompressorlCooling 
Water Flow 
Instrument Air  Supply 
25 
540000 

Compresso r /P res su re  
Regulator 
Instrument Air  Supply 
25  
540000 

ComDressorIValve 

(Sheet 1 of 7) 

1. SCTI 
2. Valve plate gaskets on compressor  

A - l a  
3. 122 scfm,  135 psig 
4. Incident report  TJo. 35 (8-28-65) 

1. SCTI 
2. Cooling water  to  compressor  A - l a  
3. 122 scfm, 135 psig 
4. Incident r epor t  No. 55 (10-14-65) 

1. SCTI 
2. Cooling water  t o  compressor  A - l a  
3. 122 scfm, 135 psig 
4. Incident report  No. 56 (10-16-65) 

1. SCTI 

COMPONENT/PART 

SY STEM/SUBSY STEM 

CODE: 
(Component) 
(System/Subsystem) 

Instrument Ai r  Supply 
25 
520000 

Compressor/Unloading 
Valve 
Miscellaneous Equip- 
ment / Ins t rument  Air  

25  
Supply 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

2. Intake a i r  valve 
3. 160 scfm, 130 psig 
4. Incident report  No. 119 (4-26-66) 

1. SCTI 
2. Instrument a i r  compressor  A-1 
3. Ambient, 122  scfm, 135 psig 
4. Incident report  No. 75 

Ins t rknen t  Air  Supply 
25 
520000 

2. Valve plate gasket leak compresso r  

3. 122 scfm, 135 psig 
4. Incident r epor t  No. 72 (11-25-65) I A-1a 

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

CAUSE 

- - 
MI 
326 

MI 
339 

MI 
273 

MI 
326 

MI 
500 

MI 
273 

- 

- 
MODE 

- - 
MI 
53 

MI 
52 

MI 
55 

MI 
53 

MI 
55 

MI 
51 

- 

- 
TEC 

- - 
[I 
50 

[I 
BO 

[I 
80 

I1 
50 

U 
50 

U 
30 

- 

- 
'ERATIN( 
HOURS - 

300 

258 

300 

240 

400 

430 

- 

METHOD OF FAILURE 
DETECTION 

i r e c t  observation 

lperational monitors 

lperational monitors 

lirect observation 

lirect observation 

lperational monitors 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Improper torque of valve plate studs allowing a i r  
leakage. 

2 .  Bolts retorqued. 
3. Review training requirements  of personnel for torquing 

flange connections. Review maintenance procedure for 
torque requirement.  

1. Hose connect to  bib that was on cooling water  supply 
line. Water used reduced cooling water  flow. 

2 .  Compressor  shut down when outlet cooling water 
temperature  rose.  Auxiliary a i r  compressor  turned 01 

3. Effect of maintenance operation should be considered j ,  
design. 
isolated f rom operations systems. 

Systems used  for maintenance should be 

1. P r e s s u r e  regulator bound, clogged with g r i t  and head 
bolts allowing a i r  leakage. 

2. P r e s s u r e  regulator disassembled and cleaned. Bolts 
retorqued evenly. 

3. Revise maintenance procedure by adding torque 
requirement and cleaning of intake a i r  f i l ter .  

1. Air  leakage a t  upper valve plate gasket. 
2. Retorqued head bolts. 
3. Maintenance personnel shal l  be t ra ined in proper  

torquing procedure of flanged connections. P rope r  
maintenance procedure should be used. 

1. Intake valve sticking intermittently.  
2. Valves inspected, no cause for sticking found. Gri t  

3. None. 

1. Dir t  and moisture  clogged valve. 
2. Removed, cleaned, reassembled  valve. 
3. Add a dr ip  leg t o  t r a p  moisture  and dir t .  

o r  wear not in evidence. 

Q 



- 

TEN 

- - 
7 

8 

9 

10 

1 1  

12 

- 

Compressor /Valve  
P la t e  Gasket 
Miscellaneous Equip- 
m e n t h s t r u m e n t  Air  

25 
540000 

Compressor /Head  
Gasket 
Miscellaneous Equip- 
m e n t h s t r u m e n t  Air  

25 
540000 

Compressor /Head  
Gasket 
Miscellaneous Equip- 
m e n t b s t r u m e n t  Ai r  

Supply 

Supply 

. CODE: 3 .  OPERATING CONDITIONS 

(Component) 4 .  SOURCE DOCUMENT 
(System/Subsystem) 

1. SCTI 
2. Instrument a i r  compressor A-1 
3. 122 cfm, 135 psig 
4. Incident report  No. 25 

1.  SCTI 
2.  Instrument a i r  compressor A-1 
3. 
4. Incident r epor t  No. 27 

1. SCTI 
2. Instrument a i r  compressor A-1 
3. 132 cfm, 135 psig 
4. Incident report  No. 47 

TABLE 1-133 

FAILURE DATA FOR COMPRESSORS 
(Sheet 2 of 7 )  

MI 
59 

MI 
53 

MI 
59 

MI 
51 

MI 
51 

, 

MI 
53 

I 

Supply 
2 5  
540000 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

Compressor/Unloading 
Valve 
Miscellaneous Equip- 
ment I Ins t rument  Air  

25 
540000 

Compressor  Air lValve 
Miscellaneous Equip- 
ment / Ins t rument  Ai r  
Supply 
2 5  
540000 

Compressor  A i r  / 
Head Gasket 

Supply 

Misc.Equipment/  
Instrument Air  Supply 
25/540000 

3. 122 cfm, 135 pscg 
4. Incident r epor t  No. 71 

1.  SCTI 
2. Instrument a i r  compressor A-1 
3. 122 scfm, 135 psig 
4. Incident report  No. 69 

1. SCTI 
2. Instrument a i r  sys tem A-1 
3. 122  cfm, 135 psig 
4. Incident report  No. 71 

1. SCTI 
12. Instrument a i r  svs tem A-1 

FAILURE INDEX 
CODE* 

I1 
36 

LI 
2 0  

I1 
37 

II 
73 

II 
73 

ll 
22 

)PERATIN( 
HOURS 

4947 

4960 

5714 

7170 

7235 

7240 

METHOD OF FAILURE 
DETECTION 

lirect observation 

' i rec t  observation 

lirect observation 

lirect observation 

lirect observation 

lirect observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

The replacement gasket failed. 
handmade and its workmanship was  poor. 
P a r t  replaced. 
Provide a quality assurance requirement  for replace-  
ment i tems and maintenance work. 

This  gasket had been 

Head gasket blew due t o  faulty bolt  torquing. 
P a r t  replaced. 
Upgrade the maintenance procedure t o  specify a bolt 
torquing sequence and torque requirements .  

Head gasket blew. 
P a r t  replaced. 
Upgrade maintenance procedure to specify a bolt 
torquing sequence and torque requirements .  

Dir t  o r  g r i t  in instrument a i r  sys t em caused valve to  stick. 
Remove and clean valve, reassemble.  
Revise' preventive maintenance procedure by adding a 
requirement  to  clean intake a i r  f i l ter  in  o r d e r  to  
prevent recurrence.  

Dir t  and /o r  moisture  caused valve t o  stick. 
Remove and clean valve, reassemble.  
Revise preventive maintenance procedure by adding a 
requirement  t o  clean intake a i r  f i l ter  in o rde r  to 
prevent r ecu r rence  . 

Insufficient and uneven torque on head bolts caused 
a i r  leak. 
Gasket replaced. 
Upgrade maintenance procedure to  specify a bolt 
torquing sequence and torque requirements .  

* I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEll 

- - 
13 

14 

15 

16 

17 

18 

- 
MI 

. COMPONENT/PART 

I .  SYSTEM/SUBSVSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

, Compressor  A i r /  
Valve Guide 

, Miscellaneous Equip- 
ment  /Instrument Air  
Supply . 25 
540000 

. Compressor  A i r /  
Piston Key . Miscellaneous Equip- 
m e n t l h s t r u m e n t  Air  
Supply . 2 5  
540000 

. Compressor  AirIValvf 

. Miscellaneous Equip- 
m e n t l h s t r u m e n t  Air  
Supply . 25 
540000 

. Compressor  Air/Valvi . Miscellaneous Equip- 
ment /Instrument Air  
Supply . 2 5  
540000 

. Compressor IHead 
Gaskets . Miscellaneous Equip- 
m e n t l h s t r u m e n t  Air  
Supply 

. 25 

. Compressor  A i r /  

. Misc. Equipment/  

. 25 

540000 

Unloader Plungers  

Instrument Ai r  Supply 

540000 

T A B L E  1-133 

(Sheet 3 of 7 )  
FAILURE DATA FOR 

_ .  FACIL ITY 

!. COMPONENT LOCATION 

5 .  OPERATING CONDITIONS 

. .  SOURCE DOCUMENT 

SCTI 
Instrument a i r  sys tem A- 1 
122 cfm, 135 psig 
Incident report  NO. 92 

SCTI 
Instrument a i r  sys tem A- 1 
122 cfm, 135 psig 
Incident report  No. 92 

SCTI 
Instrument a i r  sys tem A- 1 
122 cfm, 135 psig 
Incident r epor t  No. 57 

SCTI 
Instrument a i r  sys tem A- 1 
122 cfm, 135 psig 
Incident report  No. 58 

SCTI 
, Instrument a i r  sys tem A- 1 

122 cfm, 135 psig 
Incident report  No. 4 

. SCTI . Instrument  a i r  sys tem A- l b  

. 160 acfm, 138 psig . Incident r epor t  No. 120 

~ 

= INCIDENT M I  = MINOR MALFUNCTION 
= MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
I 
110 

I 
148 

MI 
200 

MI 
200 

MI 
111 

MI 
110 

 ODE 

- - 
I 
59 

I 
62 

MI 
55 

MI 
55 

MI 
51 

MI 
55 

=F E C  

- - 
I 
520 

I 
126 

MI 
116 

MI 
112 

MI 
580 

MI 
530 

- 
'ERATIN( 
HOURS 

8438 

8438 

6350 

6375 

2475 

- 

METHOD OF FAILURE 
DETECTION 

perational monitors  

'perational monitors 

lirect observation 

l i rect  observation 

) i re  ct observation 

) i r ec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. Broken discharge valve guide. . Local repair ,  repaired cylinder wall by metalizing 
and honing. 

quality control inspection should be required.  
. Before installation of used  equipment, a thorough 

. Piston key retaining pin hole became elongated, 
permitt ing the key t o  contact the cylinder wall. 

:. Vendor repair  of componentlpart .  
:. Before installation of used  equipment, a thorough 

quality control inspection i s  recommended. 

.. Dirt  and/or  moisture  caused valve t o  stick. 
!. Local r epa i r ,  valve removed and cleaned. 
i. Add intake a i r  f i l ter  and /o r  revise  maintenance schedul 

by adding requirement to  clean f i l ter  frequently.  

1. Dirt  and/or  moisture  caused valve t o  stick. !. Local maintenance, valve was l a t e r  replaced. 
3 .  Add intake a i r  f i l ter  and/or  revise  maintenance schedu! 

by adding requirement t o  clean f i l ter  frequently.  

1.  Inadequate cooling water  resulted in  overheated com- 
p r e s s o r  causing subsequent a i r  leaks in head gaskets.  

?. P a r t  replaced. 
3 .  Modify sys tem to provide cooling water  with adequate 

head p res su re  (SCTI and LMEC-executed). 

1 .  Unloader plungers bound against  valve seats .  
1.  Local repair ,  modified by adding teflon sleeve around 

valve s tem.  
3 .  Improved quality control could eliminate this  

malfunction. 

Q 



TEM 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1 9  

Cooling Sys tem 

235140 
13. 25 

1. Compressor lcool ing  

2. Miscellaneous Equip- 
Jacke t  

m e n t l h s t r u m e n t  A i r  
Supply 

3. 25 
540000 

20 

2 1  

22 

T A B L E  1-133 

FAILURE DATA FOR COMPRESSORS 
(Sheet 4 of 7)  

1. Compressor IBear ing  
2. Misc.  Power Equipmeni 

/Instrument Cooling Air 
3. 25 

540000 

1. Turbocompressor /  
Bearing 

2. Misc.  Power Equipmeni 
/Instrument Cooling Ail 

3. 25 
540000 

1. Turbocompressor /  

2. F u e l  Handline. Machine 
Impel le r  

1. FACIL ITY 

? .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

23 

24 

SCTI 
Instrument a i r  sys tem A- l b  

Incident repor t  No. 1 17 

1. Compressor /Bear ing  
2. Misc.  Power Equipmeni 

/Instrument A i r  System 
3. 25 

540000 

I .  Compressor /Motor  

2. Reactor Equipment/  

3. 25 

Bearings 

Preheating Sys tem Gas 

214330 

EBR-II 
No. 1 on instrument thimble 
Ambient tempera ture  
PMMR-33 

EBR-11 
Pr imary/ ins t rument  thimble 
N o  information available 
ANL-6764, 7 /63  

EBR-II 
FUM/ permanent argon system 
10 hp, 440 v, 150 cfm 
ANL-6764. 7 /63  

SCTI 
Prehea t  air sys tem (ASA) 
1750 rpm,  75 hp  
Incident repor t  No. 341 

SCTI 
A i r  preheat compressor  A-5a 
75 hp, 1175 r p m ,  400 to 550°F 
Incident repor t  No. 15 

= MINOR MALFUNCTION 
= PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
310 

MI 
500 

MI 
5 00 

MI 
100 

MI 
125 

MI 
126 

- 

- 

MODE 

- - 
MI 
51 

MI 
BZ 

MI 
52 

MI 
73 

MI 
86 

MI 
52 

- 

- 

FFEC' 

- - 
MI 
580 

MI 
530 

MI 
550 

MI 
5 50 

MI 
530 

MI 
110 

- 

'PERATINC 
HOURS 

1805 

2190 

1000 

)uring 
hake dow 

3140 

2618 

METHOD OF FAILURE 
DETECTION 

.outine a r e a  watch 

udible noise 

nknown 

udible noise 

.outine a r e a  watch 

l irect  observation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

Overheating due t o  maintenance shutting off raw water  

None. 
Install  audible tempera ture  a l a r m  on compressor  
cylinder. 

supply. 

Noisy bearing. 
P a r t  replaced. 
None. 

None. 
Unknown. 
None. 

Casting which f o r m s  the hub of impeller cracked. 
P a r t  ordered. 
Upgrade the quality a s s u r a n c e  and acceptance 
procedure f o r  this purchased i tem. 

Noise came f r o m  bearing housing, mois ture  and r u s t  
p r  e s ent . 
New bearings installed utilizing neoprene shield. 
Upgrade preventive maintenance inspection procedure 
t o  detect problem p r i o r  t o  a n  outage. 

Noisy motor bearings.  
Old p a r t s  w e r e  reused. 
Maintain a n  adequate supply of spare  p a r t s .  Review 
logistic specifications. 

Bearings a r e  still noisy. 



TABLE 1-133 

FAILURE DATA FOR COMPRESSORS 
(Sheet 5 of 7) 

26 

27 

28 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3.  CODE: 
(Component) 
(System/Subsystem) 

2 

3 

1 

2 

3 

1 
2 

3 

1 
2 

3 

25 11. Compressor IExhaus t  

29 

30 

1. Compressor IShaf tSeaI  
2. Reactor Equipment/  

Reactor  Shielding 
Cooling 

3. 25 
213000 

1. Compressor lDiaphrag  
2. Reactor Equipment/  

Reactor Shielding 

Valves . Reactor Equipment/  
Reactor  Shielding 
Cooling 

213000 
. 25 

. Compressor IRod 
Packing . Reactor Equipment1 
Reactor  Shielding 
Cooling 

213000 
. 25 

. Compressor ISea ls  

. Reactor Equipment1 
Reactor  Shielding 
Cooling 

213000 
8 .  25 

. Compressor IPackin  . Reactor Equipment/  
Reactor Shielding 
Cooling 

213000 
). 2 5  

Cooling 

2 13000 
13. 25 

. FACILITY 

I .  COMPONENT LOCATION 

1 .  OPERATING CONDITIONS 

. SOURCE DOCUMENT 

HNPF 
LFS nitrogen sys t em No. 1 
235 psig nitrogen, 150°F max. temp. 
Monthly operating r epor t  No. 3 

HNPF 
LFS nitrogen sys t em No. 2 
235 psig nitrogen, 150°F max.temp. 
Monthly Operating Report  No. 15 

HNPF 
LFS nitrogen sys t em No. 2 
235 psig nitrogen, 150°F  max.temp. 
Monthly operating r epor t  No. 18 

HNPF 
LFS nitrogen sys tem No. 1 
235 psig nitrogen, 150°F max. temp. 
Monthly operating report  No. 4 

HNPF 
LFS nitrogen sys tem No. 1 
235 psig nitrogen, 150°F max. temp. 
Monthly operating report  No. 12 

HNPF ' 

LFS nitrogen sys t em No. 1 
235 psig nitrogen, 150°F max. temp 
Monthly operating r epor t  No. 15 

I = INCIDENT MI = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 

AUSE 

- - 
MI 
328 

MI 
136 

MI 
326 

MI 
126 

MI 
136 

MI 
126 

CODE* 

AODE 

- - 
MI 
51 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
59 

- 
3 EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

MI 
530 

- 
'ERATIN( 
HOURS 

- - 
1605 

4560 

4560 

2500 

4450 

4560 

- 

METHOD OF FAILURE 
DETECTION 

i r e c t  observation 

i r e c t  observation 

i r e c t  observation 

sirect observation 

lirect observation 

lirect observation 

1. FAILURE DESCRIPTION 

2.  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

Slag f rom welding of snubbers into sys tem found in  
exhaust valve. 
Valves (4) removed and f ingers  reversed.  
Revise welding procedures .  

Rod packing worn out allowing excessive nitrogen 
leakage. 
P a r t  was repacked. 
Preventive maintenance. 

Seals  worn out, excessive leakage a t  stuffing box. 
Local repair .  
Preventive maintenance. 

Packing worn out. 
P a r t  replaced. 
Preventive maintenance. 

Shaft s ea l s  worn out, leaking. 
P a r t  replaced. 
Preventive maintenance. 

Diaphragm broken. 
P a r t  replaced. 
Preventive maintenance. 



11. COMPONENT/PART 

3 1 

32 

33 

34 

35 

2. SYSTEM/SUBSYSTEM 

3. CODE: 

1. C o m p r e s s o r  /Shaft Seal 
2. Reactor Equipment / 

Reactor Shielding 
Cooling 

213000 
3. 25 

1. Compressor /Shaf tSea l  
2. Reac tor  Equipment/  

Reactor Shielding 
Cooling 

213000 
3. 25 

1. Compressor/ShaftSeal 
2. Reactor Equipment / 

Reactor Shielding 
Cooling 

213000 
3. 25 

1. Compressor/ShaftSeal 
2. Reac tor  Equipment/  

Reactor Shielding 
Cooling 

213000 
3. 25 

1. Compressor /Cas t ing  
2. Reactor Equipment/  

Reactor Shielding 

(Component) I (System/Subsystem) 

36 1. Compressor /ValvePly  
2. Reactor Equipment/  

Reactor Shielding 
Cooling 

213000 
3. 25 

Cooling 

2 13000 
13. 25 

I 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-133 

FAILURE DATA FOR COMPRESSORS 
(Sheet 6 of 7)  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

~ 

. HNPF . LFS nitrogen s y s t e m  No. 1 
,. 235 psig nitrogen, 150°F max.temp. . Monthly operating report  No. 21 

. HNPF 
.. LFS nitrogen s y s t e m  No. 2 
I .  235 psig nitrogen, 150°F max.temp. 
-. Monthly operating repor t  No. 20 

. HNPF 
,. LFS nitrogen s y s t e m  No. 2 
t .  235 psig nitrogen, 150°F max.temp. 
:. Monthly operating report  No. 25 

. HNPF 
:. Loading face shield/nitrogen cooling 

sys tem No. 1 compressor 
i. 235 psig 
i. Monthly operating report  No. 24 

. HNPF 
!. Loading face shield/nitrogen cooling 

s y s t e m  No. 1 compressor 
i. 235 psig 
L .  Monthly operating report  No. 15 

. HNPF 
I .  Loading face  shield/nitrogen cooling 

sys tem No. 1 compressor 
I .  235 psig 
4 .  Monthly operating report  No. 18 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
126 

MI 
126 

MI 
126 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
67 

MI 
52 

- 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

1PERATINC 
HOURS - 

8320 

7250 

9420 

8700 

4560 

7100 

METHOD OF FAILURE 
DETECTION 

l irect  observation 

lire c t  observation 

l i rec t  observation 

l i rec t  observation 

h r i n g  routine 
nspection 

) i r e c t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

Shaft sea ls  worn, excessive nitrogen leaking. 
P a r t  replaced. 
Preventive maintenance. 

Seals worn out. 
P a r t  replaced. 
Preventive maintenance. 

Sea ls  worn out. 
P a r t  replaced. 
Preventive maintenance. 

Shaft sea ls  worn out, leaking. 
P a r t  replaced. 
Preventive maintenance. 

Recompressor  casting porous and leaking. 
P a r t  replaced. 
Preventive maintenance. 

Valve plug worn out. 
P a r t  replaced. 
Preventive maintenance. 



T A B L E  l - l 3 3  

FAILURE DATA FOR COMPRESSORS 

1.  HNPF 
2. Loading face shield/nitrogen cooling 

3. 235 psig 
4. Monthly operating r e p o r t  NO. 21 

s y s t e m  No. 1 compressor  

1. HNPF 
2. Loading face shield/nitrogen cooling 

3. 235 psig 
4. Monthly operating repor t  No. 25 

s y s t e m  No. 1 c o m p r e s s o r  

1. HNPF 
2. Loading face s h i e l d h i t r o g e n  cooling 

s y s t e m  No. 2 c o m p r e s s o r  
3. 235 psig 
4. Monthly operating repor t  No. 15 

(Sheet 7 of 7 )  - 

'E hl 

- - 
17 

38 

39 

40 

41 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

Compres  s o r l  
Diaphragms 
Reactor Equipment/  
Reactor Shielding 
Cooling 
25 
213000 

Compress  or / 
Diaphragms 
Reactor Equipment / 
Reactor Shielding 
Cooling 

I 25 
213000 

, Compressor lS tud  . Reactor Equipment / 
Reactor Shielding 
Cooling 

213000 
. 25 

. C o m p r e s s o r /  
Diaphragm 

. Reactor Equipment / 
Reactor Shielding 
Cooling . 25 
213000 

. C o m p r e s s o r /  
Diaphragms . Reactor Equipment/  
Reactor Shielding 
Cooling 

213000 
. 25 

1. HNPF 
2. Loading face shield/nitrogen cooling 

sys tem No. 2 c o m p r e s s o r  
3. 235 psig 
4. Monthly operating repor t  No. 16 

1. HNPP 
2. Loading face shieldlnitrogen cooling 

s y s t e m  No. 2 c o m p r e s s o r  
3. 235 psig 
4. Monthly operating repor t  No. 2 1 

I 

FAILURE INDEX 

AUSE 

- - 
MI 
124 

MI 
500 

MI 
120 

MI 
500 

MI 
124 

- 

CODE* 

MODE 

- - 
MI 
59 

MI 
52 

MI 
59 

MI 
59 

MI 
61 

- 

- 
FF EC1 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

PERATINC 
HOURS 

8320 

1100 

4560 

5180 

3140 

- 

METHOD O F  FAILURE 
DETECTION 

luring preventive 
iaintenance 

l irect  observation 

birect observation 

) i rec t  observation 

)uring preventive 
naintenance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Diaphragms ruptured. 
!. P a r t  replaced. 
1. Preventive maintenance. 

.. Diaphragms worn out. !. Part replaced. 
1. Preventive maintenance. 

1. Flange stud broken. 
!. P a r t  replaced. 
$. Insufficient data t o  evaluate this failure.  Review 

t o r  que requirement . 

1. Diaphragm ruptured. 
?. P a r t  replaced. 
3. Preventive maintenance. 

1. E a c h  diaphragm had a smal l  c rack .  
?. Parts replaced. 
3 .  Preventive maintenance. 



T A B L E  1-134 

FAILURE D I  STRl BUTlON FUNCTl ONS 

Q 

A 

COMPONENT SUBTYPE CoMPRESSoRS 

FAILURES (%) 0 10 i 
Nuclear Power Reactor I 

Nuclear Tes t  Reactor - 
Component Tes t  Facil i ty >: 
Reactor Containment -- 
Iner t  Gas Supply 
Instrument Air Supply 

w 
!- Reactor Equipment 
v, 
t Fuel  Handling Machine 
v, 

Auxiliary Heating 0 

Miscellaneous Equipment 
~ 

Environmental 

Unknown 

1 I 
I I I 

Mechanical 

I 

Plant  availability l o s s  

Labor and mater ia l  loss only 

Acceptable incipient damage 

System/component inoperative 

+ 
u 
W ’  

LL 
- 

I N O  effect  P I  

I 

LMEC-Memo-69-7, Vol I 
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W 

2 
4 

Environmental 

Impurity/contamination 

Humanerror 

' 

, Unknown 

OPERATING HOURS (THOUSANDS) 0 100 200 300 4 

0 
5 

5 
W 
LL 
LL 
w 

Unknown 

Plant availability lo s s  - 
Labor and material loss only 

Acceptable incipient damage - 
Systemlcomponent inoperative -I 

No effect 

FAILURE RATE CFAILURES/106 hr) 0 100 200 3 
Compress or s 

I l l  

Compressors 

t 1 1 1 1 1 1  

L 

t I I I I I I  

Compress or s t I d  

I I  

H I 1 700 8 I 
i 

'1 
30 

LMEC-Memo-69-7, Vol I 
1-428 



4. Control and Safetv Elements 

Fai lure  data for  control and safety elements a r e  presented in  Tables 1- 136 

through 1- 138. 
0 

a.  Reliability Information 

Design Features:  

Control and safetymechanisms f o r  controlling reactor  devices a r e  designed 

to be fail-safe. 

Crit ical  Character is t ics :  

Most control rods a r e  long and narrow and their  t rave l  is l inear over a long 

distance through close, if not tight, clearances.  The majori ty  of control rod 

mechanisms o r  assemblies  provide the sealing functions with regard to the 

reactor  shield and reactor  cover gas. 

Mode of Fai lure:  

1)  Seal failed 

2 )  Deformation 

3 )  Part failed. 

Fai lure  Description: 

1)  Bellows seal  fai-ed allowing sodium and cover gas leakage. 

2 )  A guide tube deformed during s team cleaning f rom a sodium and 

water  reaction. 

3 )  The purge tube and valve became worn at the sealing point with 
another component. 

Control Methods : 

1)  The sodium should be removed f rom par t s  by mechanical o r  safe 
chemical methods before the par ts  a r e  s team cleaned. 

2 )  Procedures  for  installation and maintenance a r e  necessary.  

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

Three events were  reviewed on safety and 

was independent and of a different nature. 

control rods. Each of the events 

One event involved the bellows that is use( to sea l  the l inear  s t roke of the 

control rod. 

type of bellows a r e  generally due to over-s t ress ing,  fatigue, o r  erosion of the 

thin mater ia l .  

makes the bellows t rave l  too far and exceeds the elastic limits of the mater ia l  

o r  to s t ray  mater ia l  which clogs the convolutions making the bellows work in an 

uneven manner  over its effective length. 

The bellows was a thin dish-welded nesting type. Fai lures  of this 

Bellows over -s t ress ing  is  due either to a design e r r o r  which 

The second event studied was damage to a control rod guide tube during 

s t eam cleaning operations in which water  reacted with the sodium. This type 

of event can be avoided by removing all possible sodium f r o m  the i tems to be 

cleaned. 

permitt ing the residue sodium to react with water  during steam cleaning. 

This should be accomplished by some mechanical means ra ther  than 

The third event documented was the wearing of a purge tube and a back flow 

The ear ly  wear-out was probably due to a misfit of par ts ,  a poor adjust- valve. 

ment, o r  lack of lubrication. 

Incipient fa i lures  in bellows a r e  near ly  impossible to detect. The event 

leading to the sodium-steam reaction which damaged the guide tube was a human 

e r r o r .  

dr ive power feed, and in the type of event studied might show up a s  a change in  

gas purge rate.  

Generally, the wear  o r  rubbing of par t s  can be  detected in changes in 

LMEC-Memo-69-7, Vol I 
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Q 8 

. . COMPONENT/PART 

! . SY STEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystern) 

. Control and Safety 
Element/Bellows 

:. Reactor Equipment/  
Control and Safety 
Element 

i. 08 
212100 

. Control and Safety 
Element /Lower Guide 
Tube 

!. Reactor Equipment/  
Control and Safety 
Element 

212100 
i. 08 

. Control RodIHelium 
Purge  Tube and Valve 

!. Reactor Equipment/  
Control and Safety 
Element 

212100 
!. 08 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. F e r m i  . Safety rod No. 4 . Reactor environment, 800°F discharge . PRDC E F - l , E F - 2 , E F A P P N o . 4 5  

. F e r m i  . Safety rod No. 5 . Reactor environment . E F A P P  No.  39 

. HNPF . Reactor core  /control rod No. 10 
I .  350 t o  945°F 
.. Monthly operating report  No. 24 

r-F MINOR MALFUNCTION I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MI 
500 

MI 
315 

MI 
142 

- 

MODE 

- - 
MI 
90 

MI 
54 

MI 
56 

- 
FF EC1 

- - 
MI 
550 

MI 
550 

MI 
550 

PERATlNl 
HOURS 

2190 

5643 

8700 

METHOD OF FAILURE 
DETECTION 

I i rec t  observation 

I i rec t  observation 

Xrec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

. Lower bellows had failed. 
.. Part replaced. 
I .  None. 

. During s t eam cleaning of the guide tube, a sodium 
reaction occurred  inside the tube. The inner tube 
was  found to  be distorted in  the center  at the point 
of the reaction. 

!. Part replaced. 
i. Remove the ma jo r  portion of sodium f rom the inner 

a r e a  of the tube by oil bath o r  by chemically reacting 
sodium p r i o r  t o  s t eam cleaning. 

. Helium purge tube and valve worn out. 
!. P a r t  replaced. 
!. None. 



A 

C 

5 

TABLE 1-137 

FAILURE D I  STRl BUTlON FUNCTIONS 

Bell  ow s 
Lower Guide Tube 

P u r g e  Tube and Valve 

- - - 

COMPONENT CONTROL AND SAFETY ELEMENTS 

COMPONENT SUBTYPE SAFETY ROD 
FAILURES (x) 0 

Nuclear Power  Reactor 
sw 

w 
2 
m 

Reactivity Control and Safety Shutdown - 

Environmental 

Human error 

Unknown 

- - - 

w 

z 
c 
2 

~ 

Chemical 

Mechanical - - 

w z 
0 a 
0 
0 

I 

I I 

Svstem/component inoperative 
c 
U 
W I 
LL 
LL 
W 
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T A B L E  1-138 

I I 
Chemic a1 

w Mechanical 
n 
0 
I -  

--.---- 

System/component inoperative 
+ 
0 .  w 
LL 
L L .  
W 

GENERAL SUMMARY 

TOTAL FAILURES PER TYPE 0 1 2 3 
I I 

Safetv rod 

I 

t I t  
t I l l  

80 90 100 a a LJ 
I I I 

Safetv rod I 
45 ! 

FAILURE RATE CFAILURES/106 hr) 0 25 50 75 

I I I I I I  w 
I T r: i 150 175 2 

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

1-433 



5. Controllers 

Fai lure  data f o r  controllers a r e  presented in  Tables 1-39 through 1- 143. 

a. Electrical  and Electronic Controllers 

(1) Reliability Information 

Design Feature:  

Per forms measurement,  comparison, and/or  correction to hold the output 

of a given process  to some desired value. 

Crit ical  Characterist ics : 

1)  Minimal and predictable delay time 

2 )  Predictable behavior throughout a wide range of environmental con- 
ditions 

3 )  Capability to compensate fo r  the effects of unwanted disturbances. 

Mode of Fai lure  : 

1 )  Amplifier failure 

2 )  Power supply failure 

3 )  Mechanical damage to wiper arm of hand-operated potentiometer 

4)  Loose connection 

5 )  Relay failure 

6 )  P r e s s u r e  switch malfunction 

7 )  Flowmeter malfunction caused by bubbles in  sodium. 

Fai lure  Description: 

n 

1 ) Anomalous failure of amplifier detected when demand temperature  

increased without adjustment. 

2 )  Reactor scram occurred when wiper on hand-operated flux control 

potentiometer was broken. 

3 )  Poor electrical  connection apparently caused by vibration. 

LMEC-Memo-69-7, Vol I 
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4)  P r e s s u r e  switch caused to malfunction by vibration. 

5)  Bubbles entrained in liquid sodium flowmeter resulted in low flow 
indication and reactor tr ip.  

Control Methods : 

1) Investigate environmental and operational conditions to which amplifier 

is exposed, in order  to determine whether amplifier design specifica- 

tions a r e  respected and the extent of the vendor 's  responsibility. 

2 )  Implement protective device, such a s  mechanical limit stops, to 

a s s u r e  that potentiometers shall. not be damaged by manual abuse. 

3 )  Include discussions in operator training curriculum to consider possible 

effects of abusing potentiometers. 

4 )  Implement preventive maintenance and inspection procedures to mini- 
mize  potential failures caused b.y vibration. 

5 )  Establish design requirements to include the installation of vibration 

isolating devices in o rde r  to protect vibration-sensitive components 

in environments having the possibility of a vibration hazard. 

6 )  Provide for  constraints in the selection of components, in the f o r m  

of an  environmental checklist, so  that bubbler type level sensors  shall  

not be installed where there  is a possibility of bubble entrainment in 

flowing sodium. 

( 2 )  Discussion and Recommendations 

None. 

b. Mechanical Controllers 

( 1 ) Reliability Information 

Design Fea tures :  

Per forms measurements ,  comparison, and/or  correction to hold the output 

of a given process  to some desired value. 
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Critical  Characterist ics : 

1 )  Minimal and predictable delay t ime 

2 )  Predictable behavior throughout a wide range of environmental con- 

ditions 

3 )  Capability to compensate for  the effects of unwanted disturbances. 

Mode of Fai lure:  

1 )  Sticking of feedwater level controller 

2 )  Anomalous lifting of safety release valve 

3 )  Turbine governor spring broken. 

Fai lure  Des c ription: 

1 )  Safety relief valve lifted a t  p re s su re  well below proper se t  point due 

to vibration during changes in plant conditions. 

2 )  Improper assembly and/or  fatigue caused turbine governor spring to  

break. 

Control Methods : 

1 ) Lmplement preventive maintenance procedures to include examination 

of feedwater level controller fo r  evidence of corrosion, mechanical 

damage, and fatigue. 

2 ) Lmplement preventive maintenance procedures to include examination 

nf s team sys tem safety release valve for  evidence of corrosion, ero-  

sion, and mechanical damage. 

3 )  h p l e m e n t  acceptance tes t  procedure to include verification of s team 

system safety release valve operation under full  spectrum of possible 

environmental conditions. 

( 2 )  Discussion and Recommendations 

None. 
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- 

TEN 

- - 
1 

2 

3 

4 

5 

6 

- 
* I  

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

I. Controller /Amplifier 
1 .  Instrumentation and 

Control /Reactor Plant 
Control 

261160 
3 .  65 

L .  ControllerIAmplifier 
1 .  Instrumentation and 

Control /Neutron 
Monitor Svstem 

3 .  6 5  
261110 

I. Controller /Trans is tor  
!. Instrumentation and 

Control /Neutr on 
Monitor Sys tem 

261110 
3 .  65 

1. Contro l Ie r lTrans is tor  
!. Instrumentation and 

C ontr ol /Neutr on 
Monitor System 

26110 
I .  65 

I. Contro l le r /Power  

!. Instrumentation and 
Supply 

Control /Reactor Plant 
Control 

261130 
3 .  65  

I .  Controller / 

!. Ins t runenta t ion  and 
Potentiometer 

Control/Reactor Plant 
Control 

261160 
3 .  65 

TABLE 1-139 

FAILURE DATA FOR CONTROLLERS 
(Sheet 1 of 5)  

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

L .  HNPF 
!. Reactor control system/outlet  

t empera ture  se t  (HCS-10) 
1. 
L. Monthly operating report  No. 20 

L .  HNPF 
!. Reactor control system/neutron flux 

3 .  
4. Monthly operating report  No. 12 

monitor 

. HNPF 
!. Reactor control system/neutron flux 

I. 
4 .  Monthly operating repor t  No. 12 

monitor 

. HNPF 
!. Reactor control system/neutron flux 

I. 
L. Monthly operating repor t  No .  12 

monitor 

. HNPF 
!. Reactor safety/flow ratio computer 
I .  
L .  Monthly operating repor t  No.  16 

.. HNPF 
!. Reactor control system/flux control 

!. 
L. Monthly operating repor t  No.  15 

se t  (HCS 11) 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSEJ MODE ~ F F E C  

41 
5 2  

I1 
5 2  

4I 
5 2  

I1 

5 2  

L4 
5 2  

tA 

30 

U 

24 

- 
PERATlNi 
HOURS 

7754 

4450 

4450 

4450 

5180 

4560 

METHOD OF FAILURE 
DETECTION 

lperational monitors 

l irect  observation 

l irect  observation 

l irect  observation 

l irect  observation 

lperational monitor 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

Faulty amplifier replaced when demand tempera ture  
s ta r ted  to increase  without adjustment.  
Part replaced. 
None. 

Faulty amplifier.  
P a r t  replaced. 
None. 

Faulty t r ans i s to r  in amplifier booster.  
P a r t  re71aced. 
None. 

Faulty t r ans i s to r .  
P a r t  replaced. 
None. 

Faulty power supply in flow-to-flow computer rack  C. 
Part replaced. 
None. 

Wiper broken on hand-operated flux control potentiom- 
e t e r  causing sc ram.  
Part replaced. 
None. 

= INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE 1-139 

FAILURE DATA FOR CONTROLLERS 
(Sheet 2 of 5 )  

MI 
530 

MI 
530 

MI 
119 

MI 
530 

MI 
550 

MI 
530 

* 

During preventive 
maintenance 2. P a r t  replaced. 

1. Var iacs  replaced, no information as to  why. 

3. None. 

Operational moni tors  1. Apparent problem was  a poor e lec t r ica l  connection. 
2. Local repa i r ,  a different source  of incoming power 

t o  the speed control chass i s  was  connected. Permanent  
r epa i r s  were  made on 1-18-66. 

3. Improve e lec t r ica l  maintenance procedure.  

- 

'EM 

- - 
7 

3 

9 

10 

11 

12 

- 

SCTI 
Secondary sodium systemldynamatic 
coupling 
Model-ACMV-990, 1135 rpm,  220vdc 
Incident r epor t  No. 89  and No. 91 

. C 0 M PO N E N T/P ART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(Systern/Subsystem) 

P u m p  Controller / 
Variacs  
Instrumentation and 
Control /Intermediate 
Coolant 
65 
262210 

Controller /Speed 
Controller 
Instrumentation and 
Control /Intermediate 
Coolant Loop 
65 
262210 

, Cont ro l l e r IP res su re  
Switch 
Instrumentation and 
Control/Heat T rans fe r  

262110 
. 65 

, Controller / P r e s  su re  

, Instrumentation and 
Switch PS-703 

Cont ro l IF i re  Control 

MI 
157 

. 65 
267100 

%5 

nknown 

. ControllerISwitch 

. Instrumentation and 

. 65 
ControlIHeat T rans fe r  

262210 

. Contro l le r /Relay  
Dr iver  Boards 

. Instrumentation and 
Control /Preheating 
Sys tem 

261360 
. 65 

Protective sys t em 1. P r e s s u r e  switch malfunction, due to  vibration. 
2. P a r t  replaced. 
3. Provide vibration protection to  control instruments 

when selected location provides vibration exposure. 

Operational monitor 1. P i lo t s  tr ipped on two occasions in the same  day. 
2. Component pa r t  replaced. 
3 .  Upgrade plant preventive maintenance inspections of 

p r e s s u r e  switches. 

INCIDENT 

MI 
141 

MI 
157 

MI 
327 

MI 
500 

FAILURE INDEX 
CODE* c . FACILITY 

. COMPONENT LOCATION 

Preventive maintenanae 

. OPERATING CONDITIONS 

. SOURCE DOCUMENT CAUSE 

1. Faulty t r ans i s to r s .  
2. P a r t  replaced. 
3. None. 

EBR-11 
Secondary sys tem 

PMMR- 107 

SCTI 
P r i m a r y  sodium sys t em S-704 
1600 gpm, 103 psig a i r  p re s su re  
Incident repor t  No. 51 

SCTI 
Pi lo t  burners  

Incident repor t  No. 16 and No. 17 

SCTI 
Secondary sys t em (cold t r ap )  

Incident r epor t  No. 53 

EBR-I1 
Sodium t r a c e  heating, secondary 

Maintenance repor t ,  4- 18-68 

I 

= MINOR MALFUNCTION 
= PROBLEM 

flODE FFECl I HOURS DETECTION 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1,320 

!83 

15 

4,150 

During routine 
inspection 

1. Opera tor  accidentally grounded e lec t r ica l  wiring on 
valve actuator switch during inspection. 

2. No r epa i r ;  res ta r t ing  of bu rne r s  and p r imary  pump. 
3. Improve training of opera tor  personnel.  

MA = MAJOR MALFUNCTION 

8 Q 



e 

~~ 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I .  Controller /Relay 
?. Instrumentation and 

Control /Int ermediate 
Coolant Loop 

262210 
3. 65 

I .  Controller/Relay 
?. Instrumentation and 

Control /Neutron 
Monitor System 

261110 
3. 65 

1. Controller/Cylinder 

?. Instrumentation and 

3 .  65 

No. 1 Control Solenoid 

Control /Feedwater 

268400 

1. Controller/High Level 

?. Instrumentation and 
Overr ide  Relay 

Control/Main Coolant 
Loop 

3. 65 
262110 

1. Controller/High Level 
Overr ide  Ala rm and 
Relay 

?. Instrumentation and 
Control /Main Coolant 
Loop 

3. 65 
262110 

T A B L E  1-139 

FAILURE DATA FOR CONTROLLERS 
(Sheet 3 of 5 )  

1. FACIL ITY 

2. COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
2. Secondary EM pump circuit 
3. 
4. Maintenance repor t ,  3-14-68 

1. HNPF 
2. Reactor control systemlneutron flux 

monitor 
3. 
4. Monthly operating report  No. 12 

1 .  EBR-II 
2. Feedwater / s ta r tup  boilder feed pump 
3. 364"F, 1300 psig 
4. PMMR-22 

1. SCTI 
2. P r i m a r y  sodium pump (P-5) /  

sodium level indicator controller 
LIC- 100 

3 .  
4. Incident repor t  No. 109 

1. SCTI 
2. P r i m a r y  sodium pump (P-5) /  

sodium level indicator controller 
LIC- 100 

3. 
4. Incident repor t  No. 112 

I I  = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
VlI 
i o 0  

VlI 
. 5 z  

VLI 
i o 0  

VLI 
44 

MA 
I58 

MODE 

- - 
VlI 
j 2  

VlI 
47 

VlI 
15 

VlI 
47 

MA 
18 

.FFEC' 

- - 
VlI 
j30 

VlI 
j50 

VlI 
550 

m 
j20 

MA 
520 

PERATIN( 
HOURS 

3,850 

,900 

lnknown 

lnknown 

lnknown 

METHOD OF FAILURE 
DETECTION 

lperational monitors 

)perational monitors 

iudio noise 

lperational monitor 

lperational monitors 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Relay not operational. 
2. P a r t  replaced. 
3. None. 

1 .  Faulty relay.  
2. Local repa i r .  
3. None 

1.  Solenoid shorted.  

2. P a r t  replaced. 
3. None. 

Loss of No. 1 cqlinder caused pump 
to  vibrate excessively.  

1. Entrainment of gas bubbles in the sodium, detected by 

2. Local repa i r ,  sys t em redesign. 
3. Avoid bubbler type leve l  controller in E M  flowmeter 

the  magnetic flowmeter as low now. 

loops. 

1. Sodium leve l  lowered causing gas entrainment and 

2. Local repa i r ,  re lay  readjusted, and p r imary  sodium 
plant t r ip .  

flow res tored .  
displacement type instead of bubbler. 

3. More stable level controller needed t o  maintain f r ee -  
surface sodium level.  

F ina l  correction by installation of a 

* = INCIDENT 
MA = MAJOR MALFUNCTION 



TABLE 1-139 

FA1 LURE DATA FOR CONTROLLERS 
(Sheet 4 of 5 )  

* 

- 

rERi 

- - 
18 

19 

20 

21 

22 

- 

1. COMPONENT/PART 

?.  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

I .  Cont ro l le r lconver te r  
Tube 

?. Instrumentation and 
Contr ol /Reactor 
Coolant 

262110 
3.  65 

1. Controller /Wiring 
2 .  Instrumentation and 

Control/Reactor 
Coolant 

262100 
3. 65 

1. Cont ro l le r IRelay  
2. Instrumentation and 

Control /Steam 
Genera tors  

26231 1 
3 .  65 

1.  ControllerIpH 
2. Instrumentation and 

3. 65 
C ontr ol I C  ooling Water 

269630 

1. Controller,  Level /  

2. Instrumentation and 

3 .  65 

Torque Tube 

Control [Feedwater 

268400 

= INCIDENT 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-I1 
l .  P r i m a r y  pump/control sys t em 
3.  
1. Maintenance r epor t  ANL-7445, 

4-18-66 

1. SCTI 
?. Tempera ture  monitoring 
3. 
4.  Incident r epor t  No. 28, 8-16-65 

1. SCTI 
2.  Sodium heat t r a n s f e r  
3. lZO-volt, ac-coil  actuated 
4. SCTI Incident r epor t  No. 78 

1.  SCTI 
2 .  Cooling water  acid and control 
3. Automatic 
4. Incident Report  No. 95, 1-21-66 

1. EBR-II 
2. Feedwater  hea te r  No. 4 
3 .  Shell side - 480"F, 1250 psig 

4. PMMR-76 
Tube side - 565"F, 1500 psig 

II = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 

~~ 

FAILURE INDEX 
CODE* 

AUSE 

- - 
0. 
00 

AI 
24 

dA 
!44 

vu 
i33 

VLI 
500 

TEC 

- - 
lL4 
2 0  

AI 
150 

VLA 
i20 

VZI 
j30 

MI 
530 

- 
PERATlNl 
HOURS 

4,100 

47 5 

LO50 

,729 

5300 

METHOD OF FAILURE 
DETECTION 

'rotective sys t em 

-ow - tempe r a tu re  
ndications; opera- 
ional monitors 

lu r ing  actuation 

3perational monitor 

3perational monitor 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Tube shorted.  
!. P a r t  replaced. 
i. None. 

I .  Faulty wiring caused fuses  to  blow in controller 

!. Wiring cor rec ted ;  new fuses installed.  
1. Improve maintenance procedures  on personnel training 

following previous maintenance. 

I. Relay caused s team generator inlet  and outlet 
sodium valves to close.  

?. Relay was  bypassed during cover gas pressur iza t ion  
t e s t  t o  avoid valve c losure .  

3 .  The cover gas pressur iza t ion  procedure  was  modified 
t o  include bypassing a relay.  

I .  Opera tor  left  acid feed pump switch in  manual position 
instead of auto, causing low pH readings on pHr-300 
me te r .  

?. Prope r  amount of NaOH flakes added t o  cooling tower 
basin water .  

3.  Closer  opera tor  vigilance and adequate training required 

1. Level controller stuck. 
2 .  Local repa i r .  
3 .  Upgrade preventive maintenance on level control. 

8 



Q c 

. . COMPONENT/PART 

I. SYSTEM/SUBSYSTEM 

I. CODE: 
(Component) 
(Systern/Subsystern) 

I .  Con t ro l l e r / (P res su re  

t. Instrumentation and 
Setting) 

Control /Steam, Con- 
densate and Feedwate 
Piping and Equipment 

1 .  6 5  . .~ 
268100 

1. Controller / (  P r e  s sur  e 
Setting) 

!. Instrumentation and 
Control /Steam, Con- 
densate and Feedwate 
Piping and Equipment 

268100 
1 .  65 

I. Controller/Turbine 
Governor 

L. Instrumentation and 
ControVCondensate 

3 .  65 
268300 

I. Contro l le r /Ai r  Line 
t .  Instrument Ai r  Supply 

3 .  65 
Piping 

540000 

I = INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2. COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. SCTI 
!. Steam system, safety valve PSV-202 
!. 1800 psig, 900"F, 2.6 x 104 l b / h r  
L. Incident repor t  No. 116  

. SCTI 
!. Steam sys tem,  safetyvalve PSV-208' 
I .  1800 psig, 900"F, 2.6 x lo4 l b / h r  
1. Incident repor t  No. 116 

. EBR-II 
!. Turbine-driven feed pump 
8 .  
L .  PMMR-105 

I .  SCTI 
!. Steam and feedwater system 
1 .  
L.  Incident repor t  No.  123 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 

- 

:AUSE 

- - 
I 
144 

I 
144 

MI 
500 

MI 
141 

CODE* - 

MODE 

- - 
I 
51 

I 
62 

MI 
59 

MI 
59 

- 

FF EC 

- - 

j20 

520 

M I  
530 

M I  
550 

- 

)PERATIN( 
HOURS 

Unknown 

Unknown 

10,580 

Unknown 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direct observation 

Operational monitors 

During actuation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Safety relief valve lifted a t  p re s su re  well below p rope r  

2. Vendor r epa i r  of component. 
3 .  None. 

setpoint during a change in plant conditions. 

1. Safety relief valve lifted at  p re s su re  well below proper  
setpoint during a change in plant conditions. 

2. Vendor repa i r  of component. 
3.  None. 

1. Spring broken. 
2. P a r t  replaced. 
3. None. 

1. A plastic a i r  control l ine to the  leve l  controller 
split, allowing the level control valve to close. 

2. Local repa i r ,  plastic tubing replaced. 
3. Select proper  ma te r i a l  considering enviromental 

conditions. 



TABLE 1 - 1 4 n  

FA1 LURE DI STR I B UTI ON FUNCTl ONS 
COMPONENT CONTROLLERS 

COMPONENTSUBTYPE ELECTRICAL/ELECTRONIC 
FAILURES (z) 0 

Nuclear Power Reactor - 
2; Nuclear Tes t  Reactor - 
$+ Component Tes t  Facil i ty - k 

Instrumentation and Control - 
2 
w I 
L I  I 

Amplifier - 
Relay - 

I- Switch - 
2 Trans i s to r  - 
I- ~ Others  - w 

2 
W z 
0 n z 
0 
0 

I 
I Environmental 

Human e r r o r  * Unknown Elec t r ica l  

fi Mechanical 

Other 

Unknown 

1 
L Plant  availability loss -- 
W 
LL Labor and mater ia l s  loss only - 
LL 

Svstem/component inoperative - ~ 

L Plant  availability loss -- 
W 
LL Labor and mater ia l s  loss only - 
LL 

Svstem/component inoperative - ~ 

I 1 

-I 

LMEC-Memo-69-7, Vol I 
1 - 442 



TABLE 1-141 

FA1 LURE D I STRl B UTI ON FUNCTl ONS 
COMPONENT CONTROLLERS 

COMPONENT SUBTYPE A 
FAILURES (%I 0 

Nuclear Tes t  Reactor Y 

Component Tes t  Facil i ty $: 
i!+ 

Y 

Instrument and Controlsf Steam, Condensate Y 

Feedwater Piping and Equipment Y 

+ 
v) I 

P r e s s u r e  Settine u 

. -Governor  

+ Toraue  Tube Y 

~ 

Y 

a a1 I 

1 
Environmental  

Unknown 

I 
W 
n 

Mechanical Y 

Metallurgic a1 Y 

I 

I 
I 

I 
- I  I 

L 
L 

Plant  availability lo s s  Y 

Labor and mater ia l  l o s s  only Y 

20 - + L - 

LMEC-Memo-69-7, Vol I 
1-443 



TABLE 1-142 

FA1 LURE D I STR I B UTlON FUNCTl ONS 

1 

COMPONENT CONTROLLERS 

COMPONENT SUBTYPE 

FAILURES (x) 0 

Mechanical 

Component Tes t  Facil i ty I 

$2 
2+ -t 

c 

I '  

Instrument and Control - Reactor  P lan t  

I 

I 1  I 

I 
ul 

Air Line (Piping) I 

Environmental  j 
I C  I 

I t  

Systemlcomponent inoperative I 

LMEC-Memo-69-7, Vol I 
1-444 



TABLE 1-143 

GENERAL SUMMARY 
COMPONENT CONTROLLERS 

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

Plant  availability loss  

Labor and mater ia l s  loss  only 
W Systemlcomponent inoperative 
L I -  
w 

t 

- FAILURES PER TYPE 0 10 20 

I I I I  

TOTAI 30 40 50 60 70 80 90 
Control lers  - e lec t r ica l  - electronic  

Control lers  - mechanical 

I I I I  

w a > 
I- 

1 

1 125 150 1 5 2  - 

T 
900 11 I 

0 

10 

LMEC-Memo-69-7, Vol I 
1-445 



6. Indicators and Recorders  

Fai lure  data fo r  indicators and r eco rde r s  a r e  presented in Tables 1- 144 

through 1 - 150. 

a. Mechanical 

( 1 ) Reliability Information 

Design Fea tures  : 

Direct indicating through mechanic a1 linkage, 

Cri t ical  Character is t ics  : 

1)  Cables 

2 )  Diaphragms and bellows 

3') Linkage and bearing surfaces .  

Mode of Fai lure  : 

1)  Glass breakage 

2 )  Cable chafing. 

Fai lure  Description: 

1 )  P r e s s u r e  gage dial  face broken accidentally. 

2 )  Cable chafed against  seal  housing. 

Control Methods : 

1)  U s e  plexiglass o r  other  plastic facing on gages. 

2 )  Upgrade installation, operating, and preventive maintenance proce- 

dures .  

Alternate Concepts : 

Remote sensing p res su re  instruments utilizing d i rec t  writing records.  

( 2 )  Discussion and Recommendations 

Lf paramete r s  being monitored on r eco rde r s  o r  indicators a r e  of sufficient 

importance that a fa i lure  would necessi ta te  a sys tem shutdown, then it is recom- 

mended that a redundant means of recording o r  indicating be added to the system. 

Providing this capability is often cheaper than the cos t  of excessively high 

reliability. 

LMEC-Memo-69-7, Vol I 
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Adequate records should be maintained on all component fa i lures  so that a 

fa i lure  his tory record can be accumulated to help establish serv ice  intervals. 

Industry and vendor information of this nature is a lso usually available. 

The units that  failed had anywhere f r o m  2000 to 15,000 operating hours. If 
the operating hours in any par t icular  event did not exceed the design life, then 

a malfunction analysis should be performed on that unit to determine the exact 

cause of failure. 

increased quality control surveillance, o r  a change in  the replacement cycle 

time. 

Information f r o m  this analysis would dictate a design change, 

If the unit did exceed its operating life, then a design change is in o rde r  to 

expand its life o r  the replacement cycle t ime mus t  be reduced to minimize the 

potential of a fai lure  occurring at an inopportune time. 

b. Electronic 

( 1 ) Reliability Information 

Design Fea ture :  

Graphic d i rec t  writing analog recorders  and d i rec t  indicating instruments.  

@ Crit ical  Character is t ics  : 

Recorder dr ive mechanisms and inking systems and electronic tubes. 

Mode of Fai lure:  

1 )  Drive mechanism binding 

2 )  Cold solder  joints 

3 )  Electron tube fai lures  

4)  Motor bearing fai lure  

5)  Enclosures improperly secured 

6 )  Potentiometer fa i lure  

7 )  Tachometer wearout 

8)  Plugged sensing tube 

9 )  Voltage surges .  

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

1)  Lmproper installation of char t  paper 

2 )  Fai lure  to clean and lubricate mechanisms 

3 )  Cold solder joints resulting f r o m  inadequately trained personnel, 
inadequate tools, o r  poor working conditions 

4 )  Exceeding life of components; inadequate cooling 

5 )  Inadequate checkout and operating procedures 

6 )  Detailed checkout and troubleshooting procedures 

7 )  Voltage regulating equipment f o r  power supplies. 

Alternate Concepts : 

1)  Use of solid-state devices in lieu of electron tubes 

2 Use of digital data acquisition systems in  lieu of direct-writing analog 
r eco rds  

3 

4 

h m e r s i o n  type pH me te r s  instead of sampling system 

Float type o r  electrical  resistance point contact type level gages. 

( 2 )  Discussion and Recommendations 

Refer to Paragraph 6.a. (2).  

c. Pneumatic 

( 1 )  Reliability Information 

Design Fea tures :  

Direct indicating instruments utilizing pneumatics. 

Crit ical  Characterist ics : 

1 )  Seal leakage 

2 )  Mechanical linkage. 

Mode of Fai lure  : 

1 )  N flowmeter failure 

2 )  Sodium freezing. 

2 

A 
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Failure  De s c r iption : 

1 )  Probably caused by a leak o r  sticky ball inductor 

2 )  Sodium frozen in  an unheated section of a bubbler tube. 

Control Methods : 

1 )  Periodic instrument servicing 

2 )  Application of heat to all sections of bubbler tube. 

( 2 )  Discussion and Recommendations 

Refer to Paragraph 6.a.(2). 

d. Sight Glass 

( 1 ) Reliability Information 

Design Features  : 

Float principle with graduated g l a s s  tube to allow visual monitoring of the 

media. 

Crit ical  Character is t ics :  

1 )  Glass tube sensitive to thermal  cycling. 63 
2 )  Glass tube limits use  to low-pressure applications. 

3 )  Sealing depends on careful assembly of components. 

Mode of Fai lure  : 

1 )  Glass tube breaks 

2 )  Gasket failure 

3 )  Glass etching 

4)  Stud threads stripped 

5 )  Bolts not correct ly  torqued. 

Fai lure  Description 

1)  Improper installation techniques : gaskets installed improperly,  bolts 

torqued unevenly o r  over-torqued, etc. 

2 )  P r e s s u r e  surges  

LMEC-Memo-69-7, Vol I 
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Contro 

Inadequate preventive maintenance 

Corrosive effects of water  and s team on components 

S t resses  on components resulting f r o m  thermal  cycling, 

ethods : 

Use of detailed installation procedures that reflect  manufacturer ' s  

r ecomrnendations 

Personnel  training in the implementation of the procedure 

Preventive maintenanc e program 

P r e s s u r e  surge control 

H treatment.  2 

Alternate Concepts : 

Other types of level and flow indicators that  a r e  not dependent on glass 
tubes. 

(2)  Discussion and Recommendations 

It is common in sight-glass installations to provide valving on both s ides  

of the indicator so  that it may be quickly isolated by the sys tem operator  in case  

of fa i lure  and m a y  be replaced o r  repaired without shutting down the sys tem 

that it is monitoring. 

increased cost  of a m o r e  reliable component. 

This capability should be  considered with respect  to the 

An engineering study of this 'device seems to be in order .  Its applicability 

The availability of to the serv ice  to which it is being subjected is questionable. 

new ma te r i a l s  and/or  design changes to enhance the cri t icali ty of assembly  

should be investigated. 

nate thermal  cycling and p r e s s u r e  surges  should also be investigated. 

The feasibil i ty of sys tem changes to reduce o r  elimi- 

The etching of the glass  tubes in some cases  suggests that  perhaps additional 

water  t reatment  is needed to minimize the cor ros ive  effects. 

and s team conditions may be affecting the gasket mater ia l .  

Treatable water 

n 
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* 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEN 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Recorder lDr ive  
Mechanism 

2. Instrumentation and 
Control/Neutron 
Monitor System 

261110 
3. 64 

1. Recorde r ICar r i e r  

2. Instrumentation and 
Oscillator 

Control/Intermediate 
Coolant Loop 

262210 
3. 64 

1. Recorder IPreampl i -  
f i e r  Tubes 

2 .  Instrumentation and 
Control/Fuel Flemen 
Fai lure  Detector 

26 1140 
3. 64 

1. Indicator / Transmi t te  
2. Instrumentation and 

Control /React0 r 
Coolant 

262100 
3. 64 

1. Indicators /Rectifier 
Shroud 

2. Instrumentation and 
Control/Fuel Elemen 
Fai lure  Detection 

261140 
3. 64 

= INCIDENT 

T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 

(Sheet 1 of 13) 
~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. HNPF 
2. Reactor control systemlneutron flux 

monitor channel 1 and 2 
3. - 
4. Monthly operating report  No. 10 

1. F e r m i  
2. Secondary sodium service 
3. - 
4. PRDC-EF-13 

1 .  EBR-I1 
2. F i ss ion  gas monitor 
3. - 
4. Maintenancc report ,  3/14/68 

1. SCTI 
2. P r i m a r y  sodium fil l  and d ra in  tank/ 

leve l  indicator LI -500T 
3. 250 to 600°F 
4. Incident repor t  No. 66 

1. EBR-I1 
2. P r imary l fue l  element rupture 

detector 
3. - 
4. PMMR-34 

I = MINOR MALFUNCTION 

~ ~ 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
12z 

MI 
152 

MI 
500 

MI 
477 

MI 
500 

i4ODE 

- - 
MI 
47 

MI 
43 

MI 
BZ 

MI 
13 

MI 
59 

FFEC 

- - 
MI 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PERATINI 
HOURS 

3710 

7200 

13,850 

4846 

2590 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Di rec t  observation 

Preventive mainte- 
nance 

Ope rational monitors 

Di rec t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Drive mechanism binding. 
2. P a r t  cleaned and returned to service.  
3. Improve preventive maintenance. 

1. Inspection revealed a broken solder joint (cold joint). 
2. Local repair .  
3. Improve inspection procedures.  

1. Badtubes .  
2. P a r t  replaced. 
3. None. 

1. Transmi t te r  shor ted  to ground during rain. 
2. Local repa i r ,  plastic cover installed on t r ansmi t t e r  

and connector. 
3. More  carefu l  installation of ins t ruments  exposed 

to weather.  

1. Broken shroud. 
2. P a r t  replaced. 
3. None. 

MA = MAJOR MALFUNCTION P = PROBLEM 



T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 2 of 13) - 

TEI\ 

- - 
6 

7 

8 

9 

10 

11 

- 

. C OMPONENT/P AR T 

I .  SYSTEM/SUBSYSTEM 

i. CODE: 
(Component) 
(Systern/Subsystem) 

I. Level Indicator/  
Po t  entiom et  e r 

i. Instrumentation and 
Control/Purification 

3. 64 
262420 

I.  Recorder lMotor  
?. Instrumentation and 

Control /Intermediate 
Coolant Loop 

262210 
3. 64 

1. IndicatorlTachometer 
2 .  Instrumentation and 

ControlIM. G. s e t  
3. 64 

269000 

1. Indicator/Sampling 

2 .  Instrumentation and 

3. 64 

Tube 

Control/Cooling Wate 

269630 

1. Indicators and Re- 
co rde r s  /Flowmeter 
Power Supply 

2. Instrumentation and 
Contiol/Shield Coolin 
System 

261220 
3. 64 

1. IndicatorILight Bulb 
2. Instrumentation and 

ControllSteam, Con- 
densate and Feed- 
water  Piping and 
Equipment 

268300 
3. 64 

I = INCIDENT 

~~~ ~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1 .  SOURCE DOCUMENT 

I. F e r m i  
!. FARB/cold t r ap  sys t em 
I .  - 
4. PRDC-EF-52 

1. EBR-II 
t. Secondary sodium sys temlcold  t r ap  
3. - 
$. EBR-I1 maintenance report ,  3/14/68 

1. EBR-I1 
?. P r i m a r y  pump/M. G. s e t  No. 1 
3. - 
1. Operation weekly report ,  12/20/67 

1. SCTI 
2. Cooling tower water  sys t em/pH 

m e t e r  
3. 2-12 pH 
&. Incident report ,  No. 22 

1. EBR-I1 
2. P r imary l sh ie ld  cooling 
3. - 
4. Maintenance repor t ,  4 /18/68  

1. SCTI 
2. Boiler feed  pump "ON" indicator 
3. - 
4. Incident repor t  No. 49, 9/27/65 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
152 

MI 
500 

MI 
500 

MI 
3 12 

MI 
152 

MI 
152 

AODE 

- - 
MI 
13 

MI 
52 

MI 
BZ 

MI 
31 

MI 
12 

MI 
12 

IF  EC- 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
139 

MI 
530 

MI 
47 

- 

- 
'ERATIN( 
HOURS 

14,941 

13,850 

13,380 

1795 

14,150 

6800 

- 

METHOD OF FAILURE 
DETECTION 

l i r e c t  observation 

Preventive mainte- 
lance 

3perational monitors 

Direct observation 

Operational monitors 

Operational monitors 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

L. Potentiometer shor ted  out. 
!. Part replaced. 
I .  None. 

L. Bearings failed. 
t. Part replaced. 
3.  Upgrade r eco rde r  preventive maintenance to detect 

problem p r io r  to total  failure.  

1. Tachometer worn  out. 
?. Part replaced. 
3. Increase  inspections to detect  problem before failure.  

1. Sample tubes plugged with silt. 
2. Local repa i r ,  tubes cleaned and t imer  installed on 

H2S04 P U P -  
3. Operating procedure should include requirement f o r  

regular  backwash - to be executed. 

1. Voltage surge.  
2. Local repa i r .  
3. None. 

1. Burned out light falsely indicated that the boiler 
feed pump was shut down. 

2. Lamp replaced. 
3. Use indicator ':push to t e s t "  circuits where necessary  

o r  long l ife indicators before executing next procedure 
Check bulbs f o r  burn  out. 

MA = MAJORMALFUNCTION P = PROBLEM 

Q Q 



T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 3 of 13) - 

T E b  

- - 
12 

13 

14 

15 

16 

17 

- 
* I  

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Indicator/Shorted 

2. Instrumentation and 
Leads 

Control / Inte rmediate 
Coolant System 

262200 
3. 64 

1. Indicator/Potentio- 

2. Instrumentation and 
m e t e r  

ControlIIntermediate 
Coolant Loop 

262210 
3. 64 

1. Indicator /Pres s u r e  

2. Instrumentation and 

3. 64 

Gage 

ControlIM. G. s e t  

269000 

1. Indicator/Cable 
2. Instrumentation and 

3. 64 
ControlIFuel Handling 

263000 

1. Indicator/Nz Flow- 

2. Instrumentation and 

3. 64 

m e t e r  

Control/Shield 

261220 

1. IndicatorjBubbler 

2. Instrumentation and 

3. 64 

Tube 

ControlIHeat Transfei  

262110 

= INCIDENT 
M A  = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. Secondary fill tank level 
3. - 
4. Incident repor t  No. 43, 9/10/65 

1. HNPF 
2. Sodium leve l  No. 2 secondary 

expansion tank 
3. - 
4. AI monthly, 2 1  14/63 

1. EBR-II 
2. M. G. s e t  No. Zlcooling water 
3. - 
4. Operation weekly report ,  12120167 

1. F e r m i  
2. Cask Car  
3. Minimum 350°F, argon 
4. EF-No.22 

1. EBR-I1 
2. Reactor sh ie ld lsmal l  plug 
3. 20-40 psig 
4. PMMR-76 

1. SCTI 
2. P r imary  sodium system, sodium 

pump, level control 
3. Control section below 300°F 
4. Incident repor t  No. 33 

I = MINOR MALFUNCTION 
? = PROBLEM 

FAILURE INDEX 
COO€* - 

3AUSE 

- - 
MI 
339 

MI 
5 00 

MI 
500 

MI 
126 

MI 
500 

MI 
118 

- 

- 
MODE 

- - 
MI 
13 

MI 
43 

MI 
BZ 

MI 
59 

MI 
43 

MI 
55 

- 

- 
FF EC' 

- - 
MI 
550 

MI 
550 

MI 
530 

MI 
530 

MI 
530 

MI 
550 

- 

PERATIN 
HOURS 

4846 

Unknow 

13,380 

11,740 

6300 

611 

METHOD OF FAILURE 
DETECTION 

~~~~~ 

Direct observation 

Operational monitor 

Operational monitors 

Operational moni tors  

Operational moni tors  

Protective sys tem 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1 .  Operator accidentally grounded level indicator leads  
actuating pilot gas valve cutout. 

2. Ground removed, pilot reignited. 
3. Improve training fo r  e lec t r ica l  maintenance personnel 

on requi rements  fo r  guards ove r  connections and 
improve  opera tors  training to a s s u r e  a l e r tnes s  to 
possible exposed leads.  

1. Spurious drops in indication caused by bad potentio- 
meter .  

2. P a r t  replaced. 
3. None. 

1. Gage broken. 
2. Part replaced. 
3. Provide protection fo r  gauge glass.  

1. Cable dragged on sea l  housing. 
2. P a r t  replaced. 
3. None. 

1. Operation faulty. 
2. Local repa i r .  
3. None. 

1. Sodium entered an  unheated section of the leve l  contra 
bubbler tube and solidified. 

2. Component cor rec t ive  modification. 
3. Modified leve l  gage eliminated the need of hea ter .  



TABLE 1-144 

1. EBR-I1 
2. Steam d r u m  e a s t  end 
3. 580°F, 1300ps ig  
4. PMMR- 113, I tem No. 12 

- 

.EM 

- - 
18 

19 

20 

21 

22 

23 

- 

1. EBR-I1 
2. Steam d r u m  wes t  gage 
3. 580"F, 1300 psig 
4. Operations weekly report ,  12/27/67 

. COMPONENT/PART 

I .  SYSTEM/SUBSYSTEM 

i. CODE: 
(Component) 
(Systern/Subsystem) 

1. EBR-I1 
2. Steam d r u m  wes t  gage 
3. 580"F, 1300ps ig  
4. Operations weekly report ,  12/27/67 

1. Indicator/Sightglass 

?. Instrumentation and 
Gaskets 

Control/Steam Drum 
3. 64 

262312 

1. Indicator /Sightglas s 

L. Instrumentation and 

3. 64 

Studs 

Control/Steam Drum 

262312 

1. Indicator ISightglas s 

2. Instrumentation and 

3. 64 

Mica 

ControlISteam Drum 

262312 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Glass 

Control/Steam Drum 

262312 

1. Indicator /Sightglass 

2. Instrumentation and 

3. 64 

Mica 

Control/Steam Drum 

262312 

1. IndicatorISightglass 

1. Instrumentation and 

3. 64 

Cushions 

Control / Steam Drum 

262312 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 4 of 13) 

~ 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-11 
?. Steam d r u m  east end 
3.  580"F, 13OOpsig 
$. PMMR-113, Item No. 12 

1. EBR-11 
2. Steam d r u m  e a s t  end 
3. 580°F, 1300 psig 
4. PMMR- 113, I tem No. 12 

1. EBR-I1 
?. Steam d r u m  wes t  gage 
3. 580"F, 1300ps ig  
$. Operations weekly report ,  12/27/67 

I = MINOR MALFUNCTION I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
VlI 
500 

MI 
500 

MI 
500 

MI 
500 

M I  
500 

M I  
500 

- 

!ODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

'F EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
'ERATINC 
HOURS 

3045 

3045 

3045 

7110 

7110 

7110 

- 

METHOD OF FAILURE 
DETECTION 

X r e c t  observation 

3 i r e c t  observation 

Direct observation 

Direc t  observation 

Direc t  observation 

Direct observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Gaskets worn out. 
?. P a r t s  replaced. 
3.  None. 

1. Studsworn. 
1. Parts replaced. 
3. None. 

1. Mica worn  out. 
2. Part replaced. 
3. None. 

1. Sightglass glass worn out. 
2. Part replaced. 
3. None. 

1. Mica worn out. 
2. P a r t  replaced. 
3. None. 

1. Cushions worn out. 
1. P a r t  replaced. 
3. None. 



(D c 

1. COMPONENT/PART 

?. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. IndicatorISightglas s 

2. Instrumentation and 

3. 64 

Gasket 

ControlISteam Drum 

262312 

1. IndicatorISightglass 

2. Instrumentation and 

3. 64 

Mica 

ControlISteam Drum 

262312 

1. IndicatorISightglass 

2 .  Instrumentation and 
~ ControlICondensate 
$. 64 

Glass  

268300 
I 

1. Indicator/Sightglass 

2. Instrumentation and 
I ControlICondensate 

Gasket 

3. 64 
268300 

1. Indicator ISightglas s 

2. Instrumentation and 

3. 64 

Glass  

ControlIFeedwater 

268400 

1. IndicatorISightglas s 

2. Instrumentation and 
Gasket 

ControlIFeedwater 
3. 64 

268400 

(Sheet 5 of 13) 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3.  OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. EBR-LI 
2. Water side 
3. 580°F, 1300 psig 
4. PMMR-32 

1. EBR-II 
2. Water side 
3. 580"F, 13OOpsig 
4. PMMR-32 

1. EBR-II 
2. Steam sys teml low pressure  flash 

tank 
3. 298'F, 50ps ig  
4. PMMR-80 

1. EBR-I1 
2. Steam sys teml low pressure  flash 

tank 
3. 298"F, 50 psig 
4. PMMR-80 

1. EBR-11 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F 

4. PMMR-29 
Outlet t empera ture  = 565°F 

1. EBR-I1 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480'F 

4. PMMR-31 
Outlet t empera ture  = 565°F 

* I = INCIDENT = MINOR MALFUNCTION 
MA = MAJORMALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

:AUSI 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

MODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
59 

MI 
59 

- 

- 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

IPERATIN 
HOURS 

- 
2190 

2190 

5700 

5700 

30 

340 

METHOD OF FAILURE 
DETECTION 

Direct observation 

Direc t  observation 

Preventive mainte- 
nance 

Preventive main t  e- 
nance 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

~~ ~~ 

1. Gasket leaking. 
2. Part replaced. 
3. Installation procedures  f o r  s igh tg lasses  should be  

reviewed and/or  revised to l imi t  fa i lures  of these  
units through improper  installation techniques. 

1. Mica worn out. 
2. P a r t  replaced. 
3. None. 

1. Sightglass glass worn out. 
2. Part replaced. 
3. Bet te r  g lass  ma te r i a l  would provide longer se rv i ce  

life. 

1. Gasket worn  out. 
2. P a r t  replaced. 
3. None. 

1. Sightglass glass broken. 
2. Part replaced. 
3. Manufacturer 's  recommendations should be followed 

f o r  installation and operating conditions. 

1. Sightglass leaking. 
2. Part replaced. 
3. Manufac turer ' s  recommendations should be followed 

fo r  installation and operating conditions. 



T A B L E  1-144 

(Sheet 6 of i3) 

* 

- 

rEhi 

- - 
30 

31 

32 

33 

34 

31 

- 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

8 .  CODE: 
(Component) 
(Systern/Subsystern) 

~~ 

1. Indicator/Sightglass 

2 .  Instrumentation and 

3 .  64 

Gasket 

Cont ro l lFeedwater  

268400 

1. Indicator /Sightglass 

2. Instrumentation and 

3. 64 

Glass 

Control/  Feedwater 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 
Gasket 

Control /Feedwater  
3. 64 

268400 

1. Indicator /Sightglass 

2. Instrumentation and 

3. 64 

Glass 

Control/Feedwater 

268400 

1. Indicator ISightglas s 

2. Instrumentation and 
Glass 

Control/Feedwater 
3. 64 

268400 

1. Indicator ISightglas s 

2. Instrumentation and 

3. 64 

Glass 

Cont ro l lFeedwater  

268400 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-I1 
?. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F  

3. PMMR-31 
Outlet t empera ture  = 565°F 

1. EBR-11 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 48G"F 

2. PMMR-31 
Outlet t empera ture  = 565°F 

1. EBR-I1 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F 

4. PMMR-31 
Outlet t empera ture  = 565°F 

1. EBR-11 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F  

4. PMMR-31 
Outlet t empera ture  = 565°F  

1. EBR-I1 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F 

4. PMMR-33 
Outlet t empera ture  = 565°F  

1. EBR-I1 
2. Feedwater lhea ter  No. 2 
3. 374°F  at 200 psig 
4. Operation monthly report ,  11/67 

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
VlI 
500 

VI1 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

AODE 

- - 
MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

MI 
52 

- 
3 E C  

- - 
MI 
530 

MI 
530 

MI 
530 

M I  
530 

MI 
530 

M I  
530 

- 
'ERATIN( 
HOURS 

- 
340 

340 

340 

340 

340 

7110 

METHOD OF FAILURE 
DETECTION 

3 i rec t  Observation 

Direct observation 

Direct observation 

Direc t  observation 

Direc t  observation 

Direct observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Gasket ruptured. 
?. Part replaced. 
3. Manufacturer 's  recommendations should be  followed 

f o r  installation and operating conditions. 

1. Glass broken. 
2. Part replaced. 
3. Manufacturer's recommendations should be  followed 

f o r  installation and operating conditions. 

1. Gasket ruptured on repressurizing. 
2. Part replaced. 
3. Manufacturer 's  recommendations should be  followed 

f o r  installation and operating conditions. 

1. Glass broken. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should be followed 

f o r  installation and operating conditions. 

1. Glass sha t te red  on repressurizing. 
2. Part replaced. 
3. Manufacturer 's  recommendations should be followed 

f o r  installation and operating conditions. 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Follow manufac turer ' s  recommendations for  

installation and operating conditions. 

Q 8 



- 

rErv 

- - 
36 

37 

38 

39 

40 

41 

- 

~~ 

.. COMPONENT/PART 

? .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Gasket  

Control /Feedwater  

268400 

1. Indicator ISightglas s 

2. Instrumentation and 

3. 64 

Gasket  

Control /Steam Drum 

262312 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Glass  

Control /Feedwater  

268400 

1. Indicator/Sightglass 

2 .  Instrumentation and 

3. 64 

Gasket  

Control/ Feedwater  

268400 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Glas s  

Control 1 Feedwater  

268400 

1. Indicator/Sightglas s 

2. Instrumentation and 

3. 64 

Glass  

Control /Feedwater  

268400 

* I = INCIDENT 

T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 7 of 13) 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

_ _ _ _ _ ~  

1. EBR-I1 
2. Feedwater theater  No. 4 
3. Inlet temperature  = 480'F 

4. PMMR-34 
Outlet t empera tu re  = 565°F 

1. EBR-II 
2. Steam d r u m  eas t  end 
3. 580"F, 1300 psig 
4. PMMR-98 

1. EBR-II 
2. Feedwater theater  No. 2 
3. 374'F at 200 psig 
4. PMMR-24, 4 /8 /65  

1. EBR-II 
2. Feedwater lheater  No. 2 
3. 374°F  at 200 psig 
4. PMMR-24, 4 /8 /65  

1. EBR-LI 
2. Feedwater theater  NO. 2 
3. 374°F  at 200 psig 
4. PMMR-30, 5/18/65 

1. EBR-I1 
2. Feedwater lheater  NO. 2 
3. 374°F  at 200 psig 
4. PMMR-38, 7/21/65 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* - 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

dO0E 

- - 
MI 
52 

MI 
52 

MI 
59 

MI 
59 

MI 
59 

MI 
59 

- 

=F EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATIN( 
HOURS 

170 

9345 

1490 

1490 

550 

630 

METHOD OF FAILURE 
DETECTION 

Direct  observation 

Direct  observat ion 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Gasket leaking. 
L. Part replaced. 
3. Manufacturer ' s  recommendations should b e  followed 

f o r  installation and operating conditions. 

1. Gasket leaking. 
?. Part replaced, small leak still exists. Additional 

work is needed. 
3. None. 

1 .  Sightglass broken. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Gasket ruptured. 
2. P a r t  replaced. 
3. Recommend engineering study of problem. 

1. Sightglass broken. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

MA = MAJOR MALFUNCTION P = PROBLEM 



- 

TEk 

- - 
42 

43 

44 

45 

46 

47 

- 

1. COMPONENT/PART 

2 .  SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(Systern/Subsystem) 

1. IndicatorISightglas s 

2. Instrumentation and 

3.  64 

Glass 

Control/Feedwater 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Mica 

Control/Feedwater 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 

3.  64 

Gasket 

Control/  Feedwater 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Cushion 

Control/Feedwater 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 
Glass 

Control/Feedwater 
3.  64 

268400 

1. Indicator/Sightglass 

2. Instrumentation and 

3. 64 

Mica 

Control/  Feedwater 

268400 

= INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. EBR-I1 
2. Feedwater /hea ter  No. 2 
3. 374°F at 200 psig 
4. PMMR-57, 12/15/65 

1. EBR-II 
2. Feedwater /hea ter  No. 4 
3. Inlet t empera ture  = 480°F  

4. PMMR-75 
Outlet t empera ture  = 565°F  

1. EBR-11 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480'F 

4. PMMR-75 
Outlet t empera ture  = 565°F 

1. EBR-II 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F 

4. PMMR-75 
Outlet t empera ture  = 565°F 

1. EBR-11 
2. Feedwater fhea ter  No. 4 
3. Inlet t empera ture  = 480°F 

4. PMMR-107 
Outlet t empera ture  - 565°F  

1. EBR-11 
2. Feedwater lhea ter  No. 4 
3. Inlet t empera ture  = 480°F  

4. PMMR-107 
Outlet t empera ture  = 565°F  

I = MINOR MALFUNCTION ' = PROBLEM 

FAILURE INDEX 
CODE* 

;AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 

JlODE 

- - 
MI 
59 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

T E C  

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

1730 

3630 

3630 

3630 

5330 

5330 

- 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Preventive mainte- 
nanc e 

Preventive mainte- 
nance 

Preventive mainte- 
nanc e 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Follow manufac turer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should be  followed 

f o r  installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should be  followed 

f o r  installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should b e  followed 

for installation and operating conditions. 

