
Table A.1 Gall Report for NRC Generic LettersP

Document: GL Letters, NRC Generic Letters, 1989-1994 
Reviewed by: Dwight R. Diercks, ANL Effect of Aaina on Comoonent Function Contb, b to [Failure

Rennrtrnd .wniI� n.n�,e �anrnt Rwnmmen.4afl�ft.
Erosion/corrosion caused by high-velocity Moderate NUREG-1344 Implement long-term erosion- 89-08 1 
flow of water through piping has caused corrosion monitoring programs. [4] 
several incidents of piping failure or wall 
thinning below ASME Code allowables.  
Fluctuations in water temperature within Frequent NUREG-0619 Not stated 89-21, p. 2 
BWR vessel in nozzle region produces 5 
high-cycle fatigue and resulting crack 
initiation and growth in nozzles.  
Fracture toughness of support matenals Not stated NUREG-0577 Maintain minimum temperature 89-21, pp. 3 
may be inadequate, creating the potential above fracture transition 6 
for fracture or lamellar tearing in service, temperature; replace supports if 

necessary [4] 
The gradual buildup of macroscopic Frequent NUREGYCR-5210; Implement surveillance and control 89-13; 89- 4 
biological fouling organisms (e.g., blue NUREG/CR-5234 program outlined in Generic Letter 13, Suppl.  
mussels, American oysters, Zebra 89-1314] 1 
mussels, and Asiatic clams) inhibits 
coolant flow, ultimately resulting in flow 
"rates below technical specifications.  
Combination of residual or service Formerly frequent NUREG-0313 Follow recommendations in 89-21, p. 5 
stresses, sensitization from welding, and NUREG-0313. [4] 11 
oxygenated cooling water can cause 
IGSCC of piping, resulting in leakage.  
Neutron irradiation over extended time Not stated NUREG- Follow NUREG-0744 methods for 89-21, pp. 6 
periods can cause embnttlement of the 0744:ASTM E- evaluating Charpy upper shelf 5-6, 16; 
reactor pressure vessel material, 185;Reg. Guide impact strength. (4] 92-01, 
particularly near the beltiine, resulting in 1.99, Rev. 2 Rev. 1 
loss of impact resistance and possible 
failure in a severe pressurized overcool 
event
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Table A.1 Gall Report for Information Notices

Document: IN&B 1989,1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL 
Item System StructurefComp SubcomDonent

Piping and heat 
exchangers

Materials Manufacturer ARD mechanism ARD effects
1 Cooling system Valves Carbon steel valve Carbon steel Not stated ERO/CAV Loss of material 

bodies 

2 Cooling system Coolant pump Pump shaft A-286 Byron Jackson FAT Cumulative fatigue 
damage 

3 Cooling system Coolant pump Ring surrounding Not stated Byron Jackson Not stated Not stated 
bearing housing 

4 Cooling system Steam generator Tubing mechanical Inconel 600 Westinghouse CORR/PWSCC Crack initiation and 
plugs growth 

5 Cooling system Steam generator Tubing mechanical Inoonel 600 Babcock & Wilcox CORR/PWSCC Crack initiation and 
plugs growth 

6 Cooling system Steamlines Atmosphenc dump Not stated Control CONTAM Loss of desired 
valves Components, Inc. surface properties 

7 (Various water Pumps Impeller, bushings, Brass bushings; Not stated ERO/CAV; VIBR Loss of matenal; 
systems) and other internal other materials not physical damage 

components stated.  

8 Electrical control Electrical cable Neoprene Not stated ELE-TEMP Chemical and 
system insulation chloroprene and physical degradation 

other organic 
polymers 

9 Turbine High-press. steam 14-in, piping Carbon steel Not stated ERO/CORR Wall thinning 
extraction fine 

10 Containment system Containment Steel shell (Carbon?) steel Not stated CORRIBA Loss of material 
structure 

Document: IN&B 1990, 1990 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Service water Check valve Swing arm 17-4 PH stain-less Borg-Warner CORR/SCC Crack initiation and 
system steel, H 1100 heat growth 

treatment 

2 Service water Motor-operated Valve seat Not stated BIF/GeneraJ Signal ENVIR Physical degradation 
system butterfly valve Corp.

Service water 
system

Page 1 A

3 Valve seat Not stated Not stated CONTAM Buildup of deposits



Effeto ........ r na P.... e........ ......... ,'-,- .. i..N o n -1rInlomm Eu" -uns . Item Significant localized wall thinning of 16- Not stated Not discussed in Not stated 89-01 
and 24-in. valve bodes apparently caused report 
by cavitation can lead to rupture.  
Abrupt decoupling of pump shaft and Not stated Not discussed in Use improved vibration monitoring 89-15 2 impeller probably caused by shaft fracture report system to detect growing cracks in or failure of cap screws and drive pins, shaft [2] 
resulting in pump failure. Root cause is 
undetermined, but possibly fatigue.  
Failure of attachment weld was repaired Not stated Not discussed in Repair with full-penetration welds 89-20 3 by fillet welds that failed four years later, report and realignment of ring. [2] 
resulting in pump failure and loose parts 
in the recirculation loop.  
Intergranular cracking, apparently Not stated Not discussed in Replace plugs from suspect heats ol 89-33; 4 associated with improper heat treatritent report material; discontinue use of Bull. 89and/or susceptible heats of matenal, can Westinghouse plugs. [4] 01, 89-01, cause mechanical tube plugs to loosen, Suppl. 1 a leak, and sometimes be forcibly ejected. 2.  causing additional tube damage.  
Intergranular cracking, apparently Not stated NRC Bull. 89-01 Conduct eddy current inspections of 89-65 5 associated with intragranular carbides and installed plugs. [4] 
relatively little intergranular precipitation 
improper heat treatment and susceptible 
heats of material, could lead to possible 
plug failure.  
Foreign particles from steamlines lodge in Not stated Not discussed in Design modifications have been 89-38 valve clearance areas and on sealing report implemented by the manufacturer (1] 
surfaces, resulting in leakage past valve 
plug piston ring and consequent valve 
malfunctioning. 

I Repeated operation of the pumps at 60% Not stated Not discussed in Avoid sustained operation of pumps 89-08 7 o)r less of their design flow resulted in report at low flow rates [4] 

slow deterioration of internal components, 
causing eventual loss of pump function.  
Prolonged exposure of electrical cable Not stated NRC Temporary Provide better containment cooling tc 89-30 8 insulation to temperatures above their Instruction 2515/98 maintain temperatures below the EQ environmental qualification (EQ) design temperature (4] 
temperature, e.g., in reactor containment 
can lead to insulation breakdown and 
failure.  
Abrupt change in I.D. at nozzle-to-pipe Not stated NRC Bull. 87-01 Not stated 89-53 
connection apparently causes flow 
turbulence, leading to accelerated 
erosion-corrosion of adjacent piping.  
Boric acid leaking from instrument line Not stated 1OCFR5O, Appendix Containment in-service inspection 89-79; 89- 10 compression filtings condenses on the J for wall thinning by corrosion [4] 79, Suppl.  outer surface of the containment steel 1 
shell, resulting in general and pitting 
corrosion.  

Document: IN&B 1990, 1990 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Preexisting casting defects, including Not stated Aerospace Materials Replace with parts from another 90-03 
porosity, hot cracks, and weld repairs, Spec. 5398A and vendor; inspect parts for flaws plus improper heat treatment, resulted in Mil. Spec. MIL-H- before installation. [4] 
propagating cracks in the high chloride 6875 
service water that caused fracture and 
loss of function.  
Valve seat maternal hardens with time Not stated GL 89-10 Set open torque switch to maximum 90-21 2 under service conditions, causing value; test and inspect valves. [4) 
increase in coefficient of friction and 
possible failure of valve to open.  
Accumulation of silt and corrosion- Nt ttC 4 1-: ^.... ,-....

Table A.1 Gall Report for Information Notices

Document: IN&B 1989, 1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL

products in piping reduced emergency 
water flows to levels below design basis 
conditions.

A and B
C.eaning or contamination and 
adjustments in flow distribution [4]

90-39 3
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Table A.1 Gall Report for Information Notices 

Document: IN&B 1990, 1990 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item SytmStbructure/Como Subcc

Page 2A

:imeonent Materials Manufacturer ARD mechanism ARD effects

Service water Containment air Tubes Not stated Not stated CONTAM Buildup of deposits 
system coolers 

5 Service water Service water lines Check valves Not stated Not stated CONTAM Buildup of deposits 
system 

6 Service water Piping Not stated Not stated CORR; CORR/MIC Loss of material; 
system corrosion product 

buildup 
7 Cooling system Steam generator Upper shell-to- Not stated Westinghouse and CORR, Loss of material: 

b'ansition cone girth Combustion FAT/THERM cumulative fatigue 
welds Engineering damage 

8 Cooling system Steam generator Tubes Not stated Westinghouse and CORR/SCC Crack initiation and 
Combustion growth 
Engineering 

9 Cooling system Pressurizer Pressurizer heater Inconel 600 Not stated CORR/PWSCC Crack initiation and 
thermal sleeves growth 

10 Cooling system Coolant pumps Bolts fastening A453, Gr. 660 (Alloy Not stated, but CORR/IGSCC Crack initiation and 
turning vanes A-286) similar to growth 

Westinghouse 
design 

11 Pressure vessel Pressure vessel Weld cladding and Not stated Not stated CORR/SCC Crack initiation and 
upper head base-metal heat- growth 

affected zone 

Document: IN&B 1991, 1991 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Cooling system Moisture separator 6-inch, schedule 40 Carbon steel Not stated ERO/CORR Wall thinning 
drain piping 

2 Cooling system Feedwater regulating 6-inch piping Carbon steel Not stated ERO/CORR Wall thinning 
valve bypass line 

3 Cooling system Low-pressure drain Piping Carbon steel Not stated ERO/CORR Wall thinning 
system 

4 Cooling system Row-measunng- Orifice flange Carbon steel Not stated ERO/CORR Wall thinning 
orifice 

5 Cooling system Moisture separator 8-inch elbow Carbon steel Not stated ERO/CORR Wall thinning 
reheater

6 Cooling system Steam generators Feedwater 
distribution feedring 
piping

Carbon steel Combustion 
Engineering

FAT/THERM;ERO/ 
CORR

Cumulative fatigue 
damage; wall 
thinning



Table A.1 Gall Report for Information Notices

Document- IN&B 1990, 1990 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported nron• R,,lnrmni•

- - , ...... ...__ _ -.. .-. r-e . .. r';. ... ........ ......- .. .- - - - -" -•' 
Buildup of silt and corrosion products in Not stated 10CFR50, Append. Remove deposits [4] 90-39 4 
containment air cooler tubes reduced A and B 
service water flow rates to unacceptable 
levels.  
Buildup of silt in emergency water service Not stated 10CFRSO, Append. Remove deposits [4] 90-39 5 
line check valve could have prevented A and B 
system from functioning.  
Acidic well water and MIC have resulted Not stated 10CFR5O, Append. Chemically clean system and/or 90-39 6 
in a corrosion pitting rate of 24 mils per A and B replace pipe [4] 
year in the affected components.  
Corrosion fatigue from thermal cycling, Not stated Not discussed in Perform more frequent inspections 90-04 7 
dissolved oxygen in feedwater, and Cu report of affected region. [4] 
alloys in feedwater system result in crack 
initiation at surface corrosion pits and 
subsequent crack growth into girth welds.  
Secondary side,-initiated cracking of Not stated Not discussed in Plug leaking tubes; develop 90-49 8 
steam generator tubes, typically in the report improved NDE techniques to detect 
expansion transition near the tubesheet or cracks [4] 
at the support plate, has resulted in 
leaking cracks in several PWRs.  
Residual stresses from reaming or roll Not stated Not discussed in Implement augmented inspection 90-10 9 
joining plus a susceptible Inconel 600 report program. [4] 
microstructure and the PWR coolant 
environment lead to PWSCC and 
leakage.  
Alloy A-286 is subject to IGSCC at peak Not stated B&W Owner's Discontinue the use of Alloy A-286 90-68 10 
stresses >100 ksi, depending upon Cr Group Report BAW- as a reactor structural material. [4] 
content, fabrication practice, and 1842 
environment The present failures 
occurred in foreign reactors and 
threatened coolant pump function.  
Grinding residual stresses, low delta- Not stated General Electric Co. PT of back-clad region for surface 90-29 11 
ferrite content, and high dissolved-oxygen RICSIL No. 050 cracks and enhanced UT for 
in the coolant induce interdendritic SCC subsurface cracks. [4] 
of weld cladding, and resulting cracks 
propagate into underlying base metal, 
possibly threatening structural integrity. I 

Document. IN&B 1991, 1991 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
"Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
High-velocity turbulent flow of water Not stated Not discussed in System found to be susceptible by 91-18 
through piping caused wall thinning by report EPRI CHEC code and should have 
erosion/corrosion and resulted in pipe been inspected [4] 
rupture and actuation of fire-protection 
deluge system.  
High-velocity turbulent flow of water Not stated Not discussed in Failed piping replaced [4] 91-18 2 
through piping caused wall thinning by report 
erosion/corrosion and resulted in steam 
leak and repair outage.  
High-velocty turbulent flow of water Not stated Not discussed in Failed piping temporanly replaced 91-18 3 
through piping caused wall thinning by report with A106, Gr. B; permanent 
erosion/corrosion and resulted in piping replacement to be A335-P22. [4] 
rupture.  
High-velocity turbulent flow of water Not stated Not discussed in Failed flanges temporarily replaced 91-18 4 
through piping caused wall thinning by report with same material; more-resistant 
erosion/corrosion and resulted in flange material being considered for 
rupture. permanent replacement [4] 
High-velocity turbulent flow of water Not stated Not discussed in System found to be susceptible by 91-18, 5 
through piping caused wail thinning by report CHECMATE code and should have Suppl. 1 
erosion/corrosion and resulted in elbow been inspected [4] 
rupture and actuation of fire-protection 
deluge system.

component failure and introduct1on of 
loose parts into secondary side of steam 
generator.

NotL SLW INot disusseda in 
report.

Component redesigned for 
increased strength and erosion 
resistance. [4]

91-19 6
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Table A.1 Gall Report for Information Notices 

Document- IN&B 1991,1991 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL

Structure/tomn Subeomnonent Materials Manufacturer ARD mechanism ARD effects
7 Cooling system Steam generators Tubing Not stated Mitsubishi (based on FAT Cumulative fatigue 

Westinghouse damage 
design) 

8 Cooling system Steam generators Tubing Not stated Combustion Not stated Not stated 
Engineering 

9 Cooling system Steam generators Tubing Not stated Babcock & Wilcox FAT Cumulative fatigue 
damage 

10 Cooling system 1-inch accumulator Nozzle-to-pipe weld Not stated Not stated FAT; VIBR Cumulative fatigue 
fill line damage; crack 

initiation and growth 

11 Cooling system Condensate storage Diaphragm Not stated Goodyear Co.; Lorel ENVIR Chemical or physical 
tanks Corp. degradation 

Document- IN&B 1992, 1992 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item System Structura/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Cooling system Steam generators 4-inch, schedule 80 A106B carbon steel Westinghouse ERO/CORR Wall thinning 
feedwater piping 

2 Cooling system Primary coolant loop Reducing tee riser Not stated Not stated ERO/CORR Wall thinning 

3 Cooling system Pressurizer power- Valve stems SA 564, Type 630, Rockwell EMBR/TE Loss of fracture 
operated relief valves H90g-H 1150 (17-4 International (now toughness 

PH) stainless steel Edward Valve Co.) 

4 Emergency Manual gate valves Valve bodes CF8M cast stainless Not stated FAT Cumulative fatigue 
condenser system steel damage 

5 Reactor internal Core shroud support Welded access hole Inconel 600 with General Electric CORR/IGSCC Crack initiation and 
support structure plate Inconel 82 or 182 growth 

weld filler metal 

Document IN&B 1993,1993 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Emergency Core Residual heat Thrust bearing Not stated Ingersoll-Rand WEAR Attrition 
Cooling system removal pump 

2 Emergency Core Residual heat Discharge check Not stated Copes-Vulcan FAT Cumulative fatigue 
Cooling system removal pump valve lock wire damage

Emergency Core 
Cooling system

FResidual heat 
removal pump

Discharge check 
valve disk and 
hanger assembly

Stainless steel 
locidng device; other 
parts not stated

Pacific Valve.  
Engineering

VIBR Loosening

Item System

Page 3A
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Table A.1 Gall Report for Information Notices

Document. IN&B 1991, 1991 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure ReDorted Droas Rel.oroos Report Recommendations
High-cycle fatigue failure of steam Not stated Not discussed in Incorrect insertion of antivibration 91-43 7 
generator tube at uppermost support plate report corrected [4] 
resulted in excessive primary-to
secondary leak rate.  
Cracking of steam generator tube at U- Not stated NRC Bull. 88-02, Not stated 91-43 8 
bend at a location where flow conditions Fig. 1 
permit contaminants to be deposited on 
the tube surface resulted in excessive 

imay-to-secondary leak rate.  
Tube cracking at lower face of upper Not stated NRC Bull. 88-02, Not stated 91-43 9 
tubesheet resulted in excessive primary- Fig. 1 
to-secondary leak rate.  
Two ruptures of the nozzle-to-pipe weld in Not stated Not discussed in Revise operation procedures [4] 91-50 10 
the accumulator fill line during filling were report 
caused by flow-induiced vibration and 
resulted in spillage of coolant 
Long-term deterioration of diaphragms in Not stated Not discussed in Replace diaphragms after 9 years or 91-82 11 
contact with their service environment report more frequently if indicated by 
results in the development of holes and inspections. [4] 
tears, with consequent leaks and possible 
clogging of equipment.  

Document: IN&B 1992, 1992 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
High-velocity flow of water through piping Not stated Not discussed in Redesign piping to reduce flow 92-07 1 
caused wall thinning by erosion/corrosion report velocity. [4] 
and necessitated the replacement of 90 
feet of piping for which the wall thickness 
was at or near the minimum allowable.  
High-velocity flow of water through Not stated NRC Bull. 87-01; Not stated 92-35 2 
reducing tee riser caused wall thinning by NRC GL 89-08 
erosion/corrosion and necessitated com
ponent replacement because wail thick
ness was near the minimum allowable.  
Valve stems are subject to secondary Not stated Not discussed in Not stated 92-60 3 
aging after several thousand hours at 600 report 
F, resulting in increased susceptibility to 
fracture when subjected to excessive 
torque from power actuator.  
Fatigue (possibly thermal) resulted in Not stated Not discussed in Not stated 92-50 4 
leaking cracks in at least one gate valve report 
and partially through-wail cracks in 
several other valves.  
Apparent IGSCC of welds joining access Not stated GE SIL No. 462, Perform periodic visual and UT 92-57 5 
hole covers to shroud support plates Suppl. 3 examinations of region; repair 
resulted in circumferential cracking in procedures being developed [4] 
weld region, with some cracks possibly 
propagating into the adjacent base metal.  

Document: IN&B 1993, 1993 NRC Information Notces 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Thrust load during normal operation Not stated Not discussed in Redesign pump to reduce beaing 93-08 1 
exceeded design value, resulting in report load; replace penodically. [4] 
abnornally high wear of bearing and 
failure after approx. eight fuel cycles.  
Inadequate disk nut torquing allowed nut Not stated Not discussed in Replace lock wire with 1/8-in. cotter 93-16 2 
to rotate back and forth. Resulting cyclic report pin [4] 
loading caused high-cycle fatigue failure 
of lock wire, loss of disk nut and washer, 
and check valve failure.

iraoequate capscrew torquing, missing 
capscrews, and improper reuse of locking 
device results in capscrew loosening, loss 
of disk and hanger assembly, and check 
valve failure.

Not stated Not discussed in 
report

Revise maintenance procedure to 193-16
ensure correct installation. [4]

Page 30
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Table A.1 Gall Report for Information Notices

Document IN&B 1993,1993 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item SytmStructurWe/CmD Suboemoonent Materials Manufacturer ARD mechanism ARD effects

4 Emergency Core Residual heat Coolant pump Not stated Not stated CLOG Blockage of flow 
Cooling system removal pump strainers and passages 

containment sump 
screens 

5 Emergency Core High-pressure Steam exhaust Stainless steel Black Sivalls & Not stated Not stated 
Cooling system coolant injection rupture disk Bryson, Inc.  

pump 

6 Cooling system Steam generators Feedwater piping Not stated Westinghouse and FAT/THERM Cumulative fatigue 
Combustion damage 
Engineering 

7 Cooling system Piping Feedwatler piping Carbon steel Not stated ERO/CORR Wall thinning 
and other 
components 

8 Cooling system Turbine-driven Turbine stop valve Not stated Not stated CONTAM Loss of lubricant 
feedwater pumps properties 

9 Cooling system Motor-operated gate Valve yoke Case carbon steel Walworth FAT Cumulative fatigue 
and globe valves damage 

10 Cooling system Jet pump Hold-down beam Not stated General Electric Co. CORR/IGSCC; FAT Crack initiation and 
growth; cumulative 
fatigue damage 

11 Spent fuel storage Spent fuel storage Borafiex neutron Polymer base with Brand Industrial ENVIR Physical degradaton 
system racks absorbing material silica filler and Services, Inc.  

neutron absorber 
(boron?) 

12 Reactor internals Core shroud Beltline region welds Stainless steel General Electric Co. CORR/IGSCC Crack initiation and 
growth 

13 Reactor internals Fuel rods Fuel rod cladding Zircaloy Westinghouse, WEAR/FRET Attrion 
Siemens, General 

Electric Co.  

Document: IN&B 1994, 1994 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Item System StructureaComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Electrical generating Turbines Turbine blades Not stated General Electric Co. FAT Cumulative fatigue 
system damage 

Electrical generating Turbine low auto Plunger rod, stainless steel and Not stated CORR Corrosion product 
system stop oil pressure bushing, and case aluminum buildup 

switch

Inconel 600Kneicart, weld
repaired tubes

Crack initiation and 
growth

Page 4A

Cooling system Steam generator Babcock & Wilcox CORR/PWSCC



Table A.1 Gall Report for Information Notices

Document: IN&B 1993, 1993 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aainn on Comon-nn.. I M I . ..

Page 4B

a a.C..... " . . .ru, to raiure Reportea progs Re;.progs Report Recommendations Page No. Item Foreign debris can block emergency core Not stated Not discussed in Remove debris [4] 93-34 and 4 cooling screens and sumps, resulting in report 93-34, possible reduced emergency core cooling Suppi. 1 
in and accident situation.  
Rupture disk failed unexpectedly after 20 Not stated Not discussed in Replace 20-year-old rupture disks 93-67 5 years of service, resulting in personal report with new ones. [4] 
injuries. Cause of failure is unclear, but 
vendor speculated that an unspecified 
aging process may have caused the 
strength to degrade.  
Thermal stratification in feedwater lines, Frequent NUREG/CR-0691 Reduce severity of thermal cycles. 93-20 6 particularly during cold, low-flow (4] 
conditions, leads to rapid thermal fatigue 
loading, resulting in cracking and leakage.  
Erosion/corrosion has been observed to Frequent ASME Section XI, Develop improved inspection and 93-21 7 cause excessive wall thinning and IWA 4100 and 4300 repair procedures in accordance possible piping failure in numerous plants. with ASME Section Xl. [4] 
Inspection and repair procedures are 
often inadequate.  
Gradual buildup of contaminants in the Not stated Not discussed in Flush oil system [4] 93-48 a control oil for the stop valve on the report 
turbine-driven feed water pump caused 
the valve to stick open when the main 
turbine tripped, resulting in overfill of the 
pressure vessel.  Preexisting detects, component design, Not stated Not discussed in Weld repair cracks; torque bolts 93-979 
and insufficient bolt torque can lead to the report sufficiently when reinstalling yokes.  initiation and growth of fatigue cracks that [4] 
could cause eventual component failure.  
IGSCC that initiated at a machined radius Not stated Not discussed in Replace beams of similar design if in 93-101 10 p)ropagated over -.80% of the cross- report servce for more than 8 years. [4] 
sectional area. The resulting loss of 
preload apparently led to fatigue crack 
growth and eventual component failure.  
Surveillance coupons of Boraflex tested Not stated EPRI TR-101986 Not stated 93-70 1 
atter five years had degraded 
substantially. Similar degradation of the 
Boraflex used in the high-density spent 
fuel storage racks would result in loss of 
subciticality margin in the pool.  
IGSCC in the HAZ of core shroud circum- Not stated GE RICSIL 054, Add stiffening braces to the top 93-79 12 ferential welds near the beltline resulted in Rev. 1 portion of the shroud. [4] 
axial cracking that may compromise the 
structural integrity of the shroud.  
Debris-induced fretting and grid-to-rod Not stated Not discussed in Install vibration damping; redesign 93-82 13 flow-induced vibrational fretting can lead report core to reduce vibration. [4] 
to cladding perforation and fuel rod failure.  

Document: IN&B 1994. 1994 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL Effect of Aging on Component Function Conhtib to Failure Reported progs ReI.progs Report Recommendations Page No. Item Torsional excitation of the turbine- Not stated Not discussed in Not stated 94-01 generator shaft from an electrical system report 
disturbance causes vibration, resulting in 
separation of turbine blades by high-cycle 
fatigue.  
Apparent galvanic corrosion between the Not stated Not discussed in Not stated 94-11 2 SS plunger rod and the remaining AJ parts report 
caused corrosion product buildup and 
switch malfunction, resulting in an 
erroneous signal to the control computer 
and turbine overspeed.  
Tubes renaired with Id trcallv welde d ,t t , ,j;, .... , .......... ....
sleeves may be susceptible to PWSCC 
adjacent to the sleeve because of residual 
stresses introduced, despite the post
weld heat treatment Result is tube 
leakage.

report
Not sttea; problem still under 
investigation [4]

94-05 3
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Table A.1 Gall Report for Information Notices 

Document: IN&B 1994, 1994 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 

=•...• (::l&a..• ,,=r.,ft wIt Q ,.."
Unlnflm~wt Ustavinlk Manufacturer ARD mechanism

4 Cooling system Main steam isolation Guide ribs Not stated Atwood & Morrill WEAR Attrition 

valve Co., Inc.  

5 Cooling system Standby service Bolts and Carbon steel Not stated CORR Loss of material 

water pump lockwashers in shaft 
coupling assemblies 

6 Cooling system Pipe snubbers Internal lubricant Hydrocarbon grease Pacific Scientific ELE-TEMP Chemical and 
physical degradation 

7 Emergency core Air dampers and Elastomer seals Buna-N Not stated ELE-TEMP Chemical and 

cooling system solenoid valves physical degradation 

8 Emergency core Shutdown cooling Sealing surfaces of Stellite Anchor-Darting RESID; Crack initiation; 

cooling system suction isolation valve disk and slide FAT/THERM curnulative fatigue 

valves seat ring damage 

9 Emergency core High-pressure Torque switch drive AISI 1070 carbon imitorque EMBR; ENVIR Loss of fracture 

cooling system coolant injection pinion gear roll pin steel toughness; chemical 

motor-operated valve and physical 
degradation 

10 Emergency core High head safety Pump casing Carbon steel clad Dresser Industries, Not stated, Crack initiation and 

cooling system injection pump with stainless steel Pacific Pump CORRJBA growth; loss of 
Division material 

11 Reactor internals Core shroud Core plate support Stainless steel General Electric CORR/IGSCC Crack initiation and 

ring weldment Company growth

Page SA
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Table A.1 Gall Report for Information Notices

Document: IN&B 1994, 1994 NRC Information Notices 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported proas Rel.proas Report Recommendations Page No. Item
Improper clearances between valve Not stated NRC Inspect Rept Install anti-rotation modification from 94-08 4 
poppet and body can cause excessive 50-458/93-18 manufacturer [4] 
wear of guide ribs, resulting in failure of 
valve to close properly.  
Extensive general corrosion of the bolts Not stated Not discusses in Rebuild pumps; modify testing 94-45 5 
and lockwashers in the pump shaft report procedure to detect internal changes 
coupling assemblies caused shifting of before severe damage occurs. [4] 
internal parts and damage to impelers 
and bowls, resulting in degraded vibration 
performance.  
Prolonged exposure to temperatures of 38 Common Not discussed in Replace failed snubbers; develop 94-48 6 
to 93 deg. C caused the internal lubricant report criteria for service life program. [4] 
grease to bake and dry out resulting in 
insufficient drag resistance during testing.  
Prolonged exposure to elevated temper- Not stated Not discussed in Replace affected components with 94-06 7 
atures causes the Buna-N elastomer seal report qualified replacements. (4] 
material to break down, resulting in leak
age of the nitrogen supply for the auto
matic depressurization valves and 
possible failure of these valves in a LOCA 
situation.  
High residual stresses from inadequate Not stated Not discussed in Not stated 94-30 8 
stress relief or thermal fatigue led to the report 
initiation and growth of cracks in the 
sealing surfaces of the valves, resulting in 
excessive valve leakage.  
Brittleness of roll pin material, possibly Not stated Not discussed in Replace with larger diameter pin 94-49 9 
combined with hardening of grease in report fabricated of Type 416 stainless 
drive mechanism in one case, caused steel for better ductility and impact 
shear fracture of pin under load, resulting resistance. [4] 
in failure of valve.  
Cracking of the stainless steel cladding Not stated Pacific Pump Perform field inspections described 94-63 10 
from an unidentified cause leads to Bulletin 037-0-0104- in Pacific Pump Bulletin 037-0-0104 
exposure of the underlying carbon steel, 0 0. [4] 
which corrodes relatively rapidly in contact 
with boric acid in the coolant.  
IGSCC in and near the HAZ of the Not stated GE RICSIL 054, Safety implications under 94-42 11 
outside circumference of the core plate Rev. 1 investigation by NRC. [4] 
support ring weldment resulted in a 360 
circum-ferential crack with a max. depth 
of -2.13 cm in two different reactors.

Page SlB



Table A.1 Gall Report for Ucensee Event Reports 

Document: LER's, Ucensee Event Reports (LERs) 
Reviewed by: Ma and K. E. Kasza, ANL
1.. 42 4

Page I A

U~tmrinl. ManuEn�turet ARD mechanism ARD effects
!

Power system Steam generator I Tube Not stated Combustion
Engineering System
8o

nnMFVInSnn grao initiaion and 
growth

C, tnalh ttrj..,,.. C •Jakhirnm .,nvllau
mwap. F. 9*B V ,Vl| *, .--* . .. . . .. . . . . .  

1 Control Rod Drive Scram Solenoid Pilot Pressure and Rubber Automatic Switch ELE-TEMP Hardening, cracking 
Valves Exhaust Diaphragms Company 

2 Control rod drive Scram solenoid pilot Diaphragm Buna-N General Electric EMBR Loss of fracture 

valves toughness 

3 Containment Personal Airlock Door Shaft Seal Not stated Not stated WEAR Attrition 
Range Bolts 

4 Containment Main Steam Isolation Seat Surfaces, Not stated Not stated WEAR, RATCH Attrition, change in 
Valves Actuator Spnng dimension 

5 Containment Vent Valve Seal Nitrile Elastomer Atwood and Morrill WEATH Loss of capacity 
Co.  

6 Containment H2102 gas analyzer Analyzer pump Not stated Teledyne Not stated Not stated 
diaphragm 

7 Penetration Inboard Containment Boot Seal Not stated Not stated ENVIR Chemical or physical 

Pressurization Purge Exhaust degradation 
System Valves 

8 Condenser System Low Pressure Exhaust Boot Seal Fabric Reinforced Uniroyal FAT Cumulative Fatigue 
Turbines Rubber Damage 

9 Feedwater Check Valve Seal Rubber (Parker Not stated ELE-TEMP/ERO Physical 
E692) degradation, loss of 

material 

10 Hot Leg Loop Isolation Valve Valve Stem 17 4PH Stainless Not stated CORR/SCC Crack initiation and 
Steel (ASTM A 56M growth 
Type 630) 

11 Auidliary Feedwater Pump Pneumatic Different Pressure Not stated Not stated EDS (setpoint drift) Loss of function 
Speed Control Loop Transmitter 

12 Emergency diesel Fuel oil injector Injector screw Not stated Nordberg Not stated Not stated 
generator pump 

13 Spent fuel pool Charcoal absorber Seal on bypass Rubber Johnson Controls Not stated Not stated 
exhaust ventilation damper blade edge 

14 Spent fuel pool Charcoal absorber Damper blades Not stated Johnson Controls Not stated Not stated 
exhaust ventilation 

15 Fail-safe 2 way solenoid valve Seal O-ring Not stated Versa Product Co. FAT Cumulative fatigue 

accumulator damage 
Crckintiuin n



Table A.1 Gall Report for Ucensee Event Reports 

Document. LER's, Licensee Event Reports (LERs) 
Reviewed by: Ma and K. E. Kasza, ANL 
Effect of Acina on Component Function Contrib to Failure

Page 1B

Reported Droas Rel.proqs Report Recommendations Page No. Item
Control rod tailed to scram due to Frequent Not discussed in PS TS Req. Use of new diaphragm material [2] 94-005-01 
degradalion of pilot valve elastorners report 
(hardening, crackdng and permanent set) 
caused by high temperature produced by 
the energized solenoid coils.  
Control air leakage through degraded Not applicable Not discussed in PS TS Req. Not stated 94-005-00 2 
solenoid diaphragms rendered valve report 
inoperable and failure to scram a control 
rod resulted.  
Excessive force to support shaft bearing Moderate Not discussed in IOCFR50 App. Including inspection of the shaft seal 92-026-00 3 
and increased use of the airlock caused report J & PS TS gasket bolts in plant maintenance 
the shaft seal flange to loosen and move Req. and inspecton [4] 
away from its seating, resulting in test 
pressure drop below criteria of 
containment airlock leakage test.  
Dunng local leak rate testing, the leak rate Frequent Not discussed in PS TS Req. Replace springs on regular basis [4] 92-013-01 4 
limit was exceeded due to degraded valve report 
seal seat surfaces (misalignment of the 
poppet seat caused by wear of the guide 
ribs.) 
Leakage of rubber seal attributed to Not stated Not discussed in PS TS Req. The failed seal was replaced and the 89-005-0 5 
weather checking on exposed surface and report leak rate met acceptance ci tena.  
storage causing unacceptable leakage in To prevent recurrence, both shelf life 
an Appendix J Type B leakrate test and durometer testng requirements 

shall be considered in the 
procurement documents [4] 

Incorrect readings of oxygen Not applicable Not discussed in PS TS Req. Not stated 92-009-00 6 
concentration because of air leak into report 
analyzer.  

Environmental aging of seal material Not stated Not discussed in ASME Sec XI Not stated 93-001-0 7 
caused leakage of PPS exceeding report & PS TS Req.  
allowable rate. Seating area was cleaned 
and the leakage stopped.  
Loss of condenser vacuum due to fatigue Moderate Not discussed in PS TS Req. Replace entire boot seal rather than 92-010-0 8 
failure of the north low pressure turbine report performing local repair [2] 
exhaust boot seal (a fabric reinforced 
rubber expansion joint), causing an 
automatic turbine trip and reactor trip.  
Leakage of rubber seal due to thermal Frequent Not discussed in ASME Sec XI Replace the soft seal material 86-017-01 9 
aging and erosive wear, causing report IWV & PS TS (Parker E692) with a new material 
axcessive leak rate of the check valves. Req. more resistive to thermal aging and 

eros.ve wear than the original [4] 
Crack due to tensile stress on the stem Infrequent Not discussed in ASME Sec XI To minimize the in service stresses, 86-008-01 10 
and entrapped water propagated through report IWV & PS TS the valves will be soft back seated 
the valve stem diameter, resulting in the Req. during plant heatup and hard back 
valve gate being in a partally closed seated only when operating 
Dosition. temperature is reached [4] 
Inoperability of the pump pneumatic Not stated Not discussed in PS TS Req. Record turbine steam bowl 89-016-02 11 
speed control loop due to leaking bellows, report pressures, including the speed 
setpoint drift, limited pump speed and control loop. In the preventive 
:ischarge pressure below that needed to maintenance/calibraion program at 
nject water into the steam generators initial plant startup, perform periodic 
inder some accident conditions. full flow test [4] 
Emergency diesel generator not operable Not applicable Not discussed in PS TS Req. Not stated 92-009-0 12 
to allow fixing of injector pump. report 
Dver time the rubber seals lose pliability Not applicable Not discussed in PS TS Req. Not stated 92-0 13 
and allow leakage in the ventilation report 
system.  
Bent damper blades prevented sealing Not applicable Not discussed in PS TS Req. Not stated 92-008-0 14 
and caused leakage in the ventilalton report 
system. I I I I 

Deterioralion of 0-ring caused control air Not applicable Not discussed in PS TS Req. Not stated 93-005-00 15 
eakage and failure of solenoid to meet report 
specs. I I
Rupture of tube causes leakage leading to 
low pressurizer level and pressure 
causing reactor trip and radiation in 
secondary system.

Not applicable Steam Generator 
Task Force formed

ASME Sec XI 
IWB & PS TS 
Req.

Not stated 93-001-02 16



Table A.1 Gall Report for Ucensee Event Reports

Document: LER's, Licensee Event Reports (LERs) 
Reviewed by: Ma and K. Kasza, ANL 
Item SMtemn cf-t-0

Page 2A

&...- -- F' S,...•,pon,•,m n Meatenalz Manut_ turer ARD mechanism ARD effects 17 Main steam line Isolation valve (globe Seat Not stated Atwood and Morrill CORR/PIT Local loss of materi 
valve) Company Inc.  

18 Main steam line Isolation valve (globe Seat Not stated Atwood and Morrill CREEP Change in 
valve) Company Inc. dimension 

19 EssentiaJ cooling Traveling screen Flexible coupling Elastomeric Rexnord ENVIR Chemical or physic water filter degradation 

20 Not stated High Pressure Auto Stop Oil Line Not stated Not stated RESID/FAT Crack initiation, 
Turbine Stop Valve cumulative fatigue 

damage 

21 Penetraton Inboard Containment Seal Seat Not stated Not stated ENVIR Chemical or Physica Pressurization Purge Exhaust Degradation 
System Valves 

22 Emergency Power Diesel Generator Fuel Oil Not stated Not stated OX Buildup of Deposit 
System 

23 Emergency Power Diesel Generator Fuel Oil Not stated Not stated OX Buildup of Deposit 
System 

24 Containment Spray Heading Piping Spray Nozzle Piping: Carbon Steel Not stated CLOG Blockage of flow 
System passages 

25 Fire Protection 3-hour Fire-rated Penetration Fire Seal Silicone Foam Not stated Improper Loss of Function 
Barriers installation/lack of 

inspection rqmt 

26 Steam Generator Air-operated Valve Actuator Rubber Not stated ENVIR Physical Blowdown Outlet Isolation Valve Rubber Diaphragm Degradation 

27 Not stated Man Condenser Expansion Joint Rubber Not stated ENVIR Physical 
Degradation 

28 Not stated Turbine Low Pressure Rubber Unroyal FAT Cumulative Fatigue 
Exhaust Boot Seal Damage 

29 Emergency Cooling Motor-operated Not stated Not stated Not stated Improper Switch Loss of Function 
System and Valves Setting 
Containment Spray 
System 

30 Primary Containmen' Isolation Valves, O-rings, Seat Rings, Ethylene-propylene, Various ENVIR/WEAR Physical Isolation System Reactor Vessel Gaskets Rubber Degradation, Attriltior 
Stabilizer Hatch 

31 Containment Electric Penetration Seals Polyuretiane Bunker Ramo Hydrolysis Physical Penetration' Assemblies Degradation, Attritior

h .......



Table A.1 Gall Report for Ucensee Event Reports 

Document. LER's, Ucensee Event Reports (LERs) 
Reviewed by: Ma and K. Kasza, ANL 
Effect of Aa]ina on ComnoBnent Funltion Co.nh, ib to Fnilute

Page 2B

Ren o rtled nmne• Rel.nro,,s Recort Recommendations PaeNo. Item

Technical specifications for leakage limits Moderate Not'discussed in ASME Sec Xl Not stated 93-003- 17 
on valves is exceeded. report & PS TS Req. 01; 003

02 
Technical specification for leakage limits Infrequent Not discussed in ASME Sec XI Not stated 93-003-01 18 
on valves is exceeded, report & PS S&T 

Req.  
Aging of elastomenc couplings resulted in Not applicable Not discussed in PS S&T Req. Not stated 93-010-00 19 
their cracking and failure of traveling report 
screen filter to operate.  
Turbine stop valve closure due to auto Rare Not stated PS S&T Req. Perform visual inspection of the 89-011-00 20 
stop oil line weld leak resulted in a manual accessible welds, measure vibration 
reactor trip and a manual safety injection. of the auto stop oil line during plant 
The weld failure was due to inadequate startup [4] 
field installation (overlapping welds) and 
fatigue.  
Environmental aging of seal matenaJ Not stated Not stated PS S&T Req. Not stated 93-013..01 21 

caused leakage of PPS exceeding 
allowable rate. Seating area was cleaned 
and the leakage stopped.  
Oxidation of fuel oil due to a high Infrequent Not stated RG 1.9, RG Periodic replace ment of the fuel oil 89-001-00 22 
concenfration of insolubles clogging the 1.108 & PS TS and use of a higher grade diesel fuel 
sample filter, causing inoperability of Req. oil which has a longer shelf life [4] 
diesel generator.  
Oxidation of fuel oil due to a high Infrequent Not stated RG 1.9, RG Periodic replacement of the fuel oil 89-001-01 23 
concentration of insolubles cdogging the 1.108 & PS TS and use of a higher grade diesel fuel 
sample filter, causing inoperability of Req. oil which has a longer shelf life. Add 
diesel generator. a biocide, a dispersant and a 

stabilizer to extend the shelf life. [4] 
Nozzle blockage due to accumulation of Frequent Not stated PS S&T Req. Replacement of the CSS nozzles 90-021-00 24 
the deteriorated coating of the CSS piping & PS TS Req. with clog resistant nozzles [4] 
inner surface could block the CSS flow.  
Gaps, tears, or splits due to improper Frequent Not stated PS S&T Req. Use a different type of foam and 90-002-00 25 
installation and lack of inspection different installation techniques [4] 
requirements were found in the seals.  
Propagation of a fire across boundary 
would affect the plant safe shutdown.  
Failure of rubber diaphragm resulting in Not stated Not stated ASME Sec XI Not stated 92-001-00 26 
air leakage and failure of the valve IWV & PS S&T 
closure. Req.  
The air leakage through the tom Infrequent Not stated PS S&T Req. Periodic replacement of the 92-003-00 27 
expansion joint rubber belt caused low & PS TS Req. expansion joints [2] 
vacuum in the main condenser and 
subsequent manual reactor and main 
turbine trip.  
Failure of the north low pressure turbine Not stated Not stated PS S&T Req. Not stated 92-007-00 28 
boot seal due to fatigue caused 
condenser low vacuum and subsequent 
automatic reactor and turbine tip.  
Isolation valves were not capable of full Frequent GL89-10 ASME Reconfigure and test the MOVs to 92-006-00 29 
closure under design basis conditions due satisfy the GL89 10 criteria [4] 
to improper dive gear sets and torque 
switch settings.  
Brittie and broken O-ring seals of the Frequent Not stated 1OCFRSO App. Periodic replacement of the O-rings 88-014-00 30 
reactor vessel stabilizer hatch indicated J [4] 
that the ethylene propylene (EP) material 
is generally unable to resist harsh 
environments. O-rings made of silicone 
rubber were in good condition.  
Degradation of seal material, Frequent Not stated PS S&T Req Use a more durable material, 91-011-02 31 
polyurethwne, due to hydrolysis would ethylene propylene rubber; instal a 
allow moisture intrusion into the electrical silicone rubber O-ring as a backup 
penetration assembly during a LOCA seal; upgrade the nitrogen supply 
event. potentially resulting in discontinuity system to safety-grade system [4] 
of off-site power. I



Table A.1 Gall Report for NRC Bulletins Page 1A

Document BL 89-01, 1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Cooling system Steamn generator Tubing mechanical Inconel 600 Westinghouse CORR/PWSCC Crackc initiation and 
plugs growth

Document. BL 89-02,1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL



Table A.1 Gall Report for NRC Bulletins

Document: BL 89-01, 1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs 
Intergranular cracking, apparently Not stated Not discussed in 
associated with improper heat treatment report 
and/or susceptible heats of material, can 
cause mechanical tube plugs to loosen, 
leak, and sometimes be forcibly ejected, 
causing additional tube damage.

Rel.progs Report Recommendations Page No. Item 
Replace plugs from suspect heats ol 89-33; I 
material; discontinue use of Bull. 89
Westinghouse plugs. [4] 101, 89-01,11 

ISuppl. 1 2.
Document- BL 89-02, 1989 NRC Information Notices and Bulletins 
Reviewed by: Dwight R. Diercks, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Susceptibility to SCC was apparently Not stated ASME SA193-B6 Inspect bolts for cracks; replace BL 89-02 1 
enhanced by improper heat treatrnent defective bolts with bolts having Rc 
(hardness too high), coupled with hardness <-26. [4] 
presence of borated water. Resulting 
cracking led to bolt fracture.