1. Sightglass leaking and broken. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should be  followed 

fo r  installation and operating conditions. 

1. Sightglass leaking and broken. 
2. P a r t  replaced. 
3. Manufacturer 's  recommendations should be  followed 

fo r  installation and operating conditions. 



0 c 

T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 

- 

TERi 

- - 
48 

49 

50 

51 

52 

53 

54 

- 

1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Indicator/Sightglass 
2. Instrumentation and 

3. 64 
Control /Feedwater  

268400 

1. Indicator/Sightglass 
2. Instrumentation and 

3. 64 
Control /Feedwater  

268400 

1. Indicato r/Sightglas s 
2. Instrumentation and 

3. 64 
Control l  Feedwater 

266400 

1. Indicator/Sightglass 
2. Instrumentation and 

3. 64 
Control /Feedwater  

268400 

1. Indicator ISightglas s 
2. Instrumentation and 

3. 64 
Control /Feedwater  

268400 

1. Indicator/Sightglass 
2. Instrumentation and 

3. 64 
Control/ Feedwater  

268400 

1. Indicator ISightglas s 
2. Instrumentation and 

3. 64 
Control /Feedwater  

266400 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. EBR-11 
2. Feedwater lheater  No. 3 
3. Shellside = 800°F  at 700 psig 

Tubeside = 500°F at 2000 psig 
4. PMMR-75, 5/11/66 

1. EBR-I1 
2. Feedwater lheater  No. 3 
3. Shellside = 800°F a t  700 psig 

Tubeside = 500°F  a t  2000 psig 
4. PMMR-75, 5/11/66 

1. EBR-I1 
2. Feedwater lheater  No. 3 
3. Shellside = 600°F  at 700 psig 

Tubeside = 500°F  a t  2000 psig 
4. PMMR-75, 5/11/66 

1. EBR-II 
2. Feedwater lheater  No. 3 
3. Shellside = 800'F at 700 psig 

Tubeside = 500°F  at 2000 psig 
4. PMMR-75, 5/11/66 

1. EBR-II 
2. Feedwater lheater  No. 3 
3. Shellside = 800°F  at 700 psig 

Tubeside = 500'F a t  2000 psig 
4. PMMR-75, 5/11/66 

1. EBR-II 
2. Feedwater lheater  No. 3 
3. Shellside = 800°F  at 700 psig 

Tubeside = 500°F  a t  2000 ps ig  
4. PMMR-80, 6/29/66 

1. EBR-II 
2. Feedwater lheater  No. 3 
3. Shellside =. 800°F  a t  700 psig 

4. PMMR-80, 6/29/66 
Tubeside = 500°F a t  2000 psig 

II = MINOR MALFUNCTION 

(Sheet 9 of 13) 
~ 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

MI  
500 

MI  
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MODE 

- - 
MI 
52 

MI 
52 

MI 
52 

MI 
52 

MI 
92 

MI 
52 

MI 
52 

FF Ec' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

IPERATIN( 
HOURS 

6344 

6344 

6344 

6344 

6344 

140 

140 

METHOD OF FAILURE 
DETECTION 

Prevent ive mainte- 
nanc e 

Prevent ive mainte- 
nance 

Prevent ive mainte- 
nanc e 

Prevent ive mainte- 
nance 

Prevent ive mainte- 
nance 

Prevent ive mainte- 
nance 

Prevent ive mainte- 
nance 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. G las s  broken. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations fo r  

installation and operating conditions. 

1. Gasket damaged. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  reconunendations fo r  installa- 

tion and operating conditions. 

1. Mica damaged. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations for  installa- 

tion and operating conditions. 

1. Cushion worn out. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations fo r  instal la-  

tion and operating conditions. 

1. Flange pitted. 
2. Local r epa i r ,  flange resurfaced.  
3. None.' 

1. Sightglass leaking. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations fo r  

installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations fo r  

installation and operating conditions. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 



. T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 10 of 13) - 

-EN 

- - 
55 

56 

57 

58 

59 

60 

61 

- 
M i  

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystern) 

1. IndicatorlSightglass 
2. Instrumentation and 

3. 64 
Control /Feedwater  

268400 

1. Indicator I Sig ht g la s s 
2. Instrumentation and 

3. 64 
Control/ Feedwater  

268400 

1. Indicato r ts ightglas  s 
2. Instrumentation and 

3.  64 
Control /Feedwater  

268400 

1. Indicator /Sightglass 
2. Instrumentation and 

3. 64 
Control/ Feedwater  

268400 

1. IndicatorISightglass 

2. Instrumentation and 
Mica 

Control /Feedwater  
3. 64 

268400 

1. IndicatorfSightglass 

2. Instrumentation and 

3. 64 

Gasket 

Control tFeedwater  

268400 

1. IndicatorlSightglass 

2. Instrumentation and 

3. 64 

Mica 

Control lFeedwater  

268400 
~~ 

= INCIDENT 
= MAJOR MALFUNCTION 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-11 
?. Feedwate r thea te r  No. 3 
3. Shellside = 800°F  at 700 psig 

Tubeside = 500°F  at 2000 psig 
1. PMMR-80, 6/29/66 

1. EBR-11 
2. Feedwate r lhea te r  No. 3 
3. Shellside = 800°F a t  700 psig 

Tubeside = 500°F  a t  2000 psig 
4. PMMR-105, 6/21/67 

1. EBR-I1 
2. Feedwate r thea te r  No. 3 
3. Shellside = 800°F  a t  700 psig 

Tubeside = 500°F at 2000 psig 
4. PMMR-105, 6/21/67 

1. EBR-LI 
2. Feedwa te r thea te r  No. 4 
3. Inlet t empera tu re  = 480°F  

4. PMMR-3 

1. EBR-11 
2. Feedwater theater  No. 4 
3. Inlet t empera tu re  = 480'F 

4. PMMR-3 

Outlet t empera tu re  = 565°F  

Outlet t empera tu re  = 565°F 

1. EBR-LI 
2. Feedwa te r thea te r  No. 4 
3. Inlet t empera tu re  = 480°F  

4. PMMR-3 
Outlet t empera tu re  = 565°F  

1. EBR-I1 
2. Feedwa te r thea te r  No. 4 
3. Inlet t empera tu re  = 480'F 

4. PMMR-23 
Outlet t empera tu re  = 565'F 

MI = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- - 
w 
500 

M I  
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

WODE 

- - 
MI 
52 

MI 
BZ 

MI 
BZ 

MI 
52 

MI 
52 

MI 
52 

MI 
52 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 

- 
PERATINC 
HOURS 

140 

3660 

3660 

1200 

1200 

1200 

120 

METHOD OF FAILURE 
DETECTION 

Preventive mainte- 
nanc e 

Direct observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sightglass leaking. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations for  

installation and operating conditions. 

1. Sightglass leaking. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations fo r  

installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Manufacturer's recommendations should b e  followed 

fo r  installation and operating conditions. 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recornmendations f o r  installa- 

tion and operating conditions. 

1. Gasket leaking. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations f o r  installa- 

tion and operating conditions. 

1. Sightglass leaking. 
2. Part replaced. 
3. Manufacturer ' s  recommendations should b e  followed 

f o r  installation and operating conditions. 



T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 11 of 13) 

c 

- 

TEN 

- - 
62 

63 

64 

65 

66 

67 

- 
I 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(Systern/Subsystem) 

1. IndicatorISightglass 

2. Instrumentation and 

3. 64 

Gasket 

ControlIFeedwater  

268400 

1. Indicator/Sightglass 
2. Instrumentation and 

3. 64 
ControlIFeedwater  

268400 

1. Indicator /Sightglas s 

2. Instrumentation and 

3. 64 

Gasket 

Control /Feedwater  

268400 

1. IndicatorISightglass 

2. Instrumentation and 

3. 64 

Gasket 

Control / Fe edwate r 

268400 

1. IndicatorlSightglas s 

2. Instrumentation and 

3. 64 

Cushions 

Control /Feedwater  

268400 

1. Indicator lSightglas s 

2. Instrumentation and 

3. 64 

Mica 

ControlIFeedwater  

268400 

= INCIDENT 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. EBR-II 
2 .  Feedwater lheater  No. 4 
3. Inlet t empera tu re  = 480°F 

4. PMMR-23 
Outlet t empera tu re  = 565°F 

1. EBR-II 
2. Feedwater /heater  No. 4 
3. Inlet t empera tu re  = 480°F 

4. PMMR-28 

1. EBR-I1 
2. Feedwater lheater  No. 4 
3. Inlet t empera tu re  = 480°F 

4. PMMR-29 

Outlet t empera tu re  = 565°F 

Outlet t empera tu re  = 565°F 

1. EBR-I1 
2. Feedwater lheater  No. 4 
3. Inlet t empera tu re  = 480°F 

4. PMMR-107 
Outlet t empera tu re  = 565°F 

1. EBR-I1 
2. Feedwa te rhea te r  No. 4 
3. Inlet temperature  = 480°F 

4. PMMR-107 
Outlet t empera tu re  = 565°F 

1. EBR-LI 
2. Feedwa te rhea te r  No. 2 
3. 374°F at 200 psig 
4. Operating monthly report, 11/67 

1 = MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 
MODE 

- - 
MI 
52 

MI 
52 

MI 
59 

MI 
52 

MI 
52 

MI 
52 

FF EC' 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

PERATINC 
HOURS 

120 

500 

30 

5330 

5330 

7110 

METHOD OF FAILURE 
DETECTION 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Manufacturer ' s  recommendations should b e  followed 

f o r  installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Manufacturer's recommendations should b e  followed 

f o r  installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass leaking. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Mica damaged. 
2. P a r t  replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

MA = MAJOR MALFUNCTION 



- 

TEN 

- - 
68 

69 

70 

71 

72 

73 

- 

.. COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

$. CODE: 
(Component) 
(SystenVSubsystem) 

1. Indicator ISightglas s 

2. Instrumentation and 

3. 64 

Gasket 

Control/ Feedwater 

268400 

1. Indicato r ls ightglas  s 
2. Instrumentation and 

ControlICondensate 
3. 64 

268300 

1. Indicator/Sightglas s 
2. Instrumentation and 

ControlICondensate 
3. 64 

268300 

1. IndicatorISightglass 
Glass  

2. Instrumentation and 
Control1 Condensate 

3. 64 
268300 

1. IndicatorIWater Level 
Sightglass 

2. Instrumentation and 
Control1 Condensate 

3. 64 
268300 

1. Indicator ISightglas s 
Glass  

2. Instrumentation and 
ControlIMain Steam 

3. 64 
268100 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENl 

1. EBR-I1 
2. Feedwater lheater  No. 2 
3. 374°F  a t  200 psig 
4. Operation monthly report ,  11/67 

1. EBR-II 
2. Steam systemthigh p res su re  f lash 

tank 
3. 578'F, 700 psig 
4. PMMR-28 

1. EBR-II 
2. Steam systemlhigh p res su re  flash 

3. 578"F, 700 psig 
4. PMMR-30 

tank 
2. Steam systemlhigh p res su re  flash 

tank 
3. 578"F, 700 psig 
4. PMMR-30 

1. EBR-11 
2. Steam systemthigh p r e s s u r e  f lash 

tank 
3. 578"F, 700 psig 
4. PMMR-33 

1. EBR-11 
2. Steam sys t emt low p res su re  f lash 

3. 298"F, 50 psig 
4. PMMR-4 

tank No. 2 

1. EBR-11 
2. Steam systemthigh p res su re  f lash 

tank 
3. 578'F, 700 psig 
4. PMMR-42, 43 

(Sheet 12 of 13) 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

MI 
500 

- 
WODE 

- - 
MI 
52 

MI 
52 

MI 
59 

MI 
52 

MI 
BZ 

MI 
59 

FF EC 

- - 
MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

MI 
530 

- 
PERATINC 
HOURS - 
7110 

1820 

180 

190 

1200 

880 

- 

METHOD O F  FAILURE 
DETECTION 

Direct  observation 

Direct  observation 

Direct  observation 

Direct  observation 

Operational monitors  

Direct  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1. Gasket damaged. 
2. Part replaced. 
3. Follow manufacturer ' s  recommendations f o r  

installation and operating conditions. 

1. Sightglass severely etched. 
2. Part replaced. 
3. High p res su re  sightglasses should operate  approxi- 

mately four months without problems.  
of sightglasses tends t o  shorten their  operating l ives .  

Thermal  cyclir 

1. Sightglass broken. 
2. Part replaced. 
3. Installation procedures  should be reviewed and lo r  

revised to limit fai lures  of t hese  units through 
improper  ins  tallation techniques. 

1. Glass appeared to be eroding. 
2. Part replaced. 
3. Use of bet ter  sightglass ma te r i a l  is suggested. 

1. Sightglass broken. 
2. P a r t  replaced. 
3. Installation procedures  should b e  reviewed and /o r  

revised to limit f a i lu re s  of these units through 
improper  installation techniques. 

1. Sightglass broken. 
2. Part replaced. 
3. Installation procedures  should b e  reviewed and /o r  

revised to limit fai lures  of t hese  units through 
improper  installation techniques. 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

II = MINOR MALFUNCTION 
P = PROBLEM 



c 

T A B L E  1-144 

FAILURE DATA FOR INDICATORS AND RECORDERS 
(Sheet 13 of 13) 

. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

) .  CODE: 
(Component) 
(System/Subsystem) 

1. Flow Indicator/Glass 
2. Instrumentation and 

Control/Raw Water 
Supply 

3. 64 
268400 

1. Indicator /Flowmeter 

2. Instrumentation and 

3. 64 

Flange 

Contro?/Feedwater 

268400 

1. Indicator / Level 
Control Gasket 

2.  Instrumentation and 
Control /Condensate 

3. 64 
268300 

INCIDENT 
MA = MAJOR MALFUNCTION 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. Cooling water supply 
3. 125 psig 
4. Incident repor t  No. 331 

1. SCTI 
2. Main steamlfeedwater flowmeter 

FRC-201 
3. 475 to 600'P 
4. Incident repor t  No. 104 

1. EBR-II 
2. Steam sys temlhigh  pressure  flash 

tank 
3. 578"F, 700 psig 
4. PMMR-107 

I = MINOR MALFUNCTION 
3 = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSI 

- - 
MI 
174 

MI 
326 

MI  
413 

- 

MODE 

- - 
MI 
59 

MI 
53 

MI 
52 

- 

FFECl 

- - 
MI 
550 

MI 
136 

MI 
530 

- 

PERATlNl 
HOURS 

3460 

5225 

11,320 

METHOD OF FAILURE 
DETECTION 

Direc t  observation 

Direc t  observation 

Direc t  observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Abnormal high p r e s s u r e  su rge  in  raw cooling 
water  supply caused breakage of sightglass.  

2. Part replaced. 
3. Install  p r e s s u r e  regulator.  

1. Feedwater leakage at flange, bolts not proper ly  
torques.  

2. Local repa i r ,  bolts retorqued. 
3. Maintenance personnel should be  trained f o r  torquing 

flange connections. 

1. Gasket worn out, leaking. 
2. Part replaced. 
3. Revise sightglass overhaul procedure,  if required.  

The rma l  cycling sightglasses dras t ica l ly  shor tens  
the i r  operating life. 



TABLE -.LJ& 

FA I LURE D I STR I B UTI ON FUNCTl ONS 
COMPONENT INDICATORS AND RECORDERS 

COMPONENT SUBTYPE ELECTRONIC 
FAILURES (z) 0 10 20 : 

Nuclear Tes t  Reactor 
- W  
$+ Nuclear Power -P 
k+ Component Tes t  Facil i ty 

Instrumentation and Control 

Heat Transfer  System - - - I Accessory  Elec t r ica l  Equipment 
W 

$, 
t 

Turbine Generator 

"rn I I 
Drive Mechanism - 

. 
+ Preampl i f ie r  Tubes 

,Q 

c a r r i e r  Oscil lator - 
Transmi t te r  - 

- 
+ Rectifier Shroud I 

;; 1 
~ 

Sam lin Tube 

Flowmeter Power Su 

Other 

Environmental  

0 

Unknown 

Elec t r ica l  

Mechanic a1 

Unknown 

Acceptable incipient damage - 
Labor and mater ia l  l o s s  only 5 w 

u Systemlcomponent inoperative 
U '  
w 

I-. 
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TABLE 1-146 

FAILURE D I  STRl  B UTI ON FUNCTIONS 
COMPONENT INDICATORS AND RECORDERS - 

COMPONENT SUBTYPE 

FAILURES P/J 0 
Nuclear Power Reactor  

t 

Accessory Electr ical  Equipment 
Instrumentation and Control 

P r e s s u r e  Cage 

Cable 

c 
E 

I I 

Environmental  

W 
v, i 
3 
Q 
V 

Unknown Y 

Mechanical I . 1 
w 
n 

Unknown I 

Labor and ma te r i a l  l o s s  only Y 

c 
0 
W 

* 

I I I 
i- I I 

LMEC-Memo-69-7, Vol I 
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T A B L E  1-147 

FA1 LURE D I STRl B UTlON FUNCTl ONS 
COMPONENT INDICATORS AND RECORDERS 

COMPONENT SUBTYPE 

FAILURES (%) 0 
Nuclear Tes t  Reactor  

Instrumentation and Control 

2 
w 
I- i 

+ 
2 
w z .  
0 a .  
I 
0 
0 

1 Environmental 

a I 
61  I 

Unknown 

Mechanical 

W 
n 
0 
2 

Labor and ma te r i a l  loss  only - 
5 SystemIcomponent inoperative - 
W 

I 
T I 
T 

LMEC-Memo-69-7, Vol  I 
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TABLE 1-148 

FA1 LURE D I STR I B UTI  ON FUNCTl ONS 
COMPONENT INDICATORS AND RECORDERS 

COMPONENT SUBTYPE 

jr, 
s? Com onent Tes t  Facil i t  

FAILURES(%) 1 11 2 

Nuclear Tes t  Reactor 

Instrumentation 

Feedwater Supply and Trea tment  

5 c 
vr 

I 
Sightglass Gasket 

Sightglass Glass 

c 
E 

2 
c Sightglass Cushion 
W Sightglass Studs 

2 
I 
0 
0 

Sightglass Mica 

z 
z -  

Water Level Sightglass 

I 
Environmental  1 

0 

Unknown 

Mechanical 2 
Unknown 

Labor  and mater ia l  l o s s  only 

5 Systemlcomponent inoperative I 

L I -  

-41 L 
L 

L l l I  I 

L - I I 
7 T 

LMEC-Memo-69-7, VOl I 
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TABLE 1-149 

FAILURE DI STRl  BUTlON FUNCTl ONS 
COMPONENT INDICATORS AND RECORDERS 

COMPONENT SUBTYPE STEAM SYSTEM 
FAILURES (%) 0 

Nuclear Tes t  Reactor 

Component Tes t  Facil i ty 
$ 

Steam - 
Instrumentation - 

I 
W 
I- 
? -  

Flowmeter Flange - 
Level Control Gasket - 

I- 

a a 
I- z -  

n J 
I 
0 
0 

I 

Human e r r o r  - 
w Inherent - 

I I 

Mechanical 

W 
n I 

I I 

Labor and mater ia l  l o s s  only  + 
W I - 
LL 
LL 
W 

1 

t 
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0 

W 

3 
m 

9 

n 
o 

c 
0 
W 
LL 
LL 
W 

A 

Human e r r o r  

Inherent m 

Unknown 

Ip. 

Elec t r ica l  - 
Chemic a1 m 

Mechanical 

Unknown - 
Metal cor ros ion  m 

Acceptable incipient damage m 

Labor and mater ia l  l o s s  only 

Systemlcomponent inoperative b 

Q 

Indicators and r eco rde r s  (mechanical)  ..p 

Indicators and r eco rde r s  (pneumatic) - 
Indicators and r eco rde r s  (sight g lass )  

Indicators and r eco rde r s  ( s t eam)  m 

T A B L E  1-150 

GENERAL SUMMARY 
COMPONENT INDICATORS AND RECORDERS 

. 

FAILURES(%) 0 10  20 30 40 50 60  70 80 90  1 1  

I I  Environmental  I I 
I 

I 

TOTAL FAILURES PER TYPE 0 10 20 30 40 5n hn 7n x n  sn i n n  

) rde r s  (electronic) t I 1 1 1 1 1 1 1 1 1  I 

I I I I I I  
l l l l l l  

0 

w 
t c 
a 

t 
LMEC-Memo-69-7, Vol I 
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7. Instrumentation (terminal boards, patch panels, relays,  suppressors )  
I 

Failure  data for  instrumentation (terminal boards,  patch panels, relays, 

suppressors )  a r e  presented in Tables 1- 151 through 1- 153. 

a. Reliability Information 

Design Features:  

Coil-operated contact switches and cam-operated microswitches. 

Crit ical  Characterist ics : 

Q 

1)  Coil mater ia l  deterioration due to heat 

2 )  Contact corrosion 

3 )  Physical adjustment of microswitch with respect to operating cam 

o r  lever.  

Mode of Failure:  

1)  Relay coil open circuit  

2 )  Contact a r m  mechanical failure. 

Fai lure  Description: 

1 )  Relay coil burned out. 

2 )  Microswitch contact arm folded over the operating cam. 

Control Methods : 

1)  Improve preventive maintenance procedures.  

2 )  Upgrade procurement specifications. 

Alternate Concepts : 

Utilize voltage monitoring sys tem in conjunction with a computerized digital 

data acquisition system in lieu of a mechanically operated microswitch for  

protective systems that could result  in a plant sc ram.  

Transis tor  circuits in  place of electro-mechanical relays. 
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b. Discussion and Recommendations 

In a protective circuit  that can initiate a plant sc ram,  it is questionable 

whether a mechanical device, such a s  the cam-operated microswitch that 

malfunctioned, could ever be reliable enough. 

to determine if bet ter  methods can be applied. 

control system in conjunction with the new data acquisition sys tem proposed for  

the SCTI i s  recommended. 

Q 
An engineering study is in o rde r  

An automatic monitoring and 

The cost  of higher reliability must  be pitted against the effects o r  conse- 

quences of an  event. 

out any significant sys tem effects. 

In many applications, relays may be used to failure with- 
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. . COMPONENT/PART 

!. SYSTEM/SUBSYSTEM 

I .  CODE: 
(Component) 
(System/Subsystem) 

1. Relay/Microswitch 

!. Instrumentation and 
Actuator 

Control /Pro tec t ive  
Svs tem 

5 .  69 
267300 

1. Relay/  Drive Up 
Relay K-82 

?. Instrumentation and 
Control/Reactor 
Automatic Control 

261160 
3 .  69 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

T A B L E  1-151 

FA I LURE DATA FOR INSTRUMENTATION (TERMINAL BOARDS, PATCH PANELS, RELAYS, SUPPRESSORS) 

~ 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4 .  SOURCE DOCUMENT 

1. SCTI 
2. Sodium hea ter  (H-1) l tempera ture  

r eco rde r  TR-101 
3. 
4. Incident r epor t  NO. 110 

1.  HNPF 
2 .  Reactor co re l au to  control rod 
3. Reactor environment 
4. Monthly operating r epor t  NO. 18 

II = MINOR MALFUNCTION 
P = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
a 
46 

VlI 
.6Z 

- 
PERATINC 
HOURS 

L40 

I100 

METHOD OF FAILURE 
DETECTION 

lperational monitors 

3perational monitors 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Malfunction of microswitch actuator lever .  
!. P a r t  replaced. 
i. C a m  opera tors  should be  carefully examined f o r  th i s  

type of failure potential. 

1. Relay coil  open. 
!. P a r t  replaced. 
1. None. 



TABLE 1-152 

FAILURE D I  STRl BUTlON FUNCTIONS 

COMPONENT INSTRUMENTATION - TERMINAL BOARDS, PATCH PANELS, RELAYS, SUPPRESSORS 

COMPONENT SUBTYPE INSTRUMENTATIC'N RELAYS 

FAILURES (7'0) 0 s Nuclear Power Reac tor  
gw Component Tes t  Facil i ty 
x ?  I 
?' 

b- Ins t rument  and Control 

w I-- 

> I  I 

I 

I Environmental  I_ 

3 '  

0 
a 

I I 

Mechanic a1 

Unknown 

Labor  and mater ia l  loss only 

$ SystemIcomponent inoperative 
w -  

W I  I 

3 
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/ E .  : l l l I I  
5 u 7  
LL 
L ’  
w 

Unknown 

Labor  and mater ia l  loss only 

Systemlcomponent inoperative 

I I I I 

I 

t I I I I I I I I  

T A B L E  1-153 

GENERAL SUMMARY 
’ COMPONENT INSTRUMENTATION - TERMINAL BOARDS, PATCH PANELS, RELAYS, SUPPRESSORS 

FAILURES(%) 0 10 20 30 40 50 t 
I I I I I 

Environmental  I 
1 

1 I I 
I 1  I 1 I 1 I I 

Mechanical 
I I I 1 
I I I I I 

3 TOTAL FAILURES PER TYPE 0 1 
Instrumentation relays 

Instrumentation relays t I I I I I I I 

1 

I I I I I I I I I I I  

1 
1 900 

1 1 
LMEC-Memo-69-7, Vol I 
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8. Neutron Source 

Fai lure  data f o r  neutron source a r e  presented in Talbes 1- 154 through 1- 156. 

a. Reliability Information 

None. 

b. Discussion and Recommendations 

None. 
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1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 

1. FACILITY 

2 .  COMPONENT LOCATION 

1 

FAILURE INDEX 
CODE* - 

1. Neutron Source/  
Threaded Stud 
Reactor Equipment / 
Neutron Source ~:: 14 
2 12400 

I 

* I = INCIDENT 
MA = MAJOR MALFUNCTION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT CAUSE 

. F e r m i  . Neutron source 

. PRDC-EF-13 and PRDC-EF-14 

= MINOR MALFUNCTION 
' = PROBLEM 

- 
'ERATIN( 
HOURS 

7930 

- 

METHOD OF FAILURE 
DETECTION 

sirect observation 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

. Due to excessive torque while assembling neutron 

. Vendor r epa i r  of component. . Assembly procedure should specify torque to be 

source No. 5 ,  the end studs were  damaged. 

applied t o  studs. 

Q 



TABLE 1-155. 

FAILURE D I  STRl  BUTlON FUNCTIONS 

FAILURES ?/a) 0 1 0  
I 

Nuclear Power Reactor I 

Reactor Equipment I 

Threaded Stud 

F 
E a a 
+ z -  
W 
z 
0 a 

Environmental  1 

W 
Ln 
3 

V 
a 

I t  I 
I 1  I I 

I 
Mechanical I I 

I I 
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T A B L E  1-156 
GENERAL SUMMARY 

OPERATlNGHOURS(TH0USANDS) 0 1 2 3 4 5 6 7 8 I I  I I Neutron source  

FAILURE RATE (FAILURES/106 hr) 0 20 40 
Neutron source  

LMEC-Memo-69-7, Vol  I 
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9. Sensors (Other than Radiation) 

Failure data fo r  sensors  (other than radiation) a r e  presented in Tables 1- 157 

through 1 - 16 1. 

a. TemDerature Sensors and Thermocouples 

( 1 ) Reliability Information 

Design Features  : 

Two configurations a r e  considered, viz. , 
1 )  Welded thermocouple junctions 

2 )  Platinum wire  resistance thermometers.  

Crit ical  Characterist ics : 

1 )  Purity of thermocouple junction 

2 )  Attachment of thermocouple junction to surface to be measured 

3 )  Durability of resistance thermometer  insulation. 

Mode of Fai lure  

1 )  Separation of thermocouple f rom surface to be measured 

2 )  Short- circuiting of unprotected thermocouple wiring 

3 )  Decay of insulation resistance. 

Fai lure  Description: 

1 ) Improper installation of thermocouple junction caused separation of 
thermocouple f rom surface to be measured. 

2 )  Sodium leak near  thermocouple resulted in short  circuting of leads. 

3 )  Resistance thermometer  insulation deteriorated so  that a condition 

of low resistance-to- ground was produced. 

Control Methods : 

1 )  Develop and follow process specification for  installation of thermo- 

couple wires  to steel. 

2 )  Provide protective covering fo r  the thermocouple junctions and wiring 

in component design. 
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3 )  Implement procurement specifications which a s su re  proper mating 

of insulation mater ia l  with its operating environment. 

4 )  Implement acceptance tes t  procedures to determine durability of 

insulation mater ia l  at high temperature.  

5 )  Implement preventive maintenance procedures to inspect component 

for  degradation before the occurrence of failures.  

6 )  Consider the use of thermocouples, where appropriate, during t rade-  

off studies and design reviews pr ior  to acquisition and fabrication. 

( 2 )  Discussion and Recommendations 

The proper  application of thermocouples to s teel  surfaces is a precarious 

task that i s  bes t  controlled by a detailed process  specification if  high reliability 

and accuracy is required. Specification No. 7693- 12 100-2, "Process  Specifica- 

tion for  Welding Thermocouple Wires to Steel Using the Electronic Discharge 

Welding Method, ' I  an  LMEC document, is suggested. 

Protective covers over thermocouple junction and wiring will minimize the 

probability of failure a s  a result  of a sodium leak. 

Most problems associated with insulation resistance decay in resistance 

thermometers  used for  high-temperature liquid metal  application derive f rom 

contamination of the magnesium oxide insulation. 

tions and source inspection can alleviate this problem. 

of these instruments will be necessary in  any event. 

be used to establish the proper  material .  

Rigid procurement specifica- 

Periodic replacement 

Fai lure  history data should 

In p re s su re  switches where vibration f rom the compressor  caused the sen- 

sing capillary tube to become fatigued and to eventually split,  the failure occurred 

af ter  approximately 11,000 hours of operation. Subsequent installations should 

provide fo r  flexibility s o  that the vibration experienced by the capillary tube will 

be damped. 

should be effective. 

A flexible section of tube o r  expansion loops between securing points 

The location of the switch i s  also important. It should not be subject to 

excessive vibration. Ideally, it should not be located on the compressor.  
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Fabrication and installation procedures should provide detailed informa- 

tion concerning the proper  flaring of fittings, installation of seals ,  and torque 

values. 

proc edur e s . 
Personnel must  also be thoroughly trained in implementing these 

A preventive maintenance program that called for  periodic torque checking 

o r  replacement of gaskets could alleviate untimely failures of this nature. 

Heating of the entire sensing line length will eliminate the freezing of 

sodium in the sensing line. 

Compliance with RDT F 6 -  1 standard for  welding will minimize the proba- 

bility of sodium leaks occurring a t  welds, 

The added cost  of high reliability for  many of these components must  be 

compared with the cost  and feasibility of other courses  of action such a s  r e -  

dundant measurement  systems. 

ment  system o r  some minor control function. 

potential fa i lures  and recently occurring fai lures ,  

not cause a plant o r  sys tem shutdown and can also be repaired without a plant 

shutdown o r  even a significant system shutdown. 

Many of the failures affect only the measure-  

Periodic surveillance will detect 

Most of these failures do 

The establishment and implementation of good operating procedures can 

In also alleviate many of the failures attributed to component malfunctions. 

many cases  the failure may be due simply to exceeding the component design 

life. 

The incorporation of "press to tes t"  circuits can provide a means f o r  easily 

checking the integrity of the sodium leak detection circuit. This, coupled with 

a periodic visual check, should reduce the occurrence of false a l a rms  and fail-  

u re s  to detect actual leaks. 

Sodium leak detectors have had a poor performance record in the past  due 

to impi,cper design. 

which the wiring and sensors  were  installed; this problem should be considered 

during sys tem design. 

Short circuits were  common because of the manner  in 
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b. P r e s  sure  Switches 

( 1 ) Reliability Information 

Design Features:  

Sensors utilizing mechanical tubing with liquid o r  gaseous media. 

Crit ical  Characterist ics : 

1 )  Sensor diaphragms 

2 )  Seals 

3 )  Welds 

4 )  Fittings. 

Mode of Fai lure:  

1 )  Fatigue and cracking of capillary tube 

2 )  Leakage of feedwater through sensing line fittings 

3 )  Leakage of feedwater through union gasket 

4 )  Leakage of liquid sodium through ruptured t ransmit ter  diaphragm 

5 )  Leakage of liquid sodium through faulty weld on sodium level detector 

6 )  Plugging of sodium flow by solid sodium on level controller. 

Fai lure  Description 

1 )  Capillary tube on high-temperature discharge safety switch cracked, 

allowing par t  of sensing bulb fluid to 'escape and causing compressor  

shutdown. 

2 )  Sensing line tubing of flowmeter leaked a t  mechanical fitting. 

3 )  Union gasket on flow sensor  fo r  low p res su re  feedwater leaked. 

4 )  Feedwater leaked through unions and O-rings on both legs of flow 

t rans  mitt e r . 
5)  Transmit ter  diaphragm in sodium purification system ruptured. 

6 )  Sodium backed up into faulty weld of sodium level indicator, leaked 

out, and caused f i re .  
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7 )  Sensing line fo r  sodixm level controllers 

8 )  Low sodium flow through gas heater resulted f r o m  pump bubbler tube 

locked by solidified sodium. 

being plugged with solid sodium, causing gas bubble in pr imary  sodium 

system. 

Control Methods 

1) Provide flexible installation fo r  capillary tube. 

2 )  Relocate high-temperature discharge safety switch. 

3 )  Upgrade fabrication and installation procedures fo r  tubing and fittings. 

4) h p l e m e n t  preventive maintenance program to include inspections of 

regions susceptible to  vibration damage, s o  that deterioration may  be 

identified and corrected pr ior  to the occurrence of failures.  

5 )  Include the study of tu.bing fabrication and installation techniques in 

personnel training. 

6 )  Implement m o r e  stringent quality control procedures f o r  welds, such 

a s  RDT standard RDT-Fib-1. 

7 )  Include the consideration of flexible sensing lines in trade-off studies 

and design reviews. 

( 2 )  Discussion and Recommendations - 

Refer to Paragraph 9.a. (2) .  

c. Sodium Leak Detectors 

( 1 ) Reliability Information 

Design Features  : 

Electrodes a r e  placed in the expected path of leaking sodium such that, when 

a sufficient quantity accumulates to contact both electrodes, an  electric cur ren t  

flows to an indicator. 

Crit ical  Characterist ics : 

1)  Tip corrosion 

2 )  Probe location. 
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Mode of Failure:  

Open circuit. 

Fai lure  De sc  ription: 

1 )  Corrosion of tip s e s  ele t ic 1 di ontinuity. 

2 )  Accidental mechanical damage breaks electrical  contact. 

Control Methods : 

1 )  Use corrosion- resistant mater ia l  f o r  probe tips. 

2 )  Provide protective enclosure fo r  probes, to minimize the probability 

of inadve rtant mechanic a1 damage. 

3 )  Irnplement preventive maintenance and/or  inspection procedures fo r  

ear ly  detection of failures. 

( 2 )  Discussion and Recommendations 

Refer to Paragraph 9.a. ( 2 ) .  
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~ ~~ ~~~ 

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3 .  CODE: 
(Component) 
(System/Subsystem) 

1. Sensor/Thermocouple 
2. Instrumentation and 

Control/Intermediate 
Heat Exchanger 

262220 
3. 66 

1. Sensor/Resistance 

2. Instrumentation and 
Thermometer  

Cul'irol i i i r a c  iu r 
Coolant 

2621 10 
3. 66 

1. Sensors  / Thermocoupl 
2. Instrumentation and 

Control/Shield Tem- 
pera ture  Monitoring 

261210 
3. 66 

1. S e n s o r I P r e s s u r e  

2. Instrumentation and 

3. 66 

Switch 

Cont ro l /F i re  Control 

267100 

1. S e n s o r I P r e s s u r e  

2. Instrumentation and 

3. 66 

Switch 

Cont ro l IF i re  Control 

267100 

1. Sensor/Sensing Ele- 
ment  

2. Instrumentation and 
Control /Preheating 

3. 66 
261360 

= INCIDENT 

T A B L E  1-157 

FA I LURE DATA FOR SENSORS (OTHER THAN RADIATION) 
(Sheet 1 of 3 )  

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. HNPF 
2. IHX-3 - F r e e z e  No. 13 
3. 3- 10 ps i  helium when draining 

sodium, 200 to 350"F, 3 in. 
4. Work request No. 2621 

1. EBR-I1 
2. Pr imary/pump M- 1 
3. 208-700°F 
4. A N i  rrpori No. i i l 5  

1. EBR-I1 
2. Reactor vesse l  cover 
3. - 
4. ANL repor t  No. 7017 

1. SCTI 
2. Air preheat 
3. - 
4. Incident repor t  No. 5 

1. SCTI 
2. A i r  preheat 
3. - 
4. Incident repor t  No. 6 

1. SCTI 
2. Prehea t  a i r  sys tem switch TS-2 to 

compressor  
3. 400-550"F, s e t  a t  460°F 
4. Incident repor t  No. 339 

I = MINOR MALFUNCTION 

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
148 

MI 
154 

MI 
125 

MI 
333 

MI 
333 

MI 
127 

vlODE 

- - 
MI 
43 

MI 
15 

MI 
52 

MI 
24 

MI 
24 

MI 
61 

FFEC 

- - 
MI 
530 

MI 
510 

MI 
530 

MI 
112 

MI 
112 

MI 
530 

PERATIN( 
HOURS 

3250 

3410 

13,400 

940 

960 

11,000 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Operational monitors 

Preventive main- 
tenance 

Operational monitors 

Operational monitors 

Ope rational monitors 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Thermocouple worked loose. 
2. Local repair ,  reconnected thermocouple. 
3. Upgrade Quality Assurance  inspections during sys tem 

construction. 

1. Circuit  shorted to other circuit .  
2 .  None. 
3. None. 

1. Clutch inoperative. 
2. P a r t  replaced. 
3. None. 

1. PS-703 cor rec t ly  sensed forced  draf t  fan failure due 
to  inappropriate adjustment. 

2 .  Local repa i r  pilots relighted. 
3. Review hea ter  tempera ture  increase  procedure.  

1. PS-703 cor rec t ly  sensed forced draf t  fan failure 
due to inappropriate adjustment. 

2. Local repa i r ,  pilots relighted. 
3. Review hea ter  tempera ture  increase  procedure.  

1. Capillary tube on  high tempera ture  d ischarge  safety 
switch cracked, allowing p a r t  of sensing bulb fluid 
to escape, causing compressor  shutdown. 

2. Temporary  repair .  
3. Vibration should be considered when any controlling 

device is installed. 

MA = MAJOR MALFUNCTION P = PROBLEM 



(Sheet 2 of 3)  - 

TEb 

- - 
7 

8 

9 

10 

11 

12 

- 

1. COMPONENT/PART 

? . SY STEM/SUBSY STEM 

3 .  CODE: 
(Component) 
(System/Subsystern) 

1. SensorfSensing Ele- 
ment 

2. Instrumentation and 
ControlIPreheating 

3. 66 
261360 

1. Sensor, F lowmeter /  
Sensing Linetube 

2. Instrumentation and 
Control/  Feedwater 

3. 66 
268400 

1. Flow Sensor/Pipe 

2. Instrumentation and 

3. 66 

Union 

Control/  Feedwater 

268400 

1. Sensor (Flow)/Flange 
2. Instrumentation and 

Control/Feedwater 
3 .  66 

268400 

1. Sensor fTransmi t te r  

2. Instrumentaion and 

3. 66 

Diaphragm 

Control/Purification 

262420 

1. Sensor l sens ing  Line 
2. Heat Transfer IMain  

3. 66 
Coolant Loop 

262110 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. P r e h e a t  a i r  c o m p r e s s o r  A-5A 
3. 400 to 550°F 
4. Incident repor t  No. 8 

1. EBR-I1 
2. Feedwater hea te r  No. 4 
3. Shellside = 480°F - 1250 psig 

Tubeside = 565°F - 1500 psig 
4. Maintenance report ,  41 18/68 

1. SCTI 
2. Steam and feedwater sys tem 
3. - 
4. Incident repor t  No. 301 

1. SCTI 
2. Feedwater system 
3. - 
4. Incident repor t  No. 115 

1. EBR-II 
2. Sodium purification sys tem 
3. 300 to 5 0 0 ° F  
4. Maintenance report ,  4/18/68 

1. SCTI 
2. P r i m a r y  sodium pump (P-5)Isodium 

level indicator controller 
LIC- 100 

3. 300°F 
4. Incident repor t  No. 87 

FAILURE INDEX 
CODE* 

;AUSE 

- - 
MI 
57 

MI 
326 

MI 
136 

MI 
326 

MI 
500 

I 
348 

AODE 

- - 
MI 
41 

MI 
52 

MI 
53 

MI 
53 

MI 
B Z  

I 
61 

- 
'F E C  

- - 
MI 
112 

MI 
530 

MI 
570 

MI 
530 

MI 
530 

I 
45 

- 
'ERATIN( 
HOURS 

2030 

14,150 

6025 

5630 

14,150 

827 

- 

METHOD OF FAILURE 
DETECTION 

Operational monitors 

Di rec t  observation 

Direc t  observation 

Direc t  observation 

Operational moni tors  

Di rec t  observation 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

I. Sensing element of Mercoid switch failed, possibly 
due to excess vibration. 

?. Local repair .  
3. Do not install  control instruments where  exposed 

to vibration. 
(LMEC executed). 

1. Tubing leaked at a mechanical fitting. 
?. P a r t  replaced. 
3 .  None. 

Check new equipment f o r  this fea ture  

1. Union gasket on low p r e s s u r e  side leaked. 
2. Isolated flow t ransmi t te r  to stop leak. New p r e s s u r e  

gasket and union installed. 
3. None. 

1. Unions and flange bolts improper ly  torqued; feedwater 
leak  a t  both legs of flow t ransmi t te r .  

2. Local repa i r ,  unions replaced and new O-rings 
installed. 

3. Design and field inspection f o r  gasket m a t e r i a l  and 
torque flange connections should be  specified. 

1. Diaphragm ruptured 
2. Local repair .  
3. None. 

1. Sodium backed up into unsuspected faulty weld and 
leaked out, causing f i re .  

2. Weld joint repaired.  
3. Improve Quality Assurance  procedures on welding 

tubing. 

* I = INCIDENT I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION P = PROBLEM 



c 

- 

T E L  

- - 
13 

14 

15 

16 

17 

- 

1. COMPONENT/PART 

2. SY STEM/SU BSY STEW 

3. CODE: 
(Component) 
(Systern/Subsystem) 

1. Sensor/Sensing Line 
2. Heat Transfer  System 

Main Coolant Loop 
3. 66 

262110 

1. Sensor /Level  Control 
Tube 

2. Instrumentation and 
Control/Reacto r 
i o o i a n t  

3. 66 
262110 

1. Sensor ILevel  Probe  
2. Instrumentation and 

Control/Intermediate 
Coolant Vessel 

262210 
3. 66 

1. Sensor /Leak  Detector 
Probe  Tip 

2. Instrumentation and 
Control/Reactor 
Coolant 

262110 
3. 66 

1. Sensor/Sodium Leak 

2. Instrumentation and 
Detector 

Control/  Purification 
3. 66 

262420 

T A B L E  1-157 

FAILURE DATA FOR SENSORS (OTHER THAN RADIATION) 
(Sheet 3 of 3)  

1. FACILITY 

2.  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4.  SOURCE DOCUMENT 

1. SCTI 
2. P r i m a r y  sodium pump (P-5) /  

sodium level indicator controller 
LIC- 100 

3. - 
4. Incident repor t  No. 81 

1. SCTI 
2. P r i m a r y  sodium pump (P-5) 
3. - 
4. Incident repor t  No. 135 

1. HNPF 
2. SecondaryINo. 2 expansion tank level 

a l a r m  
3. - 
4. Monthly operating report No. 13 

1. F e r m i  
2. Containment building LE-250-5 

6 in. thrott le valve No. 3 loop 
3. - 
4. EF repor t  No. 33 

1. F e r m i  
2. FARB/cold t r a p  system FSV-101 
3. - 
4. PRDC-EF repor t  No. 54 

I = MINOR MALFUNCTION I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* - 

CAUSE 

- - 
MI 
174 

I 
500 

MI 
127 

MI 
130 

MI 
161 

- 

MODE 

- - 
MI 
51 

I 
51 

MI 
86 

MI 
94 

MI 
12 

- 

F F E C  

- - 
MI 
550 

I 
520 

MI 
530 

MI 
530 

MI 
530 

lPERATlNl 
HOURS 

613 

4722 

4450 

14,708 

14,941 

METHOD OF FAILURE 
DETECTION 

~~ 

$e rational monitors 

)perational monitors 

I i rec t  observation 

I i rec t  observation 

)perational monitors 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Sensing l ine f o r  level controllers blocked by solidified 
sodium. 

2. Pump casing disassembled and l ine  removed and 
cleaned. 

3 .  Install hea te rs  on line. 

1. Low sodium flow through gas hea ter  caused by pump 
bubbler tube being plugged with solid sodium causing 
gas  bubble i n  p r i m a r y  sodium system. 

?. Modified level controller (pump bubbler tube). 
3.  None. 

1. Probe  oiddized, faulty. 
?. Component cor rec t ive  modification. 
3 .  Determine cause of oxidiation and de termine  i f  

replacing par t  with like p a r t  is sufficient. 

1. Probe  tip cor ros ion  damage. 
2. Design change. 
3. Use cor ros ion  res i s tan t  m a t e r i a l  f o r  probe. 

1. Detector burned out. 
?. Local repair .  
3 .  None. 



TABLE 1-158 

FAILURE DI STRl BUTlON FUNCTl ONS 
COMPONENT SENSORS (OTHER THAN RADIATION) 

COMPONENT SUBTYPE PRESSURE 
FAILURES (x) 0 10 2 

Component T e s t  Faci l i  

Nuclear Tes t  Reactor  

I 

I 

-I I 1 1 
1 
I 

Instrumentation and Control 

Heat T rans fe r  System 
I 
I 

I 

Sensing Line 

P r e s s u r e  Switch 

+ Sensing Element  
Q Sensing Line Tube - a 
I- Pipe Union zz 
W Flange z 

L 

E - 
Transmi t t e r  Diaphragm - 
Level Control Tube - 5 

0 

1 I 

Envir onrnental 

H u m a n e r r o r  L 

E 
I I 2 

a 

6: I 
I 

Unknown I 

Electr ical  

Other 

Unknown 

Acceptable incipient damage 

Labor and ma te r i a l  loss  only 

Systemlcomponent inoperative 

No effect  

LMEC-Memo-69-7, Vol I 
1-488 



TABLE 1-159 

FAILURE DISTRIBUTION FUNCTIONS 
COMPONENT SENSORS (OTHER THAN RADIATION) 

COMPONENT SUBTYPE RELUCTANCE AND CONDUCTIVITY SENSORS 

FAILURES ?/J 0 
Nuclear Power Reactor  

ILL t I 

i- Instrumentation and Control 

3 I 
w c 
m > 
m 

Level P robe  

. Sodium Leak Detector 

I- 
CT 

Environmental  

Labor  and mater ia l  loss  on ly  

1 I 1  

20 - I z z z  

I 

I 
T I I 

LMEG-Memo- 69- 7, Vol  I 
1-489 



TABLE 1-160 

FAILURE D I  STRl BUTION FUNCTIONS 
COMPONENT SENSORS (OTHER THAN RADIATION) 

COMPONENT SUBTYPE TEMPERATURE SENSORS 

FAILURES (z) 0 
Nuclear Tes t  Reactor - 
Nuclear Power Reactor - - W  

2: 2 c .  

Instrumentation and Control 

I 
w I c rn I 
> - I  I 
in t 

I ThermocouPle 

Resistance Thermometer  

L 
E t  I 

P 

0 

I I 

Environmental 

Elec t r ica l  - 
W Mechanical - 
am 

Other - 
I 

w -  
LL 
L L -  w 

i 
T 

c - 

LMEC-Memo-69-7, Vol I 
1-490 



TABLE 1-161 

GENERAL SUMMARY 
COMPONENT SENSORS (OTHER THAN RADIATION) 

Sensors,  temperature 
I -- I 

FAlLURESF/o) 0 10 20 30 40 50 60 70 80 90 100 

I 
+ I  I I Sensors,  reluctance and conductivity I I I I I  I 1 1 1 1 l I I I I I I  

OPERATlNGHOURS(TH0USANDS) 0 10 20 30 40 50 60 70 80 
Sensors,  temperature I I 

I t I I I I 
Sensors, pressure 
Sensors,  reluctance and conductivity 

1 - 1  I I k I  I I 
80 100 1 1 
I 

140 

ZF I I 
LMEC-Memo-69-7, VOl 1 

1-491 



10. Sensors (Radiation) 

Fai lure  data for  sensors  (radiation) a r e  presented in Tables 1- 162 through 
1- 165. 

a. Neutron Monitor 

( 1 ) Reliability Info rmation 

Design Features  : 

Designed to provide a direct  cur ren t  proportional to neutron flux level and 

independent of gamma flux level. 

Mode of Failure : 

1)  Excessive leakage cur ren t  due to deterioration of insulation, 

2 )  Loss of sensitivity due to burn-up of neutron sensitive material .  

3 )  Loss of hermetic  seal. 

Fai lure  Desc riDtion: 

Radiation to e lectr ical  insulator. 

Control Methods : 

1 ) Conduct development program to identify improved mater ia ls  and 
fabrication processes .  

2 )  P r e p a r e  specifications to require  improved mater ia l s ,  processes ,  

quality control, and testing procedures. 

3 )  Until results of the development program a r e  available, a l l  insulators 

should be of inorganic type. 

4) Use only alumina, beryllia, magnesia, o r  mica  insulators until the 

results of a development program a r e  known. 

( 2 )  Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
1-492 



b. Fission Gas Monitor 

@ (1)  Reliability Information 

Design Features  : 

Designed to collect fission fragments found in the cover gas. The radio- 

activity thus concentrated is monitored to detect the release of fission fragments 

into the cover gas. ' 

Mode of Fai lure:  

1 )  Fai lure  of the high-voltage power supply 

2 )  Failure of the particle coun.ter 

3 )  Failure  of the mechanical drive mechanism gears  

4) Failure  of the wire  by tangling in take-up assembly. 

Failure D e  sc ription : 

1 ) Wire knotting problem 

2 )  Gears  jammed on take-up reel. 

Control Methods : 

Implement procedure fo r  scheduled inspection and preventive maintenance. 
63 

( 2 )  Discussion and Recommendations 

None. 

LMEC-Memo-69-7, Vol I 
1-493 



I 

L 
INCIDENT 

TABLE 1-162 

FAILURE DATA FOR -(RADIATION) 

1. EBR-11 
?. Channel No. 6 
3 .  
&. ANL-7193 

. COMPONENT/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(SystedSubsystem) 

I .  EBR-II 
1. Channel No1.7 
3. 
P. ANL-7193 

. Sensor /Compensated 
Ion Chamber 

!. Instrumentation and 
Control /Neutron 
Monitor Sys tem 

261110 
i. 67 

I ,  Sensor /Compensated 
Ion Chamber 

!. Instrumentation and 
Control/Neutron 
Monitor Sys tem 

261110 
3 .  67 

I .  Sensor/Compensated 
Ion Chamber 

?. Instrumentation and 
Contr 01 /Neutron 
Monitor Sys tem 

261110 
3. 67 

1. Sensor/Compensated 
Ion Chamber 

?. Instrumentation and 
Control/Neutron 
Monitor Sys tem 

261110 
3. 67 

1. Sensor /Takeup Gears  
2. Instrumentation and 

Control /Fuel  Element 
Fa i lu re  Detection 

1 .  EBR-11 
2 .  P r i m a r y  system/f iss ion gas monitoi 
3. 
4. Weekly report ,  5-21-68 

3. 67 
261140 

1. EBR-II 
2.  P r i m a r y  systemlf iss ion gas monitoi 
3. 
I. WeeMy report ,  5-22-68 

= MINOR MALFUNCTION 

1. Sensor Ext . /Wire Ree 
2, Instrumentation and 

Control /Fuel  Element 
F_ailure Detection 

I .  FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

. EBR-I1 . Channel No. 4 

:. ANL-7193 

.. EBR-I1 
!. Channel NO. 5 
i. 
4. ANL-7193 

FAILURE INDEX 

AUSE 

- - 
A 
moo 

a 
io0 

w 
500 

MI 
500 

MI 
500 

MI 
500 

CODE* - 
MODE 

- - 
MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
BZ 

MI 
59 

MI 
56 

- 
TEC- 

- - 
A I  
130  

VlI 
530 

MI 
530 

MI 
530 

M I  
530 

MI 
550 

- 

- 
'ERATIN( 
HOURS 

:955 

1955 

$955 

$955 

14,650 

14,674 

- 

METHOD OF FAILURE 
DETECTION 

'reventive 
naintenance 

?reventive 
naintenance 

Preventive 
maintenance 

Preventive 
maintenance 

Direct  observation 

Protect ive sys tem 

1 .  FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

,. Radiation damage to  the  electr ical  insulators .  
!. P a r t  replaced, with others  having mica-alumina 

insulators  which offer protection against  radiation 
damage. 

I.  Development p rogram should be initiated to obtain 
a suitable insulator.  

I .  Radiation damage to  the electr ical  insulators .  
2 .  P a r t  replaced, with others  having mica-alumina 

insulators  which offer protection against  radiation 
damage. 

3. Development p rogram should be initiated t o  obtain 
a suitable insulator.  

1. Radiation damage to  the electr ical  insulators .  
2. P a r t  replaced, with others  having mica-alumina 

insulators  which offer protection against  radiation 
damage. 

3. Development p rogram should be initiated t o  obtain 
a suitable insulator.  

1 .  Radiation damage to  the electr ical  insulators .  
2. P a r t  replaced, with others  having mica-alumina 

insulators  which offer protection against  radiation 
damage. 

3. Development p rogram should be initiated t o  obtain 
a suitable insulator.  

1. Gears  jammed on takeup r ee l .  
2. P a r t  replaced. 
3. Upgrade preventive maintenance effort. 

1. Wire knotting problem. 
2.  Correct ive modification, adjusted t r ave l  switches. 
3. Upgrade preventive maintenance effort. 

MA = MAJOR MALFUNCTION P = PROBLEM 



TABLE 1-163 

FAILURE D I  STRl BUT1 ON FUNCTl ONS 
COMPONENT SENSORS (RADIATION) 

COMPONENT SUBTYPE FISS1oN GAS 
FAILURES (%I 0 1 

Nuclear T e s t  Reactor 
+ W  

2 
CI- 

Instrumentation and Control 

z 
w 
I- 
v) 
t 
v) 

I L 
I Take Uu Gear  Lm 
I Wire Reel ~ --b- 

0 

I I 
I I 

Unknown 

Mechanic a1 

Labor and mater ia l  l o s s  only - 
L) Systemlcomponent inoperative 
II 
L 
L 
l-l 

LMEC-Memo-69-7, Vol I 
1-495 



TABLE 1-164 

FA1 LURE D I  STRI BUT1 ON FUNCTI ONS 
COMPONENT SENSORS (RADIATION) 

COM~ONENT SUBTYPE NEUTRON MONITOR SYSTEM 

FAILURES (z) 0 
Nuclear Tes t  Reactor  - .  . 

2:- 

Instrumentation and Control 

m 
>- v, 

Compensated Ion Chamber 

a 

z 
W z 
0 a 
I 
0 
0 

0 

1 Unknown 

I I 

Unknown 

Labor and mater ia l  l o s s  onlv 
I- 

3 

LMEC-Memo-69-7, Vol I 
1-496 



W vr 
3 -  

0 .  
a 

T O T A L F A I L U R E S  PER TYPE 0 1 2 3 4 5 6 7 8 9 10 

Unknown 

Neutron monitor sys tem 

Fiss ion  gas monitor 

t 1 1 1 1 1 1 1  
I - - - - - i / I I I l I  
I+ I I I I I I 

I 1  l l  
11111111 

OPERATING HOURS (THOUSANDS) 0 

. Fission eas monitor 

I t  1 T 
Neutron monitor system 

Fiss ion  gas  monitor 

i 
FAILURE RATE CFAILURES/106 hr) 0 50 100 150 200 2 I 1  

I - i  I I I I 
LME:C-Memo-69- 7, Val  I 

1-497 



1 1 .  Wiring and Connectors 

Fai lure  data f o r  wiring and connectors a r e  presented in Tables 1 -  166 through 
1- 170. 

a. Reliability Information 

Design Features  : 

All electrical  wiring, both power and control, is  dependent on proper instal- 

lation, adequate current-  carrying capacity, mechanical protection, proper in- 

sulation, and proper termination. 

compliance with the appropriate electrical  code. 

Most of these requirements a r e  me t  by 

Mode of Failure:  

1)  Short between conductors o r  to ground 

2 )  Insulation failure 

3 )  Improper installation 

4 )  Inadequate wire  size. 

Fai lure  Experience 

1)  Six malfunctions due to short  circuits 

2 )  Two cases  of insulation failure 

3 )  Three malfunctions due to poor workmanship 

4 )  One failure due to inadequate wire  size. 

Control Methods : 
~ 

1)  All electrical  work should be performed by qualified electricians. 

should be carefully inspected to a s s u r e  compliance with code. 

if not most,  electrical  wiring malfunctions a r e  due to improper o r  

care less  installation. 

It 

Many, 

2 )  Care  should be taken to use  the proper  type of insulation if environ- 

mental  conditions a r e  extreme, such as high temperature  o r  high 

radiation. 

3 )  Wiring changes should be made only with the concurrence of qualified 

enginee ring personnel. 

LMEC-Memo-69-7, Vol I 
1-498 



b. Discussion and Recommendation2 

Most of the reported wiring mallunctions cannot be properly evaluated due 

to lack of detailed information, The nature of mos t  of the malfunctions tends to 

place them in cer ta in  well known failure categories,  which emphasizes the need 

for  taking equally well known precautions. 

The best  way to avoid the bulk of wiring fai lures  i s  to install  all e lectr ical  

work in accordance with the applicable e lectr ical  code. The National Electr ical  

Code should be used in any a r e a  which does not have a s ta te  o r  local code which 

replaces the NEC. 

In locations which expose wiring to high temperatures ,  c a r e  mus t  be taken 

to use  the proper  insulation. 

than 200°C. 

o r  special  cooling must  be provided. 

Few in.sulating mater ia ls  a r e  approved f o r  m o r e  

When temperatures  grea te r  than this a r e  encountered, MI cable 

Splices and terminations must  be properly insulated and protected. Ap- 
proved connectors and terminals  must  be used to ensure good, low-resistance 

contact. 

c i rcui ts  and high-voltage power circuits.  

shielded power cable in a pothead o r  with a s t r e s s  cone can resul t  in a dan- 

ge rous flash- ove r. 

Shielded conductors mus t  bre used when appropriate in both signal 

The failure to properly terminate a 

Loose wiring connections can cause many malfunctions. In power circui ts ,  

loose wiring may be a source of heat which can damage insulation o r  cause 

f lase  tripping. 

function. F o r  these reasons,  good workmanship and inspection a r e  necessary.  

In signal c i rcui ts  a loose connection can cause a system mal- 

LMEC-Memo-69-7, Vol I 
1-49’) 



1 

2 

3 

4 

5 

6 

* I 
MA 

1. FACIL ITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

I. SOURCE DOCUMENT 

1. EBR-LI 
2. P r i m a r y l p u m p  No. 2 
3. 
4. Operations monthly repor t  4 /6 /68  

1. COMPONENT/PART 

2. SYSTEM/SUBSYSTEM 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Wiring and Connectors 
Control Wire 

2. Accessory  Elec t r ica l  
Equipment /Power  
Wiring 

450000 
3. 68 

1. Wiring and Connectors 
Rectifier Lead 

2. Accessory  Elec t r ica l  
EquipmentIPower 
Wiring 

450000 
3. 68 

1 .  WiringIPower Cord 
2. Accessory  Elec t r ica l  

Equipment /Power  
Wiring 

450000 
3. 68 

1. WiringICables 
2. Accessory  Elec t r ica l  

Equipment /Power  
Wiring 

450000 
3. 68 

1. Wiring and Connectors 
Leads 

2. Accessory  Elec t r ica l  
Equipment /Power  
Wiring 

450000 
3. 68 

1. WiringIInsulation 
2. Accessory  Elec t r ica l  

EquipmentIPower 
Wiring 

450000 
3. 68 

= INCIDENT 
= MAJOR MALFUNCTION 

1 .  EBR-11 
2. P r i m a r y  pumplcontrol 
3. 
4. Maintenance repor t  4 /18/68  

1 .  EBR-I1 
2. Reac tor / subassembly  hold-down 
3. 
4. Operations maintenance report ,  

9/18 168 

1 .  F e r m i  
2. Cask c a r  
3. Ambient to 350°F argon atmosphere 
4. EF-29 

1. HNPF 
2. Reactor a tmosphere  monitor pump/ 

motor  
3. 
4. Monthly operating repor t  No. 33 

1 .  SCTI 
2. Drain line 607 
3. 
4. Incident repor t  No. 70 

= MINOR MALFUNCTION 
' = PROBLEM 

FAILURE INDEX 
CODE* - 

AUSE 

- - 
MA 
500 

MI 
500 

MI 
500 

MI 
152 

MI 
324 

MI 
156 

- 

AODE 

- - 
MA 
15 

MI 
15 

MI 
59 

MI 
13 

MI 
12 

MI 
13 

- 
-F EC' 

- - 
MA 
520 

MI 
520 

MI 
530 

MI  
530 

MI 
530 

MI 
530 

- 
'ERATIN( 
HOURS 

14,024 

14,150 

15,240 

13,368 

10,130 

4,100 

- 

METHOD OF FAILURE 
DETECTION 

Protective s y s t e m  

Protective s y s t e m  

Direc t  observation 

During actuation 

Direc t  observation 

Loss  of d ra in  flow 

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

1 .  Wire  shorted. 
2. Local repair .  
3. None. 

1. Shorted load. 
2. Local repa i r .  
3. None. 

1. The power feed cord  was  found damaged. 
2. P a r t  replaced. 
3. None. 

1. Cables shorted.  
2. P a r t s  replaced. 
3. None. 

1. Motor leads burned out. 
2. Local repair .  
3. None. 

1. E lec t r ica l  insulation (p las t ic )  mel ted  because of w i r e  
location. 

2. Replaced and relocated wires .  
3. High-temperature insulation should be  installed. 

Q 



c 

1. COMPONENT/PART 

2.  SYSTEM/SUBSYSTEI 

3. CODE: 
(Component) 
(System/Subsystem) 

1. Wiringlconnections 
2. Accessory  Electrical  

Equipment / Powe r 
Wiring 

450000 
3. 68 

1. WiringIConductor a n  
Disconnects 

2. Miscellaneous Equip. 
m e n t l o t h e r  Power 
P lan t  Equipment 

530000 
3 .  68 

1. Wir inglconnec tor  
2. Accessory  Electrical  

Equipment 1 Powe r 
Wiring 

450000 
3. 68  

1. Wiring and Connectoi 
Ion Chamber Signal 
Cable 

2. Instrumentation and 
ControlINeutron 
Monitoring 

261110 
3 .  68 

1. Wiring and Connectoi 
Ion Chamber Signal 
Cable 

2. Instrumentation and 
ControlINeutron 
Monitoring 

261110 
3. 68 

1. FACILITY 

2 .  COMPONENT LOCATION 

3. OPERATING CONDITIONS 

4. SOURCE DOCUMENT 

1. SCTI 
2. P r i m a r y  sodium system, sodium 

3. 480 volts 
4. Incident repor t  No. 307 

pump P - 5  

1. SCTI 
2. Substation No. 756 power 
3. 
4. Incident repor t  NO. 310 

1. SCTI 
2. P r i m a r y  sodium sys temlhea ter  

3. 
4. Incident repor t  No. 319 

(H- 1)  fan motor  

1. EBR-I1 
2. Nuclear channel No. 9 
3. 
4. Weekly maintenance report 5/21/6E 

1. EBR-I1 
2. Thimble No. J Z  
3. 
4. Weekly maintenance report 5/21/68 

~~ 

I = INCIDEK I = MINOR MALFUNCTION 
MA = MAJOR MALFUNCTION p = PROBLEM 

(Sheet 2 of 3 )  

FAILURE INDEX 
CODE* 

:AUSE 

- - 
MI 
148 

I 
161 

MI 
324 

MI 
600 

M A  
600 

- 

MODE 

- - 
MI 
14 

I 
17 

MI 
25 

MI 
13 

MA 
13 

- 

FF EC' 

- - 
MI 
530 

I 
520 

MI 
550 

MI 
520 

MA 
520 

- 

iPERATlNi 
HOURS 

Unknown 

4,518 

13,415 

14,650 

14,650 

METHOD OF FAILURE 
DETECTION 

Protective sys tem 

Direc t  observation 

During activation 

Protective sys tems 

Protective s y s t e m s  

1. FAILURE DESCRIPTION 

2. CORRECTIVE ACTION 

3.  RECOMMENDATIONS 

~~ 

1. Line connections to c i rcu i t  b reaker  loose. 
2. Connections tightened. 
3 .  Improve training f o r  e lec t r ica l  maintenance 

personnel. 

1. Starting cur ren t  caused cable to overheat when 
boiler feed pump was turned on. 
beyond cable capacity. 

L a r g e r  cables installed. 

Amps required 

2. 4160-volt cables to manual disconnect replaced. 

3. None. 

1. F a n  motor  would not s ta r t .  Circuit  found connected 

2. Circuit  wiring corrected.  
3. Improved maintenance procedures.  

improperly. 

1. Channel grounded. 
2 .  System design change, RGl149U cable was replaced 

3. None 
with an amphenol No.421-010. 

1. Channel grounded. 
2. System design change, RG/149U cable was replaced 

3. None 
with an amphenol No. 42 1 - 0 10. 



. C 0 M PO N E N T/PART 

. SYSTEM/SUBSYSTEM 

. CODE: 
(Component) 
(System/Subsystem) 

1. WiringlFlowmeter  

!. Instrumentation and 
Leads 

Control / Intermediate  
Coolant Loop 

262210 
3. 68 

1. Wir ing/  Junction Box 
:. Instrumentation and 

3. 68 
Control/Heat Transfe  

262110 

1. Wiring and Connector 
Insulation 

2 .  Accessory Elec t r ica l  
Equipment /Power 
Wiring and Conduit 

450000 
3. 68 

- 
1. FACILITY 

2 .  COMPONENT LOCATION 

3 .  OPERATING CONDITIONS 

1. SOURCE DOCUMENT 

1. SRE 
2. Main secondary sodium sys tem 
3. 
4. Incident repor t  9/10/58 

1. SCTI 
2. P r i m a r y  sodium system, pump 

electr ical  c i rcu i t ry  
3. 
4. Incident repor t  No. 64 

1. SCTI 
2. Air  preheat / junct ion box to 

compresso r  A-5A 
3. 
4. Incident repor t  NO. 327 

I = MINOR MALFUNCTION I = INCIDENT 
MA = MAJOR MALFUNCTION P = PROBLEM 

FAILURE INDEX 
CODE* 

AUSE 

- 
MI 
128 

MI 
344 

MI 
247 

- 

dODE 

- 
MI 
44 

MI 
13 

MI 
18 

- 

=F EC' 

- 
MI 
520 

MI 
157 

MI 
530 

- 

- 
PERATING 
HOURS 

Jnknown 

Ynknown 

9,925 

- 

METHOD OF FAILURE 
DETECTION 

Operational 
monitors  

Operational 
monitors  

Per iodic  c i rcu i t  
check 

1. FAILURE DESCRIPTION 

2 .  CORRECTIVE ACTION 

3. RECOMMENDATIONS 

1. Flowmeter  signal e r r a t i c  due to intermit tent  
ground of leads. 

2. Local repa i r  of flowmeter lead insulation. 
3. None. 

1. One electr ical  lead to the p r i m a r y  sodium pump 
shorted to ground in  the moto r  junction box when 
s tar t -up of pump was attempted. 

2. Local  repa i r ,  cable  isolated f r o m  ground. 
3. Improve e lec t r ica l  maintenance procedure. 

1. Conduit junction box s e a l  deter iorated permit t ing 
mois ture  to en ter  box causing insulation to get wet. 

2. Local repa i r .  
3. Check weather  tight fittings periodically. 

Q 



TABLE 1-167 

FAILURE D I  STRl BUTION FUNCTIONS 
COMPONENT WIRING AND CONNECTORS 

COMPONENT SUBTYPE 

FAILURES (XI 0 
Component Tes t  Facil i ty -.  . 

;c 

;o I 

I Junction Box 
hsu la t ion  

I- 
CY 

2 
I- z 
W z 
0 a 
2 
0 
0 

u 
I Environmental  

w 
2 ’ Human e r r o r  
a -  
0 

Elec t r ica l  II 

w 
n ’  
0 z 

Labor and mater ia l  loss  only 
c 

L L  
LL 
W 

I I T T I 
LMEC-Memo-69- 7, Vol I 

1-503 



T A B L E  1-168 

FA1 LURE DI STR I B UTI ON FUNCTl ONS 
COMPONENT WIRING AND CONNECTORS 

COMPONENT SUBTYPE 

FAILURES (%) 0 

Nuclear Tes t  Reactor 

$2 Nuclear Power  Reactor 

$' C a m  anent Tes t  Facil i t  

Control Wire 

Rectifier Wire 

- 
L 

+ Power Cord 

2 Cables 
rz 
- 
c Leads  
W Insulation 
2 
7 - 

5 " Conductors and Disconnects 

Other - L 

r I 

h v i r  onmental - 
w- 
v, 
3 Human e r r o r  
d 

- 
~~ 

Unknown 

Elec t r ica l  

- - ~ - -  
W Mechanical 
n 1 

I 
P lan t  availabilit l o s s  

W 

T I 
I_ t 

LMEC-Memo-69-7, Vol I 
1-504 

c 



TABLE 1-169 

FAILURE DISTRIBUTION FUNCTIONS 

n 

COMPONENT WIRING AND CONNECTORS 

COMPONENT SUBTYPE SIGNAL WIRING 
FAILURES (%) 0 

Nuclear T e s t  Reactor 
- W  za 
a>  ?' 

Instrumentation and Control Y 

t 

I 

Ion Chamber Signal Cable Y 

Flow Meter Leads II 

c 

I 1 

1 Environmental  

w 
v) 
3 

0 
a 

Unknown Y 

Elec t r ica l  - 
W 
n .  
0 
5 

1 I 

Plant  availability loss 
c 
V 
W 

LMEC-Memo-69-7, Vol I 
1-505 



T A B L E  1-170 

GENERAL SUMMARY 

W 
v) 
3 

0 -  
a 

n 
0 z 

L L -  
W 

Environmental  

Human e r r o r  I 

Unknown 

Elec t r ica l  

Mechanical 

P lan t  availability lo s s  

Labor and mater ia l  loss  only 

Systemjcomponent inoperative 

1 1 
Power wiring 

Signal wiring 

I 

. Connectors L 

I OPERATING HOURS (THOUSANDS) 0 1 

T 
Power  wiring - 
Signal wiring - 
Connectors - 

U a 
b T L 1 

500 6 

1 
- 

i 
1 I 
1 800 900 

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

1-506 



II. SYSTEM-ORIENTED COMPONENT FAILURES 

@ A. GENERAL 

The data presented in this section a r e  a lso included in  Section I. These 

events have been selected f o r  special attention since the cause of failure is m o r e  

properly described a s  a source external to the component. Without this external 

problem source,  no correct ive action would be required fo r  the component. The 

type of correct ive action taken singles out this class  of failure.  

actions a re ,  in general:  design modifications to other components o r  to the sys-  

t em to eliminate the problem source,  protective system addition to affected com- 

ponent, monitoring device addition (i. e. , vibration detector), and operational 

procedures modification to avoid the potential of human e r r o r .  

These correct ive 

All existing system-caused fai lures  l isted in Section I have been retabulated 

in  this section with respect to the system o r  subsystem classified in Volume I1 

to which the cause of failure can be traced. 

attributable to sys tem inadequacy o r  non-existing protective systems a r e  sepa- 

rately tabulated. 

since near ly  all of this c lass  of failures can be t raced to sys tem design problems. 

However, equipment failure is sometimes only remotely related to system design 

and performance, and is attributable to human e r r o r .  

depth of information in this category is very  limited but should improve a s  an 

effective event reporting sys tem becomes operative. W i t h  respect  to sys tem 

failure ra tes ,  few of these ear ly  data may  be classified a s  random, and many 

years  of data collection will be required before reliable sys tem failure rate data 
on liquid meta l  systems will be available for  u se  with a reasonable level of con- 

fidence. 

All other externally-caused fai lures  

The system/subsystem was selected as the p r imary  reference 

It is assumed that the 

B. FAILURES DUE TO EXISTING SYSTEM ACTION 

Typical causes  of existing system-oriented failures include human operating 

e r r o r s ,  incorrect  installation of components o r  failure of other components. 

correct ive action required fo r  these types of failures would necessitate design 

changes o r  modification to systems o r  components in  Tables 1-171 through 1-187. 

The 

G 
LMEC-Memo- 69- 7, Vol I 

1-507 



f 

C. FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY O F  A 
SYSTEM 

Typical causes of nonexistent system-oriented fai lures  include: [ 1) im- 

proper  design of a component that results in the failure of a related component, 

( 2 )  use  of inadequate operating o r  maintenance procedures,  and ( 3 )  lack of the 

necessary protective device o r  sys tem to a s su re  proper  component o r  sys tem 

operation. 

through 1-202. 

These types of failures a r e  tabulated by components in Tables 1-188 

LMEC-Memo-69-7, Vol  I 
1-  508 



c) c 

1. COMPON ENT/PART 
2. SYSTEMISU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystern) 

1. A i r  Dryer/Gasket  

?.  Instrument Air Supply/ 
A i r  Dryer  

3. 26 
540000 

TABLE 1-171 

COMPONENT AIR DRYERS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-127 

- 
rn w 
K 

3 
a 
- 
LL 
LL 
0 
K 
w 
m 
I 
3 z 

2 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1 ,  Bottom gaskets on the "Poro-Stone" f i l t e rs  
in both desiccant dryers  were  too hard  to  
permit  sealing; f i l ter  o r  dryer  unit leaked 
particles of Poro-Stone in a i r  line causing 
faulty operation of several  valve opera tors ,  

2 .  New gaskets installed, instrument a i r  
headers cleaned, and valve operators 
removed, cleaned, and replaced. 

3 .  Add regular inspection of a i r  d ryers  to 
maintenance schedule. 



1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(S ystem/Su bsystem) 

. Compressor  Air /Head 

. Miscellaneous Equipment/ 

' .  25 

Gasket 

Instrument Ai r  Supply 

540000 

I .  

1 .  

Compressor  Air/Valve 
Mis cellaneous Equipment / 
Instrument Ai r  Supply 
25 
540000 

TABLE 1-172 

COMPONENT COMPRESSORS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-133 

8 ,  9 ,  12, 17 

10, 11, 15, 16 !7 131 

- 

- 

rn w 

3 
-I 

a 

5 
LL 
0 
a 
m 
2 
3 z 

w 

4 

4 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

_ .  Insufficient and uneven torque on head bolts 
caused a i r  leak. 

I. Gasket replaced. 

I .  Upgrade maintenance procedure to  specify a 
bolt torquing sequence and torque require- 
ments .  

I. Dirt and/or  moisture  caused valve to  st ick.  
!. Valves removed, cleaned, replaced. 

1 .  Revise preventive maintenance procedure by 
adding a requirement to clean intake a i r  
f i l ter  in order  to  prevent recurrence,  



c) 

TABLE 1-173 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1 .  Controller/Switch 

? .  I I E t r z x - m E t 2 t i G E  an2 

3 .  65 
Cont r oi i Heat T ransf e r 

262210 

1.  Controller /pH 

?. Instrumentation and 

3 .  65 
C ont r 01 / C o oling W at e r 

269630 

COMPONENT CON TROLLERS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1- 139 

11 

21 

- 

v) a 
3 
0 
I 
CI) z - 
k 
LT 
W 
L 
0 

115 

5729 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1 .  Operator accidentally grounded electr ical  
wiring on valve actuator switch during the 
inspection. 
N o  repa i r ;  restart ing of burners and p r imary  
Pump * 
Improve training of operator personnel.  

?. 

5 .  

1 .  Operator left acid feed pump switch in 
manual position instead of auto, causing 
low pH readings on pHr-300 me te r .  
Proper  amount of NaOH flakes added to  
cooling tower basin water.  
Closer operator vigilance and adequate 
training required.  

?. 

3 .  



TABLE 1- 174 

1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(Systern/Subsystern) 

1. Demineralizer /Plast ic  Pipe 
2. Feedwater Supply and 

T r eatment / C ondens at e 
Demineralizer 

2 7 3 z 0 fi 
3. 53 

1. Dernineralizer/Acid Inlet 

2. Feedwater Supply and 

3. 53 

Header 

Treatment  /Demineralizer 

272200 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table l -  

3 

5 

v) a 
2 
0 
I 
c3 

t- 
U 
W 
(L 
0 

z 
a 

k175 

j300 

- 

v) 
w 

3 
A 

a 

- 
2 
LL 
0 
a 
m z 
3 z 

W 

1 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Piping manifold inadequately supported. 
2. Plast ic  influent header  manifold replaced 

by s ta inless  steel  flange and manifold. 
3. Improve quality assurance  on original 

ins tallation. 

1. Weld holding acid inlet  header  support 
bracket  to tank broke allowing header 
to  t ear  loose f r o m  tank. 

2. Substituted header  (stainless steel  f langes) 
and rewelded bracket  of improved design. 

3. Improve bracket  design - replace plastic 
flange by stainless steel. 



TABLE 1-175 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

~ ~ ~~ 

1 .  Electr ical  Generators / 
Wiring 

? .  Accessory Electr ical  

3. 57 
Equipment / Eme r g enc y 

462100 

1 .  Generator /Emergency 
Diesel 

?. Accessory Electrical  
Equipment /Erne rgenc y 
D i e s e l  Generators 

462 100 
3 .  57 

COMPONENT ELECTRICAL GENERATORS (EMERGENCY 
AN0 AUXILIAKv- 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-23 

15 

17, 18 1200 

- 

1 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

_____ ~ 

1. Maintenance personnel hit  wires  while 
lowering air filter causing short  c i rcui t  
in  wiring. 

2 .  Replaced dam-aged w i r i n g .  

3 .  None. 

1 .  Human e r r o r .  Diesel s tar ted,  loaded 
normally,  stopped, and could not be 
restarted.  The diesel  control switch had 
to be switched to the off position, then to 
standby. 
operating personnel. 

This was not known by the 

2 .  Operational procedure change. 

3 .  Upgrade operator training on diesel  engine 
operation. 



1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

. Sodium Fi l te r /Vesse l  

. Heat T rans fe r /  

. 27 

Flange 

’ Purification 

224233 

TABLE 1-176 

COMPONENT FILTERS AND STRAINERS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Table 1-82 
Refer tc 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1 .  Sodium leak, flange bolts not torqued 
properly.  

!. Retorqued bolts. 

3 .  Specify values fo r  torquing flange bolts. 



c 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(SystedSu bsystem) 

1. Fuel  Element/ Cladding 

2. Reactor Equipment/Core 
Components and Supports 

3 .  46 
216300 

1. Fuel Elements/  Fuel Meat 
and Cladding 

2. Reactor Equipment/ Cor e 
Components and Supports 

3. 46 
216300 

1. Fuel Assembly/ 
Thermocouple 

2. Reactor Equipment/Core 
Components and Supports 

3. 46 
216300 

TABLE 1- 177 

COMPONENT FUEL AND BREEDER ELEMENTS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-59 

10, 12, 14, 15, 
16, 17 

19  

6 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

2. Component replaced. 

Fission gas re lease  was f rom newly inserted 
"fresh" fuel assembly. 

3. Upgrade Quality Assurance procedure for 
fuel element inspection. 

1. Fuel channel clogging caused by tetralin 
decomposition products resul ts  in fuel and 
cladding melting. 
Sodium pump tetralin f reeze  seals  replaced 
with NaK freeze seals thereby eliminating 
the potential source of contaminant. 

2. 

3. None. 

1. Thermocouple shorted to ground, causing 

2. Corrective modification. 
sc ram.  

3. None. 



TABLE 1-178 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1, Indicator /Shorted Leads 

! . Instrumentation and 
Cont rol./Inte rmediate 
C oo.lant System 

262200 
i. 64 

COMPONENT INDICATORS AND RECORDERS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1- 144 

12 

- 

KJ 
W 
a 
3 
a - 
LL 
LL 
0 
a 
m 
I 
3 z 

W 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1.  Operator accidentally grounded level 
indicator leads actuating pilot gas valve 
cutout. 

2 .  Ground removed, pilot reignited. 

3 .  Improve training for  electrical  maintenance 
personnel on requirements for  guards over 
connections and improve operators training 
to a s su re  aler tness  to possible exposed leads 

Q 8 



1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem 1 

1. Turbine /Turbine Blades 
2. Steam, Condensate and 

Feedwater /Boiler Feed 

3. 10 
284100 

1. Turbine/Turbine Bearing 
2. Steam, Condensate and 

Feedwater /Condensate 

3. 10 
283100 

TABLE 1-179 

COMPONENT MOTORS, ENGINES AND TURBINES 
(Hydraulic, Pneumatic, Steam) 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Table 1-47 
Refer to 

- 

rn 
3 
0 
I 
(3 

a 

f 
a 

0 

2 
Lu 
0 

Unk 

3,345 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. ( a )  Overheating and smoking because of too 
much oil in unit. (b)  Fai lure  due to turbine 
blade damage (minor) .  

2. Oil drained to proper  level and turbine 
cleaned of meta l  par t ic les  - local repair .  

3. Maintain clean s t eam sys tem - improve 
maintenance procedures (excess  oil human 
e r r o r )  - install  debris  catcher  a t  turbine 
inlet. 

1. Bearing discrepancy- unusual rubbing on 
top and bottom of bearing. 

2. Bearing clearance found too small - bearing 
rebored and reinstalled with proper  c lear -  
ance. 

3. Quality control problem - improve QA 
procedures.  



I 

FAILURE DUE TO EXISTING SYSTEM ACTION 

1. COMPON ENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem 1 

1. Neutron Source/Threaded 

2. Reactor Equipment/ 

3. 14 

Stud 

Neutron Source 

2 12400 

ITEM 

Refer to 
Table 1- 154 

1 

- 

v, a 
3 
0 
I 
L3 

I- 

W 

f 
s 
8 - 

7930 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

2. 
3. 

Due to excessive torque while assembling 
neutron source No. 5, the end studs were  
damaged. 
Vendor repa i r  of component. 
Assembly procedure should specify torque 
to be applied to studs. 



TABLE 1- 181 

1. COMPON ENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. 

2. 

3. 

Piping Support / 
Manifold Support 
Feedwater Supply and 
Treatment  Sys tern/ 
Chemical Treatment 
Facil i t ies 
19 
273300 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-97 

5 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Excessive s t r e s s  on manifold caused support 
to break. 

2. New interface manifold fabricated with the 
t ee  socket welded at all three openings. 

3. None. 



TABLE 1- 182 

1. COMPON ENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Circuit Breaker/Wires  

2 .  Accessory Electrical  
Equipment /Circuit  
Breakers  

4 12000 
3 .  58 

1.  Breaker/Bus Bars  

2 .  Accessory Electrical  
Equipment /Circuit  
Breakers  

412000 
3.  58  

COMPONENT POWER SWITCH GEAR, CIRCUIT BREAKERS, 
RELAYS. TRANSFORMERS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-35 

22  

23 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMEND AT IONS 

1.  Construction men shorted wires  while 
working on control panel (contractor 
personnel) . 

2 .  Vendor r epa i r .  

3 .  None. 

1. Contractor personnel shorted bus ba r s  
with electrical  f ish tape resulting in  f i r e  
among bus ba r  cables.  

connections rewired. 
2 .  Bus ba r  sections and circuit  breaker  

3. Improve supervision of construction work.  



e 

1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Pump/Bearings 
2. Steam, Condensate, and 

Feedwater Piping and 
Equipment/Boiler Feed 
Pump 

3. 17 
284100 

1. Pump 
2. Heat Transfer /Reac tor  

3. 17 
Coolant 

221110 

1. AC Linear  Induction Pump/ 

2. Heat Transfer / Intermediate  

3. 17 

Cooling Water Jacket 

Cooling 

222110 

TABLE 1- 183 

COMPONENT PUMPS AND SUPPORTS 

(Sheet 1 of 2 )  
FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1- 100 

22 

60 

164 

v) a 
3 
0 
I 
(3 z 
I- 

a 
W 

- 
a 

8 

Unk 

5,00( 

1,20( 

v) w 

3 
a 
1 
2 
L 
0 
a 
m 
I 
3 z 

W 

1 

1 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Bearings damaged due to overloading caused 
by a closed valve. 

2. Part replaced. 
3. Upgrade operator  training on pump. 

1. Pump case  flooded with sodium a s  a resu l t  of 
tube failure,  preventing pump startup. 

2. Pump removed and cleaned. 
3 .  None. 

1. Obstruction of coolant passage by impurit ies 
in  plant cooling water.  

2. Coolant passages were  backflushed. 
3 .  Protective System: Install f i l t e rs  fo r  sedi- 

ment  collection. 



TABLE 1- 183 

COMPONENT PUMPS AND SUPPORTS 
(Sheet 2 of 2)  

FAILURE DUE TO EXISTING SYSTEM ACTION 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystern) 

1. 
2. 

3. 

Vacuum Pump/Casing 
Nuclear Fuel Handling and 
Equipment /Fuel Handling 
Machine 
17 
235000 

ITEM 

Refer to 
Table 1-100 

~ 

193 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

2. 
3. 

Pump placed in service without opening dis- 
charge valve - pump ruptured. 
Component replaced. 
Install rupture disc o r  relief valve on pump 
discharge line. 



c 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Steam Generator/Tubes 
2. Heat Transfer /Steam 

3. 40 
Generator 

223100 

TABLE 1-184 

COW'ONENT STEAM GENERATOR 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1 -  11 1 

- 

v, a 
3 
0 
I 
(3 z 
t- 
- 
a a 
0 
W 
L 

1,76 

- 

r n  
W 
a 
3 
a - 
LL 
LL 
0 
a 
m 
I 
3 z 

w 

3 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMEND AT IONS 

~~ ~ 

1. Stress  corrosion cracking attributed to 
residual cleaning solution containing sodium 
hydroxide resulted in  water  leakage into 
sodium o r  formation of pits due to reaction 
of foreign material .  

2. Pits and flaws ground out and rewelded o r  
units retubed. 

3. Adequate procedures should be instituted to 
insure cleanliness of the components in  the 
s ys  tem. 



1. COMPON ENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Valve /Float  
2. Feedwater Supply and 

Treatment/Chemical  
Treatment  Facil i ty 

273300 
3. 20 

TABLE 1- 185 

COMPONENT VALVES 
(Sheet 1 of 3) 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1- 119 

- 

VJ 
K 
3 
0 
I 
t3 z 
I- 
- 
2 
8 
W 

- 
7583 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Circuit  b reakers  to pumps P - 7  and P-9 
tripped due to overload on pumps, caused 
by float valve sticking open. Float st icks 
open when it hits t rave l  limit, open. Cause 
is excessive flow ra te  of water f r o m  sys-  
tem the float valve operates.  

2. Throttle valve to reduce flow and r e s t a r t  
pumps. 

3. Keep flow demand at sys tem design limits 
so  pump motors  a r e  not overloaded, thus 
not overheated. Thorough operator  trainin! 
on sys tem operation can prevent recurrenct  



c 

1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(Systern/Subsystem) 

1. 
2. 

3. 

Valve /Support Valves 
Steam, Condensate, and 
Feedwater Piping and 
Equipment / Condensate 
Valves 
20 
283300 

TABLE 1- 185 

COMPONENT VALVES 
(Sheet 2 of 3)  

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-119 

59 

- 
v) w a 
3 z 
LL 
LL 
0 
a 
w 
m 
I 
3 z 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Zero flow on indicators FI-201 and FI-202 
indicated valves were  clogged o r  closed. 
Valves affecting HIC-209 and HIC-210 
were  found closed. Standard operating 
procedures  were  not followed. 

2. Opened valves pe r  operating instructions. 
3. Standard operating procedures  should be 

followed and a sys tem instituted to provide 
verification of concur r ence. 



1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Valvelvalve Seat 
2. Compressed Air and 

Vacuum Cleaning Equip- 
ment /Air  Control Va lve  

520000 
3. 20 

TABLE 1-185 

COMPONENT VALVES 
(Sheet 3 of 3 )  

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1-119 

129 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMEND AT IONS 

1. Valve seat of air control valve leaked 
causing dump valve fo r  cooling tower 
to open. 

2. Removed air l ine f rom valve making it 
inoperative in  the system except manually. 

3. Establish maintenance procedure fo r  all 
cr i t ical  components. (This was executed. ) 



1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem 1 

Vessel  Internals /Thimble 

Reactor  Equipment /Core 
Components and Supports 

07 
216400 

TABLE 1-186 

COMPONENT VESSEL INTERNALS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table 1- 16 

7 

- 

v) a 
3 
0 
I 
a z 
l- 

w 

- 
a 

8 
a 

3710 

- 

- 

v) 
Lu 
a 
3 
a - 
LL 
LL 
0 
a 
m 
I 
3 z 

w 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

I. Attempt made to place thimble in an occupied 
maintenance cell  engaging the thimble to a 
plug pickup cup. 

change. 
1. .  Operational procedure and/or training 

I .  None. 



TABLE 1-187 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Subsystem) 

. WiringIConnector 

. Accessory Electr ical  

# .  68 

Equipment /Powe r Wiring 

450000 

COMPONENT WIRING AND CONNECTORS 

FAILURE DUE TO EXISTING SYSTEM ACTION 

ITEM 

Refer to 
Table l - l 6 6  

9 

- 

u) a 
3 
0 
I 
(3 z 
I- 

a 
w 
L 

- 
a 

0 - - 
341E 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

I .  

Fan motor would not start.  
connected improperly.  

Circuit  wiring corrected.  

Circuit found 

Improve maintenance and inspection 
procedures .  
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TABLE 1-189 

COMPONENT c ONTROLLERS 
(Sheet 1 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Controller/High Level 

2 .  Instrumentation and 
Override Ala rm and Relay 

Control /Main Coolant 
Loop 

3. 65 
262110 

1.  Controller /Relay 

2 .  Instrumentation and 
Control /Steam 
Generators 

2623 11 
3. 65 

ITEM 

Refer to 
Table 1-139 

16, 17 

20 

- 

VY a 
3 
0 
I 
c3 

l- 
f 
a a 

8 
w 

- 

I050 

- 

- 
v) w 
a 
3 
=i 
6 

0 
a 
m 

LL 
LL 

w 

5 z 
2 

1 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Sodium level lowered causing gas entrain- 
ment and plant t r ip .  

2 .  Local repa i r  , relay readjusted, and pr imary  
sodium flow restored.  
installation of a displacement type instead 
of bubbler. 

3.  More stable level controller needed to 
maintain free-surface sodium level.  

Final correction by 

1. Relay caused s team generator inlet and 
outlet sodium valves to close.  

2 .  Relay was bypassed during cover gas 
pressurization tes t  to avoid valve closure.  

3 .  The cover gas pressurization procedure 
was modified to include bypassing a relay.  



TABLE 1-189 

COMPONENT CONTROLLERS 
(Sheet 2 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Controller / ( P r e s  sure  
Setting) 

2 .  Instrumentation and 
Control / S t  earn, Con- 
densate and Feedwater 
Piping and Equipment 

3 .  65 
268100 

ITEM 

Refer to 1- 139 
Table 

23, 24 

1. FAILURE DESCRIPTION 
2. CORRECTtVE ACTION 
3. RECOMMENDATIONS 

1.  Safety relief valve lifted at  p re s su re  well 
below proper setpoint during a change in 
plant conditions. 

2 .  Vendor repair  of component. 

3. Piping loops containing safety o r  relief 
valves should be designed fo r  the additional 
s t r e s s  and vibration caused by the safety 
and relief valve actuation. 
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COMPONENT DESUPERHEATERS 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEMJSUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

Desuperheater No. 1 / 
Flanged Joint 

Steam, Condensate and 
Feedwater Piping and 
Equipment / Main Steam 
43 
281100 

ITEM 

Refer to 
Table 1- 76 

!, 3, 4, 5 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

? *  

3. 

Steam leaks developed during an operating 
period when s team pressure  was increased 
from 1400 to 1850 psig. 
Component corrective modification. 

Maintenance manual should include proper 
flange bolt torquing instructions for each 
type of flange and gasket. 
procedures a t  initial contractor level. 

Improved QA 



TABLE 1- 192 

COMPONENT FEEDWATER HEATERS 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Feedwater HeaterlFlange 

2. Steam, Condensate and 
Gasket 

Feedwater Piping and 
Equipment/ Feedwater 
Heater 

284200 
3. 54 

ITEM 

Refer to 
Table 1- 7 9  

1 

r n  
W 
a 
3 
a - 
LL 
LL 
0 
a 
m z 
3 z 

W 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. R ECOMM EN DAT I ONS 

_ _ _ _ _ ~  

1. Flange leaking, bad gasket. 
2. Component corrective modification, 

Flexitallic gasket replaced original 
asbe s to s gasket. 

3. None. 
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TABLE 1- 194 

COMPONENT FUEL AND BREEDER ELEMENTS 

- 

v) a 
3 
0 
I 
a z 
l- 

W 

- 
a 

8 
a 

’0260 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(Systern/Su bsystem) 

1. 

2. 

3 .  

Fuel Element/Orifice 
Control 
Reactor Equipment/ Cor e 
Components and Supports 
46 
216300 

ITEM 

Refer to 
Table 1-59 

5 ,  7 ,  8, 9 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

Seven orifice drive cables stuck. 

Component corrective modification. 

None. 



TABLE 1- 195 

COMPONENT INDICATORS AND RECORDERS 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(Systern/Su bsystem) 

1 ,  Indicator / Transmitter 
2 .  Instrumentation and 

3 .  64 
Control/Reactor Coolant 

262 100 

1. Flow Indicator/Glass 

2 ,  Instrumentation and 

3 .  64 
C ontr ol  /Raw Water Supply 

268400 

ITEM 

Refer to 
Table 1- 144 

346 0 

- 

1 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Transmitter shorted to  ground during rain.  
2 ,  Local repa i r ,  plastic cover installed on 

t ransmit ter  and connector. 
3 ,  More careful installation of instruments 

exposed to  weather.  

1. Abnormal high-pres sure  surge in raw 

2 ,  Replace. 
cooling water supply broke sight g lass .  

3 ,  Install p re s su re  regulator 



TABLE 1- 196 

COMPONENT INTERMEDIATE HEAT EXCHANGER 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Intermediate Heat 

2. Heat Transfer / Inter-  

3. 39 

Exchanger / Tubesheet 

mediate Heat Exchanger 

222300 

1. Intermediate Heat 
Exchanger / Tubes 

2. Heat Transfer / Inter-  
mediate Heat Exchanger 

3. 39 
222300 

ITEM 

Refer to 
Table '1-87 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. R ECOM M E N D AT I 0 NS 

1. Original piping did not include a cover gas 
vent f r o m  the top of the IHX shell side. 
Gas was trapped between the sodium inlet 
nozzle and the upper tubesheet. 

2. A vent line and a manually operated valve 
were  installed f r o m  the shell side of the 
IHX to the p r imary  expansion tank. 

3. None. 

1. Tubes cracked and leaked a s  a result  of 
flow induced vibration. 

2. Tube vibration suppressors  installed. 
3. Provide adequate design analysis and 

ac  c eptanc e testing. 



TABLE 1- 197 

COMPONENT PUMPS AND SUPPORTS 

(Sheet 1 of 3 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Pumps and Supports 
2. Steam, Condensate, and 

Feedwater Piping and 
EquipmentlMain Con- 

' densate Pump 
3. 17 

283100 

1. Pump/Packing and 
Plungers 

2. Steam, Condensate, and 
Feedwater Piping and 
Equipment / Boil e r Fe  ed 
Pump 

284100 
3. 17 

ITEM 

Refer to 
Table 1- 100 

10 

33 

4,42' 

U k n  

7 

1 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Loss of feedwater flow required manual 
s c r a m  which froze off sodium on the 
p r imary  expansion tank vapor trap.  

2. Thermal  insulation was placed on the 
pr imary  expansion tank vapor t r a p  to 
eliminate sodium solidification in  s imi la r  
future cases .  As no trouble could be found 
pumps restarted.  

3. None. 

1. Coolant deficiency caused damage to plungen 
and packing. 

2. Modifications were made to improve the 
gland-cooling system, using condensate 
ra ther  than raw water. 

3. None. 



TABLE 1- 197 

1. COMPONENT/PART 
2. SYST EM/SU BSY ST E M 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Pump/Shaft Seal 
2. Steam, Condensate, and 

Feedwater Piping and 
Equipment / Boile r Feed 
Pump 

3 .  17 
284100 

1. Pump/Shaft 
2. Steam, Condensate, and 

Feedwater Piping and 
Equipment / Boil e r F e  ed 

3 .  17 
284100 

COMPONENT PUMPS AND SUPPORTS 

(Sheet 2 of 3 )  
FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

ITEM 

Refer to 
Table 1- 100 

47, 51 

48, 50 

- 

v) a 
3 
0 
I 
(3 z 
I- 
- 
2 
8 
w 

5,22E 

- 
5,071 

- 

v) 
w 

3 
a 
i a 
LL 
LL 
0 
a 
m 
H 
3 z 

u 

2 

- 
2 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Feedwater leaking a t  pump shaft s ea l  due to 
lack of adequate cooling to inboard me-  
chanical seal. 

2. Installed new source of water  to provide 
grea te r  p re s su re  head. 

3. Improve maintenance schedule. 

1. 

2. 

3 .  

Pump cavitation following scram.  Pump 
drive shaft seized. 
Seal replaced, and a modified boiler feed 
reservoi r  tank and a condensate booster 
pump sys tem (with a 40-second t ime delay 
fo r  shutoff in case  of s c r a m )  were  installed. 
Design should specify precautions to p re -  
vent pump f r o m  running dry. 



TABLE 1-197 

COMPONENT PUMPS AND SUPPORTS 

(Sheet 3 of 3 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SU BSYSTEM 
3. CODE: 

(component) 
(System/Su bsystem) 

1. Pumplcool ing Coils 
2. Heat Transfer l In te r -  

3. 17 

1. AC Conduction Pump/ 

2. Heat Transfer / Inter-  

3. 17 

mediate  Cooling 

222000 

Pump Duct 

mediate Cooling 

222110 

1. AC Linear Polyphase 
Induction Pump/Coils 

2. Heat T rans fe r /  
Intermediate Cooling 

3. 17 
221110 

ITEM 

Refer to 
Table 

133, 134, 135 
136, 137, 138 

139, 140, 142, 
155, 156 

165 

- 

v) a 
3 
0 
I 
c3 z 
I- 

w 
L 

- 
a a 
0 

5,23 

11,83' 

80  

5 

1 

7 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Cooling l ines plugged with debris.  System 
plugged. 

2. Local repair .  Unit was backflushed. 
3. Install paral le l  filters with differential p r e s -  

s u r e  indicator to indicate f i l ter  plugging. 

1. No liquid meta l  in pumping duct caused 
rupture in pump duct at bus ba r  a r e a  - leak 
external. 

2. Component pa r t  replaced. 
3. Protective System: Change operating pro-  

cedures and /o r  install  a fa i l  safe fluid sen- 
s o r  into pump duct t o  prevent premature  
supply of e lectr ical  power to EM pumps. 

1. Full line voltage applied a t  s tar t -up caused 
excessive heat t o  develop in magnetic field 
coils thereby deteriorating the insulation 
and allowing the coils to shor t  c i rcui t  the 
system. 

2. System design change - installed powerstat. 
3. Control System: Component and sys tem de- 

sign should consider the s tar t -up in- rush 
cur ren ts  wh never e lectr ical  ac  components 
a r e  installect 
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TABLE 1-199 

COMPONENT SENSORS (RADIATION) 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1.  Sensor/Compensated 
Ion Chamber 

2 .  Instrumentation and 
Contr ol  /Neutron 
Monitor System 

261110 
3 .  67 

ITEM 

Refer to 
Table 1-162 

1, 2, 3 ,  4 1882( 

- 

4 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. R ECOMM EN D AT I ONS 

1. Radiation damage to the electrical  
insulators.  

2 .  Part replaced with others having mica- 
alumina insulators which offer protection 
against radiation damage. 

3 .  Development program should be initiated 
to obtain a suitable insulator.  



TABLE 1-200 

COMPONENT VALVES 
(Sheet 1 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(Systern/Su bsystern) 

I + I  - 2 I 1. Valve 
'r 3 2. Turbine-Generator Units :? 
A d \  

\D 
I 
4 " 
c 
0, 
H 

and Condenser/Circulating 
W a t e r  System 

330000 
3.  2 0  

ITEM 

Refer to 
Table 1- 119 

66, 67 4995 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

2. 

3 .  

Conductivity alarm f rom cooling water  
sys tem opened dump valve. Raw water 
"add" valve opened. Dumping cooling 
water  and adding raw water iowers con- 
ductivity to acceptable limits. 
exceeded makeup rate  s o  the available 
water  level drops. 
Control a i r  to CR 300V shutoff, closing 
dump valve, allowing water  level to build- 
up. 
reducers  to reduce flow. 
Design of valve system should take into 
account possibilities of potential problem 
like above. 

Dump rate  

Outlet of dump valve fitted with 



TABLE 1-200 

COMPONENT VALVES 
(Sheet 2 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Valve /Body 
2. Steam Condensate and 

Feedwater Piping and 
Equipment/Main Steam 

281200 
3. 20 

ITEM 

Refer to 
Table 1-119 

101, 102, 105 1288 

- 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Cracks in valve body and nozzle due to 
chloride stress corrosion of material .  
347 SS was used and the casting quality 
was poor. 

2. Valve removed and replaced with 2- 1/27'0 
Cr  - 1/27'0 Mo body composition type; 
metallurgical examination was performed 

3. Irnprove design requirements f o r  valve 
material and upgrade quality control 
requirements on purchased components. 



TABLE 1-201 

COMPONENT VESSELS AND TANKS 
(Sheet 1 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Vessel/SO-gal Drum 

2 .  Other Reactor Plant 
Equipment / 
Maintenance 

3 .  06 
292000 

7 

ITEM 

Refer to 1- 19 Table 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1 ,  Sodium fire occurred in 50-gal, open-top 
d rum while draining sodium. 

2 .  Operational procedure change: u se  only 
drums with covered ends with two bung 
holes,  one for  sodium drain and one for  
purge l ine.  
and rack .  

Also insulate between ba r re l  

3 .  None. 



1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Expansion Tank/ 

2 .  Heat Transfer /  

3 .  06 

Sodium 

Intermediate Cooling 

222000 

TABLE 1-201 

COMPONENT VESSELS AND TANKS 
(Sheet 2 of 2 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

ITEM 

Refer to 
Table 1- 19 

8 

- 

cn a 
3 
0 
I 
u z 
I- 
Q a 
w 

- 

8 

3744 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. 

2 .  

3 .  

Velocity of sodium high enough to cause 
cover gas entrainment. 
Installed bypass line s o  90% of sodium 
flows around tank. 
None. 



TABLE 1-202 

COMPONENT WIRING AND CONNEC 
(Sheet 1 of 3 )  

TORS 

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1.  Wiring/Insulation 

2 .  Accessory Electrical  

3 .  68 
Equipment /P ow e r Wiring 

450000 

ITEM 

Refer to - 6 
Table 

6 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Electrical  insulation (plastic) melted because 
of wire  location. 

2 .  Replaced and relocated wires .  

3 .  High-temperature insulation should be 
installed. 

6 



TABLE 1-202 

COMPONENT WIRING AND CONNECTORS 
(Sheet 2 of 3 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SY STEM/SUBSY STEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. 

2 .  

3 .  

Wiring /Conductor and 
Disconnects 

Miscellaneous Equipment / 
Other Power Plant 
Equipment 
68 
530000 

ITEM 

Refer to 
Table 1- l 66  

8 

- 

v) a 
3 
0 
I 
(3 z 
F 
- 
a a 

0 
W 
eL 

k5 18 

- 
v) w 

3 
a 

d a 
LL 
LL 
0 
a 
m 
w 

f z 

1 

1. FAILURE DESCRIPTION 
2. CORRECTIVE ACTION 
3. RECOMMENDATIONS 

1. Starting cur ren t  caused cable to overheat 
when boiler feed pump was turned on. 
Amps required beyond cable capability. 

2 .  4160-volt cables t o  manual disconnect 
replaced. Larger  cables installed. 

3. None. 



TABLE 1-202 

COMPONENT WIRING AND CONNECTORS 
(Sheet 3 of 3 )  

FAILURES DUE TO NONEXISTENT SYSTEM OR INADEQUACY OF A SYSTEM 

1. COMPONENT/PART 
2. SYSTEM/SUBSYSTEM 
3. CODE: 

(Component) 
(System/Su bsystem) 

1. Wiring and Connectors / 
Ion Chamber Signal 
Cable 

2. Instrumentation and 
Control/Neutron 
Monitoring 

261110 
3.  68 

ITEM 

Refer to 
Table 1- 166 

10, 11 

1. FAILURE DESCRIPTION 
2. COR R ECTl V E ACT1 ON 
3. RECOMMENDATIONS 

1. Channel grounded. 

2 .  System design change, RG/ 149U cable 
was replaced with an  Amphenol No. 42 1- 0 10. 

3 .  None. 



1 1 1 .  SODIUM LEAK EXPERIENCE 

This  section on sodium leak experience was prepared by the LMEC 

Technical Staff members  l isted below: 

J. Blanco 

W. Carlson 

G. Clark 

B .  F i sche r  

Any comments or questions concerning the ma te r i a l  presented should be 

directed to J. Blanco o r  W. Carlson. 

A .  INTRODUCTION 

Data pertinent to  sodium leak  fai lures  a r e  required for a var ie ty  of needs, 

such as general  information, sodium f i re  analyses,  design base  accident (DBA) 

studies,  hazards  analyses,  etc. Generally, such data have been very  difficult 

i f  not impossible to obtain with any degree of confidence. To mee t  the need for  

this type of information, design, operating, and failure data relevant to sodium 

leaks have been compiled in this section. 

These data a r e  based on the sodium experience associated with the following 

@ plants:  SCTI, LCTL, SRE, Hallam, EBR-11, and F e r m i .  Data sources  include 

all types of repor t s ,  plant design handbooks, training manuals,  schematics ,  

piping and installation drawings, and verbal communications. Sincere thanks 

a r e  extended to Bob Se ra  of EBR-I1 and Ted Ross  of F e r m i  for  providing much 

needed design data on their  respective plants. 

B. DESIGN AND OPERATING DATA 

Tables 1-203 through 1-208 contain design and operating data on the six 

sodium plants considered. Each table contains a list of plant components and 

their  associated sys tems;  i. e . ,  p r imary  coolant, secondary coolant, p r imary  

purification, etc. Adjacent to  each component listed, design data a r e  given 

on s ize  and ma te r i a l  of construction, environmental conditions and protection, 

the number of identical components in the system, and the design tempera ture ,  

p re s su re ,  and velocity. 

tu re ,  p re s su re ,  and velocity information, and the hours of exposure to the 

The operating data l isted consist  of operating tempera-  

internal  sodium environment. 

not l isted because they were  unavailable. 

In many cases ,  

The 
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p res su re  and velocity data were 

las t  entry in the table indicates 
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the number of leak failures which occurred and where they may be found in the 

Sodium Leak Incident Summaries  (Tables 1-210 through 1-215). 

Although consider.able effort was made to obtain a complete and accurate 

compilation of design, operating, and failure data, some i tems were  probably 

overlooked. However, it is believed that the number of i tems which may  have 

been overlooked is not significant when compared to the total population of like 

i tems.  

Table 1-209 is  a plant component summary  which provides an overall com- 

parison between the sodium plants considered. 

C. SODIUM LEAK INCIDENT SUMMARIES 

Tables 1 - 2  10 through 1-2 15 present  sodium leak incident tabulations for 

each plant. 

with the component, the leakage incident, the amount of sodium lost  during the 

leak, the hours of component operation pr ior  to  failure, the means by which the 
leak was detected, and the sources  f rom which the information was gathered. 

Each entry identifies a failed component, the line size associated 

In general, the failures could be classified a s  nuisance, minor,  o r  major  

leaks. 

adjacent equipment. Minor leaks were moderate  in magnitude and accompanied 

by a smal l  but controllable f i re  and light-to-moderate damage to adjacent equip- 

ment.  

heavy equipment damage. 

9 were  minor,  and only 2 were  major .  

sive damage and the other only light-to-moderate damage. 

which caused light damage did s o  only because the leak occurred in a region 

contained by f i re  br ick insulation and isolated f rom adjacent equipment. 

Nuisance leaks were ve ry  small with no attendant f i re  o r  damage to 

Major leaks were  la rge  spil ls  which resulted in la rge  intense f i r e s  and 

Of the 80 leaks reported,  69 were  nuisance types, 

Of the 2 major  leaks,  one caused exten- 

The major  leak 

The smallest  leaks observed were  approximately one pound in magnitude 

and accounted for  7970 of the entire leak population. 

these leaks resulted f rom valve failures.  

600 lb. 

second la rges t  leak was about 400 lb  and was the resul t  of tube failure in a gas- 

fired sodium heater .  

experienced. 

type experienced. 

The major  portion (8270) of 

The la rges t  leak was approximately 

It occurred in a pipe section and was caused by human e r r o r .  The 

Table 1-216 shows the type and number of leaks each plant 

Table 1-217 shows the type and number of leaks each component 

June 30, 1970 
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_ _  - . . . . . . . . 

Although leak magnitudes were not available for the majori ty  of failures,  a 

careful study of all the failure descriptions allowed reasonable estimates t o  be 

made for those magnitudes not available. @ 

D. COMPONENT FAILURE RATES 

Table 1-218 is a tabulation of component failure rates obtained f rom actual 

plant design, operating, and failure data. These failure r a t e s  were calculated 

by dividing the number of failures by the total component exposure hours. 

The number of component failures were acquired f rom Tables 1-210 through 

1-215,  and the sum of total component exposure hours was acquired f rom Tables 

1-203 through 1-208. 

Analysis of the failure data did not disclose any significant temperature,  

p ressure ,  o r  velocity effects; therefore,  component failure ra tes  were calcu- 

lated without any special consideration given to  these parameters .  

Of the components listed, some require clarification. Sodium heaters  r e fe r  

* to  gas-fired heaters,  not e lectr ical  heaters ,  which a r e  used to  increase sodium 

temperature .  

Q Purification system components include hot traps,  cold t raps ,  carbon t raps ,  

plugging me te r s ,  and oxygen me te r s .  

of pipe fai lures  per  foot - exposure hour. 

and freeze t r aps  a r e  based upon SCTI data only. 

other five plants were not available. 

which were  the resul t  of human action and not a hardware deficiency. 

The failure ra te  for piping i s  the number 

The failure ra tes  for rupture discs  

Da ta  on these i tems for the 

Human e r r o r s  a r e  those leak failures 

E. APPLICATION O F  SODIUM LEAK DATA 

The sodium leak data contained herein were  used in the safety analysis of 
:$ 

the proposed Sodium Pump Tes t  Facil i ty (SPTF)  at LMEC. 

sodium leak data and acceptable r i sk  levels tb the general  public resulted in a 

design base accident and associated design, operations, and maintenance con- 

s t ra ints  for the SPTF.  The design base accident and associated constraints, 

determined in this manner,  are  more  real is t ic  than those determined by 

a rb i t r a ry  assumptions on the type and magnitude of leak failurer.  

:k"SPTF Pre l iminary  Safety Report," LMEC-Memo-70- 11 (to be published) 

An analysis of the 

LMEC-Memo-69-7, Vol I 
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Component  Size 
a n d  M a t e r i a l  

of Const ruc t ion  

64  Finned  tubes.  
3. 4-in. fin OD. 
F inned  tubes a r e  
s s - c l a d  c o p p e r - c o r e  
f ins  b r a z e d  to tubes.  
Mater ia l :  304 SS. 

Number  of 
Envi ronmenta l  Like 
Conditions and  Components  

P r o t e c t i o n s  In S y s t e m  

E x t e r n a l  

Stack g a s  t e m p e r a t u r e :  1 
1500 to 1283°F.  
Tubes a r e  ins ide  a n  a i r -  
t ight r e f r a c t o r y - l i n e d  
s t e e l  casing. 

Design T e m p e r a t u r e  
P r e s s u r e  and 

Veloci ty  

Inlet t e m p e r a t u r e :  900 'F 
Outlet t e m p e r a t u r e :  
940'F 
P r e s s u r e :  100 ps i  

Opera t ing  
T e m p e r a t u r e s  

(OF) 

Cold i e g :  

<400 
400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 

Inlet t e m p e r a t u r e :  9 4 0 ° F  Hot  l e g :  
Outlet <400 
tempera ture :  1300'F 400-500 

500-600 
600-700 
700-800 
800-900 

Hot l e g :  
18, 184 
19,824 

1 , 0 1 8  
385 
809 
472 

183 p a r a l l e l  mul t i -U-  
bend tubes.  
1. 25-in. OD, 
0. 095-in. wall  th ick-  
n e s s .  
M a t e r i a l :  304.SS. 

Finned-tube unit wi th  
f o r c e d - d r a f t  a i r  
cooling. 
3. 4-in.  f in  OD. 
Tube m a t e r i a l :  304 S S  

Tubes  a r e  ins ide  an 
a i r t i g h t  r e f r a c t o r y -  
l ined s t e e l  casing. 

Gas- f i red  h e a t e r  u s e d  
with fan and l o u v r e s .  

~ ~~ ~ 

Inlet t e m p e r a t u r e :  1320'F 
Outlet 
t empera ture :  1050'F 
P r e s s u r e :  100 ps ia  

~ 

Hot leg :  * 

TAELE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 1 of 13) 

w 
0 

Y 

c 
9 
4 
0 

Number  of 
Sodium 
Leaks  

Exposure  t o  
Int  e r na 1 

Envi ronment  
( h r  ) 

Cold l e g :  

16, 154 
22, 150 

1 ,224  
94'8 
740 

I t e m  
Reference  

In 
Table  1-210 

None 

Component  
Type 

Sodium 
p r e h e a t e r  

S y s t e m  

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

None 

202 I 6 

Sodium m a i n  
h e a t e r  

1 1 I t e m  7 

None Sodium 
cooler  

1 

F i n  m a t e r i a l :  4-6 

1 - 1 / 2  -ft OD. 
8-ft  length.  Type I insulation, 3-in. 

m a t e r i a l :  304 SS insulation, 3-in. inner  

Ambient  a i r .  

~~ ~~ 

Main pump Inlet t e m p e r a t u r e :  8 4 0 ° F  Cold leg :*  
Inlet p r e s s u r e :  20 p s i  
Outlet p r e s s u r e :  117 p s i  i Cold leg:* 1 I t e m  3 

*Hot l e g  and  Cold leg  t e m p e r a t u r e s  s a m e  a s  above for  a l l  p r i m a r y  s y s t e m  components .  
tHot  l eg  and  Cold leg  exposure  t i m e  s a m e  a s  above f o r  a l l  p r i m a r y  s y s t e m  components .  

c) 



TABLE 1-203 

S y s t e m  

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

w 
0 

Y 

c.' 
9 
4 
0 

Externa l  Number  of o p e r a t i n g  Exposure  t o  I t e m  
In terna l  Number Of Sodium R e f e r e n c e  Design T e m p e r a t u r e  

Envi ronment  In P r e s s u r e  and T e m p e r a t u r e s  Envi ronmenta l  Like  
Condit ions and Components  

Pro tec t ions  In S y s t e m  

Component Component  Size 

Type of Cons t ruc t ion  
( h r  ) Table  1-210 Veloci ty  ( O F )  

and Mater ia l  

EM pump 3-ft  height. Ambient  a i r .  1 Inlet  t e m p e r a t u r e :  1200'F Cold leg:+ Cold 1eg:t  None None 
3-ft width. Type I insulation, Inlet  p r e s s u r e :  22 p s i  
5-ft length.  1 - 112-in. outer layer .  Outlet  p r e s s u r e :  91 p s i  
3-in. OD l ine  s ize .  Type I1 insulation, F lowra te :  130 g p m  

1-112-in. inner  l a y e r .  

Expansion 5-ft d i a m e t e r .  Ambient  a i r .  1 T e m p e r a t u r e :  1000'F Cold leg:+ Cold 1eg:t None None 
tank IO-ft length. Type I insulation, P r e s s u r e :  100 p s i  

1000-gal capacity.  3-in. ou ter  layer.  
M a t e r i a l :  304  SS Type I1 insulation, 

3-in. inner  layer .  
Hot air prehea t .  

Fill and  IO-ft d i a m e t e r .  Ambient  air. 1 T e m p e r a t u r e :  850 'F  Cold leg :+  Cold Leg: t  None None 
d r a i n  tank 16-ft length. Type I insulation, P r e s s u r e :  (cover  g a s )  

7500-gal capacity.  3-in. ou ter  layer .  60 p s i  
Mater ia l :  304 SS. Type I1 insulation, 

3-in. inner  layer.  
Hot air prehea t .  

IHX (she l l  3-ft OD. Ambient  a i r .  1 Inlet  t e m p e r a t u r e :  1200°F Hot leg :+  Hot 1eg:t None None 
s i d e )  28-ft-3 in. length. Type I insulation, Outlet  

Mater ia l :  304 SS 3-in. ou ter  layer .  t e m p e r a t u r e :  900 'F 
Type I1 insulation, P r e s s u r e :  120 p s i  
3-in.  inner  l a y e r .  a t  1200'F 
Hot air  prehea t .  F l o w r a t e :  1, 140, 000 

l b l h r  

Cold t r a p  2-ft d i a m e t e r .  Ambient  air. 1 T e m p e r a t u r e :  6 M ' F  Cold leg:+ Cold 1eg:t None None 
9-it  length. Type I insulation, P r e s s u r e :  100 p s i  
140-gal capacity.  3-in. l a y e r .  
M a t e r i a l :  304 SS. 

SCTI DESIGN AND OPERATING DATA 
(Sheet 2 of 13) 

*Hot leg and Cold leg t e m p e r a t u r e s  s a m e  as above for a l l  p r i m a r y  s y s t e m  components .  
?Hot  leg and Cold l e g  exposure  t i m e  s a m e  as above for all p r i m a r y  s y s t e m  components  



I 

Componen t  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  and  

P r o t e c t i o n s  

- in .  OD finned 
uhing 
! -  l i 2 - f t  l ength .  
d a t e r i a l :  304 SS. 

Ambient  a i r .  
No insu la t ion .  

~ 

I - in .  O D  finned 
uhing. 

? -  1 / 2 - f t  l ength .  
Water ia l :  3 0 4  SS. 

? - f t  he ight .  
? -ft wid th .  
5-ft  l ength .  
M a t e r i a l :  304 SS. 

2-1". l i n e  s i z e ,  s c h e d  
40 butt w e l d .  16 in .  
end- to-end .  
M a t e r i a l :  304  SS. 

2- in .  l i n e  s i z e ,  
s c h e d  40  butt weld .  
16 in .  end- to-end .  
M a t e r i a l :  304  SS. 

I - in .  l ine  s i z e ,  s c h e d  
4 0  butt  weld .  16 in .  
end- to-end .  
M a t e r i a l :  304 S S .  

Ambient  a i r .  
No insu la t ion .  

Ambient  a i r .  

Ambient  a i r .  
Type  I insu la t ion ,  
3- in .  l a y e r .  

Ambient  a i r .  
Type  I Insu la t ion ,  
3-1n. l a y e r .  

Ambient  a i r .  
Type  I insu la t ion ,  
3- in .  l a y e r .  

Cold  leg:* 

Cold  leg :*  

Cold 1eg:t 

Cold 1eg: t  

Ho t  leg:-:: 

Co ld  l e g : *  

Hot 1eg:t 

Cold  1eg:T 

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 3 of 13)  

Component  
Type  

E x p o s u r e  to  
I n t e r n a l  

T e m p e r a t u r e  1 Envi;;;,ment 

O p e r a t i n g  

( O F )  

I t e m  
R e f e r e n c e  

I n  
T a b l e  1-210 

N u m b e r  of 
L i k e  

Componen t s  
In S v s t e m  

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloc i ty  

Vumber of 
Sodium 
L e a k s  

S v s t e m 

P r i m a r y  4 Hot  leg:* I t e m  8 Hot 1eg:t  F r e e z e  t r a p s :  
F t -  1 
F t - 2  
F t - 3  
F t - 5  

F r e e z e  t r a p s  
F t - 4  
F t - 6  
F t - 7  

r 
3 None & p r i m a r y  None  

None P l u g e i n y  
m et  e r 

None 1 

0 f f s e t  g 1 o he 
v a l v e  wi th  
h e l l o u s  s e a l :  

1 T e m p e r a t u r e :  1 2 0 0 ° F  
P r e s s u r e :  100 p s i  

None None 

None 

None 

HIC- 5 I O - V  
~ 

T e m p e r a t u r e :  1200" F 
P r e s s u r e :  100 p s i  

7 None O f f s e t  g lobe  
v a l v e s  with 
he l lows  s c a l :  
HIC - 5 00 - V 
HIC-50 I - V  

P r i m a r y  c 

H HIC - 502 - V 
HIC - 503 - V  
HIC- 5 0 8 - V  
HIC- 5 1 2 - V  
HIC - 5 1 6 - V 

Offse t  g lobe  
v a l v e  with 
he l lows  s e a l  

V-517-V 

T e m p e r a t u r e :  1200' F 
P r e s s u r e :  100 p s i  

~ 

Cold  1eg:t Co ld  leg :*  P r i m a r y  I None 

::;Hot l e g  2nd Cold l e g  t e m p e r a t u r e s  s a m e  a s  a b o v e  for a l l  p r i m a r y  s y s t e m  componen t s .  
f H o t  l e g  and  Cold l e g  e x p o s u r e  t i m e  n a m e  a s  above  f o r  a l l  p r i m a r y  s y s t e m  componen t s  

Q Q 



Cold  leg:* Co ld  leg:' 

Ambient  a i r .  
Type  I insu la t ion ,  
2-1f2-111. o u t e r  l a y e r .  
Type  I1 insu la t ion ,  
2 -  II2-1n. i n n e r  l a y e r .  
Hot a i r  p r e h e a t .  

Ambient  a i r  
Type  I insu la t ion .  
2-1 12-in o u t e r  l a y e r .  
Type  I1 insu la t ion ,  
2- 1 12-in i n n e r  l a y e r .  
Hot a i r  p r e h e a t  

Ambient  a i r  
Type  I insu la t ion .  
2-112- in  o u t e r  l a y e r  
Type  I1 insu la t ion ,  
2 -  I 12- in  i n n e r  l a y e r  
Hot a i r  p r e h e a t  

~ 

3 

2 

1 

1 

Cold  leg:* 

Cold  leg:;* 

Hot leg :*  

Cold l e g : t  

Cold  1eg:t  

Hot leg:? 

Cold leg :"  Cold 1rg:l  

4 

0 
w 
0 

6 
" 

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 4 of 13) 

E x p o s u r e  to 

('F) 1 Envi;hq;ment 

O p e r a t i n g  
T e m p e r a t u r e s  Internal 

Number  of 
Sodium 
L e a k s  

I t e m  
R e f e r e n c e  

I n  
T a b l e  1-210 

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  a n d  

P r o t e c t i o n s  

Ambient  a i r .  
Type  I insu la t ion ,  
2 - 1  J2- in  o u t e r  l a y e r .  
Type  I1 insu la t ion .  
2 -  1 / 2 - i n .  i n n e r  l a y e r .  

N u m b e r  of 
L i k e  

Componen t s  
I n  S y s t e m  

1 

Componen t  S i z e  
'and M a t e r i a l  
of C o n s t r u c t i o n  

Des ign  T e m p e r a t u r e  
P r e m s u r e  a n d  

Veloc i ty  

Componen t  
T y p e  

S y s t e m  

P r i m a r y  10-in. l i n e  s i z e ,  
s c h e d  40 butt weld .  
M a t e r i a l :  304 SS. 

T e m p e r a t u r e :  1300 ' F 
P r e s s u r e :  600 p6i 

1 I t e m  9 G a t e - v a l v e  
wi th  g a s -  
cooled  
f r e e z e  s e a l :  
HIC- 110-V 

Expans ion  
J o i n t s :  
XJ-l 
XJ-2  
XJ-3 

10 in .  l ine  s i z e .  
M a t e r i a l :  304 SS. 

None None T e m p e r a t u r e :  1300°F 
P r e s s u r e :  125 p s i  

E xpa n s I O  n 
iu in ts :  
XJ-4 
XJ-C 

IO-in. l ine  s i z e .  
M a t e r i a l :  304 SS 

T e m p e r a t u r e :  1300" F 
P r e s s u r e :  125 p s i  

I I t e m  I 

P i p e  l e q :  
5 9 1  

IO-in. l i n e  s i z e ,  
s c h e d  40. 
8Q-ft  l ength .  
M a t e r i a l .  304 SS 

M a x i m u m  t e m p e r a -  
t u r e :  1 3 0 0 ° F  
Max imum 
p r e s s u r e :  125 p s i g  

None None 

c 
0 
r 

H 

P r i m a r y  P i p e  l e q .  
502  

IO-in. l ine  s i z e .  
s c h e d  40. 
6 5 - i t  length.  
M a t e r i a l .  304 SS 

None N o n e  Cold 1eg: l  Cold  leg :"  M a x i m u m  t e m p e r a -  
t u r e :  1 3 0 0 ° F  
Max imum 
p r e s s u r e :  125 p s i g  

Maximurn t e m p e r a -  
t u r e :  1300°F 
Maximum 
p r e s s u r e :  125 p s i g  

Maximum t e r n p e r a -  
t u r e :  1300°F 
Maximum 
p r e s s u r e :  125  ps ig  

P i p e  l e g :  
5 0 3  

IO-in. l ine  s i z e ,  
s c h e d  40. 
48- i t  length.  
M a t e r i a l :  304 S S  

I P r  : m a  r Y 

P r , n:a r v 

Iterii 2 

P i p e  l e g .  
5 04 

None 10-in.  l ine  s i z e ,  
s c h e d  40. 
45- i t  length.  
M a t e r i a l :  3 0 4  SS. 

Cold leg:? Cold  leg:':. Xone 

Hot leg and  Cold le4  t e m p e r a t u r e s  s a m e  a s  a b o v e  lor  a l l  p r i m a r y  s y s t e m  r o m p o n e n t s .  
+Hot leg  and  Cold leg  e x p o s u r e  t i m e  s a m e  a s  a b o v e  f o r  a l l  p r i m a r y  s y s t e m  componen t s  



Exte rna l  
Environmental  

and  Mate r i a l  Conditions and 
P ro tec t ions  

Component  Size 

Type of Construct ion 
system Component  

I 

Number  of 
Like 

Components 
In Sys t em 

P r i m a r y  P ipe  l eg :  10-in. l ine s i z e ,  
505 sched  40. 

66-f t  length. 
Ma te r i a l :  304 SS. 

Ambient a i r .  
Type I insulat ion,  
2-112-in. outer  l a y e r .  
Type I1 insulat ion,  
2 -1 /2 - in .  inner  l aye r .  
Hot a i r  p rehea t .  

Ambient a i r .  
Type I insulat ion,  
2-112-in. outer  l aye r .  
Type I1 insulat ion,  
2-1/2- in .  inner  l aye r .  

Ambient a i r .  
Type I insulat ion,  
2-112-in. outer  l aye r .  
Type I1 insulat ion,  
2-  1 I L i n .  inner  l aye r .  

1 

1 

1 

P r i m a r y  P ipe  l eg :  6-in. l ine s i z e ,  
506 sched  40. 

93-ft length. 
Ma te r i a l :  304 SS. 

Hot 1eg:t None P r i m a r y  P i p e  leg:  6- in .  l ine s i z e ,  
507 sched  40. 

40-ft length. 
Ma te r i a l :  304 SS. 

Cold leg:* Cold 1eg:t None P r i m a r y  P ipe  leg:  6-in. l ine s i z e ,  Ambient  a i r .  1 
508 sched  40. Type I insulat ion,  

73-ft length. 2-112-in. outer  l a y e r .  
Ma te r i a l :  304 SS. Type I1 insulat ion,  

2-1/2-in. i nne r  l a y e r .  

Cold leg: t  None P i p e  l eg :  
509 

P ipe  l eg :  
5 10 

3-in. l ine s i z e ,  
s ched  40. 
31-ft length. 
Ma te r i a l :  304 SS. 

3-in. l ine s i ze ,  
s ched  40. 
16-ft length. 
Ma te r i a l :  304 SS. 

P r i m a r y  Pipe leg: 10-in l ine s i ze .  Ambient  air. 1 
511  sched  40. Type I insulat ion.  

55-ft length.  2-112-in. ou te r  l a y e r .  
Mater ia l :  304 SS. Type I1 insulat ion.  

2-112-in. i nne r  l a y e r .  

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 5 of 13)  

w 
0 

Y 

Design T e m p e r a t u r e  
P r e s s u r e  and 

Velocity 

operating Exposure  to  
In t e rna l  Number of 

Environment  'Odium 
T e m p e r a t u r e s  

Leaks  
( O F )  I ( h r )  1 I t e m  

Refe rence  
In 

Table  1-2 10 

None Maximum 
tempera tu re :  1300' F 
Maximum 
p r e s s u r e :  125 psig 

Hot leg:* Hot leg:t I I None 

Maximum 
tempera tu re :  1300°F 
Maximum 
p r e s s u r e :  125 psig 

Hot leg:* None 

None 

None 

Maximum 
tempera tu re :  1300'F 
Maximum 
p r e s s u r e :  125 psig 

Hot leg:* 

Maximum 
tempera tu re  : 1300' F 
Maximum 
p r e s s u r e :  125 ps ig  

Maximum 
tempera tu re :  1300°F  
Maximum 
p r e s s u r e :  125 psig 

Cold leg:* 1 P r i m a r y  

P r i m a r y  

Ambient a i r .  
Type I insulat ion,  
1-112-in. outer  l aye r .  
Type I1 insulat ion,  
1-112-in. i nne r  l a y e r .  

Ambient a i r ,  
Type I insulat ion,  
1-112-in. outer  l a y e r .  
Type 11 insulat ion,  
1-112-in. inner  l aye r .  

None 

None 

None 

1 Maximum 
tempera tu re :  1300°F 
Maximum 
p r e s s u r e :  125 psig 

Cold leg:* Cold 1eg:t 

Cold 1eg:t Maximum 
tempera tu re :  1300°F  
Maximum 
p r e s s u r e :  125 psig 

Cold leg:* 



w 
0 " 

w 
9 
4 
0 

s y s t e m  

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

- 
P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

TABLE 1-203 

Number  of Design T e m p e r a t u r e  Operat ing Exposure to I t e m  Ex te rna l  Component S ize  

of Construct ion 
In t e rna l  Number of Refe rence  

'Odium In Environment  P r e s s u r e  and T e m p e r a t u r e s  
Component  and Mate r i a l  Environmental  Like 

(hr  ) Table 1-2 10 Veloci ty  ( O F )  

Conditions and Components 
P ro tec t ions  In Sys t em 

Type 

Maximum Cold leg:* Cold 1eg:t None None 
t e m p e r a t u r e :  8 5 0 ° F  

p r e s s u r e :  100 ps i a  

P i p e  leg:  2-in. l ine s i z e ,  Ambient a i r ,  1 
601 sched 40. Type I insulat ion,  

85-ft length. 3-in. l aye r .  Maximum 
Mate r i a l :  304 SS. 

L 1 4 Cold leg:* Cold 1eg:t None None P i p e  l eg :  2- in .  l ine s i z e ,  
602 sched  40. 

35-ft length. 
Ma te r i a l :  304 SS . 

Cold leg:? None None P i p e  leg:  1-in. l ine s i z e ,  1 Cold leg:* 
603 sched  40. 

5-ft length. 
Ma te r i a l :  304 SS. 

1 Cold leg:" Cold 1eg:t None None P i p e  leg:  2-in. l ine s i z e ,  
6 04 sched  40. 

29-it length. 
Ma te r i a l :  304 SS- --- 

1 Cold leg:* Cold leg:* None None P i p e  leg: 2-in. l i ne  s i z e ,  
605 sched  40. 

4-f t  length. 
Ma te r i a l :  304 SS. v 

Cold leg:* Cold leg:* None None P i p e  leg: 2-in. l ine s i z e ,  1 Maximum 

41-ft length. Maximum 
Mate r i a l :  304 SS. p r e s s u r e :  100 ps i a  

P i p e  leg:  2-in. l ine s i z e ,  1 Maximum Cold leg:* 

606 sched  40. t e m p e r a t u r e :  850 'F 

Cold 1eg:t None None 
t e m p e r a t u r e :  850 'F ' 
Maximum 

607 sched  40. 
53-ft length. 
Ma te r i a l :  304 SS. p r e s s u r e :  100 ps ig  

P i p e  leg:  2-in. l ine s i z e ,  1 Maximum Cold leg:* Cold 1eg:t None None 
t e m p e r a t u r e  : 850 ' F 608 sched  40. 

21-i t  length. 1 Maximum 
Mate r i a l :  304 SS. p r e s s u r e :  100 ps ig  

P i p e  leg:  1-in. l ine s i z e ,  Ambient  a i r .  1 Maximum Cold leg:* Cold 1eg:t Nbpe None 
Type I insulat ion,  t e m p e r a t u r e :  8 5 0 ° F  609 sched  40. 

10-ft length. 3-in. l aye r .  Maximum 
Mate r i a l :  304 SS. p r e s s u r e :  100 ps ig  

SCTI DESIGN AND OPERATING DATA 
(Sheet 6 of 13) 

I 
4 . 
c s 
H 

*Hot l eg  and C > l d  leg t e m p e r a t u r e s  s a m e  as  above for  a l l  p r i m a r y  s y s t e m  components .  
*Hot l eg  and Cold l eg  exposure  t ime  s a m e  as  above fo r  a l l  p r i m a r y  s y s t e m  components .  



S y s t e m  

Ambient  a i r .  
Type I insulation, 
3-in. l a y e r .  

~ 

P r i m a r y  

P r i m a r y  

P r i m a r y  

P r i m a r y  

I I 

P r i m a r y  

Component 
Type 

P r i m a r y  

Component  S ize  
and  M a t e r i a l  

of Cons t ruc t ion  

P r i m a r y  

P i p e  leg :  
619 

P i p e  leg .  
622 

P i p e  leg: 
623 

P i p e  leg: 
624 

P i p e  leg: 