Page 1B
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Table A.2 Gall Report for NPAR Reports

Document- BNL A-3270-11-85, Seismic Endurance Tests of Naturally Aged Small Electric Motors 
Reviewed by: Jerry Edson, INEL

Sfructure/Com D Subcomnonent Materials Maniufacturer ARD mechanism ARD effects
1 Electric Motors Terminal Boxes Not stated Not stated CORR Improper sealing of 

the cover gaskets iEiectric Motors Stator Winding Not stated Not stated Not stated Break down of 
varnish and 

-A insulation 

31 Electric Motors All Other Not stated Not stated Not stated Not stated 
I I Components I I I I 

Document BNL A-3270-3-86, Testing Program For The Monitoring of Degradation in a Continuous Duty 460 volt Class "B', 10 hp Electric Motor 
Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Electric Motor Dielectrics Organic insulation Not stated ELETEMP MOIST- Insultion degradation 
(Insulation) matenals EL RAD, VIBR, causes leakage 

CURSTR, VOLSTR, through the 
CONTAM insulation 

2 Electric Motor Bearings Not stated Not stated Not stated Ball or roller surface 
defects cause 
vibration 

3 Electric Motor Cage (Rotor) Not stated Not stated Not stated Damaged or 
_ defective cage 

4 Electric Motor Stator Steel, Copper, Not stated THERM-CY, FAT Stress caused by 
Organic insulation differences in 

thermal expansion 
rates 

Document CHAPTER 24 CABLES, Aging and Life Extension of Major Light Water Reactor Components 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Non-Shielded Single Polymers, Rubber, Not stated ELETEMP, MOIST- Jacket embnttlement 
& Multi-Conductor Sicicon, Copper, EL, OXIDAT, & RAD & cracking, 
Jacketed Kapton propagating thru 

insulation 
2 Shielded Pair Multi- Polymers, Rubber, Not stated ELETEMP, MOIST- Jacket& cracking

Conductor Jacketed Silicon & Copper EL, OXIDAT, & RAD moisture diffuses 
through jacket and 

I _cond.  
3 Connections - Non- Not stated Not stated ELETEMP & Moisture diffuses 

Sealed MOIST-EL into cables and 
connection internals 

4 Connections - Polymers Not stated ELETEMP, RAD, & Seals not hermetic 
Compression Sealed VIBR 

5 Cables, Halogination Polymers Not stated ELETEMP, RAD, & Electrolytes that 
of Filled Polymers MOIST-EL increase leakage or 

losses 
6 Mineral Insulated Not stated Not stated THERMO-CY & Open hermetic seals 

I Cable VIBR 
7 Terminal Strips Not stated Not stated CONTAM Increase leakage or 

losses 

Document: Letter ReportANEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Battery Chargers Circuit Breakers Contacts, Coil, Not stated Not stated WEAR & LOSLUB Bearing wear & 
and Inverters Linkages, & Case solidification of 

lubrication 
2 Battery Chargers Circuit Breakers Contacts, Coil, Not stated Not stated FAT, OXIDAT Metal fatigue, 

and Inverters Linkages, & Case embrittlement & 
cracking of 
insulation

Battery Cnargers 
and Inverters

Circuit Breakers Contacts, Coil, 
Linkages, & Case

Not statea Not stated OXIDAT & WEAR Oxidation and pitting 
of contact surfaces

Item Svstem

Page 1A



Table A.2 Gall Report for NPAR Reports

Document BNL A-3270-11-85, Seismic Endurance Tests of Naturally Aged Small Electric Motors 
Reviewed by: Jerry Edson, INEL 
Ffflmt af Aninnl an (•amnnrmtf lF:inni•in C•_ntpiik t.• l.iih.il... , b t~44•,, Dil •~

D�e.tr 0.nmmadeflnn.

Leakage of moisture into the box could Not stated Not discussed in No specific Not stated 3, 4 1 
lead to termination corrosion tnd report program 
overheating which could cause degraded 
performance or failure to operate 
Excessive leakage current and decreased Not stated Not discussed in No specific Not stated 4 2 
performance or failure to operate report program 

Not stated Not stated Not discussed in No specific Not stated A-6 3 
1_ 1 1report program I __I 

Document: BNL A-3270-3-86, Testing Program For The Monitoring of Degradation in a Continuous Duty 460 volt Class "B', 10 hp Electric Motor 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Leakage through the insulation causes Not stated Not discussed in IEEE 334-1974 Not stated 1, 3, 12 1 
imbalances between phases, phases with report Section 14 
below normal current, and overheating in 
phases with above normal current 
Results in decreased output.  
Increased friction and reduced output Not stated Not discussed in IEEE 334-1974 Not stated 3, 15 2 

report Section 14 

Decreased speed or torque Not stated Not discussed in IEEE 334-1974 Not stated 15 3 
report Section 14 

Additional aging stress to the windings Not stated Not discussed in IEEE 334-1974 Not stated 3 4 
report Section 14 

Document- CHAPTER 24 CABLES, Aging and Life Extension of Major Light Water Reactor Components 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Circuit ground or short Frequent Limited No specific Utilities (1) monitor temp/rad 845,848,8 1 

program determine hot spots, (2) perform 54,863, & 
periodic inspections, & (3) don't 865 
disturb cables (4] 

Circuit opens, grounds, total loss of Frequent Limited No specific Utilities adopt improved failure 845,848,8 2 
function program analysis & recording [4] 54,863, 

865 

Circuit opens, grounds, total loss of Not stated Not discussed in No specific Not stated 845,848,8 3 
function report program 63, 865 

During DBE moisture enters through Not stated Not discussed in No specific Not stated 845,848,8 4 
connection, contacts cornde, circuit report program 50,863, & 
grounds or shorts 865 
Disable function dunng dbe Not stated Not discussed in No specific Not stated 845,848,8 5 

report program 63, & 865 

DBE-excessive leakage disables cable Not stated Not discussed in No specific Not stated 845,848,8 6 
report program 51. & 865 

DBE-excessive leakage disables cable Not stated Not discussed in No specific Not stated 833,845,8 7 
1 1 report program 148, & 865 

Document Letter Report/1NEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReL.progs Report Recommendations Page No. Item 
Failure to operate Occasional Not discussed in Vendor specific Not stated 4-18 1 

report program, Tech.  
Spec. surveil.  

Fails to open - tip coil force becomes less Occasional Not discussed in Vendor specific Not stated 4-18 2 
than spring force. report program, Tech, 

Spec. surveil.

Fails to open - loss o continuity across 
contacts.

Rare NOt discussed in 
report

Vendor specific 
program, Tech.  
Spec. surveil.

Not stated 4-18 3

Page 18



Table A.2 Gall Report for NPAR Reports Page 2A 

Document- Letter Report/INEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Item Svsten StructurefComp Subcomponent Materials Manufacturer ARD mechanism ARD effects

Battery Chargers Fuse Not stated Not stated FAT Metal fatigue 
and Inverters 

5 Battery Chargers Fuse Not stated Not stated ELE-TEMP Melting of link 
and Inverters 

6 Battery Chargers Relay Contacts Not stated Not stated OXIDAT & WEAR Oxidation & pitting o1 
and Inverters contact surfaces 

7 Battery Chargers Relay Coil Not stated Not stated CORR Electromechanical 
and Inverters action causing 

corrosion of fine 
_ wires.  

8 Battery Chargers Electrolytic Not stated Not stated ELETEMP Over heating by 
and Inverters Capacitors internal stresses 

causes loss of 
_ electrolyte 

9 Battery Chargers Electrolytic Not stated Not stated VIB Failure of leads 
and Inverters Capacitors 

10 Battery Chargers Oil Filled Capacitors Not stated Not stated ELETEMP Over heating forms 
and Inverters gasses and 

dielectric breakdown 
11 Battery Chargers Oil Filled Capacitors Not stated Not stated VIB Failure of leads 

and Inverters 
12 Battery Chargers Transformer Wire Not stated Not stated THERM-CY & Cracking of 

and Inverters ELETEMP insulation 
13 Battery Chargers Transformer Wire Not stated Not stated LOTEMP Cracking of moisture 

and Inverters seals 
14 Battery Chargers Transformer Wire Not stated Not stated VOLSTR Insulation material 

and Inverters deterioration 
15 Battery Chargers Transformer Wire Not stated Not stated VIB & ELETEMP Fracture of 

and Inverters connecting wires 
and changes in 
shunting.  

16 Battery Chargers Silicon Controlled Not stated Not stated VOLSTR & Transients resulting 
and Inverters Rectifier CURSTR in over voltage & 

current & 
overheatin 

17 Battery Chargers Resistor Not stated Not stated VIB Lead fails 
and Inverters 

1] Battery Chargers Resistor Not stated Not stated ELETEMP Decrease in 
and Inverters resistance values as 

temperature 
increases 

19 Battery Chargers Printed Circuit Not stated Not stated THERM-CY Cracking of input 
and Inverters Boards lines 

20 Battery Chargers Printed Circuit Not stated Not stated CORR Loss of material 
and Inverters Boards 

21 Battery Chargers Printed Circuit Not stated Not stated VIB Loose or open 
and Inverters Boards correction 

22 Battery Chargers Surge Suppressor Not stated Not stated VOLSTR OR Semiconductor 
and Inverters CURSTR barrier breakdown 

due to overheating.  
23 Battery Chargers Connectors Not stated Not stated FAT & VIB Fatigue of wires at 

and Inverters terminals 
24 Battery Chargers Meters Not stated Not stated CONTAM Dirt on movement 

and Inverters and increase in 
I _bearing friction 

25 Battery Chargers Meters Coil Insulation Not stated Not stated ELETEMP Coil insulation 
and Inverters degrades causing 

I_ I_ _shorting 
26 Battery Chargers Meters Contacts Not stated Not stated WEAR & CORR Contacts pitting or 

and Inverters I I I I corrosion
Cable Insulation Not stated Not stated ELETEMP, RAD, & 

MOIST-EL
Loss of dielectric 
properties & 
changes in structure

27



Table A.2 Gall Report for NPAR Reports Page 2B 

Document: Letter Report/INEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reoorted Droas Rel.Droas Recort Recommendations Paae No. Item
Fails open due to equipment load cycling Occasional Not discussed in Vendor specific Not stated 4-18 4 

report program, Tech.  
Spec. surveil.  

Fails open due to heat generated by Rare Not discussed in Vendor specific Not stated 4-18 5 
surrounding components, report program, Tech.  

Spec. surveil.  
Contacts open - loss of continuity across Rare Not discussed in Tech. Spec. Not stated 4-18 6 
contacts report surveitlance 
Open circuit of coil - loss of continuity Rare Not discussed in Vendor specific Not stated 4-18 7 
through coil wires, report program 

Loss of capacitance and degraded Occasional Not discussed in Vendor specific Not stated 4-18 8 
system operation. report program 

Open circuit Rare Not discussed in Vendor specific Not stated 4-18 9 
report program 

Loss of capacitance Occasional Not discussed in Vendor specific Not stated 4-18 10 
report program 

Open circuit Rare Not discussed in Vendor specific Not stated 4-18 11 
report program 

Short circuit - turn to turn or to ground Occasional Not discussed in Vendor specific Not stated 4-19 12 
report program 

Short circuit - turn to turn or to ground Occasional Not discussed in Vendor specific Not stated 4-19 13 
report program 

Short circuit - turn to turn or to ground Occasional Not discussed in Vendor specific Not stated 4-19 14 
report program 

Change in inductance Rare Not discussed in Vendor specific Not stated 4-19 is 
report program 

Short or open circuit Occasional Not discussed in Vendor specific Not stated 4-19 16 
report program 

Open circuit Rare Not discussed in Vendor specific Not stated 4-19 17 
report program Change in resistance value and degraded Rare Not discussed in Vendor specific Not stated 4-19 18 

circuit operation. report program 

Change in output Rare Not discussed in Vendor specific Not stated 4-19 19 
report program 

Open circuit at terminals or within printed Rare Not discussed in. Vendor specific Not stated 4-19 20 
circuit board. report program 
Change in output Occasional Not discussed in Vendor specific Not stated 4-19 21 

report program Short circuit Rare Not discussed in Vendor specific Not stated 4-19 22 
report 

program 

Open or short circuit Occasional Not discussed in Vendor specific Not stated 4-19 23 
report program 

No response (stuck) Occasional Not discussed in Vendor specific Not stated 4-19 24 
report program 

No response from meter Rare Not discussed In Vendor specific Not stated 4-19 25 
report program 

Falls to open or close Occasional Not discussed in Vendor specific Not stated 4-19 26 
I report program I

loss of imperviousness, failure frequenly 
coupled with presence of moisture or 
water.

mare Not discussoe in 
report

No specinc 
program

NOt stated 3-33 27



Table A.2 Gall Report for NPAR Reports Page 3A 

Document- Letter Report/INEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL Item SysemSfucture/Comp Suboemeenent Materials Manufneturmr ARfl mam~hnnium ADIn a4ffa~tu

28 Cable Insulation Not stated Not stated ELETEMP, RAD, & Loss of dielectic 
MOIST-EL properties & 

changes in structure 

29 Cable Insulation Not stated Not stated ELETEMP, RAD, & Loss of dielectric 
MOIST-EL properties & 

changes in structure 

30 (Pressure Force Balance Type Force Bar & Unkage Not stated Not stated WEAR & VIB Wear of pivot points 
Transmitters) 

31 (Pressure Force Balance Type Force Motor Not stated Not stated VOLSTR ELETEMP Insulation failure & 
Transmitters) (Feedback Coil) coil burnout 

32 (Pressure Force Balance Type Amplifier Not stated Not stated THER-CY & Shorting or opening 
Transmitters) VOLSTR of electronic 

components 

33 (Pressure Force Balance Type Housing Seals Not stated Not stated ELETEMP, RAD, Compresive set or 
Transmitters) OR EMBR cracking 

34 (Pressure Force Balance Type Diaphragm Not stated Not stated CORR Perforation of 
Transmitters) diaphragm from 

corrosion 

35 (Pressure Force Balance Type Diaphragm Seal Not stated Not stated Not stated Seal deterioration 
Transmitters) from decomposition 

36 (Pressure Capicitance Type Sensing Cell Not stated Not stated Not stated Perforation in cell 
Transmitters) Transmitters allowing leakage of 

fluid 

37 (Pressure Capicitance Type Terminal Cover Plate Not stated Not stated EMBR, ELETEMP, Embrittlement and 
Transmitters) Transmitters Seal & RAD seal cracking 

38 (Pressure Capicitance Type Electronics Not stated Not stated OXIDAT & Circuit continuity lost 
Transmitters) Transmitters CONTAM and bridging of 

circuits 

39 (Pressure Capicitance Type Elec'onics Not stated Not stated VOLSTR & Shorting or opening 
Transmitters) Transmitters ELETEMP of component 

40 (Pressure Capicitance Type Sensing Cell Not stated Not stated ELETEMP OR RAD Chemical changes in 
Transmitters) Transmitters fill-oil

tPreruure 
Transmitters)

Capicrance Iype 
Transmitters

Eiecronics NOt stated Not stated RAD, ELETEMP.  
OR VOLSTR

Change in 
component 
parameters

" I



Table A.2 Gall Report for NPAR Reports
Page 3B

Document: Letter ReportINEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Effect of Aaina on Comoonnt Function rn bhk to 9 ...... ... ..

Q___________r... n l M uieport Recommendations Page No. Item Cracks when flexed & loss of flexibility, Rare Not discussed in No specific Not stated 3-34 28 loss of imperviousness, failure frequently report program 
coupled with presence of moisture or 
water.  
Cracks when flexed & loss of flexibility, Rare Not discussed in No specific Not stated 3-34 29 loss of imperviousness, failure frequently report program 
coupled with presence of moisture or 
water. Adverse changes in insulation 
resistance may cause attenuation of 
signals.  
Failure to operate - decrased accuracy or Occasional Not discussed in RG 1.118, Not stated 4-43 30 complete failure. Zero shift may result report IEEE 338
from bent components causing 1987, ISA 
transmitter failure to operate as required 67.06, Tech Spec 
Failure to operate - loss of output Rare Not discussed in RG 1.118, Not stated 4-43 31 

report IEEE 338
1987, ISA 
67.06, Tech 
,Spec_____________ Failure to operate - may fail high, low, lose Occasional Not discussed in RG 1.118, Not stated 4-43 32 accuracy, or tail with steady output. report IEEE 338
1987, ISA 
67.06, Tech 
Spec Failure to operate - inability of sea] to Occasional Not discussed in RG 1.118, Not stated 4-43 33 provide moisture and pressure barrier report IEEE 338

results in failure of electronics due to 1987, ISA 
shorting and corrosion from ingress of 67.06, Tech 
environmental contaminants. Spec 
Failure to operate as required - zero shift Occasional Not discussed in RG 1.11 8,EEE Not stated 4-43 34 or leakage through diaphrarn causing report 338-1987,ISA 
variable instrument drift as pressures 67.06,10 CFR across diaphararn equalize 50.49 Failure to operate as required - leakage Occasional Not discussed in RG 1.118, Not stated 4-43 35 through diaphram causing variable report IEEE 338
instrument drift as pressures across 1987, ISA diapharam equalize 67.06, Tech Spec 
Failure to operate or loss of accuracy or Rare Not discussed in RG 1.118, Not stated 4-44 36 drift report IEEE 338

1987, ISA 
67.06, Bul 90
01 Failure to operate - inability to provide Rare Not discussed in RG 1.1 18,IEEE Not stated 4-44 37 

moisture and pressure boundary resulting report 338-1987,ISA in loss of electronics due to ingress of 67.06,10 CFR 
environmental contaminants 50-49 Failure to operate or loss of signal or Occasional Not discussed in RG 1.118, Not stated 4-44 38 
sporadic operation report IEEE 3381987, 

ISA 

67.06, Tech 
Spec Failure to operate - loss of output may fail Occasional Not discussed in RG 1.118, Not stated 4-44 39 high or low. report IEEE 338
1987, ISA 
67.06, Tech Spec Failure to operate as required such as Rare Not discussed in FG 1.118, Not stated 4-45 40 

zero shift, reduced accuracy, or changes report IEEE 338
in response time. 1987, ISA 

167.06, IN 95-20 
Failure to operate as reauired - loss of Occasional Not 4is- , Ior_, D..
accuracy, drift, or zero shift report

n7a..1.go, 
IEEE 338
1987, ISA 
67.06, Tech 
Spec

4-45 41
Nlot sudle



Page 4A
rable A.2 Gall Report for NPAR Reports

3ocument Letter Report/iNEL, Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 

1evlewed by: L C. Meyer, INEL 
ter System S•sucture/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

42 (Pressure Strain Gage Type Strain Gage Not stated Not stated Not stated Loss of contnuity in 

Transmitters) 
bridge circuit related 
to aging 

43 (Pressure Sttain Gage Type Seals Not stated Not stated CONTAM, EM BR, Embrittlenerit or 

Transmitters) 
ELETEMP, OR cracking 
RAD 

44 (Pressure Strain Gage Type Potentiometer Not stated Not stated CORR & ELETEMP Corrodes open due 

Transmitters) 
to thermal stress 

45 (Pressure Strain Gage Type Electric Module Not stated Not stated Not stated Component 

Transmitters) 
deterioration or 
change in 
parameters 

T46 (Pressure Strain Gage Type Bourdon Tube Not stated Not stated CORR Perforation of tube 

Transmitters) 
allowing leaks to 
transmitter housing 

Document. NISTIR 4485, Annotated Bibliography - Diagnostic Methods and Measurement Approached to Detect Incipient Defects Due to Aging of Cables 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponen-t Materials Manufacturer ARD mechanism ARD effects 

CleNot stated Not stated Not stated Not stated Not stated 

Document NISTIR 4487, Detection of Incipient Defects in Cables by Partial Discharge Signal Analysis 

Reviewed by: L C. Meyer, INEL 
Item System StructurelComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1Clensulation Not stated Not stated MOIST1-EL. DEHet develop 
OXIDAT, from these 
ELETEMP, & RAD mechanisms 

Document NISTIR 4787, The Use of Time-Domain Dielectric Spectroscopy to Evaluate the Lifetime of Nuclear Power Station Cables 

Reviewed by: Jerry Edson. INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

11 Electrical Cable Jacket Vinyl Not stated Not stated Not stated 

2 Electrical Cable Insulation PE, XLPE, XLPO Not stated ELETEMP & RAD Chemical reactions, 
crosslinking, 
ionization 

3 Electrical Cable Insulation PE, XLPE, XLPO Not stated ELETEMP Chemical reactions, 
COMBINED WITH crosslinking, 

RAD ionization 

Document NUREG-1377 R3, NRC Research Program on Plant Aging: Listing and Summaries of Reports Issued Through July 1992 

Reviewed by: Jerry Edson, INEL 

Item System Sbtucture(Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Listing and NOT 

Summaries of 123 SPECIFICALLY 

NPAR Reports 
ADDRESSED IN 
THE REPORT



Table A.2 Gall Report for NPAR Reports

Document: Letter Report/INEL. Summaries of Research Reports Submitted in Connection With the Nuclear Aging RESEARCH (NPAR) PROGRAM 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item Failure to operate - loss of output. Rare Not discussed in RG 1.118, Not stated 4-45 42 

report IEEE 338
11987, ISA 

67.06, Tech 
Spec 

Failure to operate - inability to provide Occasional Not discussed in RG 1.118,1EEE Not stated 4-45 43 
moisture and pressure barrier leading to report 338-1987,1SA 
failure of electronics due to contamination. 67.06,10 CFR 

50.49 
Failure to operate - fails over range, wire- Occasional Not discussed in RG 1.118, Not stated 4-45 44 
wound potentiometer corrosion of resistive report IEEE 338
elements leads to failure 1987, ISA 

67.06, Tech 
Spec 

Failure to operate or loss of full output Occasional Not discussed in RG 1.118, Not stated 4-45 45 
report IEEE 338

1987, ISA 
67.06, Tech 
Spec 

Failure to operate as required - dnft, Rare Not discussed in RG 1.118, Not stated 4-45 46 
contamination of transmitter internals, and report IEEE 338
failure to respond 1987, ISA 

67.06, Tech 
Spec I 

Document- NISTIR 4485, Annotated Bibliography - Diagnostic Methods and Measurement Approached to Detect Incipient Defects Due to Aging of Cables 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
This is a collection of 156 reveiwed Not stated Not discussed in No specific Not stated NA 1 
abstracts of reports and papers related to report program 
cable aging and defect assessment 
covering the 1970-1986 period. An 
additional list of 850 citations was 
compiled from references given in the 

Ireveiwed papers. I I I 

Document: NISTIR 4487, Detection of Incipient Defects in Cables by Partial Discharge Signal Analysis 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
The defects will degrade insulating Occasional Not discussed in No specific Six recommendations each for 1 and 120 
properties of cable insulation. report program partial discharge research and 

hardware development Three for 
Isoftware. [4] 

Document: NISTIR 4787, The Use of Time-Domain Dielectric Spectroscopy to Evaluate the Lifetime of Nuclear Power Station Cables 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Not stated Not stated Not discussed in No specific Not stated 15 1 

report program 
Embrittilement, softening, loss of Not stated Not discussed in No specific Not stated 1, 2, 4, 7, 2 
elongation and reduced dielectric strength report program 8, 15, 17, 
could cause failure to accurately transmit 22-38 
voltage or current_ 
Emrbnttiement, softening, loss of Not stated Not discussed in No specific Not stated 1, 2, 4, 7, 3 
elongation and reduced dielectric strength report program 8,15,17, 
could cause failure to accurately transmit 22-38 
voltage or current.  

Document: NUREG-1377 R3, NRC Research Program on Plant Aging: Listing and Summaries of Reports Issued Through July 1992 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
The purpose of the report is to present a Not discussed in the No specific Not stated1 
listing and summaries of 123 NPAR report program 
reports. Specific aging effects and 
recommendations are addressed by the 
individual reports.

Page 48



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CP-0100, Proceedings of the Intemational Nuclear Aging Symposium, Session 3 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

17 Resistance Not stated Not stated THERM-CY Conductive 
Temperature compounds become 
Devices insulative 

18 Electncal Wiring Insulation Kapton (Aeromatic Not stated MOIST-EL & ELE- Insulation cracking 
polymide) TEMP and loss of 

mechanical 
properties 

19 Pressure Force Balance Type Not stated Foxboro CONTAM & FRZ- Blockage of sensing 
Transducers Sensors THAW lines 

20 Pressure Not stated Not stated Rosemount CONTAM & FRZ- Blockage of sensing 
Transducers THAW lines 

21 Micro Processor & IC DIE Silicon, Silicon oxide Not stated CONTAM, Contamination 
ICs & interfaces VOTSTR, CURSTR causes shorts. V & I 

stresses cause 
burnout 

22 Micro Processor & IC DIE Metalization Not stated CORR Corrosion from 
ICs adjacent materals 

23 Micro Processor & IC Package Metalic leads & Not stated FAT, CORR, VIB, & Corr from adjacent 
ICs container and glass CONTAM materials, vib cause.  

seas fat contain shorts 

24 Diesel Generator Not stated Not stated Not stated Not stated WEAR & LOSLUB Wear from lack of 
lubrication during 
fast starts 

25 Cable Insulation EPR, CSPE, & Four vendors listed RAD. ELETEMP, & Insulation 
XLPE MOIST-EL dagradation from all 

three mechanisms 

Document: NUREG/CP-0105, Seventeenth Water Reactor Safety Information Meeting (Electrical Parts) 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

14 Auiliary Feedwater Not stated Not stated Not stated Not stated 
System 

15 Auxiliary Feedwater Cable Various cable Seven vendors RAD AND Not stated 
System materials Identified ELETEMP 

16 Auxiliay Feedwater Steam Generator Tubes Not stated Westinghouse FAT. EROS, CORR Primary water stress 
System corrosion cracking 

(PWSCC) 

17 Auxiliary Feedwater Circuit Breakers Not stated Not stated Not stated Not stated 
System 

18 Auiliary Feedwater Turbine Driven Not stated Not stated Not stated Not stated 
System Pump 

19 Auxiliary Feedwater Compressors Not stated Not stated WEAR, CONTAM, Set point drift, 
system & VIB degraded parts, & 

loose connections 

20 Auliairy Feedwater Dryers Not stated Not stated CORR & CONTAM Blockage, detediation 
System I of components

Auxiliary i-eeawater 
System

valve Not stated NOt stated WEAR. CONTAM, 
AND CORR

Set point drift, 
fracture/cracking, 
component 
deterioration

Page SA

21



Table A.2 Gall Report for NPAR Reports
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Document: NUREG/CP-0100. Proceedings of the International Nuclear Aging Symposium, Session 3 
Reviewed by: L. C. Meyer, INEL Effect of Aanin en Cnmnnn.,nt =,,•^ •-4ZI= ,_ :.n.._ , ....... ..

Sa - o -... .. u&# raiusr Reporta progs HeI.proas Report Recommendations Page No. Item, Never-seez usd in thermal wells lose Not stated Reg Guides 1.118 Reg Guides Not stated 363-366 17 conductivity with age and effects and 1.105 1.118 and response time of RTD. 
1.105 Cracking can result in contamination Occasional Not discussed in No specific Not stated 130-131 18 intrusion and improper output. report program 

Partial or full blockage of sensing Ines Not stated IEEE-Std 338, Meg IEEE 338, Reg Not stated 137-139 19 effects the transducer response time. Guide 1.118, & ISA Guide 1.118, 
Std 67.06 ISA 67.06 Partial or full blockage of sensing lines Not stated IEEE-Std 338, Reg IEEE 338, Reg Not stated 138-139 20 effects the transducer response time. Guide 1. 118, & ISA Guide 1.118, 
Std 67.06 ISA 67.06 Contamination enters by cracks or from Not stated IEEE-323-1983 No specific As new vendors & technologies 146-152 21 MFG process and if moved by handling program emerge, their aging sensitivity shoulc can short gate elements, voltage and be addressed. [2] 

current spikes may overstress leads or 
connections weakened by manufacturing 
process or chemical reactions of materials 
used in IC.  
Metalization may fail because of corrosion Not stated IEEE-323-1983 No specific As new vendors & technologies 146-152 22 from adjacent materials program emerge, their aging senstivity shoul 

be addressed. [21 Vibration may crack glass seals allowing Not stated IEEE-323-1983 No specific As new vendors & technologies 146-152 23 contamination to enter case, corr from program emerge, their aging sensitivity should moisture entering cracked seals or be addressed. [2] 
adjacent materials, contamination left from 
mfg process or entering through seal 
cracks may cause component shorting.  
Decreases reliable life of diesels Not stated Not discussed in IEEE 387-1984 Not stated 153-157 24 

report Section 7.5, 
IEEE 749-1983 The report is not an aging evaluation, but Not stated IEEE Std-74 & IEEE No specific Not stated 158-166 25 only describes long term tests to STD-383-1974 program 

determine the amount of insulation 
degratation from radiation, elevated 
temperature, pwr atmrospheres, and 
inerted BWR atmospheres.  

Document: NUREG/CP-0105, Seventeenth Water Reactor Safety Information Meeting (Electilcal Parts) 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item This report develops an aging risk Not stated Not discussed in No specific Not stated 377-398 14 assesment methodology using the aPWR report program AFW system to demonstrate method 
This report covered loca testing of aged Not stated Not discussed in No specific Not stated 399-410 15 cables. Aging information provided in report program other Sandia reports on cable aglingl 
PWSCC damages steam tubes at three Rare Not discussed in No specific Not stated 411-431 16 locations; roll transition regions, Li-bends, report program 

and tube dents. Leaks at these locations 
can lead to shuting down the reactor.  
This report covers NPAR phase 2 tasks Not stated NPAR No specific Not stated 433-437 17 related to resolving technical safety issues program This report only provides an overview and Not stated Not discussed in No specific Comprehensive testing of 439-451 18 identifies the turbine driven pump as report program components and i&c. [2] 
historically having the most failures with 
the turbine i&c/governor control system 
having half of these failures. Does not 
have specific aging data.  
Degraded operation or failure Occasional Not discussed in No specific Not stated 453-471 19 

report program 
Failure or degraded operation Occasional Not discussed in No specific Not stated 453-471 20 

report program Failure to operate, failure to ooen or Occ sionaJ Not di t e,.tin KI4 1 , , ......

program

h _i

close, or degraded operation - report Not SE&IOU 46,3-471 21



Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CP-0105, Seventeenth Water Reactor Safety Information Meeting (Electrical Parts) 
Reviewed by: L C. Meyer, INEL 
Item •vetmm lhi~rett.mn B ajlenmnflnt Matorta•,la Manufacturer

Page GA

ARD mechanism ARD effects
22 Audilary Feedwater Diesel Generator Not stated Not stated Not stated Not stated 

System 

23 Auodliary Feedwater Circuit Breakers Not stated Not stated Not stated Not stated Not stated 
System 

24 Auxiliary Feedwater Not stated Not stated Not stated Not stated Not stated Not stated 

System 

25 Auxiliary Feedwater Not stated Not stated Not stated Not stated Not stated Not stated 
System 

Document: NUREG/CR-3956, In Situ Testing of the Shippingport Atomic Power Station Electrical Circuits 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Pressurizer Heater Cable Conductor NO. 6 AWG, single Okonite CORR Increased loop 
Feeder Circuit _ copper conductor resistance 

2 Pressurizer Heater Cable Insulation 1/16 IN. thick oil Okonite Not stated Low insulation 
Feeder Circuit base resistance 

3 Pressurizer Heater Cable Jacket 1/32-IN. black Okonite Not stated Not stated 
Feeder Circuit neoprene 

4 Pressurizer Heater Cable Conductor NO. 10 AWG Not stated CORR Not stated 
Main Feeder Circuit Copper 

5 Pressurizer Heater Cable Insulation Silicon rubber with Not stated OXIDAT Degraded insulaion 
Main Feeder Circuit glass braid resistance 

6 Pressurizer Heater Cable Jacket Silicon rubber Not stated Not stated Not stated 
Main Feeder Circuit 

7 Instrumentation and Heater, MOV, and Stop Joint Splices, Not stated Not stated MOIST-EL AND Loss of matenal, and 
Control RTD Circuits and Terminals CORR corrosion product 

buildup 

8 Rod Control Position Cable 33 Conductor, NO. Copper Okonite Not stated Not stated 
Indicator Cables 16 AWG, Stranded 

I Wire 

9 Rod Control Position Cable Insulation Oil base insulation Okonite Not stated Not stated 
Indicator Cables 

10 Rod Control Position Cable Jacket Neoprene Okonite Not stated Not stated 
Indicator Cables 

11 Resistance Cable Insulation NO. 18 AWG, tinned Not stated Not stated Not stated 
Temperature copper stranded.  
Detector Circuits spiral wrapped and 

shielded with a 
chrome vinyl jacket 

12 Resistance RTDs Sensing Element Platinum Leeds and Northrup Not stated Not stated 
Temperature 
Detector Circuits 

13 Resistance Terminals and Stop Not stated Not stated Not stated CORR AND Increase in 
Temperature Joints MOIST-EL resistance, open 
Detector Circuits circuit, and film on 

terminals 

14 Nuclear RG- 149U Cables Insulation NO. 18 AWG Not stated Not stated Not stated 
Instrumentation copper center 

conductor and 
polyethylene 
insulation 

15 Motor Operated Limit Switches Contacts Not stated Not stated CORR Materal buildup on 
Valves contacts 

161 Motor Operated Cable Not stated Not stated Not stated Not stated Not stated 
Valves

Motor Operated 
Valves

Not stated Not stated Not stated NOt stated Not stated1-1 Motor



Table A.2 Gall Report for NPAR Reports
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Document: NUREG/CP-0105, Seventeenth Water Reactor Safety Information Meeting (Electrical Parts) 
Reviewed by: L C. Meyer, INEL Effect of Aging on Comleonent Furctlnn f•nrn Inti t, D,,, ,.. " 4,,i... ,,,...

- W...,,. pg l,.p.,gs Repont Recommenauons Pago,4No. Item Failure to start Occasional Not discussed in IEEE 387-1984 Not stated 473-495 22 
report Section 7.5, 

IEEE 749-1983 
Failure to transfer Occasional Not discussed in IEEE 741-1986 Not stated 473-495 23 •report 

Section7 This report only covers the use of NPAR Not stated Not discussed in N/A Not stated 497-407 24 results in inspection activities. Aging report 
summaries are covered in other npar 
reports This report covers a methodology for Not stated Not discussed in N/A Not stated 509-529 25 managing aging in nuclear power plants report 

Document: NUREG/CR-3956, In Situ Testing of the Shippingport Atomic Power Station Electrical Circuits 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contlib to Failure Reported progs Rel.progs Report Recommendations Page No. Item The effect was a small decrease in Rare Plant specific No specific Keep moisture out [2] 5, 6, & 7 1 available wattage to heaters maintenance program Degraded heater oeration, one circuit Rare Plant specific No specific Keep moisture out of cables (2] 5, 6, 7, & 2 failed because of low insulation resistance maintenance program 21 Not stated Rare Not discussed in No specific Not stated 6 3 

report program Marginal operation Rare Not discussed in No specific Not stated 6 4 
report program Marginal operation of heaters Rare Not discussed in No specific Not stated 6 5 
report program Not stated Rare Not discussed in No specific Not stated 6 6 
report program Nonenvironmentaly sealed splices and Occasional Not discussed in No specific Periodic plant maintenance to clean 7 and 21 7 terminals presents vulnerable areas for report program terminals and check seals and to oxidation, corrosion, dust, and moisture use ECCAD to check circuits before contamination to set in. tailure (2] None Rare Not discussed in No specific Not stated 7, 8, and 8 
report program 21 

None Rare Not discussed in No specific Not stated 7, 8, and 9 
report program 21 None Rare Not discussed in No specific Not stated 7, 8, and 10 
report program 21 None Rare Not discussed in No specific Not stated 7, 8, and 11 
report program 21 

One circuit shorted to ground at the Rare Not discussed in ANSI/IEEE Not stated 8, 9, and 12 instrument end report 338-1987 21 

Oircuits had hiaher than expe1t loon i 'rrii I K. .
resistance, four circuits had a series 
resistance occuring at the stop joints, 
resistance problem also observed at 
termination points in the control room, one 
circuit was shorted to ground at the 
instrument end

Insulation resistance exceeded the 
standard recommended minimum, although not serious enough to alter the 
intended limit switch function

Hfaii

maro

u iscus u in 
report

No specific 
program

k. - J.
Not aiscussed in 
report

ANSI N42.4
1971

Not stated

Not stated

L.. I _____________
NOt discussed in 
report

Vendor 
specific, GL 
89-10,

I I n ý.- I ,,l a f Il 
None Rare Not discussed in No specific Not state 

I I report - program I
0.eX I LI l LWU MOVS ,iola8w outside, 

exposed to weather were inoperable.
i-Rare Not discussed in 

report
Vendor 
specific, GL 
89-10, 
NUREG-1352

9, 10, and 
21

12.13, 
and 21

Not stated12

Not stats

and 21

12,20, 
and 21 

12,20, 
and 21

1 E

!C

None
k
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Document: NUREG/CR-3956, In Situ Testing of the Shippingport Atomic Power Station Electrical Circuits 
Reviewed by: L C. Meyer, INEL 
Itemn System Structure/Coma Suboomnonent Materials Manufacturer ARD mechanism

11 Motor Operated Not stated Not stated Not stated No ttdWEATH Not stated 
Valves I 7 

Document: NUREG/CR-4156, Operating Experience and Aging-Seismic Assessment of Electric Motors 
Reviewed by: L C. Mayer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 3 Phase Induction & Stator - Conductors Copper Not stated VIB, THERM, AND Loosening of 
Synchronous Motors and Structural SHRINK laminations and 

Components locking devices 

3 Phase Induction & Stator - Insulation Mica, glass, resins, Not stated THERM, OXIDAT, Degraded dielectric 
Synchronous Motors enamels, mylars, MOIST-EL, AND properties & tensile 

figer, varnish, and RAD strength, brittle 
nonhygroscopic 
materials 

3 3 Phase Induction & Rotor - Contuctors Copper Not stated VIB & THERM Rotor embalance, 
Synchronous Motors and Structural loose parts, and 

Components overheating 

4 3 Phase Induction & Rotor - Insulating Mica, glass, resins, Not stated CURSTR, THERM, Insulation damage, 
Synchronous Motors Materials enamels, mylars, RAD, AND MOIST- winding short, 

fiber, varnish, and EL overheating of rotor 
nonhygrosoopic coils 
marfeials 

5 3 Phase Induction & Rotor - Commutator Mica, copper. Not stated WEAR, FAT, DIRT, Brush wearout, 
Synchronous Motors and Brushes carbon, and steel in CONTAM, AND relaxed spring, oil 

spring mechanism OXIDAT deposits, & loose 
contact 

6 3 Phase Induction & Bearings Steel, brass, and Not stated VIB, THERM, Material attrition, 
Synchronous Motors bronze WEAR, cracking of bearings, 

CONTAMIN, AND scoring of surface 
LOSLUBE 

7 3 Phase Induction & Bolts. Ranges, and Steel, cast iron, Not stated VIB, CORR, FAT. Sheared bolts, 
Synchronous Motors Housing brass, and copper THERM, AND cracked flanges or 

MECHSTR housing, overheated 
frame 

8 3 Phase Induction & Seals and Gaskets Polymers Not stated THERM, VIB, AND Cracking, shrinking, 
Synchronous Motors RAD leaking of oil or 

water, embrittlernent 

9 3 Phase Induction & MOV's Break Coils Copper Not stated THERM, CORR, Corrosion product 
Synchronous Motors CURSTR buildup, current 

overload, & 
misoperation 

10 3 Phase Induction & Conduit Box, Leads, Copper Not stated VIB AND CORR. Leak, poor electrical 
Synchronous Motors and Connections CONTAM, MOIST- contact, loose leads, 

EL improper seals 

11 3 Phase Induction & Motor See sub- Not stated WEAR, THERM, Misaligned parts, 
Synchronous Motors components VIB, CURSTR, burned out motor, & 

RAD, FAT, AND disengaged motor 
I___ _ _MOIST-EL I _ _

Document: NUREG/CR-4234 V2, Aging and Service Wear of Electric Motor-Operated Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant! 
Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

Motor Operated 
Valve

Gearbox - Gears Not stated WEAR Not stated ElM, Limitorque,
ERM, oimitorque, 
Rotork

ARD effects

Page 7A

I Gearbox - Gears Not stated WEAR Not stated



Table A.2 Gall Report for NPAR Reports
Page 7B

Document NUREG/CR-3956, In Situ Testing of the Shippingport Atomic Power Station Electrical Circuits 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Rt

p o rtr R c o m me... . •d a t io n s P It em.  rbeRare Nt diJM..,,.

re portB Iad 121
No0t statred

Document: NUREG/CR-4156, Operating Experience and Aging-Seismic Assessment of Electric Motors 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs 
INot stated

Degraded operation or failure to function 

Frame distorton, shift in rotor center of 
gravity, insuficient cooling, winding short 
short or overheating of rotor coils leading 
to burnt motor and failure to function.  
Excess current due to aging from many 
starts, cage winding failure due to jogging, 
over heating of rotor coils leading to burnt 
motor, winding shorts, insulation 
shrinkage results in decreased output or 
failure to function.  
Loose brush connection, dirt & foreign 
particles, wear out of carbon brushes, 
relaxed spring load in the brush holder 
mechanisms, dirt/moisture on 
commutator and oxidation effects results 
in decreased output or failure to function.  
Seized bearings, and overheating, 
excessive vibration could cause fracture 
and beanng scoring, corrosion due to 
exposure to air.

il-ur u nctiou u or degraded operation

IDecreased output or failure to function.  

Burning of motor windings, jamming of 
break coil, overload the motor drawing 
large currents into the windings results in 
talure to operate.  

Degraded insulation, shorts, or open 
circuits result in decreased output or 
failure to function.

Occasional 

Occasional 

Occasional

NotL dscussed in report

I report
Nt d istuse in 
report

,r mcommendations Page No. Item
IEEE 334-1974 Preventive maintenance programms, 
Section 14 operational readiness acceptance 

criteria, in-situ testing and monitoring 
programs [2]

17
EEE 3341974 

Section 14
Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitorirc 
programs [2]

S-2, 2-15, 
and 4-23

S-2,2-15.  
& 4-23

-� . t�- -- ... L I _________ I ____

report Section 14

I Not dicse in I EE

report Section 14

Not discussed in IEEE 334-1974 
report iSection 14

Not discussed in IEEE 334-1974 
report Section 14

4.-------------J. I ____

'OCCASIONAL

Occasional 

Rare 

Occasional

Burned or dead motor, disengaged motor, Rare 
& overcurrent results in decreased output 
or failure to function.

Not discussed in 
report

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report

IEEE 334-1974 
Section 14 

IEEE 334-1974 
Section 14 

Vendor 
specific, GL 
89-10, 
NUREG-1352 
No specific 
program

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitoring programs r21

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitorinr 
programs [2] 

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitoring programs [2] 

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitoring 
programs [2] 

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitorin 
programs [2] 

Preventive maintenance programms, 
operational readiness acceptance 
criteria, in-situ testing and monitoring 
programs [21 
Preventive maintenance programms, 

operationaj readiness acceptance 
:riteria, in-situ testing and monitori programs [21 
Preventive maintenac prg ms, 
oparatbonal readiness acceptance 
criteria, in-situ testing and monitorin

programs I2] 
IEEE 334-1974 Preventive maintenance programms, 
Section 14 operational readiness acceptance 

criteria, in-situ tesing andm 
programs (2]1oitrn

S-2.  
4-23

2-20,

2-15, S-2.  
4-24

2-22, S-2.  
4-25

2-15,4
22, 4-23.  
4-25, 4
26, and 4
27 
2-15, 4
24, 4-25, 
4-25, 4
27, and 4
28 
15-15 & 4
28 

5-15 & 4
28

4-29

Document: NUREG/CR-4234 V2, Aging and Service Wear of Electric Motor-Operated Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant! Reviewed by: Jerry Edson, INEL Effect of Aging on Component Function Contrib to Failure Reported pro s Rel. ro s Rert Recommendations Pae No. Item Failure to open or lose, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5-12, 15, as required report specific, GL should be performed. Good records 72 ,167 
89-10, should be maintained [4] 
NUREG-1352

2

3

4

S

1

1::

--- I 4-28 4-28 10

scussen... /A 12L,20, I181
=gon Hecommen,•attan•= psi,, • I•m

-- _ +

I
t T

Occasio l I

A •

j ....

11

S....... I M



Table A.2 Gall Report for NPAR Reports Page SA 

Document: NUREG/CR-4234 V2, Aging and Service Wear of Electric Motor-Operated Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant! 