P r i m a r y  

~~~ ~ -~ ~ 

2-in. l ine  s i z e ,  1 
sched  40. 
20- f t  length.  
M a t e r i a l :  304 SS. 

2-in. l ine  s i z e ,  1 
sched  40. 
4-ft  length.  
M a t e r i a l :  304 SS. 

2-111. l ine  s i z e ,  1 
sched  40. 
20- f t  length.  
M a t e r i a l :  304 SS 

2-in.  l ine s i z e ,  1 
sched  40. 
15-ft  length.  
M a t e r i a l :  304 SS. 

2-in l ine  s i z e ,  1 

P r i m a r y  

F o l d  leg:* 

Cold leg:* 

Cold leg:' 

Cold leg:" 

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 7 of 13) 

Cold leg:* None None 

Cold 1eg:t None None 

Cold 1eg:t None None 

Cold 1eg:t  None None 

P i p e  leg: 
629 

P i p e  leg: 
630 

Design T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

E x t e r n a l  Number  of 
Envi ronmenta l  
Conditions and  

Pro tec t ions  

1-1 /2  in. l ine  s i z e ,  1 
s c h e d  40. 
2 1 -ft  length.  
M a t e r i a l :  304 SS. 

1-112 in. l ine  s i z e ,  
sched  40. ! 
213-ft leneth.  

P i p e  leg: 

P i p e  leg :  

I-in.  l ine s i z e ,  
sched  40. 
12-ft  length.  
M a t e r i a l :  304 SS. 

2-in. l ine  s i z e ,  
sched  40. 
65- f t  length.  
M a t e r i a l :  304 SS. 

1 Maximum 
t e m p e r a t u r e :  850 F 
Maximum 
p r e s s u r e :  100 ps ig  

l l  1 

1 

opera t ing  ExPo8ure to I t e m  
Temperatures In te rna l  Number Of R e f e r e n c e  I Envi;hor;ment 1 ",o,",i~~ I In 

Table  1-210 (OF) 

Cold 1eg:t Cold leg:' 

Cold leg:* Cold leg:* 

Cold leg: Cold 1eg:t 

Cold leg:" Cold 1eg:t  

Cold 1eg:t Cold leg:* 

*Hot leg  and Cold leg  t e m p e r a t u r e s  s a m e  a s  above for a l l  p r i m a r y  s y s t e m  components .  
*Hot leg  and  Cold leg e x p o s u r e  t i m e  s a m e  a s  above f o r  a l l  p r i m a r y  s y s t e m  components .  

Q Q 



Cold leg:* Cold leg:* 

Cold leg:* 

Cold leg:* 

Cold leg:* 

Cold leg:* 

Cold leg:* 

Cold leg:+ 

Cold 1eg:t 

Cold 1eg:t  

Cold leg:* 

Cold 1eg:t 

Cold 1eg:t 

Cold leg:* 

2 (D 

w 
0 

Y 

w 
9 
4 
0 

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 8 of 13) 

Design T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

Externa l  Number  of 
Envi ronmenta l  Like  
Condit ions and Components  

Ambient a i r .  
Type I insulation, 
3-in. l a y e r .  

I t e m  
R e f e r e n c e  

In 
r a b l e  1-2 10  

Component  S ize  
and  Mater ia l  

of Cons t ruc t ion  

Number  of 
Sodium 
L e a k s  Envi ronment  

P r i m a r y  I Pipt3:g: I-in. l ine  s i z e ,  
sched  40. 
1 /3- f t  length. 
Mater ia l :  304 SS. 

None None Max imum 
t e m p e r a t u r e :  850'F 
Maximum 
p r e s s u r e :  100 ps ig  

I P r i m a r y  1 P i p t 3 y g :  1-in. l ine  s i z e ,  
sched  40. 
1/3-ft  length. 
Mater ia l :  304 SS. 

None None Cold leg:* Cold leg:* 

P r i m a r y  1 Pipt3fi"g: None None 1-1 /2  in. l i n e  s i z e ,  
sched  40, 
1/3-ft  length. 
Mater ia l :  304 SS. 

I-in.  l ine  s i z e ,  
sched  40. 
2-ft  length. 
Mater ia l :  304  SS. 

I-in. l ine  s i z e ,  
sched  40. 
2-ft length. 
M a t e r i a l :  304 SS. 

I-in. l ine  s i z e ,  
sched  40. 
1 /3- f t  length.  
Mater ia l :  304 SS. 

2-in. l ine  s i z e ,  
sched  40. 
Mater ia l :  304  SS. 

2-in. l ine  s i z e ,  
sched  40. 
13-ft length. 
M a t e r i a l :  304  SS. 

c--l 
I 
UI 
0 
CI 

P r i m a r y  I p i p t 3 F g :  None None 
I 

P r i m a r y  I Pipz3fg:  None None 

P r i m a r y  1 Pipt3;g: None None 

P r i m a r y  1 Pip;4;g: I None None 

1 

1 1  
P r i m a r y  1 Pipl5:g: None None 

*Hot l e g  and Cold leg  t e m p e r a t u r e s  s a m e  a s  above for a l l  p r i m a r y  s y s t e m  components .  
tHot  l e g  and Cold leg  exposure  t i m e  s a m e  a s  above for  a l l  p r i m a r y  s y s t e m  component= 



Secondary  

Secondary  

S t e a m  
G e n e r a t o r  
( she l l  s i d e )  

P u m p  

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 9 of 13) 

w 
0 

Y 

w 
9 
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Component  Size 
a n d  M a t e r i a l  

of Cons t ruc t ion  

Externa l  
Envi ronmenta l  
Conditions and 

Pro tec t ions  

Number  of 
Like  

Components  
In S y s t e m  

Design T e m p e r a t u r e  
P r e s s u r e  and 

Veloci ty  

Exposure  to 
In te rna l  

Envi ronment  
Ihr )  

I t e m  
Reference  

I n  
Table 1-210 

None 

Opera t ing  
T e m p e r a t u r e s  

( O F )  

Number of 
Sodium 
Leaks  

462 tubes.  
1/2-in.  OD. 
0. 035-in. wal l  
th ickness .  
25-ft length. 
M a t e r i a l :  316 SS. 

Ambient  a i r .  
Type I insulation, 
3-in. ou ter  layer .  
Type I1 insulation, 
3-in. inner  l a y e r .  

1 Inlet t e m p e r a t u r e  : 

Outlet t e m p e r a t u r e :  

P r e s s :  150 ps ig  

Flowrate:  855, 000 

1 7 5 ° F  

1175°F 

at 1200'F 

l b l h r  

Hot leg :  
<400 

400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 

1000- 1100 
1100- 1200 

Hot 36, leg: 020 

2 ,490  
864 
774 
746 
234 
108 
120 
72 

None 

Hot leg:* Hot 1eg:t  2 [ tems  4 and 
10 

32-in. she l l  d i a m e t e r .  
45-ft  length,  
360 b imeta l l ic  tubes.  
1/2-in.  OD. 
0. 104-in. wall  
thickness. 
M a t e r i a l :  316 SS on  
sodium s i d e ,  inconel 
on w a t e r  s i d e  

1-1 /2- f t  OD. 
8-ft  length. 
C a s e  and i m p e l l e r  
m a t e r i a l :  304 SS. 

Inlet t e m p e r a t u r e  : 

Outlet t e m p e r a t u r e :  

P r e s s  (gas blanket):  

Rated flow a t  100% load 

1175°F 

775'F 

100 ps ig  

855, 000 l b / h r  

I 

Ambient  air. 
Type I insulation, 
3-in. ou ter  layer .  
Type I1 insulation, 
3-in.  inner  layer .  

1 Cold leg: 
36, 106 

2, 562 
1, 158 
1.266 

290 
10 

32 

None Vone Inlet t e m p e r a t u r e  : 

Inlet p r e s s u r e :  11 ps ig  
Outlet p r e s s u r e :  

F lowra te :  3600 gpm 

175'F 

123 ps ig  

:old leg: 
<400 

400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 

1000- 1100 
1100-1200 

;old leg:+ Secondary  Expansion 1 tank 
5-ft d i a m e t e r .  
10-ft length. 
1000-gal capacity.  
Mater ia l :  304 SS. 

Tempera ture :  1000'F 
P r e s s u r e :  100 psig 

Cold 1eg:t None Vone 1 

1 Tempera ture :  850 'F  
Cover g a s  p r e s s u r e :  

60 ps ig  

;old leg:* Cold leg:? None 8- f t  d i a m e t e r .  
16-ft length. 
5000-gal  capacity.  
m a t e r i a l :  cdrbon 
s t e e l ,  s p e c  SA-212, 
Grade  B. 

Vone 

*Hot and Cold l e g  t e m p e r a t u r e s  s a m e  as above for  a l l  secondary  components .  
tHot  and Cold l e g  exposure  t i m e  s a m e  as above f o r  a l l  secondary  components .  
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SCTI DESIGN AND OPERATING DATA 
(Sheet  10 of 13)  

O p e r a t i n g  
T e m p e r a t u r e s  

( " F )  

I t e m  
R e f p r r n c e  

In 
Tab le  1 - 2 1 1 1  

E x p o s u r e  to  
I n t e r n a l  

E n v i r o n m e n t  
( h r )  

N u m b e r  of 
L i k e  

Components  
In S y s t e m  

E x t e r n a l  
E n v i r o n m e n t a l  
Cond i t ions  a n d  

P r o t e c t i o n s  

N u m b e r  of 
Sodium 
L e a k s  

Design T e m p e r a t u r e  
P r e s s u r e  and  

Ve loc i ty  

Component  S i z e  
a n d  M a t e r i a l  

of Cons t ruc t ion  

I - in .  O D  f inned 
ubing.  
'-112 i t  length.  
Ma te r i a l  304 SS.  

Component  
Type  

F r e e z e  t r a p :  
F T - 8  

s y s t e I n  

Second a r y Ambient a i r .  
N o  insulat ion 

1 Hot l eg :  * Hot l eg : '  None None 

P lug  g I ng 
m e t e r  

Cold l eg : "  Co ld  1eg:l None None 1 Ambient  A i r  !-it height .  
L i t  width.  
5 - f t  l eng th  
Mate r i a l :  304 SS. 

2.111. l i ne  s i z e ,  
s ched  40. 
16 in.  end - to -end .  
M a t e r i a l :  304 SS 

Ambient  d i r .  
Type I i n su la t ion ,  
3-in.  l a y e r .  

4 T e m p  e r a  tu r e : 12 0 0 F 
P r e s s u r e :  100 ps ig  

Cold l eg :  "' Cold leg:? None O f f s e t  
q lohe -va lves  
i r ~ o d i  ii ed  
\\'ith i r e e z e  
s e a l :  

v - 5 1 0  
V-522B 
v - 5 3 9  
V - 6 2 7  

Offset  
g 1 oh  e - va 1 v e s 

HIC - 501 -V 
HIC - 505 - V  
HIC-506-V 
HIC-504-V 
HIC- 5 18-V 

2-in.  l i ne  s i z e ,  
s r h e d  40 butt  weld.  
I 6 - in.  e ncl - t o - end. 
M a t e r i a l :  304 SS. 

Amhi r n t  a I r , 
Type I i n su la t ion ,  
3-in.  l a y r r .  

5 Cold l eg :  ': X o n t  c o l d  leg: '  T e m p e r a t u r e :  1200" F 
P r e s s u r e :  100 ps ig  

None 

S e c o n d a r v  Valve wkth 
bel lows s e a l  

HIC - 5 15-V 

I - in ,  l i ne  s i z e ,  
s c h e d  40 butt weld.  
16.111. end- to -end .  
M a t e r i a l :  304 SS. 

1 Na t e m p e r a t u r e :  

P r e s s u r e :  100 ps ig  
1200°F 

Cold  l eg :  * NJI ne Cold l eg :?  None 

s e c o n d a r y  Butt e r fly 
Val\ t. wlth 
f r e e z e  s e a l :  

F R C -  106-\. 

& i n .  l i ne  s i z r ,  
s c h e d  4 0  butt weld.  
M a t e r i a l :  304 SS. 

Am hi e n  t a 1 r . 
Type I i n su la t ion ,  
2-112-in.  o u t e r  l a y e r .  
Type I1 i n su la t ion ,  
2-112.in. i n n e r  l a y e r ,  

1 Cold  l e g :  a' Cold 1eg: l  None Nonr 

S e c o n d a r y  G a t e  va lve  
with f r e e z e  
s e a l :  

HIC-116-V 

10-in.  l i ne  s i z e ,  
s c h e d  40 butt weld.  
M a t e r i a l :  304 SS. 

Ambient  a i r .  
Type I i n su la t ion ,  
2 -  112-in. o u t e r  l a y e r .  
Type I1 in su la t ion ,  
2-112-inner  l a v e r .  

I Hot 1eg:t  None Hot l e g : "  None 

HIC-105-V I 
secondary  c o m p o n e n t s .  

1 s e c o n d a r y  c o m p o n e n t s ,  

1 Cold  leg::  Hot leg.t  N o m  S e co  nd a r y 

"Hot a n d  C o  

Son t ,  

l e e  t e m p e r a t u r e s  s a m e  a s  above for  - .  
tHot  a n d  Cold l eg  e x p o s u r e  t i m e  s a m e  a s  above  for  



TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 11 of 13)  

Design T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

Exposure  to 
In te rna l  

Envi ronment  
(hr ) 

Number of 
Sodium 
Leaks  

I t e m  
R e f e r e n c e  

In 
Fable 1-210 

Number of 
Like  

Components  
In S y s t e m  

E x t e r n a l  
Envi ronmenta l  
Conditions and 

Pro tec t ions  

Component  S i z e  
and  Mater ia l  

of Conetruct ion 

Opera t ing  
T e m p e r a t u r e s  

( O F )  

Component  
Type 

S y s t e m  

Secondary  IO-in. l ine  s i z e .  
Mater ia l :  304 SS. 

Ambient  air. 
Type I insulation, 
2-112-in. o u t e r  l a y e r .  
Type  I1 insulation, 
2-1/2-in. inner  l a y e r .  

3 N a  tempera ture :  

P r e s s u r e :  125 ps ig  
1300 F 

Hot leg:): Hot 1eg:t 1 I tem 6 Expans ion  
joints:  

XJ-7 
XJ-8  
XJ-9 

P i p e  leg :  
55  1 

P i p e  l e g :  
552 

Secondary  I Max t e m p e r a t u r e :  

Max p r e s s u r e :  
1300°F 

125 ps ig  

Hot leg:' Hot leg:? None None Ambient  a i r .  
Type I insulation, 
2-1 /2- in .  ou ter  l a y e r .  
Type I1 insulation, 
2-1/2-in.  inner  l a y e r .  

I 
IO-in. l ine  s i z e ,  
sched  40. 
91-ft  length.  
Mater ia l :  304 SS. 

10-in. l ine s i z e ,  
sched  40. 
105-ft length.  
Mater ia l :  304 SS. 

10-in. l i n e  s i z e ,  
s c h e d  40. 
36-ft  length. 
Mater ia l :  304 SS. 

10-in. l ine  s i z e ,  
sched  40. 
84-ft  length. 
M a t e r i a l :  304 SS. 

6-in. l ine  s i z e ,  
s c h e d  40. 
32-ft length. 
M a t e r i a l :  304 SS. 

Cold leg:' Cold 1eg:l None None c 
I 
UI 
cb 
P 

Max t e m p e r a t u r e :  

Max p r e s s u r e :  
1300°F 

125 ps ig  

Max t e m p e r a t u r e :  

Max p r e s s u r e :  
1300'F 

125 ps ig  

Secondary  1 

P i p e  leg :  
553 

1 Cold leg:* Cold 1eg:t None None 

None 

Ambient  a i r .  
Type I insulation, 
2-1/2-in.  ou ter  l a y e r ,  
Type I1 insulation, 
2-1 /2- in .  inner  l a y e r .  

Secondary  

c s 
Secondary  

H 

P i p e  leg: 
554 

1 Cold leg:* Cold 1eg:l None t Max t e m p e r a t u r e :  
1300°F 

Max p r e s s u r e :  
125 ps ig  

Max t e m p e r a t u r e :  

Max p r e s s u r e :  
1300'F 

125 ps ig  

Secondary  P i p e  leg :  
555 

1 Cold leg:' None None Cold leg:? 

Secondary  Ambient  a i r ,  
Type I insulation, 
3-in. l a y e r .  

1 Cold leg:' Cold leg:? None None 

None 

Max t e m p e r a t u r e :  

Max p r e s s u r e :  
1300°F 

125 ps ig  

P i p e  leg :  
556 

S t e a m  
g e n e r a t o r  
re l ie f  l ine :  

557 

2-in. l ine  s i z e ,  
sched  40. 
28-ft length.  
M a t e r i a l :  304 SS. 

12-in.  l ine  s i z e ,  
sched  40. 
M a t e r i a l :  304 SS. 

Secondary  1 None 

*Hot and  Cold l e g  t e m p e r a t u r e s  s a m e  as above f o r  all secondary  components .  
tHot  and  Cold leg  exposure  t i m e  s a m e  a s  above  for  all s e c o n d a r y  components .  



12-in.  l i ne  s i z e ,  
s c h e d  40. 
M a t e r i a l :  304 SS. 

2-111. l i ne  s i z e ,  
s c h e d  40. 
101-it  length.  
M a t e r i a l :  304 SS. 

2- in .  l i ne  s i z e ,  
s c h e d  40.  
2 I-ft  length.  
M a t e r i a l :  304 SS. 

] - in .  l i ne  s i z e ,  
s c h e d  40. 
9-ft  length.  
M a t e r i a l :  304 SS. 

Ambient  a i r .  
Type I i n su la t ion ,  
3.111. l a y e r .  

1-in.  l i ne  size, 

sched  40. 
15-ft  length.  
M a t e r i a l :  304 SS. 

I-112-in.  l i ne  s i z e ,  
s ched  40. 
7-ft  length.  
Ma te r i a l :  304 SS. 

?- in .  l i ne  s i z e ,  
s ched  40. 
15-f t  length.  
Ma te r i a l :  304 SS. 

I 

TABLE 1-203 

SCTI DESIGN AND OPERATING DATA 
(Sheet 12 of 13) 

E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions a n d  

P r o t e c t i o n s  

Component  S ize  
a n d  M a t e r i a l  

of Cons t ruc t ion  

N u m b e r  of 
L i k e  

C o m p o n e n t s  
In S y s t e m  

O p e r a t i n g  
T e m p e r a t u r e s  

(OF) 

E x p o s u r e  t o  
I n t e r n a l  

E n v i r o n m e n t  
( h r )  

I t e m  
11 e f e  r e nc e 

In 
T a b l e  1-2 1 0 

Des ign  T e m p e r a t u r e  
P r e s s u r e  a n d  

Veloci ty  

N u m b e r  of 
Sodium 
L e a k s  

Component  
Type  

C v s  t e m  

Sr, co nda r y S t e a m  
g e n e r a t o r  
r e l i e f  l i ne :  

5 5 8  

1 None None 

p S e c o n d a r y  P i p e  l eg :  
611 

1 Co ld  leg:'' Cold 1 e g : t  

~ 

None M a x i m u m  t e m p e r a t u r e  

M a x i m u m  p r e s s u r e :  
8 5 0 0 ~  

i n n  pslg 

None 

P ipe  l e g :  
612 

1 Co ld  l eg :  ': Cold  1eg:I None None 

P i p e  l e g :  
613 

1 Co ld  leg:'' E o n e  None Cold l eg :?  
I 

o\ 
a 
I 

S e c o n d a r y  

c 
5 

S e c o n d a r y  
H 

P i p e  l e e :  
6 14 

1 Cold  l eg : "  Cold l e g : t  ?!one 2-111. l i ne  s i z e ,  
s c h e d  40. 
5-ft  length.  
M a t e r i a l :  304 SS. 

P i p e  l eg :  
615  

Co ld  leg:? None None 1 Co ld  l eg : "  

Cold leg::? S r c o n d a r v  P i p e  l eg :  
616 

1 Co ld  1eg:l None Nune 

S e c o n d a r y  P i p e  l eg :  
617 

1 Cold l eg : "  Co ld  1eg:I None None 

S e c o n d a r y  P i p e  l e g :  
620 

Co ld  1eg:I None None I Cold leg:* 

."Hot a n d  Co ld  l eg  t e m p e r a t u r e s  s a m e  a s  above  f o r  a l l  s e c o n d a r y  c o m p o n e n t s .  
+ H o t  a n d  Co ld  l eg  e x p o s u r e  t i m e  s a m e  a s  a b o v e  f o r  a l l  Secondary  c o m p o n e n t s  



iD 
W 
0 ” 
+ 
9 
41 
0 

Design T e m p e r a t u r e  Opera t ing  Exposure to 
Envi ronment  

Externa l  Number  of 

Condi t ions and Components  
Temperatures I n t e r n a l  Like  P r e s s u r e  and  Component Component  S ize  Envi ronmenta l  

(hr ) Veloci ty  ( O F )  

a n d  M a t e r i a l  
of Cons t ruc t ion  Pro tec t ions  In S y s t e m  S y s t e m  Type 

Cold 1eg:t Secondary  P i p e  leg :  2-in. l ine  s i z e ,  Ambient  a i r .  1 Maximum t e m p e r a t u r e  : Cold leg: * 
62 1 sched  40. Type I insulation, 850’F 

11-ft  length.  3-in. l a y e r .  Maximum p r e s s u r e :  
M a t e r i a l :  304 SS. 100 ps ig  

1 Cold leg:* Cold 1eg:t Secondary  P i p e  leg :  2-in. l i n e  s i z e ,  
626 sched  40. 

2 1-ft length. 
Mater ia l :  304 SS. 

1 Cold leg: * Cold 1eg:t Secondary  P i p e  leg :  2-in. l i n e  s i z e ,  
627 sched  40. 

17-ft length. 
M a t e r i a l :  304 SS. 

1 Cold leg:* Cold 1eg:t  Secondary  P i p e  leg: 1-1/2-in. l i n e  s i z e ,  
628 sched  40. 

1-ft length. 
M a t e r i a l :  304 SS. 

Secondary  P i p e  leg :  1 Cold leg: * Cold leg:t 

1 Cold leg: * Cold 1eg:t  

63 1 

Secondary  P i p e  leg: 3/4-in.  l ine  s ize ,  
637 sched  40. 

2 /3- f t  length.  
Mater ia l :  304 SS, 

1 Cold leg: * Cold 1eg:t  Secondary  P i p e  leg: 2-in. l ine  s i z e ,  
sched  40. 
20-ft  length. 

I r 
, Mater ia l :  304 SS. 

TABLE 1-203 

I t e m  
Number Of R e f e r e n c e  

’Odium I n  
Leaks Table  1-210 

None None 

None None 

None None 

None None 

None None 

None None 

None None 

SCTI DESIGN AND OPERATING DATA 
(Sheet 13 of 13) 

r 

*Hot and  Cold l e g  t e m p e r a t u r e s  s a m e  a s  above f o r  a l l  secondary  components .  
t H o t  and Cold l e g  e x p o s u r e  t i m e  s a m e  a s  above f o r  all s e c o n d a r y  components .  

Q Q 



Component  S ize  
and M a t e r i a l  

of Cons t ruc t ion  

O p e r a t i n g  to  N u m b e r  of Itern 
I n t e r n a l  R e f e r e n c e  

Leaks T a b l e  1 -L I 1  

Number O f  Design T e m p e r a t u r e  
E x t e r n a l  

In E n v i r o n m e n t  Sodium P r e s s u r e  a n d  T e m p e r a t u r e  E n v i r o n m e n t a l  L i k e  
Condit ions and Components  

P r o t e c t i o n s  In S y s t e m  (hr  \ Veloci ty  ('F) 

350-1000 

F r o m  in i t ia l  
s t a r t u p :  

F r o m  1963: 
350-1300 

350-1000 

I T o t a l :  60, 000 
F r o m  1969 
2220 s t a r t u p :  

Tota l :  60,  
F r o m  1965 
5 ta r tup: 
2220 

8- in .  
210 f t .  
2.25 C r - 1  Mo.al loy 
s t e e l .  

E l e c t r i c a l l y  t r a c e  1 350-  1000 Tota l :  60, 000 None None 2000 gprn 
heated. Metal  h e a t  1 0 0 0 ° F  F r o m  1969 
r e f l e c t o r  and  4- in .  s t a r t u p :  
s u p e r  X insulation. 2220 

96-in.  I D  
26-314-f t  height.  
9550 ga l .  
5 /8- in .  thick.  
M a t e r i a l .  704 $$ 

E l e c t r i c a l l y  t r a c e  
hea ted .  Insu la ted .  

1 1200 'F 

102-in.  ID. 
19-ft  long. 
9800 gal.  
5 f 8 - i n .  thick.  
M a t e r i a l :  304 SS 

E l e c t r i c a l l y  t r a c e  
heated. Insu la ted .  

1 1200'F 

2000 g p m  I 1OOO'F 

1 

1 

1200'F 

2000 g p m  
1OOO'F 
65-ft  head  

1 

1 

1200'F 

2000 g p m  
1OOO'F 
65-ft  head  

2 x 3 pump. 
M a t e r i a l :  304 SS 

F r e e z e  s e a l  1 130 gpm 
1200'F 
24-ft head  

2 0 
w 
0 

Y 

c 
9 
4 
0 

TABLE 1-204 

LCTL DESIGN AND OPERATING DATA 
(Sheet 1 of 5 )  

Component  
Type 

S y s t e m  

Six-in.  
loop 

Piping b i n .  

2.25 C r - l  Mo 
alloy s t e e l ,  
ASTM - A335, 
g r a d e  P Z Z  

8 0  f t .  
E l e c t r i c a l l y  t r a c e  
hea ted .  Metal  heat 
r e f l e c t o r  and  4-111. 
s u p e r  X insu la t ion ,  

1 T o  1963: 
1200 g p m  
1OOO'F 

F r o m  1963: 
2000 gprn 
1OOO'F 

None I None 

r 
T h r e e - i n .  
loop 

I 

(D 

& Eight-in.  - supply l ine 
4 9  

I 
4 

C o r e  tank 

I t e m  1 7- Piping 3-111. 
120 i t .  
T o  1963: 

2.25 C r - l  Mo. 
aJloy s t e e l  

F r o m  1963: 
304 SS 

1 E l e c t r i c a l l y  t r a c e  
hea ted .  Meta l  hea t  
r e f l e c t o r  and  4-111. 
s u p e r  X insu la t ion .  

To  1963: 
120 gprn 
1OOO'F 

F r o m  1963: 
130 gpm 
1 2 0 0 ° F  

Pip ing  

Tank Tota l :  60, 000 
F r o m  1969 
s t a r  tup : 
2220 

350- 1200 

c 
3 

Tank 350-  1200 I Tota l :  60 ,000  I None I None I F r o m  1969 
+I Supply tank 

s t a r t u p :  I 2220 I 
Drain  tank Tank E l e c t r i c a l l y  t r a c e  

h e a t e d .  
350- 1200 102-in. ID. 

24-112-f t  long. 
11, 000 gal. 
518-111. thick.  

6 x 8 pump.  
M a t e r i a l :  304 SS 

E l e c t r i c a l l y  t r a c e  
h e a t e d .  

F r e e z e  s e a l  

Total.: 60. 000 
F r o m  1969 
s t a r t u p :  
2220 

Tota l :  60, 000 
F r o m  1969 
s t a r  tup : 

Six-in.  loo1 350-1000 Sodium pump F r e e z e  s e a l  

T h r e e  -in. 
loop  

Sodium pump From in i t ia l  Tota l :  60, 000 None None 
s t a r  tup : From 1969 

From 1963: 
1 350-1000 I ;:;'o"p; 1 1 



TABLE 1-204 

LCTL DESIGN AND OPERATING DATA 
(Sheet 2 of 5) 

External 
Environmental 
Conditions and 

Protections 

Number of 
Like 

:omponents 
In System 

1 

1 

1 

Exposure to 
Internal 

Environment 
(hr) 

Total: 60. 000 
From 1969 
startup : 
2220 

Item 
Reference 

In 
rable 1-2  1 1  

None 

None 

None 

None 

Operating 
Temperatures 

('F) 

Component Size 
and Material 

of Construction 

Design Temperature 
Pressure and 

Velocity 

2000 gpm 
1000°F 

2000 gpm 
1OOO'F 
2000 gpm 
I O O O ' F  

130 gprn 
12OO'F 
24-ft head 

urnher of 
Sodium 
Leaks 

Component 
TYPe 

System 

350-1000 

350-1000 

350-1000 

Air-cooled 
heat 
exchanger. 
[mmersion 
heater. 
Diffusion 
cold trap, 

Six-in. loop 5-ft. 3-in. dia x 5-ft 
tinned tubes. 0.3 hp 
blower 
72 kw. 
Material: 304 SS 
6-in. dia x 2-ft 
Material: 304 SS 

2 x 3 pump 

None 

None 

None 

None E 
i 
M 
cl Service 

3 loop 
(D Three-in. 

8 0  
W I  
* o \  
0 0 9  

I Six-in.  loo^ 
4. . 
c 
0, 
W 

~ ~~ 

Freeze seal 1 350-1200 Sodium 
Pump 

Total: 60, 000 
From 1969 
startup: 
2220 

Total: 60. 000 
From 1969 

None None Heater 275 kw. 
36 sheathed tubular 
heaters in 8-in. pipe. 
Material: 304 SS 

I 130 gpm 
12OO'F 

From initial 
startup: 

From 1963: 
350-1000 

350-1300 

350-1000 

s ta r  tup : 
2220 

Total: 60. 000 
From 1969 
startup: 
2220 

None 

None 

None 

None 

None 

None 

None 

None 

Gate valve 8-in. 
Material: 304 SS 

6-in. 
Material: 304 SS 

6-in. 
Material: 304 SS 

6-in. 
Material: 304 SS 

Freeze seal, Insulated. 

Freeze seal. insulated. 

Freeze seal,  Insulated. 

Freeze seal. insulated. 

From core tank: 
2000 gprn 
IOOO'F  

To core tank: 
2000 gprn 
I O O O ' F  

In loop (2): 
2000 gpm 
IOOO'F  

2000 gpm 
1000°F 

In loop: 

From supply tank (1) in 
loop (3): 

130 gprn 
1200-F 

Piston- 
operated 
gate valve. 
Gate valve. 

Piston- 
operated 
gate valve. 

From initial 
I tartup : 

From 1963 
piping material  
change: 

350- 1300 

350-1000 

Total: 60. 000 None 

None 

None 

None 

Gate valve. 3-in. 
Material: 304 SS 

Freeze seal, insulated. 

Freeze seal, insulated. 

Three-in. 
loop 

From 1969 
startup: 
2220 

Piston- 
operated 
gate valve. 

3-in. 
Material: 304 SS 

From supply tank (1) to 
core tank (1): 

130 gpm 
1200'F 

Q Q 
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TABLE 1-204 

LCTL DESIGN AND OPERATING DATA 
(Sheet 3 of 5)  

Component Size 
and Material 

of Construction 

Design Temperature 
Pressure and 

Velocity 

Operating 
Temperatures 

( O F )  

Exposure to 
Internal 

Environment 
(hr)  

lumber Sodium of  

Leaks 

Item 
Reference 

In 
Table 1 - 2 1 1  

Number of 
Like 

:omponents 
In System 

1 

1 

External 
Environmental 
Conditions and 

P r  otec ti on8 

7reeze seal, insulated. 

:reeze seal. insulated. 

Zomponent 
Type 

System 

Eight-in. 
supply and 
drain 

8-in. 
Material: 304 SS 
8-in. 
L'iaterial: 304 SS 

350- 1000 Total: 60, OOC 
From 1969 
startup: 
2220 

None 

None 

None 

None 

From core to drain tanks 
(1): 

2000 gpm 
1OOO'F 

2000 gpm 
1000'F 

300 gpm 
12OO'F 

From supply tank (1): 

ate valve 

'Iston- 
perated 
ate valve. 

Iiping 

:old trap. 

'lugging 
neter. 

;ate valve. 

'Y" pattern 
;ate valve. 

.nsulated irom initial 
I t a r  tup : 

i rom 1963: 
350- 1000 

(3-111. loop) 
350- 1300 

350-1000 
6-in. loop) 

7rom 1969 
itartup: 

350-750 

Total: 
(3-in. and 
2-Ln. ) 
60,000 

8 , 0 0 0  
f l - i n . )  

From 1964 
startup: 
2 2 2 0  

1 I t p r n  7 3-111. O D  (390-ft long). 
2-in. O D  (160-ft long). 

Puriiication 
and s o d i u m  

I service 
i% 

1000°F 1-in. O D  (50-ft long). 

I 
4 .. 

17-111. dia x 5-ft ,  9-1n. 
3 hp blower. 
Material: 304 SS 
Material: 304 SS 

750'F 
100 psig 

750'F 

350-700 Total: 60, OO( None 

None 

None Purification c loops z 
H 

350-700 None From 1969 
s tar  tup: 
2220 

Total: 60, O O f  
From 1969 
startup: 
2220 

Pur 1 f i  cati on 
loops 

3-111. 
Material: 304 SS 

Freeze seal, insulated. 3 

None 

Items 2 ,  
3. and 4 

350-700 Cold trap bypass (1).  
Plugging meter bypass 
( 1 ) :  

50 BPm 
700'F 

To cold t rap  (1): from 
cold trap (1 ) :  

50 epm 
700'F 

To plugging meter (2);  
from plugging meter  (1): 

5 0  BPm 

5 0  gPm 

700'F 
In plugging meter :  

700'F 

Nonr Freeze seal, insulated. 

Freeze seal, insulated. 

Freeze seal, insulated. 

1-112-in. 

1-in. 

1 -in. 



TABLE 1-204 

LCTL DESIGN AND OPERATING DATA 
(Sheet 4 of 5) 

W 
0 " 
I-- 

9 
4 
0 

Lkaign T e m p e r a t u r e  I 
P r e n n u r e  and  

Veloc i ty  

'ill and  vent  s y s t e m :  
350'F 

I t e m  
R e f e r e n c e  

In 
Tab le  1-2 1 1  

I t e m  5  

E x p o a u r e  t o  
Internal 

Env i ronmen t  
f i r )  

lumber  of 
Like  

omponenta 
n  Syn tem 

9  

u m b e r  of 
Sodium 
Leaks 

1 

External 
E n v i r o n m e n t a l  
Condition. and 

P r o t e c t i o M  

Bellown .ea1 

Component  S i s a  
a d  Material . of Cona t ruc t ion  

Component  
TYPe 

S y a t e m  

Sod ium 
s e r v i c e  

~ 

'rom ini t ia l  
e tup:  

' r o m  1963: 
3-in. loop)  

6-111. loop)  

i r o m  1969 
i ta r tup :  

350- 1000 

350-1300 

350- 1000 

350-750 

Total:  60.000 
F r o m  1969 
s t a r t u p :  
2220 

Globe va lve .  l- in.  
Material: 304 SS 

r z 
M 
0 

Sodium 
cI $ s e r v i c e  

l o  
W I  
4 -  
o a  

I 
-J Sodium .. s e r v i c e  

c 
5 . Sodium 

s e r v i c e  
H 

Tota l :  60, 001 
F r o m  1969 
s t a r t u p :  
2220 

None S o n e  6  3-in. 
M a t e r i a l :  304 ss 

Gate  valve.  
Trom ini t ia l  
I t a r t u p  : 

F r o m  1969 
s ta r tup :  

350-1000 

3 50 -750 

3 50 

>-in. loop h e a t  exchange r  
I ra in  (3): 

1OOO'F 
. m m e r s i o n  h e a t e r .  
internal (3): 

I O O O ' F  

F i l l  connect ion:  
350 'F 

Bel lows s e a l  

S o n e  Sone 
Check va lve .  2-in.  

M a t e r i a l :  304 ss 
Tota l :  60. 00' 
F r o m  1969 
s t a r t u p :  
2220 

Tota l :  60.00 

1 

10 None S o n e  F r o m  ini t ia l  
s t a r t u p  : 

F r o m  1963: 
(3-111. loop)  

(6-111. loop)  

F r o m  1969 
s t a r  tup : 

350- 1000 

350- 1300 

350- 1000 

350-750 

F r e e z e  s e a l .  insu la t ion  3-in.  loop to  d r a i n  (2):  
300 g p m  
12OO'F 

2-in.  
M a t e r i a l :  304 S s  

Gate  valve.  

6-in. loop to d r a i n  (1 ) :  
300 gpm 
12OO'F 

F r e e z e  s e a l .  insulation 3-in. 
M a t e r i a l :  304 SS F r o m  1969 

s t a r  tup : 
2220 

T r a n s f e r  pump in le t  to  
supply tank ( 1):  

50 BPm 
700 'F  

Level  ind ica tor  supply 
tank (2): 

1 2 0 0 ° F  
C o r e  tank (2): 

1 2 0 0 ° F  
Dra in  tank (1 ) :  

12OO'F 
T r a n a f e r  pump to  vent  
(1): 

130 g p m  
1 2 0 0 ° F  

F r e e z e  s e a l ,  insu la t ior  3-in.  
M a t e r i a l :  304 SS' 

F r e e z e  s e a l  2-in.  
M a t e r i a l :  304 SS 

3-in.  
M a t e r i a l :  304 SS 
2-in.  
M a t e r i a l :  304 SS 
3-in. 
M a t e r i a l :  304 S S  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  



w 
0 " 
c 
9 
4 
0 

S y s t e m  

Sodium 
s e r v i c e  

Component  
Type 

Pis ton-  
o p e r a t e d  
valve. 

Component  Size 
and M a t e r i a l  

of Construct ion 

3 -in. 

3 -in. 

3-in. 

6-in. 
Mater ia l :  304 SS 

3 -in. 
Mater ia l :  304 SS 

3-in. 
Mater ia l :  304 SS 

3-in. 
Mater ia l :  304 SS 

3 -in. 
M a t e r i a l :  304 SS 

TABLE 1-204 

LCTL DESIGN AND OPERATmG DATA 
(Sheet 5 of 5)  

E x t e r n a l  
Envi ronmenta l  
Condi t ions and 

Pro tec t ions  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

F r e e z e  s e a l  

Number  of 
Like  

Components  
In S y s t e m  

8 

Design T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

3-in.  loop  to d r a i n  (1):  
300 g p m  
1200'F 

300 g p m  
1200'F 

300 g p m  
1200'F 

C o r e  tank  to d r a i n  (1): 

To  d r a i n  tank (1): 

6-in. i m m e r s i o n  h e a t e r  
loop (1): 
2000 g p m  
1DOO'F 

I m m e r s i o n  h e a t e r  to 
d r a i n  tank  (1):  

300 g p m  
1000°F 

130 g p m  
12OO'F 

T r a n s f e r  pump to d r a i n  
tank (1): 

130 g p m  
1200'F 

T o  t r a n s f e r  pump (1):  

T r a n s f e r  pump to 
supply tank (1) :  

130 g p m  
1200'F 

Opera t ing  
T e m p e r a t u r e s  

( O F )  

F r o m  in i t ia l  
s t a r tup :  

F r o m  1963: 
(3-in. loop) 

(6-in. loop) 

350-1000 

350- 1300 

350-1000 

F r o m  1969 
6 t a r tup :  

350-750 

E s p o s u r e  to 
I n t e r n a l  

Envi ronment  
( h r )  

Total:  60, OOC 

F r o m  1969 
8 t a r tup :  
2220 

i u m b e r  of 
Sodium 
L e a k s  

None 

1 

None 

I t e m  
Reference  

In 
r a b l e  1-211 

None 

I t e m  6 

None 



TABLE 1-205A 

SRE DESIGN AND OPERATING DATA 
(Sheet 1 of 5 )  

n, 
w 
0 " 

w 
9 
4 
0 

Component  
Type  

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  a n d  

P r o t e c t i o n s  

Cxposure  to  
I n t e r n a l  

:nv i ronment  
( h r )  

Number  of 
L i k e  

Componen t s  
In S y s t e m  

I t e m  
R e f e r e n c e  

In 
Table  1-217 

None 

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloc i ty  

O p e r a t i n g  
T e m p e r a t u r e s  

( O F )  

N u m b e r  of 
Sodium 
L e a k s  

Componen t  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  
S y s t e m  

He l ium a t m o s p h e r e  
t e m p e r a t u r e .  
S a m e  a s  i n t e r i o r .  

1 Inlet:  6 5 0 ° F  
Out le t :  1 2 0 0 ° F  

O u t l e t :  
300-700 
700-800 
800-960 
960-1030 

In le t :  
300-600 

None P r  i m a  r y V e s s e l  
( r e a c t o r )  

304 SS 1 - 1 / 2  in .  
thick.  
135-in.  d ia .  
228-in.  l ength .  

6 5 , 4 8 8  
2 ,  776 
3 ,  580 

356 

7 2 , 2 0 0  

M 
0 ;;;yv 
z 

4 l o  
m I  
4 0  
N Q P r i m a r y  

I h e a t  
4 t r a n s f e r  * a u x i l i a r y  

2 P r i m a r y  
( m a i n )  

H 

P r i m a r y  
( a u x i l i a r y )  

1 2 0 0 ° F  m a x .  Hot l e g :  
300-700 
700-800 
800-960 
960- 1030 

Co ld  l e g :  
300-600 

None None Pip ing  Schedule  40. 
6-in.  OD. 
140-it  l ength .  
M a t e r i a l :  3 0 4  SS 

Dehumidi f ied  n i t rogen .  
T e m p e r a t u r e :  1 0 0 ° F .  6 5 , 4 8 8  

2 ,  776  
3 ,  580 

356 
2 - 1 / 2 - i n .  OD.  
5 5  - f t  l ength .  
M a t e r i a l :  304  SS. 7 2 , 2 0 0  

~~ 

None Pip ing  2-111. OD. 
150-ft l ength .  
M a t e r i a l :  304  SS. 

Dehumidi f ied  n i t rogen .  24, 250  l b / h r  
1200OF 

300-700 
700-1030 

6 5 , 4 8 8  
6 , 7 1 2  

None 

6 5 , 4 8 8  
2,  776  
3 ,  580 

3 56 

None None Cent r i fuga l  
Pump 

F r e e z e  s e a l .  
M a t e r i a l :  304  SS. 

De humidi  f i  e d n i t rogen .  
T e m p e r a t u r e :  1 0 0 ° F  

485, 000 I b / h r  
1 2 0 0 ° F  

300-700 
700-800 
800-960 
960-  1030 

300-700 
700-800 
800-960 
960-  1030 

1 

None None C e n t r i f u g a l  
Pump 

F r e e z e  s e a l .  
M a t e r i a l :  3 0 4  SS. 

Dehumidified n i t rogen .  1 24, 250  l b / h r  
1 2 0 0 ° F  

6 5 , 4 8 8  
2 , 7 7 6  
3, 580 

356 

Hot l e g  ( in le t ) :  
300-700 

None None M a t e r i a l :  304  S S .  P r i m a r y  s i d e :  
I n l e t :  1 2 0 0 ° F  
O u t l e t :  6 0 0 ° F  

I n t e r m e d i a t  
hea t  
exchange r  

1 Dehumidi f ied  n i t rogen .  P r i m a r y  - 
s e c o n d a r y  
( m a i n )  

6 5 , 4 8 8  
2 , 7 7 6  
3,  580  

356 

700-800 
800-960 
960-1030 

Cold  l e g  (out le t ) :  
300-600 7 2 , 2 0 0  

None None P r i m a r y -  
s e c o n d a r y  
(auxi Iia r y ) 

I n t e r m e d i a t  
h e a t  
exchange r  

M a t e r i a l :  3 0 4  SS. Dehumidi f ied  n i t rogen .  1 In le t :  
300-700 
7 00 -80 0 
800-960 
960-1030 

O u t l e t :  
300-600 

1200'F 
6 5 , 4 8 8  

2 , 7 7 6  
3 ,  580  

3 56  

72.200 



TABLE 1-205A 

SRE DESIGN AND OPERATING DATA 
(Sheet 2 of 5 )  

N u m b e r  of 
Sodium 
L e a k s  

I t e m  
R e f e r e n c e  

In 
T a b l e  1-LlL 

Component  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  and  

P r o t e c t i o n s  

Number  of 
L i k e  

Componen t s  
In  S y s t e m  

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloc i ty  

E x p o s u r e  to  
I n t e r n a l  

Env i ronmen t  
( h r )  

O p e r a t i n g  
T e m p e r a t u r e s  

( O F )  

Component  
Type  

S y s t e m  

6 5 , 4 8 8  
6 , 7 1 2  

None None Secondary  
hea t  
t r a n s i e r  

Piping 6 - i n .  OD.  
146-It lenqth.  
M a t e r i a l :  304 SS. 

Ambient  a i r .  485 ,000  l b / h r  
1 1 4 0 ° F  

300-700 
700- 1030 

~~ 

2-111. OD. 
150-ft length.  
M a t e r i a l  304 S S  

Ambient  a i r .  24, 250 I b / h r  
1 1 4 0 ° F  

300-700 
700-1000 

6 5 , 4 8 8  
6 ,  712 

None None Secondary  t+ iarixil iaryl 
Y 

Piping Secondary  
iarixil iaryl 

p r i m a r y  
CI Ijririiicaticln 

300-700 
700-800 
800-560 
560-1030 

6 5 , 4 8 8  
2 , 7 7 6  
3,  580 

356 

None None Glohe va lve  1 - 1 / 2  in.  Bel lows  s e a l .  6 T o  a n d  f r o m  m a i n  
p r i m a r y  1000 l b i h r  p u m p  ( 1  e a c h ]  

9 6 0 ° F  

To hot t r a p s  ( 2 ) :  
1 0 , 0 0 0  l b / h r  
1 1 5 0 ° F  

F r o m  1 0 , 0 0 0  hot l b / h r  t r a p s  (2) :  

1 2 1 0 ° F  

Globe valve 2-112 i n .  

1 111. 

Toluene  j a c k e t  a round  
s t e m  c r e a t e s  a sod ium 
f r e e z e  s e a l .  
Dehumidi f ied  n i t r o g e n .  

Second r e t u r n  l ine  to  
r e a c t o r  tank p icked  of f  
f r o m  d o w n s t r e a m  of 
co ld  l e g  plug v a l v e :  

3 4 , 0 0 0  l b / h r  
500 'F  ( 7 3 2 ° F  max .  ) 

Hot a n d  co ld  l e g  f lush  
l i n e s  (1  e a c h ) :  

1200'F 

300-600 

300-600 

7 2 , 2 0 0  

7 2 . 2 0 0  

KV"e 

None 

\, .\one 

None 

P r i m a r y  C sod ium 
0 s e r v i c e  

H 

Hot l e g :  
300-700 
700-800 
800-960 
960- 1030 

Cold  l e g :  
300-600 

6 5 , 4 8 8  
2 ,  776 
3,  580 

356 

7 2 , 2 0 0  

None None Auxi l ia ry  
p r i m a  r y 
hea t  
t r a n s I e r  

2 i n .  2 Main  loop: 
Hot l e g :  

24, 250 l b / h r  
1 2 0 0 ° F  m a x .  

Toluene  j a c k e t  a r o u n d  
s t e m  c r e a t e s  a sod ium 
f r e e z e  s e a l .  

Wedge-type 
plug v a l v e  

Cold  leg :  
24, 250 l b / h r  
732 'F  

A ux 11 la  r y 
p r i m a r y  
h e a t  
t r a n s f e r  

Check  valvc 2 in .  300-600 7 2 , 2 0 0  None None 1 Main  loop  co ld  leg :  
2 4 , 2 5 0  l b / h r  
732 'F  



TABLE 1-205A 

S y s t e m  

A u x i l i a r y  
p r i  m a r  y 
Durification 

w 
0 

Y 

c. 
9 
4 
0 

I t e m  
R e f e r e n c e  

T a b l e  1-212 

O p e r a t i n g  Exposure to  Des ign  T e m p e r a t u r e  I n t e r n a l  Number of 
E x t e r n a l  N u m b e r  of 

E n v i r o n m e n t  In 
P r e s s u r e  and  I e m p e  r a t u  r e  s 

Environmenta l  L i k e  
Condit ions and C o m p o n e n t s  

P r o t e c t  ions In S y s t e m  

Component Component  S i z e  

Type of  C o n s t r u c t i o n  L e a k s  
( h r )  Veloc i ty  ( O F )  

a n d  M a t e r i a l  

Globe va lve  1 in. Bel lows s e a l .  8 Cold t r a p  loop:  300-600 72 .200  None None 
3620 l b / h r  
7 3 2 ° F  

c. 
I 
m 
4 
lb 

Auxi l ia rv  I Globe valve I 1 in. I Bellows s e a l .  4 I 

SRE DESIGN AND OPERATING DATA 
(Sheet 3 of 5) 

F l u s h  l i n e s :  I 300-600 I 7 2 , 2 0 0  I None I h o n e  
12OO'F 

Wedge-type 
plug va1t.e 

6 in.  Toluene  j a c k e t  a round 
M a t e r i a l  304 SS. s t e m  c r e a t e s  a f r e e z e  

s e a l .  
Ambient  a i r .  

r g:;:;y g s e r v i c e  

M c) S e c o n d a r y  
I h e a t  

t r a n s f e r  z 
? 
! 

S e c o n d a r y  
9 ( m a i n )  

41 
I .. 

S e c o n d a r y  

c 
5 

S e c o n d a r y  
h e a t  
t r a n s f e r  

M a t e r i a l .  304 SS. 

Auxi l ia ry  
s e c o n d a r y  
h e a t  
t r a n s f e r  

Dehumidif ied n i t rogen .  

2 

1 
( f r e e z e - s e a l  
c e n t r i f u g a l )  I 

D o w n s t r e a m  of a i r -  
b las t  h e a t  exchanger  
and Edison  s t e a m  
g e n e r a t o r  ( p a r a l l e l  
s y s t e m s )  (1 e a c h ) :  

485. 000 l b / h r  
440 'F  ( 6 7 4 ° F  max.  ) 

485,000 l b / h r  
674 'F 

None 

None 

S o n e  

None 

None 

None 

None 

None 

M a t e r i a l :  304 SS. 
( f r e e z e - s e a l  
cen t r i fuga l )  

300-600 

Dehumidif ied n i t rogen .  

300-600 

Expans ion  
tank 

Expans ion  
tank 

300-600 

88  ft3 (650 ga l .  ). Ambient  air .  1 485, 000 I b / h r  
M a t e r i a l :  304 S S .  1 1 4 0 ° F  

4 ft3 (30 gal.  ). Ambient  a i r .  1 24, 250 l b / h r  
M a t e r i a l :  304 SS. 674' F 

300-600 

S e c o n d a r y  
( a u x i l i a r y )  

300-600 

A i r - b l a s t  Ambient  a i r .  1 1200'F 300-1030 5 0 , 0 0 0  None None 
hea t  
exchanger  

A i r - b l a s t  Ambient  air .  1 300-700 6 5 , 4 8 8  None None 
h e a t  700-1000 6 , 7 1 2  
e x c h a n g e r  

7 2 , 2 0 0  

7 2 , 2 0 0  

72 .200  

7 2 , 2 0 0  

7 2 . 2 0 0  

I S e c o n d a r y  ( m a i n )  I g e n e r a t o r  
S t e a m  I Z O O ' F  I 750 p s i g  

I Ambient  a i r .  I 6 5 , 4 8 8  I None I None 300-700 I 700-1030 6 ,  712 



TABLE 1-205A 

SRE DESIGN AND OPERATING DATA 
(Sheet 4 of 5)  

Exte rna l  
Env i ronmen ta l  
Conditions and 

P ro tec t ions  

Number  of 
L ike  

Components 
In Sys t em 

Component S ize  
and Mate r i a l  

of Cons t ruc t ion  

Exposure to  
In t e rna l  

Environment  
( h r )  

Operat ing 
T e m p e r a t u r e s  

( " F )  

I t e m  
Refe rence  

In 
Table  1-21.? 

Component 
Type 

Design T e m p e r a t u r e  
P r e s s u r e  and 

Velocity 

Cold l eg :  
485, 000 l b / h r  
500'F (732 'F m a x . )  

Hot l eg :  
485, 000 l b / h r  
9 6 0 ° F  (1200'F m a x . )  

Number  of 
Sodium 
Leaks  

-- 
None 

None 

None 

S y s t e m  

P r i m a r y  
hea t  
t r a n s f e r  

Wedge-type 
plug va lves  

6 in .  Toluene jacket  around 
s t e m  c r e a t e s  a sodium 
f r e e z e  sea l .  
Dehumidified ni t rogen.  

2 300-600 

300-700 
700-800 
800-960 
960- 1030 

72,200 

65 ,488  
2, 776 
3,  580 

356 

None 

2 in .  

1 in. 

Bel lows sea l .  
Dehumidified ni t rogen.  

F i l l ,  d ra in ,  and f lu sh  
l i nes :  

26,700 l b / h r  
350-1200°F 

Hot l eg :  
300-700 
700-800 
800-960 
960-1030 

Cold l eg :  
300-600 

65,488 
2 ,776  
3, 580 

356 

72,200 

None Globe valve 

F 
I 
wl 
4 
wl P r i m a r y  

purif icat ioi  
4 loops . 

None 

Globe valve 1 in .  Bellows sea l .  
Dehumidified ni t rogen.  

12 M a s s  t r a n s f e r  
a s s e m b l y  (4) :  

2400 l b / h r  
1200'F 

Cold t r a p  loop (8): 
1340 l b / h r  
732'F 

300-700 
700-800 
800-960 
960-1030 

300-600 

23, 288 
2,776 
3, 580 

356 

72.200 

13 I t e m s  1, 4, 
7. 8, 9, 13, 
14, 16. 17, 
18, 19.20, 
and 21 c 

Globe valve 2 in. Bel lows sea l .  
Ambient  a i r .  

~~ 

Fill and d r a i n  l i nes :  
26 ,700  l b / h r  
350 'F 

Edison s t e a m  
gene ra to r  bypass :  

1200°F 

300-600 

300- 1000 

One 

None 

H Secondary 
sod ium 
s e r v i c e  

72,200 I t e m  6 

1 in .  
Ma te r i a l :  304 SS. 72,200 None 

I t e m s  2, 3 ,  
5, 10, 11, 12, 
15, 22, 23, 
and 24 

1 in .  
Ma te r i a l :  304 SS. 

Bellows sea l .  
Ambient  a i r .  

6 300-600 72,200 Ten Secondary 
purificatioi 
loops 

Globe valve Cold t r a p  loop: 
2280 l b / h r  
6 7 4 ° F  

U p s t r e a m  of a i r - b l a s t  
hea t  exchanger  and 
Edison s t e a m  
gene ra to r  (pa ra l l e l  
s y s t e m s )  (1  each ) :  

485,000 l b / h r  
900'F (1140'F max .  ) 

Secondary 
hea t  
t r a n s f e r  

Globe 6 in .  
Ma te r i a l :  304 SS. 

Toluene jacket  around 
s t e m  c r e a t e s  a f r e e z e  
sea l .  
Ambient  a i r .  

2 300- 1000 72,200 None None 



E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions a n d  

P r q t e c t i o n s  

Bel lows s e a l .  
Ambient  a i r .  

Be l lows  s e a l .  
Ambien t  a i r .  

Bel lows s e a l .  
Dehumidif ied n i t rogen .  

N u m b e r  of 
L ike  

C o m p o n e n t s  
In  S y s t e m  

3 

1 

1 

300-600 

300-600 

300-600 

7 2 , 2 0 0  

72,200 

72,  2 0 0  

Dehumidif ied n i t rogen .  1 

1 

TABLE 1-205A 

SRE DESIGN AND OPERATING DATA 
(Sheet 5 of 5 )  

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Ve loc i ty  

O p e r a t i n g  E x p o s u r e  to 

( O F )  

1 Envi;hq;ment T e m p e r  a tu r e s Internal 
I t e m  

R e f e r e n c e  
I n  

T a b l e  1-21: 

N u m b e r  Sodium of 

L e a k s  

None 

Component  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

1 in. 
M a t e r i a l :  304 SS. 

e ,, , Coni  p o n  e n t I Type  

None Aux i l i a ry  
s e c o nd a r y 
p u r  1 f I c a t  ion 

Plugging m e t e r  l oop :  
2280 l b / h r  
6 7 4 ° F  

Globe v a l v e  

~ 

Auxi l i a ry  

s o d i u m  
s e r v i c e  

0 G e n e r a l  , s o d i u m  
s e r v i c e  Z s y s t e m  

(D 

3 
0 
I G e n e r a l  
D s o d i u m  
9 s e r v i c e  
I s y s t e m  
4 

p s e c o n d a r y  

M 

.- 

c 
3 
H G e n e r a l  

s o d i u m  
s e r v i c e  
s y s t e m  

None 2 in. D r a i n  f i l l  l i n e :  
5 5 0 ° F  

Globe va lve  None 

None 

None 

None 

2 in. None 

None 

None 

G e n e r a l  f i l l  and  d r a i n  
s y s t e m  : 

5 5 0 ° F  

Globe va lve  

1 I 14 

1 in. 

1 - l i 2  i n .  

Check  va lve  1 -1 /2  in .  

2 in. 

F r o m  m e l t  s t a t ion  to 
p r i m a r y  f i l l  tank ( 1 ) :  

4500 l b / h r  
3 5 0 ° F  

From m e l t  s t a t ion  to  
t r a n s f e r  tank ( I ) :  

4500 l b / h r  
3 5 0 ° F  

300-600 

300-600 

None 

None 

None 

None 

7 2 , 2 0 0  

72, 2 0 0  

G a t e  va lve  
~~ ~ 

Mel t  a n d  fi l l  s y s t e m s :  
550 'F  

None 

None 

None 

None 

2 in.  

1 -1 /2  in. 

Dehumidif ied n i t rogen .  1 300-600 7 2 , 2 0 0  



Inlet:  1200°F 
Outlet:  6OO'F 
0. 5 p s i  a t  f r e e  sodium 
s u r f a c e  

700 4 , 3 8 6  
350 17, 014 

Dehumidif ied nitrogen. 1 1200°F 
62 p s i  
2700 g p m  

700 4 , 3 8 6  
350 17, 014 

P u m p ,  f r e e -  
s u r f a c e ,  
cen t r i fuga l  

Mater ia l :  304  SS. 

TABLE 1-205B 

SRE-PEP DESIGN AND OPERATDlG DATA 
(Sheet 1 of 4) 

Design  T e m p e r a t u r e  Opera t ing  
P r e s s u r e  and I Temp;:rFa)tures 

Veloci ty  

E x p o s u r e  to 
I n t e r n a l  

Envi ronment  
(hr  ) 

Number  of Item 
Sodium Reference  

Leaks 1 Table?l-212 

Component Component  Size 

Type I of Cons t ruc t ion  
a n d  Mater ia l  System 1 Environmenta l  Like  

Condit ions and  Components  

Hel ium a t m o s p h e r e .  
~~~ 

P r i m a r y  

None I None 
228-in. l ength  
Mater ia l :  304  SS. 

P r i m a r y  
(main)  

Piping 1200'F 
2700 g p m  

Hot leg :  
700 
350 

Cold leg: 
300-600 

4 , 3 8 6  
17, 014 

21.400 

Schedule  20: 
8-in. OD. 
125-ft length.  
6-in. OD. 
15-ft length. 
3-in. OD. 
55-ft length. 
M a t e r i a l :  304  SS. 

Dehumidif ied nitrogen. 

P r i m a r y  
(auxi l ia ry)  

Ambient  air. 1200'F 
102 g p m  

700 I 350 I 3 , 8 0 0  
17, 600 

Piping 2-in. OD. 
150-ft length. 

s u r f a c e ,  
cen t r i fuga l  

P r i m a r y  
(main)  

P r i m a r y  
(auxi l ia ry)  

1 1200'F 
12 p s i  
102 gDm 

700 I 350 I 3 , 8 0 0  
17 ,600  

Dehumidif ied n i t rogen .  

P r i m a r y  
s e c o n d a r y  

I n t e r m e d i a t e  555 tubes  of 5/8-in.  
hea t  1 OD .042-in. thick. 
exchanger  M a t e r i a l :  304  SS. 

Dehumidif ied.  1 1200'F 
110 ps ig  

I O i g i m a r y  s ide :  
4 , 3 8 6  

17, 014 

Mater ia l :  304 SS. Ambient  a i r .  I 1 1200'F 
100 ps ig  
93 g p m  

700 
350 

3 , 8 0 0  
17, 600 

P r i m a r y  
s e c o n d a r y  
(auxi l ia ry)  

Secondary  
(main)  

Secondary  
(auxi l ia ry  ) 

In te rmedia te  
h e a t  
exchanger  

Piping 300-600 21 ,400  1 Inlet:  6 1 6 ° F  
Outlet:  1166'F 
2500 g p m  

Dehumidif ied nitrogen. Schedule  20: 
8-in. OD. 
143-ft length.  
Schedule  40: 
6-in. OD. 
3-ft length. 
M a t e r i a l :  304  SS. 

2-in. OD. 
150-ft length.  
M a t e r i a l :  304 SS. 

Piping Dehumidif ied nitrogen. 1200°F 
93 gpm 

300-600 21 ,400  I None I None 



TABLE 1-205B 

SRE-PEP DESIGN AND OPERATING DATA 
(Sheet 2 of 4) 

Component  
Type 

E x p o s u r e  to 
I n t e r n a l  

E n v i r o n m e n t  
( h r )  

N u m b e r  Sodium of 

L e a k s  

I t e m  
R e f e r e n c e  

In 
T a b l e  1-21? 

E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions and 

P r o t e c t i o n s  

Ins ide  expans ion  tank:  
Sodium a t  6 2 0 ° F .  
Hel ium.  
Dehumidif ied n i t rogen .  

Number  of 
Like  

Components  
In S y s t e m  

1 

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloc i ty  

8 0 0 ° F  
94 p s i g  
2500 g p m  

O p e r a t i n g  
T e m p e r a t u r e s  

( " F )  

300-600 

Component  S i z e  
and  M a t e r i a l  

of C o n s t r u c t i o n  
S y s t e m  

2 1 , 4 0 0  None None S e c o n d a r y  
( m a i n )  

P u m p ,  f r e e -  
s u r f a c e ,  
cen t r i fuga l  
( in tegra l  
expans ion  
tank)  

M a t e r i a l :  304  SS. 
(1120 g a l . ) .  

r 
S e c o n d a r y  M ( a u x i l i a r y )  

0 
I 

Secondary  
( m a i n )  4 

' 0  
I S e c o n d a r y  

4 ( a u x i l i a r y )  
m a  

I 

,-I P r i m a r y  
lieat 
t r a n s f e r  

S P r i m a r y  
pur i f ica t io  

n loops  

M a t e r i a l :  304 SS. 
(30 g a l .  ). 

I n s i d e  expans ion  tank:  
Hel ium.  
Dehumidif ied n i t r o g e n .  

1 8 0 0 ° F  
100 ps ig  
93 g p m  

300-600 2 1 , 4 0 0  None None P u m p  
( in tegra l  
expans  ion 
tank)  

S t e a m  
g e n e r a t o r  

300-600 2 1 , 4 0 0  None None M a t e r i a l :  304  SS Ambient  a i r .  I 1200 'F  
1410 gpm 
750 ps ig  

1 2 0 0 ° F  
50 p s i g  

None None Air  -b las t  
h e a t  
exchanger  

M a t e r i a l :  304 SS Ambient  a i r .  1 300-600 2 1 , 4 0 0  

None None Globe valve 8-111. 
M a t e r i a l :  304 SS. 

Dehumidi f ied  n i t r o g e n .  1 619, 000 l b l h r  
650 'F  
18. 7 ps ig  

Cold l e g :  
300-600 21 .400  

Globe va lve  Gas-cooled  f r e e z e  s e a l  
Dehumidi f ied  n i t rogen .  

700 
350 

700 
350 

300-600 

300-600 

300-600 

350-700 

4 ,  386 
17, 014 

4 ,  386 
1 7 , 0 1 4  

2 1 , 4 0 0  

2 1 , 4 0 0  

21 .400  

21,400 

None 

None 

None 

None 1-112 in. 
M a t e r i a l :  304 5.5. 

To hot t r a p s :  
3890 l b / h r  
1 2 0 0 ° F  
21 ps ig  

5750 l b / h r  
1250 'F  
11. 3 ps ig  

To cold  t r a p :  
5760 l b / h r  
6 5 0 ' F  
18. 7 ps ig  

5750 l b l h r  
6 0 0 ° F  

From hot t r a p s  (2):  

F r o m  cold  t r a p :  

From cold t r a p  
(D/S  of a b o v e ) :  

5750 l b / h r  
6 0 0 ' F  

5750 l b / h r  
1250'F 

From pur i f ica t ion  loop 

"Y" p a t t e r n  
g lobe  va lve  

1 - 1 / 2  in.  
M a t e r i a l :  3 0 4  SS. 

Bel lows s e a l .  

Gas-cooled  f r e e z e  s e a l  

None 

None Globe angle  
v a l v e  

1-112 in. 
M a t e r i a l :  304 S S .  

Q 



TABLE 1-205B 

SRE-PEP DESIGN AND OPERATING DATA 
(Sheet 3 of 4) 

Component  
Type 

Component  S i z e  
and  M a t e r i a l  

of Cons t ruc t ion  

E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions a n d  

P r o t e c t i o n s  

N u m b e r  of 
Like  

Components  
In S y s t e m  

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

O p e r a t i n g  
T e m p e r a t u r e  s 

( O F )  

E x p o s u r e  to 
I n t e r n a l  

E n v i r o n m e n t  
( h r  ) 

N u m b e r  of 
Sodium 
L e a k s  

I t e m  
R e f e r e n c e  

In 
T a b l e  1-21? 

Svs te rn  

P r i m a r y  
pur i f ica t ior  
loops  

Globe valve 1 - 1 / 2  in. 
M a t e r i a l :  304 SS. 

G a s - c o o l e d  f r e e z e  s e a l .  
Dehumidif ied n i t rogen .  

Plugging m e t e r :  
4 3 5  l b / h r  
6 5 0 ' F  
18. 7 ps ig  

300-600 21 .400  None None 2 

Globe va lve  3-111. 
M a t e r i a l :  304 SS. 

Gas-cooled  f r e e z e  s e a l .  
De hum id ified n i t rogen .  

None None M o d e r a t o r  p lenum:  
87 ,  300 l b / h r  
6 5 0 ° F  

300-600 2 1 , 4 0 0  r P r i m a r y  

:,',ks,er 
M 
0 S e c o n d a r y  
I heat 

t r a n s f e r  

B 
0 
I 
rn 
9 

. heat 
Secondary  

t r a n s  ie r c . 5 S e c o n d a r y  pur i f ica t ior  
loops  

H 

1 

Globe angle 
va lve  

6- in .  
M a t e r i a l :  304 SS. 

Bel lows s e a l .  
Ambient  a i r .  

2 Hot leg :  
619, 000 l b / h r  
1166 'F  
47. 1 ps ig  

Cold l e g :  
6 1 9 , 0 0 0  l b / h r  
616 'F  
35. 6 ps ig  

3 50 2 1 , 4 0 0  None None 

None Globe angle 
va lve  

1 - in.  
M a t e r i a l :  304 SS. 

Bel lows s e a l .  2 Heat  exchanger  bypass 
1200'F 

3 50 2 1 , 4 0 0  None 

" Y "  p a t t e r n  
globe va lve .  

Globe valve.  

1 - in.  
M a t e r i a l :  304 SS. 

1-in. 
M a t e r i a l :  304 SS. 

Bel lows s e a l .  
Ambient  a i r .  

Gas-cooled  f r e e z e  s e a l .  
Ambient  a i r .  

350 

3 50 

21 ,400  

21 .400  

None 

None 

None 

None 

To plugging m e t e r  : 
437 I b l h r  

To cold t r a p  loop:  
6387 l b / h r  m a x .  
6 1 6 ° F  
76  ps ig  

Auxi l ia ry  
s e c o n d a r y  
hea t  
t r a n s f e r  

Globe angle 
va lve  

2-111. 
M a t e r i a l :  304 SS. 

Bel lows s e a l .  1 40, 800 l b / h r  
1 1 6 6 ° F  
10. 5 ps ig  

300-600 2 1 , 4 0 0  None None 

Auxi l ia ry  
s e c o n d a r y  
pur i f ica t io i  

Globe valve 1 -in. Gas-cooled  f r e e z e  s e a l .  3 To cold t r a p  loop:  
5950 l b / h r  
6 1 6 ° F  
76. 0 ps ig  

300-600 21 .400  None None 

Pr i ma r y 
s o d i u m  
s e r v i c e  

Globe valve.  
Globe angle 
va lve .  

Globe valve.  

Globe angle 
valve.  

Globe valve.  

4-111. 
2-111. 

2-in. 

1 - 1 / 2  in. 

1 - 1 / 2  in. 

F r e e z e  s e a l .  
Bel lows s e a l .  

F i l l ,  d r a i n ,  and  vent  
l i n e s :  

4500 l b / h r  
350-  1200'F 

700 
3 50 

4 , 3 8 6  
17, 014 

None 
None 

None 

None 

None 

None 
None 

None 

None 

None 

F r e e z e  s e a l .  

F r e e z e  s e a l .  

Bellow. s e a l .  
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2,  one  in 
e a c h  s y s t e m  

1340 l b i h r  
5 0 0 ° F  

1 3 5 0 ° F  

TABLE 1-205C 

SRE AND SRE-PEP DESIGN AND OPERATING DATA 
(Sheet 1 of 3 )  

Number  of 
Sodium 
L e a k s  

I t e m  
R e f e r e n c e  

In 
T a b l e  1-1 17 

Component  
Type  

Component  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  and  

P r o t e c t i o n s  

Number  O f  Des ign  T e m p e r a t u r e  

In S y s t e m  Like I P r e s s u r e  a n d  
Componen t s  Veloc i ty  

E x p o s u r e  to  
I n t e r n a l  

Env i ronmen t  
( h r )  

O p e r a t i n g  
T e m p e r a t u r e s  

( O F )  

S y s t e  ni 

Piping 1-in.  OD, 18 it. 
I-1/2-1n. O D ,  411 f t  
2-in.  O D ,  164 i t .  
M a t e r i a l :  304 SS. 

De humidi  fled ni t r ogen . S R E :  
300-700 
700-1030 

S R E - P E P :  
300-600 

S R E :  
6 5 , 4 8 8  
6,  712 

S R E - P E P :  
2 1 , 4 0 0  

S R E :  
7 2 , 2 0 0  

S R E - P E P :  
21 .400  

S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 , 4 0 0  

Hot l e g :  
IO, 000 I b / h r  
1 2 1 0 ° F  

P r i m a r y  
and  
a u x i l i a r v .  
P r i m a r v  
pur i t ica t ion  
a n d  sod ium 

M 
0 
I 

Cold l e g :  
3620 l b / h r  
5 0 0 ° F  

300-600 1 I t e m  26 

None Cold t r a p  M a t e r i a l :  304 SS. De hum i di  f i e d ni t r og e n . 300-600 None 

9 a u x i l i a r y .  

0 pur i f ica t ion  
I 
0' P r i n r a r y  
9 a u x i l i a r y .  ' P r i m a r y  
-4 p u r i i i c a t i o n  

0, 

P r  inia ry 

P r i m a r y  
p u r  i ii c a t i  on 

300-600 S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 , 4 0 0  

None PlLisging 
m e t e r  

M a t e r i a l :  304 SS. Dehumidi f ied  n i t rogen  None 

SRE:  
300-700 
700- 1030 

S R E :  
2 3 , 2 8 8  
6 ,  712 

None None M a s s  
t r a n s f e r  
a s s e m b l y  

M a t e r i a l :  304 SS. Dehumidi f ied  n i t rogen .  
960 'F  

SRE:  
6 5 , 4 8 8  
6 ,  712 

S R E - P E P :  
2 7 , 4 0 0  

None None Hot t r a p s  M a t e r i a l :  304 SS. Dehumidified n i t rogen .  S R E :  
300-700 

700-1030 
S R E - P E P :  

300-600 

H P r i m a r y  
pur i f ica t ion  

300-600 S R E :  
7 2 , 2 0 0  

S R E - P E P :  
21 .400  

None None P r i m a r y  
a n d  
a u x i l i a r y .  
P r i m a r y  
sod ium 
s e r v i c e  

F i l l  tank 8850 gal.  
M a t e r i a l :  304 SS. 

De humidi  fled n i t rogen  . 

300-600 S R E :  
7 2 , 2 0 0  

S R E  -PEP : 
21 .400  

None None Secondary  
a n d  
a u x i l i a r y .  
Secondary  
pur i f ica t ion  
a n d  sod ium 
s e r v i c e  

P ip ing  I - i n .  OD, 14 f t .  
1 -1 /2- in .  OD,  185 f t  
2-in.  OD,  118 f t .  
M a t e r i a l :  304 SS. 

3620 l b / h r  
4 4 0 ° F  

Ambient  a i r .  



TABLE 1-205C 

SRE AND SRE-PEP DESIGN AND OPERATING DATA w 
0 ” 
w 
9 
4 
0 

(Sheet 2 of 3)  

Component  
Type 

Des ign  T e m p e r a t u r e  O p e r a t i n g  
P r e s s u r e  a n d  T e m p e r a t u r e s  

Veloc i ty  I ( O F )  

1340 l b / h r  300-600 

I t e m  
R e f e r e n c e  

In 
T a b l e  1-212 

E x p o s u r e  to 
I n t e r n a l  

E n v i r o n m e n t  
( h r )  

S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 , 4 0 0  

N u m b e r  of 
L i k e  

Components  
In S y s t e m  

1 

E x t e r n a l  
Envi ronmenta l  
Condi t ions and  

P r o t e c t i o n s  

Ambient  a i r .  

N u m b e r  of 
Sodium 
L e a k s  

None 

Component  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

M a t e r i a l :  304 SS. 

S y s t e m  

S e c o n d a r y  
pur i f ica t ion  

Cold  t r a p  None 
4 4 0 ° F  

Auxi l ia ry  
s e c o n d a r y  
pur i f ica t ion  

Plugging 
m e t e r  

M a t e r i a l :  304  SS. Ambient  a i r .  2 .  one e a c h  
s y s t e m  

S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 , 4 0 0  

None None 

S e c o n d a r y  
a n d  
a u x i l i a r y  
s e c o n d a r y  
s o d i u m  
s e r v i c e  

F i l l  tank 2625 g a l .  
M a t e r i a l :  304 SS. Ambient  a i r .  1 3 5 0 ° F  S R E :  

7 2 , 2 0 0  
S R E - P E P :  

2 1 . 4 0 0  

None None 300-600 

S e c o n d a r y  
a n d  
auxi l ia ry  
s e c o n d a r y  
s o d i u m  
s e r v i c e  

Diffusion 
co ld  t r a p  

M a t e r i a l :  304 SS. Ambient  a i r .  1 S R E :  
72. Z O O  

S R E - P E P :  
21 .400  

None None 

c 
0 + 

G e n e r a l  
s o d i u m  
s e r v i c e  

F l u s h  and  
d r a i n  tank 

160 ga l .  
M a t e r i a l :  304 SS. 

Ambient  a i r .  1 3 5 0 ° F  S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 , 4 0 0  

None None 300-600 

H 

G e n e r a l  
s o d i u m  
s e r v i c e  

Cold  t r a p  M a t e r i a l :  304 SS. Ambient  a i r  1 350’F S R E :  
7 2 , 2 0 0  

S R E  - P E P :  
2 1 , 4 0 0  

None None 300-600 

3 5 0 ° F  300-600 I T r a n s f e r  
tank  

Ambient  a i r .  1 S R E :  
72 .200  

S R E - P E P :  
2 1 , 4 0 0  

None None 80 gal.  
M a t e r i a l :  c a r b o n  
s t e e l .  

2-in.  l ine 
M a t e r i a l :  304 SS. 

G e n e r a l  
s o d i u m  
s e r v i c e  

G e n e r a l  
s o d i u m  
s e r v i c e  

P r i m a r y  
s o d i u m  
s e r v i c e  

3 5 0 ° F  S R E :  
7 2 , 2 0 0  

S R E - P E P :  
2 1 . 4 0 0  

1 I t e m  25 Sodium 
f i l t e r  

300-600 2 Ambient  a i r .  

E M  pump 1200’F I S R E :  
300-700 

None None 2 S R E :  
65,4138 
6 , 7 1 2  

S R E - P E P :  
2 1 , 4 0 0  

2-in.  l ine .  
M a t e r i a l :  304  SS. 

Dehumidif ied n i t rogen .  

700-1030 
S R E - P E P :  I 300-600 



TABLE 1-205C 

Number Of 

Like  
Components  

In S y s t e m  

w 
0 " 

+ 
9 
4 
0 

Design T e m p e r a t u r e  O p e r a t i n g  
P r e s s u r e  and  I Temp;:;,tures 

Veloci ty  

SRE AND SRE-PEP DESIGN AND OPERATING DATA 
(Sheet 3 of 3 )  

1 

E x t e r n a l  
Envi ronmenta l  
Condi t ions and f System 1 Type 1 

P r o t e c t i o n s  

C o m p o n e n t  Component  S i z e  
and  M a t e r i a l  

of Cons t ruc t ion  

~ 

' 0 Secondary  EM pump 2-in.  l ine .  Ambient  a i r .  
m 1  s o d i u m  M a t e r i a l ,  304 SS. 
O3 o\ s e r v i c e  w a  

I 

1200°F 

4 I I I 

c 
" 

0 c 

H 

S R E :  
6 5 , 4 8 8  
6,  712 

S R E - P E P ;  
21 ,400  

None N o n e  S R E :  
300-700 
700-1030 

S R E - P E P :  
300-600 

E x p o s u r e  to I t e m  

Envi ronment  I y:t:y 1 In 
R e f e r e n c e  

( h r  1 T a b l e  1 - 2  I . !  

I n t e r n a l  Number of 



TABLE 1-206 

HALLAM DESIGN AND OPERATING DATA 
(Sheet 1 of 5 )  

1 

3 loops  

1000°F  
8 , 4 0 0 ,  000 I b / h r  

1 0 0 0 ° F  
2 .  800,  000 I b / h r  e a c h  

P r i m a r y  
hea t  
t r a n s f e r  

Globe  v a l v e  
( t h r o t t l e  
v a l v e )  

P r  ima r y 
a n d  
s e c o n d a r y  

Heat  
exchange r  
( she l l  a n d  
t u b e  c o u n t e r  
flow d e s i g n )  

~ 

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  a n d  

P r o t e c t i o n s  

Hel ium g a s .  
Conta inment  tank .  
T h e r m a l  s h i e l d s .  
T h e r m a l  insu la t ion .  
Cavi ty  l i n e r .  

Number  of 
L i k e  

Componen t s  
In S y s t e m  

Des ign  T e m p e r a t u r e  
P r e s s u r e  a n d  

Veloc i ty  

E x p o s u r e  to  
I n t e r n a l  

Env i ronmen t  
( h r )  

I t e m  
R e f e r e n c e  

In 
r a b l e  1 - 2 1 3  

Componen t  S i z e  
a n d  M a t e r i a l  

o f  C o n s t r u c t i o n  

3 3 - f t  length.  
I$- f t  d i a .  
M a t e r i a l :  304  SS. 

O p e r a t i n g  
T e m p e r a t u r e s  

( " F )  

N u m b e r  of 
Sodium 
L e a k s  

S y s t e m  I Cornnopzent 

P r i m a r y  R e a c t o r  
v e s s e l  ---r t r a n s i e r  

350-600 
600-950 

1 4 , 0 0 0  
8 . 0 0 0  

None None 

None 

NonP 

None 

None 

R e a c t o r  t o  pumps :  
16-in.  d i a .  
0 .  25-111. wal l .  
250-ft  l ength  (each) .  

M a t e r i a l :  304 SS. 
P u m p ,  through IHX 
t o  r e a c t o r :  

l4 - in .  d ia .  
0. 25-111. wal l .  
250-ft  l ength  ( e a c h ) .  

M a t e r i a l :  304  SS. 

Dehumidifred n i t r o g e n .  
To p r i m a r y  block 
v a l v e s :  

o u t e r  c o n t a i n m e n t  
Pipe 

Block v a l v e s  to  pumps :  
s h i e l d e d  p ipe  tunnels  

P u m p ,  t h r u  I H X ,  t o  
t h r o t t l e  v a l v e s :  

T h r o t t l e  v a l v e s  to  
r e a c t o r :  

sh ie lded  p ipe  tunnels  

o u t e r  c o n t a i n m e n t  p ipe  

r P r i m a r y  Pip ing  5: heat 
M t r a n s f e r  

(D 

350-600 
600-950 

None  

3 loops P u m p s  t o  IHX: 1 0 0 0 ° F  
2 ,  800,  000 l b l h r  e a c h  

IHX to  r e a c t o r :  6 5 3 ° F  
2 ,  809, 000 l b l h r  e a c h  

350-630 
ono- ' i50 

350-600 

1 4 ,  nn? 
8,000 

22.000 

None 

- 3  
l o  
l J l I  
0 3 -  
* a  

P u m p  

P r i m a r y  G a t e  v a l v e  
hea t  (block v a l v e )  
t r a n s f e r  

Ib-in.  suc t ion .  
1 &in.  d i s c h a r g e .  
0-in.  over f low.  
M a t e r i a l :  304 SS. 

Dehumidified n i t r o g e n .  
Mounted in sh ie lded  
c e l l .  

350-600 
600-550 

None lOO0"F 
2 ,  800 ,000  I b / h r  e a c h  

3 - 1 1 n  
e a c h  loop 

14, 000 
8 . 0 0 0  

14 in .  
M a t e r i a l :  304 SS. 

3 - l ~ n  
e a c h  loop 

lOO0"F 
2 ,  800,000 I b / h r  e a c h  

350-600 
600-950 

14. 000  
8, 000 

None Dehumidified n i t rogen .  
F r o z e n  s o d i u m  s t e m  
s e a l  plus backup 
mechan ica l  packing 
s e a l s .  

14 in. 
M a t e r i a l :  3 0 4  SS. 

Dehumidified n i t rogen .  
F r o z e n  sod ium s t e m  
s e a l  p lus  backup 
mechan ica l  packing  
s e a l s .  

3 - 1 i n  
e a c h  loop  

6 5 0 ° F  
2 ,  800 ,000  l b l h r  e a c h  350-600 22,000 None None  

18-ft length.  
3-ft  dia.  
M a t e r i a l :  304  SS. 

Dehumidified n i t rogen .  
Mounted i n  s h i e l d e d  
c e l l .  

6 - 2  
mounted  

p a r a l l e l  i n  
e a c h  loop 

P r i m a r y  loop t u b e s :  
1000 'F  i n  
6 5 0 ° F  out  
2 .  800,000 l b l h r  

e a c h  p a i r  
Secondary  loop  s h e l l :  

600 'F  i n  
950°F out 
2 .  800. 000 l b / h r  

e a c h  oair 

350-600 
600-950 

14.000 
8 , 0 0 0  

None None 

Q 



. Component  S i z e  
a n d  M a t e r i a l  

of Cons t ruc t ion  

E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions and  

P r o t e c t i o n s  

0. 25-111. wall .  
400-ft l ength  (each) .  

19, 0 0 0  

1 I ,  000 
8 ,  000 

1 I ,  000  
8 ,  000 

11,000 
8, 000 

1 

1 

3 9 5 0 ° F  

300 ft3. 
M a t e r i a l '  304  S S .  

14-in. suc t ion .  
l 4 - i n .  d i s c h a r g e .  
M a t e r i a l  304 SS. 

l4-in.  
M a t e r i a l  304 SS. 

De humidif ied n i t rogen .  

Dehumidif ied n i t rogen .  
Unshielded.  

Dehumidif ied n i t r o g e n .  
F r o z e n  s o d i u m  s t e m  
s e a l  p lus  backup 
m e c h a n i c a l  packing 
s e a l s  

3 - l i n  
e a c h  loop  

9 5 0 ° F  
2 , 8 0 0 ,  000 l h / h r  each  

3 - l i n  
e a c h  loop  

600 'F  
2 , 8 0 0 , 0 0 0  l h l h r  each  

5 CR - 112 Mo Dehumidi f ied  n i t rogen .  
Duplex t u b e s  with 
h e l i u m  m o n i t o r .  

14 in. 
M a t e r i a l :  304 SS. 

Dehumidif ied n i t rogen .  
Shie lded  ce l l .  

TABLE 1-206 

HALLAM DESIGN AND OPERATING DATA 
(Sheet 2 of 5 )  

- ~ 

S y s t e m  

Number  of 
Like  

Components  
I n  S y s t e m  

3 

I t e m  
R e f e r e n c e  Opera t ing  

T e m p e r a t u r e s  
(OF) 

Design  T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

Hot l e g :  
950 'F  
2 , 8 0 0 , 0 0 0  I h / h r  

Cold l e g :  
6 0 0 ° F  
2 , 8 0 0 , 0 0 0  l h / h r  

Component  
Type  

Pip ing  

In 
'able 1-213 

S e c o n d a r y  
heat 
t r a n s f e r  

350-600 
600-950 

350-600 
I None 

11,000 
8 . 0 0 0  

None 

8- in .  d i a  o v e r f l o w  
(pump to expans ion  
tank).  
50-ft l ength  ( e a c h )  
M a t e r i a l :  304 SS.  

350-600 
600-950 

(0 
Z-pndary 

~1 , t r a n s f e r  

9" Ceccrndarv 
I heat 
4 t r a n s f e r  

C heat 5 t r a n s f e r  

* 
Z e r o n d a r v  

Expans ion  
tank 

~ 

350-600 
600-950 

I t e m  1 3 - l i n  
e a c h  loop  

P u m p  350-600 
600-950 

I t e m  2 

I 

Globe va lve  
( t h r o t t l e  
v a l v e )  

350-600 None 

U 

S e r o n d a r v  
heat 
t r a n s f e r  

S t e a m  
g e n e r a t o r  
( s u p e r -  
h e a t e r  p lus  
e v a p o r a t o r  ) 

3 - l i n  
e a c h  loop  

Sodium s i d e :  
9 5 0 ' F  in 
6 0 0 - F  out 
2 , 8 0 0 , 0 0 0  I h l h r  e a c h  
100 ps ig  

Water  s i d e :  
8 2 5 ° F  out 
800 p s i p  
251, 000 I b / h r  each  

350-600 
6 0 0 - 9 5 0  

11.000 
8, 000 

+ 2 2 ,  000 Pr  b ma r y  
heat 
t r a n s c e r  

Check va lve  350-600 None 6 5 0 ° F  3 - I i n  



3 in.  
M a t e r i a l :  304 SS. 

2 111. 

M a t e r i a l :  304 SS. 

Bel lows  s e a l ,  a u x i l i a r y  
s t e m  pa rk ing .  

Bellciws s e a l ,  a u x i l i a r y  
s tern packing.  

TABLE 1-206 

HALLAM DESIGN AND OPERATING DATA 
(Sheet 3 of 5) 

Component  S i z e  
a n d  M a t e r i a l  

of C o n s t r u c t i o n  

Des ign  T e m p e r a t u r e  
P r e s s u r e  a n d  

Ve loc i ty  

O p e r a t i n g  
T e m p e r a t u r e s  

( O F )  

E x p o s u r e  to 
In tP rna l  

E nv i r o n m c n t 
t h r j  

Numhe Sodium r r ) i  

L e a k s  

N u m b e r  of 
L i k e  

Components  
In S y s t e m  

6 

E x t e r n a l  
Env i  r o n m e n t a l  
Condi t ions a n d  

P r o t e c t i o n s  

F r e e z e  s?al, a u x i l i a r y  
s t e m  packing.  

Component  
Type  

S y s t e ni  

P r  in ia  r y 
p u r  L i l ca t  ion 
l ,mp 

G a t e  va lve .  

Globe \ ,alve.  

Globe  va lve .  

6 5 0 ° F  
100 g p m  

6 5 0 ° F  
100 g p m  

6 5 0 ° F  
20 RPm 

350-600 2 2 . 0 0 0  3 in. 
M a t e r i a l :  304 SS. 

5 

8 

G a t e  Val\-e. 

Globe valve-. 

Globe va lve .  

G a t e  valve.  

G a t e  valve.  

G a t e  valve.  

Check  v a l v e  

2 in.  
M a t e r i a l :  304 SS. 

3 in 
M a t e r i a l :  304 SS. 

2 L". 

Mate r i a l :  304 SS. 

3 i n .  
M a t e r i a l :  304 S S .  

2 in. 
M a t e r i a l :  304 SS. 

1 in.  
M a t e r i a l :  304 SS. 

3 in.  
M a t e r i a l :  304 SS. 

7 

20 

13 

8 

6 

2 

2 

6 5 0 ° F  

6 5 0 ° F  

6 5 0 ° F  

650 'F  

6 5 0 ° F  

6 5 0 ° F  

6 5 0 ' F  

350-600 z 2 . 0 0 0  F r e e z e  s e a l ,  aux i l i a ry  
s t e m  packing.  

Bel lows s e a l ,  aux i l i a ry  
s t e m  packing.  

I 
-3 " 

c s 
H 

~~~ 

P r i m a r y  
s o d i u m  
s e r v i c e  

F ~ l l  t anks .  
~ 

2150 ft3.  
M a t e r i a l :  304 SS. 

2 0  ft3. 
M a t e r i a l :  c a r b o n  
s t e e l .  

20 f t 3 .  

2 0  f t3 .  

M a t e r i a l :  304  SS. 

M a t e r i a l :  304 SS. 

- 

5 

1 

I 

1 

6 5 0 ° F  

6 5 0 ° F  

1000'F 

1 0 0 0 ° F  

3 5 0 - 6 0 0  2 2 .  O O G  Nonr  

S o n e  

None 

None 

Dehumidif ied n i t rogen .  Scrnc ,  

None 

None 

None 

T r a n s f e r  
t anks .  

Dehumidif ied n i t rogen .  

Con ta inm e n  
d r a i n  tank.  

S e r v i c e  
d r a i n  tank.  

Dehumidif ied n i t rogen .  

Dehumidif ied n i t rogen .  

Q Q 6 



P r i m a r y  
pur i f ica t ion  
loop  

M 
0 P r i m a r y  
I s odium z service 

Secondary  
F 3 pur i f ica t ion  
I 0 loop  
W I  
0 3 -  
4 Q  

Secondary  
4 pur i f ica t ion  

loop  . 
c 
3 
W 

Secondary  
s o d i u m  
s e r v i c e  

Cold t rap .  

Carbon t r a p .  

Plugging 
m e t e r .  

E M  pump 

Cold t rap .  

Plugging 
m e t e r .  

Gate  valve.  

Globe valve. 

Globe valve.  

Fill tanks 

Dra in  tanks 

2 

1 

None 

None 

None 

None 

None 

1 

None 

None 

None 

Item. 10 
and  11 

I t e m  13 

None 

None 

None 

None 

None 

I t e m  9 

None 

None 

None 

650 'F 

950 'F 

350-600 

350-600 

650 'F 350 

TABLE 1-206 

HALLAM DESIGN AND OPERATING DATA 
(Sheet 4 of 5 )  

Exposure  t o  
In te rna l  

Envi ronment  
(hr  ) 

Number of Itern 
Sodium R e f e r e n c e  

Leaks 1 T a k n l  - 2  13 

E x t e r n a l  
Envi ronmenta l  
Conditions and 

Pro tec t ions  

F r e e z e  t r a p s .  

Number  of 
Like  

Zomponents 
In S y s t e m  

2 

1 

2 

Component  S ize  
a n d  Mater ia l  

of Cons t ruc t ion  

Carbon s tee l .  

P r e s s u r e  and  T e m p e r a t u r e s  
Veloci ty  

20 gpm 600-950 

1200°F 
40  gpm 

14,000 
8,000 

M a t e r i a l :  304 SS. F r e e z e  t r a p s .  

Mater ia l :  304 SS. Dehumidified nitrogen. 

3-in. pipe s i z e  22,000 

Mater ia l :  carbon 
s tee l .  

M a t e r i a l :  304 SS. 

F r e e z e  t r a p .  19.000 

Dehumidified nitrogen. 

F r e e z e  sea l ,  auxi l ia ry  
s t e m  packing. 

Bellows sea l ,  auxi l ia ry  
s t e m  packing. 

Bellows s e a l ,  auxi l ia ry  
s t e m  packing. 

Dehumidif ied nitrogen. 

3 in. 
Mater ia l :  304 SS. 

3 in. 
M a t e r i a l :  304 SS. 

2 in. 
M a t e r ' a l :  304 SS. 

11 ,000  
8 ,000  

9 5 0 ° F  350-600 
30 gpm 600-950 

950'F 
100 gpm 

9 5 0 ° F  I 
10 BPrn 

1375 ft3. 
M a t e r i a l :  304 SS. 

19,000 

10 ft3. 
M a t e r i a l :  304 SS. 

Dehumidified nitrogen. 950 'F I 
2 in. 
Mater ia l :  304 SS. 

3 in. 
M a t e r i a l :  304 SS. 

3 

11 

950 'F 

950 'F 

19, 000 F r e e z e  s e a l ,  auxi l ia ry  
s t e m  packing. 

Bel lows s e a l ,  auxi l ia ry  
s te rn  packing. 

350-600 
sodium 
8 e r v i c e  

Globe valve 

sodium 
3-in. pipe s i z e  1 19 ,000  



TABLE 1-206 

system 
E M 
0 
I 

Externa l  Number  of 

a n d  M a t e r i a l  Conditions and Components  
Envi ronmenta l  Like  Component  S i z e  

Type of Cons t ruc t ion  

Component  

Pro tec t ions  In S y s t e m  

1 
4 " 

c 
H 

Piping 

Piping 

HALLAM DESIGN AND OPERATING DATA 
(Sheet 5 of 5) 

2-in. dia.  Dehumidified nitrogen. 
3-in. dia.  
5500-ft long. 
M a t e r i a l :  304 SS. 

2-in. dia.  Dehumidified nitrogen. 
3-in. dia. 
3500-ft long. 
M a t e r i a l :  304 SS, 

Sodium 
s e r v i c e  

Sodium 
s e r v i c e  

P r i m a r y  
purification 
and  sodium 
s e r v i c e  

F i l t e r s  3-in. pipe size.  2 

EM pump 3-in. pipe s ize .  1 

Secondary  
purification 
a n d  sodium 
s e r v i c e  

I 22,000 None None 

650'F 

I t e m  
R e f e r e n c e  

Veloci ty  I ( O F )  I ( h r )  I lTab1?1-213 

Design T e m p e r a t u r e  Opera t ing  Exposure In te rna l  to Number of 

Envi ronment  'Odium 
P r e s s u r e  and T e m p e r a t u r e s  

3 50 22 ,000  None None 

1200'F 

950°F 

650'F I 350 



TABLE 1-207 

EBR-I1 DESIGN AND OPERATING DATA 
(Sheet 1 of 2) 

I t e m  
R e f e r e n c e  

In 
r a b l e  1-214 

E x p o s u r e  to 
I n t e r n a l  

E n v i r o n m e n t  
(hr  ) 

E x t e r n a l  
E n v i r o n m e n t a l  
Condi t ions and  

P r o t e c t i o n s  

Ni t rogen  g a s  a t  
p r e s s u r e :  f 6 in. of 
H,O 

N u m b e r  of 
Like  

Components  
In S y s t e m  

Des ign  T e m p e r a t u r e  
P r e s s u r e  a n d  

Veloci ty  

O p e r a t i n g  
T e m p e r a t u r e  (I 

( O F )  

Vumber Sodium of 

L e a k s  

Component  S ize  
and M a t e r i a l  

of Cons t ruc t ion  

26 f t  x 26 f t  x 112 in .  
M a t e r i a l :  304 C r e s .  

Hot leg :  
14 in. OD (43 f t  long) .  
j acke ted  by 18 in. 

Cold leg :  
12-in.  OD (54 f t  long).  

12-111. pipe to o u t e r  
b lanket :  

6-in.  OD (8  ft  long) .  
4-111. O D  (92 ft long) .  

M a t e r i a l :  304 C r e s ,  

M a t e r i a l :  304 C r e s .  

Component  
Type 

S y s t e m  

1 

~~ 

7 5 0 ' F  

23.8 f t l m l n  

700 
300-699 

5 6 , 0 0 0  
8 .000  

None None P r i m a r y  R e a c t o r  
v e s s e l  

_ _ _ ~  

Sodium 
v a p o r  t l iqu id  a t  7 0 0 ' F  

3 ,  574, 000 l b / h r  
900 'F  
100 p s i  

Hot l eg :  
3 0 0 - 6 9 9 ° F  
700-850'  F 

300-7OO'F 
Cold l e g :  

4 6 , 0 0 0  
18.000 

64, 000 

None None Pip ing  

E Pr imary  
M 
0 
I 

z 
3 
7 P r i m a r y  

(D 

64.  000 None None P u m p ,  f r e e -  
s u r f a c e  
c e n t r i f u g a l  

Sodium 
v a p o r  + l iquid a t  7 0 0 ° F  

2 8 5  p s i  
4500 g p m  

300-700 
(in co ld  l e g )  m 

Q 
I 
-J P r i m a r y  Throt t l ing  

v a l v e s  
6- in .  angle- type  bellow8 
s e a l .  
M a t e r i a l :  304 C r e s .  

2 150 p s i g  
8OO'F 

60  ps ig  
15 .2  f t l s e c  

300-700 
( loca ted  in cold 
l e g )  

6 4 ,  000 None None Sodium a t  700 'F  

Piping 20-in. OD. 
130-ft  long. 
M a t e r i a l :  304 C r e s  

64, 000 None None +, P r i m a r y  
p u r  i f  i c a t i  oi 

700 'F  
20-60  gpm 
5-15 ps ig  

7 0 0 ° F  

300-700 
20-40 gpm 
5-18 ps ig  

300-700 
~~ 

I t e m  1 EM pump 304 SS 6 4 , 0 0 0  1 I 
~ 

S u r g e  tank 700 'F 300-700 6 4 . 0 0 0  None None 64-in.  high 
t = 0.134 in. 
304 SS. 

1 

64 .000  None None 304 SS 300-700 1 700 'F Regenera t iv i  
heat 
exchanger  

Cold trap.  
~~ 

350 'F  

350 F 

64,  000 

6 4 , 0 0 0  

None 

None 

None 

None 

5-ft length.  
6-ft  OD. 
114-in. thick.  
M a t e r i a l :  304  SS 
M a t e r i a l :  304 SS 

200-400 

200-400 
Plugging 
m e t e r .  

Valves  9 350-700'F 3 00 - 700 6 4 , 0 0 0  5 e m s  3, 4, 5 
6,  and  7 

P n e u m a t i c a l l y  
o p e r a t e d .  Hand 
o p e r a t e d .  
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TABLE 1-207 

EBR-I1 DESIGN AND OPERATING DATA 
(Sheet 2 of 2 )  

Component  
Type 

Component  S i z e  
and M a t e r i a l  

of  Cons t ruc t ion  

Number  of 
L i k e  

Zomponents  
.In S y s t e m  

E x p o s u r e  to 
I n t e r n a l  

E n v i r o n m e n t  
( h r )  

Ext  e r na 1 
Envi ronmenta l  
Condi t ions and  

Pr o t e c  t i  on8 

I t e m  
R e f e r e n c e  

In 
r a b l e  1-214 

Des ign  T e m p e r a t u r e  
P r e s s u r e  and  

Veloci ty  

O p e r a t i n g  
T e m p e r a t u r e s  

( 'F) 

N u m b e r  of 
Sodium 
L e a k s  

S y s t e m  

~ ~ 

P r i m a r y  
and  
s e c o n d a r y  

~~ ~ 

M a t e r i a l :  304 C r e s .  ;odium 
vapor  t l iquid at 700'F 

1 Shell  s i d e :  
9 0 0 ° F  In 
7 0 0 ° F  out 
3.4 p s i g  

Tube s i d e '  
5 8 8 ° F  in 
8 6 6 ° F  out 
10 pSlg 

300-700 
700-850 

4 6 , 0 0 0  
1 8 , 0 0 0  

None Nune I n t e r m e d i a t e  
hea t  
exchanger  
I H X  

E m 
(3 

~~ 

S e r  onrla r y 

~ 

Hot l e g :  
12-in.  O D  (279-f t  

2 .2  x lo6  I b / h r  
9 0 0 ° F  

Hot l e g :  
300-700 
700-850 

300-700 
Cold l e g :  

4 6 , 0 0 0  
18 .000  

None None PIping 

long).  
10-in.  OD (105-ft  
long).  
8- in .OD (374-ft long)  

Cold l e g :  
l 6 - i n  OD (14-ft long 
12-in.  OD (294-ft  
long ). 
$- in .  O D  (176-f t  long 

M a t e r i a l :  304 C r e s .  

64 .000  

I 
4 .. 
c 
5 
H 

900°F 300-700 6 4 , 0 0 0  I I t e m  2 S.e c onda r y 

S e c o n d a r y  

EM pump 

S u r g e  tank 

Pip ing  

______ ~ 

6OO'F nominal  
~ ~ 

300-700 

300-700 

None 
~ 

None 1 64, 000 

64, 000 

M a t e r i a l :  304 C r e s .  

Secondary  
(PU r if i c a  - 
t ion)  

7 0 0 ° F  None None 4- in  O D  (107-f t  long) .  
2-111. O D  (156-f t  long).  
M a t e r i a l :  304 SS. 

M a t e r i a l :  304 SS 2 700" F 6 4 , 0 0 0  

6 4 , 0 0 0  

300-700 

3 00- 700 

None 

None 

None 

None 

EM pump 

S t o r a g e  tank M a t e r i a l :  304 SS 1 600'F 

E c o n o m i z e r  M a t e r i a l :  304 SS 1 600'F 300-700 64, 000 None None 

Cold t r a p  
P lugging  
m e t e r .  

M a t e r i a l :  304 SS 1 
I 

350'F 200-400 6 4 , 0 0 0  
6 4 . 0 0 0  

None 
None 

None 
None 

V a l v e s  M a t e r i a l :  304 S S  18 700'F 300-700 6 4 , 0 0 0  I t a  8 
through 16 

9 

Secondary  S u p e r  h e a t e r  
~ ~~ 

M a t e r i a l :  304 S S  
~ 

2 880'F in 
800'F out 

300-700 
700-850 

46,000. 
18.000 

None 
None 

None 
None 

Ambient  a i r  

S e c o n d a r y  E v a p o r a t o r  M a t e r i a l :  304 SS Ambient  a i r  a 800'F i n  
600'F out 

300-700 700-850 46 ,000  
18.000 

None 
None 

None 
None 



TABLE 1-208 

FERMI DESIGN AND OPERATING DATA 
(Sheet 1 of 3)  

~~~~ ~ ~ 

Design  T e m p e r a t u r e  
P r e s s u r e  a n d  

Veloc i ty  

O p e r a t i n g  
T e m p e r a t u r e s  

( O F )  . 

E x p o s u r e  to 
I n t e r n a l  

Envi ronmeni  
( h r )  

I t e m  
R e f e r e n c e  

I n  
T a b l e  1-215 

None 

N u m b e r  of  
L i k e  

:omponentr 
In S y s t e m  

1 

E x t e r n a l  
Env i ronmen ta l  
Condi t ions  and  

P r o t e c t i o n s  

Argon g a s  

N u m b e r  of 
Sodium 
L e a k s  

Component  S i z e  
and  M a t e r i a l  

of C o n s t r u c t i o n  

Component  
Type  

Svs te rn  

< 6 0 0  
>600 

45, 700  
3, 500 

None R e a c t o r  
v e s s e l  

36.3 -ft he ight .  
I - 1 . i - i t  maxin iuni  d ia .  
2-in. m a x i m u m  wal l .  
M a t e r i a l :  30-1 SS 

lO00"F 
110 p s i  

P r i m a r y  
h e a t  
t r a n s i p r  

E ;;;nary 

M t r a n s i e r  

0 
I 

Piping  Per loop - 
Hot ley: 

Cold leg :  
30-in. O D  (75- i t  long) 

30-in.  O D  (5-ft longl.  
18-in. O D  (3-it  Ionel.  
16-117 OD (67-it  Ionel 
1 4 - i n  OD (73-it  long) 

6- in  O D  (80-it  lung).  
F l o u  tu blankpt:  

Argon g a s .  
Secondarb  conta inment  
i s i n g  heavy gage  c a r b o  
s t e e l  p ipe  p lus  
insu la t ion .  

I s e p a r a t e  
oops  

R e a c t o r  to h e a t  
exchange r  (hot 
l e g ) :  

< 600 
>600 

Heat e x c h a n g e r ,  
th rough pump 
to  r e a c t o r  (cold 

None None R e a c t o r  t o  pump:  
1000°F  
4.9 f t l s e c  
125 ps ig  

1 0 O O ' F  
17.5 f t l s e c  
125 ps ig  

Flou to c o r e :  
1000'F 
21.0 f t / s e c  
125  ps ig  

1000'F 
11.0 f t l s e c  
125 p s i g  

I I ,  800  g p m  
1000'F 
Tota l  dynamic  h e a t :  
310  ft 

P u m p  d i s c h a r g e :  

Flow to b lanket :  

45 ,700  
3,  500  

l e g ) :  
300-600 49 ,200  

4 P r i m a r y  
$ h e a t  

t r a n s f e r  

H 

P r i m a r y  
h e a t  
t r a n s i e r  

49. 200 None None P u m p  Argon g a s  1 - 1  in  e a c h  
OOP 

300-600 30-in.  in le t .  
l6 - in .  ou t le t .  
M a t e r i a l ,  304 SS 

Check  va lve  l6-1n. 
M a t e r i a l :  304 SS. 

Argon p a s  1 - 1  i n  e a c h  
OOP 

4.4 x I06 l b l h r  
1000°F 

300-600 4 9 , 2 0 0  None None 

P r i m a r y  
h e a t  
t r a n s f e r  

Angle- type  
g a t e  v a l v e  

Argon g a s .  
Double-be l lows  s e a l .  

0.88 x lo6  I b / h r  
1000°F 

3 00 - 600 49. zoo 1 I t e m  I 6-in.  
M a t e r i a l :  304 SS. 

Tube  s i z e :  
718-1n. O D  x 
0.049-111. wall. 

1860 tubes .  
M a t e r i a l :  304 SS. 

I - I  in  e a c h  
OOP 

1 - 1  in  e a c h  
OOP 

P r i m a r y  
a n d  
Secondary  

C600 
>600 

45,700 
3,  500 

None IHX Argon g a s  Shel l s ide  flow: 
5.3 x IO6 I b / h r  
9 0 0 ° F  in  
600 'F  out 
125 ps1g 

Flow in t u b e s :  
5.3 x IO6 I b l h r  
520'F in  
82O'F o u t  
300 ps ig  

None 



lot  l e g :  
< 6 0 0  
>600 

300-600 
:old l e g :  

3 00- 600 

45 ,700  
3 , 5 0 0  

4 9 , 2 0 0  

4 9 , 2 0 0  

300-600 

300-600 
3 00 - 600 
300-600 

300-600 

4 9 , 2 0 0  

49, zoo 
4 9 , 2 0 0  
4 9 , 2 0 0  

4 9 , 2 0 0  

Piping 

Cold t r a p .  
Hot t r a p .  
P lugging  
m e t e r .  
EM pump.  

3 in. 
1273 i t .  
2 in. 
329 Tt. 
1 in. 
67 ft. 
M a t e r i a l .  304 SS. 

M a t e r i a l .  304 SS. 
M a t e r i a l :  304 SS. 
M a t e r i a l :  304 SS. 

M a t e r i a l :  304 SS. 

300-600 

300-600 

3 00 - 600 

300-600 

4 9 , 2 0 0  

4 9 , 2 0 0  

4 9 , 2 0 0  

4 9 , 2 0 0  

TABLE 1-208 

FERMI DESIGN AND OP-ERA-TING-DATA 
(Sheet 2 of 3 )  

w 
0 " 
+ 
9 
4 
0 

N u m b e r  of 
Sodium 
L e a k s  

E x t e r n a l  
Envi ronmenta l  
Condi t ions  a n d  

P r o t e c t i o n s  

N u m b e r  of 
L i k e  

Components  
In S y s t e m  

I t e m  
R e f e r e n c c  

I n  
T a b l e  I -Ll - .  

Component  S i z e  
and M a t e r i a l  

of C o n s t r u c t i o n  

Design T e m p e r a t u r e  
P r e s s u r e  a n d  

Veloci ty  
S y s t e m  

4rgon g a s  3 s e p a r a t e  
loops  

4.4 x lo6  l b / h r  
1000°F 
300 ps ig  

None None P e r  loop: 
18-in. OD (183-ft  
long) .  
12-in. O D  (147-ft  
long) .  

M a t e r i a l :  2.25 C r  - 
I Mo. 

Secondary  
h e a t  
t r a n s f e r  

P ip ing  

S e c o n d a r y  
0 heat  

18-in.  inlet .  
12-in.  outlet .  
M a t e r i a l :  2.25 C r  - 
1 Mo. 

Argon g a s  3-1 i n  e a c h  
loop  

12 ,000  g p m  
6 7 5 ° F  
Total  dynamic  head:  
350 psi 

None None 

' t r a n s i e r  

0 
z 

SPcondary  7 8 heat  , t r a n s t e r  

90' 

I 

4 .. 
c 
0 
c.l . P r i m a r y  

pur i f ica t io  
and  sodiun 
s e r v i c e  

~~~ 

Tota l  h e a t  t r a n s f e r  a r e  
10 ,  800 f t Z .  
1200 tubes .  
5 /8- in .  OD x 0.042-in. 
wal l .  
M a t e r i a l :  2.25 C r  - 
1 Mu. 

3-1  i n  each  
loop 

Shellside f low ( s o d i u m ) :  
4.4 x lo6 l b / h r  
750'F in 
5 0 0 ° F  out 
300 ps ig  

320, 000 l b / h r  
340'F in 
742°F out 
600 ps ig  

Tube flow ( w a t e r - s t e a m ) :  

S t e a m  
g e n e r a t o r  None None 

None None Dehumidif ied n i t rogen  
Shielded ce l l s .  

444 l b / h r  
I O O O ' F  

1 
None 
None 

None 

~ 

I t e m  8 
None 
None 

None 

P r i m a r y  
pur i f ica t io  

Dehumidif ied n i t rogen .  
Dehumidif ied nitrogen. 
Dehumidif ied n i t rogen .  

Dehumidif ied n i t rogen .  

900°F 
1000°F 
900'F 

900'F 

P r i m a r y  
pur i f ica t ic  
and  sodiur  
s e r v i c e  

Overf low 
Pump. 
Overf low 
tank. 
Expans ion  
tank. 
S t o r a g e  
tank. 

M a t e r i a l :  304 SS. 

Mater ia l :  304 SS. 

Mater ia l :  304 SS. 

15000 ga l .  
M a t e r i a l :  2.25 C r  - 
1 Mo. 

Dehumidif ied n i t rogen .  

Dehumidif ied n i t rogen .  

De humidif ied n i t rogen .  

R e s i s t a n c e  h e a t e r s .  

100 g p m  75-ft d i s c h a r g e  
head 1 0 0 0 ° F  
1OOO'F 

900'F 

700'F 

None 

None 

None 

None 

None 

None 

None 

None 

1 



TABLE 1-208 

Design  T e m p e r a t u r e  Opera t ing  Exposure I n t e r n a l  t o  Number of  E x t e r n a l  Number  o f  
E n v i r o n m e n t a l  L i k e  
Condit ions a n d  Components  

P r o t e c t i o n s  In S y s t e m  
E n v i r o n m e n t  Sodium P r e s s u r e  and  T e m p e r a t u r e s  

Component  Size 

Type of Cons t ruc t ion  ( 'F) ( h r )  Leaks Veloci ty  
system Component  and M a t e r i a l  

c 
I 
cn 
a 
w 

I t e m  
R e f e r e n c e  

In 
T a b l e  1-2 1 5  

FERMI DESIGN AND OPERATING DATA 
(Sheet 3 of 3)  

1 900 'F  0 S e c o n d a r y  Cold t r a p .  M a t e r i a l :  304 SS 
I pur i f ica t ion  P luggmg Mater ia l :  304 SS 4 900 'F  
6 meter .  

EM pump.  Mater ia l :  304 SS 1 900 'F  

a 
9 

300-600 
300-600 

300-600 

Dehumidif ied n i t rogen  
pur i f ica t ion  
and  s o d i u m  I in. 
s e r v i c e  M a t e r i a l :  304 SS. 

I 

,-] S e c o n d a r y  

5 s e r v i c e  

pur i f ica t ion  
a n d  s o d i u m  

300-9OO'F 

I I I 
L h m p  tank i 2 . 0 0 0  ga l .  3 

304 S S .  

300-600 

900'F 300-600 4 9 , 2 0 0  None 

p P r i m a r y  I F i l t e r  I M a t e r i a l :  304 SS 

None 

1 700 'F 300-600 I 4 9 , 2 0 0  I None I None 

S e c o n d a r y  I Piping 3 in. 
, pur i f ica t ion  I 463 f t .  

1 in. 
175  ft. 
M a t e r i a l :  304 SS I 

I 300-600 3 50-  900' F 

7 

S e c o n d a r y  Gate  valve 3 in.  +, pur i f ica t ion  
a n d  s o d i u m  1 
s e r v i c e  

1 ;::rial: 304 SS.  

4 5 , 2 0 0  

4 9 , 2 0 0  
4 9 , 2 0 0  

4 9 , 2 0 0  None 

None 

None 
None 

None 

3 50-900 F 
3 50-900'  F 

I I 



TABLE 1-209 

PLANT COMPONENT INVENTORY 

Sodium coolers 

IHX 

Steam generators  

Component I SCTI 

1 

1 

1 

Sodium hea ters  1 2  

Pumps (EM) 

Vessels  

Filters 

Purification systen 
components 

Valve s 

Piping ( f t )  

Reactors  

1 

4 

0 

3 

40 

1723 

0 

LCTL 

2 

1 

0 

0 

3 

0 

3 

0 

3 

56 

1010 

0 

SRE 

0 

2 

3 

2 

8 

3 

6 

2 

11 

98 

1850 

1 

Hallam 

0 

0 

6 

3 

6 

4 

15 

2 

7 

114 

2192 

1 

June 30, 1970 
LMEC-Memo-69-7, Vol I 

1-594 

EBR-I1 

0 

0 

1 

2 

2 

4 

4 

0 

5 

2 9  

2064 

1 

F e r m i  

0 

0 

3 

3 

8 

2 

10 

1 

8 

75 

4205 

1 



c 

Item 
No. 

1. 

2. 

3. 

4. 

5. 

Component 

Expansion 
joint X J- 5 

diam line) 

Pipe leg 503 

diam line) 

(10-in.- 

(1 0-in.- 

P r imary  
pump level 
sensing line 
(2-in.-  
diam line) 

Steam gen- 
erator  rup- 
ture disc - 
RD-2 

Expans ion 
joint X J- 1 0 

diam line) 
(10-in.- 

TABLE 1-210 

SCTI SODIUM LEAK INCIDENT SUMMARY 
(Sheet 1 of 3 )  

Incident De scription 

Sodium leaked f rom pin holes and cracks in 
the expansion joint bellows and penetrated 
c racks  in the thermal  insulation. There 
was no fire.  The bellows failed f rom metal 
sensitization during its manufacture. 

A small  sodium leak occurred through a 
1 /8-in. hole in the pipe during p r imary  
system f i l l .  The leak resulted in a small  
f i re .  The hole was inadvertently made 
when a plumb bob was tack welded t o  the 
pipe. Human e r r o r  was cause of failure. 
Sodium oozed out f rom a substandard 
weld joint (porous connection) in  the pr i -  
m a r y  pump level sensing line. A small 
f i re  resulted f rom leak. 

A pinhole-size sodium leak developed in 
a seal weld where the rupture disc  and 
i t s  support ring were  welded t o  the face 
of the support flange on the s team gener- 
a tor  side of the joint. No sodium spillage 
o r  open flame resulted f rom the leak 
Sodium oxide formation was observed on 
the RD-2 flange insulation during inspec- 
tion of a nearby valve. 

The leak detector on X J -  10 a la rmed and 
indicated sodium leakage at the first 
stages of sodium oxide formation. No 
open fire resulted f rom the leak. 

Leak 
Ma gni - 
tude (lb) 

1 

10 

2 

1 

1 

Oper- 
ating 
!lours 

612 

1208 

613 

5302 

612 

Detection 

V i  sual 

V i  sual 

3pera-  
:ional 
monitor 

V i  sual 

Leak 
letector 

Fai lure  
Sources 

a )  Incident Re- 
port (IR) No. 
34,8-25-65 
FDH,  LMEC- 
Memo-6 9- 7 

11-4-65 
LMEC FDH 

IR-60, 

a )  IR-87, 
12-23-65 

b )  LMEC FDH 

a )  IR-93, 
1- 14-66 

b)  LMEC FDH 

a )  IR-108, 
3-1-66 

b) LMEC FDH 

+Fai lure  Data  Handbook 



I tem 
No. 

6. 

7. 

8. 

9. 

2 omponent 

Expans ion 
iointXJ-8 
;1o-in.- 
iiam line) 

j odium he 
iea te r  H-1 
;1o-in.- 
iiam line) 

Freeze t r a p  
FT- 1 

[HX pr i -  
n a r y  so- 
iium outlet 
;ate valve 
;1o-in.- 
iiam line) 

TABLE 1-210 

SCTI SODIUM LEAK INCIDENT SUMMARY 
(Sheet 2 of 3 )  

Incident De s c r iption 

The leak detector on XJ-8 alarmed and in- 
dicated sodium leakage at the f i r s t  stages 
of sodium oxide formation. No open fire 
resulted f rom the leak. 

Sodium leaked through cracks in the heater 
tubes. The tube c racks  were s t r e s s  cracks,  
Sodium leaked at a r a t e  of 1.4 gal/min. 
There was a moderate f i re ;  however, 
damage was light. 

A small  sodium leak was discovered in the 
vicinity of the base of F T -  1 at the outlet 
of the main gas-fired heater.  After the 
removal of thermal  insulation, the leak 
was found in a weld joint and the sodium/ 
sodium oxide buildup around the leak was 
3 in. in diameter.  The leak did not result  
in a fire.  Metallurgical examination of 
F T -  1 established that the failure occurred 
in an  extraordinarily la rge  weld beadused 
to  attach a thermocouple t o  the relatively 
thin-walled finned tube. The quantity of 
sodium leaked was l e s s  than 1 lb. 

Frequent improper operation of the valve 
resulted in sodium extruding f rom the 
f reeze  s t em packing gland. The extruded 
sodium caused a small  f i re .  

Leak 
Magni- 
:ude (lb) 

1 

400 

1 

2 

3per-  
ating 
3our s 

887 

3580 

Jn-  
U l O w I 1  

ITn- 
mown 

De t e c ti on 

Leak 
detector 

Opera- 
tional 
monitor 
(smoke 
detectors) 

Alarm 

Pr ote c - 
tive 
system 

. Failure  
S our c e s 

L) IR-114, 
3- 17-66 

3 )  LMEC FDH 

L) IR-302, 
6-5-66 

3) LMEC FDH 

3) IMPR-352, 
3-10-69 

b) LMEC FDH 

3) IMPR-359, 
3-26-69 

b) LMECFDH 



c 

Incident De scription 

2 (D 

w 
0 ” 
+ 
9 
4 
0 

Leak 
Ma gni - 
tude (lb) 

Item Component No. I 
10. Steam 

gene r a to r  control displacer cage gasket. Sodium 
leaked from the system with nominal dam- 
age to  the leveltrol and no damage to  other 
equipment. The leak occurred during the 
performance of a special sodium flushing 
procedure. 

Oper- 
ating 
Hours 

LJn- 
h0Wn 

3 et  e c ti on 

Visual 

Fai lure  
Sources 

L )  IMPR-376, 
12-27- 69 

1) LMEC FDH 



TABLE 1-211 

LCTL SODIUM LEAK INCIDENT I 

Sodium leak resulted f rom intergranular 
corrosion caused by impurities and mois- 
tu re  in pipe insulation. Leak was small 
and left an  insulation a r e a  1 in. in diam- 
e t e r  covered with sodium oxide. No fire.  
Pipe section was replaced. 

Flange bolts worked loose and caused a 
sodium leak. No f i re .  Flange was welded. 
Valve not originally design for sodium 
s e rvice . 
Flange bolts worked loose and caused a 
sodium leak. No fire. Flange was welded. 
V a l v e  not originally designed for  sodium 
s e r vic e. 

Flange bolts worked loose and a sodium 
leak occurred. F i r e .  Tightened flange 
bolts. 

W 
0 I tem 
c-’ No. 
” 

9 
4 
0 1. 

2. 

L 

7 5  

M 
0 
I 3. z 

m ?  
d m  

4. 
4 ” 

c s 
H 5. 

6. 

7. 

c> 

Component 

Pipe (3-in.- 
diam line) 

Valve - cold 
t r ap  inlet 
(1- 1 /2-in.- 
diam line) 

Valve - 3-in. 
thermal  
shock loop 

Va lve  - 3 -in. 
ma gne t i c 
t r a p  

Valve (V- 2 3A 

vent ( 2  -in. - 
diam line) 

Valve  - 6 x 8  
test section 
(6 -in. - 
diam line) 

1 -in. pipe 
elbow - 

- 2 x 3 loop 

plugging 
loop 

Incident De s c r iption 

Bellows ruptured. F i re .  Replaced 
bellows . 

Bellows ruptured. Small f i re .  Replaced 
bellows. 

Small sodium leak - immediately covered 
with calcium carbonate. Small f i re  
occurred. 

JMMAR 

Leak 
Ma gni - 
ude (lb) 

Oper - 
ating 
Hours 

Un- 
known 

Un- 
known 

Un- 
known 

Un- 
known 

Un- 
known 

Un- 
known 

Un- 
known 

De t e c t ion 

Visual 

Visual 

V i  sual 

Visual 

Visual 

Visual 

V i  sual 

Failure 
Sources 

2 )  IMPR- 12, 
7- 1-69 

a )  Lab Notebook 
No. B-041182, 
10- 11 -61 

b) LMEC FDH 

a )  Lab Notebook 
N0.B-041183, 
10-17-61 

b) LMEC FDH 

a) Lab Notebook 
N0.A-086329, 
9-22-59 

b) LMEC FDH 

a)  Lab Notebook 
N0.A-086374, 
4-20-60 

b)  LMEC FDH 

a)  Lab Notebook 
No. 086361, 
11 - 16-59 

b) LMEC FDH 

a )  IMPR-02 1, 
11- 15-69 



8 c) 
4 

0 
CE.) 
0 " 
c.l 
a 
4 
0 I tem 

No. 

1. 

2. 

s 
M 
(7 
I 3. g 
0 

4 
v 

c 
w 0 5. 
W 

6. 

7. 

8. 

Component 

Valve (PMV) - main 
pr imary  sodium s e r -  
vice (1 -in.-diam line) 

Valve (V- 124) - main 
secondary sodium 
service (1-in.-diam 
line) 

Valve (V- 124) - main 
secondary sodium 
service (1 -in.-diam 
line ) 

Valve (V-644) - main 
pr imary  sodium ser- 
vice (1 -in.-diam line) 

Valve (PMV) - main 
secondary sodium 
service (1 -in.-diam 
line) 

Valve (V-166) - main 
secondary f i l l  and 
drain (2-in.- diam 
line) 

Valve (PMV) - main 
pr imary  sodium ser- 
vice (1 -in.-diam line) 

Valve (V- 105) - main 
p r imary  sodium ser- 
vice (1 -in.-diam line) 

TABLE 1-212 

SRE SODIUM LEAK INCIDENT SUMMARY 
(Sheet 1 of 4 )  

Incident Description 

Bellows leaked. No 
fire. Part replaced. 

Bellows leaked. No 
fire. Part replaced. 

Bellows leaked due to  
assembly e r r o r .  No 
fire. Part replaced. 

Bellows leaked. No 
fire. Part replaced. 

Bellows leaked. No 
fire. Part replaced. 

Bellows failed. No 
fire. Part replaced. 

Bellows ruptured. No 
fire. Part replaced. 

Bellows leaked. No 
fire. Part replaced. 

Leak 
Ma gni - 
x d e  (lb) 

1 

1 

1 

1 

1 

1 

1 

1 

> p e rat in g 
Hours 

5,760 

16,400 

336 

18,100 

3,600 

15,100 

18,720 

7,2 00 

D et  e c ti on 

Visual 

Visual 

Visual 

V i s u a l  

V i s u a l  

V i s u a l  

Vi  sual 

Vi sual 

Fai lure  Sources 

a)  Operation Log 
book, 1-29-63 

b)  LMEC FDH 

a)  Operation Log 
book No. 51, 
2-24-63 

b) LMEC FDH 

a )  Operation Log 
book No. 5 1, 
3-6-63 

b) LMEC FDH 

a) Maintenance Log 
book, 7-10-63 

b) LMEC FDH 

a )  Operation Log 
book No. 9 

b) LMEC FDH 

a)  Operation Log 
book No. 11, 
11-25-58 

b) LMEC FDH 

a )  Operation Log 
book No. 13, 

b) LMEC FDH 

a) Operation Log 

b) LMEC FDH 

6-23-59 

bookNo. 6, 1-4-58 



4 

d 
s 

Incident Description 

TABLE 1-212 

SRE SODIUM LEAK INCIDENT SUMMARY 

Leak 
Magni- 

tude (lb) 

w (Sheet 2 of 4 )  
0 " 
w 
9 

0 
4 I tem 

No. 

9. 

I z 11. 

r!i 0 
- 1  
0 -  
oa 

I 12. 

c 
4 " 

H 
13. 

14. 

15. 

16. 

@ 

Component 

Valve (V-624) - pr i -  
mary freeze t r a p  
(1 -in.-diam line) 

Valve (V-126) - main 
secondary sodium 
service (1 -in.-diam 
line) 

Valve (PMV) - main 
secondary sodium 
service (1 -in.-diam 
line) 

Valve (PMV) - main 
s e c onda r y  s odium 
service (1-in.-diam 
line) 

Valve (V-634) - main 
p r imary  sodium s e r -  
vice (1 -in.-diam line) 

Valve  (V-617) - main 
pr imary  sodium s e r -  
vice (1-in.-diam line) 

Valve (V-125) - main 
secondary sodium 
service (1 -in.-diam 
line) 

Valve (V-620) - main 
p r imary  sodium s e r -  
vice (1-in.-diam line) 

Bellows ruptured. No  
f i re .  Part replaced. 

Bellows leaked. No 
fire. Part replaced. 

Bellows leaked. No  
f i re .  Part replaced. 

Bellows leaked. No  
f i re .  Part replaced. 

Bellows leaked. No 
f i re .  P a r t  replaced. 

Bellows leaked. No 
f i re .  Part replaced. 

Bellows leaked. N o  
f i re .  Part replaced. 

Bellows ruptured. No  
f i re .  Part replaced. 

De t e ction lpe  rating 
Hours 

9,360 

9,360 

4,080 

4,200 

9,72 0 

9,720 

13,600 

12,100 

Visual 

Visual 

V i  sual 

V i  sual 

Visual 

V i  sual 

V i  sual 

V i  sual 

Failure Sources 

a )  Operation Log 
book No. 7, 
6-1-58 

b )  LMEC FDH 

a )  Operation Log 
book No. 7, 
6-16-58 

b)  LMEC FDH 

a )  Operation Log 
book No. 7, 
6-24-58 

b)  LMEC FDH 

a )  Operation Log 
book, 8-12-60 

b) LMEC FDH 

a )  Operation Log 
book, 3-10-60 

b)  LMEC FDH 

a)  Operation Log 
book No. 24, 

b )  LMEC FDH 
9-30-60 

a)  Operation Log 
book No. 25, 
12-28-60 

b) LMEC FDH 

a)  Operation Log book 

b) LMEC FDH 
No. 26, 1-13-61 



w 
0 

9 
4 
0 

Y 

c.’ 

(Sheet 3 of 4 )  

Incident Description Magni- Operating 
Leak 

tude (lb) Hours Component 

Valve (V-620) - main Bellows failed. No 1 12,100 
pr imary  sodium s e r -  fire. P a r t  replaced. 
vice (1 -in.-diam line) 

Valve (V-618) - main Bellows failed. No 1 13,000 
p r imary  sodium s e r -  fire. P a r t  replaced. 
vice (1 -in.-diam line) 

Valve (PMV) - main Bellows failed. No 1 11,000 
pr imary  plugging fire. P a r t  replaced. 
me te r  (1 -in.-diam 
line ) 
Valve (V-635) - main Bellows failed. No  1 12,000 
pr imary  sodium s e r -  fire. P a r t  replaced. 
vice (1 -in.-diam line) 

Valve (PMV) - main Bellows failed. No 1 3,600 
p r imary  sodium ser- fire. Part replaced. 
vice (1 -in.-diam line) 

Valve (V-124) - main Bellows failed. No 1 4,560 
secondary sodium fire.  Part replaced. 

l ine) 

Valve (V-127) - main Bellows failed. No 1 10,800 
secondary sodium fire. Part replaced. 
service (1 -in.-diam 
line) 

service (1 -in.-diam 

4 
Y 

Detection Fai lure  Sources 

Visual a )  Operation Log 
book No. 26, 
1-28-61 

b) LMEC FDH 

book No. 26, 
3-30-61 

b )  LMEC FDH 

book No. 35, 
11-8-61 

b )  LMEC FDH 

book No. 35, 
2-6-62 

b) LMEC FDH 

Visual a)  Operation Log 

Visual a)  Operation Log 

Visual a )  Operation Log 

Visual a )  Operation Log 
book No. 8, 
6-24-58 

b) LMEC FDH 

Visual a)  Operation Log 
book No. 8, 
7-2-58 

b )  LMEC FDH 

Visual a)  Operation Log 
book No. 8, 
7- 13-58 

b) LMEC FDH 

Item 
No. 

17. 

18. 

19. 

20. 

W 

21. 

22. 

23. 

. .  



I tem 
No. 

24. 

25. 

26. 

Sodium leak, flange 
bolts not properly 
torqued. No fire. 

Sodium leak. Hole in 
line caused by an elec- 
t r i c  a r c  f rom a shorted 
line heater.  Fire resul-  

TABLE 1-212 

SRE SODIUM LEAK INCIDENT SUMMARY 
(Sheet 4 of 4) 

Component Incident Description 

Valve (V-124) - main 
secondary sodium 
service (1 -in.-diam 
line) 

F i l t e r  - main p r i -  
m a r y  sodium 
service 

Pipe (2-in.-diam 
line) pr imary  
sodium service 

Bellows failed. No 
f i re .  Part replaced. 

Leak 
Magni - 
ude (lb: 

1 

1 

10 

3perating 
Hours 

10,800 

Un- 
known 

6,000 

Detection 

Visual 

Visual 

Visual 

Failure Sources 

a)  Operation Log 
book No. 8, 
8-16-58 

a )  SRE Log book 
b) LMEC FDH 

a)  69LMEC-2368, 
12-8-69 



I tem 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

Component 

Expansion tank - 
s e c ondar y s y s t e m  

Pump - secon- 
dary  system 

Valve - pr imary  
cold t r a p  inlet 
(2-in.-diam line) 

Valve - pr imary  
f i l l  and drain line 
(3-in.-diam line) 

Valve - pr imary  
hot t r a p  (3-in.- 
diam line) 

Valve (V-476) - 
pr imary  block 
(3-in.-diam line) 

Valve (V-443) - 
pr imary  me te r  
(2  -in. -diam line) 

Valve (471) - 
pr imary  hot t r a p  
(3 -in. -diam line) 

TABLE 1-213 

HALLAM SODIUM LEAK INCIDENT SUMMARY 
(Sheet 1 of 2 )  

Incident De scription 

Tank leak caused s t r e s s  corrosion 
cracking and leak at junction of 8-in. 
overflow line and tank. No f i re  r e -  
sulted f rom the leak. 

Loose bolts resulted in a sodium 
leak during preoperational testing. 
No fire resulted f rom the leak 

Bellows ruptured. Detected during 
actuation. No f i re .  Part replaced. 

Bellows leaked. Detected during 
actuation. No f i re .  Part replaced. 

Bellows leaked. Valve operated be- 
fore  properly preheated. Detected 
during actuation. No f i re .  

Bellows leaked. No f i re .  Part 
r e  placed . 

Bellows leaked. Detected during 
actuation. No f i re .  Part replaced. 

Bellows leaked. Detected during 
actuation. N o  f i re .  Part replaced. 

Leak 
Magni - 
tude (lb) 

10 

2 

1 

1 

1 

1 

1 

1 

Oper- 
ating 
Hours 

15,000 

0 

5,280 

4,32 0 

15,744 

21,000 

1,440 

3,600 

D et  e ction 

Visual 

V i  sua1 

Un- 
known 

Un- 
known 

Un- 
known 

Protec-  
tive 
system 

Un- 
known 

Un- 
known 

F ailu r e 
Sources 

a )  Conference 
650620 

a )  WorkRequest 

b)  LMEC FDH 

a )  Monthly High- 

b) LMEC FDH 

a)  Work Request 
No. 2092 

b)  LMEC FDH 

a )  Monthly Oper- 
ating Report 
No. 10081 

b) LMEC FDH 

a )  Monthly Oper- 
ating Report 
No. 10113 

b )  LMEC FDH 

a )  Work Request 
No. 1432 

b )  LMEC FDH 

a )  Work Request 
No. 1772 

b) LMEC FDH 

NO. 909, 4-6-62 

lights, 10-12-62 



I tem 
No. 

9 .  

10. 

11. 

12. 

13. 

Component 

Valve (491) - 
secondary f i l l  
tank outlet (3 - 
in.-diam line) 

Cold t r a p  - pr i -  
m a r y  cel l  No. 2 

Cold t r ap  - pr i -  
m a r y  cell  No. 2 

Piping and fitting 
gasket No.2 d r u m  
melt  station 

Hot t r a p  (carbon) 
sampler  

TABLE 1-213 

HALLAM SODIUM LEAK INCIDENT SUMMARY 
(Sheet 2 of 2 )  

~~ ~ ~ 

Incident De scription 

Bellows leaked. N o  fire.  Part 
replaced . 

Visual observation af ter  operation 
monitor alarm revealed sodium on 
floor and nitrogen ducting. N o  fire. 
Part replaced . 
Misalignment of inlet flange caused 
sodium leak. No fire.  Local repair .  

Sodium leak around gasket between 
piping and drain bung. No fire. 
New gasket installed. 

One man sprayed with sodium while 
removing a sample, but was not 
burned due to  protective clothing. 

Leak 
Magni- 
ude (lb) 

Oper- 
ating 
Hours 

18,840 

Un- 
known 

Un- 
known 

Un- 
known 

2,400 

Detection 

V i  sual 

Leak 
detector 

Opera- 
tional 
monitors 

Visual 

V i  sual 

~ 

Failure  
Sources 

a)  Monthly Oper- 
ating Report 
No. 10089 

b) LMEC FDH 

a )  Monthly Oper- 
ating Report  
No. 6 

b) LMEC FDH 

a )  Monthly Oper- 
ating Report 
No. 7 

b) LMEC FDH 

a)  AI Monthly Re- 
port, 1 - 11 -63 

b) LMEC FDH 

a)  Monthly Oper- 
ating Report 
No. 5 

b) LMEC FDH 



I tem 
No. 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

Component 

EM DC conduction 
pump - sodium 
purification sys - 
t e m  (temporary) 

EM AC linear 
induction pumps 
- main secondary 
system 

Valve - pr imary  
cold t r a p  bypass 

Valve - pr imary  
system plugging 

Valve - pr imary  
system plugging 

Valve - pr imary  
pur i f i c at i on 
sys tem 

Valve - pr imary  
sodium samp- 
ling waste line 

loop 

loop 

TABLE 1-214 

EBR-I1 SODIUM LEAK INCIDENT SUMMARY 
(Sheet 1 of 2) 

Incident De s c r iption 

Pump duct leaked sodium. 
No  f i r e .  Pump duct 
removed. 

Small leak through cracks 
resulting f rom a combin- 
ation of very  low inlet 
pressure t o  the duct at a 
high flowrate. No  f i re .  Re 
paired in field by curring 
circular discs  containing 
the cracks f rom the duct 
and welding in new discs.  

Bellows leaked. N o  f i re .  
P a r t  replaced . 
Bellows ruptured. N o  f i re  
P a r t  replaced. 

Bellows ruptured. N o  f i re  
P a r t  replaced. 

Bellows ruptured. N o  f i re  
Valve replaced. 

Bellows leaked. Small f i r e  
Valve replaced. 

Leak 
Ma gni - 
tude (lb) 

2 

10 

1 

1 

1 

1 

2 

Operating 
Hours 

Unknown 

55 

100 

8,800 

8,800 

15,000 

9,400 

D et  e c ti on 

Visual 

Opera- 
ational 
monitors 

Vi sual 

Vi sua l  

Visual 

V i  sual 

Visual 

Fai lure  Sources 

a)  ANL-6739 
b)  LMEC FDH 

a) ANL-6885 
b) ANL-6904 
C )  EBR-IISTPVOl C-9 
d )  ANS- 100 
e )  LMEC FDH 

a)  ANL-6810,12-63 
b)  LMEC FDH 

a)  PMMR-86 
b )  LMEC FDH 

a)  PMMR-86 
b)  LMEC FDH 

a)  Operations Weekly 
Report, 4- 10 - 68 

b )  LMEC FDH 

a)  Report of EBR-I1 
operations, 4-1-67 
through 6-30-67 



I tem 
No. 

Sodium leak during valve 
repair .  Valve cut out of 
pipe, pipe heaters turned 
on, sodium melted out and 
caused major  f i re .  Human 
e r r o r  was cause of failure. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Component 

Valve - secon- 
dary  plugging 
me te r  

Valve - secondary 
surge tank vent 

Valve - secondary 
surge tank vent 

Valve - secondary 
plugging loop 

Valve - secondary 
plugging loop 

Valve - secondary 
plugging loop 

Valve - secondary 
sodium service 

Valve - secondary 
plugging loop 

Pipe 

TABLE 1-214 

EBR-I1 SODIUM LEAK INCIDENT SUMMARY 
(Sheet 2 of 2 )  

Incident De s c ription 

Bellows ruptured. No fire.  
Part replaced . 
Bellows ruptured. No  f i re .  
Part replaced . 
Bellows ruptured. N o  fire.  
Part replaced . 
Bellows leaked. No f i re .  
Part replaced. 

Bellows leaked. No f i re .  
Part replaced. 

Bellows leaked. No f i re .  
Part replaced. 

Bellows leaked. No f i re .  
Part replaced . 
Bellows leaked. Leak was 
small .  No f i re .  P a r t  
r e pla c e d . 

Leak 
Ma gni - 
x d e  (lb) 

1 

1 

1 

1 

1 

1 

1 

1 

600 

~ 

3perating 
Hours 

2,608 

2,608 

3,208 

7,290 

10,100 

10,800 

14,500 

18,600 

Unknown 

Detection Failure Sources I 
Opera - 
tional 
monitors 

Visual 

Vi sua l  

Vi sual 

Visual 

Vi sual 

Vi sual 

V i s u a l  

V i sua l  

a )  ANL-6965, 10-64 
b) LMEC FDH 

a )  PMMR-25 
b)  LMEC FDH 

a)  PMMR-33 
b)  LMEC FDH 

a)  PMMR-77 
b) LMEC FDH 

a)  PMMR-92 
b) LMEC FDH 

a )  PMMR-102 
b) LMEC FDH 

a)  Operations Weekly 
Report, 2-14-68 

b)  LMEC FDH 

a )  Report of EBR-I1 
operations, 5-2 1-29 
through 6-26-69 

b )  LMEC FDH 

a)  EBR-I1 Operation 
Report 



Item 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

'perating 
Hours Component Detection 

Valve - pr imary  
sodium sys tem 
(6-in.-diam line) 

Valve - pr imary  
sodium service 
(3-in.-diam l ine)  

Valve - pr imary  
sodium service 
( 3 - in. -diam line ) 

Valve - pr imary  
sodium service 
( 3 -in. - diam line) 

Valve - secondary 
sodium plugging 

Valve - secondary 
cold t r a p  (3-in.- 
d iam line) 

Valve - transfer 
tank t o  cold t r a p  
(3-in.-diam line) 

Cold t r a p  - cold 
t r a p  room 

TABLE 1-215 

FERMI SODIUM LEAK INCIDENT SUMMARY 

Incident De scription 

Bellows leaked. No  f i re .  
Vendor repair .  

Bellows leaked. N o  f i re .  
Vendor repair .  

Bellows leaked. No fire. 
Vendor repair .  

Bellows leaked. No f i re .  
Vendor repair .  

Bellows leaked. No f i re .  
B ellow s replaced . 
Bellows ruptured. No f i re  
Bellows replaced . 
Bellows leaked. No f i re .  
Defective component re- 
turned t o  manufacturer.  

Sodium leaked through 
union seal  r ing joint. No 
fire. Local repair .  

Leak 
Magni 
tude (It 

15,000 

15,000 

1,632 

13,400 

13,400 

11,010 

15,000 

5,643 

Operational 
monitors 

Operational 
monitors 

Operational 
monitors 

Operational 
monitors 

Ope rational 
monitors 

Vi sua1 

Leak 
detector 

Leak 
detector 

Fa i lure  Sources 

a)  ADPA CFE- 11 
b)  LMEC FDH 

a 

b 

a 

ADPA CFE-  11, 
page 22 
LMEC FDH 

ADPA CFE-11, 
page 22 

b)  LMEC FDH 

a )  EF-26,page 3 
b) LMEC FDH 

a)  EF-26,page 5 
b) LMEC FDH 

a)  EF-21  
b) LMEC FDH 

a)  EF-52  
b) LMEC FDH 

a)  EFAFF-MR-44 
b) LMEC FDH 



TABLE 1-216 
PLANT SODIUM LEAK INCIDENT DISTRIBUTION 

I 

Number of Incidents /Leak Magnitude (lb) 

600 
Plant 

Totals Plant 
1 10 40 0 

1 10 
7 
26 
13 
16 
8 

SCTI 

LCTL 

SRE 

Hallam 

EBR-I1 

F e r m i  

2 

1 
1 
1 

I 

5 
3 

25 
10 
12 
8 

63 

1 

1 Totals : 

Grand Total: 

6 
5 / 1  80 

TABLE 1-217 
COMPONENT SODIUM LEAK INCIDENT DISTRIBUTION 

Number of Incidents /Leak Magnitude (lb) Component 
Totals 

1 

1 
1 
2 
1 
1 

+ 
400 600 C omponent s 

Sodium heaters  

Steam generators 

Pumps (mechanical) 

Pumps (EM) 

Tanks 

F i l t e r s  

Pur if  ication system 

Valves 

Piping 

Rupture discs  

F reeze  t raps  

Human e r r o r  

Totals: 

components 

Grand Total: 

5 1 

1 

2 
52 

5 

1 
1 
1 

1 

3 
57 
8 
1 
1 
3 

3 

1 

1 

4 5 1 1 63 6 
80 
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Q 
TABLE 1-218 

COMPONENT FAILURE RATES 

Component 

Sodium heaters  

Steam generators 

Pumps (me chanical) 

Pumps (EM) 

Tanks 

F i l t e r s  

Purification sys tem 

Valves 

Piping 

Rupture discs 

F reeze  t r aps  

Human e r r o r s  

components 

F a i lur  e s 

10' exposure hours 
Fai lure  Rate 

4.93 
2.14 

0.78 
2.62 

0.51 
3.57 

1.41 
2.75 
0.0089 
12.08 
3.02 

9.09 

Q 
June 30, 1970 
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I. INTRODUCTION 

A. GENERAL @ 
There exists increased concern with respect  to events which have contri- 

buted to personnel injury and/or  significant programmatic delay o r  cost  in- 

c r ease  f o r  AEC facil i t ies under construction o r  major  modification. These 

unplanned events occur during mater ia l  procurement, fabrication, shipping, 

and construction, and fal l  within the classification of the RDT definition of an 

incident. For  the purpose of broadening sample coverage, l ess  significant 

events which fall  under the LMEC definition of Minor Malfunctions, Problems, 

o r  Non-Conformance Events, a r e  also included. 

not of a magnitude which the project is willing to define a s  significant but which, 

nevertheless, have importance in evaluating the effectiveness of the local quality 

assurance program and/or  of applied specifications and standards. 

These a r e  events which a r e  

B. APPLICATIONS 

These data a r e  used pr imari ly  by P rogram Management, Design Procure-  

ment, and Quality Assurance to:  

1 ) Establish bet ter  control over fabrication through improved procure- 
ment specifications a s  standards, and m o r e  exacting acceptance 

specifications and procedures 

63 

2 )  Improve packaging and shipping procedures including logistics 

3 )  Indicate deficiencies with respect  to installation standards, rigging 
methods, and construction procedures including incompatibility of 

welding o r  other mater ia ls  

4) Indicate the need for  study o r  R&D in cr i t ical  a r e a s  

5)  Establish a basis  fo r  vendor, architectural  engineer, and contractor 

evaluation with respect  to performance capability of a specific system 

o r  component request for  bid 

6 )  Establish the need f o r  additional incentive to encourage new industry 

to enter specific a r e a s  of very  limited competition. 
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Fail r e  ra tes  ha7 li t t le meaning for  these events since, i f  the cause is  

known, preventive measures  will surely be initiated. Rather, a s  information 

is accumulated, appropriate frequency distribution curves will be shown fo r  

categories of importance to guide the u s e r  to those a r e a s  where initial effort 

might most  profitably be directed. 

Emphasis is placed on the mode of failure and its cause. Where available, 

incremental  cost  and programmatic delay t ime a r e  to be used as weighting 

factors  i n  contingency planning and logistic scheduling. 

While it is a definite pa r t  of the overall  p rogram objective of the Mainte- 

nance and Malfunction Analysis P rogram to collect and evaluate historical  data 

on preoperational events for  publishing in this section of the handbook, LMEC 

has not been directed to proceed with the general collection of such data during 

the next f iscal  year. 

ever,  will be  received and will contribute to a buildup of information in this 

category. 
fabrication and assembly, shipping o r  procurement, and construction. 

The m o r e  important events (classed as Incidents), how- 

Reported events will be divided into three  important subcategories : 

F o r  this issue,  however, cer ta in  aspects of typical events which a r e  en- 

countered during the pre-s tar tup design o r  fabrication period for  either a new 

construction, a modification, o r  a t e s t  ar t ic le  installation a r e  evidenced through 

review of LMEC's Quality Assurance Nonconformance Reports. 

initiated in July 1968 as an LMEC Quality Assurance control document. 

61 Nonconformance Reports have been prepared during the past  year.  While 

some are related to minor  quality control problems, many a r e  m o r e  serious.  

These were  

Some 
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II. SUMMARY OF LMEC EVENTS REQUIRING NONCONFORMANCE REPORTS 

A. FABRICATION AND ASSEMBLY 

A 

Approximately 5070 of all nonconformance was associated with fabrication, 

although nearly half of these could be used in  the as-received state.  

Weld defects were  by far the greatest  problem. Other typical defects were:  

1 )  Bur r s  

2 )  Lack of drawing checks, manufacturer 's  identification, testing 

3 )  Demineralizer, pipe, seals ,  bearing housing studs, and instruments 

not meeting specification 

4)  Dir t  contamination during fabrication o r  storage 

5 )  Improper torquing during assembly, leading to leaks. 

B. SHIPPING AND PROCUREMENT 

Approximately 10% of reported events were  associated with shipping and 

another 10% with procurement. 

Shipping damage occurred to t e s t  art icles,  ma jo r  system components, and 

minor  parts.  

programs.  

Two of these had the potential fo r  creation of ser ious delays to the 

Procurement  problems were associated with pipe mater ia l ,  pipe fittings, 

bearing types, and the wrong instrumentation. 

a ser ious programmatic delay. 

Defective pipe mater ia l  did cause 

C. CONSTRUCTION 

Twenty-five percent of the problems were  associated with field run welds 

during plant modifications. Other construction problems were  negligible. 

D. MISCELLANEOUS 

Some non-conformance reports resulted f rom procedural violations. 

Insufficient information is available he re  for  specific recommendations, 

but the need fo r  improved vendor quality assurance is evident. 

l ems  in  stainless s teel  systems a r e  to receive more  thoroughinvestigation than 

any other problems. 

Welding prob- 
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I. INTRODUCTION 

A. SCOPE 
Q 

P a r t  3 expands the concept of reliability assurance for  nuclear facil i t ies 

beyond the fundamental failure mechanisms analysis emphasized in P a r t s  1 

and 2. 

importance is most effective in the evolvement of greater  reliability assurance 

during the tes t  and prototype development stages and during initial design and 

construction of a new nuclear facility. 

and large-component tes t  facil i t ies,  it is  possible to gradually apply specific 

macroscopic information amassed over the years  f rom resea rch  and develop- 

ment projects that have been undertaken in small  t es t  loops and laboratories.  

Accumulated statistical failure and fabrication tolerance data can then be 

applied to predict system, component, or facility reliability and availability. 

Improved understanding of failure mechanisms and their relative 

As experience i s  gained f rom prototype 

P a r t  3 of this handbook does not develop the fundamental mechanics of 

reliability analysis. However, a fairly complete bibliography (Section VII)  

has been compiled on reliability, maintainability, system effectiveness, 

probability, and statist ics to aid the reader  in expanding his cognizance of 

reliability for specific applications. 

standards,  specifications, and periodicals associated with these subjects. 

Also compiled i s  a l i s t  of current  

P a r t  3 descr ibes  just enough of reliability fundamentals to permit  the 

engineer o r  project manager to be aware of the pitfalls associated with appli- 

cation of various types of failure data and to more readily understand subsequent 
summary discussions on the cur ren t  state-of-the -ar t .  

A s  of this publication, few, i f  any, of these concepts have been developed 

to  a state where they can be indiscriminately used by the layman. 

it is very  important that responsible persons in the nuclear industry a r e  

aware of cur ren t  technological development of tools available both presently 

and in- the near future. 

cepts is given followed by a fairly extensive development of "fault t ree"  analysis 

with examples of applicability to availability and safety evaluation and con- 

ceptual design tradeoff studies. 

However, 

A brief review and analysis of some of these con- 
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Future expansion bf P a r t  3 will maintain pace with the state-of-the-art  and 

will develop and desciribe these concepts for use by both the layman and the 

expert a s  theory and experience progress  permit .  

B. PURPOSE 

Emphasis in this handbook i s  upon large mechanical systems for which no 

other domestic program has been conducted to collect statist ical  failure data 

(random o r  other)  in the volume necessary for confident reliability analysis 

and prediction. 

ment of reliability prediction models for  large propulsion systems using the 

design margin concept with normal o r  other stress-environment distribution 

functions. 

molding of these model theories with small  data sample failure experiences 

through Bayesian statistical methods. 

r iences has me t  with some success .  

The aerospace industry has placed great  s tore  in the develop- 

Considerable additional effort by theorists has gone into empirical  

Validation of model theory through expe- 

A concerted effort to develop this model concept through collection and 

application of: 

data, and ( 3 )  operational variances of specific component models coupled to ver i -  

fication by discrete  tests holds the greatest  potential for  early attainment of a 

reliability prediction method for large mechanical components. 

(1) s t r e s s  /s t ra in  data, ( 2 )  fabrication tolerance and acceptance 

Conversely, i t  i s  impossible to perform system/component availability p re -  

diction without good component reliability data and specific knowledge of planned 

inspection periods and repa i r  t imes.  In the case of long lead-time items, ware-  

housing logistics also become important. However, for preliminary system 

design evaluation of percent improvement in plant availability to be expected 

for  specific modification o r  added redundancy, very crude component block r e -  

liability estimates a r e  often sufficiently accurate to permit  execution of sound 

programmatic decisions. The "Reliability Engineering" handbook, NAVWEPS 

00-65G502, discusses one estimation method. There a r e  many others .  Many 

methods of "failure t ree"  analysis have been developed. One of the most  suc- 

cessful was that used in development of the Minute Man missi le ,  the "fault t ree"  

method. Fault  t ree ,  described la ter ,  was used in conjunction with failure modes 

and effects analysis to develop this most  reliable missi le .  
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C . APPLICATIONS 

63 The following a r e  typical applications: 

1) Pre l iminary  program planning and design optimization and trade-off 

studies 

2 )  Plant modification trade-off studies 

3) Establishment of effective design s t r e s s  

nents in a given variable evnironment 

4) Statist ical  analysis of collective s t r e s s  t 

environmental sources  

safety margins  for  compo- 

me effects f rom multiple 

5 )  Evaluation of the combined effect of cyclic transients and normal time 

effects 

6 )  Prediction of expected component/sys tem reliability 

7) Application of methods for statist ical  design of additional R&D 

experimentation. 
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I I .  FUNDAMENTALS OF RELIABILITY 

Failure  mode and maintenance data f rom USAEC test  facilities over the 

next few years  should afford good data on failure modes, design l imits,  dis t r i -  

butions, and very conservative lower l imits on expected Mean Time Between 

Fa i lure  (MTBF).  

should be available f rom LMFBR prototype construction. 

other reliability parameters ,  such a s  maintainability, repair ,  inspection, e t c . ,  

will be well established. 

available until 2 to 3 yea r s  after the f i r s t  prototype is  in operation. 

Good reliability data for  sodium system design margins  

Data on many of the 

Good reliability data on MTBF probably will not be 

F r o m  this i t  mus t  be concluded that good availability analyses could not be 

conducted for  5 to 8 yea r s  on the sodium system. This is ,  however, the time 

it will be most  needed. Ample data should be available on all other systems;  

and all  of the other end i tem 'functions could be performed p r io r  to prototype 

design, even i f  some conclusions a r e  overconservative.  

A quick review of the relationship between specific distribution functions, 

sys tem types, and environmental conditions will help in clarification. 

ability analysis,  extensive tes ts  have indicated that failure patterns can gen- 

eral ly  be expressed by either the normal  (Gaussian) o r  exponential distributions.  

Typical curves of both types a r e  shown in Figure 3-1. 

defined a s  the probability that a cer ta in  value of a discrete  variable will occur ,  

expressed as  a function of that var iable .  

usually t ime, but may be any environmental design pa rame te r .  

and experimental  facilities will often afford much more  reliable density functions 
for  variables such as  temperature ,  p re s su re ,  s t r e s s ,  and corrosion, e t c . ,  than 

f o r  time dependent failure ra tes .  

In reli-  

A density function is  

In reliability work, this variable i s  

Data f rom test  

The normal  distribution is generally used where the age of the i tem is s i g -  

nificant to the fai lure  ra te .  

the burn-in (preoperational period) o r  in the wearout portion of the life-cycle of 

the item. 

the probability of the cause of failure is  random o r  unpredictable and where 

deter iorat ion is not a cause of failure.  

In this distribution, age significance is usually in 

The exponential distribution is  used for  a reliability analysis where 

The "random o r  unpredictable" tes t  is  
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Figure 3 -  1. Exponential Reliability Function and Normal Function 

well satisfied in most  electronic systems and in very la rge  o r  complex collec- @ 
tions of mechanical systems past  the burn-in period and af ter  severa l  r epa i r s  

have tended to establish a constant failure ra te .  In most  instances for mechani- 

cal  systems,  however, a single unit of equipment is being considered and ei ther  

a normal  o r  Weibull distribution should be used. 

Figure 3-2 is an  i l lustration of a typical fa i lure  ra te -versus- t ime curve for  

e lectr ical  equipment and components. 

ra te  curve.  

r ized as  random-catastrophic (comparable to burn-in) .  After T1, wearout 

effects become apparent with increasing frequency, so that probability of failure 

increases .  

in the developmental stage than in operational field performance. 

program will be in the developmental stage for  severa l  yea r s  to come with 

respect  to many sodium components. 

This is known a s  the I'bathtub'' failure 

In the t ime period 0-T1, the fai lure  ra te  is constant and is catego- 

The significance of the burn-in period i s  m o r e  pronounced in systems 

The LMFBR 

Examination of the basic frequency 

LMEC-Memo-69-7, Vol I 
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Figure - 2 .  "Bathtub" Fai,are Rate Curve 
I 

function equation will afford a be t te r  interpretation of Figures  3- 1 and 3 - 2 .  

reliability of the exponential function is given in Figure 3- 1A as  

The 

- t /e  R(t)  = e , where 8 = MTBF 

Conversely, the unreliability o r  expectation of failure is 1 - e - t / Q .  If t /e  

then 

Thus, l / e  is the constant failure ra te  between time 0 and T I  in Figure 3-2. 

is  a highly desirable mathematical  situation for sys tern reliability and availabil- 

ity analysis.  

This 

On the other hand, the unreliability for  the ndrmal  function of Figure 3-1B 

i s  1-R(t)  o r  an  inversion of the indicated reliabilily curve.  The failure ra te  

LMEC-Memo-69-7, Vol I 
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then would resemble Figure 3-2 with the constant failure ra te  section removed. 

In LMFBR test  facilities, data could be expected with very small  standard devi- 

ation for  specific components under test  and considerably la rger  mean and stan- 

dard deviation for  support equipment. 

gradually approach a flatter distribution about the mean for  some systems in 

which the concept of constant failure ra te  will become more  applicable through 

random repa i r  and replacement. 

@ 
Large operating power plants should 

The Weibull distribution function has  been found to fi t  experimental data 

bet ter  than the normal where burn-in failure ra te  is small  ( a s  in reasonably 

reliable mechanical components) and the t ime element of interest  is small  com- 

pared to mission objective. 

ansly s i s . 
It is  also much more  preferable for  computer 

Acquisition and evaluation of nonconservative statist ical  parameters  of re l i -  

ability having a high confidence level (say 90%)  i s  further complicated in the 

nuclear power reactor  field by the fact that past  experience indicates most  
severe  faults occur during startup o r  while shutting the plant down. Many 

others have occurred during shutdown while performing maintenance o r  handling 

fuel. 

l eas t  four operational environment categories a s  well a s  the numerous tes t  level 

conditions. 

This necessitates division of the expected smal l  volume of data into at  

I t  i s  concluded that adequate sampling is going to take a long time, but 

methods and theories a r e  available to get started. 

planned and work toward specific objectives. 

a r e  shown in Figure 3-3. 

The program must  be well 

Some of these potential objectives 

A discussion of fundamentals of reliability i s  hardly complete without exam- 

ining the concept of confidence level o r  confidence l imits.  

fidence levels for normally distributed test  data to the exponential case is 

developed by application of the Weibull distribution function. 

the following discussion a r e  defined a s :  

A theory relating con- 

Symbols used in 

t = available test  t ime 

0 = mean life, hence, M T F F  (5 yr ,  30 yr ,  e tc . )  L 

A 
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Figure 3 - 3 .  Progress ion  of Quality with Timeliness for  Collective Disciplines 
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Y = confidence coefficient o r  level, hence, the lower l imit  of the 

confidence interval, with the upper limit being 1 (1000/0) 

F = number of failures of any of the tes t  specimens 

N = (number of test  specimens), hence, number of independent t r ia ls  

whereby an independent t r ia l  i s  a complete tes t  sequence of an 

individual tes t  specimen, suggested by performing simulations to 

satisfy the appropriate environmental operating conditions 

R = the t rue reliability 

p = a probability of failure.  

Under the assumption that N independent t r ia ls  a r e  being made, i f  F i s  the 

number of fa i lures  observed in  these N t r ia l s ,  a statement may be made that: 

the true unreliability (probability of failure) is not more  than C ( F ) ,  hence 

o r ,  the reliability R, 

R = 1 - p > 1 - C ( F ) ;  

which implies that the experimentally established mean time to f i r s t  failure 

will be equal to or better than the test  resul ts  implied by the F failures during 

N t r ia l s ,  where the outcome of the tes t  can only be called success  or failure. - 
It must  be noted that although the inequality, 

o <  Y <1, 

is always true,  a typical target  value for  the confidence coefficient is 

Furthermore,  for the probability of failure,  p, 
Y = 0. 75. 

LMEC-Memo-69-7, Vol I 
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Q 

n 

O r  p 51 .  

p here  i s  unknown. 

(viz. 0,  1, . . . , N ) ,  the resulting binomial probability density function provides 

Considering that the sample space i s  the number of failures 

I -Y = 2 (Y)[C(F)lj [l - C(F)IN-j,  
j=o  

where j is an integer between 0 and F. Thus, a functiDn, g(x),  may be estab-  

lished so that 

F 

j = o  

which implies that a discrete number N can be determined for any particular 

given combination of Y and C(F) ,  or that the value of the confidence level (coef- 

f icient)  is clearly determined by the mathematical rule of the binomial theorem 

in the case of an exponential failure distribution. 

Having an  exponential distribution 

for  any ratio,  t/€IL, then any rat io  of the testing time of the N independent t r ia ls  

of the tes t  i tem, determines the 
GL' to the desired mean time to f i r s t  failure, 

minimum reliability provided that the failure follows the simple law of the 

exponential function. Fo r  these cases ,  numerical values have been developed, 

and graphs o r  tables have been devised where the rat io  t/0, is plotted versus  

the number of failures for given values of the confidence level, Y , which deter-  

mine the minimum number of independent t r ia ls  necessary to prove that the 

LMEC-Memo-69-7, Vol I 
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des i red  mean time to failure,  GL, is e i ther  m e t  o r  may be  exceeded as  a resul t  

of the tes t  performance. 

Lipow. 

F o r  example, such tables a r e  given by Lloyd and 
0, .P 

To demonstrate the use  of these tables, the following example is considered: 

Assume a hypothetical requirement for  mean time to f i r s t  failure to be 5 y r ,  so 

that 

8 = 60 months. 
L 

Select a total available tes t  t ime of 3 months, to obtain 

t = 90 days.  

Then if  a 75% confidence, 

Y = 0.75, 

is required,  the following values a r e  obtained: 

0 . 0 5 ,  t 
€IL- 60 - 
- - _ -  

F = 0, 

N = 28. 
.e. 

This implies (as  p e r  Table A.2, page 488.l.) that in the case  of 0 fa i lures  (F = 0),  

a minimum of 28 sample tes t  specimens need to be selected f o r  these independent 

t r ia l s  to prove that a mean time to first fa i lure  of 60 months o r  be t te r  can be 

predicted. 

samples  needs to be increased to 55, o r  the tes t  period needs to be increased 

to 6 months to prove the same reliability, etc. 

If there  should be - one failure during the tes t  period, the number of 

96D. K. Lloyd and M. Lipow, Reliability: Management, Methods, and Mathe- 
mat ics  (Prentice-Hall ,  Inc., Englewood Cliffs, N. J. ,  1962) pp 488-492 
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While this very simple relationship provides an easy determination of 

numbers ,  it is not, however, perfectly me t  in pract ical  installations and in p a r -  

t icular it is not seen by typically mechanical i t ems  which do not fail a t  random 

(as  do electronic devices) but ra ther  through wearout, with failure character is t ics  

approaching a normal  instead of an experimental  distribution. 

Because of the overpowering influence of wearout fa i lures ,  i t  is felt that it 

i s  necessary to consider a failure density function other than the simple expo- 

nential law, but not necessar i ly  a pure normal  distribution. 

A s  is known f r o m  the practical  recording of sca t te rgrams,  failure density 

functions while approaching the f o r m  of a normal  distribution curve may be 

skewed, either in the direction toward the origin of the plot or  in the opposite 

direction. To a s s e s s  the influence of such a normal distribution law or i t s  

skewed var ie t ies ,  this phenomenon is bes t  understood by using the Weibull 

distribution function, 

P 1 - R ( y ) =  1 - e  -Y , 

where 

x -Y 
‘I 

y = - = t /q .  

The shift of the distribution curve away f rom origin is expressed by the 
variable x -Y , and the compensation for the variation for scale  is  q ; in this 

manner ,  it is possible to bring a family o r  Weibull curves together into the 

same  plot. 

famil iar  of the two i s  the family of Weibull ( fa i lure-rate)  density functions for 

various cases  of the exponent P . 

Figure 3-4 shows a family of Weibull reliability functions; the m o r e  

It should be noted that two of the c lass ic  cases  of Weibull density function 

plots for reliability a r e  expressed by /3 = 1 and (3 = 3 .  3 3  (approximately); the 

former  case  i s  the pure exponential law and the la t ter  case is the pure normal 

distribution law. 

produce skewed curves and in a manner that i f  P is l a rge r  than 3 - 1 1 3  (for 

The density curve plot shows that deviations f r o m  (3 = 31. 33  

LMEC-Memo-69-7, Vol  I 
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example, 5) ,  then the plot is  skewed toward the origin; on the other hand, i f  p 
is  smaller than 3-1/3 (for example, 2) ,  then the plot is skewed away f r o m  the 

origin. 
s ca t t e rg ram points would be  nea re r  to the origin o r  further away. This implies 

that if a requirement  for a stipulated M T F F  value needs to be me t ,  o r  exceeded, 

then quite obviously the normal  distribution would need to be accepted a s  the 

wors t  case ,  or  that a majori ty  of points of any skewed approximation of the 

normal  distribution needs t o  show better (hence, higher M T F F )  values, and not 

the opposite, should tes t  resul ts  be used for confirming the prediction. Hence, 

f o r  a l l  practical  purposes,  p = 3-1/3  mus t  be accepted a s  an  upper l imit ;  and 

having obviously accepted p = 1 a s  a lower limit, a range of Weibull functions is  

now established within which the t rue failure density distribution may be found. 

The respective skewed curves indicate cases  where the majori ty  of the 

Having thus gained a n  understanding of the significance of the magnitude of 

the double exponential value and its practical  l imits ,  the analyst  may  proceed 

to investigate the influence of the var iables  introduced by the application of the 

Weibull function. This, however, is a complicated process  and cannot be p r e -  

sented in a s imple manner.  

Lloyd and Lipow show that because 

2 
X T C Y X  2q, 1-Y 

21 

is established by table review, a reliability prediction can be  Z q ,  1 -Y where x L  
m e t  a t  a given confidence leve1,Y , provided that CY and A a r e  known, and a t  l eas t  

N samples  (hence, N independent t r i a l s )  a r e  available; and proves that the estab-  

l ished reliability through the Weibull function is slightly better than the one 

through the exponential function for a particular example (a monitor generator 

failure his togram). 

If, however, only a crude first  approximation is  desired,  Figure 3-5 implies 

that for proposing a tes t  plan with a l imited number of tes t  samples ,  the M T F F  

values based on the exponential distribution should be considered to offer a con- 

servative estimate and i s ,  therefore ,  acceptable. Should, however, cost  l imita-  

tions prove such that a tes t  program be prohibitive, the contractor should be 
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Figure  3-5. Family of Weibull Reliability Functions f o r  Various Cases  of Beta 



required by his own analysis and field experience data to prove that a smal le r  
number of tes t  samples  o r  shor te r  tes t  periods,  o r  both, will still provide a 

satisfactory MTFF prediction because of a m o r e  faborable failure density 

di  s t r ibut ion. 
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111.  APPLICATIONS OF RELIABILITY THROUGH USE OF DESIGN MARGIN 

The Space Division of North .American Rockwell Corporation made extensive 

u s e  of relating the overlap of a specifi.c threshold failure design margin  and a 

var iance magnitude-dependent reliability margin  a s  a n  est imate  of failure proba- 

bility. 

APOLLO thrust  engines for which, obviously, a la rge  failure r a t e  sampling 

could not be obtained. 

MTBF. 

In par t icular ,  this method was applied to the reliability evaluation of the 

This reliability a s ses smen t  could then be  converted to 

The principle is  briefly explained in  this section. 

One comparison between design margins  and the level of quality achieved 

is i l lustrated in  F igures  3-6 and 3-7. 

obtained either by a l a rge  design margin  and low level of quality o r  by a smal le r  

design marg in  and high level  of quality. 

cost  considerations. 

that will tolerate the level of quality actually achieved o r  

of quality compatible with the design margin  that can be provided. 

As shown, a reliability margin  can be 

The choice depends on feasibility and 

The reliability problem is:  (1) to provide a design margin  

(2)  to provide a level 

NOMINAL LOAD DESIGN CRITERIA 

MARGl N 
- - DESIGN - 

-U- I 0 

VARIATION 

- 
\ -RELIABILITY MARGIN 

STRESS 

76933006 

Figure 3-6. Design-Quality Relationship I 
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Figure 3 -7. Design-Quality Relationship I1 

The influence of t ime and mission environments on the equipment character-  

is t ics  is  i l lustrated in Figures  3-8 and 3-9.  
s idered in a reliability control program, because i t  resul ts  generally in a 

broadening of the distribution of equipment character is t ics  which, in  turn, 

reduces o r  eliminates the reliability margin that may have existed when the 

equipment was new. 

This influence must  a lso be con- 

Pas t  programs have been characterized by their extensive flight tes t  efforts 

and by an uncertain reliability that has gradually improved through extensive 

failure -reporting systems and field modification. 

only a few vehicles, there  is l i t t le  o r  no opportunity for reliability growth 

through a feedback and improvement process .  

In space programs involving 

The statist ical  treatment of the resulting data will produce the frequency 

distributions of Figure 3 -  10, including assessments  of the probability that 

thrust  will fall below the acceptable minimum o r  that a weak case  and high 

case p re s su re  will exist  simultaneously dnd resul t  in case  rupture. The 
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Figure 3-9. Influence of Mission Time on Variance 
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Figure 3 -  10. Statistical Analysis 

reliabil i ty of the motor then can be synthesized f rom these and other s imi la r  

probability s ta tements  derived f r o m  motor -firing data. 

planned to yield adequate data, a high-level confidence statement a l so  can be 

attached to the assessment .  

If the tes ts  have been 
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Operational 
Reliability 

IV. FUNDAMENTALS OF PROJECT PLANNING* 

Operational 
Availability 

A. OPERATIONAL EFFECTIVENESS 

Performance 
Capability 

"How Well I 

Effectiveness (E) = Performance (P) x Reliability (R) x Availability (A). 

Example : 

Plant,  when in operation, averages 9oO/oof desired load factor.  

P =  0.9 

Probability of plant fa i lure  between scheduled outages is 20%. 

R =  0.8 

Probability of additional outages is 10%. 

A =  0 . 9  

E =  0 . 9 ~ 0 . 8 ~ 0 . 9 = 0 . 6 5  

B. OPERATIONAL RELIABILITY 

Operational reliability equals manufactured reliabil i ty t imes installed and 

used reliability. 

factor ,  then A (the sys tem fai lure  r a t e )  = K 

If A .  = basic fa i lure  r a t e  (inherent) and K is the degradation 
1 r 

S r i' 

R = ( 1  - K A . T . )  = (1 - A s ~ i ) .  r i i  

*Exc e r p te d from Handbook -Reliability Engine e r ing , NAVW EPS 0 0 - 6 5 - 5 02 

Q 
LMEC-Memo-69-7, Vol I 

3 -29 



under t rue field tes t  conditions. A i  -. T S  

- Ai To 

Exponent of Ri( T ~ )  = e (c h e c k a gains t a c tual ap pr o xima t e ) . 

C. OPERATIONAL AVAILABILITY 

Operational availability equals intrinsic availability t imes degradation effect. 

The equations a r e  the same a s  for Operation Reliability, except that the T I S  a r e  

modified to account fo r  the repair  time. 

D. SYSTEM AVAILABILITY AS FUNCTION O F  MTBF AND MAINTAINABILITY 

MTBF - 1 A =  - - _ -  

r MTBF t yr T 

+ MTBF 

where 

A = failure r a t e  

T 
- 

= mean downtime due to failure. r 

MTBF here  re fers  to a composit sys tem MTBF. 

Observed MTBF averaged about 1/7 of MTBF specified to vendor for com- 

plex fleet operations elements. 

100 hr. 

Ask fo r  200 hr  MTBF i f  you real ly  require  

The effect of nonindependence of failure might be expected to contribute to 

this difference between theoretical and observed failure ra tes .  

A project engineer must:  

1) Know and define the level of reliability he wants 

2 )  Recognize the disparity between what he wants and what he probably 

will get unless he exercises  the required degree of "control" over 

the reliability growth process  

LMEC-Memo-69-7, Vol I 
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3 )  Understand the application of certain of the "tools" available to him 

by which this controlled reliability growth can be assured - not 

m e r  ely promised. 

E. OPERATIONAL REQUIREMENTS A N D  ALLOCATION 

The procedural steps (project engineer steps in technical development 

planning) a r e  a s  follows: 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

Step 5. 

Step 6. 

Total sys tem functional diagram (interdependence). 

block diagram with interfaces (operational). 

applications. 

Subsystem 

Define typical 

Define anticipated use  and environmental conditions. 

Establish duty cycle. 

involvement - operating t imes,  etc. 

Tabulate interaction and subsystem 

Effectiveness requirements. 

being ready to perform on demand, and of surviving required 

performance period without failure and "at the specified level 

of performance. (The la t ter  i s  sometimes assumed a s  equal 

Joint probability is defined a s  

to 1 . )  

Define system performance requirements and system "failure" 

by operating mode. May be described a s  distribution functions 

with lower allowable l imits and specific goal. 

dence of failures must be recognized. 

confidence level is applied. ) 

Noninterdepen- 

(Usually the lower 9 0 %  

Define reliability requirements.  

bility block diagram f rom the functional diagram of Step 1. 

This should show ser ies-paral le l  relationship, etc. , for re l ia -  

bility objective. 

would be applicable or  a fault t r ee  (Section VI) could be used 

here  a s  an unreliability diagram, but evaluation of the validity 

of the approximation, 

Construct preliminary re l ia -  

A failure mode and effect block diagram 

LMEC-Memo-69-7, Vol I 
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should be  checked for e r r o r  in applying the XT fault t r ee  method 

of analysis. :@ 
Again, "nominal" and l 'minimum" reliabilities a r e  calculated. Nominal 

makes use  of performance goal capabilities while minimum uses  the lower 9 0 %  

confidence level. 

On-line maintenance is sometimes shown a s  a par t ia l  redundancy. Also 

planned potentials for redundancy should be shown. 

In failure modes -and-effects type analysis,  al ternate paths must  be evaluated 

and the composite reliability determined. 

Step 7. Define availability and maintainability requirements.  Establish 

required design c r i t e r i a  for MTBF, repa i r  t ime, or  both 

(establishes inter  dependency). 

F. RELIABILITY, FEASIBILITY, ETC.,  AND ALLOCATION 

Fai lure  rates for  acceptable sys tem reliability must be apportioned between 

the subsystem and components for  compliance by development contractors.  

Determine requirements  for :  

1) R&D 

2 )  Precont rac t  award  reliability studies 

3 )  Trade-off studies 

4) Contractual monitoring program 

5) More accurate  scheduling prediction. 

Active Element  Groups (AEG) a r e  defined a s  the smal les t  pract ical  building 

block which can be economically considered, where active element is  defined a s  

a device which controls o r  converts energy. 

Procedura l  s teps  a r e  a s  follows: 

Step 1. Develop Reliability block diagram. 

Step 2. Devise mathematical  models. 

Step 3 .  Establ ish complexity and MTBF of AEG systems.  

LMEC-Memo-69-7, Vol I 
3 - 3 2  



Step 4. 

Step 5. 

Establish AEG subsystem failure ra tes .  

Establish feasible MTBF and reliability. 

Step 6. Allocate X and reliability. 

Step 7. Consider redundant configuration. 

Step 8. Evaluate feasibility of allocated requirements. 

Steps 1 and 2 a r e  typical and a r e  handled classically a s  F, M, and E dia- 

grams o r  fault t r ee  with appropriate logic. 

Step 3 uses  the bandwidth of equivalent system experience factor to re la te  

the stipulated AEG complexity to a range of expected MTBF. 

to the f i r s t  level of block diagram of the major  system (see Figure 3 -  11). 

This step applies 

Step 4 repeats Step 3 for subsystem i f  sufficient design detail i s  available. 

Extend the analysis to catastrophic and interacting failures with the follow- 

ing rules:  

1) Subsystem complexities a r e  not interdependent, 

2 )  Power system AEG's have expected fai lure  ra tes  twice that of analog 

type systems of s imilar  complexity (see Figure 3-11); 
.b 

3 )  Digital systems differ f rom their analog counter-parts by 10 to 1 

(i. e . ,  the complexity may be divided by 10). 

Step 5 makes use of the distribution bandwidth to predict expected mini- 

mum, maximum, and average reliabilities for the desired mission time. 

Step 6 takes estimated subsystem failure ra te  ratios for anticipated re l ia -  

bility and uses  these ratios to allocate required failure ra tes  for required re l ia -  

bility (assume same ser ies  construction). 

Step 7 formalizes simple math technology for  insertion of redundancy to 

obtain desired subsystem improved failure rate.  

mation except for addition in  a s e r i e s  circuit. 

The example uses  no approxi- 

*With t ime, this type of information should be developed for systems other than 
electronic. 

LMEC-Memo-69-7, Vol I 
3 - 3 3  



NAVWEPS 00-65-502 

1 o4 

- 

1 o3 

l o 2  

10 

1 

0.1' I I I I I I I I I  1 I 1 I I1111 1 I 1 I I1111 I 1 I l l  

1 10 1 o2 1 o3 

LMEC-Memo-69-7, Vol I 
3-34 

COMPLEXITY IN AEGIS, N 
7-51 8-222-26 

Figure 3-11. AEG Fai lure  Rates for Reliability Estimation When the 
Number of Active Elements is Known 



0 
Step 8, feasibility of requirements  is evaluated in  accordance with the 

following guide lines: ' 

1) Level A - "Practically" Feasible. 
by factor of 2 under conventional design. 

r e quir e d) 

Required reduction in  failure r a t e  

(R&D and tes t  program 

2 )  Level B - l'Conditionally'' Feasible.  Required reduction of between 3 

and 10 over an  operating period not exceeding the expected mean life. 

(R&D, tes t s ,  and redundancy required)  

3 )  Level C - I'Remotely" Feasible. 

of magnitude over a period exceeding mean life expectation. 

applied r e sea rch  required)  

Required reduction of 1 to 2 o r d e r s  

(Basic 

Specifications a r e :  

1) Level A - specify as  f r o m  design requirement.  

2 )  Level B - specify as f r o m  design requirement  but final layout, com- 

plexity, and additional space requirements  may  be prohibitive and 

requi re  specification revision. 

3 )  Level C - specify as design objective in a formal  r e sea rch  program 

to a s s i s t  i n  establishing final design sp'ecifications. 

G. ESTABLISHMENT O F  MAINTAINABILITY AND AVAILABILITY I N  THE 
DESIGN PHASE 

Step 1. Uptime 
(A) = Uptime + Maintenance Downtime 

1 - - 
Mean time to Repair (MTR) 

MTBF 1t 

>: 
MTR (required) '(i - 1) MTBF 

*Tentative design specification. 
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Step 2. 

Step 3 .  

Step 4. 

MTR is defined a s  total t ime lost  due to the malfunction 

(including detection t ime).  

include preventative maintenance (PM).  

The definition may be expanded to 

Est imate  AEG feasibility f r o m  experience charts  for conven- 

tional design (see Figure 3 -  11). 

maximum MTBF a s  indicated f r o m  figure bandwidth, an  es t ima-  

tion of maximum feasibility can be obtained. 

Using minimum MTR and 

Est imate  maintenance feasibility by analysis of design concept. 

Analyze each subsystem for complexity, failure ra te ,  failure 

r a t e  o r  redundancy improvement,  mean repa i r  t ime (no waiting 

t ime) ,  and mean waiting time. Solve for availability and com- 

pa re  with that required.  

Design improvement is  given by: 

1 - A (expected) 
Improvement = 1 - A (predicted) * 

Evaluate effect of duty cycle on subsystem availability. It i s  

usually assumed that no deterioration of mechanical systems 

occurs  during study. This assumption must  be reviewed for 

each subsystem and converted i f  warranted. 

Repairs  during study o r  idle t ime a r e  weighed in by adjustment 

of MTR. 

Example: If upon a random demand the equipment is needed 

only 10% of the total t ime (such a s  s tar tup equipment following 

a scram) and repa i r  can be  accomplished during reac tor  opera-  

tion, then 

1 

-t MTBFo 
MTR (D) A =  

0 
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D is the fractional duty cycle (i. e . ,  0. 1 for example). 

a l so  applies to on-line repa i r  of standby redundant equipment. 

Active redundant equipment mus t  be  andyzed  differently since 

the sys tem MTBF also var ies  during the on-line repa i r ,  unless 

modular replacement is a function of design. 

If deterioration occurs  during standby, the probability of avail-  

ability during standby is 

This 

1 
A s  = MTRs (1-D) 

1 t  
MTBFs 

where (1-D) = the standby duty cycle, D = the fractional duty 

cycle,  and MTBFs and MTRs a r e  for standby duty cycle. 

A c tual availability : 

1 
MTRs (1-D) X 

1 
MTRo (D) 

A = AoAs = 

MTBFo MTBFs 

- t  
MTBFo Ro(t) (operational reliability) = exp 

-t 
MTBFs Rs (t) (Standby Reliability) = exp 

E (t) (Effectiveness) = A x R(t). 

Step 5. Asses s  effectiveness growth potential. Compare effectiveness 

of "conventional" design with predicted "feasible" level of 

effectiveness achieved by proposed new design. 

a function of mission t ime and examine improvement ratio. 

Plot  these as 
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V. CURRENT STATE-OF-THE-ART 

The most  cur ren t  information on the state of reliability methods a s  applied 

to mechanical systems was given at  the 7th Annual Reliability and Maintainability 

Conference a t  San Francisco,  California, July 14- 17, 1968. 

A .  SUMMARY 

A review of portions of the transactions,  "Annals of Assurance Sciences, 

1968, 
will be of par t icular  value in ass is t ing the development of reliability and avail- 

ability and of evaluation models of sodium components and sys tems.  

follows. LMEC feels that the work presented in the las t  two sessions 

Reliability Techniques and Their Role in P rogram Optimization 

This session summarizes  very well the his tory of reliability development 

during the las t  few yea r s ,  and denotes the relationship between Reliability 

Engineering, Quality Assurance,  and Management. 

Assurance by Testing, Aging, and Surveillance 

The evaluation of aging is  ra ther  new to the reliability field. This session 

described extensive work being conducted in endeavors to understand the molecu- 

l a r  and atomic transitions which occur  during aging. 

representation of these effects, a correlation was made with the wearout portion 

of the bathtub curve.  

In defining the technical 

While aging was the topic of this meeting, the aging concept could readily 
apply technically to be t te r  understanding of the concept of wearout. 

Human E r r o r  Prediction and Control Through Human Fac tors  Engineering 

Throughout much of the work conducted a t  LMEC in evaluating malfunction 

data, it has  been shown that human factors  have contributed to approximately 

35% of the fai lures .  

of yea r s  in refining the methods of understanding and correct ing human e r r o r  

as  contributing to massive fai lures  in the aerospace sys tems.  

These papers  described development over  the las t  couple 
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Bayesian Applications to Reliability and Maintainability 

Bayesian applications have been known for  many yea r s  to those who deal in @ 
cost analysis and logistics f rom the statist ical  standpoint. 

associated with the Bayesian method was that i t  tends to define a degree of confi- 

dence in statist ical  resul ts  without the need of a large population sample examin- 

ation. 

the type of analytical method needed for  reliability applications to analysis of 

mechanical 'systems wherein a large population sample i s  impossible to obtain. 

In 1967, LMEC examined the potential of this approach by studying the l i terature  

available a t  that time and ar r ived  a t  the conclusion that the theory was not accept- 

able with any degree of confidence to LMEC needs. This is the f i r s t  Rel. and 

Maint. Conf. session given on Bayesian applications to reliability and main- 

tainability. 

techniques of applying the method to mechanical components and complex analyti- 

cal  sys tems.  
iences over  the many past  yea r s  of in-house operational, maintenance, and con- 

s t ruct ion personnel to come up with a reasonable a pr ior i  estimation of life for 

specific components in a specified environment even though very little o r  no 

actual failure data a r e  recorded.  

reliability calculations. Compared with sys tem tests,  each failure o r  success  

weights the p r io r  expectation. 

and should prove very valuable to LMEC. 

The grea t  advantage 

On the surface,  it  would tend to be assumed that this would be actually 

Much theoretical  work has gone into development of more  refined 

The fundamental idea is  to make g rea t e r  use  of individual exper-  

These guesses  a r e  designated a s  p r io r s  to 

Details of this method will be extensively studied::: 

Research  (Structural  and Mechanical) 

This probably was the most  important sess ion  in so f a r  a s  mechanical com- 

ponents a r e  concerned. 

the speaker  was again talking about applying bes t  guess through extrapolation of 

data to analytical model development of failure distribution functions and 

It followed ra ther  logically the Bayesian session since 

:XLMEC has published a repor t  on i ts  initial investigation into Bayesian applica- 
tions. 
by J. P. Walter, LMEC-69-8. 

It i s  titled, "Bayesian Statist ical  Model Theory for  Mechanical Systems, I t  

LMEC-Memo-69-7, Vol I 

3-40 



comparing these estimates to a minimum of experimental data. 

margin  concept applied by North American Rockwell Space Division and Rocketdyne 

to the evaluation of expectation of reliabil.ity for the propulsion motors  did not 

prove very successful a s  applied. 

of technology improvement. 

university professors  and graduate students to expand the theory and co r rec t  the 

facil i t ies in the engineering models. D r .  Kececioglu, of the University of 

Arizona a t  Tuscon, has  been especially active in advancing the technological 

aspects of this endeavor. 

original model concept and the details of analysis have been very carefully 

developed along with some graphic models f o r  data evaluation. These models 

were  for exponential, normal,  and log-normal distributions and will prove of 

extensive value to LMEC. 

The safety 

However, there have been recent indications 

Much work has been done both by industry and by 

Several  additional parameters  have been added to the 

B. DISCUSSION 

1. Reliability Techniques and Their Role in P rogram Optimization (Session 1) 

"Survey of Reliability Prediction Techniques, ' I  

by C. M. Ryerson, Senior Scientist, Hughes 
Aircraft ,  Culver City, California 

\ MIL-HDBK-2 17A, which i s  essentially the principal reference document on 

electronic failure evaluation, i s  to be supplemented with MIL-HDBK-2 17B in 

which mechanical system failures have been developed. Normalization factors 

have been applied to some equipment in o rde r  to relate laboratory environment 

data to the worst  condition of actual environment. 
by Hughes Aircraft  Company under contract  to NASA and has  since been released. ) 

(This handbook was developed 

Some 12 methods of reliability prediction were  discussed with respect to 

effectiveness and application to specific a reas .  Methods 6, 7, and 8 were derat-  

ing approaches and were considered a s  being a sound bas is  for  purification of 

data and clearing up numerical  discrepancies.  

tion of assumptions urgently needed with respect  to interface conditions a t  the 

t ime of the tes t .  

available and could be applied with confidence if used in proper  perspective.  

Method 9 is used a s  a confirma- 

The author felt  that these methods were the most  important 
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"System Analysis Via Probability Diagrams, 
by R. W. Stoffel, Martin Marietta, Denver, 
Colorado 

This paper is  an interesting t reat ise  on methods of representing system 

reliability evaluation through block diagrams se t  up s imi la r  to Karnaugh maps .  

Several  new roles have been applied to increase  the variety and versati l i ty of 

the techniques. 

"Role of Reliability and Quality Assurance in P r o g r a m  Management, 
by M. N.  Olsen, Manager, Florida Operations, TRW Systems, Cape 
Canaveral, Florida,  and W. H. Shaw, Manager-Product Assurance,  
Systems Engineering and Integration Division, TRW Systems, 
Redondo Beach, California 

This paper is  an  excellent t reat ise  on the discussion of responsibility within 

NASA organizations between engineering design, fabrication, reliability, re l ia-  

bility assurance,  configuration and data management, and quality assurance .  

The paper  is  well worth reading by all LMFBR managerial  personnel and a 

reproduction of the managerial flow chart ,  which is  almost self-explanatory, 

is shown in Figure 3- 12 .  

2 .  Assurance Bv Testing, Aging, and Surveillance (Session 2 )  

This session was opened with a discussion by the chairman, C .  A. Locurto, 

Manager of Aging and Surveillance P rograms ,  General Electr ic  Co. ,  

Philadelphia, P a .  Reference he re  was made to MIL-STD-785. The chairman 

made a strong recommendation that the government should initiate a program 

f o r  acquisition and dissemination of data on aging in storage,  warehousing, and 

shipping. 

of aging charac te r i s t ics ,  and that little is known of the effect on reliability of the 

low s t r e s ses  incurred during a long-term storage.  

checkout procedures  of systems in receiving a r e  not designed to detect  degrada- 

tion functions associated with this type of aging. Extrapolation of aging data can 

be ineffectual in estimation of se rv ice  life methods.  What is  needed i s  to design 

a firm theory on inspection methods for  incipient degradation, then cor re la te  

actual tes t  data to confirm the validity of the defined theory. Preferentially,  

He stipulated that there  is a large gap in knowledge and in development 

It i s  known that the usual 
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investigation should be  made  on aging mechanisms that indicate a high activity 

ra te ,  since investigation of low activation r a t e  mechanisms have generally 

proven frui t less .  

r a t e s  a r e  a l so  unreliable for  age determination. 

a highly technological field which must a t t rac t  highly qualified personnel in  

order  to incorporate aging into its truly important status as a core  pa r t  of re l ia -  

bility engineering. 

It has  a lso been shown that acceleration tes ts  with high s t r e s s  

The field of age evaluation is 

"Aging Character is t ics  Identified by Instrumental  Analytical Methods, 
by J. A. Levisky and C. W. Rogers ,  AFLC Ogden AMA, Hill Air 
Fo rce  Base, Utah 

Mr.  Levisky's paper concentrated on describing atomic/molecular changes 

in  component mater ia l s  which contribute to the aging phenomenon. 

methods of detecting these changes in the mater ia l s  was chromatographic 

sampling. 

as fuels and lubricants. 
a ted with determining the reversabi l i ty  character is t ics  of the aging phenomenon. 

In performing these analyses,  samples  must  be f r o m  identical materials i f  a 

comparison i s  to be made between aged and non-aged samples.  This is  found 

to be particularly cr i t ical  with respec t  to various types of Teflon and rubber.  

Cr i te r ia  for developing confidence limits associated with serv ice  life prediction 

of aged mater ia l s  a r e  given on page 192 of the transactions.  

One of the 

Most of his presentation covered the aging of organic mater ia l s  such 

One of the important facets of this effort was assoc i -  

"Service Life Prediction P rogram With a Minuteman LGM/30 P r o -  
pulsion System, ' '  by J. L. Myers ,  Head, Systems Engineering 
Support Section, Chemical Engineering, and E. L. Moon, TRW 
Sys tems, Redondo Beach, California 

Of particular in te res t  is development of organizational steps in  establish- 

Use 

When Minuteman was 

ing procedures for se rv ice  life prediction and isolation of aging variables.  

is made of the t e r m  Initial Service Life Est imate  (ISLE). 

f irst  initiated, no analytical method or  familiari ty with age testing was available. 

The closest  correlation to statist ical  aging was the tail end of the familiar bath- 

tub curve in which wearout was represented. By applying the same mathemati-  

cal approach for  wearout to evaluation of aging, development of a basic  theory 

was initiated. In work a t  LMEC, since mechanical systems a r e  subjected to 

wearout, the aging theory developed will be r eve r sed  and applied to wearout 

analysis. Heavy emphasis is placed on the need of long lead t ime during the 
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development of any complex program suc:h a s  Minuteman. 

which Minuteman was developed, 5 yr  was used in design modification and 

improvement and the l a s t  2 yr was needed for lead time. 

used  to provide advanced information on cost effectiveness and for development 

of maintenance requirements  and life expectancy estimation of each of the 

cr i t ical  components. 

maintenance procedures on large civilian a i rc raf t  i s  a requirement  by the 

Federa l  Aviation Agency. ) 

In the 7 y r  during 

This lead t ime was 

(The same concept of 2-yr lead t ime to develop detailed 

A 

Estimates  of ISLE a r e  used to calculate life expectancies of components, 

to evaluate compliance by vendors to minimum life requirements ,  to identify 

cr i t ical  elements where design changes a r e  needed, to eliminate intensive 

approximations, to identify missing information, and to design tes t  requi re -  

ments .  

that applications of the tes t  data were not designed or  re la ted to a specific need 

o r  environmental condition. 

actual environmental condition. Emphasis was again made that accelerated 

aging tes t s  would not give useful informa.tion, only qualitative indications of 

trends.  

bidding on contracts ;  tes t  analysis procedures  must  be uniform between con- 

t rac tors .  

c lear ly  understood. 

these studies is far more  useful and eas i e r  to understand than confidence l imits.  

Many tes t s  are '  made which afford considerable use less  information in 

As a resu l t ,  the data could not be applied to any 

P rogram planning is  essential  with respec t  to vendor compliance and 

The project  mus t  fo rm ground rules  and assumptions which a r e  

The author feels that the use  of a three-s igma l imit  in 

"Advanced Missile Models and Methods for Availability Prediction, 
by I. Doshay, Chief AS&T Program Effectiveness Branch, Effec- 
t iveness Engineering, and D. P. Shube, Douglas Aircraft C o . ,  
Santa Monica, California 

Mr. Doshay questioned whether tes t s  a r e  run to determine p r io r  aging 

fai lures  through continuous checks a t  receiving and how the possibility i s  weighed 

that there  st i l l  exist  undetected failures.  He l i s t s  s eve ra l  checkout methods of 

evaluating these probabilities on page 207 of the transactions.  

made of the number of checks conducted (i. e. , inspection, etc. ) against the 

t rue  value of availability expectation. 

on the basic  assumption that, given a fai lure ,  the component which failed i s  

replaced with a new un-aged component, and the checkout is then continued. 

Trade-offs a r e  

These studies and qualifications a r e  based 
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Inspection and replacement of components having rapid aging tend to negate the 

effects of components in the complex sys tem which have long-aging character - 
ist ics due to more  continuous inspection of the la t ter .  This paper combines 

statist ical  analyses with testing and maintenance. 

"Testing For  Spacecraft Reliability - A Management Overview, ' I  

by A. M. Smith, Manager Advanced Concepts, and W. R. Waltz, 
General Electr ic  Co.,  Philadelphia, Pa.  

At what level of sys tem complexity should tests be conducted? This 

question has been posed to attempt to resolve the fact that components ac t  

considerably different, whether they a r e  treated a s  ideally located in a labora- 

tory setup or  whether they a r e  mounted within their allocated system location 

and subjected to the environmental and aging conditions which the sys tem may 

contribute. 

tes t  adequacy. Specifically, differentiation i s  made between qualification tes t  

adequacy and the functional phase which includes manufacturing and tes t  design. 

The various a r e a s  and levels of responsibility a r e  developed in ra ther  in te r -  

A good deal of discussion was conducted in this paper on acceptance 

esting detail and a r e  based on considerable knowledge of the author and his 

associates.  The most  important factor emphasized by this paper and by 

many of the others was that the failure analyses of the systems has  to be 

implemented very  early in the design and development stage. 

It was pointed out that the component failure distribution functions tend 

not to be normal but to have long extended tails  which contain 570 of the major  

components, but that these 5'70 contribute to a very  la rge  portion of the total 

cr i t ical  failures associated with aborting a mission o r  loss  of system 

availability. 

3 .  Human E r r o r  Prediction and Control Through Human Factors  Engineering 
(Session 3 )  

The session chairman, J. A. Kraft, Assistant Manager, Biotechnology, 

Lockheed Missiles and Space Co. , Sunnyvale, California, introduced the 

session by discussing effect of human e r r o r s  on operational safety and cost  

of the facility, and stipulated that human e r r o r s  a re  not design-in e r rors  

and that human engineers should work very  closely with the facility designers.  
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'The Classification of Human Reliability, ' I  by D. B. Jones,  Human 
Factors  Branch, Missile and Space Systems Div., McDonnell- 
Douglas Corp. ,  Culver City, California was not published in  the 
transactions but can be obtained by :request. 

Evaluation was made of the failure or  rejection reports  re fer red  to  a s  

FAR'S. Generally, human e r r o r ,  a s  defined by human factors engineers, does 

not include workmanship, initiation, design of procedures,  or  overall inade- 

quacy of leadership. 

total  e r r o r  function. 

which Douglas has encountered. 

for 5370,  inadequate human engineering arid design for 2870, and inappropriate 

procedures and inherent lack of understanding for 19%. Included in  these 

could be a fourth category, shipping, packaging, and hauling. Another break- 

down listed receiving and inspection a s  1 I %, fabrication assembly as 2370, 

installation 3270, checkout 2570,  launch operation 9 70. Labor, equipment, or  

design changes tend to  increase  human e r r o r  about 2070 f rom the normal  level 

after the experience curve has  leveled out. 

of about 3070 of the functional e r r o r ,  but only 9% of a l l  failures reported. 

/ 

Human e r r o r  decreases  more  rapidly with t ime than the 

He gave some examples of distribution of human e r r o r  

He says that handling and inspection accounted 

Usually this re turns  to a normal 

The question and answer period was also interesting: '!Are reports  63 prepared not by experienced analysists bat by human factor engineers? " 

Answer: "These a r e  major functional fai1.ures only, and not those discovered 

and corrected on the spot. 

the time dependency tends to follow the equation, 

They a r e  prepared by human factors engineers and 

Y = K + X X n t "  

where K and X a r e  proportionally constant and t is tii-ne. 

reluctance to  report  on human e r r o r s ?  Answer: "Yes.  That is why we tend to  

bend over backwards to negate punitive implication f rom reporting. 

been partially successful in  this." 

Question: "1s t he re  a 

We have 

"Measurement of Human E r r o r s  with Existing Data,"by K.  Inaba 
and R. Matson, Serendipity Associates,  Chatsworth, California 

Mr. Inaba's paper re la tes  maintenance and human e r r o r .  In their  exper- 

ience a t  Serendipity Associates, they find that they get better data on human e r r o r  

by sticking to existing data records.  

reaction and a r e  quite often falsified o r  shaded to  reduce the punitive implication. 

This is because forms  meet  with adverse 
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By going t o  the direct  records ,  they are better able to correlate  human e r r o r  

with its effect upon performance. They break down the information a r e a  of 

human e r r o r  through four categories:  (1) good called bad, (2)  bad called good, 

( 3 )  evaluated the wrong component, and (4) induced a malfunction. 

of handling and processing the data was indicated in a detailed flow chart ,  

Figure 1 of page 303 of the transactions. The computer program used to  

process  the data is quite detailed, somewhat along the order  of a FARADA 

type system, even to the point of following actions under specific chief opera- 

t o r s  in the facility. One trend in  maintenance which came to light was the 

fact that systems sent in  for  shop maintenance often were  sent back to the 

field incomplete in  that shop maintenance tend to buck-pass some of their  

work to field maintenance. One of the questions f rom the audience was as to 

whether they had endeavored to  associate carbon dioxide content in breathing 

air with a change in human e r r o r  frequency. 

their  studies they had made no endeavor to  associate any cause with the mode 

of failure. They were interested only in  studying modes and classifying them. 

@ 
The method 

The answer was no, that in  

"Potential Damage Evaluation - A Method for Determining the 
Potential for  Human-Caused Damage in  Operating Systems, ' '  
by P. F. Muller, Human Factors  Staff Engineer, Lockheed Missiles 
and Space G o . ,  Sunnyvale, California 

Mr. Muller is  an engineering psychologist in  charge of human factor 

engineering at Lockheed Missile and Space Company. He s ta tes  that one of 

the major problems with the use  of trouble and failure reports  in evaluating 

human e r r o r  is that usually the cause is unknown. 

studies, it was found that 25% of the failures or  suspected failures were  due 

t o  repeated handling of the missi le ,  so  they se t  up logistic flow char t s  to  

follow the many handlings of the missi le  being shipped to various destinations 

throughout the world. They then identified the potential damage to be expected 

at each location by conducting interviews with the field operators in  which they 

were requested to f i l l  out the blanks in a sheet which listed al l  of the operations 

conducted at a specific location with a number f rom 1 to 100 showing their 

expressed opinion a s  to  the relative possibility that a failure could be incurred 

by that operation a t  that facility. 

sufficient for averaging purposes. 

to  be essentially 0 and equated to  10. 

In the Polaris logistics 

Five operators '  opinions were considered 

Any number of 1 0  o r  less was considered 

A big point here  was to  make use of 
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the maintenance and operator personnel t.o obtain an opinion, but only for  

relative scoring of potential expectation. Subsequent opinion stated that,  

generally, the field man i s  not in a position to descr ibe why a thing occurred. 

He should only be asked to describe what occurred. 

should be left to  the investigating specialists such a s  sys tem engineers,  

human engineers, reliability engineers,  and quality assurance personnel. 

The definition of why 

"Effects of Assembly E r r o r  on Product Acceptance and 
Reliability," by L. V. Rigby and A,. D. Swain, Systems 
Reliability Division, Sandia Corp. , Albuquerque, New Mexico. 

Mr. Rigby investigated the probability that an assembly e r ro r  gets through 

inspection t o  cause a system failure and goes on to  develop weighting factors 

to  relate the probability of detection or  failure to detect such events by an 

inspector. 

with the men in the field. 

r a t e  themselves on a specific operation. 

electronics and goes through details on planning, fabrication, construction 

procedures , and prediction of expectation of human malfunction and inspection. 

These weighting factors are (obtained again by direct  consultation 

That i s ,  the inspectors a r e  questioned and asked to 

The paper was heavily oriented toward 

Q 4. Bayesian Application to  Reliability and Maintainability (Session 4) 

Introductory r emarks  were made by the chairman, W. T. Weir, Manager, 

Reliability and Effectiveness Analysis, General  Electric Co. (RSD), 

Philadelphia, Pa. 

Mr. Weir reviewed the basic principles of Bayes' Theorem and the normal  

applications as applied to conditional probability relationships. 
question, to set the mood for the session, was "Can engineering judgment 

be included in  reliability equations with any degree of legitimate confidence?'' 

The pr imary  

"Bayesian Estimation of Time -Varying Reliability," by A. M. 
Breipohl, Associate Profess  or,  School of Electr ical  Engineering, 
Oklahoma State University, and W.  C. McCormick, J r . ,  Director 
of Technical Support, Air Force  Missile Development Center ,  
Holloman Air Force Base,  New Mexico 

Mr. Breipohl's discussion went through the graphic application of the 

step-by-step t ime development extrapolation of refining the initial es t imate  

for  these successive data points. 

statist ician is to  always record your subjective estimation and the assumptions 

The pr imary  advice to the Bayesian 

n 
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that go with these est imates ,  since these a r e  the fiducial point of origin. 

Question: 

jective estimation parameters?" The answer:  "If  the parameters  a r e  not 

independent, then the data acquisition gets out of hand. Experienced judg- I 

ment has usually been able to design reasonably independent parameters. ' '  

Question: 

"The present contract  only called fo r  development of the theory. ' '  

"What about the ,independence requirements of the separate sub- 

"What about rea l  system validation of the theory?" The answer: 

I '  Use of Bayes Theorem in Its Discrete Formulation for Reliability 
Estimation Purposes  , I 1  by W. J. MacFarland, Reliability Engineer, 
General  Electric Research and Development Center,  Schenectady, 
New York 

This paper began by advising that any assumed hypotheses should be 

assigned a t  least  some uncertainty weighting factor.  

on a strong belief method a s  differentiated f rom a weak belief method. Of 

the two, the weak belief method should be used in the original guess i f  only 

a small  sample exists pr ior  to  initiation. Thus, the sample exerts  greater  
influence. Extensive examples a r e  given in  applications of the two methods 

and their relative validity. 

The emphasis is placed 

"Some Comparisons of Bayesian and Classical  Confidence Intervals 
in  the Exponential Case,"  by J .  J. Deely and W. J. Zimmer ,  Staff 
Members ,  Sandia Laboratory, Statistical Research  Division, 
Albuquerque, New Mexico 

Numerous involved formulas and charts  a r e  presented for comparing 

classical  confidence intervals and the savings associated with the number of 

t e s t s  to the Bayesian confidence intervals and makes extensive use of the 

inverse gamma 'function parameter  a s  implementation of the Bayesian re l ia -  

bility and measurement program. 

these theories to obtain higher reliability of s t ructural  components. 

gamma distribution is applied to simulation of other probability of obtaining 

system success .  

planning. 

t u re s  is still in  doubt since the validity of the resul ts  depends very  heavily on 

the qualification of the estimator and the validity of the estimation method. 

Question f rom the audience was what about the application of i teration to 

resolve the tes t  data with a new guess. 

The author has actually applied some of 

The 

In the future, they would like to apply the theory to tes t  

The absolute determination of realist ic reliability of specific s t ruc-  

The answer was that this is regarded 
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by cer ta in  Bayesian statisticians as  valid, but that others feel that i f  your 

init ial  guess was made with any degree of confidence, then it should be retained 

in  its original f o r m  because the data samples may not be t rue  samples. 

The chairman of this session summarized by stating that while Bayesian 

theory has a long way to go in  this a r e a  before it can be applied with the 

confidence of pure statist ical  sampling, it i s  still fa r  better than the purely 

subjunctive approach of relying entirely 'upon the guess. 

o r  the analyst realize it or not, they a re  continually applying Bayesian think- 

ing to a l l  preliminary analysis o r  design work. 

Whether the designer 

5. Research (Structural  and Mechanical.) (Session 5 )  

Chairman of the session, Dr .  D. Kececioglu, P ro fes so r  of Aerospace 

and Mechanical Engineering, University of Arizona, Tucson, Arizona, making 

his introductory remarks  suggested that the expected reliability of a component 

o r  system should be obtained before it i s  ever designed. Reliability analyses 

to  affect design objectives should be inserted into the ear ly  conceptual design 

trade-off studies. 

"Designing for Reliability Based on Probabilistic Modeling Using 

Herrmann, and E. L. Welker, TElMPO-General Electr ic  Co. 
(Center for Advanced Studies), Sarita Barbara,  California 

Remote Access Computer Systems, " by G. E. Ingram, C. R. 

Dr. G. E. Ingram presented a mathematical dissertation here  which i s  

considerably new in that methods of ,addition, multiplication, division, and 

subtraction of distribution functions a r e  given both mathematically and with 

illustrations. 

u se  by the average reliability engineer. 

matics of the convolution integral  functions. 

The methods developed a re  easily understood and simple to  

They do not go into the heavy mathe- 

"Probabilistic Strength Mapping-Reliability vs  Life Prediction Tool, 
by M. J. Bratt ,  H. A. Truscott ,  and G. W. Weber, General 
Electric Co . ,  Cincinnati, Ohio 

G. E. analyzed a turbinewheel dove -tail-post metallurgical fatigue failure 

through mockup tes ts  of a similar mateiyial and analysis of the mechanisms of 

failure under ideally simulated cyclic s t r e s s  initiation. 

cycle fatigue, an a r e a  in which very  1ittl.e data have been accumulated, it was 

Since this was low- 
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necessary to make assumptions through an initial guess a s  to  the shape of the 

Modified Goodman Diagram fo r  cyclic s t r e s s  analysis. 

then applied to the Bayesian mathematical approach in  an endeavor to  develop 

a systematic correlation analysis of the data. The paper was of considerable 

in te res t  with many questions f rom the floor. Final concensus of opinion was 

that the method was worthy of extensive additional investigation, but that the 

conclusions, a s  presented, could not be relied upon too extensively. 

These guesses a r e  

Designing fo r  Expected Fatigue Life," by E. R. 
Fo r re s t e r  and V. H. Thevenow, Allison Division, 
General Motors Corp. , Indianapolis, Indiana 

It was pointed out that the log-normal failure description function 

generally fitted fatigue life. 

effect method was alright, but that no experience had been obtained for verifi- 

cation of the data. 

went extensively into the use  of the Modified Goodman Diagram again and 

developed a concept of summation of the various environmental effects such 

a s  disintegrating factors,  type of loading, mater ia l  processing, size effect, 

surface finish, surface t reatment ,  s t r e s s  concentration, speed of loading, 

and cer ta in  combinations of these. 

The authors felt that the cumulative damage 

This was in reference to the previous paper. This paper 

"A Unified Look at Design Safety Fac tors ,  Safety 
Margins and Measures of Reliability," by D. 
Kececioglu (Session Chairman) and E. B. Haugen 
(Session Co-Chairman) 

Dr .  Kececioglu effectively summarized developmental work over the 

las t  couple of years  in improving the mathematical methods of relating s t r e s s  

distribution functions to s t ra in  distribution functions. These were extensively 

used by North American Aviation in the Apollo P rogram,  but left much to be 

desired with correlation between theory and actual experience ( see  previous 

section). P r i o r  to  this meeting, LMEC was given to  understand that consid- 

erable work had been going on in various par t s  of the country to improve the 

theoretical method. The improved parametr ic  selection and correlation 

methods have been excellently summarized in  this paper;  and the authors 

express  the feeling that with these improvements, considerably better co r re -  

lation between theory and experience should result  in the future. 

atory model testing has been done on sample torsion ba r s  with some degree 

Some labor- 
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Q 
o r  correlation. 

done by graduate students a t  the University of Arizona in developing graphical 

methods for direct  determination of expected reliability given the parameters  

of the distribution functions and whether they a r e  normal or  log-normal 

distributions. 

of graphical methods to other distributio:n functions such as  the Weibull, etc.  

Under the direction of the author, considerable work has  been 

The next period of investigation i s  to extend the development 
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VI. FAULT TREE ANALYSIS 

A 

Q 

A .  INTRODUCTION 

The Fault T ree  method of analysis was f i r s t  applied to the Minuteman ICBM 

miss i le  when it was found that established methods of determining performance 

reliability, such as  failure-mode-and-effects analysis, were very difficult to 

apply to the cumbersome six-company organization involved in the design. 

Specific probabilistic computer techniques were developed for  fault t ree  analysis .  

These include Monte Carlo, T approximation, and use of special  hybrid com- 

puter in addition to other  digital computer programs.  

A fault t ree  is a graphic method of tracing and analyzing the potential of one 

Probability of occurrence,  o r  more  casualt ies to produce an  undesirable event. 

repa i r  time, inspection intervals,  and protective action a r e  pa rame te r s  incor-  

porated in the analysis.  

and actions) terminating in the t ree  trunk (the undesirable event which is not 

wanted to occur) .  

special  problems)  for fault t ree  construction a r e  shown in Figure 3-  13. 

gate is  activated if  any o r  all  of the input events a r e  present  while the AND gate 

required all  inputs to exist .  

gate .  Branches of the fault t ree  may be develoFed downward to as  fine a detailed 

level a s  nuts, bolts, t ransis tors ,  and relay logic. The des i red  level of develop- 

ment  depends upon the status of design and the immediate objective. 

s i rable  events will be different at  the top levels for a fault t r ee  on sys tem 

operation reliability than fo r  safety reliability. 

however, may be quite s imi la r .  

graphic representations of relative safety for  talking purposes o r  design review. 

In final complex t ree  development, each branch of the t ree  is assigned s ta t is-  

tical pa rame te r s  and analyzed for  the probabilistic occurrence of the undesirable 

event o r  events. Every potential accident, no ma t t e r  how improbable, i s  placed 

upon the fault t ree  initially. 

that something will be overlooked. 

tective system and redundancy requirements have evolved. 

Physically, the fault t ree  appears  a s  t ree  roots (events 

Standardized symbols (which a r e  sometimes modified for 

The OR 

Pr ior i t ies  and restr ic t ions may be placed on any 

The unde- 

The nuts and bolts branches,  

Fault  t rees  may be quickly put together as  

This forces  examination and reduces the potential 

As the design is formed, most  of the pro-  

There is every 
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EVENT PRESENTATION: 

THE RECTANGLE IDENTIFIES AN EVENT USUALLY A MALFUNCTION THAT 
RESULTS FROM THE COMBINATION OF FAULT E V E N n  THROUGH THE LOGIC 
GATES. 

LOGIC OPERATIONS: 

THE AND GATE DESCRIBES THE LOGICAL DPERATION WHEREBY THE 
COEXISTENCE OFALL INPUT EVENTS ARE REQUIRED TO PRODUCE THE 
OUTPUT EVENT. 0 INPUTS 

i THE RECTANGLE I S A U O  USED TO DESCRIBE CONDITIONAL INPUTS TO lNHl6lT 
GATES. I T  INDICATES A CONDITION THAT IS  PRESUMED TO EXIST FOR LIFE OF 
THE SYSTEM. 

OUTPUT 

DESCRIPTION 

INPUTS 0 THE PRIORITY AND GATE PERFORUS THE SAME LOGIC FUNCTION AS THE 

AS COEXISTENCE IS REQUIRED. 
AND GATE WITH THE ADDITIONAL STIPULATION THAT SEQUENCE ns WELL THE CIRCLE DESCRIBES ABASIC FAJLT EVENT THAT REQUIRES NO 

FURTHER OEVELOFUENT. 
FAILURES WHOSE FREQUENCY AND MODE OF FAILURE ARE DERIVED 
THROUGH LABORATORY TESTING. 

THIS CATEGORY INCLUDES COMPONENT 

c. OUTPUT a INPUTS 

THE DIAMOND DESCRIBES A FAULT EVENT THAT IS CONSIDERED BASIC 
INAGIVEN FAULTTREE'HWEVER THECAUSESOFTHE EVENTHAVE 

CDNSEQUENCE OR THE NECESSARY INFORWTIDN I S  ULAVAIUBLE. 
NOT BEEN DEVELOPED   IT HER B E ~ A U S E  THE EVENT IS A INSJFFICIENT 

THE AND/OR GATE DEFINES THE SINATIDN WHEREBY THE OUTPUT EVENT 
WILL EXIST I F  ANY OR A L L  OF THE INPUT EVENTS IS PRESENT. 

THE OVAL IS USED TO RECORD THE CONDITIONAL INPUT TO AN INHIBIT 
GATE. I T  DEFINES IN STATE OF THE SYSTEM THAT PERMITS AN EVENT 
SEQUENCE TO OCCUR AND MAY BE EITHER NORYLL TO THE SYSTEM OR 
BE THE RESULT OF EQUIRRNT FAILURES. 

OUTPUT 

RESTRICTION 

INPUTS 0 THE PRIORIN EXCLUSIVE OR GATE FUNCTIONS AS AN OR GATE WITH THE 
RESTRlCTlDN THAT SPECIFIED INPUTS CANNOT CC-EXIST. I 

4 .. THE HOUSE INDICATES AN EVENT THAT IS NORMALLY EXPECTED TO 
OCCUR FOR EXAUILE I T  Y L Y  BE USED TO REPRESENT THE EVENT. 

WHAT IS  GMNG OW? ..IN GROUND RULES OFEFFECTS.) 
.#TIMING PULSES PESE'NT.- USED STRICTLY FOR DESCRIPTION 1i.c . 

c 
5 OUlf lJT 

kT H INHIBIT 
CONDITION 

INPUT 

INHIBIT 
CONDITION 

THE TRIANGLES INDICATE TIUNSFER S W U .  A LINE FROM THE 
A P U  OF W E  TRIANGLES OENUTES A TRAltSFER-lN AND A LINE FROM 
THE SDE DENOTES A TRAltSFEROUT. REFERI TO A WHOLE SUB 
FAULT-TREE R E P U T E D  L U R H L R E .  

THE DOUBLE DIAMOND IS USED IN THE SIMPLIFICATION OF THE FAULT 
TREE FOR NUlERlCAL EVALUATIOW. THE EVENT DESCRIBED RESULTS 
FRDYCAUSESTHATHAVEBEENDEVELOEDBUTARENOTSHWNON 
A PARTICUUR VERSION OF THE FAULT TREE. 

I N ~ U T  
7680-15198 3 - 7 - 6 6  

Figure 3- 13. Standardized Symbols and Symbol Definition for Fault  T ree  Construction 



indication that future power reac tors  will be required to undergo a probabilistic 

analysis of malfunction and r i sk .  

specifically created.  

This is the task for  which the fault t ree  was 

The fault t r ee  technique by itself should not b e  construed to be a panacea. 

It mus t  be combined with failure-mode-and-effects analysis and skilled "eye- 

balling" in o r d e r  to be effective. 

city to analyze a sys tem in grea te r  detail  znd l e s s  time than is  possible for  any 

other  method to date. 

The outstanding value of fault t ree  is the capa- 

One g rea t  advantage of fault t ree  methods is that none of the branches c r o s s  

over each other and all lead to a common "undesired event. ' '  

detailed fault t r e e  development of specific components on subsystems which may 

be  used repeatedly .as building blocks in completely different facility system 

designs.  

cially adaptable to that industry.  

This permi ts  

The aerospace industry constructed a book of such fault t rees  espe-  

B. STEPS I N  FAULT TREE DEVELOPMENT FOR AVAILABILITY 
ANALYSIS AND UPGRADING O F  POWER PLANTS 

1. Step 1 - Obtaining Required Information on Plant o r  Facil i ty 

This information will generally consist  of the following: 

1) A detailed description of the reac tor  and fuel processing sys tems.  

This will include reactor  heat t ransfer ,  e lectr ical  distribution, instru-  

mentation, fuel handling, fuel processing, and auxiliary sys tems.  

2 )  A description of operating, fuel processing, and preventive mainte- 
nance procedures and schedules. 

3 )  A detailed description of any special  tes t  loops. 

In addition to the above, his tor ical  data concerning reac tor  operation, reac-  

tor  t r ips  (both manual and automatic), component failures,  and preventive main- 

tenance will be needed p r io r  to the performance of a quantitative analysis of 

plant availability. 

2 .  Step 2 - Constructing the Paths 

Select a specific "undesired event" and begin the construction of a fault t ree  

by indicating all events which could lead to the "undesired event" and all  events 

A 
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which could inhibit it o r  protect  against  i t .  

and the evaluation of his tor ical  data on the plant p rogres ses ,  weaknesses in 

sys tem design, operating and maintenance procedures ,  and scheduling will 

become obvious on a qualitative bas i s .  

prel iminary suggestions for  improvement, a r e  then developed. 

As the construction of the fault t ree  

A description of these a reas ,  along with 

In conceptual plant design trade-off studies, severa l  i terations of Step 2 

t ranspi re  a s  a resul t  of the t 'eyeballing' '  o r  cr i t ical  path approach long before 

any attempt a t  statist ical  probability analysis is  made.  

3 .  Step 3 - Approximation 

Compilation of "best  guesst t  component fa i lure  ra te  data will be pursued 

throughout this step.  

ra tes  and partially f rom his tor ic  operating failure ra tes  observed at  s imi la r  

facil i t ies.  

ra tes  will be  generic and poorly associated to the plant; the comparative avail- 
ability analysis of individual branches and perturbations will be reasonably 

accurate .  

4. Step 4 - Analysis 

This data will be obtained partially f rom generic failure 

The failure ra te  datz will continually be upgraded as  additional failure 

Initial quantitative analysis of availability is usually performed using a 

Boolean algebra method called the A T ;  however, the generating function approach 

mentioned ea r l i e r  may be employed in cer ta in  a reas .  

in  HN- 190, modified a digital program, developed by North American Rockwell 

for  fault t ree  evaluation of a mis s i l e  reliability, called the ARMM program, for  

power plant availability analysis.  

there  a r e  many o thers .  

Holmes and Narver ,  Inc., 

This method is fine for  cer ta in  applications; 

A careful  evaluation of the analytical resul ts  is then made to establish the 

regions where (by ei ther  design, scheduling, o r  manpower utilization changes) 

it would be feasible to increase  the plant availability. Once these specific 

planned changes have been established, an analysis is made, assuming the 

changes, to determine the approximate magnitude of the effect of each change on 

predicted plant availability. 

the procedure is repeated until the predicted availability reaches the desired 

value. 

If the predicted availability is l e s s  than that desired,  

n 
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n 
The procedure is very  s imi la r  for  plant safety evaluation. The p r imary  

"undesired event" must  be related a s  "Excessive Radiological 'Release to the 

Environs. I '  

C .  STATISTICAL AND PROBABILISTIC ANALYSIS METHODS 

1. Introduction 

Many methods have been devised for  evolution of fault t rees  for probability 

of occurrence assuming the existence of reasonably acceptable and applicable 

failure ra te  data.  

sub s y s t e m  s : 

The following have been devised for  smal l  fault t rees  o r  

1) Boolean algebra 

2 )  A T  method (the hand o r  computer calculation of fault t r ee  probability 

under assumptions of no repair ,  constant interval,  and/or  constant 

repa i r )  

3 )  Boolean ma t r i ces  (Boolean algebra mat r ix  method of t ransmission 

function analysis for  complex relay circui ts)  

4) Karnaugh maps (binary t ransmission function utilizing multidimen- 

sional latt ices) . 
The following methods have been devised for  complex fault trees:  

1) Hybrid computer methods 

2 )  Monte Carlo - random input function generation (Phyllis  M. Negel, 

Boeing, has developed this area very extensively) 

3) Digital p rograms with p r e s  tipulated probability of occurrence (Nor th  
American Rockwell ARMM program revised by Holmes and Narver  in 

HN- 190). 

F o r  the following example, the X T  fault t ree  method is discussed. 

Definitions : 

1 A A = = failure ra te  where e = MTBF 

T = time interval of interest  
e 
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E = an undesirable event 

Q ( E )  = probability of E = (l-e-’E E )  - for  an  assumed exponential 
distribution 

The A T  mathematical  method is not a s  accurate  o r  a s  versat i le  a s  stochas- 

t ic coincidence methods (for which specific distribution functions other than o r  

including the exponential may be selected for  each fundamental input) but is  very 

amenable to hand calculation. It i s  quite good for  probabilistic comparison of 

two sys tems.  Three common repa i r  or inspection techniques a r e  applicable: 

1) No  repa i r  (very  conservative) 

2 )  Constant interval (low) 

3 )  Constant repa i r  (more  real is t ic) .  

Symbo 1s : 

Boolean f-l = and 

U = o r  

Faul t  T ree  

EXAMPLE: 

f.7 = a = O R G A T E  

= KNOWN INITIATING 
EVENT “A” 

= INHIBITGATE WITH 

y INHIBIT FUNCTION 

I 
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The failure ra tes  a r e  given as: 

Y = 0 .5  - the inhibit gate 

T = system life = 100 time units 
0 

Inhibit function y = 0 . 5  means that although MTBF ( A  ) = only fai lures  

of a given type contribute to event Q(Co) and that these a r e  only 0 . 5  of prob- 

ability of failure F, Q(F) .  

F F  

The example may be represented a s  the equation, 

to  = Elg2 = (A  t B C )  (DE + yF)  = ADE t BCDE t yAF t yBCF. . . . ( 1 )  

2.  Type I - No Repair (During Plant Life) 

Q ( C o )  = Q(ADE) + Q(BCDE) f Q(yAF) f Q(yBCF) . . . ( 2 )  

= 5 4 + 5 t 4 

-4 = 1 . 0 8 ~  10 
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3 .  Type I1 - Constant Interval 

This technique assumes  regular  inspection and complete repa i r  at a regular 

specified interval,  T 1, with no repa i r  requirement during the interval.  

applied to the fault t ree ,  i t  means that the t r ee  is analyzed for the time base,  
T 

failure during T 

As 

to obtain an equivalent overal l  failure ra te ,  A ‘ o ,  and the total probability of 

0 0 0 
= T  / T 1  

1’ 
is A ’ ,  t imes the number of new time units T I 

o r  

. . . (4) 

Equation 3 thus becomes 

The t e r m  in the bracket  is X ’  . 11 the constant interval is selected as T = 10, 

then 
0 1 

2 
Q(5,) = (5 x t 4 x 10 - l o  t 5 t 4 x  10-9) +& 

-6  = 5.54 10 . 

4. TvDe I11 - Constant ReDair 

, 
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This technique includes al l  contributions to outage o r  i t s  elimination such 

as inspection, repa i r  t ime, etc. Again, each new A .  T. establishes the new 

fai lure  rate,  hi ,  for  the fault t r ee  branch, C i ,  and i ts  new interval time base,  

T .. 
understanding of T i s  required.  

1 1  

F o r  subsequent analysis,  the branch, E i ,  is no longer required; but a c lear  
1 

i 



A 

A s  an example, events A, B, C, D, F a r e  given T of 
i 

' T  = l o  T D  = 50  A 

Tables have been developed for  ass is t ing in the computations, one of which 

F r o m  this table, A i  and T .  a r e  calculated for  i s  reproduced h e r e  as Table 3 - 1 .  

the output of each "and" o r  "or" gate event, 5 
Applying Table 3 - 1  to the foregoing sample sketch, 

1 

i ' 

A c 3 m  A B I C  ( T ~  t T ~ )  = 4.8 x 

TDTE - 500 50 
t -x=6 TD TE T554n= 

-4 -5 A c 5  (inhibit gate) = Y = 0 .5  x 10 = 5 10 5 

T E 5 =  T = 5 0  F 

- t A s 3  = 4.8 x 10 -7 t 1 x lom4 = 1 x 10 -4 '61 - x A  

= 10 t 4 x  = 10 

-5 
A C 2 U  = A55 t A S  = 3 x t 5 x lom5 = 8 x 10 4 5 
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The failure ra te ,  

Q 

Q 

275 = x 8 x (10  t 8) 

This could have been solved f rom the Canonical form of Equation 2 .  

Q(ADE) = Q (AS2DfiE) - an t 'andt '  gate with 3 inputs. 

From Table 3-1, 

XADEn = XAADXE ( T A T D  TA T~ T D  T ~ )  

-4  -4  -3 = 10 x 5 x 10 x 10 (500 -k 100 t 500) = 5 . 5  x 

-6  Q(ADE)Z X A D E ~ o  = 5 .5  x (100)  = 5 .5  x 10 . 

, . . ( 6 )  

Applying Table 3-1  to the other 3 gates, 

Q(BCDE), Q( Y AF), and Q ( Y BCF), 

and summing to obtain Q( ), the resul t  will be the same.  
0 

It should be observed, however, that gates with sequencing conditions o r  

other  conditions difficult to descr ibe as  a simple number a r e  readily handled by 

d i rec t  application to the TREE, but a r e  very difficult to apply to the canonical 

approach . 
5. Summary 

The value of Q( 5,) = 1.08 x €or  no repa i r  is seen to be  considerably 
-5 

overconservative,  and the constant repa i r  time value of 3.55 x 10 

be somewhat in between. 
is  seen to 

8 LMEC-Memo-69-7, Vol I 
3-65 



D. EXAMPLES OF FAULT TREE APPLICATION 

1. Example No .  1 

An excellent example of fault t r ee  application to resolution of conceptual 

design problems i s  the preliminary work performed a t  Atomics International in 

1966 on the 500-Mwe Heavy Water Organic Cooled Reactor (HWOCR) Demon- 

s t ra t ion Plant, a concept no longer under USAEC consideration. 

example demonstrates the fundamentals of Steps 1 and 2 in which no mathemati- 

ca l  probability analysis i s  required o r  even anticipated. 

This f i r s t  

The fault t r ee  constructed for  the demonstration plant i s  depicted in F i g -  

u r e s  3-14 through 3-18. 

"Excessive Radiological Release to Environs I f  defined a s  the undesirable event. 

The remaining f igures  shown in the branches of the t r ee  will c a r r y  the develop- 

ment  to lower levels of detail.  

The top of the t r ee  i s  shown on Figure 3-14 with 

Figure 3- 14 indicates that excessive radiological re lease  to environs can 
resu l t  from any of three input events: 

s t ruc ture ,  (2)  excessive release f rom containment s t ructure ,  o r  ( 3 )  solid waste 

handling. The solid waste handling accident i s  not of in te res t  at  this t ime and 

thus has  not been developed. 

resu l t  f rom a release f rom any of the following: 

system, ( 2 )  radioactive waste gas system, ( 3 )  D 2 0  processing and handling sys-  

tem, o r  (4) either of the two coolant loops. 

cussed below; however, since the coolant loops a r e  identical, only the f i r s t  cool- 

ant loop i s  discussed. 

(1) excessive release from auxiliary 

A "release f rom the auxiliary s t ructures"  can 

(1)  radioactive liquid waste 

Each of the above branches i s  dis-  

The re lease  f rom the f i r s t  coolant loop i s  the output f rom an AND gate which 

represents  the containment effect of the piping and vessels  comprising the cool- 

ant loop. 

loop system, either the coolant loop o r  coolant process  sys tem must  be breached 

before  a re lease  to the auxiliary s t ructure  can occur .  In addition, to obtain a 

radiological re lease  to the portion of the f i r s t  coolant loop exter ior  to the con- 

tainment building, the isolation valves between the core and the s team generator 

( see  Figure 3-19) must  have failed. 

tainment in the auxiliary building. 

coolant sys tem can only resul t  f rom fuel melting o r  a large number of cladding 

In the event of an accidental radiological re lease  to the f i r s t  coolant 

The s team generator i s  outside of the con- 

In addition, f ission products in the reac tor  
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Figure 3 - 19. HWOCR Demonstration Plant  Schematic Diagram 
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n 
fa i lures .  

the auxiliary building. 

in the auxiliary building a s  it has  been assumed that the activity re leased with 

the coolant i s  immediately released to the environs. 

Thus, this sys tem provides redundant protection against a re lease  to 

Further ,  no c red i t  i s  taken for  the f i re  protection devices 

The isolation sys tem failure is shown a s  resulting f r o m  valve leakage o r  

fa i lure  to close.  Since the valves on both the inlet and outlet l ines a r e  redundant, 

both inlet o r  both outlet valves must  leak to constitute a failure.  Failure of the 

valves to close can resul t  f rom an  individual failure o r  a failure of the activat- 

ing sys tem.  The effects of an individual valve failure a r e  again reduced by the 

double isolation valve construction and individual activators and actuators .  

Since fai lure  of the valve activating system will resul t  in the fai lure  of all the 

valves on al l  three coolant loops to close,  a l l  components of this sys tem (detec- 

tors ,  power supplies, e lectr ical  circuits,  etc.  ) must  be redundant. Additional 

fault t r ee  development of the isolation valve activators,  actuators ,  and actuat- 

ing sys tem will be prepared as  analysis of this system continues. , 

The absence of an  AND gate between the top and bottom of the t r ee  with 

respec t  to "activating system" failure requires  that this sys tem be designed 

with ex t reme ca re  both f r o m  a standpoint of adequate redundance to a s s u r e  

activation and of adequate coincidence to prevent fa lse  tripping. 

Excessive radiological re lease  to environs f rom the radioactive waste gas 

sys tem can resu l t  f r o m  either the rupture of a portion of the sys tem containing 

highly active gases  o r  the failure of the auto-control valve to close when, for  

some reason, the normal  gaseous activity re leased becomes excessively high. 
The severi ty  of the re lease  is dependent o n  whether i t  is a ground r e l ease  o r  a 

stack re lease  and on the maximum allowable activity for  each case  to determine 

the necessity of providing s tack fan backup. 

to complete the analysis of this system. 

Additional effort will be required 

The radiological re lease  f rom the D20 system resul ts  f rom a high activity 

in the D 0 and a rupture of the system. 

separately.  

The t r i t ium problem was evaluated 2 

The major  concern regarding a liquid waste re lease  centers  about the 

possibility of dumping liquid waste f rom the holdup tank to the r iver .  

could resul t  f rom either an  operator  e r r o r  o r  the malfunction of a valve. 

This 

F o r  

Q 
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this reason, redundant valving and a radiation detector with an a l a rm should 

be installed on the dump line. 

the adsorber  and fi l ter  to prevent the pumping of highly radioactive waste to 

the holdup tank would also be desirable.  

inventory in the holdup tank will be determined. 

The installation of a detector downstream from 

The maximum allowable activity 

The excessive radiological re lease f rom the containment s t ructure  event 

i s  the output f rom an AND gate which requires the coexistence of both inputs 

( fa i lure  of the containment s t ructure  and radiological re lease to the contain- 

ment s t ructure)  to produce the output event. 

effect of the containment s t ructure  in preventing a radiological re lease to the 

environs. 

This AND gate represents the 

The failure of containment s t ructure  branch i s  shown in Figure 3 - 1 4  and 

will be discussed la ter .  

The important facet under excessive radiological re lease to the contain- 

ment s t ructure  i s  that a radiological re lease f rom the reactor coolant sys tem 
requires  both a re lease to the reactor  coolant sys tem and a breach of the cool- 

ant system. 

fai lures  o r  fuel and cladding damage. 

a r e  the cracking of cladding, e tc . ,  without any fuel damage. A number of such 

failures can be tolerated without exceeding release l imits .  Fuel and cladding 

damage can resul t  f rom inadequate at-power heat removal, large power t ran-  

sient, o r  inadequate shutdown heat removal.  

events a r e  depicted in Figures  3 - 1 5 ,  3 - 1 6 ,  and 3 - 1 7 .  

The release to the coolant sys tem can resul t  from fuel cladding 

The fuel cladding failures re fer red  to 

The branches leading to these 

Fai lure  of containment s t ructure  ( see  Figure 3 - 1 5 )  can resul t  f rom an 

excessive normal  leak rate,  isolation sys tem failure, o r  a breach  of the con- 

tainment s t ructure .  

The excessive normal  leak can resul t  f rom high internal p re s su re  o r  iso- 

lation component degradation. 

degradation event, a s  i s  indicated by the AND gate, by requiring both continu- 

ous leak ra te  monitoring and periodic p re s su re  testing. 

of leak ra te  testing will greatly reduce the probability of this event. 

Protection i s  provided against the component 

The use of both methods 

Isolation sys tem failure can resul t  f rom an a i r  lock failure o r  a ventilation 

sys tem failure.  Redundant inlet and outlet valving on the ventilation sys tem and 
A 
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0 

0 

the double doors with both mechanical and electr ical  interlocks on the airlocks 

act  to reduce the likelihood of this event. Coolant system isolation valves a r e  

not shown under this event as they a r e  covered under the re lease  f rom the aux- 

i l iary s t ruc ture .  

A number of input events leading to the breach of the containment s t ruc ture  

have been considered, even though some a r e  highly improbable.  

The inadequate at-power heat removal ( see  Figure 3-16) event i s  shown a s  

resulting f rom ei ther  inadequate gross  core  heat removal, inadequate core  

regional, o r  individual fuel rod heat removal.  Inadequate core  regional or 

individual fuel rod heat removal is  the more  probable cause of fuel damage 

because of the lack of protective system action (as  is  indicated by the absence 

of AND gates in this branch of the t r ee ) .  

channel coolant outlet temperature  a l a rms  on each channel will provide a warn- 

ing to the operator .  Inadequate gross  core  heat removal could resul t  f rom any 

of the three input events. 

coolant heat t ransfer  coefficient decrease,  does not have the redundant s c r a m  

protection of other accidents, except in the case of a sys tem rupture.  

fore  probably represents  the m o r e  cr i t ical  input. 

is provided for  the other  accidents leading to the inadequate gross  core  heat 

removal event. 

Low channel coolant flow and high 

A loss  of core  p re s su re ,  resulting in a fuel-to- 

It there-  

Redundant s c r a m  protection 

Several  cr i t ical  a r eas  exis t  in the large power t ransient  ( s ee  Figure 3-17) 

The positive coolant and moderator  temperature  reactivity branch of the t ree .  

coefficients a r e  a source of concern. 

la rge  power transient event is an input event leading to the coolant heating 

and/or  channel void and moderator  sys tem heating events. 

effect is of concern f rom both safety and plant control viewpoints. 

investigation of this a r e a  is  required.  

As a resul t  of these coefficients, the 

This closed loop 
A careful 

A second a r e a  of concern i s  the boric  acid xenon compensation system. 

The inadvertent removal of boric  acid during shutdown poses a s tar tup accident 

problem. Shutdown interlocks which prevent boric  acid removal during reac tor  

shutdown, and the boric acid concentration monitor and a l a r m  when coupled 

with adequate s tar tup procedures,  should provide adequate protection in  this 

a r ea .  
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Inadequate core  regional or  individual fuel rod heat removal ( see  Figure 3-18) 

is not as  cr i t ical  in the inadequate shutdown heat removal branch a s  in the 

inadequate at-power heat removal branch because of the greatly reduced heat 

f l u x  and the backup cooling system. 

If, in the case  of a sys tem leak, the backup cooling sys tem failed, a gross  

core ,  ra ther  than regional effect, could be expected The cr i t ical  a r e a  of the 

inadequate gross  core  heat  removal branch is  the rupture of the pr imary  coolant 

sys tem in the auxiliary building coupled with a failure to isolate the rupture 

coolant loop. Under these circumstances,  the backup coolant sys tem has to be 

supplied coolant f rom makeup tanks and sufficient coolant may not be available. 

Provisions for  pumping p r imary  sys tem coolant f rom the auxiliary building 

back into the system might be desirable .  

Several  months following this work, a fault t ree  was also prepared for  the 

FBR Design Basis Accident (fuel melting).  

nitude probabilities were assigned to the various fault modes and the cr i t ical  
paths were scr ibed on the fault t ree  diagrams by variation of the l ines connect- 

ing events (others  have used color coding with red for cr i t ical) .  

In this case,  relative o rde r  of mag- 

Though this approach is qualitative, i t  was valuable in pointing out a r eas  of 

design weaknesses;  e .g . ,  the need fo r  in-core flow and/or  temperature  pro-  

tective instrumentation was indicated in the "Inadequate At- Power Heat Removal" 

by the total lack of AND gates in the network leading to and f rom the "inadequate 

Core Regional and/or  Individual Fuel Pin Heat Removal" event. 

protective instrumentation rendered this as  the most  probable mode of fa i lure  

leading to the output event. 

This lack of 

Of in te res t  is the fact that, even for  such widely different concepts a s  the 

HWOCR and FBR, the fundamental s t ruc ture  of many of the fault t r e e  branches 

developed for  the HWOCR were applicable to the FBR concepts. Thus, when a 

fault t r ee  for a specific reac tor  has  been constructed, much of the fundamental 

s t ruc ture  can be applied to other reac tor  concepts. 
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2. Example No.  2 

In this example, the question to be answered was whether the configuration 

analyzed in example No .  1 and schematically represented in Figure 3-19 

(Scheme A) would be a s  safe f rom the standpoint of potential radiological 

re lease  to the environs a s  a l a rge r  containment vesse l  with the s team genera- 

to rs  placed within the containment (Scheme B ) .  

dependence upon isolation valves in the pr imary  sys tem but would require  more  

containment penetrations and a l a rge r  heating and ventilating system. 

The la t ter  would relieve the 

In this analysis, a gross  fuel failure was assumed to have occurred and the 

probability of re lease  t raced through the fault t ree  for  each scheme. 

The following a r e  excerpts f rom the Addendum to AI-CE Engineering 

Document TSR-014-93-002, dated 4/27/67, which shows the results,  assump- 

tions, and fault t ree  simplifications f rom previous Scheme A fault t rees  and 

their  expansion to include the new configuration of Scheme B. 

a r e  shown in Figures  3-20 through 3-23 with the containment penetration schemes 

shown in  Figures  3-24 and 3-25. The sketches and calculations follow the 

method a s  explained and may be obtained f rom information contained in 

Table 3-2, but a r e  not repeated here .  

resul ts  a r e  reasonably convincing, the numerical  magnitude of difference will 

change quite drastically with changes in some of the design assumptions, but 

very little with reasonable changes in the expected fai lure  ra te .  

These fault t rees  

The reader  should note that while the 

The probabilities of radioactivity re lease  for  Schemes A and B a r e  sum- 

mar ized  a s  follows: 

Scheme A 
(Reactor  
Containment ) 

Scheme B 
(Reactor t 
Loop Con- 
tainment) 

Probability of 
Probability of Release f rom 
Release f rom Reactor Total 

Auxiliary Containment Probability 
Structure s Structure of Release 

Q, = 1.06 Q, = 4.62 a. = 4.63 

Q = 7.08 x Q, = 7.55  x Q = 7 a X  1 0 
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TABLE 3-2 

INPUT DATA FOR FAULT TREE INITIATING EVENTS 
(Sheet 1 of 5 )  

Component/Event 

Radiological Release to 
Coolant Sy s tem 

Coolant Isolation Valve 

r 

Coolant Radiation Detection 
Sys tem 

M 
0 
I z 
0 

Coolant Loop Piping 
Y g  
0 0 1  

9 
I 
4 ” 

c 
2 
H 

Heat Exchanger Tubes 

Steam System Piping 

P rocess  Loop Piping System 

Process  Loop Blocking Valve 

~ 

Reference 
No. 5 

11 

103 

104 

113 

115 

116 

117 

118 

x 
(failures /hr) 

- 

1 

6 8.6 x 10- 

2 .7  x 

5.6 x 

- 6  
9 .4  x 10 

5.6 x 

- 6  

-6 
5 . 6 ~  10 

4.6 x 10 

T 

(hrs) 

- 

72 0 

168 

24 

24 

24 

24 

2 160 

Reference/Remarks 

Assumed to have occurred.  Same 
as  event 202 (fuel and cladding 
damage ) 

EEI Publication No. 63-42, Edison 
Electr ic  Institute, N. Y .  17; (F. W. 
Valves and Piping, Table 2E) 

AHSB(S)R99, Reliability Assess -  
ment  of Protective Equipment for  
Nuclear Installations (Table 11) 

Assume 3 u standard deviation 
s t r e s s  margin  at  end of life (30 y r )  
p e r  section of pipe (n) .  A section 
of pipe is defined a s  that length of 
pipe between those supports which 
constitute calculational end points. 

Reference same a s  103 (Fa i lure  
Rate for  Generating Tubes, 
Table 2E) 

Reference same  a s  103 (Fa i lure  
Rate for  Steam Valves and Piping, 
Table 2E) 

Same as  event 116 

Martin- Denver Reliability Handbook 
(Glove, Gate, and Ball Valve 
Fai lure  Rate) 



TABLE 3-2 

INPUT DATA FOR FAULT TREE INITIATING EVENTS 
(Sheet 2 of 5 )  

Component /Event 

Auxiliary Sys tern Isolation 
Valves 

Auxiliary System Piping 

P rocess  Loop Isolation 
Valve s 

Steam Isolation Valves 

Steam Piping 

Mix Tank 

Lines Interconnecting Mix 
Tanks 

Outlet Pigtail Rupture 

Inlet Pigtail  Rup tur e 

P r e s s u r e  Tube Rupture 

Fuel and Cladding Damage 

Ref e r enc e 
No. 

12 1 

122 

123 

125 

126 

2 03 

2 04 

2 05 

206 

2 07 

202 

x 
(Fa i lures  /hr :  

See remarks  

5 . 6  x l o m 6  

See r emarks  

See remarks  

5 . 6  x 

4 x  10-9 

5 . 6  x 

4 x  

4 x  

4 x  

1 

_- 
T 

: h r s )  

- 

24 

- 

- 

24 

24 

24 

168 

168 

1 

- 

Reference/Remarks 

100 Same probability a s  Q c  

Same as event 113 

100 Same probability a s  Q 

Same probability as Q clo0 
Same as  event 113 

Assume 3 u standard deviation 
s t r e s s  margin at end of life (30 y r )  

Same as event 113 

Reduce by 2 o r d e r s  of magnitude to 
ref 1 e c t ins t rumen t p ene t ra t  ions 

Same as event 205 

Assume reliability of 0.999 per 
p re s su re  tube. Assume end seal 
bellows will fail  concurrently. 

Assumed to have occurred.  Same 
as  event 11 (radiological re lease  
to coolant) 



I 

TABLE 3 - 2  

INPUT DATA FOR FAULT TREE INITIATING EVENTS 
(Sheet 3 of 5 )  

Component/Event 

Fuel  Damage Due to Loss of 
Coolant 

- 

P r e s s u r e  Tube - Calandria 
Tube Fa i lure  

Degradation of Wire 
Penetration Seals 

Degradation of Ventilation 
Valves 

Degradation of Piping 
Penetrations 

Other Leakage Paths 
( i . e . ,  l iner  welds) 

Ref e r ence 
No. 

- 
210 

220 

301 

3 05 

3 03 

304 

A 
:failures /hr) 

3 

Q 

Single Seal, 

Double Seal, 
1 10-7; 

1 10-l4 

7 1 x 10- 

Single Seal, 

Double Seal, 
1 10-7; 

1 10-4 

-0 

7 
hrs) 

- 

0 

3766 

0 