Reviewed by: Jerry Edson, INEL 
U..,•,uI. Manufacturer ARD mechanism ARD effects

I[

18 Motor Operated 
Valve

Rotork

2 Motor Operated Gearbox -Fasteners Not stated ElM, Limitorque, Not stated Fastener loosening 

Valve Rotork 

3 Motor Operated Gearbox - Stem Nut Not stated ElM, Limitorque, WEAR Not stated 

Valve Rotork 

4 Motor Operated Gearbox - Drive Not stated ElM, Umitorque, WEAR Not stated 

Valve Sleeve Rotork 

5 Motor Operated Gearbox - Bearings Not stated ElM, Umitorque, WEAR Not stated 

Valve Rotork 

6 Motor Operated Gearbox - Lubercani Not stated ElM, Limitorque, Not stated Hardening 

Valve Rotork 

7 Motor Operated Gearbox - Shaft Not stated ElM. Limitorque, WEAR, MECHSTR Tapering of the shaft 

Valve Rotork 

8 Motor Operated Gearbox - Clutch Not stated ElM, Limitorque, WEAR Not stated 

Valve Rotork 

9 Motor Operated Gearbox - Spring Not stated ElM, Limitorque, Not stated Response change 

Valve Pack and Torque Rotork 
Switch 

10 Motor Operated Gearbox - Stem Not stated ElM, Limitorque, Not stated Loosening 

Valve Lock Nut Rotork 

11 Motor Operated Gearbox - Seal Not stated ElM, Limitorque, WEAR Deterioraton 

Valve Rotork 

12 Motor Operated Motor Not stated ElM, Limitorque, CORR, WEAR Not stated 

Valve Rotork 

13 Motor Operated Motor Not stated ElM, Limitorque, ELETEMP Break down of 

Valve Rotork insulaton 

14 Motor Operated Switches - Contacts Not stated ElM, Iimitorque, CORR, CORR/PIT Not stated 

Valve Rotork 

15 Motor Operated Switches - Insulation Not stated ElM, Limitorque, ELETEMP Insulation 

Valve Rotork breakdown 

16 Motor Operated Switches - Grease Not stated ElM, Umitorque, Not stated Hamening 

Valve Rotork 

17 Motor Operated Switches - Gear and Not stated ElM, Limitorque, WEAR Not stated 

Valve Cam Rotork 

.. . . . . .. -. . l I *.*-,**~ -•dn' K o "a.4 VS•witces - Ftoa~ner IrNot staed



Table A.2 Gall Report for NPAR Reports

Document NUREG/CR-4234 V2, Aging and Service Wear of Electric Motor-Operatled Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant 
Reviewed by: Jerry Edson, INEL 
Effect of Aqina on Component Function Contrib to Failure Reported progs Rel.proas Report Recommendations Page No. Item
Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12, 15, 2 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12, 15, 3 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 4 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 5 
as required report specific, GL should be performed. Good records 72. 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12. 15, 6 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12,15, 7 
as required report specific, GL should be performed. Good records 72,167 

89- 10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12, 15, 8 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12, 15, 9 
as required report specific, GL should be performed. Good records 72,167 

89-10, should be maintained [4] 
NUREG-1352 I 

Failure to open or close, failure to operate Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12,15, 10 
as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Leakage of lubricant out from gearbox or Not stated Not discussed in Vendor Accurate and consistent mov testing 5 - 12, 15, 11 
leakage of contaminants into the gear box report specific, GL should be performed. Good records 72,167 
resulting in failure to open or close or 89-10, should be maintained [4] 
failure to operate as required NUREG-1352 
Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12,15, 12 
operate as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 13 
operate as required report specific, GL should be performed. Good records 72, 167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 14 
operate as required report specific, GL should be performed. Good records 72,167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5-12,15, 15 
operate as required report specific, GL should be performed. Good records 72,167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 16 
operate as required report specific, GL should be performed. Good records 72,167 

89-10, should be maintained [4] 
NUREG-1352 

Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 17 
operate as required report specific, GL should be performed. Good records 72,167 

89-10, should be maintained [4] 
NUREG-1 352 1 1

raure to open or close or failure t0 
operate as required

rNot stateo NOt discussed in 
report

vendor 
specific, GL 
89-10, 
NUREG-1352

Accurate and consistent mov testing 
should be performed. Good records 
should be maintained [4]