- 

~~~ ~ ~~ 

Reference /Remarks 
~ 

This analysis has  assumed fuel 
damage f rom another course and 
that this event does not occur  
concurrently 

Same as  event 210 

Single failure ra te  calculated f rom 
Holmes. and Narver Nuclear Plant 
Safety Study, HN-185 (preissue 
copy). Ref. Supplement I to IL 
from C.  W. Griffin, Relative Integ- 
r i ty  of HWOCR Containment Con- 
figurations, dated October 3, 1966, 
Continuous Leak Monitoring. 

Assumed to be same failure r a t e  
for wiring penetrations, event 301. 
No continuous monitoring. 

Same a s  event 3 01. Continuous 
monitoring. 

Assume double containment 
around al l  welds 



TABLE 3-2 

INPUT DATA FOR FAULT TREE INITIATING EVENTS 
(Sheet 4 of 5 )  

Component /Everit 

Two Air  Lock Doors Open 
and Interlock Fai lure  

One Air  Lock Door Open 

Personnel,  Equipment, A i r  
Lock and Emergency Door 
Gasket Leakage 

Personnel, Equipment, A i r  
Lock and Emergency 
Penetration 

Fuel Handling Por t  

Personnel and Equipment, 
Air Lock and Emergency 
Equalizing Valve Leakage 

Auxiliary and Service Piping 
Sys terns 

Ref e r enc e 
No. 6 

3 13 

3 19 

321 

322 

328 

323 

35 1 

h 
(failures /hr) 

- 0  

4.6 

4.6 x 

- 0  

4.6 x 

5.6 x 

- 

1 /4  

4383 

4383 

4383 

24 

Reference /Remarks 

Assumes interlock failure and 
subsequent failure of operator  to 
close two doors negligible 

Assumed that only 1 in 100 opera-  
to rs  would leave a door open 
under an emergency condition. 
T = 15 min. was assumed to be 
the t ime required for detection 
and subsequent closing of the 
door. 

Reference same as  event 301. Used 
higher equipment a i r  lock failure 
ra te  data to a s su re  this value is 
cons e r v  a tive 

Same a.s event 321. 

F o r  leakage to occur,  four valves 
must  fail o r  two valves and a 
pipe: this would be QZ10-20 

Same as  event 32 1. 

Same as  event 113 



TABLE 3-2  

INPUT DATA FOR FAULT TREE INITIATING EVENTS 

Component /Event 

Isolation Valve Failure 

Ventilation Valve Fai lure  

Breach of Containment 
Structure 

NOTE: Equipment - 
Personnel  Air 
Lock consists of 
large bolted door 
with personnel 
door in i t .  

Reference 
No. 6 

351 

3 63 

370 

Sheet 5 of 5)  

x 
(failures /hr) 

4.6 x 

4.8 

- 0  

T 
[h r s )  

2160 

780 

Reference/Remarks 

Same as  event 118 

Reference same as  event 301; 
failure ra te  i s  for ventilation 
valves . 
Insignificant probability 



Q 
The numbers indicate that the probability of releasing radioactive ma te r i a l  

to the environs is g rea t e r  for  Scheme B than for  Scheme A for the accident 

studied (gross  fuel failure).  There a re ,  of course,  other important accidents 

which must  be studied to determine the overal l  relative reliability between the 

two concepts. 

An examination of Figures  3-22 and 3-23 indicates that the higher degree 

of relative reliability of Schem A over Scheme B (for the g ross  fuel damage 

accident) is pr imar i ly  due to the following: 

The containment building for  Scheme B is la rger ,  has  m o r e  piping 

and electr ical  penetrations,  more  ventilation sys tem penetrations, 

and an additional a i r - lock.  These increase the probability that the 

containment building will not be isolated when required.  

lation feature comparison (event 5 
failure for  Scheme B is 1.06 x 

Scheme A. 

The iso- 

) shows that the probability of 

compared to 7.04 x for  
3 10 

This is a ratio of 10.6 x 10-3/7. 04 x = 1.5.  

The combined probability of failure of the p r imary  coolant loop 

isolation valves ( 6 
( 6 120) is low. 
a significant probability of re lease  of radioactivity f r o m  the auxiliary 

s t ructure ,  ( 5 l )Q = 1.06 x 10 

The placing of the main heat t ransfer  loop into the containment build- 

ing does not significantly increase the probability of radioactive 

coolant getting into the building. 
the probability of failure in the reactor  system coolant piping (inlet 

and outlet pigtails, p re s su re  tube, inlet and outlet headers ,  e tc . )  is 

about six t imes grea te r  than the probability of re lease  f rom the 

p r imary  coolant loops. 

to close and the failure of the p r imary  loops 

, does not resul t  in -8  This value, ( e ,,)a = 7.1  x 10 

- 7  . 

The fault ra te  data indicate that 

= 6.08 x 10-3/1.04 x 
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VII. BIBLIOGRAPHY 

A. INTRODUCTION 

The l i terature  sea rch  that resulted in this compilation of titles, authors,  

books, ar t ic les ,  papers ,  reports ,  and specifications was undertaken for  the 

Pacific No,rthwest Laboratories (PNL) in conjunction with reliability develop- 

ment in  the F a s t  Flux Tes t  Facil i ty ( F F T F ) .  It i s  recognized that there may 

be omissions and that while the compiler rated publications to the best  of 

his knowledge with respec t  to F F T F  applicability, these may be subject to 

controversy.  

The following categories a r e  identified: 

A. Mathematical and Statistical Tables and Formulas  

B. Theory of Statistics, Probability and Logic of Design 

C. The Design of the Statist ical  Experiment 

D. Reliability Engineering and Management 

E. Maintainability, Availability, and Logis tic 

F. 

G. Nondestructive Testing Methods 

H. 

I. Fa i lure  Rates and Fai lure  Modes 

Environmental Testing and Effects of Environment 

Data Handling Methods. for  Statist ical  Applications 

J. Miscellaneous Other Texts 

K. Reliability Do cumentation 

L. Quality Assurance 

M. Maintainability 

N.  Safety Documents 

0. Human Fac tors  

P. Value Engineering 

Q. Technical Journals and Periodicals  

LMEC-Memo-69-7, Vol I 
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Q 
Categories A through J a r e  ranked as  to the degree of applicability of the 

text to reliability engineering for reac tor  design work. 

ranks,  identified by numerals  1, 2,  3, and 4, in the second column of the 

tables have been established: 

The following four 

1. Most of the text i s  directly applicable to the type of reliability 

engineering required for  past ,  present ,  o r  future reac tor  develop- 

ment work. 

, 

2 .  Some of the text is  directly applicable and most  of the text can be 

applied by engineering interpretation for past ,  present ,  o r  future 

reac tor  development work. 

3. None of the text is  directly applicable, but some of the text can be 

applied by engineering interpretation for past ,  present ,  o r  future 

reac tor  development work. 

4. None of the text is directly applicable and little of the text can 

be applied by engineering interpretation for  past ,  present ,  o r  

future reac tor  development work. 

The te rm,  Most",signifies the grea t  majority if  not the complete content 

of the text, and the te rm,  I '  Some", signifies an Appreciable P a r t  of the text, 

hence, m o r e  than just a few paragraphs o r  a few selected pages.  

In general, i t  should be realized that almost all  of the l isted references,  

specifications, and data have been developed in engineering fields which a r e  

unrelated to atomic energy and reac tor  application design. 

environments of  power generating plants a re  vastly different from those 

affecting the operations of a i rborne systems,  spacecraf ts ,  o r  ground support- 

digital computers,  yet mos t  fa i lure  data available a r e  concerned with these 

types of hardware.  Interpolation to account for  the differences in the mode 

of operation, in the magnitude of environmental s t r e s s ,  e tc . ,  a r e  necessary 

and will influence the ult imate re lease  of new data and reports  specifically 

writ ten for  the field of atomic reactor  design and application. 

The operating 

The extreme right-hand column of categories A through J also indicates 

the physical f o r m  of the text by the following code: "B" for  hard-bound book, 

n 

LMEC-Memo-69-7, V o l  I 
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"A"for a single ar t ic le  published in  a technical magazine, 'P ' l for  a single 

paper delivered at  a technical meeting or  symposium, and "Sl'for a s o f t -  

bound book o r  brochure. 

LMEC-Memo-69-7, Vol I 
3 - 9 2  
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B. REFERENCES ON RELIABILITY -MAINTAINABILITY -SYSTEM 
EFFECTIVENESS AND RELATED SUBJECTS APPLICABLE TO F F T F  

n 

1. Categorv A - Mathematical and Statistical Tables and Formulas  

No. 

A-  1 

A-2 

A-3  

A-4  

A - 5  

A-6 

A-7  

A-8  

A-9 

A- 10 

A-11 

A-  12 

A-  13 

Rank 

1 

1 

2 

1 

1 

1 

2 

1 

2 

2 

1 

2 

2 

Author( s )  

Burington-May 

N BS 

Ryswick-Weiss 

Defense Sys ten  
Dept G.E. 

NBS 

No Author 

NBS 

Jahnkemmde  

Dwight, H.B. 

Resnikoffl  
L iebe rman  

Blythef 
Hutchinson 

Sarhanf  
G r e e nb e r g  

Sarhanf  
G r  eenbe rg  

Ti t le  

Probabi l i ty  and  Sta t i s t ics  Handbook 
Present ing  both tables and theory,  a r rangec  
f o r  handy application fo r  the reliabil i ty 
engineer and  statist ician.  
Reviewed by Amer ican  Sta t i s t ica l  
Association. 

Tables  of thk Binominal Probabi l i ty  Dis t r ibu-  
tion, National Bureau  of Standards 

Inexpensive compilation of the 7 - place  
table. Applied Mathematics Se r i e s  # 6. 

Tables  of the  Incomplete Gamma Function of 
In tegra l  Orde r  

NAVWEPS Repor t  7292 

Tables  of the Individual and Cumulative T e r m s  
of Poisson  Distribution (8 P laces )  

Tables  of Normal  Probabi l i ty  Functions 
National Bureau of Standards 

Applied Mathemat ics  Se r i e s  # 23 

Tables  of the Cumulative Binomial Probabi l i ty  
Distribution 

Probabi l i ty  Tables  for  the Analysis of Ex t reme  
Value Data 

Applied Mathemat ics  Se r i e s  # 22 

Tables  of Functions 
4th Edition 

A good r epor t  for  reliabil i ty es t imates .  

Tables  of In tegra ls  and Other Mathematical  
Data 

Of genera l  i n t e re s t  to the mathemat ic ian  
only. 

Tables  of the Non-Central  t-Distribution 
Amer ican  Statist ical  Association 

Table  of Neyman-Shortest  Unbiased Confidence 
In te rva ls  f o r  the Minomial P a r a m e t e r  P a p e r -  
Biometr ica ,  P a r t s  3 and  4 

Tables  for  Bes t  Linear  Es t ima tes  by O r d e r  
S ta t i s t ics  of the P a r a m e t e r s  of Single Exper i -  
menta l  Distributions f r o m  Singly o r  Doubly 
Censored  Samples  

Journa l  of the Amer ican  Sta t i s t ica l  
As s ociation, pp58 - 87 

Contribution to O r d e r  S ta t i s t ics  

Pub l i she r IYear  

McGraw-Hill ,  1951 NY, 

U. S. Government 
Pr in t ing  Office, 
Washington D. C . ,  
1949 

U.S; Naval Ordnance 
Lab, White Oak, Md. 
1960 

D. Van Nost rand  
Company, NY 

National Bureau  of 
S tandards ,  1953 

Harva rd  University 
P r e s s ,  Cambr idge ,  
Mass .  1953 

National Bureau of 
Standards,  1953 

Dover Publications 
Inc. ,  New York 

The Macmillan Co.,  
New York, 1934 

Stanford University 
Press, Stanford,  
California,  1957 

1960 

1957 

John Wiley and Sons,  
New York City, 1967 

Code 

B 

B 

S 

B 

B 

B 

B 

B 

€3 

B 

S 

A 

B 

LMEC-Memo-69-7, Vol I 
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No. 

A- 14 

A-  15 

A-  16 

A - I 7  

A- 18 

A- 19 

A-20 

A-21 

A-22 

A-23 

A-24 

A-25 

A-26 

Rank 

1 

1 

2 

1 

2 

1 

1 

2 

2 

1 

1 

2 

2 

~ 

Author( s )  

Space Tech-  
nology Labs  
TR- 59- 0000- 
00756 

Mi l le r ,  J. C. P. 

Hald, A. 

Bulfinch, A. 
ORD BB-NR 126 

Abramowitz- 
Stegun 

Greenwood, J. A 
and Hartley,  H.0 

Owen, D.B. 

Beyer ,  W.H. 

Kitagara,  T. & 
Mitome, M. 

Romig, H.G. 

N BS 

Robertson, W. H 

Ti t le  

Confidence In te rva ls  f o r  the Product  of 2 
Binomial P a r a m e t e r s  

Journa l  of the Amer ican  Sta t i s t ica l  
Association, pp 482-493 

Tables  of Upper Confidence Limi ts  on Fa i lu re  
Probabi l i ty  of 1, 2, and 3 Component Se r i a l  
Sys tems 

Table of Binomial Coefficients 

S ta t i s t ica l  Tables  and  Formulas  

Reliabil i ty Handbook 
Quality Assu rance  Div. Picatinny Arsena l ,  
Dover, New Je r sey .  
I t s  value a r e  s o m e  of the condensed tab les  
of lower limits - Binomial Confidence 
In te rva ls  

Handbook of Mathematical  Functions With 
Formulas ,  Groups,  and Math Tables  

Applied Mathemat ics  Se r i e s  # 55 

Guide to Tables  in Mathemat ica l  S ta t i s t ics  
Catalogues a l a r g e  selection of tab les  used  
i n  mathemat ica l  s ta t i s t ics .  

Handbook of S ta t i s t ica l  Tables  
Recommended by U. S .  Dept of Commerce  

Handbook of Tables  fo r  Probabi l i ty  and 
Sta t i s t ics  

Tables  for the Design of Fac to r i a l  Exper iments  

50-100 Sinomia l  Tables  

Frac t iona l  Fac to r i a l  Exper iment  Designs for 
Fac to r s  at Three  Levels  

Applied Mathemat ics  Se r i e s  # 54 

Tables  of the Binomial Distribution Function 
for Smal l  Values of p 

Publ i sher  / Y e a r  

1953 

Space Technology 
Lab, Inc. ,  Pasadena  
Cal i f . ,  1959 

Cambr idge  Univer sit! 
P r e s s ,  Cambr idge ,  
Mass . ,  1954 

John Wiley and Sons, 
Inc . ,  New York City 
1952 

1962 

National Bureau of 
S tandards ,  1964 

Pr ince ton  University 
P r e s s ,  Pr ince ton ,  
N. J . ,  1962 

Addison-Wesley 
Publishing Co.,  Inc. 
Reading, Mass .  1962 

Chemica l  Rubber Co. 
Cleveland, Ohio, 
1966 

Bai Fukan, Tokyo, 
1953 

John Wiley & Sons, 
New York City,  1953 

Sta t i s t ica l  Engineer - 
ing Lab, National 
Bureau of S tandards ,  
1959 

Office of Technical 
Serv ices ,  Dept of 
Commerce ,  
Washington, D. C., 
1960 

Code 

P 

S 

B 

B 

S 

E 

B 

B 

B 

B 

B 

B 

B 

, 
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No. 

A-27 

A-28 

A-29 

Rank - 
1 

3 

2 

Author( s)  

U . S .  Ordnance  
C o r p  

Goode, Henry P. 
& Kao, John H. 

Smirnov, N. 

Ti t le  

r ab le s  of the Cumulative Binomial Probabi l i t i es  
HDB: ORDP 20-1 

Weibull Tables  for  Bio-Assaying and Fatigue 
r e s t ing  

9th National Symposium on  Reliabil i ty and 
Quality Control 

r ab le  f o r  Es t imat ing  the Goodness of F i t  and 
Zmpirical  Distributions 

Annals of Mathematical  S ta t i s t ics ,  
Vol 19, pp 279-281 

Publ i sher  /Yea r  

Office of Technical 
Se rv ices  
Washington, D. C. 196 

Dept of Indus t r ia l  
& Engineering Adm. ,  
Cornel1 University 
Ithaca,  New YorkJ96 

1948 
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2. Category B - Theory of Statistics, Probability, and Logic of Design 

No. 

B-  1 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 

B-8  

B-9  

B-10 

B-11 

Rank 

2 

1 

1 

2 

1 

3 

1 

1 

2 

3 

3 

Author(  s) 

Freund,  John E. 

P a r z e n ,  Emanuc 

Crow -Davis - 
Maxfi el d 

Kahn, H. - 
Mann, I. 
RM- 1829- 1 

F e l l e r ,  Wil l iam 

Bharucha-Reid,  
A. T. 

C r a m e r ,  H. 

Mood, A.M. 

Dynkin, E.B.  

Takacs ,  L. 

Kemeny, John G 
Snell, J. L. 

Ti t le  

Modern Elementary  S ta t i s t ics .  
Good introduction into the f ie ld  of s ta t i s t ics  
without involving too much advanced 
mathemat ics .  (American Stat is t ical  Assn.  ) 

Modern Probabi l i ty  Theory  and Its Application 
Popular  introductory text ,  not involving 
complex theor ies .  

Statistical Manual 
Dover Edition 
Good compilation of the ini t ia l  e lements  of 
s ta t i s t ics  within a small volume. (Amer ican  
Stat is t ical  Assn.  ) 

Techniques of Sys tem Analysis  
Fundamentals  in  operat ional  r e s e a r c h ,  
ref lect ing the experience of the pioneering 
effort. 

An Introduction to Probabi l i ty  Theory and Its 
Application 

(Vol 1, 1968; Vol 2, 1966) 
A v e r y  popular work,  with Volume 1 
par t icu lar ly  sui table  for application to 
rel iabi l i ty  engineering. 

Elements  of the Theory  of Markov P r o c e s s e s  
m d  Thei r  Applications 

Good introduct ion into the theory of trial/ 
depending p r o c e s s e s ,  i n  cont ras t  t o  
independent p r o c e s s e s .  

Mathematical Methods of S ta t i s t ics  
Although over  20 y e a r s  old, the text  still 
enjoys popular i ty  among the s tudents  of 
s ta t i s t ica l  mathemat ics .  

[ntroduction to  the Theory  of Stat is t ics  
A second choice volume, but s t i l l  i n  use .  

r h e o r y  of Markov P r o c e s s e s  ( t rans la ted  f r o m  
Russian)  

C l a s s i c  text  on this  subject ,  highly theoret ica  

Stochastic P r o c e s s e s  
(Reviewed by the Amer ican  Stat is t ical  Assn.) 

Finite Markov Chains  
Recommended by G. E . ,  Defense System 
Dept. , American  Stat is t ical  Assn. 

Publ i sher  /Year  

P r e n t i c e  Hall, 
Englemont Cliffs, N. J 
1956 

John Wiley & Sons, 
New York City, 1960 

Rand Corporat ion,  
R e s e a r c h  
Memorandum,  1957 

John Wiley & Sons, 
New York City 
1957 (or iginal)  

McGraw Hill,  
New York, 1960 

Pr ince ton  Universi ty  
P r e s s ,  Pr inceton,  
N. J.,  1946 

McGraw Hill, 
New York City, 1950 

P r e n t i c e  Hall, 
Englemont Cliffs, 
New J e r s e y ,  1961 

Methuen & Co. Ltd . ,  
o r  John Wiley & Sons 
New York City, 1960 

D. Van Nostrand Co. 
1959 

Code 

B 

B 

B 

E 

B 

B 

B 

B 

B 

B 

B 

n 
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No. 

B-12 

B-13 

B-14 

B- 15 

B- 16 

B-  17 

B-18 

Q 
B-19 

B-20 

B-21 

B-22 

B-23  

B-24 

Rank 

2 

1 

1 

1 

2 

1 

2 

3 

3 

2 

3 

2 

2 

Author( s)  

Paradine ,  C. G. 
Rivett, B.H. 

Bowker,  A. H. - 
Lieberman,  G. J 

Croxton, F. E. - 
Cowden, D. J. 

Wald, Abraham 

Gumbel, E. J. 

Molina, E.C. 

Wilks, S. S. 

Aitchison, J. & 
Brown, J. A. 

Cohen, A. C. Jr. 

Rao, C.R. 

Kao, J. H. K. 

Cohen, A. C. Jr. 

Cars law,  H. S. & 
Jaege r ,  J. C. 

Ti t le  

S ta t i s t ics  for  Technologists 
A text based  p r i m a r i l y  on quality control 
exper ience ,  but sampling methods and  
techniques a r e  applicable today as they 
w e r e  20 y e a r s  ago. 

Engineering S ta t i s t ics  
Recommended by Lloyd-Lipow, Amer ican  
Sta t i s t ica l  Assn. 

Applied Genera l  S ta t i s t ics  (2nd Edition) 
Reviewed by Amer ican  Statist ical  Assn. 

Sequential Analysis 

S ta t i s t ics  of Ex t remes  
Reviewed by Amer ican  Statist ical  Assn. 

Po i s son ' s  Exponential Binomial L imi t  
Recommended by Lloyd-Lipow; apparent ly  
the  only authoritative text on this spec ia l ized  
subject.  
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ASD Wright Pa t t e r son  Air  F o r c e  Base ,Ohio  

~ 

Publ i sher  /Yea r  

John Wiley & Sons, 
New York City,  1957 

John Wiley & Sons, 
New York City, 1952 

1957 

1957 

1959 

1958 

1959 

North Amer ican  
Rockewell, 1967 

ASME, 1968 

Hafner, New York, 
1956 

3 l ive r  & Boyd, 
London, 1951 

1959 

Code 
~ 

B 

B 

P 

P 

P 

S 

A 

S 

P 

B 

E 

S 
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c - 4 4  

c -45 

C-46 

c -47 

C-48 

Rank 

4 

2 

2 

1 

3 

1 

4 

4 

3 

4 

3 

3 

Author( s) 

Stewart ,  Waltei 
A. 

F r e e m a n ,  D. 
and Weiss,  L. 

Joreskgg,  K. G. 

Lehman,  E. 

Pugachev, V. S .  

Stuar t ,  Alan 

Thomas ,  R.E.  
and Mendelhall, 
R.V. ECRC 
Repor t  No. 2 

Thomas ,  R.E. 
and  Drennan, 
J.E. ECRC 
No. 3 

Bailey,  J. H. 
and  Mikhail, 
W. F. 

Goldin, Paul J. 

Conner,  W.S. 

Paccone ,  R. H. 

Ti t le  

S ta t i s t ica l  Method f r o m  the Viewpoint of 
Quality Control 

Graduate School, U. S .  Dept of Agr icu l ture ,  
Washington, D. C. 
Recommended by  Thein,  USAF, as u s e  of th 
fundamental  books for Q. C. 