5-12.15, 
72,167

18

Page 8iB



Table A.2 Gall Report for NPAR Reports Page 9A 

Document: NUREG/CR-4234 V2, Aging and Service Wear of Electric Motor-Operated Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant! 
Reviewed by: Jerry Edson, INEL 
Item Swatarn- .z*- 4erf. . -....... . .

~~~~ I.. •m b-,,,:•,. ubcomponen[ Materials Manufacturer ARD me----h--anism ARD effects 1 Motor Operated Valves - Operator Not stated Anchor Darling, WEAR, CORR Not stated 
Valve Velan, ET 

20 Motor Operated Valves - Yoke Not stated Anchor Darling, WEAR Not stated 
Valve Bushing Velan, ET 

21 Motor Operated Valves - Valve Stem Not stated Anchor Darling. WEAR, MECHSTR Tapering of the shal 
Valve Velan, ET 

2 Motor Operated Valves - Fasteners Not stated Anchor Darling, Not stated Loosening 
Valve Velan, ET 

23 Motor Operated Valves - Valve Seat Not stated Anchor Darling, WEAR. CORR Not stated 
Valve Velan. ET 

24 Motor Operated Valves - Bonnet Seal Not stated Anchor Darling, Not stated Deterioration 
Valve Velan, ET 

25 Motor Operated Valves - Stem Not stated Anchor Darling, Not stated Deterioration 
Valve Packing Velan, ET

Document: NUREG/CR-4257, Inspection, Surveillance, and Monitoring of Electrical Equipment Inside Containment of Nuclear Power Plants - With Applications to' 
Reviewed by: L C. Meyer, INEL Item SytmStruetu.I•'•nm. _•,h-. .... , . * . m....-.--.-- ...... ... . ...

S........ r .... ,,r,,I-, ,,ww,".= Manufacturer ARD mechanism ARD effects Cable 600 V, 4 kV, and 13 Cross-linked Not stated THERM, RAD, Chemical changes, 
kV Power Cable polyethylene (XLPE) CHEM, AND dielectmc 
Insulation MOIST-EL degradation, & 

cracks 

2 Cable 600 V, 4 kV, and 13 Ethylene propylene Not stated THERM, RAD, Chemical changes, 
kV Power Cable CHEM, AND dielectric 
Insulation MOIST-EL degradation, & 

cracks 
3 Cable 600 V, 4 kV, and 13 Polyvinyl chloride Not stated THERM, RAD, Radation 

kV Power Cable (PVC) CHEM, AND deterioration, 
Insulation MOIST-EL dielectric 

degradation, & 
cracks Cable Cable Sheathing and Chlorosulfonated Not stated THERM, RAD, & Radiation 

Jacket polyethylene (CSP) CHEM. deterioration, 
and Kapton dielectric 

degradation, & 
cracks 5 Cable Cont'ol Cable Cross-linked Not stated THERM, RAD, & Radiation 

polyethylene (XLPE) CHEM. deterioration, 
dielectic 
degradation, & 
cracks 

Item-J S'. --- tern.J t=t ...c:-- ._ .. . . ..

%Ajuu %.cw

wineted insu nI]•UoJI 

Metal Jacket Cable

'.[oSS-linKea 
polyethylene (XLPE)

Not stated

Not stated

Not stated

THERM, RAD, & 
CHEM.

RAD & VIB

Radiation 
deterioratin, 
dielectric 
degradation, & 
cracks

71 i .i . cracks
Wear

-� ______________ ______________ J. ______________ 1 ______________ 1. ______________ 1 ________

e



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4234 V2. Aging and Service Wear of Electric Motor-Operated Valves Used in Engineered Safety-Feature Systems of Nuclear Power Plant, Reviewed by: Jerry Edson, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Pae No. Item Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5- 12, 15, 1 operate as required report specific, GL should be performed. Good records 72, 167 
89-10, should be maintained [4] 
NUREG-1352 

I 
Failure to open or close or failure to Not stated Not discussed in Vendor Accurate and consistent mov testing 5 -12,15, 20 operate as required report specific, GL should be performed. Good records 72, 167

Failure to open or close or failure to 
operate as required 

Failure to open or close or failure to 
operate as required 

Failure to open or close or failure to 
operate as required

Leakage Not stated

Not discussed in 
report 

Not discussed in 
report 

Not discussed in

89-10, NUREG-1 352
NUREG-1 352
Vendor 
specific, GL 
89-10, 
NUREG-1352

Vendor 
specific, GL 
89-10, 
NUREG-1352 
Vendor

report specific, GL 
89-10, 
NUREG-1352 Not discussed in Vendor 

report specific, GL 
89-10.  
NUREG-1352 

Not disc-ussed in Vendor 
report specific, GL 

89-10, 
INUREG-1352

should be maintained [4]

Accurate and consistent mov testing 
should be performed. Good records 
should be maintained [4]

Accurate and consistent mov testing 
should be performed. Good records 
should be maintained [4] 

Accurate and consistent mov testing 
should be performed. Good records 
should be maintained [4] 

JAccurate andl consistent mov testing 
shoulid be performed. Good records 
should be maintained [41 

Accurate and consistent mov testing 
should be performed. Good records 
should be maintained [4]

5-12,15, 
72,167

5-12,15, 
72, 167 

5-12,15, 
72, 167 

5-12,15, 
72,167 

5-12, 15, 
72,167

21

22

Document: NUREG/CR-4257, Inspection, Surveillance, and Monitoring of Electrical Equipment Inside Containment of Nuclear Power Plants - With Applications to I Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs eI.prod. s Report Recommendations P ae No. Item Chemical chan ges in polymer resulting Rare Not discussed in No specific Testing to be based on safety 26,38, 40, orsm agtng, los f dielectric generaicy report program importance. determine root cause of & 53 
occurs after deterioration of mechanicalfalrsreoeamestar5o 

p r o b m e s ti ' e i n m a c a u e r p i dfa ilu re s , re m o v e s a m p le s a fte r 5 to properties, treeing may cause rapid 10 years for tests [4] breakdown of dielectric capabilities, loss 
of flexibility, can't withstand voltage stress Loss of dielectric generally occurs after Rare Not discussed in No specific Testing to be based on safety 26,38, 40, 2 detenoration of mechanical properties, report program importance, determine root cause of & 53 treeing may cause rapid breakdown of 

failures, remove samples ater 5 to dielectric capabilities, loss of flexibility, 
10 years for tests (4] cant with stand voltage stress Subject to deterioration from radiation, Rare Not discussed in No specific Testing to be based on safety 26,38, 40, 3 loss of dielectric generally occurs after report program inportance, determine root cause of & 53 detenoration of mechanical properties. 
c-, ..

Major failure modes for sheathing are loss 
of flexibility and imperviousness, teflon 
glue fails at low radiaton doses resulting 
in inability to protect conductor insulation.

Rare

Loss of dielectric generally occurs after Rare 
detenoration of mechanical properties, 
loss of flexibility, loss of imperviousness.  
aging similar to power cable. Results in 
failure to properly transmit voltage or 
current 
Loss of dielectric generally occurs after Rare 
detenorabon of mechanical properties, 
loss of flexibility, loss of imperviousness, 
aging similar to power cable. Results in 
failure to property transmit voltage or 
current.  
Conductor wear through insulation due to Rare 
bending or vibration. Results in ffailure to 
ransmit voltage or current

Not discussed in No specific 
report I program

Not discussed in No specific 
report program

Not discussed in No specific 
report program

Not discussed in 
report

No specific 
program

-fures, remove samples after 5 to 
10 years for tests [4] 

Testing to be based on safety 
importance, kapton not 
recommended for applications 
subjec to radiation doses > 0.01 
mrad [4] 
Testing to be based on safety

importance, determine root cause of 
failures, remove samples after 5 to 10 years for tests [4] 

Testing to be based-on safety 
importance, determine root cause of 
failures, remove samples attar 5 to 
10 years for tests [4]

Testing to be based on safety 26, 30, 7 
importance, determine root cause of 
failures. [4]

26,38, 40, 
& 53 

26,39, 
40, & 53 

26, 39, 
40, & 53

40, & 53

Not stated 

Not stated 

Not stated

Leakaaa
NIOE 1•iaie

Page 9B
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Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4257 V2, Inspection, Surveillance, and Monitoring of Electrical Equipment in Nuclear Power Plants - Pressure Transmitters 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Force Balance Type Force Balance Bar & 316 stainless steel The Foxboro VIB AND WEAR Wear, failure to 
Transmitter Linkage Company operate, bending 

component zero 
shift 

2 Force Balance Type Feedback Coil Copper The Foxboro THERM, Burnout 
Transmitter Company 

3 Force Balance Type Amplifier Carbon resistors, The Foxboro THERM, RAD, Degradation of 
Transmitter transistors, OP Company VOLSTR insulation, insulation 

amps, capacitors & breakdown, & cracks 
dodes 

4 Force Balance Type Housing Seals Viton The Foxboro THERM, RAD, & Embrittlement, 
Transmitter Company CONTAM cracking, and 

inability to seal 

5 Force Balance Type Diaphragm Capsule 316 stainless steel The Foxboro CORR Leakage or 
Transmitter Company perforation 

6 Force Balance Type Diaphragm Seal 316 stainless steel The Foxboro THERM OR RAD Inability to maintain 
Transmitter Company pressure barrier, 

variable instrument 
7 Capacitance Type Sensing Cell 316 stainless steel Rosemount THERM AND RAD Leakage, rupture, oil 

Transmitter breakdown, or 
perforation 

8 Capacitance Type Terminal Cover Seal Ethylene propylene Rosemount THERM AND RAD Embrittlement and 
Transmitter cracking 

9 Capacitance Type Electronics Cover Ethylene propylene Rosemount THERM AND RAD Embrittlement and 
Transmitter Seal crackdng 

10 Capacitance Type Electronics Parts - Not stated Rosemount OXIDAT, THERM, Degradation of 
Transmitter Misc Small AND VOLSTR insulation, arcing, 

Components shorts and open 
circuits 

11 Strain Gage Type Strain Gage Resistive matenal ITT Barton VIB Loss of continuity or 
Instruments open resistor 

12 Strain Gage Type Housing Seal Ethylene propylene ITT Barton THERM AND RAD Embrittlement or 
Instruments cracking 

13 Strain Gage Type Potentiometer Phenolic body, nylon ITT Barton CORR AND Corrosion matenal 
rotor, and slider Instruments THERM buildup lubricant 

loss 

14 Strain Gage Type Electric Module Carbon resistor, ITT Barton VIB, THERM, OR Component 
transistors, Instruments RAD deterioration or 
operational amplifier, change in 
capacitors, and component 
dodes parameters.  

15 Strain Gage Type Bourdon Tube Haynes alloy NO 25 ITT Barton CORR Contamination build 
Instruments up and material loss.

Page 10A



Table A.2 Gall Report for NPAR Reports

Document NUREG/CR-4257 V2, Inspection, Surveillance, and Monitoring of Electrical Equipment in Nuclear Power Plants - Pressure Transmitters 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.pros Report Recommendations Page No. Item 
Wear of pivot points, decreased accuracy, Rare Not discussed in IEEE 338-1987 Not stated 9, 18 &21 

complete failure, zero shift, bending of report 
components in level system, 

Loss of output Rare Not discussed in IEEE 338-1987 Not stated 9, 18 & 21 2 
report 

Shorting or opening of electronic Occasional Not discussed in IEEE 338-1987 Not stated 9, 18 & 21 3 
components, loss of accuracy, drift, zero report 
shift, loss of signal, may fail high or low, 
lose accuracy, or fail with steady output.  
Inability of seal to provide moisture and Occasional Not discussed in 10 CFR 50.49 Not stated 9, 18 & 21 4 
pressure barrier, ingress of environmental report 
contaminants, and loss of pressure 
barrier results in transmitter drift or failure 
to respond.  
Perforation of diaphragm from corrosion Rare Not discussed in IEEE 338-1987 Not stated 9, 18 & 21 5 
or flaw, variable instrument drift as report 
pressures across diaphragm equalize, 
and leakage through diaphragm, 
permanent deformation of diaphragm, and 
zero shift.  
Variable instrument drift as pressures Rare Not discussed in IEEE 338-1987 Not stated 9, 18 & 21 6 
across diaphragm equalize, and inablitity report 
to maintain pressure barrier.  
Leakage of cell fluid through diaphragm, Rare Not discussed in Enhanced Not stated 9, 11, 19 7 
loss of accuracy and drift, rupture allows report Surveillance - & 21 
equalization of forces on diaphragm, GL 90-01 
drastic change in sensing cell Suppl. 1 
charactenstics, oi breakdown due to 
thermal or radiation stress.  
Inability of seal to provide moisture and Occasional Not discussed in 10 CFR 50.49 Not stated 9, 11, 19 8 
pressure boundary, cracking due to report & 21 
thermal or radiation stresses, and loss of 
electronics due to ingress of 
environmental contaminants. Results in 
transmitter drift or failure to respond.  
Inability of seal to provide moisture and Occasional Not discussed in 10 CFR 50.49 Not stated 9, 11,19 9 
pressure boundary, cracking due to report & 21 
thermal or radiation stresses, and loss of 
electronics due to ingress of 
environmental contaminants. Results in 
transmitter drift or failure to respond.  
Loss of signal, sporadic operation, Occasional Not discussed in IEEE 338-1987 Not stated 9, 11,19 101 shortng or opening of components, report & 21 

oxidation of contacts, bridging of circuits.  

Loss of continuity in bndge circuit loss of Occasional Not discussed in IEEE 338-1987 Not stated 6, 7, 20 & 11 
output loss of response to input pressure, report 22 
and failure of instrument 
Inability to provide moisture and pressure Occasional Not discussed in 10 CFR 50.49 Not stated 6, 7, 20 & 12 
barrier, failure of electronics due to report 22 
contamination. Results in instrument drift 
or failure to respond.  
Corrosion of resistive elements in Occasional Not discussed in IEEE 338-1987 Not stated 6, 7, 20 & 13 
potentiometer, wirewound potentiometer report 22 
corrodes open due to thermal stress and 
corrosive lubricant, falls over range, and 
loss of span adustment.  
Loss of full output, calibration shift, Occasional Not discussed in IEEE 338-1987 Not stated 6, 7, 20 & 14 
component parameters change. report 22 

Permanent detormation of tube, zero shift, Occasional Not discussed in IEEE 338-1987 Not stated 6, 7, 20 & 15 
leaks in bourdon tube to transmitter report 22 
housing, perforatioon due to corrosion, 
drift of transmitter, failure of transmitter to 
respond.

Page 10B



Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CR-4457, Aging of Class 1 E Batteries in Safety Systems of Nuclear Power Plants 
Reviewed by: Jerry Edson, INEL 
Item Sv tem a / 4 H.. ..... . -. * ... . .

Page 11A

.mp .ulmomponent Materials Manufacturer ARD mechanism ARD effects Batteries- General GNB/Gould, Exide, 
C&D 

2 Batteries Grids Lead-calcium alloy GNB/Gould, Exide, ELETEMP Plate growth, loss of 
C&D contact with active 

material 

3 Batteries Active Material Lead, lead dioxide GNB/Gould, Exide, GAS, CONTAM Dislodging or 
C&D shedding of active 

material from the 
______________ rid 4 Batteries Separators Rubber/glass mat, GNB/Gould. Exdle, ELETEMP Decreased electrical 

polyethelene sheets C&D insulation 

5 Batteries Electrolyte Sulfunc acid and GNB/Gould, Exide, CONTAM Chemical reactions, 
water C&D hydolysis 

6 Batteries Vents Fused Alumina GNB/Gould, Exide, MECHSTR Vent breaks allowing 
C&D contamination to 

I enter 7 Batteries Top Conductors Lead-caJciumnalloy GNB/Gould, Exide, ELETEMP, CORR, Low electrolyte level 
C&D EMBR causes corrosion 

and embrittiement 8 Batteries Terminals Lead-calcium alloy, GNB/Gould, Exide, CORR/OX, CORR Poor electrical 
lead-calcium with C&D contact with external 
copper insert busses 9 Batteries Contaier and Cover Polycarbonals, GNB/Gould, Exide, MECHSTR, Oxidation of the lead 
styrene acrylonitrile, C&D CORR/OX causes plate growth 
acryio butadiene 
styrene 

Document: NUREG/CR-4564, Operating Experience and Aging-Seismic Assessment of Battery Chargers and Inverters 
Reviewed by: Jerry Edson, INEL 
Item System Structura/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

"1 Chargers and General 
Inverters 

Chargers and Circuit Breakers Not stated PCP, Elgar CONTAM, WEAR, Increased friction, 
Inverters EMBR, FAT, binding, loss of 

CORR/PIT, continuity 
_ LOSLUB 3 Chargers and Fuse Not stated PCP, Elgar FAT, ELETEMP Metal fatigue and 

Inverters 
melting of the fuse 

material 
4 Chargers and Relay Not stated PCP, Elgar CORR/PIT, CORR Loss of continuity 

Inverters 
across contacts and 
thru coil 

5 Chargers and Electrolytic Not stated PCP, Elgar ELETEMP, VIBR Loss of electrolyte, 
Inverters Capacitors failure of leads 

6 Chargers and Oil Filled Capacitors Not stated PCP, Elgar ELETEMP, VIBR Dielectric 
Inverters 

breakdown, failure ol 

leads 
7 Cha - -d4 I 4. .- -

Inverters (Transformer, 
Inductor)

Inverters

JM.Jpr, p-yamide 
polymer, mylar tape, 
ferite steel

Notl stated

PCP, lIgar

PCP, Elgar

ELETEMP
THERM-C 'IBR, 
LOTEMP, VOLSTR

ELETEMP, 
VOLSTR, CURSTR

Cracldng/degr. of 
insulation and seals, 
wire fracture

81~ir !fractureI
Over heating due to 
transients

S11 n,7-f Conrogullu 
Rectifier



Table A.2 Gall Report for NPAR Reports
Page 11B

Document: NUREG/CR-4457, Aging of Class 1 E Batteries in Safety Systems of Nuclear Power Plants 
Reviewed by: Jerry Edson, INEL

Effect .oA'n . . . Iaan". . . u to Failure r eum neportea progs Rei.progs Report Recommendations Pa. le No. Item 
Not discussed in N/A A Phase 2 study o1 seismic 31 
report vulnerability and advanced 

surveillance methods for identying seismic vulnerability [1] lncreased temp. from overchar••ng, ac Frequent IEEE 450, RG 1.129 IEEE 450, RG Not stated 8,12, 13, 2 ripple, and the environment accelerates 1.129 14,24-26, oxidation. Poor elecfricaJ contact and 
32,33 breaking of the container with subsequent 

loss of electrolyte results in reduced 
capacity or failure 
Gassing caused by overcharging or Occasional IEEE 450, RG 1.129 IEEE 450, RG Not stated 8, 12,13, 3 contamination introduced into the 1.129 14, 24-26, electrolyte deteriorates the active material 

32,33 
resulting in reduced capacity 

32,_33 Decreased electrical insulation resulting in Not stated IEEE 450, RG 1.129 IEEE 450, RG Not stated 8, 12, 13, 4 internal shorts and failure of the battery 1.129 14,24-26, 
32. 33 Chemical reactions and hydrolysis causes Not stated IEEE 450, RG 1.129 IEEE 450, RG Not stated 8, 12,13, 5 loss of electrolyte and loss of sulfuric acid 1.129 14,24-26, resulting in reduced battery capacity 32, 33 Contaminates in the electrolyte result in Notstated IEEE450, RG 1.129 IEEE450, RG Notstated 8, 12, 13, 6 reduced capacity 1.129 14, 24-26 

32, 33 Embrittled top conductors are susceptible Occasional IEEE 450, RG 1.129 IEEE 450, RG Not stated 8, 12, 13, 7 to breaking and causes loss of capacity 1.129 14, 24-26, 

32, 33 Poorelectrical contact results inlossof Notstated IEEE450, RG 1.129 IEEE450, RG Notstated 8, 12, 13, 8 capacity and may result in total battery 1.129 14,24-26, failure 
32, 33 Plate growth and handling stresses Frequent IEEE 450, RG 1.129 IEEE 450, RG Not stated 8, 12, 13, 9 results in cracked containers which allow 1.129 14, 24-26, electrolyte to escape resulting in reduced 
32, 33 capacity or total failure I 

Document: NUREG/CR-4564, Operating Experience and Aging-Seismic Assessment of Battery Chargers and Inverters 
Reviewed by: Jerry Edson, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Not discussed in N/A A comprehensive PM and testing 6-7 1 
report program supported by personnel 

training should be implemented.  Effec ofAinoCProcedurs a ed [2] 
Failure to operate, tails open Occasional IIFFZF;.An MI=LAA ^ .~roced• . ....... -

rus kJis open. r-aiiure to operate

PE 5, IEC 146-2, 
IEEE-944

S -. -~i

Contacts open, open ciruit of the coil, and 
relay fails to operate

Loss of capacitance and open circuit 
resulting in improper output or failure to 
operate

Loss of capacitance and open circuit 
resulting in improper output or failure to 
operate

Short circuits (turn to turn or to ground)or 
change in inductuance resulting in 
improper output.

Short or open circuit resulting in improper 
or no output

Occasional

uccasional

r-requent

F-requent-4=

-v i
Occasional

Occasional

IEEE-650, NEMA 
PE 5, IEC 146-2, 
IEEE-94

IEEE-650, NEMA 
PE 5, IEC 146-2, 
IEEE-944

i 119
IEEE-650, NEMA 
PE 5, IEC 146-2, 
IEEE-944

IEEE-650, NEMA 
PE5, IEC 146-2, 
IEEE-944

IEEE-650, NEMA 
PE 5, IEC 146-2, 
IEEE-944

IEEE-650, NEMA 
PE 5, IEC 146-2, 
IEEE-944

Vendor 
specific, NEMA 
PE 5, IEC 142
2

741-1986 
Section 7.3 

ANSI/IEEE 

741-1986 
Section 7.3

NO! staT~ea

Vendor 
specific, NEMA 
PE 5, IEC 142-

Vendor 
specific, NEMA 
PE5, IEC 142-

Vendor 
specific, NEMA 
PE 5, IEC 142
2 
Vender 
specific, NEMA 
PE 5, IEC 142
2

Pursue fuse failures due to thermal 
fatigue [2] 

Not stated 

Not stated 

Not stated 

Not Stated 

Not stated

4-25, 4
27, 5-4 
thru 5-9 

4-25, 4
27, 5-4 
thru 5-9, 
6-7 

4-25, 4
27, 5-4 
thru 5-9 

4-25, 4

27, 5-4 
thru 5-9.  

4-25, 4
27, 5-4 
thru 5-9 

2-19, 4
25, 4-28, 
5-4 thru 5
9 

28, 5-4 
thru 5-9

2

8

7

I

I
I I



Table A.2 Gall Report for NPAR Reports

Document. NUREG/CR-4564, Operating Experience and Aging-Seismic Assessment of Battery Chargers and Inverters 
Reviewed by: Jerry Edson, INEL

11mw•hnailkm LAtl1n .tfa~t

9 Chargers and Resistors Not stated PCP, Elgar ELETEMP, VIBR Lead fails, decrease 
Inverters in resistance 

10 Chargers and Printed Circuit Not stated PCP, Elgar THERM-CY, CORR, Cracking of c4rcuit 
Inverters Boards VIBR lines, open/loose at 

terminals 

11 Chargers and Surge Suppressors Not stated PCP, Elgar ELETEMP, Semiconductor 
Inverters VOLSTR, CURSTR barrier breakdown 

12 Chargers and Connectors Not stated PCP, Elgar FAT Wire breaks 
Inverters 

13 Chargers and Meters Not stated PCP, Elgar CONTAM, Increase in bearing 
Inverters ELETEMP friction, coil 

degrades 

14 Chargers and Switches Not stated PCP, Elgar CORR, CORR/PIT Loss of continuity 
Inverters across contacts 

15 Chargers and Potentiometer Not stated PCP, Elgar ELETEMP Loss of continuity 
Inverters across wiper arm 

and oil 

Document- NUREG/CR-4715, An Aging Assessment of Relays and Circuit Breakers and System Interactions 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Protective, Auwlary, Relay Steel, aluminum, GE & Westinghouse THERM Shape changes for 
and Control Relays lexan, and phenolic lexan, no effect for 

steel, al., or phnol.  

2 Protective, Auxliary, Coil Wire, Spools, & polyamide-imide Not stated THERM & VOLSTR Thermally caused 
and Control Relays Coatings insulated wire, failures, open 

copper magnet wire, circuits, and shorts 
and nylon bobbins 

3 Protective, Auxilhay, Coil Spools Nylon, Zytel & lexan Not stated THERM Therrmall caused 
and Control Relays failures 

4 Protective, Auxiliary, Coil Coating Polyester tape, fiber Not stated THERM Thermally caused 
and Control Relays glass tape, & varnish failures 

5 Protective, Auxliary, Contact Carriers Phenolic, Zytel, Not stated THERM Nylon may change in 
and Control Relays delrin, & nylon shape 

6 Protective, Auiliary, Contacts Silver alloy Not stated WEAR, CHEM Oxidation when 
and Control Relays exosed to air & 

matef* atlrition 

7 Protective, Auxiliay, Lead Wires Copper Not stated VIB Loose terminals 
and Control Relays

Protective, Auxaliary, Coil Lead Wire 
and Control Relays Insulation

Tefon, silicon 
rubber, and Tefzel

NOt stated Slow aging effects, 
degradation in 
insulation

Page 12A
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Table A.2 Gall Report for NPAR Reports
Page 12B

Document NUREG/CR-4564, Operating Experience and Aging-Seismic Assessment of Battery Chargers and Inverters 
Reviewed by: Jerry Edson. INEL Effect of Agingl on Comb~onent Function Conh, ib ta IFuihi.r1.,,-,*,4.. . .. ---.. • ....

11.. -, t, nupiguri -.IurniSuOnuauons e No. Ite Open circuits, change in resistance Rare IEEE-650, NEMA Vendor Not stated 4-25, 4- 9 values resulting in improper or no output PE 5, IEC 146-2, specific, NEMA 28, 5-4 
IEEE-944 PE 5, IEC 142- thru 5-9 

2 Change in output of the charger/inverter Occasional IEEE-650, NEMA Vendor Not stated 4-25, 4- 10 
PE 5, IEC 146-2, specific, NEMA 28, 5-4 
IEEE-944 PE 5, IEC 142- thru 5-9 

Short ci'uit within the surge arrestor and Rare IEEE-650, NEMA Vendor Not stated 4-25,4- 11 failure to operate PE 5, IEC 146-2, specific, NEMA 28, 5-4 
IEEE-944 PE 5, IEC 142- thru 5-9 

2 Fatigue caused by installation stress Occasional IEEE-650, NEMA Vendor Not stated 4-25, 4- 12 causes wires to break resulting in open or PE 5, IEC 146-2, specific, NEMA 28, 5-4 short circuits and failure to operate IEEE-944 PE 5, IEC 142- thru 5-9 
2 

No or improper response from the meter Occasional IEEE-650, NEMA Vendor Not stated 4-25,4- 13 
PE5, IEC 146-2, specific, NEMA 28, 5-4 
IEEE-944 PE 5, IEC 142- thru 5-9 2 

Switch failes open or closed Occasional IEEE-650, NEMA Vendor Not stated 4-25, 4- 14.  
PE 5, IEC 146-2, specific, NEMA 28, 5-4 
IEEE-944 PE 5, IEC 142- thru 5-9 

2 
Thermal degradation results in open or Frequent IEEE-650, NEMA Vendor Not stated 4-25, 4- 15 short circuit and improper output PE 5, IEC 146-2, specific, NEMA 28, 5-4 

IEEE-944 PE 5, lEC 142- thru 5-9 
2 

Document NUREG/CR-4715, An Aging Assessment of Relays and Circuit Breakers and System Interactions 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReLprogs Report Recommendations _ No. Item ning of control relays, have been noted Rare Not discussed in Protection: Perform root cause failure 28, 29, 1 for continuously energized compact relays report IEEE 741, evaluation, develop test method for 35, and with plastic cases resulting in improper IEEE 338 thermally induced failure cause, see 160 operation or failure to operate report for more rec. [2] The higher temperatures associated with Rare Not discussed in Protection: Perform root cause failure 28, 29, 2 continuously energized coils have caused report IEEE 741, evaluation, develop test method for 35, and failures of relay coils and bobbins IEEE 338 thermally induced failure cause, see 160 resulting in improper operation or failure to report for more rec. [2] 
operate.  
The higher temperatures associated with Rare Not discussed in Protection: Perform root cause failure 28, 29, 3 continuously energized coils have caused report IEEE 741, evaluation, develop test method for 35, and failures of relay bobbins resulting in relay IEEE 338 thermally induced failure cause, see 160 having improper operation or failure to report for more rec. [2] 
operate 
The higher temperatures associated with Rare Not discussed in Protection: Perform root cause failure 28, 29, 4 continuously energized coils have caused report IEEE 741, evaluation, develop test method for 35, and failures of relay coils (assumed it includes IEEE 338 thermally induced failure cause, see 160 coatings) resulting in improper operation report for more rec. [2] 
or failure of relay.  
Change in shape due to thermal aging Rare Not discussed in Protection: Perform root cause failure 28, 29, 5 can cause binding or improper contact report IEEE 741, evaluation, develop test method for 35, and mating resulting in improper operation or IEEE 338 thermally induced failure cause, see 160 failure of relay. 

report for more rec. [2] Wear due to use and testing resulting in Rare Not discussed in Protection: Perform root cause failure 28, 29, 6 failure to make proper contact report IEEE 741, evaluation, develop test method for 35, and 
IEEE 338 thermally induced failure cause, see 160 

report for more rec. [2] Loose terminations can cause ohmic Rare Not discussed in Protection: Perform root cause failure 28, 29, 7 heating and burnout report IEEE 741, evaluation, develop test method for 35, and 
IEEE 338 thermally induced failure cause, see 160 

report for more rec. [2] Improper operabon or failure to oprate Rre m-. ,- .. ,.
.scuseiIin 

report
r'roauuon: 
IEEE 741, 
IEEE 338

Perform root cause failure 
evaluation, develop test method for 
thermally induced failure cause, see 
report for more rec. [2]

28, 29, 
35, and 
160

a

.J

I r r .................. r.,. .....



Table A.2 Gall Report for NPAR Reports

Document:t NUREG/CR-471 5, An Aging Assessment of Relays and Circuit Breakers and System Interactions 
Reviewed by: L C. Meyer, INEL Item -vsteni nurn/,~mr h =•n~ U.t*isd Usn.. .fh

.1 1ll | l 
9 Protective, Auxiliary, Slip Motor Rotor AJuminum disc & Not stated CONTAM Metalic iron based 

and Control Relays stainless sbel shaft particles can preven 
operatbon 

10 Time Delay Relays Case Steel, Lexan, and Not stated THERM Shape changes for 
phenolic lexan & phenolic 

11 Time Delay Relays timing Motor Magent wire with Not stated THERM Same as other 
formal varnish insulation varnish 

12 Time Delay Relays Relay Silver Not stated WEAR Wear with use 

13 Time Delay Relays Relay Delrin, Zytel, Not stated THERM Oxidation of contact 
phenolic, & nylon.  

14 Time Delay Relays Cams Delnn & metal Not stated THERM & WEAR Delnn may change 
shape, metal may 
wear 

15 Time Delay Relays Timing Circuits Resistance and Not stated Not stated Not stated 
capacitance 
networks with solid 
state components 

16 Time Delay Relays Timing Diaphragm Silicon rubber Not stated THERM Material may take a 
(Applies to set if not exercised 
Pneumatic Relay periodically.  Only) 

17 Solid State Relays Solid state Not stated Not stated THERM, RAD, Insulation 
Components - SCRs VOLSTR, CURSTR, degradation from 
& TRIAC & VIB. therm & rad, fatique 

from vib.  
18 Molded Case Circuit Contacts, Trip Not stated GE, Westinghouse, THERM, ELECT, Material vaporized, 

Breakers Device, Spring and & Gould MECH, & ENV. annealing binetal, 
Case wear, friction & fat 

19 Metal-Clad Circuit Housing, Doors, Steel, electroplated GE, Westinghouse, CURSTR, VIB, FAT, Loose parts, 
Breakers Frame & steel. & cast bronze & Gould & CORR. component failure, 

Mechanisms stiffening of joints.  

20 Metal-Clad Circuit Mechanisms Molybenium disulfide Not stated LOSLUB AND Dryout and 
Breakers Lubricants & petroleum-based THERM hardening of 

grease lubricants 

21 Metal-Clad Circuit Contacts Silver Alloy on GE, Westinghouse, CURSTR, WEAR, Loss of material, 
Breakers copper base & Gould THERM, AND weow, and 

CONTAM contamination 

22 Metal-Clad Ci ".;it Insulating Materials Polyester, glass GE, Westinghouse, THERM, EMBR, Contamination, loss 
Breakers for Power Path fiber-filled epoxy & Gould AND VOLSTR of dielectric 

resin, & phenolic properties, & leak 
path 

23 Safety Injection Relays See relay See relay material GE & Agastat VOLSTR, THERM, Thermal stress, coil 
Subcomponent descriptions VIB, AND WEAR burnout set point 
Descriptions drift & con. wear 

24 Safety Injection Circuit Breakers Molded Case and See CB detail GE, Westinghouse, ELECT, THERM, Loss of material, 
Metal-Clad Circuit descriptions & Gould VIB, WEAR, & ENV corr, & arcing 
Breakers evaporation of 

contacts

Page 13A
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Table A.2 Gall Report for NPAR Reports

Document NUREG/CR-4715, An Aging Assessment of Relays and Circuit Breakers and System Interactions Reviewed by: L C. Meyer, INEL Effect of Agin on Cornonent Functn Contrlb to Failure Reprted s Rd. s Repo Pei iron... based particles can lodge Rare Not discussed in ]EE 741-r1986 Pefo between the disc and magnet preventing report Section 7, evaiuat operation. 
IEEE 338-1987 therma I I 

reportf Some rats instances of case shape Rare Not discussed in Safety related: Perform changes resulting in binding of contacts report IEEE 741, evaluat resulting in failure to operate. 
IEEE 338 thermal

report f Rare Not -discussed in Safety related: Not stal

Rare 

Rare

Not discussed in 
report 

Not discussed in 
report

Rare Not discussed in

Rare 

Rare 

Occasional

report

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report

eInsulaton 

failure 
may 

cause 
shorts 

and plure to provide timing delay function.  

Bradw 
of inuldonohibetg 

Contacts wear with cycling and making 
and breatsig load resulting in failure to 
make proper contact.  
Failure to ie mateproper contscto 

Cams may wear and high temperature 

may deform delrin cams resulting in 
deradd opiran or relay failure.  

N ot stated 

The first operalion of relay after a long 
period will have an improper time delays 

Breakdown of insulation, ohmic heating lead to insulation and component failure, 

hib. may loosen sockets/pins causing 
opens, shorts resulting relay failure.  
Damage contacts & arc chute mad.rials, annealed bimetal strips causes nuisance 
trips, vaporized materiaJ deposits on 

insulation, loose connections, leakage 
pats, component failure, hardening of 
lubricants, stiffening of joints, & loss of 

Frezmng of joints, increased friction, & 
loss of operability 

Evaporation of petrolium based grease 
may leave a nonlubriceting soap base & 
high temperatures may cause harding of ,lubricants resulting in loss of operaiiy 

Failure to operate as required.  

Failure to provide insulation• results in 
c'ircuit failure.  

Coil failures, bin-ling, and Olc• 
component failures increase with age.  
Protection relays may also fail due to drift 
Loss of operability. O

Rare 

Occasional 

Occasional 

Occasional

report

Not discuSsed in 
report 

Not discuss in 
report

IEEE: 741, IEEE 338 
Safety related: 
IEEE 741, 
IEEE 338 
Safety relatedl: 
IEEE 741, 
IEEE 338 
Safety relatd 
IEEE 741, 
IIEEE 338 
Safetyrelated: 
IEEE 741, 
IEEE 338 

Safety related: 
IEEE 741, 
IEEE 338 

Safety related: N• 
IEEE 741, 
IEEE 338 

Safety related: I 
IEEE 741.  
Others: No e• 
specific fa 

Safety related: In 
IEEE 741. in' 
Others: No 
specific 
Vendor specific In: 
programs Tinl

m root cause failure 
bon, develop test method for 
lly induced failure cause, see 
or more rec. [2] 

root cause failure 
ion, develop test method for 
ly induced failure cause, see 
or more rec. [2] 
ted

Not stated

Not stated

Not stated

Not stated

Not stated

Jot stated 

eplace alter two nuisance ntips, 
evelop diagnostic techniques for 
arly detection of component 
ilures. [2] 

spection and cleaning after each 
terruption of a major fault [2] 

spection and cleaning alter each 
erruption of a major fault [2]

Not discussed in Vendor specific Inspection and cleaning alter each report programs interruption of a major fault [2]

Not discussed in Vendor specific jlnspection and cleaning after each report programs linterruption of. a major fault [2]

)ccasionaJ Not discussed in lEE 741-1986 Desirable to have incipient falure 
report Section 7, detection technique to detect both 

IEEE 338-1987 old and new failure modes [2) Iccasional Plant maintenance IEEE 741-1986 Dagnostic techniques should be 
Section 7 developed for use with physical 

inspections to determine condition of 
circuit breakers. [2]

Page 138

t R .ecommendations rPae No. Iteym
28,29 
35, an 
160

I

78, 63, 91, 97,99, 
113, and 
163 

85, 98, 
99,100,s 
163 

85. 
98, 

99, 100, & 
163 

99,100, 
101, & 
163.  
85, 98, 99, 100, 
101, & 
'63.  
142, 159, 

160 

42, 161, 
62. & 
63.

L
63.

1 

1 
.1 

1

d 

3' 

35 

5 

5 

).

t

28, 30 
35, & 

30, 35, 
36.  

30, & 3 

30, & 3 

30, & 3.  

30 

30 & 36 

6, 27, 
-8, & 30

3

Occasiona Not discussed in

6.  

& 

2

2 
2

10 

11 

12 

13 

14 

15 

16 

17 

18 

9



Page 14A
Table A.2 Gall Report for NPAR Reports

Document- NUREG/CR-4740, Nuclear Plant-Aging Research on Reactor Protection Systems 
Reviewed by: L C. Meyer, INEL

J.....MI,�a. ARn mmehanlam A.RD effects

14 Reactor Protection 
System

Control Cable Insulation Cross linked 
polyethylene and 
polyethylene

WEAR insulaton 
degradation, and Io% 
ir

Rem System Sbructure/Lep Subcomponent m.Iw i•L - -- . .. ..-....... ....  

1 Reactor Protection Pressure Seals Ethylene propylene Not stated TH ERM, RAD, Leaks 

System Transmitter MOIST-EL 

2 Reactor Protection Pressure Fill-Oil Silicon Not stated THERM & RAD Oil degradation 

System Transmitter 

3 Reactor Protection Pressure Electronic Epoxy glass Not stated THERM, RAD, Drift and 

System Transmitter Components laminate, seats. & MOIST-EL subcomponent 

insulation materials degradation 

4 Reactor Protection Pressure Piping & Valves Stainless steel Not stated CORR Blockage, leaks 

System Transmitter 

5 Reactor Protection Pressure Valve Packing Not stated Not stated WEAR Leaks 

System Transmitter 

61 Reactor Protection Strain Gage Bourdon Tube, EDPM, Nylon, Not stated RAD, THERM, Resistance change, 

System Pressure Transduce Electronic copper, tefzel. & MOIST-EL & tube blockage, and 

Components, Seals steel CONTAM shunting 
& Wire 

7 Reactor Protection Pressure Switch Bellows, Switrh Copper Not stated THERM, MOIST- Wear, tube 

System Contacts, Seals & EL, CONTAM, blockage, and 

Wire WEAR contact resistance 
change 

8 Reactor Protection Resistance Sensing Wire, Platinum, aluminum Not stated RAD, THERM, AND Resistance change 

System Temperature Device Insulator & Sheath oxide powder, and MOIST-EL and shunting 
inconel X750 or 
stainless steel 
sheath 

9 Reactor Protection Nuclear Instrument Nuclear Sensitive Not stated Not stated THERMAL-CY AND Degrades sensor, 

System Ion Chamber MOIST-EL low resistance, and 
erratc output 

10 Reactor Protection Electronic Modules Various Electronic Not stated Not stated FAT & VI B Loss of fatigue 

System Components resistance 

11 Reactor Protecton Relays Coils and Contacts Not stated Not stated WEAR. CONTAM. Contacts wear-, 

System CORR, AND foreign material build 
CURSTR up causes short ckt 

1 Reactor Protection Scram Breakers Contacts, Under Not stated Westinghouse WEAR Contact wear, pin 

System Volatge & Shunt Trip binding in uv 

Attachments attachent, lack of 
lubricant 

13 Reactor Protection Control Cable Conductor #16 AWG copper Not stated CORR, MOIST-EL, Mechanical damage 

System except nuclear RAD, & WEAR & corrosion on 
instruments sue terminartons 

RG11/CU Coax _ I 

-~ ~ ~ ~ ~~R mech h~'*T anism .....  ~~~~~ross ~~ ~ ~ AI iieo 41 1W i1,JcItL s~d

M1 Swwu



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4740, Nuclear Plant-Aging Research on Reactor Protection Systems 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported -roas Rel.n oa
Seal failure allows leaks leading to Occasional Not discussed in IEEE 338- Not stated .15,18.  
transmitter drift and moisture intrusion, report 1987, RG 61, 65, & 

1.118, ISA 69 
67.06, Tech 
Spec 

Degradation or loss of fill-oil causes Rare Not discussed in IEEE 338- Not stated 18, & 62 2 
transmitter drift and signal variance from report 1987. RG 
other channels. 1.118, ISA 

67.06, Tech 
Spec 

Components are subject to drift of zero & Occasional Not discussed in IEEE 338- Not stated 18, 65, & 3 
span set points, and ultimate failure, report 1987, RG 70 
resulting in loss of data channel. 1.118, ISA 

67.06, Tech Spec 
Blockage causes degraded channel Occasional Not discussed in IEEE 338- Not stated 17,19,28, 4 
operation, components are subject to report 1987, RG 42, & 69 
loss of calibration, resulting in loss of data 1.118, ISA 
channel. 67.06, Tech 

Spec 
Components are subject to loss of Occasional Not discussed in IEEE 338- Not stated 65 5 
calibration, resulting in loss of data report 1987, RG 
channel. 1.118, ISA 

67.06, Tech 
Spec 

Sensing element resistance change due Occasional Not discussed in IEEE 338- Not stated 15, 17, 6 
to radiation, seal failure allows moisture to report 1987, RG 48, & 69 
get into connectors that lead to shunting 1.118, ISA 
signal, foreign material blocks sensing 67.06, Tech 
tube. Spec 
Wear leads to switch failure, seal failure Occasional Not discussed in IEEE 338- Not stated 17, 34, 7 
allows moisture to get into connectors that report 1987, RG 37, 49, & 
lead to shunting signal, foreign material 1.118, ISA 65 
blocks sensing tube. 67.06, Tech 

Spec 
Sensing element resistance change due Rare Not discussed in IEEE 338- Not stated 17. 19, 8 
to radiation, seal failure allows moisture to report 1987, RG 27, 32, & 
get into sensor and moisture causes 1.118, ISA 70 
shunting of signal. 67.06, Tech 

Spec 
Transmitter becomes noisy or erratic, also Rare Not discussed in IEEE 338- Not stated 19, 20, 9 
low insulation resistance (few problems report 1987, RG 27, 33, 
reported). 1.118, ISA 65, & 66 

67.06, Tech Spec 
Small system components such as Occasional Not discussed in IEEE 338- Not stated 27,29-33, 10 
transistors, capacitors, logic elements, report 1987, RG 35-37, 42
terminals and wire connectors are subject 1.118, ISA 45, 47-49, 
to mechanical fatigue-related failures due 67.06, Tech 65, & 70 
to vibration, most failures are catastropic Spec 
with unknown cause.  
Sticking armature, open or short circuits Occasional Not discussed in IEEE 338- Not stated 11, 13, B- 11 
in the coil of the electromagnet and report 1987, RG 7, & 0-3 
contact degradation causes failure to 1.118, ISA 
tunction. 67.06, Tech 

Spec 
Increased friction, nicking of latch Occasional Not discussed in IEEE 338- Not stated 66, 70, . 12 
surfaces caused by repeated opeations, report 1987, RG and 
binding and friction causes degraded 1.118, ISA Appendix 
operation or failure to operate. 67.06, Tech B 

Spec 
Increase ri series resistance and loose Rare Not discussed in No specific Further research is needed to 20, 21, 13 
connections cause failure to accurately report program determine if improved maintenance 23, 48, & 
conduct current and new predictive techniques are 70 

needed. [4] 1

due to handling will accelerate aging and 
result in cable failing to accurately 
transmit voltage and current.

rpUL UISrUtSU in 
report

Nro specic 
program

-urmter research is needed to 
determine if improved maintenance 
and new predictive techniques are 
needed [4]

20,21, 
23,.48, 
70

&
14

Re•.•rt R•ommAndafian•
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Table A.2 Gall Report for NPAR Reports
Page 15A

Document- NUREG/CR-4740, Nuclear Plant-Aging Research on Reactor Protection Systems 
Reviewed by: L C. Meyer, INEL Item System .•,h,.P.- a.k.....-..• .~._.=,

--- -.... .. .. o.,u.l.pmi Mamnals Manufacturer ARD mechanism ARD effects 15 'Reactor Protection Control Cable Jacket Neoprene and Not stated CORR, MOIST-EL, Loss of material, System galvanized steel RAD, EMBR, & atbtition, and 
except nuclear cable WEAR insulation 
had PVC and degradation 
galvanized steel 16 Reactor Protection Cable Penetrations Assembly, Seajs, SS, brass, Not stated CORR, MOIST-EL, Loss of material, System Cable, Connectors, elastomer, insul. & RAD insulation 

& Inert Gas Mail, polysulfone, degradation, loss of 
polyolefin, gold fill gass 
plated copper 

17 Reactor Protection Transmitters, See components B & W CORR, RAD, VIB, See components System Electronic Modules, CURSTR, THERM, 
Cables, Breakers & CONTAM 

Document: NUREG/CR-4747 V1, An Aging Failure Survey of LWR Safety Systems and Components 
Reviewed by: L C. Meyer, INEL Item System Structurelcomp Subcomponent Materials Manufacturer ARD mechanism ARD effects 
L 11 Four Systems Not stated Not stated Not stated 

Covered (Same as 
SVolume 2) 

Document: NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Amwciiary Feedwater AC Circuit Breakers Not stated Not stated Not stated CONTAM Buildup of deposits .System 

2 Awdliary Feedwater AC Circuit Breakers Not stated Not stated Not stated WEAR Attrition 
System 

3 Au~diary Feediwater AC Circuit Breakers Not stated Not stated Not stated VIBR Loosening 
System 

4 Auwdliary Feedwater Row Controllers Not stated Not stated Not stated CLOG Row blockage 
System 

5 Auxiliary Feedwater Flow Controllers Not stated Not stated Not stated Not stated Loss of performance 
System 

6 Auwliary Feedwater Row Controllers Not stated Not stated Not stated Not stated Drift, contact failure, System 
module failure, or 
elect failure 

7 Awdliary Feedwater Flow Control Not stated Not stated Not stated WEAR Attrition 
System Recorders 

8 Awdlkay Feedwater Row Control Not stated Not stated Not stated Not stated Loss of performance 
System Recorders 

9 Auxiliary Feedwater Flow Transmitters Not stated Not stated Not stated CONTAM Buildup of deposilas System 
causing 
erroneous/erratic 
signals 

AIte S ystem d u ÷ = l~ u "" * .'-. ; l^ • + . L - , , ., . ..

System
"l4L ,LLOUl INOt 51210 NOt statec Not stated Out of calibration, 

drift, or module faulty

I IIV Ul l~llll|l•



Table A.2 Gall Report for NPAR Reports

conductors. report program determine if improved maintenance 48 and new predictive techniques are 
needed [4] 

Radiation causes embrittlement and Rare Not discussed in No specific Further research is needed to 20 & 23 16 
insulation degradation, corrosion causes report program determine if improved maintenance 
matenal degradation and material build and new predictive techniques are 
up, leaking seal allow loss of fill gas and needed. [2] 
then moisture intrusion resulting in failure 
to accurately transmit voltage and current 
See components Rare Not discussed in lEE 338-1987, Further research is needed to IV, 69, & 17 

report RG 1.118, ISA determine if improved maintenance A-16 
67.06, Tech. and new predictive techniques are 
Spec needed. [2] 

Document: NUREG/CR-4747 V1, An Aging Failure Survey of LWR Safety Systems and Components 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
The aging information in Volume I s the ~Not stated Not discussed in N/A -- Not stated 

psame as that covered in the Volume 2 report 
reveiw.  

Document: NUREGICR-4747 V2, An Aging Failure Survey of Uight Water Reactor Safety Systems and Components (Electrcal) 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported proas Rel.progs Report Recommendations page No. Item 
Fails to close Rare Not discussed in lEE 741-1986 Not stated F-20 1 

report Section 7 
Failure to operate - the crcuit breaker Occasional Not discussed in lEE 741-1986 Not stated F-20 2 
does not function property, either tails to report Section 7 
open or fails to close on demand.  
Failure to operate - the circuit breaker Rare Not discussed in lEE 741-1986 Not stated F-20 3 
does not function properly, either fails to report Section 7 
open or fails to close on demand.  
Erroneous or erranc signals - erroneous Rare Not discussed in IEEE 338- Not stated F-21 4 
or erratic signals are produced by the report 1987, Tech.  
instrument because of foreign matenal Spec.  
intrusion, requirements 
Erroneous or erratic signals - erroneous Rare Not discussed in IEEE 338- Not stated F-21 5 
or erratic signals are produced by the report 1987, Tech.  
instrument due to faulty module or loss of Spec.  
calibration, requirements 
Failure to operate Rare Not discussed in IEEE 338- Not stated F-21 6 

report 1987, Tech.  
Spec.  
requirements 

Erroneous/erratic signals - erroneous Rare Not discussed in IEEE 338- Not stated F-22 7 
erratic signals are produced by the report 1987, Tech.  
instrument Spec.  

requirements 
Erroneous/erratic signals - erroneous Rare Not discussed in IEEE 338- Not stated F-22 8 
erratic signals are produced by the report 1987, Tech.  
instrument being out of calibration. Spec.  

requirements 
Eroneous or erratic signals are produced Rare Not discussed in IEEE 338- Not stated F-23 9 
by the instrument report 1987, RG 

1.118, ISA 
67.06, Tech 

ISpec I

Document: NUREG/CR-4740, Nuclear Plant-Aging Research on Reactor Protection Systems 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contiib to Failure Reported nme ReA l nmn.

,IuL uISouseg in 
report

IE.E 3"3
1987, RG 
1.118, ISA 
67.06, Tech 
Spec

Not stated F-23 'C

I•aru•lf I• a.*hm m•rt dlH^•e

rl- -sion

Page 1513
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Table A.2 Gall Report for NPAR Reports

Document* NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L C. Meyer, INEL 
Item System Structure/ComD Subcomponent Materials Manufashctu r D mAn.n . m

11 Auwdliay Feedwater Flow Transmitters Not stated Not stated Not stated WEAR Attrition 
System 

12 Awduiary Feedwater Level Control Not stated Not stated Not stated Not stated Erroneous/erratic 
System Indicators signals 

13 Auoliary Feedwater Level Control Not stated Not stated Not stated FAT Cumulative fatigue 
System Indicators damage 

14 Awdliary Feedwater Level Control Not stated Not stated Not stated WEAR Attrition 
System Indicators 

15 ALud01ry Feedwater Level Control Not stated Not stated Not stated Not stated Loss of performance 
System Indicators or end of life 

16 Auxilhry Feedwater Level Controllers Not stated Not stated Not stated Not stated Erroneous/erratic 
System signals 

17 AuLliary Feedwater Level Controllers Not stated Not stated Not stated FAT Cumulative fatigue 
System damage 

18 Audliay Feedwater Level Controllers Not stated Not stated Not stated Not stated Loss of performance 
System 

19 Auxihasy Feedwater Pressure Switch Not stated Not stated Not stated CONTAM Buildup of deposits 
System 

20 Awdliary Feedwater Pressure Switch Not stated Not stated Not stated Not stated Loss of performance 
System 

21 Auxiliary Feedwater Pressure Switch Not stated Not stated Not stated WEAR Attrition 
System 

22 Audliary Feedwater Pressure Switch Not stated Not stated Not stated CORR Loss of material 
System 

23 Au)dhary Feedwater Pressure Switch Not stated Not stated Not stated CURSTR Arcing, material 
System attrition, and carbon 

deposits 

P4Wi; , .... l . LIWWU -Loi srte NO .... No.tte os fprfr acSystemy Transittuer System Transmitter

Page 16A

INO4 141 utu iNot srtated Not stated~ Not stated Loss of performance



Table A.2 Gall Report for NPAR Reports Page 169

Document- NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L C. Meyer, INEL 
Effect of Aaina on Comn onent Funcmtion Contnih to Failu*ire 0.-'.,i * .- . ADAm,.K

-a -I... O - ........ ... . .rI Failure to operate Rare Not discussed in IEEE 338- Not stated F-23 11 
report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Out of calibration or faulty module related Rare Not discussed in IEEE 338- Not stated F-27 12 
to aging. report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Failure to operate Rare Not discussed in IEEE 338- Not stated F-27 13 
report 1987, RG 

1.118, ISA 
67.06, Tech 

Failure to operate Rare Not discussed in IEEE 338- Not stated F-27 

report 1987, RG 
1.118, ISA 
67.06, Tech 
Spec 

Failure to operate because of end of life or Rare Not discussed in IEEE 338- Not stated F-27 15 
faulty module related to aging. report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Loss of performance due to out of Rare Not discussed in IEEE 338- Not stated F-28 16 
ca•ibration or faulty module report 1987, RG 

1.118, ISA 
67.06, Tech 

Failure to operate Spec I Failure to operate Rare Not discussed in IEEE 338- Not stated F-28 17 
report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Failure to operate due to faulty module Rare Not discussed in IEEE 338- Not stated F-28 18 
related to aging. report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Erroneous or erratic signals are produced Rare Not discussed in IEEE 338- Not stated F-38 19 
by the instrument report 1987, RG 

1.118, ISA 
67.06, Tech Spec 

Erroneous signals are produced by the Occasional Not discussed in IEEE 338- Not stated F-38 20 
instument because of out of calibration report 1987, RG 

1.118, ISA 
67.06, Tech 

Failuretooperate Spec I 
Failure to operate Rare Not discussed in IEEE 338- Not stated F-38 21 

report 1987, RG 
1.118, ISA 
67.06, Tech 
Spec 

Failure to operate Rare Not discussed in IEEE 338- Not stated F-38 22 
report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec I 

Failure to operate Rare Not discussed in IEEE 338- Not stated F-38 23 
report 1987, RG 

1.118, ISA 
67.06, Tech 

Erroeou si-a~sSpec

rnstrument due to out of calibration or 
hulty module.

report
IP 3r" 3-00

1987, RG 
1.118, ISA 
67.06, Tech 
SDec

Not stated F-39 24

llk*=m



Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L C. Meyer, INEL 
Item System Stucture/Comn Subcomnonant Materials Mantaf-•.hammr Ann .. k.

Page 17A

r . .. ... I".... " l mtr• ,, I I; ti e. AIlIf 25 ALodlary Feedwater Pressure Not stated Not stated Not stated WEAR Attrition 
System Transmitter 

26 Awahary Feedwater Pressure Not stated Not stated Not stated Not stated Open circuit 
System Transmitter 

27 Auwli'y Feedwater Relays Not stated Not stated Not stated WEAR Attrition 
System 

28 Auxliary Feedwater Relays Not stated Not stated Not stated Not stated Loss of function 
System 

29 Auiliary Feedwater Relays Not stated Not stated Not stated WEAR Attrition 
System 

30 Chemical and AC Circuit Breakers Not stated Not stated Not stated FAT Cumulative fatigue 
Volume Control damage 
System 

31 Chemical and Heat Tracing Not stated Not stated Not stated CORR Loss of material 
Volume Control Heaters 
System 

32 Chemical and Heat Tracing Not stated Not stated Not stated Not stated Abnormal resistance 
Volume Control Heaters or aging related set 
System point drift.  

33 Chemical and Level Controllers Not stated Not stated Not stated FAT Cumulative fatigue 
Volume Control damage 
System 

34 Chemical and Level Controllers Not stated Not stated Not stated Not stated Loss of performance 
Volume Control 
System 

35 Chemical and Level Transmitters Not stated Not stated Not stated Not stated Loss of performance 
Volume Control 
System 

36 Class 1E DC Power Batteries Not stated Not stated Not stated Not stated Cause accelerated 
Supply System aging, not hold 

charge, or and of life 

37 Class 1 E DC Power Battery Not stated Not stated Not stated WEAR Attrition 
Supply System 

38 Class 1 E DC Power Battery Not stated Not stated Not stated CONTAM Buildup of deposits 
Supply System 

39 Class 1 E DC Power Battery Not stated Not stated Not stated Not stated Loss of performance 
Supply System 

40 Class 1E DC Power AC Circuit Breaker Not stated Not stated Not stated WEAR Attrition 
Supply System

Power Supply 
System

LJiewi Generator [NOt 51319 NO! stated Not stated Not stated Loss of performance

ADPt 94

" I

Ri•m



Table A.2 Gall Report for NPAR Reports

Document. NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L. C. Meyer, INEL 
•*• -' A . ;.I. .. .m *. C ,"o �..•^ Ir..4i *.; Cii ,•=..h D =,.,.*,.4 ,,.e Di .. mn. Am-nrrt Raemmmndalionm P•a No. Item

Failure to perform as expected because of 
aging related component drift or out of 
calibration.

Rare Not discussed in 
report

Vendor 
specific, RG 
1.108, Tech.  
Specs.

Not stated

Page 17B

r,,:u J5 %vIn5• 'J! %.....~..F..it rof .Ag. ng on r.mpnne -w ion - -. . ... F ".  

Failure to open - failure to operate Rare Not discussed in IEEE 338- Not stated F-39 25 

report 1987, RG 
1.118, ISA 
67.06, Tech 
Spec 

Failure to operate Rare Not discussed in IEEE 338- Not stated F-39 26 
report 1987, RG 

1.118, ISA 
67.06, Tech 
Spec 

Fails to open - failure of a normally closed Rare Not discussed in Vendor Not stated F-40 27 

relay to open upon demand because of report specific, NEMA 
binding, or wear PE 5, IEC 146

2 

Failure to operate because of drift or Rare Not discussed in Vendor Not stated F-40 28 

insulation breakdown related to aging. report specific, NEMA 
PE 5, IEC 146
2 

Failure to operate Rare Not discussed in Vendor Not stated F-41 29 
report specific, NEMA 

PE 5, IEC 146
2 

Failure to operate - the circuit breaker Rare Not discussed in ANSI/IEEE Not stated F-47 30 

does not function properly, either fails to report 741-1986 
open or fails to close on demand. Section 7 

Loss of function Rare Not discussed in No specific Not stated F-48 31 
report program 

Loss of function Rare Not discussed in No specific Not stated F-48 32 
report program 

Erroneous or erratic sigrals are produced Rare Not discussed in IEEE 338- Not stated F-49 33 

by the instrument report 1987, RG 
1.118, ISA 
67.06 

Erroneous or erratic signals are produced Occasional Not discussed in IEEE 338- Not stated F-49 34 

by the instrument because of being out of report 1987, RG 
calibration. 1.118, ISA 

67.06 

Erroneous or erratic signals are produced Occasional Not discussed in IEEE 338- Not stated F-50 35 

by the instrument because of being out of report 1987, RG 
calibration or faulty module. 1.118, ISA 

67.06 

Loss of function - lack of specified output Occasional Not discussed in IEEE 450- Not stated F-56 36 

from batteries report 1987, RG 
1.129, Tech 
Spec Surveil.  

Loss of function - inability of the charging Rare Not discussed in Vendor Not stated F-57 37 

unit to perform its function to report specific, NEMA 
specifications. PE 5, IEC 146

2 

Loss of function - inability of the charging Rare Not discussed in Vendor Not stated F-57 38 
unit to perform its function to report specific, NEMA 
specifications. PE 5, IEC 146

2 

Loss of function - inability of the charging Frequent Not discussed in Vendor Not stated F-57 3S 
unit to perform its function to report specific, NEMA 
specifications because of set point drift or PE 5, IEC 146
faulty module. 2 

Failure to operate - the circuit breaker Occasional Not discussed in IEEE 741-1986 Not stated F-58 4C 

does not function properfy, either fails to report Section 7 
open or fails to close on demand. IIII__

F-61 41



Table A.2 Gall Report for NPAR Reports Page 18A 

Document: NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) Reviewed by: L C. Meyer, INEL Item System Sthucture/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 42 1 Emergency On-Site Diesel Generator Not stated Not stated Not stated Not stated Loss of function 
Power Supply 
System 

43 CLASS 1 E AC Circuit Breaker Not stated Not stated Not stated WEAR Attrition Instrumentation,

Uninterruptable 
Power Supply 
System 

4 CLASS 1 E 
Instrumentation, 
Uninterruptable 
Power Supply 
System 

5 CLASS 1 E 
Instrumentation, 
Uninterruptable 
Power Supply 
System 

i CLASS 1E 
Instrumentation, 
Uninterruptable 
Power Supply 
System 
High Pressure 
Injection System 

High Pressure 
Injection System 

High Pressure 
Injection System 

High Pressure 
Injection System 

High Pressure 
Injection System

r-III rtressure 
Injection System

r igil PresSUre 

Injection System

High Pressure 
Injection System 
High Pressure 
Injection System

Inverter Not stated Not stated Not stated WEAR I Attrition

Inverter Not stated Not stated
I � 

-.
NOt stated Loss of function

Inverter Not stated Not stated Not stated Not stated Loss of performance

AC Circuit Breakers 

AC Circuit Breakers 

AC Circuit Breakers 

Flow Transmitter 

Fow Transmitter

Not stated 

Not stated 

Not stated 

Not stated 

Not stated

Cni- U
IFlow I ransmitter

Flow Transmitter 

Heat Tracing 
Heaters 
Heat Tracing 
Heaters

Not stated

Not stated 

Not stated 

Not stated

56 High Pressure Load Sequence Not stated 
Injection System Controllers 

57 High Pressure f Load Sequence Not stated 
Injection System Controllers

Highl Pressure 
Injection System 

High Pressure 
Injection System 

High Pressure 
Injection System 

Service Water 
System

Load Sequence 
Controllers 

Level Transmitters 

Pressure 

Transmitter 

AC Breakers

Not stated 

Not stated 

Not stated 

Not stated

Not stated 

Not stated 

Not stated

Not stated 

Not stated 

Not stated

FAT 

WEAR 

Not stated

Cumulative fatigue 
damage 

Attrition 

Los of performance

Not stated Not stated Not stated I Cause accelerated

Not stated

Not stated

Not stated 

Not stated

Not stated 

FAT

Not stated Not stated i WEAR Attnon

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated

CORR 

Not stated 

Not stated 

CONTAM 

Not stated 

Not stated 

Not stated 

FAT

aging 

Loss of performance 

Cumulative fatigue 
damage

Loss of material 

Winding failure, 
open, short, or high 
resistance 
End of life 

Builup of deposits 

Loss of performance 

Loss of performance 

Loss of performance 

Fatigue 
accumulative 
damaoes

4

1.. - 4. ___ J. - I

54 

55

58 

59 

60 

61

Not stated



Table A.2 Gall Report for NPAR Reports 
Page 18B 

Document- NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) Reviewed by: L C. Meyer, INEL Effect a Aging on Component Function Contrib to Failure Reported prOg9 Rel.progs Report Recommendations page No. Item IFailure due to open circuit Rare ot, ......... i

Failure to op-erate- -the circuit -breaker 
does not function property, either fails to 
open or fails to close on demand.  

Loss of function - the inverter fails to 
perform its intended function to specified 

Lrequirements.IS 

The inverter fails to perform its intended 
function to specified requirements due to 
electrical failure, insulation breakdown, 
open or short circuit related to aging.  

The inverter has degraded operation 
because of aging related drift or faulty 
modules.  

Failure to operate - the circuit breaker 
does not function properly, either fails to 
open or fails to close on demand.  
Failure to operate - the circuit breaker 
does not function properly, either fails to 
open or fails to close on demand.  
Failure to operate- the circuit breaker F 
does not function properly, either fails to 
open or fails to close on demand because 
of a faulty module.  
Erroneous or erratic signals are produced F 
by the instrument 

Erroneous or erratic signals are produced C by the instrument because out of 
calibration.  
Failure to -operate R 

Failure to operate R; 

Loss of function Ri 

Loss of function O 

Erroneous or erratic signals R 

Failure to operate Oc 

Failure to operate because of faulty Oc 
module 

Erroneous or erratbc signals because unit Oc 
out of caiibration.  

Erroneous or erratic signals are produced Oc 
by the instrument because of set point 
drift due to aging.  
Failure to operate - the circuit breaker Ra 
does not function properly, either fails to 
oDen or fails to close on demand.

Rare 

Occasional 

Occasional 

Occasional 

Occasionai 

Occasional 

Rare

lare

3ccasional 

are 

are 

are 

ccasional 

Ire 

ccasionaJ 

casional 

casional 

casional 

re

rep:ort 1987, RG 
1.118 Not discussed in IEEE 338

report 1987, RG 

1.118 
Not discussed in IEEE 338
report 1987, RG 

1.118 
Not discussed in IEEE 338
report 1987, RG 

1.118 
Not discussed in No sp3c-fic 
report program 
Not discussed in No specific 
report program 

Not discussed in IEEE 338
report 1987, RG 

1.118 Not discussed in IEEE 338
report 1987, RG 

1.118 
Not discussed in IEEE 338
report 1987, RG 

1.118 
Not discussed in IEEE 338
report 1987, RG 

1.118 
Not discussed in IEEE 338
report 1987, RG 

1.118 

Not discussed in IEEE 741-1986 
report Section 7

report specific, RG 
1.108, Tech.  Specs.

j Specs.Not discussed in 
report

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report 

Not discussed in 
report 

Not discussed in report

IEEE 741-19 
Section 7

Vendor specific 
programs.  
Tech. Specs.  

Vendor specific 
programs.  
Tech. Specs

Vendor specific 
programs.  
Tech. Specs.  

IEEE 741-1986 

Section 7 

IEEE 741-1986
Section 7

Not stated

Not stated

Not stated

Not stated

Not stated 

Not stated

Not stated 

ot stated

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

NOT stated

Not stated

F-67 

F-67 

F-67 

F-71 

F-71 

PF-72 

F-72 

F-72 

F-73 

F-88

k 5 

54 

55 

56 

57 

56 

59 

60

Not stated

F-61 

F-63 

F-64 

F-64 

F-64

ot discussed in IEE•E 338-9

F 

F 

F

F`66 

:-66 

-67

986

•are N

s

IEEE 741-198 
Section 7

NOt 
stated

6 ' N• 

N(

ot stte 

Ntsae

42 

43 

45 

4E 

47 

19 

2 

3
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Document. NUREG/CR-4747 V2. An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L. C. Meyer, INEL

Page 19A

nia=m ARD effects
itm Sym Y5rucEuLirwJ mp, ultat•uId',mp . . ..... .  

62 Service Water AC Breakers Not stated Not stated Not stated WEAR Attrition 

System 

63 Service Water AC Breakers Not stated Not stated Not stated Not stated Binding or out of 

System acdustment 

Service Water AC Breakers Not stated Not stated Not stated CONTAM Buildup of deposits 

System 

65 Service Water AC Breakers Not stated Not stated Not stated Not stated Coil failure 

System 
66 Service Water Flow Indicators Not stated Not stated Not stated Not stated Loss of performance 

System 

67 Service Water Flow Swicthes Not stated Not stated Not stated CONTAMN Buildup of deposits 

System 

68 Service Water Row Swicthes Not stated Not stated Not stated Not stated Loss of performance 

System 

69 Service Water Pressure Indicators Not stated Not stated Not stated CLOG Buildup 

System 

70 Service Water Pressure Indicators Not stated Not stated Not stated Not stated Loss of performance 

System 

Document: NUREG/CR-4819 V1, Aging and Service Wear of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants 

Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 SOV ASCO 3-Way Coil Class H insulaton ASCO ELETEMP, Loss of dieletic 

Direct Acting CURSTR, & strength and 
VOLSTR conductor 

short/open 

2 SOV Core Stainless steel ASCO CONTAM Friction between 
core and guide 

SOV Disk Holder Assy EPDRM OR Vitron ASCO ELETEMP Degradation of 

Seat elastomers 

4 SOV Disc Holder Spring Steel ASCO CORR Spring relaxation or 
failure 

5 SOV Core Spring Stainless steel ASCO CORR Spring failure 

6 SOV Disc Holder EPDM OR Viton ASCO CONTAM & Seat degradation 
Assembly Seat ELETEMP 

7 SOV 3-Way Pilot Coil Not stated ASCO ELETEMP, Insulation failure and 

Operated CURSTR, & conductor 
VOLSTR open/short 

SOV Core Not stated ASCO CONTAM Binding between 
core and guide 

S....- .. ,, ,._ -... e-nn . .. A n=*" *,=-"n fD l rrr'nzn •,lk.A a1• eil=•

Lisc HodOer Assy 
Seat to oriface

PIQ%.,W %.'%.'rr1 QL.JQ I V-Iwr,SOV Ejl toi'TrS9



Table A.2 Gall Report for NPAR Reports

Document- NUREG/CR-4747 V2, An Aging Failure Survey of Light Water Reactor Safety Systems and Components (Electrical) 
Reviewed by: L. C. Meyer, INEL Effect of Acalnca on Comeonent Function Contl]'b to Failure Reoorted nroas ReI.nroas= Reoort Recommendations PaeN.Item
Failure to operate - the circuit breaker Rare Not discussed in IEEE 741-1986 Not stated F-88 62 
does not function properly, either fails to report Section 7 
open or fails to close on demand.  
Failure to operate - the circuit breaker Rare Not discussed in IEEE 741-1986 Not stated F-88 63 
does not function property, either fails to report Section 7 
open or fails to close on demand.  
Failure to operate - the circuit breaker Occasional Not discussed in IEEE 741-1986 Not stated F-88 64 
does not function properly, either fails to report Section 7 
open or fails to close on demand.  
Premature open - the opening of the Rare Not discussed in IEEE 741-1986 Not stated F-88 65 
circuit breaker prior to demand, report Section 7 
Failure to operate due to being out of Occasional Not discussed in IEEE 338- Not stated F-89 66 
calibration (aging related). report 1987, RG 

1.118 
Erroneous or erratic signals Rare Not discussed in IEEE 338- Not stated F-89 67 

report 1987, RG 
1.118 

Erroneous or erratic signals due to set Frequent Not discussed in IEEE 338- Not stated F-90 68 
point drift, insulation breakdown or out of report 1987, RG 
calibration. 1.118 
Erroneous or erratic signals Rare Not discussed in IEEE 338- Not stated F-104 69 

report 1987, RG 
11.118 1 

Erroneous or erratic signals because of Rare Not discussed in IEEE 338- Not stated F-104 70 
being out of calibraton. report 1987, RG 
I _ __ 1 _ _ 11.118 

Document NUREG/CR-4819 V1, Aging and Service Wear of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Valve does not operate Occasional Not discussed in Vendor specific R&D to develope test methods. 25-26. 34- 1 

report programs Testing of proposed monitoring 35.41-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4] 

Partal/full failure of valve to change Occasional Not discussed in Vendor specific R&D to develope test methods. 25-26.34- 2 
position report programs Testing of proposed monitoring 35.41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [4] 

Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34- 3 
report programs Testing of proposed monitoring 35.41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [41 

Valve fails to operate as required Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34- 4 
report programs Testing of proposed monitoring 35.41-43.  

techniques. Develope baseline data- 54 
Evaluation of failures [4] 

Seat leakage Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26.34- 5 
report programs Testing of proposed monitoring 35.41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [4] 

Seat leakage Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26.34- 6 
report programs Testing of proposed monitoring 35.41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [4] 

Valve tails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 7 
report programs Testing of proposed monitoring 36. 41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [4] 

Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 8 
report programs Testing of proposed monitoring 36.41-43.  

techniques. Develope baseline data. 54 
Evaluation of failures [4]

PNot stted INOt discussed in 
report

vendor specilic 
programs

R&U to develope test methods.  
Testing of proposed monitoring 
techniques. Develope baseline data.  
Evaluation of failures [4]

25-26. 34.  
36. 41-43.  
54

9

Page 19B

vauve laUls t ou uprmt as required



Table A.2 Gall Report for NPAR Reports Page 20A 

Document: NUREG/CR-4819 VI, Aging and Service Wear of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants 
Reviewed by: E. W. Roberts, INEL 
Item System SbTUit rWnComln . 1 iha - -

- r---- U r-..i .Sub- IIfI.I--*. #-AU a-NfII _I, .. ..... S......... P-,,-v,, . at~ul hia~l~liu~lautr AU•D mechanism ARD effets 10 SOY Disc Holder Spring Steel ASCO CORR Spring relaxation or 

failure 

11 SOV Pressure Diaphragm ASCO CONTAM Blocked bleeder hol 
Bleed Hole 

12 SOY Exhaust Diaphragm ASCO CONTAM Blocked bleeder hol 
Bleed Hold 

13 SOY Core Spring Stainless steel ASCO CORR Spring failure 

14 SOV Disc Holder Assy EPDM ASCO CONTAM Seat degradation 
Seat ELETEMP 

15 SOY Pressure Diaphragm EPDM OR Nomex ASCO CONTAM Continuous exhaust 
fabric ELETEMP 

16 SOY Exhaust Diaphragm EPDM OR Nomex ASCO CONTAM Leakage through 
fabric ELETEMP exhaust port 

17 SOV 2-Way Direct Coil Class H insulation Valcore ELETEMP Insulation failure 
Operating CURSTR VOLSTR shortlopen 

conductors 

18 SOV 2-Way Direct Coil Not stated Valcore ELETEMP Insulation failure 
Operating CURSTR VOLSTR short/open 

conductors 

19 SOV 2-Way Direct Plunger Spnng Stainless stee" Valcore CONTAM CORR Binding in guide.  
Operating spring breakage 

20 SOV 2-Way Direct Plunger Spring Stainless steel Vaicore CONTAM CORR Binding in guide.  
Operating spring breakage 

21 SOV 2-Way Direct Pilot Spring Not stated Valcore CORR Spring failure 
Operating 

22 SOV 2-Way Direct Plunger Stainless steel Valcore CONTAM Binding in guide tube 
Operating 

23 SOV 2-Way Direct Plunger Stainless steel Valcore CONTAM Binding in guide tube 
Operating 

24 SOV 2-Way Direct Pilot Spring Stainless steel Valoare CORR Spring failure 
Operating 

25 SOV 2-Way Direct Position Reed Not stated Valcore Not stated Contact failure 

Operating 

26 SOV 2-W av 1Direct P• , -f Q . .- , ..
-F-,--'Operating r.asU tomer) VdIVl017 E:LE l EMp 

CONTAM Eroded seat



Table A.2 Gall Report for NPAR Reports Page 20B

Document: NUREG/CR-4819 V1. Aging and Service Weao of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants 
Reviewed by: E. W. Roberts, INEL 
Effect of Aqina on Component Function Contrib to Failure Re -- #- 0.1 0...4

P M -- r .... " . .. ... ... .. . ... .. r" " "-.  Valve fails to operate as required Not stated Not discussed in Vendor speafic R&D to develope test methods. 25-26.34. 1I 
report programs Testing of proposed monitoring 36. 41-43.  

techniques. Develope baseline data. 54 
Valve sloworeEvaluation of failures [4] Valve slow to respond Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 11 

report programs Testing of proposed monitoring 36.41-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4] Valve fails to operate as required Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26.34. 12 

report programs Testing of proposed monitoring 36. 41-43.  
techniques. Develope baseline data, 54 
Evaluation of failures [4] Valve leakage Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 13 

report programs Testing ot proposed monitoring 36. 4 1-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4] Valve leakage Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 14 

report programs Testing of proposed monitoring 36.41-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4] Valve leakage - valve failure to operate as Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26. 34. 15 required report programs Testing of proposed monitoring 36. 41-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4] Valve leakage -valve failure to operate as Not stated Not discussed in Vendor specific R&D to develope test methods. 25-26.34. 16 required report programs Testing of proposed monitoring 36.41-43.  
techniques. Develope baseline data. 54 
Evaluation of failures [4) Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 16.25-28. 17 

report programs Testing of proposed monitoring 34. 37.  
techniques. Develope baseline data. 41-43. 54 
Evaluaton of failures [4] Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 19.25-28. 18 

report programs Testing of proposed monitoring 34. 38.  
techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 16.25-28. 19 

report programs Testing of proposed monitoring 34.37.  
techniques. Develope baseline data. 41-43.54 

Valve tails to operate Evaluation of failures [4] Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 19. 25-28. 20 
report programs Testing of proposed monitoring 34.38.  

techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] Valve fails to operate Not stated Not discussed in Vendor specific R&D to develope test methods. 19.25-28. 21 

report programs Testing of proposed monitoring 34.38.  
techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] Valve sluggish or not operational Not stated Not discussed in Vendor specific R&D to develope test methods. 16.25-28. 22 

report programs Testing of proposed monitoring 34. 37.  
techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] Valve sluggish or no operation Not stated Not discussed in Vendor specific R&D to develope test methods. 19.25-28. 23 

report programs Testing of proposed monitoring 34.38.  
techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] Slow valve closure Not stated Not discussed in Vendor specific R&D to develope test methods. 19.25-28. 24 

report programs Testing of proposed monitoring 34.38.  
techniques. Develope baseline data. 41-43.54 
Evaluation of failures [4] No or constant position indication Not stated Not discussed in Vendor specific R&D to develope test methods. 19.25-28. 25 

report programs Testing of proposed monitoring 34.38.  
techniques. Develope baseline data. 41-43.54 

_Evaluation of failures [4]
Nut discussed in 
report .

venoor specific 
programs

R&D to develope test methods.  
Testing of proposed monitoring 
techniques. Develope baseline data.  
Evaluation of failures [4]

16.25-28.  
34. 37.  
41-43.54

26
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Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CR-419 V1, Aging and Service Wear of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants Reviewed by: E. W. Roberts, INEL 
Item System .- ---....,

Page 21A

- Subcmponen Materiata Manufacturer ARD mechanism ARD effects 21 SOV 2-Way Direct Poppet Seat EPDM Valcore ELETEMP Eroded seat Operating 
CONTAM 

28 SOV 2-Way Direct Pilot Seat Seal EPDM Valcore ELETEMP Eroded seat Operating 
CONTAM 

29 SOV 2-Way Direct Coil Class H insulation TRC ELETEMP Insulation failure and Operating 
CURSTR VOLSTR short/open 

conductor 
30 SOV Coil Diode Not stated TRC Not stated Open diode 

31 SOV Core Not stated TRC CONTAM Binding in core tube 

32 SOY Pilot Disc Seat Stainless steel TRC ELETEMP Degradation of 

CONTAM elastomers 

33 SOV Main Disc Stainless steel TRC CONTAM Jammed disc 

34 SOV Position Switch Not stated TRC WEAR Contact failure 

35 SOV Position Relay Not stated TR C Not stated Coil conductor 

short/open 

36 SOV Return Spring Stainless steel TRC CORR Spring breakage 

37 SOV Main Disc Seat Stainless steel TRC WEAR Seat degradation

Document: NUREG/CR-4819 V2, Aging and Service Wear of Solenoid-Operated Valves 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials

Solenoid-Operated 
Valves

Core Seat & Seals 
(Elastomeric 
Components)

Not stated

Used in Safety Systems of Nuclear Power Plants, Vol. 2 

Manufacturer ARD mechanism ARD effects 
ASCO AND Skinner THERM & AGR- Prolonged 

CHEM temperatures 
degrades seals, 
chern attack byoils

ERM Degraded insulation
2 Solenoid-Operated Solanod Coil Not stated TH 

Valves Insulation

Solen•oi-I.Jperate 
Valves

C.ore Spnng Not stated Not stated WEAR & C:ORR 

5ORR

Changes in 
mechanical 
propeties. bincino o 
corrsion contar
Loss of materiaz.  

crud buidup

II I

Solenoid-Operated Sliding Surfaces Not stated Not stated WEAR & C Valves

II



Table A.2 Gall Report for NPAR Reports

Page 21B Document: NUREG/CR-4819 Vi, Aging and Service Wear of Solenoid-operated Valves Used in Safety Systems of Nuclear Power Plants 
Reviewed by: E. W. Roberts, INEL Effect of A in on Corn fent Function Contrib to Failure Re rted to a Rd. a R Dt Recommendations P e No. Iter 

reportgprograms I~ sigof proposed monitoring 134. 38 .  

techniques. Develope baseline data. 41-43.54 Valve leakage Not stated Not discussed in Vendor specfic R&D to develope test methods. 21.325-28. 2E 

report programs esting of proposed moriitoring 34.39 
techniques. Develope baseline dlata.. 41-43. 54 

v Evaluation of failures 4n 
Isto reNot stated Not discussed in Vendor specific R&D to develope test methods. 219. 25- 8 report programs Testing of proposed monitorig 34. 39 

techniques. Develope baseline data. 41-43.54 

• oertestte •Evaluation of falre" 

alve fais to o e 
Not stated Not discussed in Vendor sPe*fic R&D to d8eGlope test methods. 21.25-28. 31 

report programs Testing of proposed monitoring 34. 39.  
techniques. Develope baseline data. 41-43.54 

Evaluation Of failures[4 

ave fail t Not stated Not discussed in Vendor specific R&D to do test mehods. 21.25-28 32 report programs Testing of proposed monitoring 34. 39 
techniques. Develope baseline data. 41-43.54 

• )peate• •Evaluation of failures4 

alve fails to operate Not stated Not discussed in Vendor specific R&D to devlope test methods. 21.25-28. 3 report programs Testing of proposed monitoring 34.39.  
techniques. Develope baseline data. 41-43.54 

SEvaluation of failures4 

ss ofaposition ndiction 
Not stated 

Not discussed in Vendor specific R&D to develope test methods. 21.25-28 33 

report programs Testing of proposed monitoring 34.39.  
techniques. Develope baseline data. 41-43.54 

• pe at No s•-• ' -- •Evaluation of falre" 

ofposition indicationdoe Not s dNot discussed in Vendor specific R&D to develop test methods. 21. 25-28.- - ' 3 report programs Testing of proposed monitoring 34. 39.  
techniques. Develope baseline data. 41-43.54 

)ss of I: •Evaluation of failures 4• . .  

ye remications opesn o e Notstd Not discussed in Vendor specific R&D to develope test methods. 21. 25-28. 35 

report programs Testing of proposed Monitoring 34. 39.  
techniques. Develope baseline data. 41-43.54 

dNot stated Not discussed in Vendor specific R&D to dev 

ein IP tes mehd. 2.25-2."- 36 

report programs Testing of proposed monitoring 34.39.  
techniques. Develope baseline data. 41-43.54 

Evaluation of failures f41
Document- NUREG/CR-4819 V2. Aging and Service Wear of Solenoid-Operated Valves Used in Safety Systems of Nuclear Power Plants, Vol. 2 
Reviewed by: L C. Meyer, INEL Effect of A in on Corn onent Function Contrib to Failure R 

Re __ Recommendations Chemical attack of elastomers by oil and Rare Not discussed in Vendor specific Determine the sensitivity with which 5, 7, 
degradation of elastomers resulting from report prograS degraded elestomeno valve seats 11, 
prolonged operation at excessively high 

can be determined from 1o1, temperatures resulting in failure to



Page 22A
Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4928. Degradation of Nuclear Plant Temperature Sensors 

Reviewed by: L C. Meyer, INEL ADfl .. s..hm.i.,vi AIRfl effacts

Item System Structure/Camp Subcomponent Materials manu.=.-_, .ur , ......  

I Temperature RTD Sensing Wire Platinum Not stated OXIDAT, VIB, Platininum oxide 

Sensors or Film CONTAM, & ELE- build up, fat, ion 
TEMP migration, & strain 

2 Temperature RTD Insulation Powder or cement Not stated MOIST-EL Moisture decreases 

Sensors (material not resistance 

identified in report) 

3 Temperature R TID Sheath Stainless steel Not stated VIB Cold working in 

Sensors 
metals 

Document: NUREG/CR-4939 VI, Improving Motor Reliability in Nuclear Power Plants - Performance Evaluation and Maintenance Practices 

Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Eectrc Motors DIelcs c Not stated Not stated Not stated insulation is most 
Rotational, affected by aging 

Mechanical mechanisms 

Document: NUREG/CR-4939 V2, Improving Motor Reliability in Nuclear Power Plants 

Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Motor Insulation Glass, mylar, dacron Westinghouse ELETEMP Slot wedge 

w/poly binder, epoxy, developed hole(s), 

poly fibers & poly arcing to ground 

varnish 

2 Motor Beanng Not stated Westinghouse ELETEMP WEAR Bearing falure 

Document NUREG/CR-4939 V3, Failure Analysis and Diagnostic Tests on A Naturally Aged Large Electric Motor 

Reviewed by: E. W. Roberts, INEL 

Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

400HP, 2400 V Not stated Not stated VOLSTR. insulation 

motor Ibreakdown 

Document: NUREG/CR-4967. Nuclear Plant Aging Research on High Pressure Injection Systems 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

15 PWR high pressure Air Operated Valves Not stated Not stated CONTAM Parts degrade from 

injection system 
oil in air supply 

16 PWR high pressure HPI Nozzles and Stainless steel Not stated THERM FAT Crack initialion and 

injection system Thermal Sleeve 
propagation 

17 PWR high pressure I & C Electronics Small Electronic Not stated Not stated CORR Opens, shorts, and 

injection system Components loose connections 

18 PWR high pressure PIPING Stainless steel Not stated THERM FAT, Cracdng & abrasive 

injection system 
WEAR, VIB, & wear 
MECHSTR 

19 PWR high pressure Valve Stainless steel Not stated WEAR & CONTAM Leakage, blockage, 

injection system 
& mechanical 
linkage faults 

20 PWR high pressure Pump Stainless steel Not stated THERM-CY, Wear on parts and 

injection system WEAR, VIB, & FAT seal leaks 

21 PWR high pressure Pipe Supports Not stated Not stated VIB AND FAT Loosening of 

injection system 
connections or 
breaking loose 

22 PWR high pressure Motor Operated Stainless steel Not stated WEAR AND Loose connections, 

injection system Valve VOLSTR wear on moving 
I parts, motor failure



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4928, Degradation of Nuclear Plant Temperature Sensors 
Reviewed by: L C. Meyer, INEL 

11•4PG , • A f• •r 41 f--" H 41• C H € iti 0i•Jd lin• •1 nvne Renl•ort Recommendations Paqe No. Item

Changes in resistance causes calibration Not stated Not discussed in RG 1.118, Burm-in program for new sensors, A-9, and 1 

changes report IEEE 338-1987 develop a data base for degradation A-31 to A
mechanisms, and simple tests to 36 
check sensor prob. [2] 

Shunting of sensing element occurs when Not stated Not discussed in No specific Bum-in program for new sensors, A-9, and 2 

insulating powder gets wet moisture report program develop a data base for degradation A-31 to A

intrusion occurs when the seals dry out, mechanisms, and simple tests to 36 

shrink, crack, or leak resulting in check sensor prob. [2] 

calibration shift or failure to function. I I 

Mechanical shock and vibration can Not stated Not discussed in No specific Bum-in program for new sensors, A-9, and 3 

cause cold working in metal that leads to report program develop a data base for degradation A-31 to A

failure of the sheath and moisture mechanisms, and simple tests to 36 

intrusion. check sensor prob. [2] 

Document* NUREG/CR-4939 V1, Improving Motor Reliability in Nuclear Power Plants - Performance Evaluation and Maintenance Practices 

Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

This report references a phase I study Not stated EPRI; IEEE EPRI; IEEE 4, Motors important to safety should 1-6; 2-7; 1 

that investigated aging effects. This 4,43,85,95,112,117, 43, 85, 95,112, undergo cost-effective PM programs 4-1; 5

report only addresses motor evaluaton 286,429,432,522 117,286,429, [2] 9,210,1111& 

and maintenance practices 112; 7-1 

Document- NUREG/CR-4939 V2, Improving Motor Reliability in Nuclear Power Plants 
Reviewed by: E. W. Roberts, INEL 

Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Motor failure Not stated Not discussed in IEEE 334-1974 The 'plug reversal life test ' is 2-1, 6-1 1 
report Section 14.2.3 recommended for motor 

qualification. [2] 

Motor failure Not stated Not discussed in IEEE 334-1974 Not stated 4-1, 5-1, 2 

report Section 142.3 6-1 

Document NUREG/CR-4939 V3, Failure Analysis and Diagnostic Tests on A Naturally Aged Large Electric Motor 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReE.progs Report Recommendations Page No. Item 

Motor failure Frequent DC insulation &Ior IEEE 334-1974 lInstall effective gmd or grid 3-41 
polarzation tests Section 14.2.3 detectors on 3 Ph "capacitance' 

IiItIon Igmded (delta) PWR syst [2] 

Document- NUREG/CR-4967, Nuclear Plant Aging Research on High Pressure Injection Systems 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Fail to operate Rare Not discussed in Vendor specific Not stated 36 151 
report program. Tech 

Spec surveill.  

Nozzle leaks and loose parts resultng in Rare Not discussed in Dye penetrant Not stated 36 & 53 16 

degraded HPI system report ultrasonic, 
radiography 

Failure to operate Occasional Not discussed in IEEE 338-1987 Not stated 36 17 
report 

Through the pipe wall leakage resulting in Rare Not discussed in Dye penentant, Not stated 36 & 53 18 

HPIS degraded operation or failure to report ultrasonic, 
function. radography 

Failure to operate resulting in HPIS Rare Not discussed in Vendor specific Not stated 36 & 53 19 

failure. Valve failure allowes cold water to report programs 
flow back into primary system resulting 
piping cracks.  

Fail to start or run Rare Not discussed in Vendor specific Not stated 36 20 
report programs 

Lose of pipe supports stresses piping Rare Not discussed in Plant specific Not stated 36 21 

leading to potential pipe failure and HPIS report program 
failure.  
Valve failure to operate results in HPIS Rare Not discussed in Vendor specific Not stated 36 22 

failure, report programs

Page =2



Table A.2 Gall Report for NPAR Reports 
Page 23A 

Document: NUREG/CR-4992 PV, Aging and Sarvcie Wear of Multistage Switches Used in Safety Systems of Nuclear Power Plants Reviewed by: Jerry Edson, INEL Item Systern SructurCom Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Multistage Switches General GE, Westinghouse, 

Electro., Micro 

2 utsaeSwitches 3-;Shaft Abas• 
hf 

Mulistge withesCamShat Seel Al brss GE, Westinghouse, EXFORCE, WEAR Bent or twistead shaftl Electro., Micro 

3 Mullistage Switches Canm Shaft Steel Al, brass GE, Wesngoe MECHSTR, WEAR Broken camshaft 
Electro., Micro 

4Mullistae Switches Contacts Silver or silver alloy GE. Westinghouse, CORR, FAT, Broken or distorted 
Electro., Micro FAT/THERM, VIBR, contact sticking, 

CONTAM, loose contact 
ELETEMP, WEAR 

5Multistage Switches Contacs Silver or siver alloy GE, Westinghouse, ELETEMP, Pitted, worn, or 
Electro., Micro CURSTR, VOLSTR, welded contact 

6 Multistage Switches Contact Block Phenolic GE, Westinghouse, VIBR Loose contact bank 

Eleciro., Micro 

7 Multistage Switches Moving Contact Steel, Al, brass GE, Westinghouse, FAT Spring breaks 
Spnng Electo.. Micro 

8 Multistage Switches Moving contact Not stated GE, Westinghouse, FAT Gear breaks 
Assembly Electro., Micro 

9 Multistage Switches MovingContact Pin Not stated GE, Wes'nghouse, ELETEMP, FAT, Pin breaks 
Electro., Micro THERM-CY 

10 Multistage Switches Cams Polyphenylene oxide, GE, Westinghouse, ELETEMP, RAO, Closing or opening 
acetal, phenolic Electro., Micro THERM-CY, WEAR cam failure 

11 Multistage Switches Cam Follower Polycaitonate GE, Westinghouse ELETEMP, RAD, Broken or warped 
Electro., Micro VIBR follower 

12 Multistage Switches Cam Follower Polycarbonate GE, Westinghouse WEAR Slipping of cam 
Electro., Micro follower 

13 Multistage Switches Switch Handle PoWycarbonate GE, Wstinghouse, VIBR Broken or loose set 
Electro., Micro screws 

14 Multistage Switches Shaft Beazings Not stated GE, Westinghouse, LOSLUB, WEAR, Bearing freezes up 
Elect'o., Micro CONTAM 

Multistage Switcs Gear Not stated GE, Westinagouse, FAT, W R Gear fa-ure 
Electro., Micro 

Multistage Switches Detent Mechanism Steel, ,GE, WestinFouse, FAT, WýR Worn Itent vulcanized fiber Electo., Micro mechanism, loose 
detent roller pin 17 Multistage Switches Detet Stop Arm Steel, Al. brass GE, Westinghouse EXF- Bent stop 

Electro., Micro



Table A.2 Gall Report for NPAR Reports
Page 24A

Document: NUREG/CR-5008, Development of A Testing and Analysis Methodology to Determine the Functional Condition of Solenoid Operated Valves 
Reviewed by: Jerry Edson, INEL 
Item System -tructjipm/t'r/ nmn C - aa--- . - -.. . . ... .. . .

r ............. t" "'" Mv'la'L ..-:=:.-rUa manuiratmn•rr ARD mechanism ARID effects 1 Solenoid Valves General Not stated 

2 Solenoid Valves Spring Not stated Not stated Not stated Weakened spnng 

3 Solenoid Valves Valve Seat Not stated Not stated CONTAM Not stated 

4 Solenoid Valves Plunger Not stated Not stated Not stated Sticking plunger 

Document: NUREG/CR-5051, Detecting and Mitigating Battery Charger and Inverter Aging 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Inverter Automatic Transfer Not stated Not stated ELETEMP & Degraded 

Switch (Two Pairs of CURSTR component or burn SCR's) 
out 2 Battery Electrolytic Not stated Not stated ELETEMP Reduced capacitor 

Capacitors life 

3 Battery Semi-Conductors Not stated VIB, THERM, & Vibration loosens 
CURSTR connections & heat 

degrades operation 4 Battery Magnetics - High permeability Not stated ELETEMP AND Aging degradation 
Transformers alloys, copper CURSTR resulting from over 

windings, & heating & elec.  
insulation stress Battery Complete Assembly Enclosures and Seven listed ELETEMP & Overheating & 
electrical CURSTR, electilcal transients 
components from stresses 

Document: NUREG/CR-5053, Operating Experience and Aging Assessment of Motor Control Centers 
Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Motor Control Center General 

2 Motor Control Center Molded Case Circuit Lubr., adhes., Not stated FAT, WEAR, Mech. stress, 
Breakers neoprene, silicone, CONTAM, CORR, sticking, surface 

polyester, phenolic, CORR/PIT, deterioration, low rubber, silver alloy, torque 
copper, stainless 
steel 

3 Motor Control Centai Molded Case Circuit Lubr., adhes., Not stated WEAR, Out of adjustment 
Breakers neoprene, silicone, defective latch, 

polyester, phenolic, short/ground, 
rubber, silver alloy, stresses 
copper, stainless 
steel 

4 Motor Control Center Relay Phenolic, vulcanized Not stated ELETEMP, CORR, Breakdown of 
rubber, silver alloy, CORR/PIT insulation, contact 
copper, steel surface degradation 

5 Motor Control Center Relay Phenolic, vulcanized Not stated CONTAM, CORR, Foreign matl 
rubber, silver alloy, CORR/PIT, VIBR, accumulation, 
copper, steel FAT surface degradation, 

misali.n.  6 Motor Control Center Relay Phenolic, vulcanized Not stated WEAR Out of calibration 
rubber, silver alloy, 
copper, steel 

7 Motor Control Ceanter Trnsformer O -, I C .6.. , I..

copper wire, teflon
NotL slamu

CURSTR, VOLSTR
Overheating, 
deterioration and 
breakdown of 
insulation

ELJE I P'a,



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-4992 Vi, Aging and Servcie Wear of Multistage Switches Used in Safety Systems of Nuclear Power Plants 
Reviewed by: Jerry Edson, INEL Effect of Aqina on Component Function Contrib to Failure Renorted Droas ReI.broas Renort Recommendntlonn

Not stated Not discussed in No Operators provide feedbacl on 2, 10, 52 1 
report specific/vendor problems, failures should be 

specific analyzedno further oonsideraton by 
programs NPAR [2] 

Bent or twisted shaft causes incorrect Not stated General - none No Not stated 2, 10, 31- 2 
contact alignment and failure to operate specifically for specific/vendor 37, 41-44, 
as required switches specific 52 

programs 
Switch will not change state resulting in Not stated General - none No Not stated 2, 10, 31- 3 
failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

Contacts do not cdose or change state, Frequent General - none No Not stated 2. 10, 31- 4 
open or short circuit, high electrical specifically for specific/vendor 37, 41-44, 
resistnace resulting in failure to operate switches specific 52 

programs 
High contact resistance resulting in failure Frequent General - none No Not stated 2,10, 31- 5 
to operate as required specifically for specific/vendor 37.41-44, 

switches specific 52 
programs 

Contacts do not mate properly resulting in Not stated General - none No Not stated 2, 10, 31- 6 
failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

No positive return of cam followers, Not stated General - none No Not stated 2,10, 31- 7 
contacts may open or close randomly specifically for specific/vendor 37,41-44, 
resulting in failure to operate switches specific 52 

progrars 
Contacts to not change state resulting in Not stated General - none No Not stated 2, 10, 31- 8 
failure to operate specifically for specific/vendor 37,41-44, 

switches specific 52 
programs 

Contacts will tend to remain closed during Not stated General - none No Not stated 2,10, 31- 9 
opening cam action resulting in failure to specifically for specific.vendor 37, 41-44, 
operate switches specific 52 

programs 

Contacts to not change state resulting in Not stated General - none No Not stated 2, 10,31- 10 
failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

Contacts do not change state resulting in Not stated General - none No Not stated 2, 10, 31- 11 
failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
_ _programs 

Incomplete contact closure resulting in Not stated General - none No Not stated 2, 10,31- 12 
failure to operate as required specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

Switch will not change state resulting in Not stated General - none No Not stated 2, 10,31- 13 
failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

Switch will not change state resulting in Not stated General - none No Not stated 2,10,31- 14 
failure to operate specifically for specific/endor 37, 41-44, 

switches specific 52 
programs 

Switch will not maintain position resulting Not stated General - none No Not stated 2, 10, 31'- 15 
in failure to operate specifically for specific/vendor 37, 41-44, 

switches specific 52 
programs 

False indication of position change, Frequent General - none No Not stated 2, 10, 31- 16 
contacts do no property line up resulting in specifically for specific/vendor 37, 41-44, 
failure to operate as required switches specific 52 

_ _programs 
Overtravel of cams at end stop resulting in Not stated General - none No Not stated 2,10,31- 17 
failure to operate as required specifically for specific/vendor 37. 41-44, 

switches specific 52 
1_ __ _programs I

Page 23B
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Table A.2 Gall Report for NPAR Reports
Page 248

Document: NUREG/CR-5008, Development of A Testing and Analysis Methodology to Determine the Functional Condition of Solenoid Operated Valves Reviewed by: Jerry Edson, INEL Effect of Aging on Component Function Contrib to Failu Reported pr, - Rel.progs Report Recommendations Page No
s repot is not an aging assessment of 

sovs. The report investigates testing and 
analysis methodologies.  
Not stated 

Not stated 

Not stated

Not stated
report

Not stated Not di©s -i i !

Vendor specific Explore alternae anati tic 
programs techniques. Further develop and 

validate coherency model [2]
Vendor specific Not stated

Droorams I
Vendor specific

pro-'grams..  IoNot stated si
vendor specific program s
programs 4 V L I

N•Ot stated

'tarn 
- Y � 

I
23

I 
I

'13

1j

Document: NUREG/CR-5051, Detecting and Mitigating Battery Charger and Inverter Aging 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported prigs Rel.  Inverter fails and vital bus loads are Not stated Not discussed in Venc automatically transferred to altemate report progr 
source if failure occurs.  
Aging due to h h temperature leads to Frequent Not discussed in Vend capacitor failure resulting in improper report progr 
output.

Aging due to local heat buildup results in Occasional 
short circuit of the SCR and an inverter 
failure.  
Transformer aging caused by over Not stated 
heating, electrical transients, and 
personnel error results in charger/invertor 
failure.  
Electrolytic capacitors, fuses, magnetics Not stated 
(inductors and transformers) and 
semiconductors failure results in 
charger/invertor failure.

Not discussed in 
report 

Not discussed in 
report

.,�.-....-----.- 
1

or specific 
arms

or specific 
ams

ortRdae o. Iem
'Not stated 3-15 TO 

3-22

3-22
Improve thermal efficiency by using 
forced air cooling. Manufacture 
improvements such as adding a fuse modle. (2]

Vendor specific Improved maintenance and testing 
programs Idone more often. [2]

Vendor specific I Improved maintenance and testing 
programs Idone more often. [2]

Vendor specific' 
programs

Establish a comprehensive 
maintenance program that 
addresses inspection, testing, 
predictive and corrective 
maintenance [2]

Document: NUREG/CR-5053, Operating Experience and Aging Assessment of Motor Control Centers 
Reviewed by: Jerry Edson, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.proas Report Recommendations 

Not stated IEEE 308,279,317; IEEE 308,279, Detailed survey of PM, surveillance 
RG 1.106,1.63; 317; RG 1.106, techniques, and oper. exp. review 
NEMA; UL 1.63; NEMA; maintenance data. PRA to 

UL determine importance [21 Failure to open or failure to close Frequent IEEE 308,279.317; IEEE 308, 279, Not stated 
RG 1.106,1.63; 317; RG 1.106, 
NEMA; UL 1.63; NEMA;

Inadvertent trip, failure to trip Occasional to 
Frequent

Open circuits Frequent

rauiure to open or failure to close

Opn or short circuits

Occasional

'Frequent

1 I.
Occasional

IEEE 308,279,317, 
RG 1.106,1.63; 
NEMA; UL 

IEEE 308,279.31-7; 
RG 1.106,1.63; 

!NEMA; UL 

IEEE 308,279,317; 
RG 1.106,1.63; 
NEMA; UL

IEEE 308,279,3177; 
RG 1.106,1.63; 
NEMA; UL

IEEE 308,279,317; 
RG 1.106,1.63; 
NEMA; UL

UL

IEEE 308, 279 
317; RG 1.106, 
1.63; NEMA; 
UL 

IEEE 308, 279, 
317; RG 1.106, 
1.63; NEMA; 
UL 
IEEE 308,279, 
317; RG 1.106, 
1.63; NEMA; 
UL 
IEEE 308, 279, 
317; RG 1.106, 
1.63; NEMA; 
UL 
IEEE 308, 279, 
317; RG 1.106, 
1.63; NEMA; 
UL

Not stated 

Not stated 

Not stated 

Not statedl 

Rot -stated

3-4 TO 
6

3-

3-7,4-13, 
& 5-7

& 5-7

2

3

XIII, 1-6, 
3-9, & 5-6

XlII, 4-15, 
& 7-4

5

Pae No. Item 
5-ltrhru 1
13, 6-5 
thru 6-7 

3-4,4-6, 2 
4-20, 4
21, 5-1 
thru 5-13 

3-4, 4-6, 3 
4-20, 4
21, 5-1 
thru 5-13 

3-4, 4-6, 4 
4-20,4
21,5-1 
thru 5-13 
3-4, 4-6, 5 
4-20. 4
21,5-1 
thru 5-13 
3-4, 4-6, 6 
4-20,4
21,5-1 

lhru 5- 13 

3-4.4-6, -7 
4-22, 5-1 
hru 5- 13t

Responseu ,onncom•;rrect signal
r

/-

+

iNo-l dL10,gusse nlI 1report

Not stated - 1 I..... ... . .... .• . . . Ite mll

Itnm

progs

i

l 

#

7-4-

Vendor spe•fic 
programs

Ireport
13 2

reoort Not10 stnate 13 3

4

D•-OGS I•1 II .... &•--

I

Plant ianenance



Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CR-5053, Operating Experience and Aging Assessment of Motor Control Centers 
Reviewed by: Jerry Edson, INEL Item Syse Slructur./com n nailinmninnmnt Ushtavldl Usn,,fw.hmvmv

Motor Control Con TERMINAL BLOCK Phenolic Not stated VIBR, WEAR Mechanical stresses 

9 Motor Control Centr Terminal Block Phenolic Not stated ELETEMP Conduction paths 
are formed 

10 Motor Control Center Thermal Overloads Phenolic, silver Not stated ELETEMP, FAT Overheating 
plating, copper, 
vulcanized rubber 

11 Motor Control Center Thermal Overloads Phenolic, silver Not stated CORR, CORRIPIT Surface degradation 
plating, copper, 
vulcanized rubber 

12 Motor Control Centeo Thermal Overloads Phenolic, silver Not stated WEAR, CONTAM Out of calibration, 
plating, copper, sticking 
vulcanized rubber 

13 Motor Control Centor Starter/Contactor Lubricant adhesive, Not stated FAT, CORR, Mech. stresses, 
neoprene, silicone, CORR/PIT, surface degradation, 
polyester, phenolic, CONTAM foreign substance 
rubber, silver alloy, 
coppper, stainless 
steel 

14 Motor Control Center Fuse Not stated Not stated Not stated Material degradation 
causes open circuits 

15 Motor Control Cantor Coils Phenolic, fiberglass, Not stated CURSTR Overcurrent causes 
copper wire, teflon overheating and 

insulation breakdowr 

16 Motor Control Center Trip and Control Not stated Not stated Not stated Drifting of setpoint, 
out of calibration 

17 Motor Control Centes Trip and Control Not stated Not stated CONTAM Degradation of 
contact surfaces, 
buildup of grease 
and dirt 

18 Motor Control Center Cabinets Steel Not stated Not stated Not stated 

Do.;.;.ient: NUREG/CR-5141, Aging and Oualification Research on Solenoid Operated Valves 
Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 SOV- ASCO Coils Elastomers ASCO MOIST-EL Decreased insulator 
ELETEMP and coil resistance 

2 SOV - ASCO Core Disc Buna-N, EPDM ASCO ELETEMP, RAD Hardening, 
decreased 
elongation 

3 SOV - ASCO Seat Buna-N and nylon ASCO ELETEMP, RAD Hardening, 
metal and EP decreased 

elongation

Page 25A

4 SUV - ASC uody u--ings Buna-N, YPDM ASCO ELETEMP, RAD Hardening, 
decreased 
elongation



Table A.2 Gall Report for NPAR Reports Page 25B

Document: NUREG/CR-5053, Operating Experience and Aging Assessment of Motor Control Centers 
Reviewed by: Jerry Edson, INEL Effect of Aeina on Com~onent Furmfinn t•nnhi Ih •I:in m .Ii.... -ndd.-4 - f.I ..

M ._ .. ............. ..... ... - r rt M OMMen au o P 4. MtMi 
Poor connectionropen circuit Occasional IEEE 308,279,317; IEEE 308, 279, Not stated 3-4,.4-6, 8 

RG 1.106,1.63; 317; RG 1.106, 4-22. 5-1 
NEMA; UL 1.63; NEMA; thru 5-13 

UL 
Ground/short Occasional IEEE 308,279,317; IEEE 308,279, Not stated 3-4, 4-6, 9 

RG 1.106,1.63; 317; RG 1.106, 4-22, 5-1 
NEMA; UL 1.63; NEMA; thru 5-13 

UL 
Open circuit Frequent IEEE 308,279,317; IEEE 308,279, Not stated 3-4,4-6, 10 

RG 1.106,1.63; 317; RG 1.106, 4-23,4
NEMA; UL 1.63; NEMA; 24,5-1 

UL thru 5-13 Would not operate Occasional IEEE 308,279,317; IEEE 308, 279, Not stated 3-4, 4-6, 11 
RG 1.106,1.63; 317; RG 1.106, 4-23,4
NEMA; UL 1.63; NEMA; 24, 5-1 

UL thru 5-13 Tripped and response on incorrect signal Occasional IEEE 308,279,317; IEEE 308, 279, Not stated 3-4,4-6, 12 
RG 1.106,1.63; 317; RG 1.106, 4-23,4
NEMA; UL 1.63; NEMA; 24,5-1 

UL thru 5-13 Failure to open or close Frequent IEEE 308,279,317; FEEE 308,279, Not stated 3-4, 4-6. 13 
RG 1.106,1.63; 317; RG 1.106, 4-23,4
NEMA; UL 1.63; NEMA; 24,5-1 

UL thru 5-13 

Premature operation Frequent IEEE 308,279,317; IEEE 308,279, Not stated 4-6,4-23, 14 
RG 1.106,1.63; 317; RG 1.106, 5-1 thru 5
NEMA; UL 1.63; NEMA; 13 

UL 
Open circuit, short/ground Occasional IEEE 308,279,317; IEEE 308,279, Not stated 3-4, 4-6, 15 

RG 1.106,1.63; 317; RG 1.106, 4-24, 5-1 
NEMA; UL 1.63; NEMA; thru 5-13 

UL 

Response on incorrect signal Occasional IEEE 308,279,317; IEEE 308,279, Not stated 4-6, 4-24, 16 
RG 1.106,1.63; 317; RG 1.106, 5-1 thru 5 
NEMA; UL 1.63; NEMA; 13 

UL 
Sticking and material degradation result in Rare IEEE 308,279,317; IEEE 308, 279, Not stated 4-6, 4-24, 17 
faiure to operate RG 1.106,1.63; 317; RG 1.106, 5-1 thru 5

NEMA; UL 1.63; NEMA; 13 
UL 

I 
Not stated Not stated IEEE 308,279,317; IEEE 308,279, Not stated 3-4, 5-1 18 

RG 1.106,1.63; 317; RG 1.106, thru 5-13 
NEMA; UL 1.63; NEMA; 

UL 

Document. NUREG/CR-5141, Aging and Qualification Research on Solenoid Operated Valves 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrlb to Failure Reported progs ReI.progs Report Recommendations Page No. Item Water enters during MSLBA..OCA Frequent Not discussed in 10 CFR 50.49 Not stated 6-7,f 9, 28- 1 
conditions. Failure to operate report if EQ'd, plant 31,41-48, 

specific 75-78 
programs 

Leaage Frequent Not discussed in 10 CFR 50.49 Not stated 6-7,9, 28- 2 
report if EQ'd, plant 31, 73, 

specific 75-78 
programs 

Leakage. Laquer like organic deposits Frequent Not discussed in 10 CFR 50.49 Not stated 6-7, 9, 28- 3 
surrounding the metal to metal seats report if EO'd, plant 31, 75-78 
caused failure to tansfer. specific 

progralureto______-_progrars_

a, *iJUI ILt

report
10 CFI' b(.49 

if EO'd, plant 
specific 
programs

NOt stated 6-7, 9. 28
31,74, 
75-78

4

I•--=.•. B ....... ,.I--l==--=



Table A.2 Gall Report for NPAR Reports

Document- NUREG/CR-5141, Aging and Qualification Research on Solenoid Operated Valves 
Reviewed by: Jery Edson, INEL 
Item SteiSfructure/Comi, Subeom ant Matra~l.h M

Lan,,fanti,,ar ARfl m..�hn#.m LAlnI' ==f•

51 SOY - ASCO Housings, Washers, Not stated ASCO Not stated Not stated 
Core Spring, 
Gaskets 

6 SOV - VALCOR Coils Elastomers Valcor MOIST-EL, Decreased coil and 