Sampling P lans  Which Minimize the Maximum 
Expected Sample Size 

Journal of the Amer ican  Sta t i s t ica l  
Association Vol 59, pp 67-88 

Testing A Simple S t ruc tu re  Hypothesis i n  
Fac to r  Analysis 

Educational Testing Serv ices ,  Resea rch  
Bulletin RB-65- 1 
Pr ince ton  University,  New J e r s e y  

Testing S ta t i s t ica l  Hypothesis 

Theory  of Random Functions and Application to  
Control P rob lem 

Bas ic  Ideas of Scientific Sampling 

Development of Models fo r  Analysis of 
Accelerated Test Data 

Battelle Memor ia l  Insti tute,  Columbus, 
Ohio 

Development of Models fo r  Analysis of 
Acce lera ted  T e s t  Data 

Battelle Memor ia l  Insti tute,  Columbus, 
Ohio 

Segmential  Testing of Elec t ronic  Sys t ems  
Development Labs ,  Sys tems Division, 
IBM - Poughkeepsie,  New York 
9th National Symposium on Reliabil i ty and 
Quality Control 

RCA's  Exper ience  With AGREE Testing 
Aerospace  Communication and  Controls 
Division, RCA -Camden 
9th National Symposium on Reliabil i ty and 
Quality Cont ro l  

Evaluation by O v e r s t r e s s  
R e s e a r c h  Tr iangle  Insti tute 
Indus t r ia l  and Engineering Chemis t ry ,  
Vol 53, P 73A 

A Proposed  P r o g r a m  for the Evaluation of 
Elec t r i ca l  Connections 

Repor t  No. 56-816-39, IBM Corp . ,  Unego, 
New York 

Publ i sher  /Yea r  

1939 

1964 

1965 

John Wiley & Son 
New York City, 1,59 

Pe rgamon  P r e s s ,  
New York City,  1965 

Hafner,  
New York C i t p  1962 

1961 

1961 

IBM, 1963 

1963 

1961 

IBM, 1958 

Code 

B 

A 

S 

B 

B 

B 

S 

S 

S 

S 

A 

S 

A 

n 
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No. 

c - 4 9  

C-50 

C-51 

Rank 

3 

2 

3 

Author(  s )  

Plumb,  S.C. 

Ryerson ,  C. M. 

Smith,  J. H. 

Ti t le  

A P r o g r a m  f o r  Stat is t ical  Reliability 
Evaluation by Synthetic Sampling ( S t r e s s )  

IBM - Poughkeepsie, New York TR 00,834 

Reliability Test ing Theroy  Based  on the 
Poisson  Distribution 

Proceedings,  4th National Symposium 
f o r  Reliability and Q. C . ,  pp 3-  18 

Significance T e s t s  of Effects  of Wear-out  
F a i l u r e s  

Proceedings,  3 rd  National Symposium for  
Reliability and Q . C .  pp 103-107 

P u b l i s h e r I Y e a r  

[BM, 1962 

1958 

Code 

LMEC-Memo-69-7, Vol I 
3 -  107 



4. Category D - Reliability Engineering and Management 

No. 

D- 1 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-8 

D-9 

D-10 

D-11 

Rank 

3 

1 

2 

3 

4 

2 

3 

2 

1 

1 

1 

Author( s )  

Hiltz,  P. A. 
SID 67-726 

Bollman, J. H. 

TR59-46-1 

Ketelle,  J. 

AGREE Repor t  

Hall, A. D. 

Henney, K. 

Flagly,  C. D. 
Huggins, Ray 

Sandler ,  G. H. 

Lloyd, D. K. 
and  Lipow, M. 

Calabro ,  S. R. 

Ti t le  

Equivalent Linear  Representa t ions  of Nonlineai 
Elec t ronic  E lemen t s  

Space Division - NR r e p o r t  

Ins t ruc t ions  and  Data fo r  Fa i lu re  and 
Predic t ion  Repor t  

Bell  Telephone Labora to r i e s  

Reliabil i ty S t r e s s  Analysis fo r  Elec t ronic  
Equipment 

RCA Technical Repor t ,  Camden, New J e r s e  

L e a s t  Cos t  Allocation of Redundancy 
P resen ted  a t  the Seventh National Meeting 
of the Opera t ions  R e s e a r c h  Society of 
Amer ica  

Reliabil i ty of Mi l i ta ry  Elec t ronic  Equipment 
This book contains the original work of the 
Advisory Group in Reliabil i ty of Elec t ronic  
Equipment o rde red  by the Ass is tan t  
Sec re t a ry  of Defense 

A Methodology fo r  Sys tems Engineering 
Relation of s y s t e m  development to re l iab i l i t  
engineering; f a i r ly  bas i c ;  in f requent  use .  

Reliabil i ty F a c t o r s  fo r  Ground Elec t ronic  
Equipment 

A book wr i t t en  p r imar i ly  for  ground ins ta l -  
l a t ion  (ground support  equipment) but 
perhaps  outdated because  of g r e a t e r  accumu 
la t ion  of data f r o m  l a t e r  equipment. 

Sys t em Engineering and Opera t ions  R e s e a r c h  
Emphas i s  i n  Operations R e s e a r c h  leads  to  
the application of reliabil i ty engineering 
techniques. 

Sys t em Reliabil i ty Engineering 
F a v o r s  the s ta t i s t ica l  approach  with 
emphas is  on maintained and nonmaintained 
s y s t e m s  

Reliabil i ty:  Management,  Methods and 
Mathemat ics  

One of the be t te r  books on the subject,  
i t  favors  the s ta t i s t ica l  and  probabili ty 
ana lys i s  approach;  heavy in  mathemat ics .  

Reliabil i ty,  P r inc ip l e s  and P r a c t i c e s  
Includes good sections in maintainabili ty- 
availabil i ty.  
approach  to  re l iab i l i ty  engineering. 

Emphas i s  is  on the prac t ica l  

Publ i sher  /Yea r  

North Amer ican  
Roc kw ell  

1957 

U. S. Government 
Printing Office, 
Washington, D. C. 
1957 

D. Van Nostrand, 
Princeton, N. J. 
1962 

McGraw Hill,  
New York 
1956 

John Hopkins P r e s s ,  
Baltimore,  Md. 
1960 

Prent ice  Hall, 
New Je r sey  
1963 

Prent ice  Hall, 
New J e r s e y  
1962 

UcGraw Hill,  
Vew York 
1962 

Code 

S 

S 

S 

P 

B 

B 

B 

B 

B 

B 

B 
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8 No. 

D- 12 

D- 13 

D- 14 

D-15 

D-16 

D- 17 

D- 18 

D- 19 

D-20 

D-21 

D-22 

D-23 

Rank 

~ 

1 

1 

1 

2 

2 

1 

2 

2 

1 

1 

1 

2 

Author( s) 

Van Alvin 

Haugen, E. B. 

Welker -Horne 
(ARINC Mono- 
g r a p h N o .  9) 

Kneale, S. G. 

Soucy, 
Ches t e r  I. 

Connor,  J. A. 

Matosoff, H. I. 

Warne r ,  W. K. 

Bazovsky, Igor 

Chorafas,  D. M 

Soode, H. H. 
and Machol, 
R. E. 

Dres te ,  F. E. 

Ti t le  

?.e l iabil i  ty Engineering 
One of the b e s t  and l a t e s t  books in this 
subject,  it re f lec ts  the vas t  exper ience  
of ARINC R e s e a r c h  in the AVIONIC field. 

Probabilist ic *Approach to  Design 
A new approach ,  which ties design f ac to r s  
i n  s t ruc tu ra l  design to the probabi l i s t ic  
distribution of to le rance  and fa i lures .  

Zoncepts Assoc ia ted  with Sys tem Effectiveness 
ARINC Resea rch  Corp, Washington, D. C. 
Some of the  f i r s t  considerations which l ed  
to the bas i c  pr inc ip le  of s y s t e m  effectivenest  

Zeliability of Pa ra l l e l  Sys tems With Repai r  
ind Switching 

7th National Symposium on Reliabil i ty 
and  Q. C. i n  Elec t ronics  

4 Broad Survey  of the Mili tary Elec t ronic  
Zquipment Reliabil i ty P rob lem and  I t s  
:ontrolling Fac to r s .  

Proceedings ,  E lec t ronic  Components 
Symposium, May 1956. 
A genera l  in te res t - type  study, perhaps  
useful f o r  r eac to r  appliaction. 

4 Systemat ic  P lan  for  Predic t ing  Equipment 
Zeliability 

Proceedings ,  E lec t ronic  Component 
Symposium, May 1956. 
P rac t i ca l  considerations on the planning 
and  operations of reliabil i ty p r o g r a m  plans.  

zo r rec t ive  Action i n  a Quality Cont ro l  P r o g r a m  
Industrial  Quality Control,  January  1956 

3enefits of T ime  Recording for P roduce r  and  
Zonsumer 

ASQC National Convention Transac t ions ,  
1959, pp 597-602. 
Reliabil i ty consideration and t ime. 

le l iab i l i ty  Theory and P r a c t i c e  
Recommended by G. E . ,  Defense System 
Dept 

; tatist ical  P r o c e s s e s  and Reliabil i ty 
h g i n e e r i n g  

Statist ical  theory,  engineering oriented. 
Popular text. 

jystem Engineering: An Introduction to the 
Ies ign  of L a r g e  Scale Sys tems 

1 Reliabil i ty Handbook for  Design Engineers  
Elec t ronic  Engineers ,  pp 508-512 
Only a skeleton of a handbook, but handy 
r e fe rence  tables and graphs.  

Pub l i she r IYear  

' rentice Hall, 
Few Je r sey  
966 

ohn Wiley & Sons, 
lew York 
968 

960 

96 1 

956 

956 

' ren t ice  Hall, 
'ew J e r s e y  
96 1 

1. Van Nost rand  Co. 
960 

IcGraw Hill Book Co. 
few York 
957 

958 

Code 

B 

B 

S 

S 

S 

P 

A 

P 
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B 
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No. 

D-24 

D-25 

D-26 

D-27 

D-28 

D-29 

D-30 

D-31 

D-32 

D-33 

D-34 

D-35 

Rank - 
2 

1 

1 

1 

2 

2 

3 

3 

1 

2 

2 

3 

Author( s) 
~~ 

Cox, D. R. 

Eldredge ,  G. G. 

Herd ,  G. R. 

Connor,  W. S. 

Aroian, L. A. 
and  Myers ,  R.H 

Cohen, G. D. 

Box, G. E. P. 

Box- Wil son 

Hiltz, P. A. 

Genera l  
Dynamics Corp. 

Ba rke r -B la i s -  
Hans en  - 
Underwood 

Boehm, G. A.W. 

Ti t le  

The  Analysis of Exponentially Distributed Life 
T imes  With Two Types of Fa i lu re  

Journal of the Royal S ta t i s t ica l  Society, 
London, pp 411-421 

Analysis of Cor ros ion  Pitt ing by E x t r e m e  - 
Value S ta t i s t ics  and Its Application to  Oil Well 
Tubing Cal iper  Surveys.  

Corros ion ,  pp 51t - 6Ot 

Es t imat ion  of Reliabil i ty Functions 
Proceedings  of the  3 r d  National Symposium 
on Reliabil i ty and Quality Control i n  
E lec t ron ic s ,  (IRE) Washington, D. C. 

In te rpre t ing  Reliabil i ty by  Fitt ing Theore t ica l  
Distribution to  Fa i lu re  Data 

Ind. Chem. Eng. ,  F e b r u a r y  and Apr i l  1960 

Redundancy Considerations in  Space  and 
Satell i te Sys tems 

Proceedings  of the 7th National Symposium 
on Reliabil i ty and Quality Control,  
Philadelphia,  January  196 1 

Predic t ing  Pe r fo rmance  Fa i lu re s  
Machine Design, 29/20, pp 106-111 
Considering some  mechanica l  a spec t s  on 
fa i lure  prediction. 

Evolutionery Operation: A Method for 
Increas ing  Indus t r ia l  Productivity 

Applied S ta t i s t ics ,  pp 3-23 

On the  Exper imenta l  Attainment of Optimum 
Conditions 

Journal of the Royal Statist ical  Society, 
S e r i e s  B, p 18 

Fundamentals of Faul t  T r e e  Analysis 
Space Division - NR r e p o r t  
Introductory t r ea tmen t  fo r  space  applications 

Reliabil i ty Design Handbook 
Not too involved in theory,  the  book of fers  
a f a i r ly  good approach  fo r  the reliabil i ty 
engineer of s m a l l  e lec t ronic-e lec t ro-  
mechanica l  components with ground-to- 
ground missile application. 

Rift  Reliabil i ty and Maintainabili ty Consider - 
ations Ar is ing  f r o m  Nuclear Propuls ion  

Proceedings ,  4th Annual Seminar  on 
Reliabil i ty in Space Vechiles 

Reliabil i ty Engineering 
For tune  72, 4, 
pp 124-127, 181-182, 184, 186 

Publ i sher  /Year  

1959 

1957 

1957 

1 960 

L96l 

vlcGraw Hill,  
qew York 
1957 

1957 

L951 

Porth Amer ican  
<ockwell, Downey, 
Zalifornia 

l e n e r a l  Dynamics,  
?omona Division, 
?omona, California 

I964 

.963 

Code 

P 

A 

P 

A 

P 

A 

A 

P 

S 

S 

P 

A 

n 

LMEC-Memo-69-7, Vol  I 
3-110 



No. - 

n 

D-36 

D-37 

D-38 

D-39 

D-40 

D-41 

D-42 

D-43 

D-44 

D-45 

D-46 

D-47 

D-48 

Rank - 
1 

2 

2 

3 

3 

3 

2 

3 

2 

4 

3 

2 

3 

Author( s )  

Shooman, 
Mar t in  L. 

Dieckkamp- 
Falcon-Hoffma 

Olsen-Shaw 

Levinsky- 
Rogers  

Myers-Moon 
(TRW Sys tems)  

Soltau, R. 

Kececioglu- 
Haugen 

Koch, I. R. 

Winthrop, A. F. 

Hodgeman, 
Weast,  and  
Selby 

Davis,  D. J. 
and Verhulst  

Will iams, J. D 

Davis,  D. J. 

Ti t le  

Probabi l i s t ic  Reliabil i ty:  An Engineering 
Approach 

P resen t ing  method in  which probabili ty 
theory  can  be  used  to  model,  analyze,  
and  synthes ize  component - s ys  t e m  re l iab i l i t )  

Planning Today to Meet Tomor row ' s  Nuclear 
Needs 

Nuclear News 

The Role of Reliabil i ty and Quality Assu rance  
in  P r o g r a m  Management 

Annals of Assu rance  Sc iences ,  7th Rel i -  
abil i ty and  Maintainability Conference 

Aging Charac te r i s t i c s  Identified by Ins t ru -  
menta l  Analytical Methods 

Annals of Assu rance  Sc iences ,  7th Reli-  
abil i ty and Maintainability Conference 

Serv ice  Life Predic t ion  P r o g r a m  for  the 
Minuteman LGM 30 Propor t ion  Sys tem 

Annals of Assu rance  Sc iences ,  7th Reli-  
abil i ty and Maintainabili ty Conference 

Reliabil i ty in Space Vehicles 

A Unified Look at Design Safety Fac to r s ,  
Safety F a c t o r s ,  Safety Margins ,  and  Measures  
of Reliability 

Annals of Assu rance  Sc iences ,  7th Reli-  
abil i ty and  Maintainability Conference 

Exper ience  Derived Guidelines for  Effective 
F a i l u r e  Analysis (based on c a s e  h i s to r i e s  of 
X-15, Centaur ,  Gemini,  and PRIME p r o g r a m s ]  

Annals of Assu rance  Sc iences ,  7th Rel i -  
abil i ty and Maintainability Conference 

Implementation of a Design Review P r o g r a m  
(as used  by Space Tech  Lab  - TRW) 

IRE Seminar  of Space Vehicles,  Los  Angeler 

Handbook of Chemis t ry  and  Phys ics  

3pera t iona l  R e s e a r c h  in P r a c t i c e  

The Complete S t ra tegys t  

An Analysis of Some Failure Data 
Journa l  of the Amer ican  Statist ical  
Association No. 258, pp 113-150 

Pub l i she r  1 Year 

McGraw Hill Book Co 
New York City 
1968 

Amer ican  Nuclear 
Society 
1967 

Amer ican  Society of 
Mechanical Engineers  
New York 
1968 

Amer ican  Society of 
Mechanical Engineers  
New York 
1968 

Amer ican  Society of 
Mechanical Engineers  
New York 
1968 

Engineering Publ i sh-  
e r s ,  Elizabeth,  
New J e r s e y  

Amer ican  Society of 
Mechanical Engineers  
New York 
1968 

Amer ican  Society of 
Mechanical Engineers  
New York 
1968 

1962 

The Chemica l  Rubber 
Publishing Co. ,  
Cleveland, Ohio 
1961 

Perganon P r e s s ,  
New York 1958 

McGraw Hill Book Co. 
New York City 
1954 

Code 

B 

A 

P 

P 

P 

S 

P 

P 

S 

B 

B 

B 

A 
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No. 

D-49 

D-50 

D-51 

D-52 

D-53 

D-54 

D-55 

D-56 

D-57 

D-58 

D-59 

D-60 

D-61 

Rank 

2 

2 

2 

3 

1 

3 

2 

3 

2 

2 

4 

4 

4 

Author( s )  

~~ 

Duncan, A. J. 

Good, C. V. ani 
Sea tes ,  D. E. 

Hadley, G. 

Hold, Anders  

Mack, C. 

F rede r i ck ,  W. C 

P ieruschka ,  
E r i c h  

Mas afume, 
Sasaki 

T ige r ,  B. and 
Smith,  M. J. 

McClure ,  J. Y. 
and Winlund, 
E. S. 

Bracha ,  Lt. Col 
Vincent J. 

Norr i s .  R. H. 

Shwop, J. E. ani 
Sullivan, H. J. 

Ti t le  

2uali ty Control and Indus t r ia l  S ta t i s t ics  

Methods of Resea rch  

Introduction to Probabi l i ty  and Sta t i s t ica l  
Decision Theory  

S ta t i s t ica l  Theory  with Engineering Applications 

Essen t i a l s  of S ta t i s t ics  f o r  Sc ien t i s t s  and 
Technologists 

Sys t em Worth and Incentive Cont rac ts  
ARINC R e s e a r c h  Corpora t ion  
Proceedings ,  9th National Symposium on 
Reliabil i ty and  Quality Control 

Mathemat ica l  ,Foundation of Reliabil i ty Theory  
R e s e a r c h  and Advanced Development Divisior 
Ordnance  Miss i le  Labs ,  Redstone Arsena l  

An E a s y  Allotment Method Achieving Maximum 
Sys tem Reliabil i ty 

E lec t r i ca l  Engineering Dept, Defense 
Academy, Yokosuka, Japan  
9th National Symposium on Reliability and  
Quality Control 

Methodology fo r  Sys tem Reliabil i ty Analysis 
Proceedings ,  8th National Symposium on 
Reliabil i ty and Quality Control 

Design Review Philosophy-Policy 
9th National Symposium on Reliabil i ty and 
Quality Cont ro l  

Analysis of Reliabil i ty Management in Defense 
Indus t r ies ,  BSD- TDR-62-48 

USAF Bal l i s t ic  Sys tem Div., Ai r  F o r c e  
Sys t em Command,  USAF 

"RUN I N  - BURN IN" of Elec t ronic  P a r t s  
A comprehens ive  quantitative b a s i s  fo r  
Choice of Tempera tu re ,  S t r e s s ,  and 
Duration 
Genera l  Engineering Labs ,  G. E., 
Schenectady, New York 
9th National Symposium on  Reliabil i ty and 
Q. C. 

Compar ison  of Operating Life Tes t s  and  
Storage  Tes t s  

Chapter 13, Semi Conductor Reliability 

Publ i sher  /Year  

3. D. I rwin  Co. 
I959 

Yppleton-Century, 
Zrofts 
I954 

*olden-Day, 
;an F ranc i sco  
I967 

John Wiley & Sons, 
rJew York City 
I952 

Plenum P r e s s ,  
rJew York 
I967 

I963 

1958 

I963 

1962 

I963 

I962 

I963 

3einbold Publishing 
Engineering Pub-  

i s h e r s ,  Elizabeth,  
rJew J e r s e y  
1961 

;ode 

B 

B 

B 

B 

B 

P 

P 

P 

P 

P 

S 

P 

B 
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No. - 
D-6 

D-6 

D-6. 

D-61 

D-6( 

D-6; 

D-6t 

D-65 

A 

D-7C 

D-7 1 

D-72 

D-73 

D-74 

D-75 

Rank - 
3 

2 

3 

2 

2 

3 

3 

2 

4 

3 

2 

2 

3 

2 

Author( s )  

Gladstone, S. 
e t  a1 

Weibull, W. 

Katz ens tein,  
Henry 

Bres low,  D. F 

Bryson,  H. C. 

E a r l e s ,  D. R. 

F r ide l l ,  H. G. 

Griswald,  J. W 

Keller,  J. L. 

Kirkpatrick,  I. 

Cuehn, R. E. 

Mackechnie, 
3. K. 

vfarble, Q. G. 

doore ,  C. G. 

Ti t le  

The Theory of Rate  P r o c e s s e s  
(The kinetics of chemica l  reaction, diffusio 
and  e l ec t ro  -chemica l  phenomena) 

A Sta t i s t ica l  Representa t ion  of Fa t igue  Fa i lure  
in  Solids 

Royal Insti tute of Technology, Stockholm, 
Sweden 

Sys tem Design fo r  Reliabil i ty 
9th National Symposium on Reliabil i ty and  
Quality Control 

Automatic Fault  Location Using Building Block 
Logic 

Proceedings ,  6th National Symposium on 
Reliabil i ty and Quality Control 

The Training Aspects of Design Reviews 
Proceedings ,  4th National Symposium on 
Reliabil i ty and  Quality Control 

Reliability Application and Analysis Guide 
Mar t in  C o . ,  AD 262390 

Sys tem Operational Effectiveness - Reliabil i ty 
Pe r fo rmance  /Maintainabili ty 

Proceedings ,  5th National Symposium on 
Reliabil i ty and Quality Control 

Management of Engineering Reliabil i ty 
Activit ies 

Proceedings ,  8th National Symposium on 
Reliabil i ty and Quality Control 

F o r c e d  Air  Cooling and Reliabil i ty 
Proceedings ,  8th National Symposium on 
Reliabil i ty and Quality Control,  pp 408-415 

Predic t ing  Reliabil i ty of Elec t ro-Mechanica l  
Devices 

Proceedings ,  6th National Symposium on 
Reliabil i ty and Quality Control,  pp 272-281 

teliabil i ty Aspec ts  of Environmental  Testing 
Repor t  59-816-80 

3ene ra l  P rocedures  fo r  Establishing and  
Zonducting Design Reviews 

Proceedings ,  8th National Symposium on 
Reliabil i ty and Quality Cont ro l  

?ac tors  in Reliabil i ty Predic t ion  
61-907-44, Repor t  

1 Summary  of Reliabil i ty L i t e ra tu re  
Proceedings ,  3 rd  National Symposium on 
Reliabil i ty and Quality Control, pp 291-331 

Pub l i she r  / Y e a r  

McGraw Hill Book C 
New York City 
1941 

1949 

Solid State Publ ica-  
tions, *Inc. 
Los Angeles,  Calif. 
1963 

1960 

1958 

1961 

1959 

I962 

I962 

.960 

BM Corporation, 
h e g o ,  New York 
959 

962 

BM Corpora t ion ,  
)wego, New York 
960 

957 

Code 

B 

S 

B 

S 

S 

s 

S 

P 

P 

P 

s 

P 

S 

P 

LMEC-Memo-69-7, Vol I 
3 - 1 1 3  



No. Rank Author( s) 

I 

D-77 

D-78 

Ti t le  Publ i sher  / Y e a r  

D-79 

KWIC Index to  Reliabil i ty and Quality Control 
Proceedings ,  9th National Symposium on 
Reliabil i ty and Quality Contr6k?ipp 556-581 

D-80 

1963 

D-81 

D-82 

1 3  

2 

D-83 

3 

1 

2 

1 

Motes,  J. H. 

ARINC 

Raymohd, G. A 

Ryerson ,  C. M. 

Saltz,  M. H. 

Scott, D. 

Shainin, D. 

Tall ,  M. M. 

Effec ts  of Cycling in  Reliabil i ty of Elec t ronic  
Tubes and Equipment 

Volume 1, Overa l l  T e s t  Resul t s  
Volume 2, Resul t s  of T e s t  by  Type of 
Equipment 
ARINC Resea rch  Corp ,  Publication 101-26- 
160 

Reliabil i ty Ver sus  the Cos t  of Fa i lu re  
Proceedings ,  4th National Symposium on 
Reliabil i ty and Quality Control,  pp 187- 188 

Glossa ry  and  Dictionary of T e r m s  and Defini- 
tions Relating Specifically to Reliabil i ty 

Proceedings ,  3 r d  National Symposium on 
Reliabil i ty and Quality Control,  pp 59-84 

Methods f o r  Evaluating Reliabil i ty Growth and 
Ultimate Reliabil i ty During Development of a 
Complex Sys t em 

Proceedings ,  5th National Symposium on 
Reliabil i ty and Quality Control,  pp 89-97 

The  Effects of Pol i t ics  on Quality Control 
The G a r r e t t  Corporation, El Segundo, 
Calif. 

Techniques fo r  Determining Cause  and Effect 
i n  the P r e s e n c e  of Many Var iab les  

Proceedings ,  3 r d  National Symposium on 
Reliabil i ty and Quality Control,  pp 220-222 

Reliabil i ty Management 
Proceedings ,  5th National Symposium on 
Reliabil i ty and Quality Control,  pp 137- 145 

ARINC Resea rch  C 
1960 

1958 

1957 

1959 

1961 

1959 
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5 .  Category E - Maintainability, Availability, and Logistics 
n 

No. 

E-  1 

E-2  

E-3  

E-4  

E-5  

E-6  

E-7  

E - 8  

E-9  

E-10 

E-11  

E-12 

Rank 

2 

3 

2 

2 

2 

1 

1 

1 

2 

3 

2 

1 

Author( s) 

Morse ,  P. M. M. 

Cox, D. R. and 
Smith,  N. L. 

Barlow, R. E. 
and P roschan ,  E 

Hall, K. M. 

Kamins ,  M. 

Lahs ,  W. R. 
and Ohlenkamp 

Edison  E lec t r i c  
Insti tute 

Edison  Elec t r ic  
Insti tute 

Holland. M. M. 

Kennedy, MaxK 

Davenport ,  
George  

Drummond, A. 
Har r i son ,  G T 

Ti t le  

l u e u e s ,  Inventories,  and Maintenance 
Recommended by G. H. Sandler 

2ueue s 

Planned Replacement  
Boeing Scientific Resea rch  Labora to r i e s  
Seatt le,  Washington 

System Maintainability 
Proceedings  of the 8th National Symposium 
on Reliabil i ty and Quality Cont ro l  i n  Elec-  
t ron ic s ,  Washington, D. C. 

Determining Checkout In te rva ls  fo r  Sys tems 
h b j e c t  t o  Random Fa i lu re s  

Rand Corp ,  R e s e a r c h  Memorandum 

4vailability Assessmen t  of Nuclear P lan t s  
T ransac t ions ,  1968 Annals of Assurance  
Science,  7th Reliabil i ty and Maintainability 
Conference,  San F ranc i sco ,  Ju ly  14-1 7, 
1968 

4nalytical  Repor t  of Equipment Availability for  
P Seven Year  Pe r iod ,  1955-61 

Report on Equipment Availability for  the  Seven 
Year Pe r iod ,  1960-1966 

A Technique for  Availability Predic t ion  f o r  
4dvanced Support P r o g r a m  Development 

Annals of Assu rance  Sc iences ,  7th Rel ia -  
bil i ty and Maintainability Conference,  San 
F ranc i sco ,  Calif. 

A Closed Loop Logistic Study in  a Coolant 
Environment ( P r o j e c t  PACER SORT, USAF) 

Annals of Assurance  Sc iences ,  7th Rel ia -  
bil i ty and Maintainability Conference,  San. 
Fr anci sc 0, Calif. 

j y s t em Availability, A Management Approach 
Launch Support Division, Bendix Corp. 
Annals of Assu rance  Sc iences ,  7th Rel ia -  
bil i ty and Maintainability Conference 

Maintainabilitv P red ic t ion  - Theore t ica l  Basis 
and Prac t ica l .  Approach 

ARING Resea rch  Corpora t ion  .207-1-275 

Publ i sher  /Year  

John Wiley & Sons, 
New York City,  1958 

Methues & Co. Ltd,  
London, and John 
Wiley & Sons, New 
York City,  1961 

Boeing Ai rc ra f t  C o . ,  
1961 

1962 

Rand Corpora t ion ,  
Santa Monica,  Calif. 
1960 

ASME, New York 
1968 

Edison E lec t r i c  
Insti tute Publications 
1963 

Edison  E lec t r i c  
Insti tute Publications 
1967 

1968 

ASME, New York 
1968 

ASME, New York 

ARINC R e s e a r c h  
C o r p . ,  Washington, 
D. C. l962 

Code 

B 

B 

S 

P 

S 

P 

S 

S 

S 

P 

P 

S 
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Rank 

3 

3 

3 

3 

2 

3 

2 

4 

3 

2 

Author(  6 )  

Margulies ,  G. 
and Sacks ,  J. 

Nagy, George 

Bryan, G. L . ,  
e t  a1 

Cooper, J. I. 
and Rigby, L. V 

Fi tzpatr ick,  R ,  
e t  a1 

Folley, J. D. Jr. 

Franks, P. E. 
and Furn ish ,  
c. w. 

Mi l le r ,  R. B. 

Cho, H. H. 

H a r r i s  on, 
George 

Ti t le  

Bureau of Ships Maintainability Specification 
Sys tem Effect iveness  Section, Bureau  of 
Ships, 9 th  National Symposium on Rel ia -  
bility and Quality Control  

The Reliability of Repairable  Sys tems 
Goodyear Ai rcraf t  C o . ,  Akron, Ohio 
9th National Symposium on Reliability 
and Quality Control. 
Includes c u r v e s  of re l iabi l i ty  v e r s u s  M T F  
and MR for  T = 1000 hr. and different  
availability ra t ings.  

The Role of Humans i n  Complex Computer  
Systems:  Maintenance 

E P R N o .  26 
Universi ty  of Southern Cal i fornia  

Proceedings of Short Sleeve Seminar  on 
Maintainability 

Repor t  NOR 60-320 
NORAIR Division, Northrop Aircraf t  Corp., 
Hawthorne, Cal i fornia  

The Design of T e s t  Devices for  Preventa t ive  
Maintenance of Ground Electronic  Equipment, 
T e s t  Repor t  RADC, 58-172 

Rome Air Development Center  
Griffin Air  F o r c e  Base ,  New York 

Maintenance Job Simplification Without 
Automation 

AIR Memo No. 14 
Amer ican  Inst i tute  for  R e s e a r c h ,  
P i t t sburch ,  Pa. 

Automated Maintenance: Theory,  Practice, 
and Implication for  Training,  WADD Tech 
Repor t  60-412, 

Wright Air  Development Div., 
Wright-Pat terson A i r  F o r c e  Base ,  Ohio 

Anticipating Tomorrow's  Maintenance Job,  
R e s e a r c h  Review No. 53-1 

Human R e s o u r c e s  R e s e a r c h  Center  
Lackland Air  F o r c e  Base ,  Texas  

On the  P r o p e r  Preventa t ive  Maintenance 
LFE Elec t ronics  Sys tems Div. ,  Lab for  
Elec t ronics ,  Boston 
9 th  National Symposium on Reliability 
and Quality Control  

A P r a c t i c a l  Approach to  Maintainability 
Predic t ion  

ARING R e s e a r c h  Corporat ion,  Washington, 
D. C. 
9 th  National Symposium on Reliability and 
Quality Cont ro l  
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Publ i sher  f Year 

1963 

1963 

1959 

1960 

USAF 
1958 

1959 

USAF 
1960 

USAF 
1953 

1963 

1963 

Code 

P 

P 

S 

S 

S 

S 

S 

S 

P 

P 



No. 
- 

E-23 

E-24 

E-25 

E-26 

E-27 

E-28 

E-29 

E-30 

E-31 

E-32 

E-33 

E-34 

E-35 

Rank 

2 

2 

1 

2 

3 

3 

3 

2 

3 

2 

3 

2 

2 

Author(s )  

Harr i son ,  
George 

F e y e r h e r m ,  
M. P. 

Flehinger ,  B. J. 

Herman,  R. J. 

Madison, R. L. 

Meyer ,  R. 

Miles ,  R. A. 

Moel ler ,  C. G. 

Page ,  H. J 

Ruther ,  F. J 

Schechtel, J .  

DOD 
MIL-HDBK-472 

DOD 
MIL-HDBK-47 1 

Ti t le  

Maintainability Predic t ion ,  Theore t ica l  B a s i s  
and P r a c t i c a l  Approach 

ARING R e s e a r c h  Publ icat ion No. 207-1 -275 
ARING R e s e a r c h  C o r p . ,  Washington, D. C. 

P r a c t i c a l  Maintainability Numer ics  
Proceedings  df the 6th National Symposium 
on Reliability and Quality Control  

A Genera l  Model for  the Reliability Analysis of 
Sys tems Under Various Prevent ive  Maintenance 
Pol ic ies  (Renewal  Theory) ,  RW 2 

Pr inc ip les  f o r  Substituting Spare Units at 
Remote Locations to  Maintain A Given Level  
of Reliability 

Proceedings ,  4th National Symposium on 
Reliability and Quality Control  

An Analysis of the Effects of Maintenance on 
Part Replacement  

Proceedings ,  4th National Symposium on 
Reliability and Quality Control ,  pp 19-29 

Some Considerat ions of Scheduled Maintenance 
Proceedings ,  8th National Symposium on 
Reliability and Quality Control ,  pp 343-356 

Maintainability Predic t ion  and Measurement  
Proceedings ,  8th National Symposium on 
Reliability and Quality Control ,  pp 335-342 

Coordination of Maintenance Planning During 
Equipment Development 

Proceedings  of the 6th National Symposium 
on Reliability and Quality Control ,  pp 330- 
3 34 

The Human Element  i n  the Maintenance Package  
Proceedings ,  8th National Symposium on 
Rel iabi l i ty  and Q. C . ,  pp 322-334 

Reliability Control  of Re-Order  Spares  
Proceedings ,  8th National Symposium on 
Reliability and Quality Control ,  pp485-488 

Maintainability Index Study in  Ship Bound 
Electronic  Equipment and Sys tems 

Proceedings ,  6th National Symposium on 
Reliability and Quality Control ,  pp 335-342 

Mil i tary Standardization Handbook-Spec s 
Maintainability Predic t ions  

Mil i tary Standardization Handbook-Specs 
Maintainability Demonstrat ion 

P u b l i s h e r I Y e a r  

1962 

1960 

IBM - Yorktown 
Heights, New York 
1961 

ASME, New York 
1958 

ASME, New York 
1958 

ASME, New York 
1962 

ASME, New York 
1962 

ASME, New York 
1960 

ASME, New York 
1962 

ASME, New York 
1962 

1966 

Code 

S 

P 

S 

P 

P 

P 

P 

P 

P 

S 

S 

S 

S 

LMEC-Memo-69-7, Vol I 
3-117 



6. Category F - Environmental Testing and Effects of Environment 

Rank - 
3 

3 

2 

3 

1 

2 

3 

3 

2 

2 

3 

Author( s) 

USAF- WADC 
53-324 

Dunn, Will iam H 

Navy, NAVWEP 
OD 29304 

Rosato,  D. V. 

Snowdon, J. C. 

Lloyd, D. K.  

USAF (The i s s -  
Mileaf -Egan) 
ASDNO. TR-  
61-363 a l so  
AD 272-272 

McGee -Polak 
WADC, T R 5 9 -  
69 7 

NASA 
MT P - AERO - 
63-8 

Court ,  Arnold 

Sonter , 
E m e r s o n  

Ti t le  

Water - Mist  Separation in Air  Conditioning 
Sys tems 

ASD, Wright -Pa t te rson  Air  F o r c e  Base ,  
Ohio 

An Insulation Mater ia l sDes ign  to  Achieve A 
High Reliabil i ty,  Medium Weight Wire  

Annals of Assu rance  Sciences,  7th 
Reliabil i ty and Maintainability Conference 

Guide Manual fo r  Reliabil i ty Measurement  
P r o g r a m s  

Dept of Navy Special  P r o j e c t s  Office 
Washington, D. C. 

Environmental  Effects on Po lymer i c  
Mater ia l  s 

Volume 1 - Environments 
Volume 2 - Mater ia l s  

Vibration and Shock in Damped Mechanical 
Sys tems (Considering Reliabil i ty) 

Multi-environmental  Life Tes t ing  of Parts and 
Components i n  Rockets and Guided Miss i l e s  by 
S ta t i s t ica l  Design 

IRE Transac t ion ,  Rel iab i l i ty  and Quality 
Control,  December  1958. 

USAF Handbook of Envi ronmenta l  Engineering 
Defense Documentation Center  
Defense Supply Agency, Cameron  Station 
Alexandria,  Virginia 
( in  Armed Serv ice  Tech  Information Agency, 
Arlington 12, Vi rg in ia )  

The Development of Standard Environmental  
T e s t  Specimen - Repor t  [AF 33(616)-61161 

Ai r  R e s e a r c h  and Development Command 
Wright -Pa t te rson  Air  F o r c e  Base ,  Ohio 

Natural  Environment (Cl imat ic )  C r i t e r i a  
Guidelines F o r  Use  i n  MSFC Launch Vehicle 
Development Reunion ( l a t e r  a r e  perhaps  ava i l -  
ab le )  

George  C. Marsha l l  Space Flight Center ,  
Huntsville, Alabama 

Wind Ex t remes  a s  Design Fac to r  
Journa l  of the  Frankl in  Insti tute,  
Vol 256, pp 39-56 

Summary  of Available Hail  L i t e ra tu re  
Langley Aeronautical  Labora tory  
Langley Field,  Virginia 
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F’ublisher/Year 

USAF 

1968 

Defense Documenta- 
t ion Cen te r ,  
Washington, D. C. 
1965 

John Wiley & Sons, 
New York City 
1968 

John Wiley & Sons, 
New York City 
1968 

1958 

1961 

USAF 
1959 

National Aeronautica: 
& Space Adminis t ra -  
t i o n ,  1963 

1953 

1952 

Code 

S 

A 

S 



No. 

F-12 

F -13  

F-14  

F-15  

F-16 

F-17  

F-18  

A 

F-19 

F-20  

F-21  

F-22 

Rank 

1 

2 

1 

1 

2 

2 

2 

2 

1 

2 

3 

Author( s) 

Weather 
Bureau 

rhom,  H.C.S. 

Humphrey, W. J. 

Army, M-183 

Hogne, D. W. 
RER-9 

Meigs -dePerc in  
EP-25 

3 'Bryan  J .  E. 
WCSPE, 
TN 54-6 

Pauly , J a m e s  
WADC 
TR 56-556 

Trewar tha ,  G. T. 

G r  enthou s e ,  
Wessel 

WADC -TR 
59-253 
Schroeder -T owe. 
Lake- 
Wunderman 

Ti t le  

:limatologicol Data 
National Summary  - ( l a t e s t  available) 
United States Depar tment  of Commerce ,  
Washington, D. C. 

l i s t r ibu t ion  of Ex t reme  Winds in  the U. S. 
Jou rna l  of S t ruc tura l  Division 
Proceedings  of the ASCE, pp 11-24 

'hysics of the  Ai r  
Recommended as a tex t  book by the  Marsha l l  
Space Flight Cen te r ,  Huntsville, Alabama 

Weather Ex t remes  Around the World 
Environmental  Pro tec t ion  R e s e a r c h  
Division 
Q u a r t e r m a s t e r  Resea rch  and Developmental 
Command, Natik, Mass .  

Cemperatures of Nor th  A m e r i c a  
Resea rch  Study Repor t ,  Environmental  
Pro tec t ion  R e s e a r c h  Division, 
Q u a r t e r m a s t e r  R e s e a r c h  and Development 
Command, Natik, Mass.  

h e q u e n c y  of Cold-Wet Cl imat ic  Conditions 
n the U. S. (7-83-03-008B) 

Environmental  P ro tec t ion  R e s e a r c h  Division, 
Q u a r t e r m a s t e r  R e s e a r c h  and Development 
Command, Natik, Mass.  

vlass Values of Humidity at Var ious  Tempera -  
u r e s ,  Relative Humidity and Sea Level  P r e s s -  
i r e  (RDO No. 560-87) 

Environmental  C r i t e r i a  Branch ,  USAF, 
Wright -Pa t te rson  Air  F o r c e  Base ,  Ohio 

rhe Dust Environment and Its Effect i n  Dust 
'enetration 

Southwest R e s e a r c h  Insti tute [AF 33(616)- 
32801, No. 11 1 
USAF-ASD Wright -Pa t te rson  Air  F o r c e  
Base ,  Ohio 

In  Introduction to  Cl imate  
Genera l  t r e a t i s e  in  the efforts of c l imat ic  
deviations 

l e t e r io ra t ion  of Mater ia l s ,  Causes  and 
'reventative Techniques 

study of Equipment Cooling Sys tems 
Cont rac t  A F  33(616) - 5784, Task  61221 
USAF, ASD Wright Pa t t e r son  Air F o r c e  
Base ,  Ohio 

Pub l i she r  /Year  

1960 (or l a t e r )  

1960 

McGraw Hill Book 
C o . ,  New York City 
1940 

Defense Documenta- 
t ion Cen te r ,  
Washington, D. C. 
(no  da te)  

Defense Documenta- 
t ion  Center  
Washington, D. C. 
1956-57 

Defense Documenta- 
t ion Cen te r  
Washington, D. C. 
1956 

USA F 
1954 

USAF 
1956 

McGraw Hill BookCo. 
New York City 
1954 

Reinhold Publishing 
Corpora t ion ,  430 
P a r k  Ave . ,  New 
York City 
1954 

USAF 

Code 

S 

S 

B 

s 

s 

S 

S 

S 

B 

B 

S 
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No. 

F - 2 3  

F-24 

F-25 

F-26 

F-27  

F-28 

F-29 

F-30 

F-31 

F-32 

F-33 

F-34 

Rank - 
3 

2 

3 

1 

1 

1 

2 

2 

1 

1 

1 

2 

Author(  s )  

C r e d e  - Lunney 
WADC-TR 
56-503 

Maron,  William 

Clower,  J. I. 

Broadway, N. J. 
REIC Report  
No. 3 

Broadway, N. J. 
REIC Repor t  
No. 3 

Reinsmith,  G. 

Leininger ,  R.  I. 
REIC Memo 
No. 1 

Broadway- 
Pal inchak 
REIC Memo 
No. 17 

Javi tz ,  A. E .  

Wyant, R .E.  
REIC Memo 
No. 13 

Allen-Wolff - 
El s e n  - Fri st 
REIC Memo 
No. 5 

Ri le  y-C apping - 
MemoNo.  9 
(Nov. 1958) 

Duck-REIC 

Ti t le  

h tab l i shment  of Vibrat ion and Shock T e s t s  
or  Missi le  Elec t ronics  as Derived f r o m  
Leasured Environment  

A F  33(616)-2188, T a s k  41772 
USAF ASD Wright-Pat terson Air F o r c e  
Base ,  Ohio 

' empera ture  - Humidity T e s t s  
U. S. Test ing for  Signal C o r p s  Engineer ing 
Labs 
Contract  DA-36-039 SC-63088, Fi le  No. 
218-PH-54-91 (3430) 

)il F i l t e r s  i n  Publ ic  Utility F lee t  Operat ion 
SAE Journa l ,  Vol 41, No. 2 

'he Effects  of Nuclear  Radiation on Elas to-  
ner ic  and Plastic Mater ia l  

[ A F  33-(616)-5171, T a s k  60001 1 
The Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus,  Ohia 

'irst Addendum t o  F-26 

Juclear Radiation Effects  i n  Mater ia l s  
ASTM Bulletin 
Amer ican  Society for  Tes t ing  of Mater ia l  
Philadelphia, Pa. 

'he Effect of Nuclear  Radiation i n  Fluorinated 
: las tomers  i n  Different Environments  

The Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Inst i tute ,  Columbus, Ohio 

'he Effect of Nuclear  Radiation on F l u o r -  
o lymers  

A F  33(616)-6564, Cont. of A F  33(616)-5161, 
T a s k  60001 
The Radiation Effects Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus,  Ohio 

mpact  of High-Energy Radiation on Dielectr ics  
Elec t r ica l  Manufacturing 

'he Effects of Nuclear  Radiation on Organic  
[eat T r a n s f e r  Mater ia l s  

Radiation Effects Information C e n t e r ,  
Bat te l le  Memor ia l  Inst i tute ,  Columbus,  Ohio 

'he Effect of Nuclear  Radiation on St ruc tura l  
Aetals 

[ A F  33(616)-5171, T a s k  60001 1 
Radiation Effects Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus,  Ohia 

'he Effects of Nuclear  Radiation on Glass  
[ A F  33(616)-5171, T a s k  60001 ] 
Radiation Effects Information Center ,  
Bat te l le  Memor ia l  Inst i tute ,  Columbus, Ohia 

Publ i sher  / Y e a r  

USA F 
1956 

1957 

Society of Automotive 
Engineers  
1937 

Bat te l le  Memor ia l  
Institute (B. M. I. ) 
1958 

Bat te l le  Memor ia l  
Institute (B. M. I. ) 
1959 

ASTM 
1958 

Bat te l le  Memor ia l  
Inst i tute  (B. M. I. ) 
1957 

B. M. I. 
1959 

1955 

B. M. I. 
1959 

B. M. I. 
1958 

B. M. I. 
1958 

3 ode 

S 

S 

A 

S 

S 

S 

S 

S 

A 

S 

S 

S 
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No. 

F-35  

F-36 

F-37  

F-38  

F- 39 

F-40 

F - 4 1  

F-42 

F - 4 3  

F-44  

F-45 

Rank 

1 

1 

2 

2 

1 

1 

1 

1 

4 

2 

2 

Author(  s)  

Moody, J. W. 
REIC Memo 
No. 14 

Lamale  -Schall 
REIC Memo 
No. 2 

Dvorak, H.R. 

Robinson, C. C. 

Broadway- 
Pal inchak 
REIC 
Memo No. 8 

Schroeder ,  M. C 
REIC 
Memo No. 13 

Cosgrove,  S. L. 
REIC 
Memo No. 4 

Hillenbrand, L. J 
REIC 
Memo No. 11 

USAF 

Brown, W. J. 
J r .  
ASTIA No. 
AD 139961 

Casare t t ,  G. W. 
ASTIA No. 
AD 133226 

Ti t le  

The Effect of Nuclear  Radiation on Elec t r ica l  
Insulating Mater ia l  

[ A F  33(616)-5171, T a s k  60001 ] 
Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus, Ohio 

Elec t r ica l  Leakage i n  Insulators  Exposed t o  A 
Nuclear  Environment  

Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus, Ohio 
Also p a r t  of th i s  repor t :  
The Effect of Nuclear  Radiation i n  
Electronic  Components and Systems 

Radiation Environments  
Space Aeronaut ics  

Nuclear  Effects i n  Electronic  Components 
Elec t r ica l  Manufacturing 

The Effects  of Nuclear  Radiation on Seals ,  
Gaskets ,  and Sealouts 

Radiation Effects Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus, Ohio 

The Effects  of Nuclear  Radiation on Hoses 
and Couplings 

Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Inst i tute ,  Columbus, Ohio 

The Effects of Nuclear  Radiation on Lubricants  
and Hydraulic Fluids  

Radiation Effects  Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus, Ohio 
Also, first addendum, March 1959. 

The Effects of Nuclear  Radiation in  Hydro- 
carbon Fuels  

Radiation Effects Information Center ,  
Bat te l le  Memor ia l  Institute, Columbus, Ohio 

Development of Combined Environmental  
Qualification T e s t  P r o g r a m s  f o r  A i r  F o r c e  
Equipment 

U. S .  Test ing,  Inc. ,  A F  33(616)-6315, ASD, 
Wright -Pa t te rson  Air  F o r c e  Base ,  Ohio 

Physiological  Hazard of Non-Ionizing Radiation 
Lockheed Aircraf t  Corp. 

Accelerat ion of Aging by Ionizing Radiation 
Atomic Energy P r o j e c t  
P. 0. Box 287, Station 3, Roches te r  20, 
New York 

Publ i sher  /Year  

B. M. I. 
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B. M. I. 
1958 

Conover-Mast  
Publikation, 
205 E. 42nd St . ,  
New York 
1958 

1956 

B. M. I. 
1958 

B. M. I. 
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B. M. I. 
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B. M. I. 
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Author( s) 

Berks ,  W.I. 
AL-1933 

Behrens  - T h a d 1  

Hass l e r ,  K. E. - 
Wyler, E .N.  

Hausner -  
Fr iedemann 
ASTIA No. 
AD 89082 

Lightfoot, 
R ive ra  

Omans  ki, 
Joseph  T. 
WADC TR 

ASTIA No. 
AD 110462 

Scholose,  W. F. 
WADC, TR 
57-387 

56-551 

Surosky, A. E. 

Wyant, R. E. 
REIC Memo 
No. 16 

Keenan-Kaye 

USAF 

Wilson, E. Jr. 

Hooper,  R .S .  

Ti t le  

r e m p e r a t u r e  and T h e r m a l  S t r e s s e s  in  Miss i le  
Structures 

L. A. A i rc ra f t  Division, Nor th  Amer ican  
Rockwell Corp . ,  El Segundo, Calif 

The Effect of Short  Duration Neutron Radiation 
in Semi-Conductor Devices 

IRE Seminar  in  Reliabil i ty,  Proceedings  

The Effect of Nuclear Radiation on T r a n s i s t o r s  
The Radiation Effects Information Cen te r  
Battelle Memor ia l  Insti tute,  Columbus,, Ohio 

Effect of I r rad ia t ion  in  Solids 
A Bib l iography,  
Atomic Energy  Div., Sylvania E lec t r i c  
Products  Inc . ,  Bayside,  New York 

Problems Which Ar i se  During Engineering 
Evaluation of Radiation Effects on Organic 
Material  

A r epor t  by Convai r ,  Genera l  Dynamics 
Corp . ,  F o r t  Worth, Texas  

Experimental  Investigation t o  Cor re l a t e  the  
Recurrence  of Fatigue Fa i lu re s  in  a Typical 
Ai rcraf t  S t ruc ture  With Vibra tory  Amplitude 

Cook E lec t r i c  Company 
for USAF-ASD Wright P a t t e r s o n  Air  Force 
Base ,  Ohio 

Explosion-Proof T e s t  C r i t e r i a  fo r  Recon- 
n a i s s a k e  Equipment 

Aer i a l  Reconnaissance Lab. , Direc tora te  
fo r  Labs ,  USAF, ASD, Wright -Pa t te rson  
Air  F o r c e  Base ,  Ohio 

The Nuclear Jungle 
Environmental  Quar t e r ly  

The Effect of Nuclear  Radiation on Refr igerants  
The Radiation Effects Information Center ,  
Battelle Memor ia l  Insti tute,  Columbus 1, Ohic 

Gas Tables ,  Thermodynamic  P r o p e r t i e s  of Ai r  

Handbook of Geophysics 
Geophysics Rff iearch  Direc tora te ,  Ai r  F o r c e  
Cambr idge  R e s e a r c h  Cen te r  
Air Resea rch  and Development Command, 
Bedford, Mass.  

An Introduction t o  Scientific R e s e a r c h  

Evolution of Environmental  Tes t ing  
1959 Proceedings  of Annual Meeting of the 
Insti tute of Environmental  Sc iences ,  Mt. 
P rospec t ,  Ill. 

Publ i sher  /Yea r  
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1958 

B. M. I. 
1958 

Sylvania E lec t r i c  
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USAF 
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Ecker t -Drake  JI 

Hamilton, F. L. 
WADC TR 55-72 

Lowe, Russe l l  T 
Repor t  No. 370 

T e r e s i -  
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ASTIA No. 
153304 

Shinn, D. A. 
WADC TR 
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Smith,  P. W. Jr. 

Ki rche r ,  J. F. 
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USAF 
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59-531 

USAF 
WADC TR 
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Abernathy, A. H. 

Ti t le  

Heat Expansion of Mater ia l s  
Elec t ronics ,  Vol 32, No. 22 

The Microbiological Deter iora t ion  of Rubber 
Insulation 

Technical P a p e r  53-59, Amer ican  Insti tute 
of E lec t r i ca l  Engineers ,  Proceedings  

Fungus Growth on Rubber ,  Neoprene, and 
Butadienne - Acrylomi t r i le  Type of Synthetic 
E la s tomers  

The Biological Determination of Thiokol Lining 
for Gasoline Storage Tanks  

U. S. Naval R e s e a r c h  Repor t ,  P-2902 

Heat and Mass  T r a n s f e r  

A Compilation of Data f r o m  Evaluation of 
Fungus Res is tance  P r o p e r t i e s  of Air F o r c e  
Mater ia l s ,  

USAF ASD Wright Pa t t e r son  Air F o r c e  Base ,  
Ohio 

The Role of Damping in  S t ruc tura l  Design 
B a r r u  Controls Inc. ,  Watertown 72, Mass .  

A Study of Maximum P e r m i s s a b l e  Concent ra -  
:ions of Radioactive Fallout i n  Water and Air  
Based Upon Military Exposure  C r i t e r i a  

U. S. Naval Radiological Defense Lab, 
San F ranc i sco  

Materials -Proper ty-Des ign  C r i t e r i a  for  Metals 
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ASD Wright Pa t t e r son  Air  F o r c e  Base ,  Ohio 

Sound Induced Vibration 
Noise Control,  Vol 4 ,  No. 6 

Survey of I r rad ia t ion  Fac i l i t i es  
The  Radiation Effects Information Center ,  
Battelle Memor ia l  Insti tute,  Columbus, Ohio 

Simulated Combined Vibration, Sustained 
k c e l e r a t i o n  and Ex t reme  Tempera tu re  
Environments 

ASD Wright Pa t t e r son  Air  F o r c e  Base ,  Ohio 

Feasibil i ty of Combined Environment Tes t ing  
ASD Wright -Pa t te rson  Air  F o r c e  Base ,  Ohio 

Zombined Environments i n  La rge  T e s t  
Zhamber s 

1959 Proceedings  of the Annual Meeting of 
the  Insti tute of Environmental  Sciences,  Mt. 
P rospec t ,  Illinois 

Publ i sher  / Y e a r  

McGraw Hill Book Co. 
New York City 
1959 
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DuPone-DeNemours 
& Co. ,  Wilmington, 
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Author(  s )  

Zammarat a, 
Tohn 

Zrandall, S. H. 

Sranick ,  Neal 

Harris, C.M. 

Morrow, C.T.  

Morrow, C.T.  

Schauch - Bell 
ASTIA No. 
AD 9527 

Schulman, 
J a m e s  H. 

Sumnicht, H. I. 
ASTIA No. 
AD 157082 

DOD-R&E 

F e l g a r ,  R . P .  

Tomlinson 

Winston- 
Stagner 

R.R. Bouche 

Ti t le  

leview of Environmental  T e s t  Equipment 
Elec t r ica l  Manufacturing 

Landom Vibrat ion 
Massachuse t t s  Institute of Technology, 
Boston, Mass.  

tesponse of S t ruc tures  Under Random Vibra-  
ion 

Journal  of Environmental  Engineer ing 
c / o  Institute of Environmental  Sciences,  
Mt. P r o s p e c t ,  Ill. 

landbook of Noise Control  

!hock Spectrum as A C r i t e r i o n  of Severi ty  of 
;hock Impulses  

Journa l  of Acoust ical  Society, Vol 29, No. 5 

Ihortcomings of P r e s e n t  Methods of Measuring 
rnd Simulating Vibrat ional  Environments  

Journa l  of Applied Mechanics ,  Sept 22,1955 

4 High T e m p e r a t u r e  Recirculat ing Air  Oven 
?or  Phys ica l  P r o p e r t y  and St ruc tura l  Com- 
,orient Test ing 

;lass Dos imeters  for  Radiation Measurement  
The Industr ia l  Atom, TID-8006 

4 Method of Measuring Effective Energy 
From Radiation Sources  

ndex  t o  the Shock and Vibrat ion Bulletin 
A Publ icat ion of the Shock and Vibrat ion 
Information C e n t e r ,  Naval R e s e a r c h  
Labora tory ,  Washington, D. C. 

Seliability and Mechanical Design 
Shock and Vibrat ion Bulletin No. 27, 
2 7 -1V - 1 1 3. 

4 F a c i l i t y  for  R e s e a r c h  i n  the Effects  of 
Pulsed Nuclear  Radiations 

Bal l is t ic  R e s e a r c h  Labs ,  Aberdeen 
Proving  Grounds,  Shock and Vibrat ion 
Bulletin No. 28, Part III, p 154 

A Free-Fie ld  S t r e s s  Gage and T e s t  Resul t s  i n  
3. New 1000 PSI  Dynamic P r e s s u r e  Tank 

United Electrodynamics Inc. , Pasadena ,  
Calif. 

[nstruments  and Methods for  Measuring 
Mechanical Impedance 30-11-18 

ENDEVCO G o r p . ,  Pasadena ,  Calif. 

Publ i sher  /Year  

1957 

The Technology 
P r e s s  of M. I. T. 
1948 

1959 

McGraw Hill Book Co 
New York City 
1957 

1957 

1955 

Defense Documenta- 
t ion Center ,  
Washington, D. C. 
1968 

Defense Documenta - 
t ion Center  
Washington, D. C. 
1958 

Defense Documenta- 
t ion Center ,  
Washington, D. C. 
1959 

1960 

Shock & Vibrat ion 
Bulletin DOD, 
Defense Doc. Center 
Washington, D. C. 
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Blake, R. E. 

Sennedy, R. 

Sandler, I. J. 

Neidhart- 
Harkin 

Zrede ,  Char l e s  

Ball, Les l ie  

Morrow, C.T.  

Bieniecki, H. S. 

Wignot -Lamaree  

Smith, J. E. 

Ti t le  

L Method fo r  Selecting Optimum Shock and 
l ibration T e s t s  

Lockheed Miss i le  and Space Co, Sunnyvale, 
Calif. 31 -II-88 

L Compar ison  of Shock and Vibration Data F o r  
lail, Ai r ,  Sea,  and Highway Transpor ta t ion ,  
' 1 -ID-81 

US Army Transpor ta t ion  Engineering Agency, 
F o r t  Eus t i s ,  Vi rg in ia  

'echniques of Analysis of Random and Combined 
Landom-Sinusoidal Vibration 

Autonetics Division, NR, Downey, Calif. 
3 1 -1II-2 1 1 

Cnergy Distribution in  A Half Space Under 
Juclear Loads 

Genera l  Amer ican  Transpor ta t ion  Co. , 
3 1-11- 124 

lhock Isolation of S t ruc ture  Contents 
California Insti tute of Technology, Pasadena  
Calif. 32-111-1 

Leliability and Environment Engineering 
Boeing Co. ,  Seatt le,  Wash. 33-11-1 

Leflections in  Shock and Vibration Technology 
Aerospace  C o r p . ,  E l  Segundo, Calif. 

: ombined Hi - Temp /Vibration T e  st Techniques 
McDonnell A i rc ra f t  Co. ,  33-III-137 

'roblem Areas in the In te rpre ta t ion  of Vibra-  
ion Qualification Tes t s ,  33-111-203 

Lockheed-California Company, Burbank, Calif 

;valuation of A Machinery Installation by 
vfechanical Impedance Methods, 34-1-67 

Por t smou th  Naval Shipyard 

Publ i sher  /Yea r  

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Center ,  
Washington, D. C. 
1962 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1962 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1962 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1963 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1963 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1964 

Shock & Vibration 
Bulletin DOD, 
Defense  Doc, Center ,  
Washington, D. C. 
1964 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Cen te r ,  
Washington, D. C. 
1964 

Shock &Vibra t ion  
Bulletin DOD, 
Defense,  Doc. Center  
Washington, D. C. 
1964 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Center  
Washington, D. C. 
1965 
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McClymonds - 
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Clevenson- 
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Ti t le  ' 

Response of Multi-Degree -of -F reedom Sys tem 
:o Random Excitation, 34-11-47 

Univers i ty  of Southern Calif. 

Structural Response  to  a Velocity-Dependent 
Stochastic Excitation, 34-LI-51 

U. S. Naval Ordnance  Tes t  Station 

Determination of Sys t em Fixed  Base  Natural 
Frequencies  by  Shake Tes t s ,  34-111-95 

U. S. Naval Resea rch  Labora tory  

Life Time Evaluation P rocedures  for  Random 
Shock and Vibration, 35-III- 125 

Technik Incorporated,  Je r icho ,  New York 

A Prac t i ca l  Approach to  the Determination 
of E lec t r i ca l  Support Equipment T e s t  Requi re-  
men t s  Which A s s u r e  P r o p e r  Opera t ion  in  High 
S t r e s s  Serv ice  Equipment 

G. E. /Apollo-Support Dept, Daytona Beach ,  
F lor ida ,  35-III-235 

A Procedure  for  Trans la t ing  Vibration Envi- 
ronment  Into Labora to ry  Tes t s  (Fatigue Life 
Demonst ra t ion)  

White Sands Miss i le  Range, 33-III-159 

Cummulative Damage Caused  by Shock 
Excitation 

California Insti tute of Technology, Pasadena 
Cal i f . ,  35-111-57 

Combined Analytical  and Exper imenta l  
Approach for  Designing and  Evaluating S t ruc-  
t u ra l  Sys tems fo r  Vibration Envi ronments ,  
34-II-159 

McDonnell Douglas Corp. 

Fatigue Life Under Various Random Loading 
Spec t ra  

NASA - Langley R e s e a r c h  Center ,  Langley 
Station, Hampton, Va.,  35-11-21 

Publ i sher  /Yea r  

hock & Vibration 
lulletin DOD, 
)efense Doc. Center ,  
Yashington, D. C. 
965 

lhock & Vibration 
lulletin DOD, 
)efense Doc. Center ,  
Vashington, D. C. 
965 

;hock & Vibration 
3ulletin DOD. 
)efense Doc. Center ,  
Vashington, D. C. 
965 

;hock & Vibration 
3ulletin DOD, 
le fense  Doc. Center ,  
Yashington, D. C. 
966 

;hock & Vibration 
3ulletin DOD, 
le fense  Doc. Center ,  
Vashington, D. C. 
i 966 

Shock & Vibration 
3ulletin DOD, 
l e fense  Doc. Center ,  
Nashington, D. C. 
1964 

Shock & Vibration 
3ulletin DOD, 
Defense Doc. Cen te r ,  
Nashington, D. C. 
1966 

Shock & Vibration 
Bulletin DOD, 
Defense Doc. Center ,  
Nashington, D. C. 
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Shock & Vibration 
Bulletin DOD, 
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Author( s) 

Brennan, J. N. 
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Vail. D. B. 

Crown, P. L. 
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Ti t le  

Bibliography on Shock and Shock Excited 
Vibration, Volumes I and 11 

Engineering R e s e a r c h  Bulletin No. 68  
Pennsylvania State University,  University 
P a r k ,  Pa. 

Vibration P rob lems  in Engineering 
Leading tex t  in this subject,  but pure ly  
analytical  t r ea t i s e .  

A Trea t i s e  On the Mathemat ica l  Theory  of 
E la s  t icity 

4th Edition 

Theory  of Flow and F r a c t u r e  of Solids 
(Theory  of the Tens i le  Text,  Tes t s  on 
Yielding and  F r a c t u r e  Under Combined 
S t r e s s )  

Combining Induction Heaters  With Existing 
Environmental  Fac i l i t i es  to  Conduct Tes t s  
a t  Re-Ent ry  Tempera tu res  

Shock and  Vibration Symposium, D.O. D.,  
Bulletin 33-111-141 

The NEL Exper imenta l  Vibration T e s t  Stand 
fo r  Use in Chambers  

U. S. Navy Elec t ronic  Labs ,  Bulletin 
3 3 -III- 149 

A Technique for Pe r fo rming  Vibration Tes t s  
a t  High Tempera tu res  in  Excess  of 35OO0C, 
3 3 -III- 153 

TEMCO Elec t ronics  and  Miss i l e s  Co. 

Mechanical E lemen t s  Operating in Sodium and 
Other  Alkali Metals 

Volume I. L i t e ra tu re  Survey  (LMEC-68-5) 
Volume II. Exper ience  Survey  
(To be  r e l eased )  
Liquid Metal Engineering Center ,  
Canoga P a r k ,  Calif. 

Mater ia l s  for  Mechanism Operating in 1200°F 
Sodium 

NAA SR-Memo-9340, AI Division 

Life T e s t  of Liquid Metal Lubr ica ted  Thrus t  
Bearing 

KAPL, Knolls Atomic Power  Lab  

Sodium Pump Reliabil i ty Demonstration 
NAA-SR-Memo- 11485 - AI Division 

Static Sodium T e s t  of Westinghouse Flow 
Cont ro l le r  Bearing 

NAA-SR-Memo-5951 - AI Division 

Pub l i she r  1 Year 

1957, Vol I 
1958, Vol 11 

D. Van Nost rand  Co. ,  
New York 
1955 

Dover Publications,  
London, England 
1944 

McGraw Hill Book Co. 
New York City 
1950 

Defense Documentatioi 
Cen te r ,  Washington, 
D. C. 
1964 

Defense Documentatioi 
Cen te r ,  Washington, 
D. C. 
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Defense Documentatioi 
Cen te r ,  Washington, 
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H a r r i s ,  C. M. 
& Crede ,  C. E. 

Morrow,  C. T. 

Mur ray ,  W. M. 

Gebhar t ,  B. 

Jakob 

ARINC 

Coffin, L. F. Jr. 

Ti t le  

3BR-II Ma te r i a l s  Exper ience  
Proceedings  of Sodium Components Develop- 
men t  P r o g r a m  Information Meeting, CONF- 
650620, p 127 

FERMI Mater ia l s  Exper ience  
Proceedings  of Sodium Components Develop- 
men t  P r o g r a m  Information Meeting CONF- 
650620, p 91 

r e s t ing  E lec t r i ca l  Components fo r  the SNAP 
(Systems for  Nuclear Auxiliary Power )  
Environment 

Atomics International,  NR 
1965 Proceedings  of Environmental  Sc iences ,  
Mt P rospec t ,  Ill. 

Nuclear Effects Fac i l i t i es  at White Sands 
Missile Range 

Nuclear Effects Branch ,  T E - E  
White Sands Miss i le  Range, New Mexico 
1965 Proceedings  of Environmental  Sciences 
Mt P rospec t ,  Ill. 

Shock Capabili t ies of E lec t ro  Dynamic Shakers  
RCA - Astro-Elec t ronics  Division, 
Pr ince ton ,  N. J. 

Shock and  Vibration Handbook 
3 volumes 

Shock and  Vibration Engineering 

Fatigue and F r a c t u r e  of Metals 

Heat T rans fe r  

Heat T rans fe r  
5th Edition 

Effects of Cycling in  Reliabil i ty of Elec t ronic  
Tubes and  Equipment,  Volumes 1 and 2 

ARINC R e s e a r c h  Corp. 
Publication # 10 1-26- 160 

A Study of the Effects of Cyclic The rma l  
S t r e s s e s  on A Ductile Metal 

Transac t ion  ASME, Volume 76, pp 931-949 

LMEC-Memo-69-7, Vol I 
3-128 

Publ i sher  /Year  

965 

965 

nsti tute of 
hv i ronmen ta l  Science 
965 

nsti tute of 
hv i ronmen ta l  Science 
965 

965 

AcGraw Hill Book Co. 
4ew Y o r k  City 
96 1 

lohn Wiley & Sons, Inc 
Vew York City 
1963 

lohn Wiley & Sons, Inc 
Vew York City 
1 952 

a c C r a w  Hill Book Co. 
Vew York City 
1961 

lohn Wiley & Sons, 
Vew York City 
1956 

4RINC Resea rch  Coru 
Nashington, D. C. 
1960 

4mer ican  Society of 
blechanical Engineers  
Vew York City 
1954 

;ode 

S 

S 

P 

P 

S 

€3 

B 

B 

B 

B 

S 

S 



A 

n 

n 

No. 

F- 130 

F- 13 1 

F-132 

F-133 

F-134 

F- 135 

F-136 

Rank Author(  s )  

Crittenden, Ji 

Jumer l in  

No author 

ASTM 

Billington, D. 

Harwood, J. i 

Sun, K. H. 

Ti t le  

Uuclear Radiation and Elec t ronic  Equipment 
Genera l  E lec t r i c  Co. (Report)  

auantitative Reliabil i ty Acceptance Testing 
Proceedings ,  pp 159-164 
3 r d  National Symposium on Reliabil i ty and  
Quality Control 

Symposium in  Radiation Effects on Mater ia l  
Proceedings  f r o m  Symposium 
Vol 1 (1956), Vol 2 (1957), Vol 3 (1958), etc.  

Radiation Effects on Mate r i a l s ,  3 Volumes 
Amer ican  Society fo r  Testing and  Mate r i a l s ,  
Philadelphia,  Pa. 

How Radiation Affects Mater ia l s  
Nucleonics,  Vol 14, p 55 

Effects of Radiation on Mater ia l s  
Symposium on the modification of physical ,  
chemica l ,  e lec t ronic  and optical  p roper t ies .  

Effects of Atomic Radiation on High Po lymers  
Modern P la s t i c s ,  Vol 32, p 141 

Pub l i she r  J Year 

~~ 

95 9 

957 

957-5d 

956 

einhold Publishing 
o . ,  New York 
958 

954 

Code 
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7. Category G - Nondestructive Testing Methods 

No. 

G-1  

G-2 

G-3  

G-4  

G-5  

G-6 

G-7 ’ 

G-8 

G-9  

G-  10 

G-11 

G-  12 

Rank - 
1 

2 

4 

3 

2 

1 

2 

2 

1 

3 

2 

3 

Author(  s )  

P a r k e r ,  Henry 

Manson, S. S. 

Coffin, L. F. J 

Hir  s chber  g - 
Mans on - Smith 
D- 1574 

Juvenall, R. C. 
and Lipson, C. 

Pe terson ,  R. E 

P e t e r s o n ,  R. E 

Koois t ra ,  L. F. 

Manson, S. S. 

F r e c h e  - 
Nachtigall- 
Mans on 

Bra t t -Truscot t  
Weber 

F o r r e s t e r  - 
Thevenow 

Ti t le  

Simplified Mechanics  and Strength of Mater ia l s  

Fatigue, A Complex Subject - Some Simple 
Approximations 

Exper imenta l  Mechanics ,  Vol 5, No. 7 

A Study of the Effects  of Cyclic Thermal  
S t r e s s e s  i n  a Ductile Meta l  

Transac t ions  of the ASME, Vol 76 

Fat igue Behavior of Mater ia l s  Under S t ra in  
Cycling in  the Low and Intermediate  Life  Range 

NASA Technical  Note 

Handbook of S t r e s s  and Strength 
Recommended by Truscot t  of G. E. 
(Cincinnati) as good re ference ,  applicable 
to s t r u c t u r a l  and electromechanical  design 

S t r e s s  Concentrat ion Design F a c t o r s  

Analytical Approach to S t r e s s  Concentration 
Effect  i n  Fat igue of Ai rcraf t  Mater ia l s  

WADC TR 59-507 

Effect  of P l a s t i c  Fat igue i n  P r e s s u r e  Vesse l  
M a t e r i a l s  and Design 

Welding R e s e a r c h  Supplement 

Thermal  S t r e s s  and Low Cycle  Fat igue 

A Proposed  Relation for  Cumulative Fat igue 
Damage in Bending 

Proceedings  of ASTM 

Probabi l i s t ic  Strength Mapping 
A Reliability Versus  Life Predict ion Tool 
(G. E. ) Annals of Assurance  Sciences,  
7th Reliability and Maintainability 
Conference 

Designing for  Expected Fat igue Life 
(S-N diagrams and the i r  application to 
Rel iabi l i ty)  Annals of Assurance  Sciences,  
7th Reliability and  Maintainability Con- 
fe rence  

Publ i sher  /Year  

John Wiley & Sons, 
Vew York 
1951 

I965 

4mer ican  Society of 
Mechanical Engineers  , 
Vew York City 
1954 

Vational Aeronaut ical  
m d  Space Agency, 
Nashington, D. C. 
1963 

McMillan Co. 
1963 

John Wiley & Sons, 
Vew York City 
1953 

USAF 
1959 

1957 

McGraw Hill Book Co. 
Vew York City 
1966 

4mer ican  Society for  
res t ing  of Mater ia l ,  
Philadelphia, Pa.  
1961 

t m e r i c a n  Society of 
Mechanical Engineers ,  
Vew York City 
1968 

4mer ican  Society of 
Mechanical Engineers ,  
Vew York City 
1968 

Code 

B 

A 

S 

S 

B 

B 

S 

B 

S 

P 

P 

LMEC-Memo-69-7, Vol I 
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A No. 

G-13 

G- 14 

G-15 

G-  16 

G-  17 

Author( s) 

Van Valkenburg 
H. E. 

Turan ,  Jos.  M. 

Vanzetti ,  Dr. 
Ricardo  

Unknown 

Altman, J. W .  
Folley,  J. D. Jr. 
Wilkinson, F. R. 

Ti t le  

The Theory  of Ul t rasonic  Mater ia l  Testing 
Mechanical Engineering, Vol 7 1, No. 10, 
pp 817-820 

Quality Control Handbook 

In f ra red  Techniques Enhance Elec t ronic  Reli-  
abil i ty 

Equipment Division, Raytheon Co. 
9th National Symposium on Reliabil i ty and  
Quality Cont ro l  
New inspection methods  with ultraviolet ,  
black l igh ts ,  etc. 

The Weibull Distribution Function for  Fatigue 
Life 

Mate r i a l s  R e s e a r c h  and Standards ,  
Vol 2, No. 5, p 405 

A Study to Determine  the Feas ib i l i ty  of Ful ly  
Routine Trouble Shooting P rocedures  

Amer ican  Insti tute for  Resea rch ,  P i t t sburgh  
Pa .  AIR- 37 - 59 -FR -2 13 

~ ~~ 

Publ i sher  /Year  

1949 

McGraw Hill Book Co. 
'Jew York City 
I951 

1962 

1962 

1959 

Code 

LMEC-Memo-69-7, Vol I 
3 - 1 3 1  



8. Category H - Data Handling Methods fo r  Statistical Applications 

Rank 

2 

3 

2 

2 

4 

3 

1 

4 

2 

1 

3 

3 

Author(  s )  

Culbertson-  
Vorhees 

Howard, R. 

Bel lman,  R. 

Ri ley,  V. and 
Gas's. S .  I. 

Kao, J. H. K. 

P i e r c e ,  W.H. 

Orchard-Hays 

Collopy-Serlogi 

Korn,  G.A. 

Leeds,  H e r b e r t  
D. and Wein- 
berg ,  G.M. 

O'Connel, E. P. 

Reeve,  E.A.  

LMEC-Memo-69-7, Vol I 
3-  132 

Ti t le  

Control  Char t s  and Automation Applied to  
Analysis  of Field Fa i lure  Data 

Dynamic P r o g r a m m i n g  and Markov P r o c e s s e s  
Recommended by Sandler 

Dynamic P r o g r a m m i n g  

Linear  P r o g r a m m i n g  and Associated 
Techniques : A Comprehensive Bibliography 
i n  Linear ,  Non-Linear and Dynamic 
P r o g r a m m i n g  

Computer  Methods for  Est imat ing Weibull 
P a r a m e t e r s  in  Reliability Studies 

IRE Transac t ions ,  Reliability and Quality 
Control  

Asymptotic P r o p e r t i e s  of Sys tems Synthesized 
for  Maximum Reliabi l i ty  

Information Control  7.3, pp 340-359 

Advanced Linear  - P r o g r  amming Computing 
Techniques 

Good information for  the experienced 
computer  p r o g r a m m e r ,  including l inear  
programming,  the math  of a lgor i thms,  
debugging, bas ic  documentation, etc. 

Digital Computer  Application t o  Non-Linear 
Vibrat ions 

AVCO Corporat ion 
Vibrat ion and Shock Bulletin 34-11-85 

Random P r o c e s s  Simulation and Measurement  

Computer  P r o g r a m m i n g  Fundamentals  

Utilization of the IBM 650 Computer  in  the 
Analysis  of Field F a i l u r e  Data 

Proceedings ,  6th National Symposium on 
Reliability and Quality Control ,  pp489 -496 

Ci rcu i t  Reliability Life T e s t  Planning and Data 
Reduction Methods 

IBM Gorp . ,  Owego, New York, Repor t  
No. 59-816-61 

Publ i sher  /Year  

MIT Technology P r e s s  
Zambridge, Mass. 
1960 

Princeton Universi ty  
P r e s s .  Pr ince ton ,  
N .  J. 1957 

The John Hopkins 
P r e s s ,  Bal t imore,  Md. 
1958 

1958 

1964 

McGraw Hill BookCo., 
Yew York City,  1968 

Defense Docume ntatioi 
2 e nte r , Washing ton 
D. C. 

McGraw Hill Book Co., 
Yew York City 

McGraw Hill Book Co., 
New York City, 1961 

1960 

1959 

Code 

B 

B 

B 

P 

P 

B 

S 

B 

B 

P 

s 



9 .  Category I - Failure Rates and Failure Modes 

No. 

n 

I- 1 

1-2 

1-3 

1-4 

1-5 

1-6 

I- 7 

1-8 

1-9 

1-10 

1-1 1 

Rank 

1 

1 

2 

2 

3 

3 

2 

4 

2 

3 

2 

Author( s )  

DOD MIL- 
HDBK -2 1 7 

RADC 
RD 161894-1 

TR-59-416-1 

TR-1  33 
NAVSHIP 9 3 82 0 

Genera l  Dyna- 
m i c s  

Hughes Ai rc ra f t  
RS-305 

Supt. IDOCU- 
ments  H 109 

Hecht, Be rna rd  

B r a u e r ,  Joseph  

Brown, J. M. 
Leve, H .L .  and 
White, P . H .  

E a r l e s ,  D. R.and 
Eddins,  Mary  F. 

Ti t le  

Mili tary Standardization Handbook Reliabil i ty 
S t r e s s  and Fa i lu re  Rate  Data for  Elec t ronic  
Equipment 

The  da ta  compiled h e r e  i s  essent ia l ly  based  
on RCA Repor t  TR-1100, but has  been 
en larged  and exper ience  of the Rome Air  
Development’Center is included. 

U. S. Department of Commerce ,  Office of 
Technical Serv ices ,  Rome Ai r  Development 
Center  Reliabil i ty Notebook 

Original r e l e a s e  contains Sections 1 through 
7; Supplement 1 contains Sections 8 ,  Part 
Reliabil i ty F a c t o r s  

Reliabil i ty S t r e s s  Analysis for  Elec t ronic  
Equipment 

RCA Technica l  Repor t  
Camden, N. J. 

Handbook fo r  the P red ic t ion  of Shipboard 
and Thei r  Elec t ronic  Equipment Reliability 

Vi t ro  Labora tor ies  

Reliabil i ty Design Handbook 
Genera l  Dynamics Gorp, Pomona Division 
Includes a table of gener ic  fa i lure  da ta  
with upper  and lower ex t r emes ,  as 
applicable t o  the  s m a l l  mi s s i l e  sys t em,  
Army-Navy- Maxine use .  

Resea rch  Study 
Elec t ronic  Parts Fa i lu re  Rate  Analysis 
Aerospace  Group, HAC, Culver  City,  Calif. 

Quality Cont ro l  and Reliabil i ty Handbook 
(Interim edition) 
Superintendant of Documents,  Washington, 
D. C.  

Predic t ion  of Fa i lu re  Rate  with Acce lera ted  
Life T e s t s  

Sprague E lec t r i c  Co. 
Sprague Technica l  P a p e r  58-1 

P h y s i c s  of Fa i lu re  
Technica l  Memorandum RAD-TM-62- 1,  
Applied R e s e a r c h  Lab. , Rome Ai r  Develop- 
men t  Cen te r ,  USAF 

Reliabil i ty Design C r i t e r i a  
Hughes Ai rc ra f t  C o . ,  Culver  City,  Calif 

Fa i lu re  C r i t e r i a  
Reliabil i ty Engineering Data Se r i e s  
AVCO R e s e a r c h  and Advanced Development 
Division 

LMEC-Memo-69-7, Vol  I 
3 - 1 3 3  

Publ i sher  /Year  

Iefense Documenta- 
ion Center ,  
Vashington, D. C . ,  196 

Iefense Documenta- 
ion Cen te r ,  
Vashington, D. C. 
961 (t l a t e  rev is ion)  

ladio Corpora t ion  of 
Lmerica, 1959 

961 

960 

lefense Documenta- 
ion Cen te r ,  
Vashington, D. C . ,  196 

9 59 

962 

Code 

S 

S 

S 

S 

S 

S 

S 

P 

S 

S 

S 



No. 