ELETEMP insulation resistance 

7 SOV - VALCOR Seats EPR Valcor ELETEMP, RAD Hardening and 
decreased 
elongation 

8 SOV - VALCOR Shaft Seal O-Ring EPR Valcor ELETEMP, RAD Hardening and 
decreased 
elongation 

9 SOV - VALCOR Upper Assembly EPR Valcor ELETEMP, RAD Hardening and 
Seal O-Ring decreased 

elongation 

10 SOV - VALCOR Shaft, Cage, Ports Not stated Valcor Not stated Not stated 

Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 1 E Power General 

2 1 E Power Transformer Generai 

3 1 E Power - Transformer Insulating Oil Mineral oil, systhetic Not stated MOIST-EL Degraded insulation 
chlOrinated aromatic ELETEMP value 
hydrocarbon 

4 1 E Power Transformer Core (Magnetic Copper, aluminum, Not stated FAT, ELETEMP Magnetic core 
Circuit and silicon steel, deformation 
Windings) cellulose, phenolics, 

fiberglass, varnish, 
_epoxy 

5 1 E Power Transformer Core (Magnetic Copper, aluminum, Not stated ELETEMP, VIBR, Arcing, hot spots, 
Circuit and silicon steel,. MOIST-EL winding insulation 
Windings) cellulose, phenolics, VOLSTR, CURSTR, degradation 

fiberglass, varnish, CORR/OX 
epoxy 

6 1 E Power Transformer Case (Tank) Structural steel, Not stated FAT Failure of tank 
paints welds, moisture seal 

cracking 
7 1 E Power Transformer Insulating Gas Nitrogen, air, Not stated MOIST-EL Insulation 

flourocarbon breakdown 
8 1 E Power Transformer Core (Magnetic Copper, aluminum, Not stated FAT, ELETEMP Magnetic core 

Circuit and silicon steel, deformation 
Windings) cellulose, phenolics, 

figerglass, varnish, 
__________ ~epoxy _____ 

9 1 E Power Transformer Core (Magnetic Copper, aluminum, Not stated MOIST-EL Arcing, hot spots, 
Circuit and silicon steel, ELETEMP, winding insulation 
Windings) cellulose, phenolics, CORR/OX, degradation 

figerglass, varnish, CURSTR, VIBR, 
epoxy VOLSTR I

I0 1 - rower I ran sformer Case ( TanK) Structural steel, 
paint

Not stated FAT Failure of tank 
welds, moisture seal 
cracking

Page 26A
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Document- NUREG/CR-5141, Aging and Qualification Research on Solenoid Operated Valves Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Funmulnn nnntih #,- C.i...• ,- .--.....

Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL Effect of Agin on Component Function Contrib to Failure Reported progs Rel.p s 

Not stated RG 1.118, IEEE- RG 1.10,8, 338, IEEE,943 
1.118, 1.129; IEEE 338, 387, 
450 

Not stated Representative plant Vendor specific 

programs 

Reduction in dielecthic strength resultng Not stated Not discussed in Vendor specific in internal shorts and winding failures report programs 
Vibration and excessive temperature Not stated Not discussed in Vendor specfic cause the magnetic core circuit to report programs become deformed and loosen and can 
result in failure of the windings

Winding-to-winding short circuit, winding
to-case short circuit 

Leakage, moisture instrusion resulting in 
degradation of the insulating oil 

Reduction in deelectrc strength resulting 
in internal shorts and winding failures 
Deformation and loosening of the 
magnetic core resulting in winding failures 

Winding-to-winding; short circuit, winding
to-case short circuits 

Moisuture intrusion and leakage of the 
gas coolant/insulation resulting in failure 
of the winding insulation

Not stated 

Not stated

Not discussed in Vendor specific 
report programs

Not discussed in Vendor specfic 
report programs

Not stated 1 Not discussed in

Not stated 

Not stated 

Not stated

report 
Not discussed in 
report

Vendor 
specific pro , ,, 

SVendor specific

programs

discssed in vendor specific 
report programs

Not discussed -in 
report

Vendoraspefic 
programs

Report Recommendations 
EvaJ. surveillance &= monitoring 
practices. Determine which 
components contribute most to 
system unavailability [4] 
Industry/continue developing 
monitoring techniques. Transl. and 
surge suppressor aging studies 

should be performed [4] 
Not stated

Not stated 2 201, 22 4

Not stated 20,21,22

Not stated 121,22 I

Not stated 21,22 7

Not stated 21,22 8

Not stated 121,22 1 ;

Not stated
21.22 10

Page 26B
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Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System
Reviewed by: Jerry Edson, INEL 
Item SysemStuctur. VComa SubcomDonent Materials Manufacturer ARD mechanism ARD effects

I1 1E Power Cable Insulation XLPE, EPR, silicon Not stated ELETEMP, RAD, Embrittlement of 
or butyl rubber, MOIST-EL, insulation, treeing 
Kapton, PE, PVC, AGRCHEM 
teflon, CSP 

12 1 E Power Cable Jacket CSP Not stated ELETEMP, RAD, Embrittlement of 
MOIST-EL, insulation 
AGRCHEM 

13 1E Power Connections and Not stated Not stated Not stated FAT Cracking 
Terminations 

14 1E Power Electrical Cable Cable Clamp Stainless steel Not stated Not stated Not stated 

15 1 E Power Electrical Cable Terminal Strip Glass filled phenolic Not stated Not stated Not stated 
Assembly 

16 1 E Power Electrical Cable Shrink Tubing Polyolefin Not stated Not stated Not stated 

17 1 E Power Electrical Cable Plug Sleeve and Bronze Not stated Not stated Not stated 
Coupling Ring 

18 1 E Power Electrical Cable O-Ring Seal Elastomer Not stated Not stated Not stated 

19 1 E Power Electrical Cable Contact Socket Copper Not stated Not stated Not stated 

20 1 E Power Electrical Cable Interfacial Seal Dow Corning Not stated Not stated Cracking 
Sylgard 

1 E Power Electrical Cable Insulator, Plug Skirt Polysuffone Not stated Not stated Cracking 

22 1 E Power Electrical Cable Washer Stainless steel Not stated Not stated Not stated 

23 1 E Power Electrical Cable Module Assembly Brass Not stated Not stated Not stated 

24 1 E Power Circuit Breaker Insulation Polyester, glassfiber- Not stated ELETEMP Reduced insulation 
filled epoxy resins, value 
phenolic 

25 1 E Power Circuit Breaker Contacts Silver alloy in copper Not stated CURSTR, VOLSTR Poor electrical 
base contact 

26 1 E Power Circuit Breaker Arc Chutes Not stated Not stated ELETEMP Structural damage to 
the arc chutes 

27 1 E Power Circuit Breaker Overload Not stated Not stated ELETEMP Reduced overload 
Mechanism rating 

28 1 E Power Circuit Breaker Connections Not stated Not stated VIBR Loose connections 

29 1 E Power Circuit Breaker Lubncant Not stated Not stated ELETEMP, Hardening of the 
AGRCHEM, lubricant 
CONTAM

Painted or 
electroplated steel

Circuit Breaker Frame Not stated Not stated301 E Power Not stated



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL 
Effect of Aalna on Com onent Function Co:ntrlh tn "-Alhs. D.,l.-A

Page 27B

Ebrittlement results in cracking which Occasional Not discussed in No specific Not stated 22,23, 11 permits moisture to enter and result in report program 25, 41 
conductor-to-conductor and conductor-to
ground shorts. Treeing results in 
conductpr-to-conductor and conductor-to
ground shorts 
Embnittement results in cracking and Occasional Not discussed in No specific Not stated 22, 23. 12 moisture instrusion report program 25, 41 

Not stated Not stated Not discussed in Plant specific Not stated 23,24 13 
report progarms 

Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 22,25, 14 
Vendor specific 49, 56 
programs 

Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 15 
Vendor specific 49,56 
programs Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 16 
Vendor specific 49, 56 
programs Not stated Not stated FG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 17 
Vendor specific 49. 56 
programs 

Pressure leak Not stated AG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 18 
Vendor specific 49, 56 
programs 

Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 19 
Vendor specific 49, 56 
programs Not stated Not stated RG 1.63, IEEE-317 10CFR 50.49, Notstated 24,25, 20 
Vendor specific 49, 56 
programs 

Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25, 21 
Vendor specific 49, 56 
programs Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24,25. 22 
Vendor specific 49, 56 
programs 

Not stated Not stated RG 1.63, IEEE-317 10 CFR 50.49, Not stated 24, 25, 23 
Vendor specific 49, 56 
programs Excessive temperature caused by poor Not stated Not discussed in ANSI/IEEE Not stated 25, 26,27 24 contact, large currents, or elevated report :741-1 986 

environment degrades he insulation Section 7, 
resulting in shorts and arcing vendor specific Degraded/poor contacts result in Not stated Not discussed in ANSI/IEEE Not stated 25, 26, 27 25 
degraded or open circuits report 741-1986 

Section 7, 
vendor specific 

Flashover/arcing, failure to extinguish the Not stated Not discussed in ANSI/IEEE Not stated 25, 26,27 26 
arc report 741-1986 

Section 7, 
vendor specific Premature tip at low current Not stated Not discussed in ANSI/IEEE Not stated 25,26,27 27 

report 741-1986 
Section 7, 
vendor specific 

report 741-1986 
Section 7, 
vendor specific Improper operation, failure to open or Not stated Not discussed in ANSI/IEEE Not stated 25, 26, 27 29 

close report 741-1986 
Section 7, 

_vendor specific Not stated Not stated N .t dis cu *A^. h K-_

report 741-1986 
Secnron 7s 
vendor specific

NotL SLUIMU 25, 26,27 30

B ....... ,=IA'MAmA
|L.•b



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL Item StmSfut~urelmComo Subeamnonent Unterag'n

Umnufn�tumr A�fl mai�hnnl.m Al~fl affmite

31 1 E Power Circuit Breaker Housing, Doors Painted sheet steel Not stated Not stated Not stated 

32 1E Power Circuit Breaker Mechanisms Cast bronze and Not stated CORR, AGRCHEM, Reduced force, 
steel, stamped steel WEAR, VIBR, FAT, increased friction, 

CONTAM embrittled mat 

33 1 E Power Relays Coil Insulation Not stated Not stated VOLSTR, Reduced insulation 
ELETEMP value 

34 1E Power Relays Moving Parts Not stated Not stated WEAR, FAT Increased friction, 
binding 

35 1E Power Relays Contacts Not stated Not stated WEAR, CORR, Poor electrical 
VIBR, CONTAM contact 

36 1E Power Relays Connections Not stated Not stated VIBR, ELETEMP Loose or poor 
electrical 
connections 

37 1E Power Relays Coil Bobbin Not stated Not stated ELETEMP Accelerate aging 

38 1E Power Chargers and Circuit Breaker Not stated Not stated CONTAM, Increased friction, 
Inverters LOSLUB, WEAR, binding, loss of 

CORR/PIT conlinuity 

39 1E Power Chargers and Fuse Not stated Not stated THERM-CY, FAT Metal fatigue, 
Inverters melblng of link 

40 1E Power Chargers and Relay Not stated Not stated CORR/PIT, Loss of continuity 
Inverters CORR/OX 

41 1E Power Chargers and Electrolytlc Not stated Not stated ELETEMP, VIBR Loss of electrolyte, 
Inverters Capacitors failure of leads 

42 1E Power Chargers and Oil Filled Capacitors Not stated Not stated ELETEMP, VIBR Dielecbic 
Inverters breakdown, failure ol 

leads 

43 1E Power Chargers and Magnetcs Not stated Not stated ELETEMP, LOW Degraded insulation, 
Inverters (Transformer, TEMP, VOLSTR, cracked moisture 

Inductor) VIBR seals, broken wires 

44 1E Power Chargers and Silicon Controlled Not stated Not stated ELETEMP Over voitage or over 
Inverters Rectifiers current caused by 

transients 

45 1E Power Chargers and Resistor Not stated Not stated VIBR, ELETEMP Decrease in 
Inverters resistance, lead fais

461 i" Power Chnargers and 
Inverters

Prinnted Circuit 
Boards

Not stated NOt stated TEMP. THERM-CY, 
CORR, VIBR

Cracking of circuit 
lines, open circuits, 
loose connections

Page 28A



Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL Effect fAiao onDnn un~ (•I.ih *^ • . ----,,

Table A.2 Gall Report for NPAR Reports
Page 28B

U ..... ta ,.rogs r.,.pg Reor Rcomnd•.ations Pagie No. Item, t stated Not stated Not discussed in ANSI/IEEE Not stated 25,26,27 31 report 741 -1986 
Section 7, 
vendor specific 

Improper operation, failure to oper or Not stated Not discussed in ANSI/IEEE Not stated 25, 26,27 32 close report 741-1986 

Section 7, 
vendor specific 

Excessive temperture from ohmic heating Not stated Not discussed in RG 1.118, Not stated 25,26, 33 or the environment causes insulation report IEEE 338-1987 27, 28 failure and results in failure of the relay to 
operate 

Misoperton, failure to operte, slow or Not stated Not discussed in RG 1.118, Not stated 25,26, 34 sluggish operation, inadvertant contact report IEEE 338-1987 27, 28 closureI 

Open circuit, failure to close, arcing, Not stated Not discussed in RG 1.118, Not stated 25,26, 35 increased temperature due to ohmic report IEEE 338-1987 27,28 heating 
27,_28 Open circuit heating at the socket/pin Not stated Not discussed in RG 1.118, Not stated 25, 26, 36 interface report IEEE 338-1987 27, 28 

Coil failure Not stated Not discussed in RG 1.118, Not stated 25,26. 37 
report IEEE 338-1987 27, 28 Failure to operate, failure to open Occasional IEEE-446. NEMA IEEE 446, Not stated 29-36, 55, 38 
PES, IEC 146-2, NEMA PES, 60-64 
ANSI/AEEE-944 IEC 146-2, 

ANSI/IEEE 
944, Fails open (opens prematurely) Occasional] IEEE-446, NEMA IEEE 446, Not stated 29-36, 55, 39, !PES, lEC 146-2, NEMA PE5. 60-64 

ANSI/AEEE-944 IEC 146-2.  
ANSI/IEEE 
944, _ _ _ _ _ Open circuit or coil, contacts open Occasional IEEE-446, NEMA IEEE 446, Not stated 29-36, 55, 40 

PES, IEC 146-2, NEMA PES, 60-64 
ANSI/AEEE-944 IEC 146-2, 

ANSI/IEEE 
944, 

Loss of capa•citance or open circuit Frequent IEEE-446, NEMA IEEE 446. Not stated 29-36.55, 41 
causes the chargerfinverter to have PE5, IEC 146-2, NEMA PE5, 60-64 improper output ANSIAEEE-944 IEC 146-2, 

ANSI/IEEE 
944, Loss of capacitance or open circuit Fr-a ntjJni I• AAC KIL ^ . ...

causes the charger/inverter to have 
improper output

Failure of device due to short circuit (turn
to-tum or turn-to-ground) or change in 
inductance

circuits

-h 0n aue to ops cul or 
,hangs in value of resistor

,uwLu C-1ianiges from desireo value

Occasional

Uccasional

Far1e

Frequent

i....- ..9 P% qll;il.  

PES, IEC 146-2, 
ANSI/AEEE-944

IEEE-446, NEMA 
PE5, IEC 146-2, 
ANSI/AEEE-944

IELF-446, NEMA 
PE6, IEC 146-2, 
ANSI/IEEE-944

IE--E-446, NEMA 
PES, IEC 146-2, 
ANSIAIEEE-944

IEEE-446. NEMA 
PE5. IEC 146-2, 
ANSI/AEEE-944

IEEE 446, 
NEMA PE5, 
IEC 146-2, 
ANSI/IEEE 
944.

NEMA 446, 
NEMA PE5, 
IEC 146-2, 
ANSIIEEE 

IEEE 446, 
NEMA PEE, 
IEC 146-2, 
ANSIEIEEE 
944,

IEEE 446, 
NEMA PE5, 
IEC 146-2, 
ANSI/IEEE

IEEE 446.  
NEMA PE5, 
IEC 146-2, 
ANSI/IEEE 
944,

Not stated

Not stated 

Not stated 

Not stated

Not stated

29-36, 
60-64

55A 42

29-36.55, 
60-64

29-36, 55, 
60-64 

29-36, 55, 
60-64

43

t"

1944,

I

• • v.1 .... •

7.



Table A.2 Gall Report for NPAR Reports 

Document: NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Power System 
Reviewed by: Jerry Edson, INEL Item Syste StrctureCom D Sulbcomnon~t Ms=tvbl.=

Page 29A 

U -RI fl/42 N A n 1.r~ u 1-;~m A I :Nu

47 1E Power Chargers and Surge Suppressor Not stated Not stated VOLSTR, CURSTR Semiconductor 
Inverters breakdown 

48 1 E Power Chargers and Connections Not stated Not stated MECHSTR Fatigue failure of 
Inverters wire at terminals 

49 1 E Power Chargers and Meters Not stated Not stated CONTAM Increase in bearing 
Inverters friction 

50 1 E Power Chargers and Switch Not stated Not stated CORR, CORR/PIT Loss of continuity 
Inverters across contacts 

51 1 E Power Chargers and Potentiometer Not stated Not stated ELETEMP Loss of continuity 
Inverters 

52 1 E Power Batteries Grids/Plates Lead-calcium alloy Not stated OVERCHG, Accelerates 
ELETEMP, corrosion and 
CONTAM oxidation 

53 1 E Power Batteries Active Material Lead dioxode and Not stated GAS Dislodges active 
lead sulfate material 

54 1 E Power Batteries Separator Rubber/glass matt Not stated ELETEMP Accelerates 
deterioration of 
electrical insulation 

55 1 E Power Batteries Electrolyte Sulfunc acid and Not stated CONTAM Hydrolysis of the 
water water and loss of 

electrolyte 
56 1 E Power Batteries Vent Fused alumina Not stated MECHSTR Vent breaks allowing 

contamination to 
enter 

57 1 E Power Batteries Top Connectors Lead-calcium alloy Not stated ELETEMP, CORR, Low electrolyte level 
EMBR causes corrosion 

and embrittlement 

58 1E Power Batteries Terminals Lead-calcium alloy Not stated CORR/OX. CORR Poor electrical 
contact with external 
busses 

59 1 E Power Batteries Container and Top Polycarbonate, Not stated MECHSTR, Oxidation of lead 
Cover styrene acryolonitile, CORR/OX causes plate growth 

acrylo-butadiene 
styrene 

Document NUREG/CR-5192, Testing of A Naturally Aged Nuclear Power Plant Inverter and Battery Charger 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Inverter Resistors Carbon conposition Not stated ELETEMP & MOIST Ohms decrease 
temperature, & ohm! increase - moisture

I!e wVO Wire• I•)t5ateKd Not stated: Not Stated Turns contact



Table A.2 Gall Report for NPAR Reports
Page 29B

Document NUREG/CR-5181, Nuclear Plant Aging Research: The 1E Pom 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Cornonent Function Contrib to Failure Reported 
emiconductor breakdown due to Rare IEEE-446, 

overheating causes short circuits and PE5, IEC 
improper output ANSI/iEEE 

Improper output due to open or short Occasional IEEE-446, 
circuits PE5, IEC 1 

ANSIAEEE 

Improper indcat on Occasional IEEE-446,

improper output due to switch failing open Occasional 
or closed

Improper output due to open or short Occasional 
circuit

Corrossn/oxifcti.n r •iclns os plate gren 
resusng in reduced Capacity and strlsses the container 

Dild Wn cie matra from the plates 

causes loss of capacity 

Loss of electrical insulabon between 

plates causes short circuits and loss of 
capacity 

Loss of electrolyte results in loss of 7 
capacity 

Contaminates in the electrolyte result in 
reduced capacity 

Embrittled top connductors are susceptible 
to breaking and causes loss of capacity 

Poor electrical contact results in loss of 
capacity and may result in total battery 
fallure 

Plate growth and handling stresses 
results in cracked containers which allow 
electrolyte to escape resulting in reduced 
capacity or total failure

Not stated

Not stated

Not stated

Frequent

Not stated

Frequent

Reports R ..... . ag N. Item tsikL-- --- ---

NEMA PE5, 
IEC 146-2, 
ANSI/IEEE 
944,

IEEE 446, 
NEMA PES, 
IEC 146-2, 
ANSI/IEEE

-l & . .. . . .

NEMA
I:5, IEC 146-2, ANS/IAEEE-944

IEEE-446, NEMA 
PE5, IEC 146-2, 
ANSI/IEEE-944 

IEEE-446, NEMA 
PE5, IEC 146-2, 
ANSI/IEEE-944

IEEE 446, 
NEMA PES, 
IEC 146-2, ANSI/IEEE 944

ANSI/iEE 94
IEEE 446, 
NEMA PE5, 
IEC 146-2, 
ANSI/iEEE 944 
•IEEE 446, 

NEMA PES, 
IEC 146-2, ANSIA EEE 944

RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.  
RG 1.129,

IEEE 450
1987, Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987. Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.  

RG 1.129, IEEE-450 RG 1.129, 
IEEE 450
1987, Tech 
Spec Surveil.

-I.. NOt stated

'Not stated

Not stated

Not stated 

Not stated 

Not stated 

Not state-d 

Not stated 

Not stated 

Not stated 

Not stated1

Document: NUREG/CR-5192, Testing of A Naturally Aged Nuclear Power Plant Inverter and Battery Charger 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported pros Rel.proas Report Recommendauons Resistance change causes improper Not stated Not discussed in Vendor Indvidual fusing of filter capacitors output report specific, Tech. to preclude a capacitor failure in the 

Spec.. IEEE short circuit mode [2] 
446, NEMA When turns of wire in resisor make Not stated Not discussed in Vendor Not stated contact it decreases total resistance of report specific, Tech.  resistor resulting in improper output Spec., IEEE 

446, NEMA

29-36,55, 
60-64

29-36, 
60-64

55,

47

419

49

Freauent IRG 1 > 11 .. n

Not stated IRG 1.129, IEEE-450

29-36,55, 
60-64

29-36, 55, 
60-64 

29-36,55, 
60-64

30, 31, 
36, 37, 
38, 50, 
54, 62-65 
30, 31, 
36, 37, 
38,50, 
54, 62-65 
30, 31, 
36, 37, 
38, 50, 
54, 62-65 
30,31, 
36, 37, 
38, 50, 
54, 62-65 
30,31, 
36, 37, 
38, 50, 
54, 62-65 
30, 31, 
36, 37, 
38,50, 
54, 62-65 
30, 31, 
36, 37, 
38, 50, 
54, 62-65 
30, 31, 
36, 37, 
38, 50, 

54, 62-65

Pagie No. Item 3-23 1 

3-23 2

KI•R AA

Not 

stated 

Not 

stated

,

RaLprogs

No stO[51ated

.129 IEEE450I



Table A.2 Gall Report for NPAR Reports

Document- NUREG/CR-5192, Testing of A Naturally Aged Nuclear Power Plant Inverter and Battery Charger 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

3 Inverter Electrolytic Not stated Not stated Not stated Capacitance 
Capacitors decreases with age 

4 Inverter Ceramic Capacitor Not stated Not stated Not stated Unstable 
capacitance value 

Inverter Silicon Controlled Silicon Not stated ELETEMP Deterioration of the 
Rectifiers thermal joint 

compound 

Inverter Various Electrical Not stated Not stated Not stated No aging effects 
Components noted for 12 year old 

equipment 

7 Battery Various Electrical Not stated Not stated Not stated No aging effects 
Components noted for 12 year old 

I_ I I I equipment 

Document: NUREG/CR-5280 V1, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 DS-206/DS-416 Power Operated Spring steel Westinghouse WEAR, LOSLUB, Wear out, loss of 
Circuit Breakers Mechanisms CORR/UA material. frction, & 

corr product buildup 

2 DS-206/DS-416 Contacts Contacts mounted Westinghouse WEAR, CURSTR, & Wear from 
Circuit Breakers on high strenght CORR/UA operation, pitting, & 

insulating base and erosion from arcs 
steel arm 

3 DS-206/DS-416 Arc Chutes Steel and arc Westinghouse WEAR, & CURSTR Erosion & burned 
Circuit Breakers resisting plastic splitter plates 

plates 

4 DS-2061DS-416 Amptector Trip Unit Not stated Westinghouse VIB, CURSTR, & Loose parts, 
Circuit Breakers (Electronic VOLSTR component bum out 

Components) or degraded 
__operation 

5 DS-206/DS-416 Current Magnitude Current transformers Westinghouse CURSTR, & Dielectric properties 
Circuit Breakers and Direction VOLSTR degraded from 

Sensors electrical stresses 
6 DS-206/DS-416 Optional Electro-mechanical Westinghouse VIB, CURSTR, & Not stated 

Circuit Breakers Accessories devices, switch, and VOLSTR 
solid state device 

7 DS-206/DS-416 Electrical and Not stated Westinghouse VIB, CURSTR, Cod burnings, 
Circuit Breakers Mechanical VOLSTR, LOSLUB, binding of linkage, 

Components in & WEAR wear, overheating, & 
General dust 

Document: NUREG/CR-5280 V2, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers (Mechanical Cycling) 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 DS-416 Breaker/480 Structural I Steel Westinghouse VIB & CORR Vibration will loosen 
V Components parts, corrosion ""I Idegrades metals

DS-416 Breaker/480 
V

Contact Assembly Insulating material 
and stainless steel

Westinghouse WEAR & CURSTR Wear & loss of 
material from arcing.

Page 30A



Table A.2 Gall Report for NPAR Reports Page 30B

Document: NUREG/CR-5192, Testing of A Naturally Aged Nuclear Power Plant Inverter and Battery Charger 
Reviewed by: L C. Meyer, INEL 
Effect of Aaina on Com onent Functinn Connhrih ttonIiln, .F-"-i . ."-A

• ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F14 0-- ..... p............. ". ~ li•~ wrgs Report necummendayons rg FW ,Item Distortion of signals to SCRs may result Not stated Not discussed in Vendor Not stated 3-23 3 
in improper putput. report specific, Tech.  

Spec., IEEE 
"446, NEMA 

Not stated Not stated Not discussed in Vendor Not stated 3-23 4 
report specific, Tech.  

Spec., IEEE 
"446. NEMA 

Over heating of SCRs may result in SCR Not stated Not discussed in Vendor Not stated 4-1 5 
failure and loss of output. report specific, Tech.  

Spec., IEEE 
""446, NEMA 

None Not stated Not discussed in Vendor Not stated 4-3 6 
report specific, Tech.  

Spec., IEEE 
1__ _ 1446 NEMA 

None. Not stated Not discussed in Vendor specific Not stated 3-1, 4-1, 7 
report progarm, Tech. & 4-3 

Spec. Surveil.  

Document: NUREG/CR-5280 V1, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Excessive force or rubbing causes Occasional Not discussed in Vendor specific Twelve recommendations given 2-7, 6-2, 
distortion & wear out, rust on pivotal parts report , IEEE 741- relating to three separate issues & 7-4 
& trip gears can cause hang up, hardened 1986 Section 7 covering reliability, pole shaft welds, 
or improper lubricants or lubricant and maintenance. [2] 
application can cause sluggish operatbon.  
Contacts wear from repeated operations, Occasional Maintenance per Vendor specific Filing or dressing with abrasive cloth 2-9, 6-2, 2 arcing causes pitting, contacts become owner's group MPM , IEEE 741- is not recommended [2] & 7-6 
mottled, dirty, and eroded due to arc WORGTSDS416 1986 Section 7 
burning. Contacts over heat from 
resistance due to weak springs.  
Slots in arc chute gradually erode with arc Frequent Maintenance per Vendor specific Life of the DS-16 breaker should be 2-9. 6-3, 3 
interruptions, fault currents cause heavy owner's group MPM , IEEE 741- 5000 cycles or 20 years. [2] & 7-6 
erosion, and throat of the arc chute WORGTSDS416 1986 Section 7 
enclosure becomes burned and coated 
with soot from arc interruptions.  
Vibration may loosen parts, voltage and Occasional Maintenance per Vendor specific Life of the DS-16 breaker should be 2-9, 6-3, 4 
current stress may cause part bum out or owners group MPM IEEE 741- 5000 cycles or 20 years. [2] & 7-6 insulation damage. Electrical stress WORGTSDS416 1986 Section 7 
reduces dielectric properties 
Not stated Not stated Maintenance per Vendor specific Not stated 2-12 5 

owner's group MPM , IEEE 741
WORGTSDS416 1986 Section 7 

Not stated Not stated Maintenance per . Vendor specific Not stated 2-12 & 2- 6 
owner's group MPM I, EEE 741- 13 WORGTSDS416 1986 Section 7 

Most breaker problems result from control Occasional Owner's group Vendor specific Twelve recommendations given 2-1, 7-1, 7 problems involving contacts, coil recommended IEEE 741- related to reliability, weld failures, & 7-4.  
burnings, and trip device bindings, maintenance 1986 Section 7 and maintenance [2] 
followed by operating mechanism 
problems. Loss of lubrication, erosion of 
contacts, burning of arc chutes, & loss of 
adjustment are from aging 

Document: NUREG/CR-5280 V2, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers (Mechanical Cycling) 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.proas Report Recommendations Page No. Item 
Failure to operate Rare Not discussed in Vendor specific Not stated 3-2& 6-2 

report , IEEE 741

U n r e l i a b l e _ _ _ _ _ _ _ __ KI __ " __1 1 9 8 6 S e c t i o n 7
IreoL UISCUWU in 
report

ven or specific 
IEEE 741

1986 Section 7

Not stated 3-2 & 6-2 2

i OAiiO ....



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-5280 V2, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers (Mechanical Cycling) 
Reviewed by: L C. Meyer, INEL 
Item System .trU'turh/Crnmn =J . UI*h•,..i1.A-. IiaEai| IAFA -f--r~ E 5

3 DS-416 Breaker/480 Power Operated Steel Westinghouse WEAR, FAT, & EX Wear, fracture, and 
V Mechanism FORCE distortion.  

4 DS-416 Breaker/480 Pole Shaft Steel Westinghouse FAT. & EX FORCE Cracking, 
V misalignment, & 

binding due to poor 
welds 

5 DS-416 Breaker/480 Charging System Steel, carbon brush Westinghouse WEAR, FAT, & Wear on moving 
V (Rachet, Motor, in motor, insulation CURSTR parts & electric 

Brushes, Oscillator., varnish on motor motor bum out 
Sprinng windings 

6 DS-416 Breaker/480 Electrical Coils Not stated Westinghouse CURSTR Extended duration of 
V (UVTA, STA, AND current flow caused 

Closing Coil) bum out 

7 DS-416 Breaker/480 Sensors, Amptector Not stated Westinghouse Not stated Extended 
V Trip Unit, & Arc energization of coils.  

Chutes 

Document: NUREG/CR-5334, Severe Accident Testing of Electrical Penetration Assemblies 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 D. G. O'Brien SEALS Silicon O-ring D. G. O'Brien ELETEMP, MOIST- Seal cracks and 
Electrical EL, AND RAD moisture intrusion.  
Penetration 

2 D. G. O'Brien Electrical Not stated Not stated ELETEMP. MOIST- Moisture or 
Electrical Components (Wire, EL, AND RAD contaminants 
Penetration Insulation, and caused electncal 

Connectors) shorts to ground 
3 Westinghouse Seals Silcion O-ring Westinghouse ELETEMP, MOIST- Seal cracks and 

Electrical EL- AND RAD moisture intrusion 
Penetration 

4 Westinghouse Electrical Not stated Westinghouse ELETEMP, MOIST- Insulation 
Electrical Components (Wire, EL, AND RAD degradation 
Penetration Insulation, and 

Connectors) 
5 CONAX Electrical Seals Viton O-rings Conax ELETEMP, MOIST- Seal cracks and 

Penetration EL, AND RAD moisture intrusion 

6 CONAX Electrical Electrical Not stated Conax THERM, MOIST- Embrittlement and 
Penetration Components (Wire, EL, AND RAD cracking 

Insulation, and 
Connectors) 

Document: NUREG/CR-5383, Effect of Aging on Response Time of Nuclear Plant Pressure Sensors 
Reviewed by: E. W. Roberts, INEL 
Item System StructurelComp Subcomponent Materials Manufacturer ARD mechanism ARD eff-ets 

1 Pressure Diaphragm Not stated Not stated VIBR FAT PRESS Deformation, 
Transmitter cracking, and 

hysteresis of 
cliaphragm 

2 Pressure Mechanical Linkages Not stated Not stated PRESS CORR Changes in system 
Transmitter CORR/OX restoration ability

Transmitter 
Electronics

INO.L S1•U "MBIi Moisture on 
electronics

Page 31A
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Document. NUREG/CR-5280 V2, Age-Related Degradation of Westinghouse 480-Volt Circuit Breakers (Mechanical Cycling) 
Reviewed by: L C. Meyer, INEL Effect of Agina on Comoonent Function Ceontrih tn I~mln.= I.n•.hg ,i • D -n .... e ---.-. -.....-- e----_ r'ug. rIo. miem

. . ,-, .,- K,-0, I . ,n . n r05 t fl U0 m Im 0 1 U o n s P a g •n o . it e m 
Agng degradation in parts between the Occasional Not discussed in Vendor specific Monthly inspection and every 50 to 6-2 & 6-5 3 motor and the poles redist'ibutes the force report IEEE 741- 100 cycles inspect parts vulnerable transmitted from the charging motor 1986 Section 7 to aging, maintenance & lubrication causing large unbalanced stresses in at 250 cycles [2] 
subcomponents & wear 
Once cracks grow to a quarter the size of Not stated Not discussed in Vendor specific Monthly inspection and every 50 to 6-2 & 6-5 4 an effective weld the five levers report ,IEEE 741- 100 cycles inspect parts vulnerable connecting the pole contacts become 1986 Section 7 to aging, maintenance & lubrication misaligned and caused excesssive at 250 cycles (2] 
movement leading to fracture, binding and 
other problems.  
Wear of ratchet wheel, holding pauls, Not stated Not discussed in Vendor specific Assure design adequacy by 6-2, 6-4 5 motor crank, and handle dominated the report , IEEE 741- inspection, enhanced inspections 
aging of the charging system. Carbon 1986 Section 7 and maintenance & install cycle brushes needed frequent maintenance, counter. [2] Sluggish operabon, binding, failure to Freq when Not discussed in Vendor specific Assure design adequacy by 4-18 6 operate, mechanism binding report , IEEE 741- inspection, enhanced inspections 

1986 Section 7 and maintenance & instaJl cycle 
counter. [2] Not stated Not stated Not discussed in Vendor specific Not stated 3-2 7 

report ,IEEE 741
- 1 11986 Section 7 

Document: NUREG/CR-5334, Severe Accident Testing of Electrical Penetration Assemblies 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs RelIprogs Report Recommendations Page No. Item Cracks in the seals from high temperature Rare IEEE 317-1976 AND 10 CFR 50.49, Each design should be tested. The 4-1, 4-16, 1 and radiation allows moisture to leak into IEEE 323-1974 vendor specific leak potential is highly dependent on and 7-1 penetration resulting in electrical faults. DESIGN STD the temperatures to which the EPA 

is subject [2] 1 Short to ground and electrical faults due Not stated IEEE 317-1976 AND 10 CFR 50.49, Not stated C- 1, 4-16, 2 to moisture intrusion. IEEE 323-1974 vendor specific and 7-1 
DESIGN STD 

Seal cracks allow moisture intrusion into Rare IEEE 317-1976 AND 10 CFR 50.49, Each design should be tested. The 1-3, 5-1, 3 penetration resulting in electrical faults. IEEE 323-1974 vendor specific leak potential is highly dependent on 5-15, and 
DESIGN STD the temperatures to which the EPA 7-1 

is subject [2] Decreased insulation resistance results in Rare IEEE 317-1976 AND 10 CFR 50.49, Not stated 4-1, 4-16, 4 excessive leakage currents. IEEE 323-1974 vendor specific and 7-1 
DESIGN STD 

Seal cracks allow moisture intrusion Rare IEEE 317-1976 AND 10 CFR 50.49, Each design should be tested. The 6-1, 6-13, 5 resulting in electncal faults. IEEE 323-1974 vendor specific leak potential is highly dependent on and 7-1 
DESIGN STD the temperatures to which the EPA 

is subject. [2] Electrical faults due to moisture intrusion Occasional IEEE 317-1976 AND 10 CFR 50.49, Look at types of cables and 6-1, 6-13. 6 through connectors. IEEE 323-1974 vendor specific connectors rather than penetration and 7-1 
DESIGN STD design to improve future electrical 

penetrations. [2] 

Document: NUREG/CR-5383, Effect of Aging on Response Time of Nuclear Plant Pressure Sensors 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Response time degradation for pressure Not stated RG 1.118, IEEE RG 1.118, Revise RG and standards to take 23,115 1 transmitter 338, & ISA Standard IEEE 338, into account recent advances in 

67.06 Tech Spec testing technology and other 
surveillance available information. [2] Response time degradation for pressure Not stated RG 1.118, IEEE RG 1.118, Revise RG and standards to take 23,115 2 transmitter 338, & ISA Standard IEEE 338, into account recent advances in 

67.06 Tech Spec testing technology and other 
Res_ _ neieu no M- dsurveillance available information. [2]

transmitter
msJ It.e IO, I•_TCr 

338, & ISA Standard 
67.06 -

KIki 1.118, 

IEEE 338, 10 
CFR 50.49, 
Tech Specs

Revise 1-K and standards to take 
into account recent advances in 
testing technology and other 
available information. [2]

23, 115 3



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-5383, Effect of Aging on Response Time of Nuclear Plant Pressure Sensors 
Reviewed by: E. W. Roberts, INEL

Document NUREG/CR-5448. AGING EVALUATION OF CLASS 1E BATTERIES: SEISMIC TESTING 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Batteries Not stated Not stated SEISMIC Plate movement or 

E l I Ibreakup 

Document: NUREG/CR-5461, Aging of Cables, Connections, and Electrical Penetration Assemblies Used in Nuclear Power Plants 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Cable Insulation EPR, CSPE, EPDM, Ten manufactures MOIST-EL, Insulation 
XLPE, silicon listed ELETEMP, AND degradation, short 
rubber, butyl rubber, RAD and open circuits 
polyethylene, and 13 
others used less 
often 

2 Cable Jacket Neoprene, hypalon, Ten manufactures MOIST-EL, Jacket degradation, 
XLPO, CSPE, & listed ELETEMP, AND cracks, and 
CPE, RAD discoloration 

3 Connections Terminal Blocks Phenolic with glass Seven listed ELETEMP, RAD, & Loose connections, 
or cellulose filler with VIB cracks and short 
metal terminals circuits 

Connections Splices Crimp type ring lugs, Raychem ELETEMP, VIB, Loose connections 
copper conductor, AND RAD and loss of dielectric 
nylon or kynar isolation 
insulation, and 
Raychem heat 
shrink tubing _ 

5 Connections Coax Connectors Metal with organic Not stated ELETEMP AND Insulation 
insulation such as RAD degradation 
teflon 

6 Electncal Seal Material Steel tubes, seal Conax, O'Brien, and ELTEMP & RAD Seal leaks and 
Penetrations materials are Westinghouse cracking 

polysulfone, metal
aws and epoxy 

7 Electrical Electrical Wire or Insulations (XLPE, Ten manufacturers ELETEMP AND Change in dieletric 
Penetrations Cable EPR, EPDM & listed RAD properties, 

Polymide) and embrittiement, and 
jacket(CSPE, SPE, cracking 
Hypalon, FR, and 

I _fiberglass) 

Document NUREG/CR-5546, An Investigation of The Effects of Thermal Aging on the Fire Damageability of Electric Cables 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Electrical Cables Insulation XPE, and interstitial Rockbestos ELETEMP Not stated 
material (Nylon & 

Spaper) 

2 Electrical Cables Jacket Neoprene Rockbestos ELETEMP Embrittlement and 
cracking 

3 Electrical Cables Insulation EPR, and interstitial Boston Insulated ELETEMP Not stated 
material (Nylon & Wire 
paper) 

Electrical Cables Jacket Hypalon Boston Insulated ELETEMP Embrittiement.  
Wire dielectric loss and 

forms cracks

Page 32A
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Document: NUREG/CR-5383, Effect of Aging on Response Time of Nuclear Plant Pressure Sensors 
Reviewed by: E. W. Roberts, INEL 
Effect of Aaina on Com neonnt Functionn Contrih W cl-l 0 #-A 0

rz~*~*~~ .,.-*** F. ýW pos eotreomnmo r~qC F10. II JII Response time degradation for pressure Not -stated RG 1.118, IEEE FG 1.118, Revise RG and standards to take 23, 115 4 'ansmitter 338, & ISA Standard IEEE 338, into account recent advances in 
67.06 Tech Spec Itesting technology and other 

r surveillance lavailable information. [2] 

Document: NUREG/CR-5448, AGING EVALUATION OF CLASS IE BATTERIES: SEISMIC TESTING 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
No effect on bat capability if maintained tc Not stated IEEE STD 450, RG RG 1. 129, Batteries not maintained per IEEE 351 IEEE Stcd 450, RG 1.1.29 and MFG 1.129, & Mfg IEEE 450- 450, RG1.129, &MFG rec. need 
recommendations recommendations 1987, Tech adv.monitonng tech. to determine 

m n ISpec Surveil. seismic capability. [2] 

Document: NUREG/CR-5461, Aging of Cables, Connections, and Electncal Penetration Assemblies Used in Nuclear Power Plants 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Thermal and radiation effects cause Not stated EQODB, IEEE 323- No specific Not stated 8, 24, & 1 insulation degradation leading to cracking 1974 & IEEE 383- program 40 
which allows moisture to intrude and then 1974 testing 
shorts or current leakage results.  
Jacket/insulation interaction effect was 
also noted.  
Thermal and radiation effects cause Not stated EQDB, IEEE 323- No specific Not stated 8, 24, & 2 acket material degradation leading to 1974 & IEEE 383- program 40 
cracking which allows moisture to intrude 1974 testing 
into the insulation, jacket/insulation 
interaction effect was also noted in the 
sandia report.  
Loss of dielectric isolation or loose Not stated Not discussed in Plant specific Not stated 11, 27, & 3 connections to disrupt a circuit, leakage report programs 41 
paths through moisture films, and 
insulation resistance decrease in presents 
of steam.  
Insulaton vulnerable to aging, loss of Not stated Not discussed in 10 CFR 50.49 Not stated 11,27, & 4 dielectric isolation sufficient to disrupt a report 42 
circuit or loose connections 

Decreased insulation resistance results in Not stated Not discussed in Plant specific Not stated 27 5 
excesive leakage current, report programs 

Seal cracks and leaks result in moisture Not stated Not discussed in 10 CFR 50.49, Not stated 14, 28, & 6 intrusion and electrical faults, report vendor specific 42 
program 

Insulation degradation and jacket cracking Not stated Not discussed in 10 CFR 50.49, Not stated 14, 28, & 7 
leading to short or open circuits and report vendor specific 42 
degraded signals. program 

Document NUREG/CR-5546, An Investigation of The Effects of Thermal Aging on the Fire Damageability of Electric Cables 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item None Not stated Not discussed in No specific Not stated 10,13, 1 

report program and 32 

Failure to protect conductors and Not stated Not discussed in No specific Not stated 21, 24, 2 insulation. report progr.am and 32 Reduced the thermal damage threshold. Not stated Not discussed in No specific Not stated 21, 24, 3 
report program and 32 

Reduced thermal damage threshold. Not stated Not discussed in No specific Not stated 21,24, 4 
report program and 32

Page 32B
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Document: NUREG/CR-5560, Aging of Nuclear Plant Resistance Temperature Detectors 
Reviewed by: L C. Meyer, INEL 
Item System uhn-.j..-. . ......

Page 33A

-- ........ " Ouwor.mponunx Materials Manufacturer ARD mechanism ARD effects 1 Resistance Sea] Not stated Five Companies ELETEMP, MOIST- Dry out, shrink. & Temperature Listed EL, VIB, & THERM- crack Detector (RTD) CY 

2 Resistance Insulation MgO Five Companies MOIST-EL Moisture degrades Temperature Listed insulation 
Detector (RTD) 

3 Resistance Sensing Element Platbnum Five Companies ELETEMP, MOIST- Noisy, cal shift, & Temperature Listed EL. VIB, & THERM- degraded element Detector (RTD) CY 

4 Resistance Sheath Stainless steel Five Companies ELETEMP, VIB, & Not stated Temperature Listed THERM-CY 
Detector (RTD) 

Document: NUREG/CR-5619. The Impact of Thermal Aging on the Flammability of Electric Cables 
Reviewed by: E. W. Roberts, INEL Item System Structure/comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Electric Cables Neoprene jacket, Rockbestos ELETEMP Not stated 

cross-linked 
polyethylene (XPE) 

________________insulated 2 Electric Cables Hypalon jacket, Boston Insulated ELETEMP Not stated 
ethylene-propylene Wire 
rubber (EPR) 
insulated 

Document: NUREG/CR-5643, Insights Gained From Aging Research 
Reviewed by: Jerry Edson, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Electrical 
Components 

Document: NUREG/CR-5655, Submergence and High Temperature Steam Testing of Class 1 E Electrical Cables 
Reviewed by: E. W. Roberts, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Electrical Cable EPR, XLPO, 12 Mfg ELETEMP RAD Insulation failure 

silicone, kapton, MOIST-EL 
kerite. coaxial 2 Electrical Cable EPR, XLPO, 12 Mfg ELETEMP RAD Some insulation 
silicone, kapton, MOIST-EL failure 
kerite, coaxial 3 Electiical Cable EPR, XLPO, 12 Mfg ELETEMP RAD Some insulation 
silicone, kapton, MOIST-EL failure 
kerite, coaxial 

Document- NUREG/CR-5700, Aging Assessment of Reactor Instrumentation and Protection System Components 
Reviewed by: E. W. Roberts, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects J T I Instrumnentatinn I In r- 1-i f I . .... .. ..Ll

System
Ot sulwq Indicator failureINot stated ELE- TEMP VIBR



Table A.2 Gall Report for NPAR Reports

Document* NUREG/CR-5560, Aging of Nuclear Plant Resistance Temperature Detectors 
Reviewed by: L C. Meyer, INEL Effect of Aaino on Comnonent ~Isn,-$,P..H r',| 9,. E=.,i,.. D..-,•.a .. r_

Page 33B

a. a" C;- -...... * .. . .. 1,, •.• uu pros He,.proas Report Recommendauons Page No. Item Sea4 may dry out, shrink, or crack allowing Occasional Not discussed in IEEE 338- Not stated 25, & 27 1 moisure intrusion and degraded report 1987, RG 
performance of RTD. 1.118, ISA 

67.06, Tech 
Spec Moisure intrusion from a leaking seal will Occasional Not discussed in IEEE 338- Not stated 28 2 

degrade the insulation, report 1987, RG 
1.118, ISA 
67.06, Tech 
Spec 

Long term high temp exposure affects Occasional Not discussed in IEEE 338- Calibrate RTDs and perform 28, 167, 3 material properties, vibration may cause report 1987, RG response time tests prior to 180, and response time degradation, and therm-cy 1.118, ISA installation in a plant. [2] A8 can cause calibration shift. 67.06, Tech 
Spec Sheath not normally effected by aging Rare Not discussed in IEEE 338- Not stated 15, 25 & 4 

during qualified life of RTD. report 1987, RG 27 
1.118, ISA 
67.06, Tech 

_Spec I 

Document: NUREG/CR-5619, The Impact of Thermal Aging on the Flammability of Electric Cables 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Reduction in flammability Not stated Not discussed in No specific No further investigation needed 21 1 

report program 

Reduction in flammability Not stated Not discussed in No specific No further investigation needed 21 2 
report program 

Document: NUREG/CR-5643, Insights Gained From Aging Research 
Reviewed by: Jerry Edson, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
For electrical components, this report Not stated Not discussed in Component Not stated I contains information identical to that in report specific 
other NPAR reports. See the following programs 
NUREG/CR reports: 4457, 5448, 4564, 
5051, 5192, 5461, 5655,4156,4939, 
4234 v1 & v2, 5141,4819 v1 & v2, 5181, 
4747 v1, 4967, 4740 

Document. NUREG/CR-5655, Submergence and High Temperature Steam Testing of Class 1 E Electrical Cables 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Not stated Not stated IEEE 383 No specific Not stated 2, 35 1 

program 

Not stated Not stated IEEE 383 No specific Not stated 2, 35 2 
program 

Not stated Not stated IEEE 383 No specific Not stated 2, 35 3 program 

Document: NUREG/CR-5700, Aging Assessment of Reactor Instrumentation and Protection System Components 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Not stated I Fre uet I KI i ^+ A; . .. -A;. IDP 4 IP .... . ... . tI

�'1��"'

report
r%%3 1. 110, 

IEEE 338
1987, ISA 
67.06, Tech 
Spec

uevelop memoas lo prevent infant 
mortality. Testing for synergistic 
effects of aging. Develop industry 
wide data base (2]

11 ,24,38 
.65

1
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Document: NUREG/CR-5700, Aging Assessment of Reactor Instrumentation and Protection System Components 
Reviewed by: E. W. Roberts, INEL

.m.... Itnuu u fuer AML mechnNirsm AD effectsInstrumentation Sensor Not stated Not stated ELETEMP VIBR Sensor failure, 
System PRESS-CY MOIST- response time 

EL degradation, drift 

Instrumentation Controler Not stated Not stated ELETEMP VIBR Failure, response 
System MOIST-EL time degradation, 

drift 

4 Instrumentabon Conl'otler Not stated Not stated ELETEMP VIBR Calibratbon shift 
System MOIST-EL slow responce time 

5 Instrumentation Annunciators Not stated Not stated ELETEMP VIBR Visual unit fajiure 
System MOIST-EL sound alarm tailure 

6 Instrumentation Recorders Not stated Not stated ELETEMP VIBR Failure to record 
System MOIST-EL 

Document: NUREG/CR-5762, Comprehensive Aging Assessment of Circuit Breakers and Relays 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Protective Relay- Not stated General Electric Not stated Oxidation on 
10, 13, &24 Years contacts, increased 
OId(GE) operating 

temperatures 
Control Relay Not stated Kiockner Moeller Not stated None 

3 Control Relay - 2 & Not stated Struthers Dunn Not stated Slight discoloration 
12 Years Old of armature and 

contact conn. fingers 
4 Control Relay Not stated Westinghouse Not stated None 

5 Electronic Relay Not stated Blaser Electric Not stated Not stated 

6 Auxdliary Relay Not stated General Electric Not stated Worn contacts and 

dust inside case 

7 AuxLdliary Relay Not stated Westinghouse Not stated Contact worn, 

discolored and pitted 
with age, 

"8 Timing Relay Not stated Agastat Not stated Increased pickup 
voltage and op.  
tamp. with age 

9 Molded Case Circuit Not stated Square D Not stated None - 6 year old 
Breakers 

10 Molded Case Circuit Not stated Westinghouse Not stated None - 18 & 30 year 
Breakers old 

11 Molded Case Circui Not stated Kiockner Moeller Not stated Overheating 
Breakers (discoloration) of 

case & spliting of 

tubing 

Ite System~ C'-.-.C'.. d kt-* &-..-

Breakers
11UL SOLdLOU I II NOt stated Overheating/distorat 

on•damage to 
thennal element & 
trip mec

Page 34A
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Document: NUREG/CR-5700, Aging Assessment of Reactor Instrumentation and Protection System Components 
Reviewed by: E. W. Roberts, INEL Effect of Actina on Coml~onent Function Cont'ib to Failure Re•nertL-,d nrne• AmI n•,re Amnh4 ID,
Not stated Occasional Not discussed in RG 1.118, Develop methods to prevent infant 11 ,13, 26 2 

report IEEE 338- mortality. Testing for synergistic ,41 ,65 
1987, ISA effects of aging. Develop industry 
67.06, Tech wide data base [2] 

_ _Spec 
Not stated Occasional Not discussed in RG 1. 118, Develop methods to prevent infant 11. 13, 26 3 

report IEEE 338- mortality. Testing for synergistic ,43,65 
1987, ISA effects of aging. Develop industry 
67.06 wide data base [2] 

Not stated Occasional Not discussed in RG 1.118, Develop methods to prevent infant 11, 13.26 4 
report IEEE 338- mortality. Testing for synergistic 47,65 

1987, ISA effects of aging. Develop industry 
67.06, Tech wide data base [2] 
Spec 

Not stated Frequent Not discussed in RG 1.118, Develop methods to prevent infant 11, 13,26 5 
report IEEE 338- mortality. Testing for synergistic .48,65 

1987, ISA effects of aging. Develop industry 
67.06 wide data base [2 I Not stated Occasional Not discussed in RG 1.118, Develop methods to prevent infant 11, 13,26 6 

report IEEE 338- mortality. Testing for synergistic .48,65 
1987, ISA effects of aging. Develop industiy 
67.06, Tech wide data base [2] 
Spec 

Document: NUREG/CR-5762, Comprehensive Aging Assessment of Circuit Breakers and Relays 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Higher contact resistance, differences in Frequent Yes - not specifically IEEE 741-1986 Modify current practices to include 3-1 & 7-3 
induction pickup, significant variation in identified Section 7 the addition of infrared temperature 
time/current charateristic. measurement with cover off and 

relay energized. [2] '1 
None NONE Yes - not specifically IEEE 741-1986 Modify current practices to include 3-18 & 7- 2 

identified Section 7 the addition of infrared temperature 3 
and vibration measurements. [2] 

Contact resistance increased with age Rare Yes - not specifically IEEE 741-1986 Modify current practices to include 3-18 & 7- 3 
identified Section 7 the addition of infrared temperature 3 

and vibration measurements. [2] 
None Not stated Yes - not specifically IEEE 741-1986 Modify current practices to include 3-18 & 7- 4 

identified Section 7 the addition of infrared temperature 3 
and vibration measurements. [2] 

Not stated Not stated Yes - not specifically IEEE 741-1986 Not stated 3-32 & 7- 5 
identified Section 7 3 

Pickup voltage exceeded acceptance Not stated Yes - not specifically IEEE 741-1986 Add infrared temperature 3-36 & 7- 6 
criteria identified Section 7 measurement and vibration testing tl 3 

current plant practices. [21 
Increased contact resistance Not stated Yes - not specifically IEEE 741-1986 Add infrared temperature 3-36 & 7- 7 

identified Section 7 measurement and vibration testing tc 3 
current plant practices. [2] "Timing accuracy not within typical Not stated Yes - not specifically IEEE 741-1986 Add infrared temperature 3-52 & 7- 8 

required accuracy identified Section 7 measurement, inrush current and 3 
vibration testing to current plant 
practices. [2] 

None Not stated Yes - not specifically IEEE 741-1986 Add infrared temperature 3-65 & 7- 9 
identified Section 7 measurement and vibration testing to 3 

current plant practices, modify 
instantaneous trip test [2] 

instantaneous trip (125%) time. identified Section 7 measurement and vibration testing to 3 
current plant practices. modify 
instantaneous trip test [2] 

300%/. overcurrent trip delay exceeded Occasional Yes - not specifically IEEE 741-1986 Add infrared temperature 3-65 & 7- 11 
acceptance criteria, identified Section 7 measurement and vibration testing tc 3 
Damagedknisaligigned trip pin caused current plant practices, modify 
overheating and failure to perform instantaneous trip test [2] 
instantaneous thip when required.

tolerance on 2 phases. 300% overcurrent 
trip does not meet acceptance ctitera.

MUelUUent TSS- nsipecificll(ly Ic-t /41-Ib 
identified I Section 7

Add infrared temperature 
measurement and vibration testing tc 
current plant practices. modify 
instantaneous trip test. [2]

3-65 & 7
3

12

i•hm mMflSllhfl• Dw ,a I• ihbm
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Document: NUREG/CR-5762, Comprehensive Aging Assessment of Circuit Breakers and Relays 
Reviewed by: E. W. Roberts, INEL 
Item S-ttrn .,ht . e.. &

. .. ,- P., u mpnt materins manufacturer ARD mechanism ARD effects 13 Metal Clad Circuit Not stated Westinghouse Not stated Main/arcing contacts 
Breakers pitted, insulation 

split damaged parts 

14 Metal Clad Circuit General Electric Not stated Back connections 
Breakers oxidized. binding of 

dashpot 

Document- NUREG/CR-5772 V1, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in electrica 
Conductor Cables polyelhylene and Listed AND OXIDAT property - insulation 

cross linked resistance (IR) 
potyolefin 

2 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in electria 
Conductor Cables polyethylene and Listed AND OXIDAT property 

cross linked capacitance & diss.  
polyolefin factor 3 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in electril 

Conductor Cables polyethylene and Listed AND OXIDAT property 
cross linked polarization index 
polyolefin 

4 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in 
Conductor Cables polyethylene and Listed AND OXIDAT mechanical property 

cross linked - elongation & tens.  
polyolefin strength 

5 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in 
Conductor Cables polyethylene and Listed AND OXIDAT mechanical property 

cross linked - hardness 
polyolefin 

6 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in 
Conductor Cables polyethylene and Listed AND OXIDAT mechanical property 

cross linked - indenter modulus 
polyolefln 

600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in 
Conductor Cables polyethylene and Listed AND OXJDAT mechanical property 

cross linked - bulk density 
pohyolefin 

8 600 V, Single Insulation Cross linked Four Suppliers ELETEMP, RAD, Changes in 
Conductor Cables polyethylene and Listed AND OXIDAT mechanical property 

cross linked - mandrel bend test 
polyolefin 

9 600 V, Single Insulation Cross linked Four Suppliers MOIST-EL Moisture absorbed 
Conductor Cables polyethylene and Listed into a cable acts as a 

cross linked plasticizer 
polyolefin 

10 600 V, Single Jacket Neoprene, Four Suppliers ELETEMP, RAD, & Jacket - elongation 
Conductor Cables chlorosulfonated Listed OXIDAT & tensil strength 

polyethylene 
(CSPE), & CPE 

11 600 V, Single Jacket Neoprene, Four Suppliers ELETEMP, RAD, & Jacket - hardness 
Conductor Cables chlorosultonated Listed OXIDAT and indenter 

polyethylene modulus (CSPE), & CPE 

Document: NUREG/CR-5772 V2, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 600 V I&C Cables Single and Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Changes in electrica 
Multiconductor AND OXIDAT property - insulation 
Cable Insulation resistance (IR)

rýLV n'

Multiconductor 
Cable Insulation

MYyU propylene Five Suppliers Lsted ELETEMP, RAD, 
AND OXIDAT

Changes in electrical 
property - polanzaton 
index
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Long time delay varied between 110% and Rare Yes - not specifically IEEE 741-1986 Add infrared temperature 3-89 & 7- 13 50ofsngidenfified Section 7 measurement and vibration testing t¢ 3 

current plant practices. modify 
instantaneous trip test. [2] One phase failed to trip on long time delay Frequent Yes - not specifically IEEE 741-1986 Add infrared temperature 3-89 & 7- 14 overcurrent. Short timedelay overcurrent identified Section 7 measurement and vibration testing to 3 

trip not within acceptance criteria. current plant practices. modify 
instantaneous trip test. [2] 

Document: NUREG/CR-5772 V1, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.pro s Report Recommendations Pae No. Item Not determined since report only Not stated Not discussed in No specific Not stated 6, 27, 40, 1 addressed detection methods report program and App 

C 
Not determined since report only Not stated Not discussed in No specific Not stated 6, 28, & 2 addressed detection methods report program App D.  

Not determined since report only Not stated Not discussed in No specific Not stated 6, 28, and 3 addressed detection methods report program App C 

Not determined since report only Not stated Not discussed in No specific Not stated 6, 30-33, 4 addressed detection methods report program 39, and 

App E.  
Not determined since report only Not stated Not discussed in No specific Not stated 6, 34, 56. 5 addressed detection methods report program and App 

F.  
Not determined since report only Not stated Not discussed in No specific Not stated 33, 38, & 6 addressed detection methods report program 39 

Not determined since report only Not stated Not discussed in No specific Not stated 35 & 56 7 
addressed detection methods report program 

Not determined since report only Not stated Testing per IEEE No specific Not stated 47 TO 54, 8 addressed detection methods 383-1974 program & 57.  

Not determined since report only Not stated Testing per IEEE No specific Not stated 54 & 57 9 addressed detection methods 383-1974 program 

Not determined since report only Not stated Testing per IEEE No specific Not stated 33, 39, & 10 addressed detection methods 383-1974 program 56 

Not determined since report only Not stated Not discussed in No specific Not stated 39 & 56 11 
addressed detection methods report program 

Document: NUREG/CR-5772 V2, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class I E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report RecommendaUons Page No. Item Not determined since report only Not stated Not discussed in No specific Not stated 31, 32, 52 1 
addressed detection methods, report programn TO 58, 

73, 74, & 
Appendix

Document: NUREG/CR-5762, Comprehensive Aging Assessment of Circuit Breakers and Relays 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported nrnns Rei n,•e

addressed detection methods.
IUL SLCL4LU Not UiscUSSed in 

report
No specilic 
program

The electrical measurements were 
not effective for monitoring aging

113,32, 
2 

146, &73

ID• ILl 14k=
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Document: NUREG/CR-57"72 V2, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL Item Syse Structur./Camn •.nmrn t u .*.,-i, Il-.... ...-- • ,., , _______________________ - _-..,-----..-..-- -'S..-- *I~ua'~u;~N MfLJ.....1U SS_ RMUW01S..........rV-•'r"' m~l,.=anulaclturner ARUJ mechlanism ARIJ effrects 3 600 V I&C Cables Single and Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Aging effects on 

Multiconductor AND OXI DAT capacitance and Cable Insulation dissipation factor 4 600 V I&C Cables Insulation Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Changes in 

AND OXIDAT mechanical property 
- elongation & tens.  
streng/th 

5 600 V I&C Cables Insulation Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Changes in 
AND OXIDAT mechanical property 

- hardness 

6 600 V I&C Cables Insulation Ethylene propylene Five Suppliers Listed ELETEMP, RAD. Changes in 
AND OXIDAT mechanical property 

- indenter modulus 
7 600 V I&C Cables Insulation Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Changes in 

AND OXIDAT mechanical property 
- bulk density 8 600 V t&C Cables Insulation Ethylene propylene Five Suppliers Listed ELETEMP, RAD, Changes in 

AND OXIDAT mechanical property 
- cracking 

9 600 V I&C Cables Insulation Ethylene propylene Five Suppliers Listed MOIST-EL Moisture absorbed 

into a cable acts as 
plasticizer 10 600 V I&C Cables Jacket CSPE and CPE Five Suppliers Listed ELETEMP, RAD, & Jacket - elongation 

OXIDAT & tensil strength 11 600 V I&C Cables Jacket CSPE, & CPE Five Suppliers Listed ELETEMP, RAD, & Jacket - hardness 
OXIDAT and indenter 

modulus 

Document: NUREG/CR-5772 V3, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in electica 
Types silicon rubber, & Listed AND OXIDAT property - insulation 

polymide (Kapton) resistance OIR) 
2 Miscellaneous Cable Insulation' FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in electrica 

Types silicon rubber, & Listed AND OXIDAT property.  
polymide (Kapton) capacitance & diss.  

factor 3 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in electrica 
Types silicon rubber, & Listed AND OXIDAT property polymide (Kapton) polarization index 

4 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in 
Types silicon rubber, & Listed AND OXIDAT mechanical property 

polymide (Kapton) - elongation & tens.  
strength 

5 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in 
Types silicon rubber, & Listed AND OXIDAT mechanical property polymide (Kapton) - hardness 

6 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in 
Types silicon rubber, & Listed! AND OXIDAT mechanical prope 

polymide (Kapton) - indenter modulus 

7 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in 
Types silicon rubber, & Listed AND OXIDAT rmechanical property 

polymide (Kapton) - bulk density 
8 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers ELETEMP, RAD, Changes in 

Types silicon rubber, & Listed AND OXIDAT mechanical property 
' polymide (Kapton) - brittleness 

9 Miscellaneous Cable Insulation FR insulation, coax, Three Suppliers MOIST-EL Moisture absorbe' 
Types silicon rubber, & Listed decreases insutaL..

_polymide (Kapton) resistance 
10 Miscellaneous Cable Jacket FR & fiberglass Three Suppliers ELETEMP, RAD, & Jacket - elongatn-' 

Types braided Listed OXIDAT & tensil strength 
11 Miscellaneous Cable Jacket FR & fiberglass Three Suppliers ELETEMP, RAD, & Jacket - hardness 

Types braided Listed OXIDAT and indenter 
I I modulus



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-5772 V2, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL Effect of Aaina on Comoonent Function COnthrih to I=:ilmw. IA..rt4,.I n.. D.1 F..,• D..e - -. *- -. *,r.'• y*

Not determined since report only Not stated Not discussed in No specific Not stated 33, 36, & 3 addressed detection methods, report program 46 

Not determined since report only Not stated Not discussed in No specific Not stated 36 TO 41, 4 
addressed detection methods, report program & 46 

Not determined since report only Not stated Not discussed in No specific Not stated 43, 46, 5 
addressed detection methods, report program and 

Appendix 
F 

Not determined since report only Not stated Not discussed in No specific The Franklin indenter is 17, 42, & 6 
addressed detection methods, report program recommended because it is a good 46 

indicator of aging for jacket and EPR 
,_ _materials. [4] Not determined since report only Not stated Not discussed in No specific Not stated 43, 46, & 7 

addressed detection methods. report program Appendix 
F 

Not determined since report only Not stated Testing per IEEE No specific Follow IEEE 383-1974 66, 74, & 8 
addressed detection methods. 383-1974 program requirements. [4] 75 

Not determined since report only Not stated Not discussed in No specific Not stated 58 & 74 9 
addressed detection methods, report program 

Not determined since report only Not stated Not discussed in No specific Not stated 7S & 75 10 
addressed detection methods, report program 
Not determined since report only Not stated Not discussed in No specific Not stated 46 & 73 11 
addressed detection methods, report program 

Document: NUREG/CR-5772 V3, Aging, Condition Monitoring, and Loss-of-Coolant Accident (LOCA) Tests of Class 1 E Electrical Cables 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Not determined since report only Not stated Not discussed in No specific Not stated 30, 38, 1 
addressed detector methods. report program 40, & 51 

Not determined since report only Not stated Not discussed in No specific Not stated 32, 38, & 2 
addressed detector methods, report program Appendix 

D 

Not determined since report only Not stated Not discussed in No specific Not stated 31, 38, & 3 
addressed detector methods. report program Appendix 

C.  Not determined since report only Not stated Not discussed in No specific Not stated 34, 35, & 4 
addressed detector methods, report program Appendix 

E 

Not determined since report only Not stated Not discussed in No specific Not stated 36 & 5 
addressed detector methods, report program Appendix 

G 
Not determined since report only Not stated Not discussed in No specific The indenter is a good indicator of 36, & 6 
addressed detector methods. report program aging for silicon rubber and Kerite Appendix 

acket materials, but not for coax F 
jackets [4] Not determined since report only Not stated Not discussed in No specific Not stated 36 & 7 

addressed detector methods. report program Appendix 
G 

Not determined since report only Not stated Testing per IEEE No specific IEEE 383-1974 requirements. [4] 45 TO 48, 8 
addressed detector methods. 383-1974 program & 52.  

Not determined since report only Not stated Not discussed in No specific Not stated 52 9 
addressed detector methods. report program 

Not determined since report only Not stated Not discussed in No specific Not stated 6, 13, & 10 
addressed detector methods. report programn 35 
Not determined since report only Not stated Not discussed in No specific Not stated 16 & 36 11 
addressed detector methods. report program

Page 368



Table A.2 Gall Report for NPAR Reports Page 37A

Document: NUREG/CR-6095, Aging, Loss-of-Coolant Accident (LOCA), and High Potential Testing of Damaged Cables 
Reviewed by: L C. Meyer, INEL

..... ......-. v •--. .*comiiponent flLWram manufacturer AUR mec•anism ARD effect 1 #12 AWG, 1C, Insulation Ethylene propylene Okonite RAD, ELTEMP, & Cracks, degraded 
Cables MOIST-EL, & insulation resistance 

VOLTSTR for damaged cable 

2 #12 AWG, I C, Jacket Chlorosulfonated Okonite RAD, ELTEMP, & Cracks 
Cables polyethylene (CSPE) MOIST-EL & 

VOLTSTR 3 #12 AWG, 1 C, Insulation Silicon rubber Rockbestos RAD, ELTEMP, & Fragile & cracks 
Cables MOIST-EL & 

VOLTSTR 4 #12AWG, 1C, Jacket Figerglass braid Rockbestos RAD, ELTEMP, & Not stated 
Cables MOIST-EL, & 

VOLTSTR 
5 #12 AWG, 1C, Insulation Cross linked Brand Rex RAD, ELTEMP, & Voltage breakdown 

Cables polyethylene with no MOIST-EL & and moisture and 
jacket VOLTSTR high temp 

degradation 

Document: SAND--88-0754, Time-Temperature-Dose Rate Superpositions: A Methodology for Predicting Cable Degradation Under Ambient Nuclear Power Rant i 
Reviewed by: L C. Meyer, INEL Item Systemn Sti]uclhir•tnm n R~•nn•m us..;.ia ... *-,.• -,- ,

1 Eletem StucturicalCable Jabckt I N stulaturer ATU Me&naRM sm ADr elongaects 1 Electrical Cable Jacket NeHpean Not stated THERM & RAD Drop in elongation 

2 Electrical Cable Jacket HypaVon Not stated THERM & RAD Drop in elongaruon 
3 Electrical Cable Jacket PVC Not stated THERM & RAD Elongation reduced 

from initial value 4 Electrical Cable Insulation Low density Not stated THERM & RAD Embrittlement & 
polyethylene discoloration 

5 Electrical Cable Insulation Chemically Cross Not stated THERM & RAD Elongation decrease 
linked polyelhylene 

Document: SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear 
Reviewed by: K D. McCarthy, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Electrical Switchgeai Metal Housing Not stated GE, Westinghouse, FAT, MECHSTR Cracked welds, 
System ITE/BB deformation of circui 

breaker rails 

Electrical Switchgear Metal Housing Not stated GE, Westinghouse, CONTAM, CORR Rust, pitting, and 
System ITE/BB corr of structural 

members and 
fasteners 

3 Electrical Switchgea Primary Insulating Not stated GE. Westinghouse, EMBR Insulation failure 
System ITE/BB 

4 Electrical Switchgear Primary Insulating Not stated GE, Westinghouse, CONTAM, EMBR Decrease in surface 
System ITE/BB resistance 

5 Electical Switchgea Primary Insulating Not stated GE, Westinghouse, ELETEMP, Decrease in 
System ITE/BB CONTAM, EMBR volumetric and 

surface resistance 

Electrical Switchgeat Horizontal Racking Not stated GE, Westinghouse, WEAR Binding of drawout 
Mechanism ITE/BB unit 

7VA PUfting- motorh failure11 KIo • I,• IU uQ, vvesungnouse.  
ITE/BBMechanism

bl vUI• V Vl-lt WI::AH I.fting mtrfailure



Table A.2 Gall Report for NPAR Reports

Document: NUREG/CR-6095, Aging, Loss-of-Coolant Accident (LOCA), and High Potential Testing of Damaged Cables Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations PaSe No. Item Longitudinai cracks were through to Occasional Not discussed in No specific Not stated 4, 5, 10 1 conductor and adjacent to damaged area, report program 18 insulaton resistance degrades until failure occurs.  

Jacket cracking can propagate to the OCASSIONAL Not discussed in No specific Not stated 4 2 insulation

Some cables showed degadation during 
accident tests, on one cable a crack was 
found adjacent to the damaged area.  
Not stated 

No high potental effects found when 
insulation remaining was 7 mills, no 
cracks developed from agng. Failure of 
cables dunng LOCA testing were at 
damaged locations

Rare 

Rare 

Rare

18 
NO! statec 

4& 16 3
Not di i usse n 
report

Ndo specilic 
program

r. -
L 

NO! stated 
5 

4
reNort piruogram report

report
NOt stated 4& 16 4

'No spcific 
program

Document SAND-88-0754, Time-Temperature-Dose Rate Superpositions: A Methodology for Predicting Cable Degradation Under Ambient Nuclear Power Plant, Reviewed by: L. C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Paqe No. Item ,Jacket failed to provide protection from Rare Not discussed in No current Not stated 28 to 34 moisture. I report Irogram s I ,I- 1-il.. .
Jacket failed to provide protection from moisture.  
Jacket failed to provide protection frx 
moisture.  
Errbrit'oement causes cracking and allows 
moisture intrusion resulting in failure to 
accurately/transmit voltage or current.  
Embrittement causes cracking and allows' 
"moisture intrusion resulting in failure to 
accurately/transmit voltage or current.

Rare 

Occasional

Not discussed in 
report 
Not discussed in

report F NIsae Frequ r16 Io icse n !

No current 
programs 
No current

cable) report programs

Not discussed in No current 
report programs

Not stated

Not stted 14 4 

Not stated 12 &-54 5 

mendtion Pag No.Ite
Document: SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Bectrical Switchgear Reviewed by: K. D. McCarthy, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recom Structural degradation caused by material Not stated Various No specific Not stated fatigue can lead to the loss of structural recommendations program for integnty. made for this 

maintenance subcomponent Contaminants and moisture can cause Not stated Various No specific Not stated corrosion/rust of the metal housing recommendations program for system, resulting in a loss of structural made for this integrity. maintenance subcon-ponent Insulation deterioration results from Not stated Various No specific Not stated ambient temperatures with ohmic heating recommendations program for and can result in a loss of insulating made for this properties and flashover of insulation, maintenance subcomponent Normal voltage in combination with Not stated Various No specific Not stated humidlity, dirt, and contaminants can lead recommendations program for to surface current tracking which can made for this result in insulation failure and flashover maintenance subcormponent Normal voltage in combination with Not stated Various No specific Not stated thermal deterioration, humidity, dirt, and recommendations program for contaminants can lead to a decrease in made for this volumetric and surface resistance which maintenance subcomponent

Wear from many racking cycles can lead 
to a binding of the drawout unit which can 
result in the inability to connect the 
breaker for operation.
Wear from many racking cycles can lead 
to a lifting motor failure which can result in 
the breaker not being able to be 
connected for operation.

NO! stated

Not stated

Various 
recommendations 
made for

Vanous 
recommendations 
made for 
maintenance

Vendor specific 
programs 

Vendor specific 
programs

I __

mendations Paqe No. It,,, 

4-7 

4-7 2

14-7 F

4-7 1 41

4-7

Not stated 14-7

Not stated
4-8

Rare

6 I

can r lt 'iL bl insutio faiU~l~ l lure and flashover.

17

I I I -

_

I

program 18

Not stated3 4 &16 3

N~o specific 
program 'Not stated 4 5

34 to 38

Not stated 143

Not stated

Page 37B

report



Table A.2 Gall Report for NPAR Reports

Document SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear 
Reviewed by: K D. McCarthy, INEL

D mechanism ARD effects
I

Secondary 
Disconnect

GE., westngou, ITE/BBElectrical Switchgeer

Page 38A

tam11 OYS1I5I .M buclu ~ OM -K--

8 ElectricaJ Switchgeer Arcing Contacts Not stated GE, Westinghouse, CURSTR Arcing contact bum 

ITE/BB up and vaporization 

9 Electrical Switchgeer Main Contacts Not stated GE, Westinghouse, CURSTR Contact burning or 

ITE/BB welding 

10 Electrical Switchgear Main Contacts Not stated GE, Westinghouse, VIBR, WEAR Contact burning or 

ITE/BB welding 

11 Electrical Switchgear Stored Energy Not stated GE, Westinghouse, CONTAM, ENVIR Detenoration of 

Spring and Solenoid ITEIBB greases 
Operated Mech 

12 Electrical Switchgear Stored Energy Not stated GE, Westinghouse, ENVIR, MECHSTR, High friction between 

Spring and Solenoid ITE/BB WEAR moving parts 
Operated Mech 

13 Electrncal Switchgear Stored Energy Not stated GE, Westinghouse, VIBR, WEAR Movement of 

Spring and Solenoid ITE/BB components and 
Operated Mech loss of tolerances 

14 Electrical Switchgear Stored Energy Not stated GE, Westinghouse, FAT, CONTAM Broken welds 
Spring and Solenoid ITE/BB 
Operated Mech 

1 ElectricaJ Switchgear Stored Energy Not stated GE, Westinghouse, WEAR Wear of spring 

Spring and Solenoid ITE/BB charging mechanism 

Operated Mech components 

16 Electrical Switchgear Stored Energy Not stated GE, Westinghouse, ELETEMP Trip or close coil 

Spring and Solenoid ITE/BB bum out 
Operated Mech 

17 BEectricaJ Switchgam Solenoid Operated Not stated GE, Westinghouse, ELETEMP Solenoid coil bumoul 
Mechanism ITE/BB 

18 Electrical Switchgear Solenoid Operated Not stated GE, Westinghouse, CURSTR, Insulation 
Mechanism ITEIBB ELETEMP deterioration 

19 Electrical Switchgea Arc-Chute Not stated GE, Westinghouse, ELETEMP, EMBR Material degradation 
ITE/BB 

20 Electrical Switchgear Primary Disconnect Not stated GE, Westinghouse, WEAR Disconnect wear, 
ITE/BB spring relaxation

Not stated WEARM .,pnng relaxabon21



Table A.2 Gall Report for NPAR Reports
Page 39B

Document SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear Reviewed by: K .. McCarthy, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recom
aul t.ciii upera on 

detenoration and lead t 
and vaporization which 
breakers furnction.  
Fault current operation 
deterioration which can 
breaker's function being

Movement of componen 
tolerances from mechan 
lead to high resistance 
interface which in turn c 
burning or welding. This 
degraded breaker functi 
Ambient temperatures c

can cause contact 
o contact bum up 
degrades the

Not stated Various 
recommendations 
made for maintenance

can lead to contact Not stated Various IEEE 308-1980 Not stated 4-8 9 result in the recommendations Section 7.4 & 
Sdegraded. made for 7.5 

maintenance 
its and loss of Not stated Various IEEE 308-1980 Not stated 4-8 10 nicaJ cycling can recommendations Section 7.4 & 
at the contact made for 7.5 
an lead to contact maintenance 
s can result in 
on.  
an cause areases Not stated Vari,,,, *, -- .

IEEE 308-1980 
Section 7.4 & 
7.5

Not stated

aanous 
commrendations 
iade for 
•aintenance

arious 
commendations 
ade for 
aintenance 
arious 
commendations 
ade for 
aintenance

.mendations Page
4-8

No. itMm

to deteriorate leading to binding of latches 
and high friction in mechanism. These 
can result in slow or no open or close 
operation.  
Mechanical cycling of the stored energy 
spnng can cause mechanical wear of 
mechanism parts which leads to high 
friction between moving parts. This can 
result in binding of mechanism and 
latches, slow or no open or close 
operation.  
Mechanical cycling can cause a loss of 
tolerances and movement of components.  
This can result in binding and/or failure to 
operate.

echanicad cycling can lead to pole shaft 
weld fatigue which can lead to broken 
welds. This can result in jamming, 
slowing, or failure to operate.  Mechanical cycling can lead to wear of 
spring charging mechanism components 
which can result in failure to charge 
Iclosing springs and failure to close.  
Prolonged energizatbon of the control coils 
can lead to elevated temperatures which 
can lead to trip or close coil bum out.  
This can result in failure to open, failure to 
close, or failure to operate.

Prolonged energization of solenoid coil 
can cause elevated temperatures in the 
cod which can lead to solenoid coil 
burnout This can result in the breaker 
failing to close.  
Electrical cycling can cause insulation 
detenoration which can lead to solenoid 
coil bum out This can result in a failure 
to close.  
Fault current operation can cause 
elevated temperatures in the arc-chute 
which can lead to material degradation of 
the arc-chute. This can result in 
degraded function of the arc-chute.
Many racking cycles can cause 
disconnect wear and spring relaxation 
which can lead to high resistivity 
connections. This can result in degraded 
disconnect function.

Many racking cycles can cause spring 
relaxation which can lead to high 
resistivity connections. This can result in 
degraded disconnect function.

Not stated 

Not stated

rot stated

Not stated 

Not stated

Not stated 

Not stated 

Not stated

Noi 

Not

t stated 

stated

recommendations 
made for 
maintenance 

Various 
ecommendations 
made for 
"maintenance 

tarious 
ecommendations 
nade for 
iaintenance

r 

r 

rn 
V 
re 

m 
m 

V 

re 

m 

ml 

V• 
re 

m 

V= 
re 

m•

Vanous 
recommendations 
made for 
maintenance 

Vanous 
recommendations 
made for 
maintenance 
Various 
recommendations 
made for 
maintenance

Various 
recommendations 
made for 
maintenance

Various 
recommendations 
made for 
maintenance

vendoKr speci 
programs 

Vendor specil 
irogramsp 

V 
p 

V 
pm

fic 

fic 

c

'endor specif 
rograms 

endor specifi 
rograms

Vendor specific 
programs 

No specific 
program for 
this sub 
component 

No specific 
program for 
this sub 
component 

No specific 
program for 
this sub 
component 
Vendor specific 
programs 

No specific 
program for 
this mechanism

No specific 
program for 
this mechanism

N ot s aled

Jot stated

ot stated

ot stated

4-8

I~4-8

4-8

4-9

t stated 14-9

c 

Nc 

N 

N, 

N( 

No 

No 

No 

No1 

Not 

Not

t stated 4-9

stated 14-9

stated 41

11 

12 

13 

14 

5 

6 

7 

8

I

't stated 4-9

ot stated 4-9

I

i 

1 

l1 

19 

20

statedNo1 Not

NN

t stated 14-9



Table A.2 Gall Report for NPAR Reports

Document: SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear 
Reviewed by: K D. McCarthy, INEL 
Item System Structure/Coman S•ul•m neniwt Materiahl Uss -mm ADI

22 ElectricaJ Switchgew Mechanical Interlock Not stated GE, Westinghouse, WEAR Wear/damage of 
ITE/BB mechanical interlock 

23 Electrical Switchgew Auxiliary Switch Not stated GE, Westinghouse, WEAR, MECHSTR Burnt contacts 
ITEIBB 

24 Electrical Switchgear Current and Not stated GE, Westinghouse, EMBR, ELETEMP Insulation 
Potential ITE/BB deterioration 
Transformers 

25 Electrical Switchgea- Undervoltage Trip Not stated GE, Westinghouse, ELETEMP, EMBR Insulation 
Attachment ITE/BB deterioration 

26 Electrical Switchgeat Undervoltage Trip Not stated GE, Westinghouse, WEAR Wear of latch 
Attachment ITE/BB 

27 Electrical Switchgear Undervoltage Trip Not stated GE, Westinghouse, WEAR High friction betweer 
Attachment ITE/BB moving parts 

28 Electrical Switchgear Control Wiring Not stated GE, Westinghouse, ELETEMP, Loss of electrical 
ITE/BB MECHSTR, VIBR and mechanical 

properties 

29 Electrical Switchgear Shunt Trip Not stated GE, Westinghouse, ELETEMP Coil deterioration 
Attachment ITE/BB 

30 Electrical Switchgeaj Shunt Trip Not stated GE, Westinghouse, VIBR, WEAR Loss of tolerances 
Attachment ITEIBB 

31 Electrical Switchgea Overcurrent Trip Not stated GE, Westinghouse, WEAR, FAT Spring relaxation 
Device (Electro- ITE/BB 
Mechanical) 

32 Electrical Switchgea Overcurrent Trip Not stated GE, Westinghouse, WEAR, ENVIR Armature 
Device (Electro- ITE/BB mechanical wear 
Mechanical)

IJectical witc cgea, ,vercurrent Trip 
Device (Electro
Mechanical)

Not stated GE, Westinghouse, 
ITE/BB

CONTAM, 
MECHSTR

Seal degredation

Page 39A

AOl"'l•,lNr.=,.,.k



Table A.2 Gall Report for NPAR Reports Page 39B

Document: SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear Reviewed by: K D. McCarthy, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs el
Many racking cycles can cause 
wear/damage from friction. This can 
make it possible to remove or insert the cb 
into compartment with main contacts 
closed This could jeopardize personnel 
safety, 
Mechanical cycling of the audliary switch 
can cause contact deterioration which can 
lead to bumt contacts. This can result in contact failure.  

T emperature and electrical cycling can 
iuse insulation deterioration which catn 
lead to shorted windings. This can result in degraded function of the transformer 

which can cause failure of undervoltage and control functions.  

Constant coil eneglngtcon can cause 
elevated temperatures which can lead to insulation deterioration. This can result in 

ae breaker trpping open due to coil 
undlure.  
Mechanical cycling can cause wear of latch which can lead to latch failure. This 
can result in a failure to trip on 
undervoftag•e condition.  
Mechanical cycling can cause high 

friction between moving parts which can 
lead to a lack of adequate force to trip the 
breader in an undervoltage oncfdtion.  
High resistance connections, darmage due 
to maint, and vibr can cause a loss of 
elect and mech properties, leading to 
elevated temp and mech damage. This 
can result in insulation deterioration and 
short to ground resulting in failure to .operate.

Prolonged snergization can cause 
elevated temperatures in the coil which 
can lead to coil deterioration. This can 
cause coil failure and result in a failure of 
the shunt trip to operate.  
Cycling and vibration can cause a loss of 
tolerances on its mounting leading to 
loosening or misalignment. This could 
result in the device not actuating the trip 
mechanism.  
Prolonged spring compression can cause 
spring relaxation leading to metal fatigue 
in the spring. This could result in 
setpoint'bme delay drift which could 
cause the overcurrent trip device to have 
improper operation or failure to operate.  
Mechanical cycling and elevated 
temperatures can cause friction or 
degraded lubricant which can lead to 
mechanical wear in the armature. This 
can result in setpoint/time delay drift with 
he potential loss of overcurrent 

protection.
Mechanical cycling in conjunction with dirt 
or contaminants can lead to seal 
degradation which can result in dashpot 
leakage and setpanttihme delay drift. This 
can result in the potential loss of 
overcurrent protection.

Not stated 

Not stated 

Not stated 

Not stated 

Not stated

Notstated 

Not stated 

Not stated 

Not stated

t stated

prg eotR mendlations Pag .L em

recommendations 
made for 
maintenance

recommendations 
made for

maintenance

recommendations 
made for 
maintenance

recommendations 
made for 
maintenance

Various 
recommendations 
made for 
maintenance

maintenance

Vendor specific Not stated 
- Mechanism 
not safety rel.

- Mechanism 
not safety rel.

N0o spcmiic 
program for 
this 
subcomponent

programs

programs

' ot stated

NOt stated

IotU sLtaLt

Not stated

4-10

4-10

4-10

4-10

22

M

24

25

4 
4-4-10

26

recommendations 
made for 
maintenance
Various 
recomrmendations 
made for 
maintenance

Various 
recommendations 
made for 
maintenance 

Various 
recommendations 
made for 
maintenance 

Various 
recommendations 
made for 
maintenance 

Various 
recommendations 
made for 
maintenance 

Various 
recommendations 
made for 
maintenance

r specificn~4ut 

programs

No specific 
program for 
this 
subcomponent

Vendor sp c ifi 
programs

Vendor specific 
programs 

Vendor speafic 
programs 

Vendor specific 
programs 

IEEE 308-1980 
Sections 7.4 & 
7.5

otV stated

NOt stated

'V ot state

4-10

4-10

4-11

27

28

29

I - i-4-11 3C

Not stated 4-11 31

Not stated 14-11 32

Not stated 14-11 331

No sated

kl• IL
1

o sated Vi

Not stated Various• Vd=.••...^,.^ ,,.

N-anous fi !Vend 'N

No¸
No

.

N



Table A.2 Gall Report for NPAR Reports

Document- SAN D93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear 
Reviewed by: K D. McCarthy, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

34 Electical Switchge1 Overcurrent Trip Not stated GE, Westinghouse, ELETEMP, Electrical component 
Device (Solid State) ITE/BB CURSTR, aging 

MECHSTR 

Document. SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL 
Item System Structure/Conmn Suc - M.*..ii. AoE% A- ---- n.- - -M*~' *...--- - - - I~~S5I ff~.,t

Battery Chargers, Circuit Breakers Not stated Not stated CORR Contact pitting 
Inverters, & UPS's 

2 Battery Chargers, Circuit Breakers Not stated Not stated FAT Cumulative fatigue 
Inverters, & UPS's damage 

3 Battery Chargers, Circuit Breakers Not stated Not stated WEAR Attrition 
Inverters, & UPS's 

4 Battery Chargers, Relay Not stated Not stated ENVIR Chemical or physical 
Inverters, & UPS's degracdation 

5 Battery Chargers, Circuit Breakers Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

or physical 
degradeuo 

6 Battery Chargers, Circuit Breakers Not stated Not stated CURRSTR Equip temp rise, 
Inverters, & UPS's equipment 

degradation 
7 Battery Chargers, Relay Not stated Not stated ELETEMP Chemical or physical 

Inverters, & UPS's degradetion 

8 Battery Chargers, Transformer Not stated Not stated CORR Loss of materiaJ; 
Inverters, & UPS's corrosion product 

buildup 

9 Battery Chargers, Circuit Boards Not stated Not stated CORR Loss of material; 
Inverters, & UPS's corrosion product 

buildup 

10 Battery Chargers, Switches Not stated Not stated CORR Contact pitting 
Inverters, & UPS's 

11 Battery Chargers, Relay Not stated Not stated CORR Contact pitting 
Inverters, & UPS's 

12 Battery Chargers, Potenbometer Not stated Not stated CORR Contact p4tng 
Inverters, & UPS's

aLwFy Ch.,•rers, 
Inverters, & UPS's

-iWltnes NOt state0 NOt staisa iAT Cumulative fatique 
damage

Page 40A



Table A.2 Gall Report for NPAR Reports Page 40B

Document SAND93-7027, Aging Management Guideline for Commercial Nuclear Power Plants - Electrical Switchgear 
Reviewed by: K D. McCarthy, INEL 
Effect of Aging on Component Function Contrib to Failure Reported prols Rel.progs Report Recommendations Page No. Item 
Elevated temperature, electrical transients Not stated Various IEEE 308-1980 Not stated 4-11 34 ar"d mechanical shock result in material recommendations Sections 7.4 & 
degradation from component aging. This made for 7.5 
can result in erroneous solid-state device maintenance 
output/operation and potential loss of 

lovercurrent protection.  

Document- SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL Effect of Aging on Component Function Contrib to Failure Rerorted nr oat R.l nirnn• A.lli.4P J~~ml~ti~~• D. I1..•-______________ - -- - - - -- ''-*~--'"~

Corrosion can result in high contact Not stated Cleaning, visual No specific Not stated 4-19,5-15 
impeadance, heat build-up, and signal inspection, IR program for 
transmission failure, scanning this mechanism 
Fatigue due to high cyclic operation and Not stated Tactile inspection, No specific Not stated 4-20, 5-16 2 
vibration, resulting in contact degradation, vibration observation, program for 
loose connections, reduced force output IR scanning this mechanism 
and component failure.  
Physical detenoration due to the cyclic Not stated Tactile inspection No specific Not stated 4-21, 5-16 3 
operation caused by routine operation and program for 
perodic testing and adjustment results in this mechanism 
rubbing surfaces, binding of linkages, 
erosion of contacts and metal surfaces, 
burning of arc chutes, and loss of 
adjustment.  
Drifting of the electronic setpoint can Not stated Calibration, No specific Not stated 4-21,5-1 4 
cause misoperation or component failure, operational program for 

surveillance this mechanism 
Continuous load coupled with poor Not stated Cleaning, visual Vendor specific Not stated 4-22, 5-15 5 
contact mating, and fault currents can inspection programs 
cause deterioration of contact support 
insulation, and possible phase-to-ground 
faults 
Damage to contacts and arc chutes Not stated Cleaning, visual Vendor specific Not stated 4-22, 5-15 6 
occurs regularly due to normal fault inspection programs 
interruption.  
Coil heating due to continuous, long-term Not stated Cleaning, visual Vendor specific Not stated 4-22, 5-15 7 
energizing of the coil, causing material inspection programs 
degradation due to accelerated chemical 
reactions/reduced dielectric strength.  
Temperature and moisture create Not stated Visual inspection Vendor specific Not stated 4-19, 5-14 8 
environmental stresses on transformers programs 
which could result in corrosion of the 
windings. A reduction of the dielelctric 
strength or insulation resilience may 
occur, causing the transformer to 
ultimately fail.  
Temp and moisture create environmental Not stated visual inspection, on- Vendor specific Not stated 4-19,5-15 9 
stresses, and deposited contaminants line monitoring programs 
may affect electronics such as printed 
circuit boards, resistors, and capacitiors, 
resulting in corrosion of these 
components, which may lead to 
open/short circuits at the termin 
Corrosion can result in high contact Not stated Cleaning, visual No specific Not stated 4-19, 5-16 10 
impeadance, heat build-up, and signal inspection program 
transmission failure.  
Corrosion can result in high contact Not stated Cleaning, visual No specific Not stated 4-19, 5-14 11 
impeadance, heat build-up, and signal inspection program 
transmission failure.  
Corrosion can result in high contact Not stated Cleaning, visual No specific Not stated 4-19, 5-1 12 
impeacdance, heat build-up, and signal inspection program 
transmission failure 
Fati ut due to him h c- i o r ati n - KIM .J- + A 1• -_. . ... . . _-., .. . .

vibration, resulting in contact degradation, 
oose connections, reduced force output 
and component failure.

e CUI IrnJ,.oUUn, 

vibration observation, 
IR scan

vendor speciic 
surveillance

NOt stated 4-20, 5,- 1E



Table A.2 Gall Report for NPAR Reports Page 41A

Document: SAN D93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL Item Systm trcture/COmD Subcomrnonert Muterial. Uammlfm~hi.. A~~ ADEh________________ . n mnk.l... .s~ A-h .. u-.a

14 Battery Chargers, Relay Not stated Not stated FAT Cumulative falique Inverters, & UPS's damage 

1i Battery Chargers, Potentiometer Not stated Not stated FAT Cumulative fatique 
Inverters, & UPS's damage 

116 Battery Chargers, Switches Not stated Not stated WEAR Attrition 
Inverters, & UPS's 

17 Battery Chargers, Relay Not stated Not stated WEAR Attrition 
Inverters, & UPS's 

18 Battery Chargers, Potentiometer Not stated Not stated WEAR Attrition 
Inverters, & UPS's 

is Battery Chargers, Potentiometer Not stated Not stated ENVIRO Chemical or physica 
Inverters, & UPS's degradation 

20 Battery Chargers, Surge Suppressors Not stated Not stated ENVIRO Chemical or physical 
Inverters, & UPS's degradation 

21 Battery Chargers, Circuit Boards Not stated Not stated ENVIRO Chemical or physical 
Inverters, & UPS's degradation 

22 Battery Chargers, Electronics Not stated Not stated ENVIRO Chemical or physical 
Inverters, & UPS's degradation 

23 Battery Chargers, Electronics Not stated Not stated CORR Loss of material; 
Inverters, & UPS's corrosion product 

buildup 

24 Battery Chargers, Wire Not stated Not stated CORR Loss of material; 
Inverters, & UPS's corrosion product 

buildup 

25 Battery Chargers, Cooling Fans and Not stated Not stated CORR/OX Loss of material; 
Inverters, & UPS's Cooling Fan Motors corrosion product 

buidup;inbrrial 
damage

Inverters, & UPS's
NO[ 5ratg NOt stated CORR/OX Loss of material; 

corrosion product 
buildup;internal 
damage

•ICL&IIB IUt



Document: SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies Reviewed by: Michael W. Vaughn, INEL Effect of Aging on Comnent Function Contrib to Failure Reported prs Rel.--ogs Reart Recommendations Page No. Iam -atigue due to high cyclic operation and Not stated Tactile inspection, Vendor specific Not stated 4-20, 5-1 14 vibration, resulting in contact degradation, vibration observation, surveillance loose connections, reduced force output IR scan 
and component failure.  Fatigue due to high cycic operation and Not stated Tactile inspection, Vendor specific Not stated 4-20,5-1 15 vibration, resulting in contact degradation, vibration observation, surveillance loose connections, reduced force output IR scan 
and component failure.  Physical deterioration due to the cyclic Not stated Tactile inspection No specific Not stated 4-21,5-1 16 operation caused by routine operation and program periodic testing and adjustmenL results in 
rubbing surfaces, binding of linkages, 
erosion of contacts and metal surfaces, 
burning of arc chutes, and loss of acl stment 
Physical deterioration due to the cyclic Not stated Tactile inspection No specific Not stated 4-21,5-1 17 operation caused by routine operation and programrpeenodic testing and adjustment results in 

rubbing surfaces, binding of linkages, 
erosion of contacts and metal surfaces, 
burning of arc chutes, and loss of 
adjustment.  Physical detenora on due to the cyclic Not stated Not discussed in No specific Not stated 4-21,5-1 18 operation caused by routine operation and report program penodic testing and adjustnent, results in 
rubbing surfaces, binding of linkages, 
erosion of contacts and metal surfaces, 
burning of arc chutes, and loss of 
adjustmentI Drilfing of the setpoint can cause Not stated Calibration, Tech IEEE 308-1980 Not stated 4-21,5-11 19 misoperation or componenet failure. Spec, I/0 logging, Section 7, Tech 

0 uut Spec surveil.  Drilting of the electronic setpoint can Not stated Calibration No snocific Not •tt,-,-.
I.se miroperabon or componenet ail~ure.  
D rittig of the electonic setpo-int -can 

cause misoperation or componenet 
sure.  
Drimng of the electronic setpoint can 
cause misoperation or componenet failure.  

Temp and moisture create environmental 
stresses, and deposited contaminants 
may affect electronics such as printed 
circuit boards, resistors and capacitors 
desulting in corrosion of the components, which• may lead to open/short circuits at 
Ithe terminals.  

Temp and moisture create environmental 
stresses, and deposited contaminants 
may corrode shields or conductor strands 
terminations, etc. eventually causing 
fanlure of the csicuit due to overheating or 
diemectric insulation breakdown 

"Temp and moisture create environmental 
stresses, and deposited contaminants 
may oncrease contact resistance.  
Vibration can promote loosening connectons resulting in localized heating 
lncd more oxidation.  
i emn and moisture cr• eate environmental'

ýstresses, and deposited contaminants 
may Over tirme can degrade and give way 

to Oidaton crroion.

Not stated 

Nýot ýstated 

Not stated

Not stated

Not stated

Calibration, Tech 
Spec, I/0 logging, 
output 
Calibration, Tech 
Spec, I/O logging, 
output 
Visual inspection, 
output

program 

Tech Spec. Not stated 
required 
surveillance 
Tech Spec. Not stated 
required

surveillance 
Vendor specific 
programs

Visual inspection, No specific 
output program

Vis 

Vis

;ual inspection

uaJ inspection

IEEE 334-1974 
Section 14.2.3 

No specific 
program

Not stated

Not stated

Not stated

Not stated

F
4-21, 5-15 20 

4-21,5-15 21 

13'1 
=

4

4-1 

4-1

19, 5-1 223

9,5-16 2 4

Table A.2 Gall Report for NPAR Reports

9, 5-16 25

D, 5-17f-26

Page 41B

4 I I 1=



Page 42A
Table A.2 Gall Report for NPAR Reports

Document: SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 

Reviewed by: Michael W. Vaughn, INEL 
-I^ Q-kI. n t U#terials M ufanut tur ARD mechanism ARD effects

27 Battery Chargers, Transforrr Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

28 Battery Chargers, Inductors Not stated Not stated FAT Cumulative fatigue 

Inverters. & UPS's damage 

29 Battery Chargers, Capacitor Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

30 Battery Chargers, SCR's Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

31 Battery Chargers, Diodes Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

32 Battery Chargers, Surge Suppressors Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

33 Battery Chargers, Circuit Boards Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

34 Battery Chargers, Electronics Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage 

35 Battery Chargers, Wire Not stated Not stated FAT Cumulative fatigue 

Inverters, & UPS's damage

Battery Chargers, 
Inverters, & UPS's

Cooling Fans and 
Cooling Fan Motors

damulauvg eaugue 
damage

r'-I,Not stae NOtstated



Table A.2 Gall Report for NPAR Reports Page 42B 

Document- SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL Effect of Agincl on Component Furtilon tnnthib in FniIlim flhdl....4t- ---- '------- 

.t" • nui• ............. ge N .ite
-~~~FY -eprg nao R..............---I,=,IV ecommendations Pg o e "High frequency vibration caused by Not stated Tactile/audible Vendor specific Not stated 4-20, 5-14 27 ferromagnetic resonance can cause inspection, vibration program 

fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular rnaint aso 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible Vendor specific Not stated 4-20, 5-14 28 ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular malnt also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible Vendor specific Not stated 4-20, 5-1 29 ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible No specific Not stated 4-20, 5-1 E 30 
ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible No specific Not stated 4-20, 5-15 31 ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible No specific Not stated 4-20, 5-15 32 
ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
,conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible Vendor specific Not stated 4-20, 5-15 33 ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactile/audible Vendor specific Not stated 4-20, 5-15 34 ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  
High frequency vibration caused by Not stated Tactle/audible No specific Not stated 4-20, 5-16 35 
ferromagnetic resonance can cause inspection, vibration program 
fatigue resulting in loose parts, open observation, IR scan 
circuits causing loss of signal or sporatic 
operation. Regular maint also 
moves/bends wires/connectors causing 
conductor or insulation failure.  Vibration induced fatiiiim in mntnr, mrn,,n• F'hJt •tt: "1•-•^• ,•I,^ . '- . .. . . .

can occur due to improper sheave 
alignment and dynamic imbalances.

I C•~UIWJUJ tflv 

inspection, vibration 
observation, IR scan

Section 334-1474 
Section 14.2.3 NOt stated 4-20,5-17 36



Table A.2 Gall Report for NPAR Reports Page 43A 

Document SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers. Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL 
Item System Structure/Comn SubcomDonent Matmrial u..sf.... Anf% --. _E__=__ M,9,J .....

37 Battery Chargers, Cooling Fans and Not stated Not stated WEAR Attrition 
Inverters, & UPS's Cooling Fan Motors 

38 Battery Chargers, Transformer Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR or physical changes 

39 Battery Chargers, Inductors Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR or physical changes 

4C Battery Chargers, Capacitor Not stated Not stated THERM-CY, Deterioration of Inverters, & UPS's ELETEMP, insulation, chemical 
VOLSTR, CURSTR or physical changes 

41 Battery Chargers, Diodes Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR or physical changes 
42 Battery Chargers. Surge Suppressors Not stated Not stated THERM-CY, Deterioration of 

Inverters, & UPS's ELETEMP, insulation, chemical 
VOLSTR, CURSTR or physical changes 

43 Battery Chargers, Circuit Boards Not stated Not stated THERM-CY, Deterioration of Inverters, & UPS's ELETEMP, insulation, chemical 
VOLSTR, CURSTR or physical changes 

44 Battery Chargers, Electronics Not stated Not stated THERM-CY, Deterioratbon of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR or physical changes 

45 Battery Chargers, SCR's Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR or physical changes 

46 Battery Chargers, Switches Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR or physical changes 

47 Battery Chargers, Wire Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR, or physical changes 
EMBR 

48 Battery Chargers, Cooling Fan Motors Not stated Not stated THERM-CY, Deterioration of 
Inverters, & UPS's ELETEMP, insulation, chemical 

VOLSTR, CURSTR, or physical changes 
EMBR 

49 Battery Chargers, Transformer Not stated Not stated CONTAM Buildup of deposits; 
Inverters, & UPS's loss of desired 

surface properties 
50 Battery Chargers. Inductors Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties

Inverters, & UPS's
I'IUL SWL No1 stated CONTAM

Buildup of deposits; 
loss of desired surface properties



Table A.2 Gall Report for NPA. Report Page 43B 
Document: SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies Reviewed by: Michael W. Vaughn, INEL EfftAngonCompnnt Function Contrib to Failure Reported ..o.s Rel..r.g Reort Rcm
Snatts and bearings are susceptible to 
normal wear, and wear due to 
misalignment imbalances, and inherent 
eccentricity of the rotor. On dc motors, 
brushes and commutators are also 
subject to wear.  
Overvoltage or tun-to-turn shorts can 
cause high internal tempreratures, 
causing insulation to fail, causing local 
heating and deterioration of material 
resultin in dielectric failure.  
Overvoltage or turn-to-turn shorts can 
cause high internal tempreratures, 
causing insulation to fail, causing local 
heating and deterioration of material 
resulting in dielectic failure.  
Overvoltage can cause voltage stress 
causing loss of capacitance, breakdown 
of dielectric.

!Not stated

1Not�tated 1

Not statedI

Noise observation

Cleaning, 
visual/tactile/audib 
inpection 

Cleaning, 
visual/tactile/audib 
inpection

Cleaning, visual 
inspection, 
measuement, part

• - .... 'll .ationsalU N . Item

ble 

le

jeer ,,�, �-. I zrzzr���- -a�� -

Section 14.2.3

vonur speciic 
program

venoor specific 
program

rogram

Not stated

NOt stated

Not stated

!Not stated

4-21, 5-17

4-22, 5-14

4-22, 5-14

4-22, 5-144-

p ~acement I ~II Heat due to overcurrent conditions and Not stated Cleaning, visual Vendor specific Not stated 4-22, 5-15 41 internal stresses can cause dielectric inspection, program breakdown resulting in change in output temperature & signal. I input/output Heat due to overcurrent conditions and Not stated Cleaning, visual No specific Not stated 4-22, 5-15 42 interma stresses can cause dielectric inspection, program 
breakdown and misoperation or failure of temperature & Ithe device. 

input/output Heat due to overcurrent conditions and Not stated Cleaning, visual Vendor specific Not stated 4-22.5-15 43 internal stresses can cause dielectric inspection, program breakdown and misoperaton or failure of temperature & components, open/shorts of circuits, input/output Heat due to overcurrent conditions and Not stated Cleaning, visual Vendor speific Not stated 4-22, 5-1 44 internal stresses can cause dielectric inspection, program 
breakdown and misoperation or failure of temperature & components, open/shorts of circuits. input/output Heat due to overcurrent conditions and Not stated Cleaning visual Veando".rr s,, kI,,-, *,..* ....
intemaJ stresses can cause dielectric 
breakdown and misoperation or failure of components, ooen/shorts of circuits

inspection, 
temperature &

.. . IuuouUtput 
Heat due to overcurrent conditions and Not stated Cleaning, visual 
normal operations, and due to contact inspection, resistance, can cause dielectric temperature logging 
breakdown of supports and insulation, 
and misoperation or failure of 
components.  
Thermal effects on wire and cable leading Not stated Cleaning, visual 
to embrittiement, and insulation failure. inspection, 
Ohmic heating and heat from surrounding temperature & environment degrades insulation, resulting input/output 
in short circuits.

•a d•[ ue to overcurretl conditions and 
normal operations, can cause dielectric 
breakdown and failure.

Fouling due to accumulation of insects, 
dirt, and dust, can reduce heat 
dissipation, cause overheating, and 
eventual failure of components.
Fouling due to accumulation of insects, 
dirt, and dust, can reduce heat 
dissipation, cause overheating, and 
eventual failure of components.
Fouling due to accumulation of insects, 
dirt, and dust, can reduce heat 
dissipation, cause overheating, and 
eventual failure of components.

Not stated

-I...Not stated

No40 StaedO

Cleaning, visual 
inspection, 
temperature & 
inp ut/output

inu/otuCleaning, visual 
inspection

-K.C eaning, visuaJ 
inspection

-I 4.. 1
Not stated Cleaning, visual 

inspection

program 

No specific 
program 

No specific 
program 

IEEE 334-1974 
Section 14.2.3

Vei 
pro 

Ver 
pro

f

ndor specfic 
grams

ndor specific 
grams

No specific 
programs

4-,2, 5-I..

Not stated 4-23, 5-16 4

Not stated 4-23 4

Not stated 4-23, 5-161 4