1963 

I- 12 

1-13 

1-14 

1-15 

1-16 

1-17 

1-18 

I- 19 

1-20 

1-2 1 

1-22 

Rank - 
2 

3 

3 

3 

4 

3 

2 

3 

4 

4 

3 

Author(s)  

Earles, D.R.  
and Eddins, 
Mary  F. 

E a r l e s ,  D.R.  
and Eddins, 
Mary F. 

Adams,  Daniel 
A. 

Ebel, George 
H. and Lang, 
A. J. 

Hepp, S. D. 

qopkinson, K. 

!lorn, R. L. 

Jeffcoat, C. D. 

Lotka, A. 

Pieruschka,  E. G 

Pr ice ,  W.C. 

Ti t le  

Fa i lure  Mechanisms and Fa i lure  Rates  
Reliability Engineer ing Data S e r i e s  
AVCO R e s e a r c h  and Advanced Development 
Division 

Reliability P h y s i c s  
( inclusive Fa i lure  Rate  Tables) ,  and G. E. / 
Daytona Beach, 9th National Symposium 
on Reliability and Quality Control  

Component - P a r t  Fa i lure  Rate  Curve Consid- 
e ra t ion  

Space Guidance Center ,  IBM-Oswego, 
New Yqrk 9 th  National Symposium on 
Reliability and Quality Control  

Reliability Approach t o  the 
P r o b l e m  

p a r e  Parts 

(With Fa i lure  Rate  Examples)  
9 th  National Symposium on Reliability and 
Quality Control  

F a i l u r e  Modes of P r e c i s i o n  Potent iometers  
Proceedings, 6th National Symposium on 
Reliability and Quality Control ,  pp 183-184 

Reliable Values  and the i r  P e r f o r m a n c e  in  
Service Equipment 

Proceedings ,  5th National Symposium on 
Reliability and Quality Control  

Determination and Use of Fa i lure  P a t t e r n s  
Proceedings ,  8th National Symposium on 
Rel iabi l i ty  and Quality Control  

Fai lure  Modes of Component Parts 
Proceedings ,  6th National Symposium on 
Reliability and Quality Control  

A Contribution t o  the  Theory  of Self-Renewing 
Aggregates with Special  Reference  t o  
[ndustr ia l  Replacement  

Annals of Mathematical Stat is t ics ,  Vol 10, 
pp 1-25 

Fa i lure  Categor ies  of Guided Miss i les  
Proceedings ,  6th National Symposium on 
Reliability and Quality Control  

Mean Life of P a r a l l e l  Electronic  Components- 
Exponential Distribution C a s e  

Proceedings  of the Symposium on Redun- 
dancy Techniques for  Computing Sys tems 

Publ ishe 

1962 

1963 

1963 

1960 

1959 

1962 

1960 

19 39 

1960 

Spartan Boo) 
Washington, 
1962 

Code 

S 

P 

S 

P 

P 

P 

P 

P 

S 

s 

B 

LMEC-Memo-69-7, Vol  I 
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10. Category J - Miscellaneous Other Texts 

Handbook of Ocean and Underwater  Engineer-  
ing 

Sponsored by Ocean Sys tems Operat ions,  
North Amer ican  Rockwell 

Non-Paramet r ic  Stat is t ics  for the Behavioral  
Sciences 

Measurement  of Human E r r o r s  with Existing 
Data 

Annals of Assurance  Sciences,  
7th Reliability and Maintainability Conference 

No. 

McGraw Hill Book Co., 
New York, 1968 

McGraw Hill Book Co., 
New York, 1956 

1968 

J-  1 

J - 2  

J - 3  

5-4  

J -5 

J - 6  

5-7  

Rar  - 
3 

3 

3 

2 

4 

3 

4 

Author(  s) 

Myers-Holm- 
Mc All is te  r 

Siegel, S .  

Inaba-Matson 

USAF DH-1 

Hurlbut, J r . ,  
c. s. 
Lee ,  Y.W. 

Gardner ,  W. R. , 
Morgan, C . T .  
and Chapanis 

Ti t le  I P u b l i s h e r / Y e a r  

System Safety Handbook 
System Engineering Group 
Wright -Pa t te rson  AFB, Ohio 

Dana's Manual of Mineralogy 
16th Edition 

Stat is t ical  Theory  of Communicat ion 

Applied Exper imenta l  Psychology 

Defense Documenta- 
t ion C e n t e r ,  
Washington, D. C., l 9 6 i  

John Wiley & Sons, 
New York City,  1953 

John Wiley & Sons, 
New York City, 1960 

John Wiley & Sons, 
New York City, 1949 

LMEC-Memo-69-7, Vol  I 
3 -  135 

Code 



C. CURRENT MILITARY, NASA, OR EQUIVALENT INDUSTRIAL 
SPECIFICATIONS AND STANDARDS ON RELIABILITY, MAINTAIN- 
ABILITY, AND SYSTEM EFFECTIVENESS (INCLUDING TESTING) 

The l i s t  of Current Military, NASA or  Equivalent Industrial Specifications 

and Standards on Reliability, Maintainability, and System Effectiveness 

(Including Testing) contains a number of documents, which have been super - 
seded. 

on these obsolete documents. 

They have been included because many long-term contracts a r e  based 

Symbology 

Most of the listed publications have been assigned a se r i a l  number p r e -  

fixed with one of the following codes: 

ABMA Army Ballistic Missile Agency 
AFBSD 
AFL Air Force  Logistics 
AFLC Air Force  Logistics Command 
AFM Air Force Manual 
AFR Air Force  Regulation 
AFSC Air Force  Systems Command 
AFSCR 
AMC A i r  Material  Command 
AMCR Air Material Command Regulation 
ASPR Armed Service Procurement  Regulations 
ASTIA 
DDC 
DODD Dept of Defense Directive 
DODH Dept of Defense Handbook 
DODI Dept of Defense Instruction 
DSAH Defense Supply Agency Handbook 
DSAM Defense Supply Agency Manual 
DSAR Defense Supply Agency Regulation 
GSE Ground Suppor-t Equipment 
MIL-HDBK Military Handbook 
MIL-STD- Military Standard 
MSFC 
OD Ordnance Department 
SAFR Special Air Fo rce  Regulation 
SPINS T 
TR Technical Report  
WADD Wright Air Development Depot 
NASA 

Air Force  Ballistic Systems Division 

Air Fo rce  Systems Command Regulation 

Armed Service Technical Information Agency 
Def ens e Documentation Center 

Marshall Space Flight Center,  Huntsville, Ala. 

Special Projects  Instruction (USN) 

National Aeronautical 8c Space Agency 

LMEC-Memo-69-7, Vol I 

3-136  

8 



A 

ffective 7 /66  

NASA LEWIS Document 

1. Category K - Reliability Documentation 

Supersedes  AFR 375-5 

-- 

No 
- 

K-  

K- i  

K-?  

K-4 

K-5  

K-6 

K-7  

K-8 

K-5 

K-  1 

K-  1 

K-  1 

K-1  

K-1  

K-1  

K-lr 

Specification No. 

MIL-STD-44 1 

MIL -STD -690A 

MIL-STD-72 1A 

MIL-STD-756A 

MIL -S TD -7 57 

MIL-STD-781A 

MIL -STD-7 85 

UIL -STD- 7 90 

N I L  -STD-790A 

vIIL -STD -8 1 OA 

AIL -STD -83 9 

NL-STD- 13 04 

,eRC-REL-la  

.FBSD 61-55 

.FR 80-5 

I.O.D. H-108 

Title 

Reliabil i ty of Mi l i ta ry  Elec t ronic  Equipment 

Life Testing Sampling P roc .  for  Estab.  Levell 
of Rel. & Confidence in Elect.  P a r t s  
Specifications 

Definitions of T e r m s  f o r  Reliabil i ty Engineerir 

P roc .  f o r  P red .  & Reporting P red .  of 
Reliabil i ty of Weapon Sys tems 

Reliabil i ty Evaluation f r o m  Demonstration A r e  

T e s t  Levels  and Accept IRejec t  C r i t e r i a  fo r  Re 
of Non-Expendable Equip. Effective 12/10/65 

Note: Supersedes  MIL-STD-781, 
MIL-R-23094A, MIL-R-26667A 

Requi rements  fo r  Reliabil i ty P r o g r a m  for  
Sys tems & Equipment 

Note: Supersedes  MIL-STD-441, WS 3250, 
MIL-R-22256, MIL-R-26474, 

MIL-R-5523 1 (EL) 
MIL-R-27070, MIL-R-27542, 

Li fe  T e s t  Sampling P roc .  fo r  Es tab l i shed  Leve 
of Rel. & Confidence in Elect.  P a r t s  
Specifications 

Reliabil i ty Assu rance  P r o g r a m  fo r  Elect.  P a r t  
Specifications 

Mi l i ta ry  Standard-Environmental  Tes t  Methods 
for Aerospace  & Ground Equipment 

P a r t s  with Es tab l i shed  Rel. Levels ,  Selection 
and Use of 

Reliability Repor ts  

Reliability P r o g r a m  Pr iv i s ions  for  Resea rch  
KZ Development Cont rac ts  

Proc .  for Conduct of Prel. Design Reviews 
md Cr i t ica l  Design Reviews 

teliabil i ty P r o g r a m  fo r  Sys tems,  Subsys tems 
rnd Equipment (R&D) 

;ampling P roc .  & Table for  Life and  Rel. 
resting (Based on Exponential Dist. ) 

LMEC-Memo-69-7, Vol I 
3- 137 

Remarks  

Superseded  by MIL-STD-785 

Released  7 /65  

Iffective 6130165 

'SAF, 23 June, 1964 



No. 

K-  17 

Ti t le  

Reliability P r o g r a m  Provis ions for Spa- 
System Con t rac to r s  

Integration of Reliabil i ty Requirements  into 
NASA Procuremen t s  

Special  Weapons Stockpile Reliabil i ty 

Bibliography of Reliabil i ty Documents 

R e s e a r c h  and Development of Mater ia l  

Operat ion of Mater ia l  Under Ex t reme  
Conditions of Environment  

Leliability P r o g r a m  for Mate r i a l  and Equipment 

leliabil i ty Requirements  for Ground Electronic  
Zquipment 

i ene ra l  Specifications for  Reliabil i ty 

;ontractor Reliabil i ty P lans  and Pe r fo rmance  
<valuation Manual 

Zpollo Terminology 

? rogram Standards,  Reliabil i ty P r o g r a m  
<valuation P rocedures  

9irplane Strength and Rigidity Rel. Req. ,  
Xepeated Loads & Fatigue 

Zeneral  Specification for Reliabil i ty of Prod.  
Electronic Equipment: 

Reliability Req. for Shipboard and Ground 
Electronic  Equipment 

General  Spec. for Rel. Index Determination 
for Avionic Equip. Models 

Reliabil i ty Req. f o r  Development of Electronic  
Subsystems for Equip. 

Reliabil i ty Requirements  for  E lec t ron ic  Grounc 
Checkout Equip. 

Gene ra l  Spec. for Reliabil i ty and Q.A. Req. for 
Establ ished Rel. P a r t s  

Reliabil i ty Predict ion & Demonstration for 
Airborne Surveil lance Sys tem 

Reliabil i ty Pol ic ies  and P rocedures  

K- 18 

K-19 

K-20 

K-21 

K-22 

K-23 

K-24 

K-25 

K-26 

K-2i  

K-Zt  

K-25 

K-3( 

K-3  

K-3: 

K-3 

K-3  

K-3 

K-3 

K-?  

Specification NO. 

.SA NPC 250-1 

,SA Ci rcu la r  #293 

;TI 300-6-60 

iAF BLTN 519 

t-705-5 

t -705-  15 

%-705-25 

jAF  BLTN 2629 

S-3250 (BuWEPS) 

ASA NHB 5320.2 

ASA- S P  - 600 1 

ASA-SP -6002 

:1~-A-8866  (ASG) 

[IL -R - 1 96 10 

IIL-R-22732B 

IIL - R - 2 2 97 3 

IIL-R-26484A 

4IL-R-27 173 

AIL-R-38100B 

AIL - R - 5 54 1 3 

ZFBM-STL 

Remarks  

- e 

ancelled 

uperseded by MIL-STD-785 

,ffective 10165 

:ffective 8 /63  

.eleased 10/63 

Superseded by MIL-STD-785 

LMEC-Memo-69-7, Vol I 
3 -  138 



- 

No. 

K-31 

K-3' 

K-4( 

K-41 

K-42 

K-43 

K-44 

K-4 

K-4 

K-4 

K-4  

K-4 

K-5  

K-5  

K-5; 

K-5: 

K-5i 

K-5f 

K-56 

K-55 

K-5e 

K-59 

K-60 

Specification No. 

AGREE Repor t  

IDEP I 

IDEP II 

NARM Repor t  

NARM Repor t  

PSMR - 1 

TPS-4  

AFSC-TR-4 

AFSC - TR-6 

AFSC- TR-7 

S P L  -TI-7 -58 

l lND-P-393  

NAVWEPS 00-65-502 

SPL-TI-22 -64 

5PL TD 46-61 

jP 63-467- & 470 

'i 64 27220 

jSD Exhibit 64-3 

IFSC - TR-65 - 1 

iFSC - TR-65 -2  

LFSC - TR -65 -3 

rFSC - TR-65 -4 

rFSC -TR-65 - 5 

Title 

Reliabil i ty of Mi l i ta ry  Elec t ronic  Equipment 

In t e r se rv ice  Data Exchange P r o g r a m  I 

In t e r se rv ice  Data Exchange P r o g r a m  LL 

Reliabil i ty Guidelines fo r  Relays 
I 

Recommended Specification fo r  High 
Reliabil i ty Relays 

Volumes I and  11, P a r t  Specification 
Management for  Reliabil i ty 

Reliabil i ty Control i n  Aerospace  Equipment 
Development (SAE) 

Sampling Proc .  & Tables  f o r  Life and  
Reliabil i ty Testing, Weibull Dist. 

Sampling P roc .  & Tables  f o r  Life,  
Reliabil i ty Testing, Weibull Dist. 

F a c t o r s  & Procedures  fo r  Applying 
MIL-STD-105D to Life & Rel. Testing 

In tegra ted  Po la r i s  Miss i le  Sys tem Reliabil i ty 
P r o g r a m  

Suggestions fo r  Des igners  of Elec t ronic  
Equipment 

Handbook Reliability Engineering 

F lee t  Bal l i s t ic  Miss i le  Trouble  and Fa i lu re  
Report  Sys t em 

Reliability, Cen t ra l  Source  

Fa i lure  Rate  Data Handbook (FARADA) 

Bibliography on Reliabil i ty (1957 through 1963) 

Standard F o r m a t  fo r  Reliabil i ty P r o g r a m  P lan  

Zequirements Methodology 

'rediction Measurement  

lata Collection and  Management Repor ts  

:ost Ef fec t iveness  Optimization 

danagement Sys tems 

R e m a r k s  

Released  6/63, National 
Assoc .  of Relay Manuf. 

Known a s  Darnel1 Repor t  

Outstanding Ref. Doc. 

Haza rd  Rate  Cr i t e r ion  

Reliable Life Cr i t e r ion  

Navy 

Same as NEL 1058-59 

Vavy 

!5 pages of ref.  a r t i c l e s  

LMEC-Memo-69-7, Vol I 
3 - 1 3 9  



No. 

K-61 

K-62 

K-63 

K-64 

K-65 

K-66 

K-67 

K-68 

K-69 

K-70 

K-71 

K-72 

K-73 

K-74 

K-75 

K-76 

K-77 

K-78 

K-79 

K-80 

K-81 

Specification No. 

AFSC - TR-65 -6 

4MCP 74-1 

AMCP 74-1 

AFSC - TR -80 

ESDP 80-3 

ESDP 80-4 

ESDP 80-6 

ESDP 80-7 

MIL -HDBK-2 17A 

3P 400 

AFR 400-46 

AMCR 700- 15 

MICOM REG. 702-1 

RCR 800-A 

SPINST 3100.1A 

SPINST 3900.1 

SPINST 3900.2 

NASA SP-6501 

OD 21612 

OD 2 16 13 

OD 29304 

Ti t le  

Chai rman ' s  Final  Repor t  

Supplement to  T a s k  Group # 1  of AGREE 

Descript ion of AGREE Task  Group #III 

Techniques for  Rel. Measurement  and Pred .  
Based  on Fie ld  F a i l u r e  Data 

Genera l  Req. for  Rel. & Maint, Data Collection 
& Evaluation Sys tem for  Elect .  Sys tems 

Rel. & Maint. Prog.  P r o b l e m s  Observed  
During Cont rac tor  Monitoring 

Guidance on Proposa l  Content for  Rel. & Maint. 
i n  SystemIEquip.  P r o c u r e m e n t s  

Monitoring of Cont rac tors  Reliability & 
Maintainability P r o g r a m s  

Rel. S t r e s s  & F a i l u r e  Rate  Data for  Elec t ronic  
Equipment  

Genera l  Instruct ions:  Design, Manuf. & 
Inspection of Naval Ord.  Equip. 

I n c r e a s e d  Reliability of Operat ional  Sys tems 
(IROS) 

Rel iabi l i ty  P r o g r a m  for  AMC Mater ia l  

Reliability, Q. A. & Maintainability 

Rel iabi l i ty  Prog .  Req. for  Miss i le  Sys tems 
& Associa te  Equipment 

FBM Weapon Sys tem Trouble  and F a i l u r e  
Repor t  Sys tem 

Rel iabi l i ty  and F a i l u r e  Rate  

Rel iabi l i ty  Report ing Requirements  for  the 
FBM Weapon Sys tem 

Introduction to Evaluation of Rel. P r o g r a m s  

Rel iabi l i ty  Requi rements  for  P r i m a r y  
Subcontractors  

Reliability Requi rements  for  Secondary 
Subcontractors  

Guide Manual f o r  Reliability Measurement  
P r o g r a m  

R e m a r k s  

Also ca l led  AMC 74-1 

U. S .  A r m y  Miss i le  Command 

Confidential 

LMEC-Memo-69-7, Vol I 
3-  140 



.. . 

8 No. 

K-82 

K-83 

K-84 

K-85 

K-86 

K-87 

K-88 

K-89 

K-90 

K-91 

K-92 

K-93 

K-94 

Specification No. 

P B  121838 

P B  121839 

P B  131678 

AD 148801 

P B  161894 

P B  181080 

WD -25477 

AD 265577 

AD 426501 

AD 622676 

NAVSHIPS 93820 

NAVSHIPS 9450 1 

NAVWEPS 00-65-502 

Ti t le  

NEL Reliability Bibliography 

Reliability Design Handbook 

Reliability S t r e s s  Analysis  for  Elec t ronic  
Equipment 

Methods of F ie ld  Data Acquisition, 
Reduction and Analysis  

RADC Reliability Notebook 

Rel. Analysis Data for  Sys tems & 
Components Design Engineers  

Reliability Engineer ing Spec. & Rel. Assurance  

A Survey of L i t e r a t u r e  of Reliability 

A Reliability-Maint. Tradeoff Proc .  f o r  Navy 
Elec t ronic  Equip. 

Survey of Studies & Computer Programming 
Effor ts  f o r  Rel . ,  Maint. & Systems Effectivenes 

Handbook for  Pred .  of Shipboard & Shore 
Elec t ronic  Equip. Rel. 

Bureau of Ship Reliability Design Handbook 
Review of Quality and Reliability of D. 0. D. 
Mater ia l  

Handbook Reliability Engineering Bureau of 
Naval Weapons 

LMEC-Memo-69-7, Vol I 
3-141 

R e m a r k s  

Also  cal led TR-1100 

ASTIA Document 

L a t e s t  rev is ion  is -3. Same 
as TR-58-111 o r  AD-148868 

Film MN 877F 

ASTIA Document lists 521 

DOD Report ,  9 /65  

Dated 12/4 /62  

6 / 1 / 6 4  



2. Categor: L - Quality Assurance 

Specification No. 

MIL-STD- lO5D 

MIL-STD - 109A 

MI .- -S  TD - 2 5 2 

MIL-STD-414 

MIL -STD-643 

MIL-Q -9858A 

MRB Nr 515 

D.O.D. H-50 

NASA- LEWIS QA - 2A 

ASPR 14-001.2 

WR-43 (BUWEPS) 

4FR 74- 1 

kFSC 74-1 

4FR 74-9 

W A F  PROC. 101-1 

>ODH 105 

>ODH 106 

)ODH 107 

)ODH 109 

IASA NPC 200-1A 

JASA NPC 200-2 

Title 

Sampling P r o c e d u r e s  and Tables  for  
Inspection by Attributes 

Quality Assurance  T e r m s  & Definitions 

Wired Equipment Classification of Visual 
and Mechanical Defects 

Sampling P r o c e d u r e s  and Tables,  Inspection 
by Variables fo r  % Defective 

Evaluation of Cont rac tor  Quality Control Sys ten  

Quality Control  Sys tem Requi rements  for  u se  b) 
Army,  Navy and Air  Fo rce ,  Bas ic  DOD QC 
Spec. 

Control of Nonconforming Supplies (Tied to 
MIL-Q-9858 by Notice #2) 

Evaluation of Cont rac tor  Quality Control Sys terr 

Ruality Assurance  Prog .  Provis ions ,  Resea rch ,  
Tes t  & Dev. P r o g r a m s  

P r o c u r e m e n t  Quality Assurance  

Prepara t ion  of Quality Assurance  Provis ions  

Assuring Quality of Product ion of Complex 
Supplies and Equipment 

lua l i t y  Assurance  Management 

hspec t ion  of P u r c h a s e  Manufactured by 
jubcontractors and Vendors 

Specification fo r  Quality Control of A i rc ra f t  
rnd Associated Equipment 

;ampling P r o c e d u r e  for  Acceptance Inspection 

vlultilevel Continuous Sampling Proc .  and 
rab les ,  Insp. by Attributes 

;ingle Level  Continuous Sampling P roc .  and 
Cables, Insp. by Attributes 

i tatist ical  Proc .  for  Determining Validity of 
iuppliers '  Attributes Insp. 

h a l i t y  Assurance  Provis ions  for  Government  
Lgencies 

h a l i t y  P r o g r a m  Provis ions  for  Space Sys tem 
:ontractors 

8 
R e m a r k s  

Also called ABC-STD-105, 
(American-Bri t ish-Canadian)  

Bas ic  DOD QC Spec. 

Bas ic  MRB Spec. 

Explains MIL-Q-9858A 

Details contractual regulations 

XCAF equivalent of MIL-Q-9858 

nstructions for NASA Insp. 

3asic NASA QA Spec. 

L M E C - M e m o - 6 9 - 7 ,  Vol I 
3 -  142 



No. Q 
L-22 

L-23  

L-24  

L-25  

L-26 

L-27 

L-28  

L-29  

L-30 

L - 3  1 

L-32  

L-33  

n L-34 

L-35 

L-36 

L-37 

L-38 

L-39 

L-40  

Specification No. 

NASA NPC 200-3 

ORD-M608-10 

ORD-M608- 1 1  

AMCR 700-6 

AMCR 715-509 

DCAS 

DODD 4155. 11 

SPINST 4200. 1 

BUWEPS INST. 
4355.12 

BUWEPS INST. 
4355.20 

DSAM 8200. 1 

DSAR 8205. 1 

MIL-G-14461 

OD 21454 

MIL -Q - 2 1 549B /SPL4 

MIL-4-2  1549BfSPL5 

MIL-Q-2263 1B 

OD 28800 

MSFC 

Title 

Inspection Sys tem Provis ions  for  Suppliers of 
Space Mater ia l s ,  P a r t s ,  Components, and 
Serv ices  

Ordnance Inspection Handbook--Sampling 
Inspection by Var iab les  

Ordnance Inspection Handbook- -Proc .  & Tab1 
for  Cont. Sampling by Attributes 

Quality Assurance  Sys tem 

A r m y  Quality Assurance  Technical Procedure  

Purchased  Mater ia l  Quality Implementat ion 
Manual 

Improved Management fo r  Quality & Reliabilit 
Assurance  of Mater ia l  

Waivers  & Deviations, Special Pro j .  Office 
Policy 

Bureau  of Naval Weapons Policy for  Mater ia l  
Review 

P r o c e d u r e  fo r  Grant ing Waivers  for  
Nonconforming Mater ia l  ’ 

P r o c u r e m e n t  Quality Assurance  Manual 

P repa ra t ion  and Distribution of Mater ia l  
Insp. & Receiving Repor ts  

Genera l  Quality Control Requirements  

Ordnance Classification of Defects (OCD) 
Prod .  & Promulgat ion Inst. 

Supplier Product  Quality P r o g r a m  Requi reme 
Document for  P r i m a r y  Suppliers 

Supplier Product  Quality P r o g r a m  Requireme.  
Document fo r  Secondary Suppliers 

Q. C . ,  Metal Wrought Products  Except  Forgin 
P r o c u r e d  to Non Gov. Spec. 

Shelf Life Control of Rubber and Bulk Mater ia  

Material  Review Requirements  

LMEC-Memo-69-7, Vol I 
3 - 1 4 3  

Re m a r k s  

Was ORDM 4-12 

Was BUAER Inst .  4355. 11 

Inst. for  DD F o r m  250 

U. S. A r m y  

Po la r i s ,  Poseidon, P r o g r a m s  

Po la r i s ,  Poseidon, P r o g r a m s  

Effective 3 /63  



3 .  Categorv M - Maintainability 
A 

No. 

M-  1 

M-2 

M-3 

M-4 

M-5 

M-6 

M-7 

M-8 

M-9 

M-  10 

M-11 

M-12 

M-13 

M-  14 

M-15 

M-  16 

M- 17 

M-18 

M-19 

Specification No. 

MIL-STD -280 

MIL-STD-47 0 

MIL-STD-471 

MIL-STD-721 

MIL -STD-77 8 

MIL -STD - 82 9 

MIL-STD- 1228 

WR-30 

XWR-30A 

WS-3099 (BUWEPS) 

AFBM 59-32 

ASD 61-381 

ASD 61-424 

AFBSD 62-53 

AFR 66-1 

AFM 66-1 

AFM 66-2 

AFM 66-5 

AFM 66-29 

Ti t le  

~ 

Definitions of T e r m s  for  Equipment  Divisions 

Maintainability Requirements  for  Sys tems & 
Equipment 

Note: Supersedes  MIL-M-26512C (USAF), 
MIL-M-55214 (EL), MIL-M-45765 
(WI), MIL-M-233 13A (SHIPS), 
MIL-M-23603 (WEPS), MIL-STD- 
1228 (ARMY), WS-3009 (WEPS) 

Maintainability Demonstrat ion 

Definition of Effect iveness  T e r m s  f o r  Reliability 
Maintainability, Human F a c t o r s  & Safety 

Maintainability T e r m s  & Definitions 

T e r m s  and Definitions for  Maintainability 

Maintainability C r i t e r i a  for  Tank-Automative 
Mater ia l  

Integrated Maint. Management f o r  Aeronaut ical  
Weapons, Weapons Sys tems & Releated 
Equipment  

Integrated Logis t ic  Support P r o g r a m  Requi re-  
m e n t s  for  Weapons Sys tems Equipment 

Genera l  Specification for  Maintainability 

Design f o r  Maintainability P r o g r a m  for  Weapon 
and Space Sys tems 

Guide to  Design of Mechanical Equip. for  
Maintainability 

Guide to  Integrated S y s t e m  Design for  
Maintainability 

Maintainability Design C r i t e r i a  

Pol icy,  Object ives  & Responsibi l i t ies  - Depot, 
F ie ld  & Organizat ion Maint. 

Maintenance Management  - Depot, F ie ld  & 
Organizat ional  Maintenance 

Maintenance Engineer ing Methods and 
Management  

Maintainability in  Air  F o r c e  Equipment 

Maintainability - Weapon, Support, Command & 
Control  Sys tems 

R e m a r k s  

Effective 3/21/66 

2 /15/66  

Cancelled 8 /66  

Cancel led 6 / 6 4  

Superseded by MIL-STD-470 

Superseded by MIL-STD-470 

Same as ASTIA 269332 

LMEC-Memo-69-7, Vol I 
3-  144 



A 

n 

No. 
- 

M-2C 

M-2 1 

M-22 

M-23 

M-24 

M-25 

M-26 

M-27 

M-28 

M-29 

M-30 

M-3 1 

M-32 

M-33 

M-34 

M-35 

M-36 

M-37 

M-38 

M-39 

~ 

Specification No. 

A F R  66-29 

AFSCM 80-3 

AFSCM 80-5 

AFSCM 80-6 

AFSCM 80-9 

AFSCR 80-9 

MIL -HDBK -47 2 

AR- 750- 6 

MIL-1-85000 

USA OMC 

T. 0. 00-20 S e r i e s  

3RD P 20-134 

RADC TN-60-5 

NADD T N  60-82 

NWDPR Exhibit 61-42 

U D C  TRD 63-85 

ZRD 63 - 140 
‘AD 405-779) 

ZC-S-64- 1 

CRD ESD-TDD 64-616 

JAVTRADEVCEN 
130-1 
Series 

Ti t le  

Maintainability - P r o g r a m  for  Sys tems,  
Subsystems & Equipment 

Handbook Instruct ions f o r  Personnel  Subsys tem 
Des igners  

Handbook Instruct ions for  Ground Equipment 
Des igners  

Handbook Instruct ions for  Ground Support 
Equipment 

Handbook Instruct ion for  Weapon Sys tem Designer  

Maintainability Pol icy f o r  Research  & 
Development 

Maintainability Predic t ion  

Maintenance Planning Allocation and 
Coordination 

Interchangeabi l i ty  & Replaceability of Component 
P a r t s  for  Ai rcraf t  & Miss i les  

Maintainability Design F a c t o r s  

Supplements to AFM 66- 1 

Maintenance Engineer ing Guide for  Ordnance 
Design 

Methods of Maintainability Measurements  and 
Predict ions 

Maintainability and Supportability Evaluation 
Technique 

Maintainability Req. for  Reconnaissance Sub- 
s y s t e m ,  Ground Support Sys tems & Equipment 

Maintainability Engineering 

C r i t e r i a  for  Discard  a t  F a i l u r e  Maintenance 

Maintainability Engineer ing Guide 

Handbook for Reliabi l i ty  and Maintainability 
Monitors 

Design for  Maintainability 

LMEC-Memo-69-7, Vol I 
3 -  145 

R e m a r k s  

Referenced  i n  MIL-M-26512C 

Referenced  i n  MIL-M-26512C 

Referenced  i n  MIL-M-265126 

Referenced  i n  MIL-M-26512C 

Same as P B  18132 

W A F  

Same as AD 611-577 

<as four  additional 
iupplements: - 1 ,  -2, 
.3, & -4  



No. 

M-40 

M-41 

M-42 

M-43 

M-44 

M-45 

M-46 

M-47 

M-48 

M-49 

M-50 

M-51 

M-52 

M-53 

M-54 

M-55 

M-56 

___ 

~ 

Specification No. 

AD 415-416 

AR 705-26 

AMCP 706- 134 

AMCR 750-6 

AMCR 750-7 

AMCR 750- 15 

SLC 4301D (SIC) 

DDC NO. AD 440-381 

SPINST P4700. 1A 

0PNAV.Instr .  4700.16 

NAVSHIPS 4855 

Ins t ruc t ion  5420.48 

NAVSHIPS NO. 8461 

BUSHIPS 10050-1 

OD 28801 

DDC NO. AD601080 

DDC NO. AD603241 

Title 

Verification of Quantitative Maintainabili ty 
Requi rements  

Maintainabili ty P r o g r a m  fo r  Mater ia l  and 
Equipment 

Engineering Design Handbook, Maintainability 
Guide fo r  Design 

Maintenance Engineering Objectives 

Depot Maintenance P i lb t  Overhaul & 
Recondition Tes t ing  

Maintenance Support Planning 

Maintainability Design 

Mathemat ica l  Models for  Maintainability 
Evaluation 

Special  P r o j e c t s  Office Preventa t ive  Main- 
tenance P r o g r a m  (SSB (N) ) 

Preventa t ive  Maintenance Sys tem 

Operational T ime  Log (5-61) 

Maintenance & Mater ia l  Management P ro jec t  
Group 

Concepts Assoc ia ted  with Sys tems 
Effectiveness 

F a i l u r e  /Replacement  Repor t  

Se rv ice  Life Evaluation P r o g r a m  

Maintainability. . . A P r i m e r  i n  Designing for  
P ro f i t  

Maintainabili ty Predic t ion  Methods and 
Resul t s  

LMEC-Memo-69-7, Vol I 
3-146 

Remarks  

Note: to b e  combined with 
and r e l eased  a s  
AR -705 - 25 
After 6 /66  

Effective 2 /66  

See MIL-M-55214 

Q 
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4. Category N - Safety Documents 

n 

No. 

N-  1 

N-2 

N-3 

N-4 

N-5 

N-6 

N-7 

N-8 

N-9 

N- 10 

N-11 

N-12 

N- 13 

N-  14 

N- 15 

N-16 

N-  17 

Specification No. 

ORD M 7-224 

SWG 98-6005 

IO-CRF-20 

AFM 32-3 

AFSWG TR-60-28 

AFBSD 62-41 

AFBSD 62-82 

AFBSD 63-8 

AFM 122-1 

E M  385-1-1 

AEC 500 

OPMANINST 55 10.83 

DOD INST 5530.15 

OPNAVINST. 8020.9A 

MIL-S-38130 

MIL-S-58077 

Office of Indus t r ia l  
Hazards ,  Bureau  of 
Labor  Insti tute,  U. S. 
Dept of Labor  

Ti t le  

Ordnance  Safety Manual 

Handbook of Nuclear Weapon Sys tem Safety 
Check 

Code of Fede ra l  Regulation on Radiation 

Accident Prevent ion  Handbook 

Handbook of Nuclear  Sys tems Safety Design 
Check 

Sys tem Safety Engineering: Genera l  Spec. for 
Dev. of A F  Bal l i s t ic  Miss i l e  Sys tems 

Weapon Sys tem Safety Cr i t e r i a  

Sys t em Safety Engineering: Safety Design 
C r i t e r i a  fo r  Dev. of Elec t ro-Explos ive  
Ordnance  Sys tems 

The  Nuclear Weapon Safety P r o g r a m  

Corps  of Engineers  Safety Manual 

Fede ra l  Regulation Handling Radiation 
Mate r i a l s  

C r i t e r i a  and Standards for  Safeguarding Nuclear 
Weapons 

Safety Studies and Reviews of Atomic Weapons 
Sys tems 

Safety Studies and  Review Involving Nuclear 
Weapons Sys tems 

Safety Engineering of Sys tems and Assoc ia ted  
Subsys tems and  Equipment 

Genera l  Spec. fo r  Safety Eng. of Ai rc ra f t  Sys tems 
Subsys tems Equipment 

A Selected Bibliography of Major References  
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5. Category 0 - Human Fac to r s  
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Human F a c t o r s  Engineering Development of 
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Specification No. 
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D. CATEGORY Q - TECHNICAL JOURNALS AND PERIODICALS AND THEIR 
DATA SOURCES, PERTAINING TO RELIABILITY AND MAINTAINABILITY 

A 

Industrial Quality Contr 01 
Journal of the American Society for Quality Control 
161 W e s t  Wisconsin Ave. , Milwaukee, Wisconsin 53203 

The Journal of Environmental Sciences 
Institute of Environmental Sciences 
940 East ,  Northwest Highway, Mt Prospect,  Ill. 60056 

Journal of Research, National Bureau of Standards 
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Section A. Physics and Chemistry 
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U. S. Government Printing Office, Washington, D. C. 20402 

Technical News Bulletin, National Bureau of Standards 
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U. S. Government Printing Office, Washington, D. C. 20402 

Nuclear Safety 
U. S .  Atomic Energy Commission 
Superintendent of Documents, 
U. S .  Government Printing Office, Washington, D. C. 20402 

Nuclear Design and Engineering 
North Holland Publishing Co. 
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Amsterdam C . ,  Netherlands 

Nuclear Industry 
Atomic Industrial FORUM, Inc. 
850 Third Avenue, New York, New York 10022 

Nuclear News 
American Nuclear Society 
244 E. Ogden Avenue 
Hins dale, Illinois 

IEEE Transactions 
IEEE Transactions on Human Fac tors  in  Electronics 
John Hopkins P r e s s ,  Baltimore, Md. 21218 

month1 y 
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bimonthly 
quarterly 
quarterly 

monthly 

quarter  1 y 
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bimonthly 

monthly 

Bulletin of the Operations Research Society of America 
and Operations Research 
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bimonthly 
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The Annals of Mathematical Statist ics 
c / o  Institute of Mathematical Statist ics 
Prof .  George J. Resnikoff, California State College of Hayward, 
Hayward, California 94542 

Edison Electr ical  Institute Bulletins monthly 
750 Third Avenue 
New York, New York 10017 

IBM - Computing Report  fo r  the Scientist and Engineer bimonthly 
IBM/Data Processing Division 
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Quality 
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quarterly 

National Safety News 
National Safety Council 
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Experimental  Mechanics 
Society for Experimental  S t ress  Analysis 
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Science weekly 
American Association for the Advancement of Science 
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Science and Technology 
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46-47 Chancery Lane, London W. C2, England 

Scientific American 
Scientific American Inc. 
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3 /year  
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Engineering News weekly 
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Tes t  Engineering and Management 
Mattingley Publishing Co. 
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Journal of the American Statis tical As sociation 
American Statistical Association 
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monthly 

quar te r  1 y 
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Upper Gate House, Emory University School of Medicine 
Atlanta Georgia 30322 

Review of the Internatidnal Statis t ical  Institute 
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The Hague, Netherlands 

Journal of the Royal Statistical Society 
Royal Society of London - Notes and Records 
Burlington Hous e , Picadilly , London W 1 , England 
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Gower Street ,  London, W.C. 1, England 
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Hitchcock Publishing Co. 
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Quality Engineer 
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Testing, Instruments and Controls 
c / o  W. Meagher 
P.O.  Box 250, N. Sidney NSW, Australia 

Quality Control and Applied Science 
Executive Sciences Institute Inc. 
Whippany, New Je r sey  

LMEC-Memo-69-7, Vol I 
3- 153 

quarterly 

3 /year  

i r regular  

monthly 

monthly 

month1 y 

monthly 

monthly 

quarter  1 y 



PART 4 . MAINTAINABILITY 

CONTENTS 

Q 

I . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I1 . Analysis and Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A . Qualitative and Quantitative Maintainability . . . . . . . . . . . . . .  
1 . Maintainability Indexes . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Availability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . Fai lure  Rate Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B . Maintainability Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . Support Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D . Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 . Federa l  Electr ic  Method . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Martin Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . RCA Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I11 . Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B . Automatic Checkout Equipment . . . . . . . . . . . . . . . . . . . . . .  
C . Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A . Diagnostic Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D . Throw-Away Maintenance . . . . . . . . . . . . . . . . . . . . . . . . .  
E . Contributing Maintainability Fac tors  . . . . . . . . . . . . . . . . . .  

1 . Standardization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Interchangeability . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . Functional Modularization . . . . . . . . . . . . . . . . . . . . . . .  

F . Mounting and Packaging . . . . . . . . . . . . . . . . . . . . . . . . . .  
IV . Human Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A . The Capabilities and Limitations of Personnel  . . . . . . . . . . . .  
1 . Physical Capabilities and Limitations . . . . . . . . . . . . . . .  
2 . Technician Skills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . Human E r r o r s  in Maintenance Work . . . . . . . . . . . . . . . .  

B . Equipment Considerations . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . Accessibility and ‘Working-Space Requirements . . . . . . . . .  

3 . Control Requirements . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Indicator Requirernents . . . . . . . . . . . . . . . . . . . . . . . .  

Page 

4-3 

4-4 

4-4 

4-5 

4-7 

4-8 

4-9 

4-9 
4-10 

4-11 

4-11 

4-11 

4-12 

4-12 

4-13 

4-13 

4-13 

4-14 

4-14 

4-15 

4-16 

4-17 

4-18 

4-18 

4-18 

4-19 

4-20 

4-21 

4-21 

4-22 

4-22 

LMEC.Memo.69.7. Vol I 
4- 1 



CONTENTS (Continued) 

Page 

C . Environmental Considerations 4-22 . . . . . . . . . . . . . . . . . . . . . .  
1 . Ambient A i r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-23 

2 . Illumination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-23 

3 . Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-24 

4 . Vibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-24 

5 . Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-24 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V . Trade-of fs  4-26 

LMEC.Memo.69.7. Vol I 
4-2 



PART 4. MAINTAINABILITY 

I. INTRODUCTION 
n 

This section has  been prepared as  a source of nuclear power plant 

maintainability information. It is essentially a summary of the concepts, 

facts,  data, principles,  and techniques which comprise  this new technology. 

At this t ime the material. contained herein,  i s  general  and focuses on 

those topics which directly affect design. However, subsequent revisions 

will incorporate m o r e  specific information and detailed data and will encom- 

pass  other  aspects of maintainability such as  testing techniques, assurance 

procedures,  personnel training, maintenance methods, and data collection 

systems.  

to mechanical components of nuclear power plants.  

Emphasis will be placed on those maintainability problems peculiar 

Although a number of references were used, Department of the Army 

Pamphlet 705-1 supplied the bulk of the information contained in this section. 
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II. ANALYSIS AND PREDICTION 

The optimum opportunity for  incorporating maintainability features in a 

new sys tem occurs during the conceptual and ear ly  design phases. Consequently 

initial efforts center about the analysis of sys tem requirements for maximum 

maintainability. 

As the design of the sys tem takes shape, definite maintainability goals in 

They become more  spe- the fo rm of repair  time allocations a r e  established. 

cific and a r e  refined by prediction a s  design progresses .  

s t a r t s  late in the concept stage and continues until design i s  completed. 

The prediction effort 

The third stage of the maintainability effort i s  a demonstration of the 

validity of the predictions made. This may be done during the design stage if  

mockups a r e  available, o r  i t  may be performed on the actual hardware during 

the development stage. 

A. QUALITATIVE AND QUANTITATIVE MAINTAINABILITY 

Because the design features on which maintainability depends a r e  so 

varied and their  interrelationships a r e  so complex, no single all-encompassing 

factor canbe  determined a s  representing desired maintainability character is t ics  

for  a given system. 

ments i s  established for  this purpose. 

ability requirements a s  used in this content a r e  defined a s  follows: 

Instead, a s e r i e s  of qualitative and quantitative require- 

Qualitative and quantitative maintain- 

1) Qualitative Maintainability Requirement: A qualitative maintainability 

requirement, a s  the t e r m  suggests, i s  a general  nonquantitative 

statement of a desired feature o r  character is t ic  to be incorporated 

in  a system. 

2 )  Quantitative Maintainability Requirement: A quantitative maintain- 

ability requirement, i s  a definite statement of the allowable resources  

o r  t ime to be required to per form a given type of support task in the 

final product. Concepts such a s  downtime, repair  time, turnaround 

time, and availability a r e  used to formulate the requirement.  

LMEC-Memo-69-7, Vol  I 
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8 
1. Maintainability Indexes 

Maintainability indexes a r e  quantitative c r i te r ia  used to determine whether 

the maintainability requirement stated in the overal l  sys tem specification has  

been complied with. The indexes, normally based on time ( t ime-to-repair ,  

t ime-between-repairs,  etc. ), a r e  reliable measu res  of the success  o r  failure 

of the sys tem's  maintainability design. 

The overal l  reference is the point of t ime a sys tem is operable, a s  against 

Downtime is defined the period during which it can.not be operated (downtime). 

as consisting of active downti:me and delay downtime. 

period spent in performing inspection, testing, repair ,  replacement, checkout, 

and related support activit ies.  

t em inoperability attributed to the administration of maintenance and support, 

unavailability of tools, tes t  equipment and spares ,  and such other  delays not 

directly attributable to active correct ive o r  preventative action. 

Active downtime is the 

Delay downtime consists of the periods of sys-  

With this general  concept: applied, the basic  element of the maintainability 

This is defined a s  the period of active indexes is found to be r epa i r  time (Rt). 

downtime required to re turn  is failed sys tem to normal  operation. 

r e fe r r ed  to a s  correct ive acti.on t ime (M 

isolate,  and co r rec t  the fault, to make such readjustments and realignments a s  

a r e  required,  and to tes t  to make s u r e  that the fault has  been sat isfactor i ly  

corrected.  

Frequently 

), it is the period needed to locate, ct  

1) Mean-Time-To-Re,pair (MTTR): Mean correct ive action t ime (n ) ct 
is often construed a s  being synonymous with mean- time - to - repa i r .  
It is the statist ical  mean of the times required to repa i r  an item o r  a 

system, and a s  such, represents  the summation of a l l  r epa i r  t imes,  

divided by the total number of fa i lures  that occurred  during a given 

period. It is expressed by the following equation: 

where n is the number of failures,  and R is the t ime to r epa i r  each 

sample.  
t 
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2 )  Mean Preventive Action Time ( n p t ) :  To reduce the probability that 

a sys tem will require corrective action, i t  normally i s  taken out of 

operation f r o m  time to t ime f o r  preventive action (lubrication, clean- 

ing, adjustment, calibration, etc.  ). Because the t ime required for  

this type of action represents  a portion of the total period of a system's  

inoperability, i t  mus t  be calculated as  contributing to total sys tem 

downtime. Mean preventive action t ime thus i s  defined a s  the s ta t is-  

t ical  mean of the summation of periods required for preventive action, 

divided by the total number of preventive actions scheduled for  a 

given period a s  follows: 

where n i s  the number of preventive maintenance actions. 

3 )  Mean Active Corrective and Preventive Action Time (M): This index 

is established to represent  a l l  sys tem downtime resulting f rom both 

correct ive and preventive activities; a s  such, it represents  active 

downtime, the reby excluding the downtime for  which administrative 

actions, unavailability of tools, etc., a r e  responsible. It i s  the 

statist ical  mean of the periods during which correct ive and preven- 

tive work i s  performed on a sys tem during a given period, divided by 

the total number of a l l  such maintenance actions. 

use  of the following equation: 

It i s  calculated by 

where f i s  the number of corrective actions 

f i s  the number of preventive actions. 
C 

P 
4) Mean Downtime (MDT): Mean downtime, which i s  an index used in 

computing the operational availability of a system, i s  the sum of 

mean active corrective and preventive action time (n) and mean 
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delay t ime for  that system during a specified period. 

t ime i s  determined by administrative and supply factors  that cannot 

accurately be anticipated, they a r e  beyond a des igner ' s  control, and 

accordingly, can play little pa r t  in maintainability design. 

Because delay 

2.  Availabilitv 

Inasmuch as availability i s  both a goal to be accomplished by design and a 

measurable  character is t ic  of a developed system, i t  is defined in i ts  various 

aspects  a s  follows: 

1) Inherent Availability (Ai) is defined as the probability that, when used 

under stated conditions in an  ideal environment without consideration 

fo r  preventive action, a sys tem will operate  satisfactorily at  any 

t ime. The "ideal support environment" r e fe r r ed  to exis ts  when the 

stipulated tools, par ts ,  skilled manpower, manuals, and other  sup- 

po r t  i t ems  required a r e  available. As such, the concept of inherent 

availability excludes whatever ready time, preventive maintenance 

downtime, supply downtime, and administrative downtime a sys tem 

may require .  

, 

It is expressed by the formula: 
A 

MTBF .A. = 
1 MTBF t M T T R  

where MTBF is mean-time-between fai lures  

MTTR is mean-t ime-to-repair .  

2 )  Achieved Availability (A,) is defined as the probability that, when 

used under stated conditions in an ideal support  environment, a sys -  

t em will operate satisfactorily a t  any t ime. As i s  readily recognized, 

i t  differs f rom inherent availability only in i ts  inclusion of considera-  

tion for  preventive action; as  in the case  of inherent availability, it  

excludes supply downtime and administrative downtime. It may be 

expressed as: 

MTBM 
*a = MTBM t 
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where MTBM is the mean-time-between- required-actions, resulting 

f r o m  MTBF and mean-time-between-preventive-actions, and is 

mean active downtime resulting f rom both preventive and correct ive 

actions. 

3 )  Operational availability (A,) is defined as  the probability that, when 

used under stated conditions in  an actual support environment, a sys-  

t em will operate  satisfactorily a t  any t ime. It may be expressed as: 

MTBM 
A. = MTBM t MDT 

where MDT is mean downtime. 

These three  concepts of availability have different uses  for  both a procur-  

ing agency and the contractor who designs and develops systems for  the agency. 

Inherent availability and achieved availability summar ize  the extent to which the 
contractor has  achieved maintainability and reliability by his design of a system; 

accordingly, they a r e  established as quantitative goals by the procuring agency 

a t  the t ime a contract  is let, and the contractor  is required to demonstrate the 

sys tem's  capability of attaining them. 

hand, is a significant charac te r i s t ic  of the sys tem developed, and includes delay 

t ime contributions to the downtime of the system. 

planning operations in which the sys tem will be used, and is also of special  

value in estimating total  sys tem cost.  

3 .  Fai lure  Rate Data 

Operational availability, on the other  

As such, i t  aids greatly in 

Fa i lure- ra te  data usually a r e  estimated during the design of a given system 

by the reliability group, for  which purpose they a r e  compiled on the basis  of so 

many fai lures  p e r  thousand hours  of operation. 

direct ly  affect  the development of both the qualitative and the quantitative main- 

tainability requirements f o r  the system: that is to say, a highly reliable sys tem 

can permi t  a long downtime and ye t  attain the availability goal, whereas a sys-  

tem with low reliability requires  minimal  downtime. 

applies to components, in  that components of low reliability must  be much m o r e  

readily accessible than those of high reliability. 

Such reliability es t imates  

A comparable principle 

n 
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Since maintainability computations a r e  no bet ter  than the reliability data 

upon which they a r e  based, the data must  be examined carefully to determine 

their  validity before they a r e  used. 

B. MAINTAINABILITY ANALYSIS 

Maintainability and support analyses,  which begin in the conceptual stage 

of the development of a system, provide the following: 

1) Comprehensive documentation of the specific maintainability require-  

ments  to be met  in designing the system. 

2 )  A l i s t  of checkpoints to ensure that appropriate features  to meet  

the s e maintainabdity requirements s atis  fac to rily will be inco rpo rated 

in the sys tem's  design, together with an indication, in each instance, 

of the type of feature  that will produce the quantitative resul t  required.  

3 )  A l i s t  of the correct ive and preventative.tasks and support  requi re -  

ments  for  the developed system. 

C.  SUPPORT ANALYSIS 

Concurrent with the s t a r t  of the maintainability analysis,  a systematic sup- 

port  analysis is undertaken. 

development of the support plan for the system. 

It establishes the basic  requirements for  the 

Subsystems a r e  analyzed for these purposes a s  soon a s  functional data a r e  

available. 

resul ts  of logical diagnosis of possible fa i lures .  

probable required support, each step for  locating a defective pa r t  o r  deficiency 

is determined; in every instamce of this procedure,  consideration of access  

problems and resources  is essential .  

The analysis thus; initiated entails a step-by-step accounting of the 

Beginning with est imates  of 

Because the mean-t ime-to-repair  (MTTR) for  a new system is the principal 

maintainability requirement,  a means must  be developed ear ly  in the program 

for  allocating and controlling the t ime- to- repa i r  of each subsystem and/or  i ts  

components. 

of the contribution of active downtime, and (2 )  evaluation of these contributions 

against  the established MTTR for  the system. 

Basically such an  allocation procedure consists of (1) determination 
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If the computed MTTR for  the sys tem exceeds the sys tem's  MTTR goal, 

three possible courses  of action a r e  open: 

mean correct ive maintenance t imes,  and ( 3 )  decrease  either o r  both on a t rade-  

off basis .  

(1) decrease  failure ra tes ,  ( 2 )  decrease  

D. PREDIC TION 

Maintainability prediction is a method for  forecasting the effects of design 

Its findings indicate the extent to which design is contribut- on system repair .  

ing to ease  of support, and therefore what additional maintainability features  

will be required.  

the pa r t  of industry and the mil i tary serv ices .  

ably accurate quantitative est imates ,  based on actual hardware design, a r e  

made of the t ime required for  support of a system. 

Prediction methods have been developed by intensive work on 

It is the means by which reason-  

Predictions thus indicate, in  advance of a sys tem's  operation in  the field, 

the downtime to be expected and also which of i ts  features  will be likely to cause 

ser ious trouble. 

A number of prediction methods, which differ widely in their  respective 

approaches, have been developed. 

p remise  that the performance of new equipment can be reasonably predicted 

f rom pas t  experience with s imi la r  equipment. 

summation method based on the breakdown of support  effort into d iscre te  work 

tasks,  and on the establishment of average t ime for  the accomplishment of each 

task.  A third type is a checklist procedure which provides that significant pro-  

cedures of a sys tem be classified and evaluated, and the values then entered on 

a list. 

One type employs extrapolations based on the 

A second type is a t ime- 

Although the prediction methods described in the following paragraphs were 

originally developed for  e lectr ical  systems,  they a re ,  in principle, equally 

applicable to mechanical sys tems.  

of the prediction methodology now in  use  and also indicate the extent to which 

industry and government have attempted to reduce maintainability requirements 

and features  to quantitative form.  Each method has  its own distinct advantages 

and disadvantages, therefore,  selection of a method should be based upon its  

suitability for  the sys tem under consideration. 

These methods represent  a c ros s  section 
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1. Federa l  Electr ic  Method 

The Fede ra l  Elec t r ic  method applies t ime analysis to complex maintenance 

tasks .  Its four major  steps for  any given equipment a r e  as  follows: 

1) Identification of principal par t s .  

2 )  Determination of the failure ra te  of each par t .  

3) Determination of the time required for  the maintenance of each par t .  

4) Computation of the expected maintenance t ime of the ent i re  equipment 

f rom the data obtained in the f i r s t  th ree  s teps .  

2 .  Martin Method 

The Martin method o r  the Technique for  Evaluation and Analysis of Main- 

tainability (TEAM) represents  a method which departs  f rom the principle of 

reliance on experience.  

shooting scheme which begins with the symptom of a fa i lure  and works logically 

towards a solution. The t ime required for  each step of the repa i r  p rocess  thus 

t raced  i s  estimated for  prediction purposes .  

TEAM depends on the graphic presentation of a trouble- 

3 .  RCA Method 

The RCA method is a checklist technique whereby support  t ime is regarded 

as  the c r i te r ion  of maintainability. F o r  these purposes,  support time is 

regarded as  a function of physical design features ,  support requirements ,  and 

personnel requirements,  as  measured by the maintenance skills dictated by 

design. 
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Ill. DESIGN CONSIDERATIONS 

8 
The ult imate goals of maintainability design a r e  reduction to a minimum of 

a sys tem's  support requirements,  and the facilitation of whatever maintenance 

work the system will require .  Important design factors  which influence main- 

tainability a r e  diagnostics, automatic checkout equipment, accessibility, throw- 

away maintenance, standardization, interchangeability, functional modulariza- 

tion, and mounting and packaging. 

Al l  combinations of maintainability design features ,  together with the cost  

in dol lars  and associated repa i r  t imes of each, a r e  considered in o r d e r  to find 

the combinations that best  meet  the systems maintainability requirements.  

combinations selected for  design incorporation a r e  those that produce a degree 

of maintainability that satisfactorily meets  repa i r -  time requirements a t  mini-  

mum total sys tem dollar cost .  

The 

A. DIAGNOSTIC TECHNIQUES 

In maintainability engineering, the term diagnostics refers to actions 

required for  actual failure o r  incipient failure location in an operational system; 

it is bet ter  known a s  troubleshooting. The pr imary  objective of diagnostics is 

an  overal l  reduction of sys tem downtime by providing for  the rapid location of 

fa i lures  o r  incipient fa i lures .  Different diagnostic techniques a r e  a s  follows: 

1) Manual: Manual techniques (which a r e  the type mos t  frequently 

r e fe r r ed  to a s  troubleshooting) a r e  basically t r ia l -and-er ror  efforts 

by skilled technicians, who use  diagnostic instrumentation, a s  well 

a s  detailed procedures  and schematics,  to isolate a malfunctioning 

component by progressively testing al l  components and eliminating 

those that a r e  st i l l  functioning. 

2 )  Semiautomatic: Semiautomatic techniques represent  one o r  more  

steps toward automation of the failure isolation function. 

they fall shor t  of complete elimination of dependence on d i rec t  par t ic i -  

pation by technicians. The indicators e i ther  identify the subsystem, 

o r  component in which a malfunction exists,  o r  they d i rec t  the tech- 

nician to the next action to be taken. 

However, 
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3 )  Automatic: Automatic techniques completely eliminate the need for  

a technician's participation in locating a failure.  Upon failure of a 

component, a system fitted with automatic techniques switches to a 

diagnostic mode and isolates and identifies the malfunctioning i tem to 

the repair-by- replacement level. 

B. AUTOMATIC CHECKOUT EQUIPMENT 

Automatic checkout equipment is usually tailored for  a par t icular  sys tem o r  

It differs f rom integral  test  equipment in that i ts  p r imary  use  equipment group. 

is to check a sys tem p r io r  to operation ra ther  than to monitor i t  during operation. 

Automatic checkout equipment may be appended to a system o r  may be inde- 

pendently packaged, to be connected to i t  when needed. 

C. ACCESSIBILITY 

As a p r ime  design factor in relation to maintainability, accessibil i ty re la tes  

to the configuration of hardware,  ra ther  than to the physical and other  l imita-  

tions of personnel.  A s  such, it is c lear ly  related to packaging requirements .  

Accessibil i ty should penetrate design down to the throw-away level only; a 

module that will be discarded a t  failure c rea t e s  no problems of accessibil i ty for  

i ts  components. On the other  hand, it is very important that the modules them- 

selves  be readily accessible,  the need fo-r this being in d i rec t  ratio to their  

severa l  probable fa i lure  ra tes .  Each module must  be easily removable. 

Accessibility must  a lso be considered for the purposes of testing. If 

external  tes t  equipment is  required fo r  fault isolation, the equipment tes t  points 
o r  regions must  be readily accessible .  

D. THROW-AWAY MAINTENANCE 

Throw-away maintenance is a maintenance policy whereby components o r  

i t ems  of equipment to a given level a r e  discarded a t  failure,  r a the r  than repaired.  

As a policy, i t  is based on the principle that every sys tem design has  a level of 

r epa i r  a t  which i t  i s  m o r e  pract ical  and economically feasible to throw away a 

failing i tem o r  component than it is  to repa i r  that i t em o r  component. 

n 
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The level of throw-away to be selected for  a given design is dependent on a 

g rea t  many factors ,  and may be established at  any point between the ent i re  sys-  

tem and any of the piece par t s  of its subsystems.  The higher levels of throw- 

away obviously provide for  increased availability, but they may dictate costs  of 

such magnitude that a lower level mus t  be chosen. High levels of throw-away 

a r e  universally acceptable wherever costs a r e  not a determining factor .  

Somewhere between the two extremes of throw-away level is the optimum 

level of throw-away for  system design. 

tem depends not only on the cost  of initial hardware procurement,  a s  weighted 

by availability requirements,  but also on the u s e r ' s  support costs .  

between pertinent factors  is normally accomplished to determine the throw-away 

level to be adopted by the designer.  

E. CONTRIBUTING MAINTAINABILITY FACTORS 

Selection of that level for a given sys-  

A trade-off 

Contributing maintainability factors  a r e  those, other  than the pr ime factors  

of diagnostics, accessibility, and throw-away design, that have significant 

effect  on the maintainability of sys tems.  

sideration of the pr ime factors ,  some directly affect sys tem maintainability 

without influencing any of the p r ime  factors ,  and a few affect sys tem maintain- 

ability indirectly.  

1. Standardization 

Some of them a r e  prerequis i te  to con- 

A 

Standardization is a design feature  for  res t r ic t ing to a minimum the variety 

of par t s  that will meet  the majority of a sys tem's  hardware requirements .  It 

is important that the design of assemblies  and components for  a given sys tem 

be physically and functionally interchangeable with other  assemblies  and compo- 

nents of the system. Standardization is a major  consideration of maintainability 

design, because it significantly reduces both the original and the support costs  

of a system. 

In any attempt to achieve standardization, the following principles must  be 

carefully cons ide red: 

1) Make maximum use  of common par t s  in  all  assemblies .  

2 )  Reduce to a minimum the variety of assemblies  and par t s  required,  

and in doing so, make cer ta in  that the basic  types a r e  (a) used 
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consistently for  each given application, (b) compatible with existing 

usages and pract ices ,  and ( c )  c lear ly  distinguishable to prevent 

misapplication. 

3)  By careful  study of the simplification thus attained, reduce to a 

minimum the problems of supply, storage,  and stocking. 

4)  By the same means,  simplify pract ices  in the coding and numbering 

of par t s .  

5 )  Make maximum use  of off-the-shelf components and other  i t ems .  

The experience gained by design engineers and the u s e r s  of systems during 

the past  severa l  decades has established a number of basic  principles of 

standardization design that today a r e  generally accepted: 

1) Design f o r  l iberal  ( ra ther  than mere ly  adequate) performance margins ,  

to permi t  increased employment of given assemblies  and par t s .  

2 )  Whenever possible, design equipment that can be supported by tools 

and tes t  equipment already in common use .  

3) Design units that a r e  symmetr ical  a s  regards  a centerline, to elimi- 

nate requirements for  right- and left-hand par t s .  

4) Specify standard s izes  and gauges. 

2 .  Interchangeability 

Functional interchangeability is attained when a pa r t  o r  unit, regard less  of 

its physical specifications, can per form the specific functions of another pa r t  
o r  unit. 

made to the same specifications can be mounted, connected, and used effectively 

in the same position in an assembly o r  system. 

Physical interchangeability exists xvhen any two o r  m o r e  par t s  o r  units 

To attain maximum interchangea.bility of pa r t s  and units in a given system, 

design engineers must  'insure: 

1) That functional interchangeability exis ts  wherever physical inter-  
changeability is a design character is t ic .  

2)  That physical interchangeability does not exist  wherever functional 

interchangeability is not intended. 
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3 )  That wherever complete (functional and physical) interchangeability 

l is impracticable, the par t s  and units a r e  designed for  functional 

interchangeability, and adapters a r e  provided to make possible 

physical interchange ability wherever practicable.  

4) That sufficient information is provided in job instructions and on 

identification plates to enable a u s e r  to decide definitely whether o r  

not two s imi l a r  par t s  o r  units a r e  actually interchangeable. 

5 )  That differences a r e  avoided in the size, shape, and mounting, and 

in other physical character is t ics .  

6) That modifications of par t s  and units do not change the ways of mount- 

' ing, connecting, and otherwise incorporating them in an assembly o r  

system. 

7 )  That complete interchangeability is provided for a l l  par t s  and units 

that (1) a r e  intended to be identical, ( 2 )  a r e  identified a s  being inter-  
changeable, ( 3 )  have the same manufacturer 's  number o r  other 

identification, and (4) have the same function in different applications 

(this is especially important for  par t s  and units whose failure ra tes  

a re  high). 

To attain effective interchangeability of par t s  in units in systems being 

designed, the design engineers should give special  attention to the following 

p rac  tic a1 principles : 

1) Identical pa r t s  a r e  to be  used wherever possible in s imi la r  equipment 

and in a s e r i e s  of equipments of common type. 

2 )  Pa r t s ,  fas teners  and connectors, l ines and cables, etc. ,  a r e  to be 

standardized throughout a system, par t icular ly  f rom unit to unit 

within a system. 

3 )  Mounting holes and brackets  a r e  to be made to accommodate par t s  

and units of different makes.  

3 .  Functional Modularization 

Q 

Functional modularization is the packaging of components and subassem- 

blies in self-contained functional units to facilitate both the operation and the 
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maintenance of a system. Although broad in i ts  applications, functional 

modularization is specific in i t s  use a s  a maintainability design factor for com- 

plex systems.  Its effective employment resul ts  in the following advantages: 

1) Proper ly  employed, functional modularization great ly  simplifies 

trouble shoo ting . 
2 )  The use  of automatic and semiautomatic diagnostic techniques is 

facilitated by functional packaging, inasmuch a s  modularization allows 

for  the ready prediction of such faults a s  occur  in a system. 

3 )  The two resul ts  of functional modularization just  noted make possible 

major  reduction of the requirements for  maintenance personnel and 

their  training, as  well as  the overal l  requirements for  manuals and 

other  technic a1 info r m a  tion. 

F. MOUNTING AND PACKAGING 

The requirement  for  mounting individual par t s  and subassemblies i s  a 

F o r  any system, a majority of the par t s  and maintainability consideration. 

subassemblies could be placed in severa l  alternative locations, only some of 

which would afford maximum advantage to the overal l  system design. 

fore  the decision for  the final arrangement  of such par t s  should be based on the 

following considerations: 

There-  

2 

3 )  

Accessibility: 

nician, and their  needs while performing their  tasks,  a r e  important 

aspects  to be  considered in designing for  accessibil i ty.  Considera- 
tion of the failure ra tes  of par t s  and subassemblies is  equall-y 

important. 

The limitations of the individual operator  and tech- 

Environmental Protection: 

sensit ive to environmental conditions (operating s t r e s s ,  vibration, 

temperature  changes, and the like) deserve  special  attention. 

Obviously, such par t s  must  not only be placed in preferent ia l  loca- 

tions, but also must  be carefully mounted. 

Built-in Equipment: The requirements for built-in test  and fault- 

isolation equipment must  be established, and provisions made for  

suitable location and mounting. 

Those par t s  and subassemblies unusually 

A 

LMEC-Memo-69-7, Vol I 
4- 17 



IV. HUMAN FACTORS 

63 
Human engineering i s  concerned with the evaluation of technical design in 

t e r m s  of the physical and psychological limitations of the men who a r e  to 

operate and serv ice  the equipment and systems produced. 

To maintain a sys tem in a state of readiness ,  design features  to make this 

possible mus t  be considered f rom the beginning of work on the system's  over-  

a l l  design. 

Among the many aspects  of a sys tem's  support  requirements that require  

maintainability design, those in which human fac tors  play a part ,  a r e  as  follows: 

1) The capabilities and limitations of personnel. 

2 )  Equipment considerations; namely, that equipment de sign may not 

require  a man to exceed his physical and psychological limitations. 

3 )  Environmental considerations; namely, controls to offset adverse 

environmental conditions and to prevent the deterioration of an 

individual's performance a s  a resul t  of environmental conditions. 

4) Safety conditions. 

A. THE CAPABILITIES AND LIMITATIONS OF PERSONNEL 

The fundamental charac te r i s t ics  of man have not changed during the ages, 

even though life expectancy and height have increased in  some par t s  of the 

world, On the other  hand, the advances of science and technology made during 

the l a s t  century have created an  urgent  need for  balancing human behavior, a s  

a constant, against  the machine i n  an attempt to c rea te  effective and efficient 

man-machine combinations. 

1. , Physical Capabilities and Limitations 

Individuals vary in s ize  and strength.  The minimums and maximums, in 

t e r m s  of which designers  must  work should be within the capabilities and 

limitations of at least  95 percent  of the technicians who a r e  expected to work 

under the environmental conditions in which equipment will be operated and 

maintained. 
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Lifting, carrying, and strength capabilities of personnel a r e  important 

considerations.  If maintenance o r  repa i r  tasks require  the handling of system 

equipment beyond established physical capabilities, provisions should be made 

to eliminate o r  facilitate such handling. 

2 .  Technician Skills 

Physical capabilities and limitations a r e  not the only factors  that affect  a 

Intelligence level and intellectual experience manls ability to per form work. 

and a le r tness  (best  expressed a s  skill level) mus t  also be taken into considera- 

tion. 

in shor t  supply. Despite in-service training in both industrial  and government 

fields, shortages continue to exist  in the higher skill levels (two o r  m o r e  yea r s  

of experience),  even though surpluses  a r e  found in the lower skill levels ( less  

Skill level is especially cri t ical ,  because skilled technicians a r e  normally 

, than two yea r s '  experience).  

Fortunately, training and stratif ication a r e  not the only means used to solve 

the problems created by the shortage of skilled technicians. 

equipment to require  low skills for  i ts  support is m o r e  and more  resor ted  to, 

and a s  such maintainability programs progress ,  the difficulties created by the 

shortage of skilled technicians will be alleviated. F o r  the foreseeable future, 

however, the designers  of equipment must  s t r e s s  this phase of their  work. 

The designing of 

In conjunction with such design work, support concepts and techniques must  

be developed that a r e  commensurate with the skill levels of the personnel avail- 

able, i f  maximum efficiency i s  to be attained. When a malfunction occurs ,  the 

trouble must  f i r s t  be diagnosed before the appropriate remedial  action can be 
taken. An individual's ability to diagnose is usually proportional to his other  

maintenance skill levels,  which means,  of course,  that highly skilled mainte- 

nance diagnosticians a r e  in short  supply. Hence the growing trend toward the 

development of automatic and semiautomatic checkout and failure-locating 

equipment, and also the increasing use  of throw-away modules. 

designs, successful performances of correct ive maintenance might not be pos- 

sible within acceptable t ime limits. In this connection, however, a word of 

caution is needed: 

nance problems and as  a satisfactory substitute for  continued emphasis on 

technician training. 

Without such 

it is dangerous to regard automation a s  a cure-a l l  for  mainte- 
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One of the principal objectives of this training must  continue to be in the 

As was stated ear l ie r ,  the time required a rea  of the diagnosing of failures.  

fo r  locating the trouble in a defective sys tem accounts for a s  much a s  75 pe r -  

cent of active maintenance downtime. 

mum, systematic troubleshooting procedures  must  be developed for  technicians 

to use with every type of equipment, and the technicians must  be trained to use  

them effectively. 

standard, as  follows: 

To keep failure location t ime to a mini- 

The pattern that all  such procedures must  follow is  reasonably 

1 )  Performance of a routine check to identify the symptoms of 

malfunction . 
2 )  Analysis of these symptoms to identify the a rea  in which the malfunc- 

tion has  occurred. 

3 )  Special tes ts  and checks to locate the malfunction as  either a replace- 

able o r  a repairable pa r t  o r  unit. 

3 .  Human E r r o r s  in Maintenance Work 

An accident study made by the a rmed forces,  revealed that many of the 

equipment fa i lures  that produced them occurred shortly after completion of 

periodic inspections. 

repetitious. 

fa i lures  which resulted in  equipment failures were: 

It also showed that many of the mistakes made were 

It was concluded, therefore, that the basic causes of the human 

1 )  Inadequate basic training in the relevant maintenance practices,  

policies, and procedures.  

2 )  Lack of training in the maintenance of the types and modules of the 

' equipment being maintained. 

3 )  Inadequate o r  improper  supervision. 

4)  Inadequate inspection. 

It follows that the principal goals towards which designers should work to 

minimize human failure are:  

1 )  Reduce to a minimum the number of support tasks to be performed 

for  each system. 
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2)  Design equipment so that the support tasks  required can be performed 

easily and simply by personnel of specified skills working in specified 

environments. 

3 )  Design equipment with features that make i t  difficult o r  impossible 

for  a task  to be performed improperly o r  incompletely. 

B. EQUIPMENT CONSIDERATIONS 

Human factor considerations of accessibility, indicator design, and control 

design contribute to the reduction of maintenance and repair  t ime. 

1. Accessibility and Working-Space Requirements 

Aecessibility requirements a r e  determined by the maintenance action 

required, which may be visual o r  physical, o r  both, depending on whether the 

task  be inspection, sekvicing, adjusting, repairing, o r  replacing. Generally, 

they represent  two needs; namely, access  to an  i tem for  inspection and testing, 

and space in which to adjust, repair ,  o r  replace it. 

Downtime for  a new sys tem can be minimized by giving appropriate con- 

sideration to the location and mounting of equipment and by providing access  to 

components. 

bility include the following: 

General guidelines for designers to follow in providing for  accessi-  

1) Locate assemblies,  subassemblies,  and par t s  to make possible 

inspection, servicing, replacement, and/or  repair ,  a s  required, 

without removing them and without interference f rom them. 

2 )  When such provisions cannot be made, place the i tems that a r e  

expected to require maintenance most  frequently where they will be 

mo s t ac c e s s ibl e. 

Once access  has  be'en gained to an a rea  in which an assembly o r  par t  i s  to 

Guidelines for  be repaired o r  replaced, access  to that i tem must  be provided. 

the designer in planning for ease  of maintenance work include: 

1) Locate assemblies  and par t s  so that s t ructural  units and other par t s  

do not block access  to them. 
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2)  P lace  assemblies  and pa r t s  so that sufficient room i s  available for  

the use  of tes t  probes and other  tools needed. 

3 )  Place  al l  throw-away i tems so that they can be removed without the 

necessity of removing other  i t ems .  

4) Design each assembly so that i t  need not be  removed to troubleshoot 

any of i ts  components. 

I 5)  Use plug-in modules wherever  feasible. 

2 .  Indicator Requirements 

The designing of effective indicators for  maintenance use consists of select-  

ing the types desired,  deciding where they can bes t  be located, determining the 

sca le  markings to be used, and labeling each device properly.  

3 .  Control Requirements 

Considerations that influence the design of controls a r e  much the same a s  

those for  indicators.  

C. ENVIRONMENTAL CONSIDERATIONS 

The machine components of man-machine systems a r e  normally designed to 

give maximum performance within specified environmental l imits;  when these 

l imits  a r e  exceeded, both performance and reliability suffer. 

required under all  conditions. 

Some support is 

In contrast  to equipment, the design of which can be changed, the human 

being has  inhe'rent and relatively inflexible "design" charac te r i s  tics. 

al ternative available is, wherever possible, the exerc ise  of control over  environ- 

mental  conditions to provide reasonably acceptable working conditions. 

The only 

The principal means of controlling conditions in work a r e a s  a r e  heating, 

cooling, and ventilating equipment, and insulation. Whenever this is not pos- 

sible, personnel efficiency can be increased in a numer of ways, as  follows: 

1) Rotation of personnel a t  work stations. 

I 2) Decreased work loads. 

I 3 )  Increased work space.  

n 
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4) Individual protection measures .  

5 )  Acclimatization (conditioning) of personnel. 

It should be noted, however, that adoption of any of these methods will increase  

support costs  by requiring either additional personnel o r  additional t ime for  

training . 
F o u r  principal environmental conditions affect man's  efficiency during p e r -  

formance of his work. 

1. Ambient A i r  

Temperature ,  relative humidity, a i r  circulation, and the purity of a i r  all 

affect human performance. F o r  pract ical  purposes,  temperature ,  relative 

humidity, and a i r  movement a r e  often combined, and as  such, a r e  r e fe r r ed  to 

as  Effective Temperature  o r  ET.  

the combined effects of these three charac te r i s t ics  in t e r m s  of the subjective 

feeling of warmth. 

relative humidity) and a i r  velocity is zero,  the value of ET is that of the a i r  

temperature .  Any combinations of temperature ,  humidity, and a i r  movement 

that produce the same subjective feeling of warmth a r e  given the same ET value. 

This is an empir ical  index that expresses  

When the ambient a i r  i s  completely saturated (100 percent  

2 .  Illumination 

Where expected conditions and facilities will permi t  optimum illumination 

to be used, the design of systems should provide for i t .  

constitutes optimum illumination, the following factors  should be noted: 

In considering what 

1 )  The level of illumination required.  

2 )  Uniformity of lighting throughout the work space.  

3 )  Color composition of the light source.  

4) Brightness contrast  between the work and i t s  background. 

5 )  Glare.  

In addition, safety hazards  created by poor illumination should not be forgotten. 
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3 .  Noise 

Excessive noise in a work a r e a  usually reduces the efficiency of the workers,  

and thus, indirectly, may reduce overal l  system readiness i f  the work pe r -  

formed is maintenance. 

Exposure to noise of more  than 80 db may resul t  in temporary o r  permanent 

loss  of hearing, the extent of damage being determined by the length of exposure. 

Excessive noise a lso affects personnel psychologically; fatigue occurs  more  

rapidly, ability to concentrate decreases ,  and annoyance increases .  

efficiency declines. 

studied and, when necessary,  reduced. If reduction is not feasible, the workers 

should be issued protective devices.  

As a result, 

Noise conditions in  maintenance work a reas  should be 

4.  Vibration 

Low-frequency high-amplitude vibration of the working level frequently 

causes motion sickness;  in the ranges of 25 to 40 cps and 60 to 90 cps, visual 
acuity may be impaired. 

a maintenance man  c rea t e s  many small and large problems for  him, ranging 

f r o m  the manipulation of controls to the reading of indicators and labels;  in any 

event, his efficiency is  reduced. 

Equipment that is vibrating when being worked on by 

Designers should make every reasonable attempt to eliminate vibration 

f r o m  the equipment that maintenance men must  work on. 

by which this is accomplished, apa r t  f r o m  major  design features ,  a r e  vibration 

insulation, rubber  shock mounts, and the cushioniag of work platforms and 

seats .  

The principal means 

5. Radiation 

The nuclear power plant designer mus t  consider radiation as  an additional 

environmental effect on component maintainability; that is ,  radioactive con- 

tamination of the component o r  high levels of radiation in proximity to the com- 

ponent location. 

A component can be contaminated by: (1) d i rec t  i r radiat ion in a neutron 

flux; 

the cooler regions of the system; 

(2)  f ission product deposition f rom the coolant through m a s s  t ransport  to 

( 3 )  activation of dissolved impurit ies in the 
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coolant which then plate out on the component; o r  (4) by the freezing of 

activated o r  contaminated sodium trapped in the component subsequent to sodium 

sys tem draining. 

High radiation levels in potential working a reas  resul t  from: activated 

vessles ,  piping, o r  walls; f ission products in the coolant of undrained adjacent 

systems;  o r  adjacent activated pr imary  sodium sys tems.  

Recent experiences with nuclear reactor  sys tem repa i r  strongly reinforce 

the need for  a dras t ic  change in maintainability planning by the designer when 

considering incore components, and p r imary  vessels  and piping. 

With the advent of the LMFBR, designers  mus t  also consider the special  

problems associated with activated o r  contaminated sodium systems and pro-  

vide for  ease  of access  in o rde r  to limit personnel exposure t ime in a reas  

which have the potential for  high levels of radiation. 

l a rge  component subassemblies should be considered to permi t  ready replace- 

Modular construction of 

ment  while affording ample time to clean and decontaminate the component under 

controlled and unhurried conditions. 
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V. TRADE-OFFS 

Trade-off techniques a r e  analytic processes  whereby a complex problem of 

maintainability design, involving the selection of one of severa l  possible design 

var iants  (parameters ) ,  is broken down into a number of smal le r  problems, the 

successive solutions of which lead directly to solution of the basic problem. 

Each smal le r  problem represents  one of possible designs to be adopted; having 

been carefully defined, i t  is studied in the light of a l l  of the system pa rame te r s  

(e.  g . ,  reliability, availability, safety, production schedule) i ts  par t icular  design 

will affect, and a weighting factor i s  assigned to the relationship of this design 

feature  with each such parameter  to indicate the relative significance of each 

such relationship. 

the advantages and disadvantages to be  gained by a par t icular  design feature and 

expressing the resul ts  quantitatively. 

of a l l  the minor problems produces a numerical  bas i s  for solving the major  

problem, while a t  the same time providing whatever solutions of intermediate 

problems may be required.  

Solution of each smal le r  problem is a r r ived  at  by balancing 

Step-by- step summation of the findings 

The principal goal of the trade-off techniques, so applied, is objectively 

expressed in numerical  t e r m s  for  u se  in substantiating optimum design deci-  

sions.  It should be noted here ,  however, that the optimization of judgment 

des i red  can be attained only by considering all  the elements of a problem. 

Incompleteness of t reatment  is the principal pitfall in the conduct of trade-off 

s tudie s . 
Formally developed trade-off studies a r e  needed a t  every stage of the 

design and development of new sys tems.  

the feasibility of a program.  

weighed in t e r m s  of such factors  a s  state of the a r t ,  development t ime required, 

total cost, extent to which off-the-shelf hardware can be used, potential con- 

sumer  demand, company capabilities, and profit  margin.  After the feasibility 

At  the beginning stage, they determine 

System requirements must  be analyzed and 

study has produced a positive finding and design work begins, trade-off tech- 

niques a r e  applied to such problems as determining the relative advantage of 

various sy s t em concepts , throw- away- at - f a i lure  versus  piece -par t  repair ,  

different packaging concepts, and at  every level, variant specific design features .  
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Trade-offs a lso play a pr imary  role  in decision-making during design review, 

when the diverse  interests  of severa l  project  objectives must  be reconciled. 

The NSIA and Pa rame t r i c  Time/Cost  Comparison methods a r e  two of the 

m o r e  widely used trade-off techniques. 
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