Not stated 4-23, 5-14 49

Not stated 4-23, 50

Not stated
4-23, 5ý-1

40

_+

7 

8

45 

•6 

7

Not stated
Noise observation

!

I

No specific 
programs

7

ý

INot stated

Not sta•te 3 

4
Not stated

otsaed



Document: SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL 
i.- •8. *- ..- dP-- - O. ....... i=,. ..1. 1 S I..4•.h . ... Afl•, m~hnn.kim & I: .ffmtr

Transtorrner MetJ Enclosure 
(Tank) and Cover

IOS Osso material; 
corrosion product 
buildup

2

Page 44ATable A.2 Gall Report for NPAR Reports

lum OIM StruchrwC.•nup bUDCJOMPJJMMJ itvJJU-J a ~ ll~il~ill JtvIlllel "" '

52 Battery Chargers, Diodes Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

53 Battery Chargers, Capacitor Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

54 Battery Chargers, Surge Suppressors Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

55 Battery Chargers, Circuit Boards Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

56 Battery Chargers, Electronics Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

57 Battery Chargers, Wire Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

58 Battery Chargers, Relay Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

59 Battery Chargers, Circuit Breakers Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

60 Battery Chargers, Switches Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

61 Battery Chargers, Potentiometers Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

62 Battery Chargers, Cooling Fan Motoers Not stated Not stated CONTAM Buildup of deposits; 

Inverters, & UPS's loss of desired 
surface properties 

63 Battery Chargers, Relay Not stated Not stated LOSLUB Viscosity change, 
Inverters, & UPS's loss of lubricicty 

64 Battery Chargers, Circuit Breakers Not stated Not stated LOSLUB Viscosity change, 
Inverters, & UPS's loss of lubricity 

Document: SAND93-7068, Aging Management Guideline Ior Commercial Nuclear Power Plants - Power and Distribution Transformers 
Reviewed by: Michael W. Vaughn, INEL 
Item System Structurs/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Transformer Metal Enclosure Low-alloy steel Not stated ENVIR Chernical/physical 

(Tank) and Cover I ___Cg_______

LOW-alloy steel Not0 stated . LIUMM



Table A.2 Gall Report for NPAR Reports Page 4B

Document: SAND93-7046, Aging Management Guideline for Commerical Nuclear Power Plants - Battery Chargers, Inverters and Uninteruptable Power Supplies 
Reviewed by: Michael W. Vaughn, INEL Effect of AQina: on Component Function C~nnh ib t n i=Jihm D~i --- .-- O,4 D I 
_____________________________-- *. rrn n~..,..m.. u_,_ *Lf- ,--

Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23, 5-15 52 
dirt, and dust can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual Vendor specific Not stated 4-23, 5-1 53 dirt, and dust, can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23,5-15 54 
dirt, and dust can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual Vendor specific Not stated 4-23, 5-15 55 dirt, and dust, can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23, 5-15 56 
dirt, and dust, can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23, 5-16 57 
dirt, and dust, can reduce heat inspection programs 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual Vendor specific Not stated 4-23, 4- 58 dirt, and dust can reduce heat inspection programs 24, 5-14 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated CAeaning, visual Vendor specific Not stated 4-23,4- 59 dirt, and dust can reduce heat inspection programs 24. 5-15 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23, 4- 6C dirt, and dust can reduce heat inspection programs 24, 5-16 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual No specific Not stated 4-23, 4- 61 dirt, and dust can reduce heat inspection programs 24, 5-16 
dissipation, cause overheating, and 
eventual failure of components.  
Fouling due to accumulation of insects, Not stated Cleaning, visual IEEE 334-1974 Not stated 4-24, 5-17 62 dirt, and dust, can reduce heat inspection SECTION 
dissipation, cause overheating, and 14.2.3 
eventual failure of components.  
Material set occurs when the organic Not stated Tactile inspection, Vendor specific Not stated 4-24,5-14 63 
materials used as lubricants in those operational programs 
subconponents harden, gel, or adhere to 
acdacent materials, which can cause 
binding of the devices, resulting in faulty 
operation.  
Material set occurs when the organic Not stated Tactile inspection, Vendor specific Not stated 4-24, 5-14 64 materials used as lubricants in those operational programs 
subconponents harden, gel, or adhere to 
acdacent materials, which can cause 
binding of the devices, resulting in faulty 
,operation.  

Document- SAND93-7068, Aging Management Guideline for Commercial Nuclear Power Plants - Power and Distribution Transformers 
Reviewed by: Michael W. Vaughn, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.proas Report Recommendations Page No. Item Chipping, cracking, or peeling of the Not stated Visual inspection, Vendor specific Not stated 4-7 5-3 enclosure's protective coating cleaning, pressure surveillance, 5-15 

-testing IEEE 308-1980
v1r op uo an 

corrosion
INut SiAOUu VIsUaJ inspection, 

cleaning, pressure 
testing

vendor specific 
surveillance, 
IEEE 308-1980

Not stated 4-7, 5-3, 
5-15

2
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Transformer Metal Enclosure Low-alloy steel Not stated ENVIR, EMBR Deterioration of 
(Tank) and Cover organic components 

4 Transformer Metal Enclosure Low-alloy steel Not stated FAT Cumulative damage 
(Tank) and Cover from cyclic vibration 

or thermal stress 
5 Transformer Primary and Not stated Not stated ELETEMP Chemical or physical 

Secondary degradation: thermal 
Windings, Liquid- distortion 
Immersed 6 Transformer Primary and Not stated Not stated VIBR, VOLSTR, Loosening, reduced 
Secondary EXFORCE tolerances, distortion Windings, Liquid- or bending 
Immersed 

7 Transformer Primary and Not stated Not stated ELETEMP Chemical or physica 
Secondary degradation; thermal 
Windings, Dry-Type distortion 

8 Transformer Primary and Not stated Not stated VIBR, VOLSTR, Loosening, reduced 
Secondary EXFORCE tolerances, distortion 
Windings, Dry-Type or bending 

9 Transformer Magnetic Core Not stated Not stated VIBR, MECHSTR, Loosening, 

EXFORCE distortion, 
deterioration of mect 
function 

10 Transformer Magnetic Core Not stated Not stated EMBR/TE Loss of fracture 

toughness 

11 Transformer Insulation Not stated Not stated ELETEMP, Chemical or physical 
VOLSTR degradation, 

degradation of 
insulation 

12 Transformer Insulation Not stated Not stated MOIST-EL, Loss of dielectric 
CONTAM properties, buildup o 

deposits 

13 Transformer Insulation Not stated Not stated Not stated High acidity resulting 

in more water 
retention 

141 Trannsfnvmni
*1OJL StOLWU Not~ stated -,OH R/OX Loss of material; 

corrosion product 
buildup;internal 
damage

A •i • A

S.... VWVl IIW•



Document SAND93-7068, Aging Management Guideline for Commercial Nuclear Power Plants - Power and Distribution Transformers Reviewed by: Michael W. Vaughn, INEL Effect of Aging n Cornonent Funct Contrib to Failure Reported progs Rel._s R _rt Recommendations P ae No. Item Gaskets and other organic seals used in Not stated Visual inspection, Vendor specfic Not stated 4-7,5-15 3 construction of the enclosure degrade due cleaning surveillance, to exposure to heat ultraviolet radiation, IEEE 308-1980 
moisture, or chemicals, while under 
mechanical stress or compression.  
polymeric seal materials embrittie and 
harden 
Can affect areas of high local stress such Not stated visual inspection, Vendor specific Not stated 4-7,4-8 4 a welds, tank edges, etc., resulting in tank cleaning, pressure surveillance, 5-3,5-15 leaks (oil or gas-filled units) and testing IEEE 308-1980 potentially a loss of structural intergrity.  May induce accelerated doegradation of Not stated Electrical testing, Vendor specific Not stated 4-8,5-4, 5 surrounding organic materials. 5i-.1 .

Movement and vibration allow windlings -to 
change ctearances/tolerances required for 
maintaining satisfactory dielectric 
strength, which can result in dielectrc 

breakdown and localized discharge. Can 
cause mechanical stress on electrical 
connections 

oMay ini•ge acceleatued tobradation of 
surrounding organic materialsi 
Degradation of winding conductor connections due to high resistance 

connections causing localized heating.  
Movement and vibration allow winding to change Clearances/tolerances required for 

maintning satisfactory dielectric 
strengthA which can result in oeilectr c 
breakdown and r ocalized dischargea Can 
losse cause in swaess on electurcao 
,connections.  
Loosining of the core due to vibra.on, 
shock, or severe elcttycal transients, can 
cause wear or deterioration of the 
insulasion once dislocation occurs may 
lead to sufficient insulation damage to 
allow electrical failure 
A result of relagely hogh psermal 
exposure resulting from core and winding 
losses, causing weakening or failure of 
the laminations, causing increase ededy 
currents and core losses.  
Pdartia or localized breakdown of the 
dielectiic capacity of the material, which 
may in turn produce other eletenous 
effects such as .t formation of additional 
teous byproducts, decomposition of 

ihe surrounding insulating fluid.  Particulates contaminants and moisture 1, 

Fay result in blockage of pansigea 
leading to h ot sptss. Chemical oontamniants may have adverse effects 

on ete material properties, water reduces dielectric strength causing partial 

adicharfe or doelectic breakdown 
High acidity results in more water being N hold in solution and therefore reduced 
dielectric strength. Also affects the 
deterioration and decomposition of solid 
insulating materials reducing the dielectric 
strenth 
Formatio of sludge which can impead 'N 

circulation creating hot spots. Dielectric 
properties associated with the sludge may 
also differ. oxygen will also increase the 
acidity of the insulating fluid

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

Not stated 

ot stated 

•ot stated 

ot stated

pe, III .UU| I, 

cleaning

Electrical testing, visual inspection, 
cleaning 

Electrical; testing, 
visual inspection, 
cleaning 

F.ieclticaJtesting, 
visual inspection, 
cleaning 

Electrical testing, 
visual inspection 

Electrical testing, 
visual'inspection 

Sampling, and 
analysis, cleaning,s 
rep)lacement I 

Sampling and 
analysis, cleaning, s 
replacement II 

Sampling and V 
analysis, cleaning, sl 
rep)lacement IE 

Sampling and V, 
analysis, cleaning, st 
replacement IE

Surve!llance, 
IEEE 308-1980

Vendor specific 
surveillance, 
IEEE 308-1980

Vendor specific 
surveillance, 
IEEE 308-1980

Vendor specific 
surveillanlce, 

IEEE 308-11980 

Vendlor specific 
surveillance, 
IEEE 308-1980 

Vendor specific 
surveillance, 
IEEE 308-1980 

Vendor specific 
surveillance, 
EEE 308-1980 

fendor specific 
;urveillanoe, 
EEE 308-1980 

lendor specific 
urveillance, 
EEE 308-1980 

endor seii 
urveillanoe, 
EEE 308-19i80

Not stated

NOt sateda

Not stated

5-15

4-9, 5-4, 
5-15

4-9, 5-4.  
5-15

4-9.5-4,
5-15

6

7

8

Not stated 14-10, 5-4 9

Not stated 

Recommended laboratory and/or in
situ analysis to detect impending 
breakdown of dielectric [2] 

Recommended laboratory arcl/or in

situ analysis to detect impending 
breakdown of dielectric [2] 

Recommensed lboratory andotor in
situ analysis to detect impending 
breakdown of dielectric [2] 

HeomendJed laboratory and/or in
suaayfsis to detect impending 

breakdown of dielectric [2] 1

5-15

11
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4-10,4
11, 5-4, 5
15 

T4-11 5-5, 
5-15,.5-22 

4-12, 5-5.  
5-16, 5-22 

4-12, 5-5,, 
5-16, 5-22

141
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ARD effects

15 Transformer Insulation Not stated Not stated ELETEMP Chemical or physical 
degradation; thermal 
distortion 

16 Transformer Bushings Not stated Not stated THERM-CY Degradation due to 
exposure to 
elements and tamp 

I _cycles 

17 Transformer Bushings Not stated Not stated CONTAM Buildup of 
deposits:loss of 
desired surface 
properties 

18 Transformer Bushings Not stated Not stated ENVIRO Chemical or physica 
degradation 

19 Transformer Bushings Not stated Not stated VOLSTR Dielectric stress 
causing degradation 
of insulation 

20 Transformer Cooling System, Not stated Not stated FAT, WEAR Attrition and 
Liquid-Immersed cumulative fatigue 
and Dry-Type damage over time 

21 Transformer Cooling System, Not stated Not stated CONTAM Buildup of deposits; 
Uquid-Immersed loss of desired 
and Dry-Type surface properties 

22 Transformer Oil Preservation and Not stated Not stated ENVIRO, ELETEMP Chemical or physica 
Sampling System degredation 

23 Transformer Oil Preservation and Not stated Not stated WEAR Attrition 
Sampling System 

24 Transformer Tap Changers Not stated Not stated WEAR Attrition 

25 Transformer Tap Changers Not stated Not stated VIBR, MECHSTR Loosening, 
deterioration of 
mechanical function 

26 Transformer Tap Changers Not stated Not stated ELTEMP, THERM- Chemical or physical 
CY degradation, 

insulation 
deterioration 

27 Transformer Protection and Not stated Not stated ENVIRO, EMBR Chemical or physical 
Monitoring Systems degradation, loss or 

fracture toughness 

28 Transformer Protection and Not stated Not stated THERM-CY Deterioration of 
Monitoring Systems insulation

Page 46A
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S. . -. .. r,, r n O rleau Pr u, ne,.pro as neporn Recom menaations Page No. Item The elevated temperatures cause thermal Not stated Visual inspection, Vendor specific Not stated 4-13,5-7, 15 deterioration and dielectric breakdown insulation resistance surveillance, 5-16 
testing, clean IEEE 308-1980 

Breakdown of gaskets and seals, and all Not stated Visual inspection, Vendor specific Manage bushing fiashover by 4-14, 5-7, 16 
organic materials due to heat caused by power factor testing, surveillance, controling airborne dust and/or salt 5-16, 5-22 current in the conductor, solar radiation, cleaning IEEE 308-1980 spray accumulation in combination 
etc. I with rain/humidity (2]) The combination of dirt, dust, salt, and Not stated Visual inspection, Vendor specific Not stated 4-14, 5-7, 17 
other contaminants, alone or with water or power factor testing, surveillance, 5-17 
other liquid can form a conductive path cleaning IEEE 308-1980 
leading to flashover of the bushing. 

I Factors such as ultraviolet radiation, Not stated Visual inspection. Vendor specific Not stated 4-14,5-7, 18 humidity, etc. can cause degradation over power factor testing, surveillance, 5-17 time cleaning IEEE 308-1980 
Improper storage or loss of insulating oil, Not stated Visual inspection, Vendor specific Not stated 4-14, 5-7, 19 or voltage transients, can degrade the power factor testing, surveillance, 5-17 
dielectric properties. Dielectric stress cleaning IEEE 308-1980 
from potential gradient between the 
central conductor and other surfaces.  
Beanngs and other parts wear over time Not stated Visual inspection, Vendor specific Not stated 4-15,5-8, 20 due to friction and other stresses placed monitor, adjust, surveillance, 5-17 
on them. This is accelerated by such lubricate, clean IEEE 308-1980 
stresses as frequent motor starting and 
stopping, undue vibration or 
transverse/longitudinal load placed on the 
driven unit 
Fouling of heat transfer surfaces such as Not stated Visual inspection, Vendor specific Not stated 4-16,5-8, 21 radiators due to dirt, debris, or other monitor, clean surveillance, 5-17 
materials IEEE 308-1980 
Elevated temperatures and exposure to Not stated Visual inspection, Vendor specific Not stated 4-16, 5-9, 22 the elements can cause thermal and wear adjust surveillance, 5-17 degradation to components. repairkeplace, clean IEEE 308-1980 
Wear to components such as sampling Not stated Visual inspection, Vendor specfic Not stated 4-17, 5-9, 23 
and isolation valves, fittings, and pressure adjust, surveillance, 5-18 reglating valves, can result in leakage of repair/replace, clean IEEE 308-1980 
fluids, binding and/or malfunctioning of 
devices.  
Wear to components due to friction. Not stated Visual inspection, Vendor specific Not stated 4-18, 5-9, 24 

adjust, surveillance, 5-18 
repairkeplace, IEEE 308-1980 
lubricate, clean 

Vibration and mencanicaJ stresses can Not stated Visual inspection, Vendor specific Not stated 4-18, 5- 25 result in a loss of adjustment in parts adjust, surveillance, 10, 5-18 
repair/replace, IEEE 308-1980 
lubricate, clean 

Degradation of organic insulating Not stated Visual inspection, Vendor specific Not stated 4-18,5- 26 materials in motor windings, insulators on adjust surveillance, 10, 5-18 
main contacts, and materials used in repair/replace, clean IEEE 308-1980 
related electrical components which can 
"reduce their dielectric as well as 
mechanical properties.  
Degradation of organic materials used to Not stated Visual inspection, Vendor specific Not stated 4-19, 5- 27 seal the relay, can embrittle and harden functional testing surveillance, 11, 5-18 
the gaskets allowing leakage, possibly IEEE 308-1980 
leading to the component failure.  
Repeated heating and cooling of the Not stated Visual inspection, No specific Not stated 4-20, 5- 28 temperature indicator elements due to functional testing program 10.5-19 
load variation induces thermal stresses 
which may eventually result in open-circuit 
failure of the element.
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1 Motor Control Center Motor Not stated GE, Westinghouse, THEM-CY, EMBR Loss of electrical 
C-H, KM and mechanical 

properties of 
insulator 

Motor Control Center Motor Not stated GE, Westinghouse, MOIST-EL, Loss of surface 
C-H, KM CONTAM, ENVIR insulating properties 

3 Motor Control Center Motor Not stated GE, Westinghouse, MOIST-EL, Loss of volumetric 
C-H, KM CONTAMI, ENVIR insulating properties 

4 Motor Control Center Motor Not stated GE, Westinghouse, WEAR, CORR/OX, High resistance 
C-H, KM CONTAM electrical 

connections 

5 Motor Control Center Motor Not stated GE, Westinghouse, MECHSTR, VIBR Loosening/loss of 
C-H. KM fasteners 

6 Motor Control Center Molded-Case Circuit Case-phenolic or GE, Westinghouse, CURSTR Contact surface 
Breakers glass polyester, C-H, KM deteriomron 

contact- silver or 
tungsten 

7 Motor Control Center Molded-Case Circuit Case-phenolic or GE, Westinghouse, FAT, MECHSTR Fatigue of various 
Breakers glass polyester, C-H, KM circuit breaker 

contact- silver or components 
tungsten 

.8 Motor Control Canter Molded-Case Circuit Case-phenolc or GE, Westinghouse, WEAR, CONTAM Wear of internal 
Breakers glass polyester, C-H, KM components 

contact- silver or 
tungsten 

9 Motor Control Center Molded-Case Circuit Case-phenolic or GE, Westinghouse, ELETEMP, Loose or high 
Breakers glass polyester, C-H, KMI CORR/OX, VIBR resistance elect 

contact- silver or connections or 
tungsten terminations 

10 Motor Control Cante Molded-Case Circuit Case-phenolic or GE, Westinghouse, CURSTR Thermal tip setpoint 
Breakers glass polyester, C-H, KM variations 

contact- silver or 
tungsten 

11 Motor Control Centes Molded-Case Circuit Case-phenolic or GE, Westinghouse, CONTAM, ENVIR Deterioration of 
Breakers glass polyester, C-H, KM lubricants 

contact- silver or 
tungsten 

1M tnr Contrnol C nter L4nI;, 'LC..- 0 -ir- t l- . - .

Breakers glass polyester, 
contact- silver or 
tungsten

'., vvesungnouse, 
C-H, KM

ENVIl Current limiting fuse 
failure

ADrt a•,Fa•.t•

S....... WI IWVI •ll•D
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xposure to ambient tamps and ohmic Not stated Various - Vendor specific Not stated 4-4, 4-5, 

heating can lead to loss of insulating recomrnendations programs 5-15 
properties and thernmally induced made for 
cracking. This has the potential of maintenance 
causing a flashover of the component 
insulation and loss of structural integrity.  

insulation that is dirty or deteriorated and recommendations programs 5-15 
cause surface tracking paths on the made for 
insulator. This can lead to flashover. maintenance 
Simultaneous exposure of thermally Not stated Various No specific Not stated 4-6, 4-7, 3 
detenorated insulation to temp, voltage, recommendations program for 5-15 
humidity, dirt and contaminants can result made for this 
in loss of volumetnc insulating properties, maintenance subcomponent 
leading to increased surface and 
volumetric leakage currents and possible 
flashover 
Poor mating surface contact or sharp Not stated Various Vendor specific Not stated 4-5, 4-8, 4 
bends/current flow restrictions near recommendations program 5-15 
crimps or terminations can cause high made for 
resistance elec connections which can maintenance 
result in excessive heating and potentially 
fire.  
Over-torquing of fasteners, and fasteners Not stated Various Vendor specific Not stated 4-8, 5-15 5 loosened by vanous extemnal stresses recommendations program 
(non-seismic) could cause loss of made for 
structural integrity or affect electrical maintenance 
connections.  
High temps that accompany fault currents Not stated Various No specific Not stated 4-9, 5-15 6 
may cause contact material to vaporize, recommendations program for 
inducing a loss of contact surface material made for this 
and pitting. This could cause the maintenance subcomponent 
contacts to bum or weld together and 
result in breaker failure.  
Cyclic stress can cause fatigue failure of Not stated Various No specific Not stated 4-9, 5-15 7 
various circuit breaker components such recommendations program for 
as contact assembles, operating made for this 
mechanisms, breaker housing. Fatigue maintenance subcomponent 
may be evidenced by progressive 
cracking and ultimate failure of the 
component.  
Inadequate or degraded lubncation, Not stated Vanous No specific Not stated 4-9. 5-15 8 
normal component wear, or wear caused recommendations program for 
by contaminants (from other degraded made for this 
material or from external sources) can maintenance subcomponent 
cause the breaker to malfunction.  
Operation of the breaker and non-seismic Not stated Various No specific Not stated 4-9, 5-15 9 
vibration cause loose connections. recommendations program for 
oxidation or contamination of contact made for this 
surfaces and sharp bends in wiring near maintenance subcomponent 
terminations can cause high resistance 
connections. These can cause excessive 
heatinr or fire.  
Exposure to fault currents can cause Not stated Vanous No specific Not stated 4-10,5-15 10 
variations in the thermal trip setpoint of a recommendations program for 
circuit breaker. This can cause the CB to made for this 
tip at progressively lower current levels, maintenance subcomponent 
potentially causing nuisance tripping. _ 

Contamination, aging, evaporation, and Not stated Vanous No specific Not stated 4-10, 5-1 11 
ambient temperatures can cause recommendations program for 
lubricants to deteriorate. this can slow or made for this 
completely prevent operation of a breaker. maintenance subcomponent

-uses usgraus s1tWy over lime Unul 
eventually the current-carrying capability 
Df the fuse is reached during 

ormabtansient load operation, resulting 
n nuisance current interruptions.

PNOt stalo VW]OUS 

recommendations 
made for 
maintenance

Repiace when 
inoperative

NOt Stated 4-10, 5-1! 12

Page 478
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__________________ MflJ iaUn1EUrf PJIU OTCITU 13 Motor Control Center Molded-Case Circuit Case-phenolic or GE, Westinghouse, CURSTR, Surface current 
Breakers glass polyester, C-H, KM CONTAM tracldng/loss of 

contact- silver or insulating properties 
tungsten 

14 Motor Control Center Molded-Case Circuit Case-phenolic or GE. Westinghouse. CURSTR, Thermally induced 
Breakers glass polyester. C-H, KM ELETEMP degradation 

contact- silver or 
tungsten 

15 Motor Control Centes Magnetic Not stated GE, Westinghouse, ELETEMP Insulation 
Contactors/Starters C-H, KM deterioration 

16 Motor Control Centsr Magnetic Not stated GE, Westinghouse, ELETEMP Organic component 
Contactors/Starters C-H, KM breakdown 

17 Motor Control Center Magnetic Not stated GE, Westinghouse, VIB, WEAR Cyclic fatigue 
Contactors/Starters C-H, KM 

18 Motor Control Center Magnetic Not stated GE, Westinghouse, WEAR, VIB, Wear of contactor 
Contactors/Starters C-H, KM CONTAM and starter 

subcomponents 

19 Motor Control Center Magnetic Not stated GE. Westinghouse. CONTAM Contact surface 
Contactors/Starters C-H, KM degradation 

20 Motor Control Center ThermaJ Overload Not stated GE, Westinghouse, WEAR, CURSTR Degradation of 
Relays C-H, KM heater or bimetallic 

elements 

21 Motor Control Centen Thermal Overload Not stated GE, Westinghouse, CONT, WEAR Binding of 
Relays C-H, KM mechanical 

components 
22 Motor Control Center Thernmal Overload Not stated GE, Westinghouse, CONT Contact surface 

Relays C-H, KMI degradation 

23 Motor Control Centn "rl I Thr l Nmalt Ove, r aa.d-, I•. .. state
Thernm degradation 
of organic materials

Relays EO, YVvesurlrnous•, C-H, KM E~LEl I I:MP, E:MI:R
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Document: SAND93-7069, Aging Management Guideline for Commercial Nuclear Power Plants - Notor Control Centers Reviewed by: K D. McCarthy, INEL Effect of Agin on Cornonent Funto Contib to Failure Reprted a Rd. s Report Recomr Voltage and humiity can affect energized Not stated Various No specific Not stated insulation that is dirty or deteriorated and recommendations program for cause surface tracking paths on the made for this insulator. Breaker arc-chute insulation is maintenance subcomponent especially susceptible to surface current 
trackin :.This can lead to flashover.  Fault currents can produce high Not stated Variu No specific Not stated 
temperatures and currents that can recommendations 'program for 
rapidly damage contacts, arc-chute made for this 
surfaces and other organic materials, manatenance subcomponent 
Continuous load currents can produce 
ohmic heating in poor connections.  
These can cause cb famlure.  
Dunng operation, the heat generated in Not stated Various Vendor specific Not stated 
the coil during energization could cause recommendations prga 
insulation deterioration of the coil itself. maetr 
This can lead to coil failure. fortnac Prolonged coninuous anergpzatron of the Not state Various No specific Not stated 
contactor coi could result in excessive recommendations program for 
temperatures that cause the organic made for this 
compounds that encapsulate the maintenance subcomponent 
contactor to degrade. This could shorten 
life and lead to coil buout.  
Cyclic fatigue can occur in magnetic Not stated Various Vendor specific Not stated 

contactors if subjected to extremely high recommendations program 
esuletin vaerations oi d vce se toin it . made forr 
Thiese varationsb m be o aufsiuredby maintenance 

chsanignesnthef charactebnstics ofth 
hematere pele entin ulcnatmtn 

andou 
arine 

Mehaicnd ingftherferntceoir andsfrictio Not stated Various Venosplaecihen Not stated 
mayin caus mchanicalterfaratre idnce ofrecommendations frgamle 
reulig nbidngac o f mechanicmaeallcue made forre)aewn 

comp ronent, maintenance 

oeaon ad nalue 

Dust, dirt, and foreign rnatenal can lead to Not stated Various Vendor specific Not stated 
coil burnout, pitting of contact surfaces, recommendations program, 
and breakdown of adhesives and made for r h en 
lurincants. They can also prevent the maintenance f boped 

contact from closing. All the above can 

cause the rena to fail.  
Enleted temperatire s c e the Not stated Vanous Vendor specific Not stated 

hascausren agoing thofg the heater elemn recommendations program, 
rsuppot material.Filueofs thde e suppornt, made for replace when 
blokhesulntios in y posble falure ofth maintenance failed 

cangsi techrcnscso h 

overloaderel hniay tonperfort equredc eomnatos fie 

fn tion.  

Cylisft, igue and fo creig n mateglcnledtic Notstae Various Vendor specific Not Stated 
ooil urout, itlnf subjetedto extrfaemesig recommendations program, 
cyleopraicont . Th is can lads pento hea madnenne faioe 
:otactarm lsn g A lteaovcn 

geea tobeuse the higher reitiiy maitennc 

:l,=idi,= ofm , .... cnactrasedmblyt Not stated Vnu Vendor specific Not stated 
bindscaseaing of co tac e armature binding o recmme T* ons program, 
theupp aort m ecanei sm. are all cauedsppr made for replace when 
byoweareslt vibain anp o ntain a tiueon.• maintenance failed 
Theerloan reslay in pororm ioatrstarequre 
funtio~n. naiue

nendatlons

Page 488 

Paae No0. Item
4-10, 

4-11,

4 

4.  

4

4

4-.  

4-1

5-1! 

5-15 

5-16 

16 1 E 

16 

7

-13, 5-

-13, 5-1

14, 5-1

4-12, S 

4-12, 5

14,5-1 

14.5-1

4, 5-17

2<

21 

22

Z

nendabons

13 

14 

15 

16 

171 

18 

9

4-13, 5-

1



Table A.2 Gall Report for NPAR Reports

Document SAND93-7069, Aging Management Guideline for Commercial Nuclear Power Plants - Notor Control Centers 
Reviewed by: K D. McCarthy, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

24 Motor Control Center Thermal Overdoad Not stated GE, Westinghouse, ELETEMP, Loose or high 
Relays C-H, KM CORR/OX, VIBR resistance elec 

connections or 
terminations 

25 Motor Control Center Miscellaneous Not stated GE, Westinghouse, ELETEMP Thermal breakdown 
Relays C-H, KM of organic materials 

26 Motor Control Center Miscellaneous Not stated GE, Westinghouse, CONT Contact surface 
Relays C-H, KM degradation 

27 Motor Control Center Miscellaneous Not stated GE, Westinghouse, WEAR, VIBR Wear of mechanical 
Relays C-H, KM parts 

28 Motor Control Center Miscellaneous Not stated GE. Westinghouse, ELETEMP, Loose or high 
Relays C-H, KM CORRIOX. VIBR resistance elect 

connections or 
terminations 

29 Motor Control Center Miscellaneous Not stated GE, Westinghouse, VOLTSTR Coil dielectric 
Relays C-H, KM breakdown 

30 Motor Control Center Control Not stated GE, Westinghouse, ELETEMP Winding insulation 
Transformers C-H, KM degradation 

31 Motor Control Center Control Not stated GE, Westinghouse, CURSTR Wincing conductor 
Transformers C-H, KM failure 

32 Motor Control Center Control Not stated GE, Westinghouse. ELETEMP, Loose or high 
Transformers C-H, KM CORR/OX, VIBR resistance elect 

connections or 
tarminations 

33 Motor Control Centes Terminal Blocks Not stated GE, Westinghouse, ELETEMP, Loose or high 
C-H, KM CORRJOX, VIBR resistance elect 

connections or 
termirnations

Motor Control .enter I erminal BlocKs NOt stated GE, Westinghouse, 
C-H, KM

ELETEMP, EMBR, 
ENVIR

Degraciation or 
organic materials

Page 49A

34
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Operation of the relay and non-seismic Not stated Various Vendor specific Not stated 4-15, 5-17 24 
vibration cause loose connections. recommendations program 
Oxidation or contamination of contact made for 
surfaces and sharp bends in wiring near maintenance 
terminations can cause high resistance 
connections. These can cause excessive 
heating or fire.  
Prolonged continuous energzation of the Not stated Various No specific Not stated 4-12, 5-17 25 
relay could result in excessive recommendations program for 
temperatures that cause the organic made for this 
compounds that encapsulate the maintenance subcomponent 
contactor to degrade. This could shorten 
life and lead to coil burnout.  
Dust, dirt and foreign material can lead to Not stated Various No specific Not stated 4-15, 5-17 26 
coil burnout, pitting of contact surfaces, recomrnendations program for 
and breakdown of adhesives and made for this 
lubricants. They can also prevent the maintenance subcomponent 
contact from closing. All the above can 
cause the relay to fail.  
Wear can lead to setpoint drift, Not stated Various No specific Not stated 4-17. 5-1 27 
mechanical fatigue, surface burning recommendations program for 
caused by arcing, and insulation made for this 
deterioration. These can result in reduced maintenance subcomponent 
mechanical tolerances, jamming and 
binding of moving parts. I Operation of the relay and non-seismic Not stated Various No specific Not stated 4-17, 5-17 28 
vibration cause loose connections, recommendations program for 
Oxidation or contamination of contact made for this 
surfaces and sharp bends in wiring near maintenance subcomponent 
terminations can cause high resistance 
connections. These can cause excessive 
heating or fire.  
Incuctive voltage surges resulting from Not stated Various No specific Not stated 4-18, 5-17 29 
current interruptions can stress the relay recommendations program for 
coil The inductive surge may cause coil made for this 
dielectnc breakdown at the weak points in maintenance subcomponent 
the insulation, which can rapidly lead to 
insulation failure.  
Chmic heating and breaker internal Not stated Vanous No specific Not stated 4-18, 5-17 30 
amnbient conditions cause elevated recommendations program for 
temperatures which lead to winding made for this 
insulation degradation. This can produce maintenance subcomponent 
shorted transformer winding, resulting in 
faulty voltage/current transformation or 
open circuit conditions.  
Primary or secondary winding failure can Not stated Various No specific Not stated 4-18,5-17 31 
result from continuous use for extended recommendations program for 
periods or from excessive current drawn made for this 
through the winding from attached control maintenance subcomponent 
power loads.  
Non-seismic vibration can cause loose Not stated Vanous No specific Not stated 4-18, 5-17 32 
connections, oxidation or contamination of recommendations program for 
contact surfaces and sharp bends in made for this 
wiring near terminations can cause high maintenance subcomponent 
resistance connections. These can cause 
excessive heating or fire.  
Operation of motor control center Not stated Various No specific Not stated 4-19, 5-17 33 
components and non-seismic vibration recommendations program for 
cause loose connections. Oxidation or made for this 
contamination of surfaces and sharp maintenance subcomponent 
bends in wiring near terminations cause 
high resistance connections. These can 
lead to heating or fire.  

Effect of Aging on Component u nto CoiUWl toFiueRpre rn e rUIR~r eomnain - oIe

agent used to mount them may degrade 
because of ohmic heating, ambient 
temperature, humidity and vibration. This 
can result in embrittlement of the terminal 
blocks and loosening from their mounting 
surfaces.

NotL b1aou vanOus 
recommendations 
made for 
maintenance

NO specifiC 
program for 
this 
subcomponent

Not stated 4-19, 5-17 34

m•ndmflnn•

Page 498
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Document: SAND93-7069, Aging Management Guideline for Commercial Nuclear Power Plants - Notor Control Centers 
Reviewed by: K D. McCarthy, INEL

--- M.,,NS---:;...u Manu-cawurer ARD m•.ch-anism AID effects 3! Motor Control Center Term,•na Blocks Not stated GE, Westinghouse, EXFORCE, Degradation of 
C-H, KM MECHSTR terminal block 

hardware 

36 Motor Control Centor Terminal Blocks Not stated GE, Westinghouse, MOIST-EL, Loss of surface 
C-H, KM CONTAM, ENVIR insulating properties 

37 Motor Control Centsr Terminal Blocks Not stated GE, Westinghouse, MOIST-EL, Loss of volumetric 
C-H, KM CONTAM, ENVIR insulating properties 

38 Motor Control Centei Control Wiring Copper wire GE, Westinghouse, ELETEMP, EMBR Insulation 
insulated by ethylene C-H, KM degradation 
propylene rubber or 
X-linked poly 

39 Motor Control Center Control Wiring Copper wire GE, Westinghouse, ELETEMP Conductor 
insulated by ethylene C-H, KM degredaion 
propylene rubber or 
X-linked poly 

40 Motor Control Centor Control Wiring Copper wire GE, Westinghouse, VIBR, CORR/OX, Loose or high 
insulated by ethylene C-H, KM ELETEMP, CONT, resistance elect 
propylene rubber or EXFORCE connections or 
X-linked poly terminations 

41 Motor Control Center Fuse Not stated GE, Westinghouse, FAT Cyclic failure 
C-H, KM 

42 Motor Control Centes Fuse Not stated GE, Westinghouse, CORR/OX, CONT High resistance 
C-H, KM contact surfaces 

43 Motor Control Centse Fuse Not stated GE, Westinghouse, ELETEMP, Loose or high 
C-H, KM CORR/OX, VIBR, resistance elect 

CONT connections or 
terminations 

Document: SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

styrene acrylonitnle, 
butadene, styrene

builunc acid and 
water

IORH/SrCC, 
ELOTEMP, FAT

i I
C&D, GNB, Exide CONTAMIV

Cracks in container 

Electolyte 
consumed, water 
loss

allor y eceaco•/m

i ..... • •I lIl II C-a., GPM•, EidXle



Table A.2 Gall Report for NPAR Reports 
Page 

Document SAND93-7069, Aging Management Guideline for Commercial Nuclear Power Plants - Notor Control Centers Reviewed by: K D. McCarthy, INEL Effect of A in on Corn nent lFUnc on Contrlb tao Fanilure Reported arg Rel.pros Repit Recommendations PeN.Ie 
Not stated Various N specific Not stated 4-19,5-1 3 primarily as a result of stresses produced recommendations progr during normal use. Improper program for 

maintenance techniques exacerbates this made for this 
exacerats tisrmaintenance subcomponent Voltageai humidityca affc nrie Not stated-•- Vaiuospecific No ttd4-20, 5- 3 

insulation that is dirty or deteriorated and recommendations program for cause surface tracking paths on the made for this Insulator. This can lead to flashover. maintenance subcom onent Simultaneous exposure to thermally Not stated No specific Not stated4-20detenorated insulation to temp. voltage, recommendations program for humidity, dirt and contaminants can result made for this in loss of volumetric insulating properties, maintenance subcomponent leading to increased surface and 
volumetric leakage currents and possible 
flashover. I I 
Insulation degradation can occur with Not stated Various No specific Not stated -2, 5 exposure to elevated ambient recmendations program for temperature, ohmic heating of the made for this conductor, and excessive ohmic heating maintenance subcomponent that accompanies high resistivity 
connections.  Conductor degradation may result from Not stated Various specific Not se 4-20,5-17 39 bending, pulling, or crimping of the recommendations program for conductor or from localized heating (either made for this from an extemal heat source or ohmic maintenance subomponent heating within the wire).  Loose or high resistance connections or Not stated Various No specific Not stated 4-21,5-17 40 terminations may occur from bending or recommendations program for pulling on wire, vibration of components, made for this inadequate torquing of fasteners, or maintenance subcoponent oxidation/corrosiorvontaminaton 

of 
contact surfaces.  Cyclic fatigue of the fuse holder is Not stated Various No specific Not stated 4-21,5-" 1 41 primarily associated with the installation or recommendations program for removal of fuse elements; usually some made for this sort of frictional arrangement is employed maintenance subcomponent to keep the fuse secure and properly 
connected.  High resistance ontact surfaes may Not stated Various Vendor specific Not state 4-21,5-1 42 result from corrosion, oxidation, or recommendations programs Contamination of the surfaces in contact made tor t the fuse element itsesf. This conditio maintenance may result in a loss of Continuity or 
icreased localized heatinN.  

Cracse ohin h continer caused ton by Not stated VaiEEE Nto403 Tehspec.fi Not stated 4-21.7,121, 

terminations may occur from vibration of recommendations program for 
components, inadequate torquing of made fors fasteners, or sensmic enscomCT-e. 

t oxla tion/orrosion/ontad ination of 100248 IE eE4 
ontact surfaces.  

Document- SAND93-7071, Aging Management Guideline for Commerciail Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL Effect of Aging on Compnorent Function Contrib to Failure Re rtd 8 RRI Repr R... ec_•ommendation Pae o Item 
Cracks in container caused by Not stated IEEE Std-450,535, Tech Spec. Not stated 4-17,21, mishandling during 

10 CFR surveillance, 
25.26 maintenancetnstallation, seismic events, 50.49,NMAC TR- RG 1.129, plate growth and improper use of grease 100248 I EE 450 

lor cleaning solvents lead tto electrolyte 
2"ý 

duuite cos um et''lt n eut0 
CFR 

42 

l a a e r s ti in reduced capacity u v il n e 

50.49,NMAC TR- G119 
10024028 IEEE 450
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Document: SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL 

it-•o ••.t,,,/"•n *,.•~mt Untaniale Manufacturer Al

Page 51A

RD mechanism ARD effects

Battery Electrolyte Sulfuric acid and C&D, GNB, Exide GAS, ELETEMP Gassing causes 

water water loss from 
electrolyte 

Battery Plates Lead antimony, lead C&D, GNB, Exdde FAT, ELETEMP, Increased 

calcium, lead MECHSTR mechanical sires 
on plates 

5 Battery Plates Lead antimony, lead C&D, GNB, Exide GAS Active matenal 

calcium, lead shedding from plates 

6 Battery Plates Lead antimony, lead C&D, GNB, Exide CORR/OX Increase in battery 

calcium, lead internal resistance 

7 Battery Plates Lead antimony, lead C&D, GNB, Exide CONTAM Local action at plates 
calcium, lead 

8 Battery Cell Top Straps Not stated C&D, GNB, Exide CORR/OX Increased battery 
internal resistance 

9 Battery Cell Top Straps Not stated C&D, GNB, Exide FAT Increased 
mechanical stress 
on cell top sf• -

10 Battery Separators Rubber/giass mat, C&D, GNB, Exide Not stated Hydration caused by 
polyethylene electrolyte low 

specific gravity 

i1 Battery Separators Rubber/glass mat, C&D, GNB, Exide ELETEMP Thermal aging 
polys:etyene caused by excessive 

electrolyte 
temperature 

12 Battery Terminal Posts Lead alloy, copper C&D, GNB, Exide CORR High connection 
inserts resistance and 

embrittlement of 
matenal

Lead alls , pper 
inserts terminal postsTerminal Posts C&;D, GNIP13, Ex~e r-PI13 Battery
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Document: SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants- Stationary Batteries 
Reviewed by: K D. McCarthy, INEL 
Effect of Aginq on ComDonent Function Conhtib to Failure R, --Annr,.,i n, D0. , .,.4 D,

. .. . . . . . . r*3' V N -up-t *1 f-|l l ::U|I W 
Gassing and electrolyte evaporation occur Not stated IEEE Std- Tech Spec. Not stated 4-23 3 
from overcharging and excessive 450,535,10 CFR surveillance, 
temperatures. Gassing and evaporation 50.49, NMAC TR- RG 1.129, 
main cause of water loss in electrolyte. 100248 IEEE 450 
Results in reduced capacity.  
Repeated thermal and mechanical Not stated IEEE Std- Tech Spec. Not stated 4-22 4 
stresses from battery charge/discharge 450,535,10 CFR Surveillance, 
cycles and seismic events can cause loss 50.49, NMAC TR- IEEE 450-1987 
of active material or loss of electrical 100248 
continuity, resulting in reduced battery 
capacity or total loss of battery output.  
Active material shedding from plates Not stated IEEE Std- Tech Spec. Not stated 4-23 5 
results in sediment buildup at the bottom 450,535,10 CFR Surveillance, 
of cell. this can cause short circuits 50.49, NMAC TR- IEEE 450-1987 
between the positive and negative plates, 100248 
resulting in reduced capacity and 
eventually the inability to hold a charge.  
Corrosion caused by oxidizing Not stated IEEE Std- Tech Spec. Not stated 4-22 6 
environment that exists at the positive 450,535,10 CFR Surveillance, 
plates. Plates become brittle and break 50.49, NMAC TR- IEEE 450-1987 
down, decreasing their cross sectional 100248 
area and increasing resistance. This 
leads to seismic vulnerability and 
decreased battery capacity.  
Electrochemical reactions clue to Not stated IEEE Std- Tech Spec. Not stated 4-21 7 
impurities in the electrolyte cause local 450,535,10 CFR Surveillance, 
action at the plates resulting in decreased 50.49, NMAC TR- IEEE 450-1987 
battery capacity and potential 100248 
overcharging of the positive plates.  
Corrosion caused by oxidizing Not stated IEEE Std- Tech Spec. Not stated 4-22 8 
environment that exists at the positive 450,535,10 CFR Surveillance, 
plates. Straps become brittle and break 50.49, NMAC TR- IEEE 450-1987 
down, decreasing their cross sectional 100248 
area and increasing resistance. This 
leads to seismic vulnerability and 
decreased battery capacity.  
Repeated thermal and mechanical Not stated IEEE Std- Tech Spec. Not stated 4-22 9 
stresses from battery charge/discharge 450,535,10 CFR Surveillance, 
cycles and seismic events can cause 50.49, NMAC TR- IEEE 450-1987 
fatigue failure. This can cause loss of 100248 
electrical continuity, resulting in reduced 
battery capacity or total loss of output.  
Hydration causes material chemical Not stated IEEE Std- No program Not stated 4-21 10 
changes in separators. Formation of 450,535,10 CFR specific to this 
metallic lead on surface of separators 50.49, NMAC TR- material 
builds numerous short circuit paths 100248 
between pos & neg plates, resulting in 
inability to hold charge.  
Excessive electrolyte temp caused by Not stated IEEE Std- No program Not stated 4-23 11 
overcharging or excessive ac ripple on the 450,535,10 CFR specific to this 
charger output reduces dielectric strength 50.49, NMAC TR- material 
of separator matl and causes structural 100248 
deterioration, resulting in reduced battery 
capacity or inabilty to hold charge.  
High connection resistance and Not stated IEEE Std- Tech. Spec. Not stated 4-22 12 
embrittlement of matenal in terminal posts 450,535,10 CFR surveillance.  
results in decreased battery output and 50.49. NMAC TR- IEEE 450-1987 
overheating of the posts. 100248 

rI i.4 U .. . . III.......W Lu.... i.. ..
nepeated or improper torquing of 

connections during instal/malnt can result 
in cracked or broken terminal posts. This 
results in increased connection resistance 
or loss of electrical continuity, resulting in 
reduced capacity or loss of battery output.

NOt StateO IEtEE t
450,535,10 CFR 
50.49, NMAC TR
100248

Techi. Spec.  
surveillance, 
IEEE 450-1987

Not stated 4-22 13

II=,m
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Document SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL 
Item System Struclere/Comen SuIbnm f U.*.1k

__............_____ -"mag •IlRU .. ,w 'q~u r ----U .....EUII AEIU ST CUb 14 Battery Terminal Posts Lead alloy, copper C&D, GNB, Exide CORR Fouling of terminal 
inserts posts 

15 Battery Intercel Connectors Lead plated copper C&D, GNB, Exide CORR High connection 
bars resistance, 

embrittlernent 

16 Battery Intercell Connectors Lead plated copper C&D, GNB, Exide, FAT Cracked or broken 
bars intercell connectors 

17 Battery Intercell Connectors Lead plated copper C&D, GNB, Exide CORR Fouling of intercell 
bars connectors 

18 Battery Terminal Post Seals Not stated C&D, GNB, Exide FAT Cracking of the 

terminal post seals 

19 Battery Battery Racks Steel Not stated CORR, FAT Rack structure 

weakened 

20 Battery Container Polypropylene C&D, GNB, Exide CORR/SCC, FAT Cracks in container 

21 Battery Container Polypropylene C&D, GNB, Exide FAT Fatigue cracking of 

cover 

22 Battery Bect'olyte Potassium C&D, GNB, Exide Not stated Decreased 
Hydroxide conductivity of 

electrolyte 

23 Battery Eectolyte Potassium C&D, GNB, E)dde GAS Gassing causes 
Hydroxide water loss from 

electrolyte

--- u 7 MIaULG ricke nydroxide, 
cadmium hydoncide

U&D., GNB, Exide Not stated Aging of active 
material

24
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Fouling of terminal posts can occur due to Not stated IEEE Std- Tech. Spec. Not stated 4-24 14 
accumulation of dirt, dust, and leaked 450,535,10 CFR surveillance, 
electrolyte. This can cause corrosion at 50.49, NMAC TR- IEEE 450-1987 
the electrical connections, short circuits, 100248 
and battery grounding, resulting in 
degraded battery output discharge or 
overheating.  
Excessive ambient humidity, external dust Not stated IEEE Std- Tech. Spec. Not stated 4-22 15 
and dirt, electrolyte leaks and spills can 450,535,10 CFR surveillance, 
cause corrosion of connectors. This 50.49, NMAC TR- IEEE 450-1987 
results in high connection resistance and 100248 
embrittlement resulting in decreased 
battery output and overheating of 
connectors.  
Repeated or improper torquing of Not stated IEEE Std- Tech. Spec. Not stated 4-22 16 
connections during instaJI/maint can result 450,535,10 CFR surveillance, 
in cracked or broken intercell connectors. 50.49, NMAC TR- IEEE 450-1987 
This results in increased connection 100248 
resistance or loss of elec continuity, 
resulting in reduced capacity or loss of 
battery output.  
Fouling of intercell connectors can occur Not stated IEEE Std- Tech. Spec. Not stated 4-24 17 
due to accumulation of dirt, dust, and 450,535,10 CFR surveillance, 
leaked electrolyte. This can cause 50.49, NMAC TR- IEEE 450-1987 
corrosion at the electrical connections, 100248 
short circuits, and battery grounding, 
resulting in degraded output discharge or 
overheating.  
Fatigue failures can occur in post seals Not stated IEEE Std- Tech. Spec. Not stated 4-23 18 
due to improper handling, plate growth, 450,535,10 CFR surveillance.  
excessive corrosion which stresses the 50.49, NMAC TR- IEEE 450-1987 
seals and covers. This can cause a loss 100248 
of electrolyte and venting of gases, 
resulting in reduced capacity or loss of 
output.  
Electrolyte leaks or spills, humidity and Not stated IEEE Std- Tech. Spec. Not stated 4-22 19 
high temp can cause corrosion of battery 450,535,10 CFR surveillance, 
rack which can weaken the structure. 50.49, NMAC TR- IEEE 450-1987 
This can cause structural failure and loss 100248 
of supported battery.  
Damage to container is caused by Not stated IEEE Std- 1106,10 Tech. Spec. Not stated 4-25 20 
improper use of greases and cleaning CFR 50.49,EPRI surveillance, 
solvents which react with container NMAC TR-10248 IEEE 1106
material or weaken the structure. This 1987 
can lead to reduced capacity.  
Thermal expansion and improper handling Not stated IEEE Std-1 106,10 Tech. Spec. Not stated 4-25 21 
introduce stresses to container cover CFR 50.49,EPRI surveillance, 
which can cause cracking. This can result NMAC TR-1 0248 IEEE 1106
in gas release, possible air intiussion, and 1987 
loss of electrolyte which may result in 
conductive paths to ground and loss of 
capacity.  
Material chemical changes occur due to Not stated IEEE Std- 1106,10 Tech. Spec. Not stated 4-24 22 
carbonation of potassium hydroxide CFR 50.49,EPRI surveillance, 
electrolyte when exposed to carbon NMAC TR-10248 none for this 
dioxide in air, which decreases comp.  
conductivity of electrolyte. This increases 
battery internal resistance and decreases 
capacity.  
Gassing & electrolyte evaporation is due Not stated IEEE Std-1 106,10 Tech. Spec. Not stated 4-26 23 
to overcharging and elevated temp. CFR 50.49,EPRI surveillance, 
These cause electrolyte water loss, which NMAC TR-10248 IEEE 1106
will reduce battery capacity. Evaporation 1987 
also contributes to water loss.  

Q-l e lt-fi4'1 0, iýL .JI$ tA J

the positive plates causes gradual aging 
:f the active matenal. This results in 
reduced capacity.

I:IrIt old;- I 1U6, 10 

CFR 50.49,EPRI 
NMAC TR-10248

Iecn. Spec.  
surveillance, 
none for this 
comp.

NOt stateI 4-24 2A

Page 52B

-. 1 "

SW



Table A.2 Gall Report for NPAR Reports Page S3A

Document:- SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL Item SytmSb'ucture/Comb .&ih~nml~nnnt Un*.i.I.l UI=.,,.44.. Af

,-- ...- "1W9 AM reectamum AMlU U-I-• 25 Battery Separators Plastic C&D, GNB, Exide ELETEMP Reduced delectic 
strength of separator 
material 

26 Battery Terminal Posts Not stated C&D, GNB, Exide CORR Failure of terminal 
posts 

27 Battery Terminal Posts Not stated C&D, GNB, Exide FAT Cracked or broken 
terminal posts 

28 Battery Terminal Posts Not stated C&D, GNB, Exide CORR Corrosion, short ckl 
and grounding 
caused by fouling 

29 Battery Intercell Connectors Nickel-plated copper C&D, GNB, Exide CORR Failure of intercell 
bars with stainless connectors 
steel hardware 

30 Battery Intercell Connectors Nickel-plated copper C&D, GNB, Exide FAT Cracked or broken 
bars with stainless intercell connectors 
steel hardware 

31 Battery Intercall Connectors Nickel-plated copper C&D, GNB, Exide CORR Corrosion, short 
bars with stainless ckts, grounding 
steel hardware caused by fouling 

32 Battery Terminal Post Seals Not stated C&D, GNB, Exide FAT Fatigue cracking of 
post seals 

33 Battery Battery Racks Steel Not stated CORR, FAT Rack structure 
weakened 

34 Battery Pressure Relier Not stated Not stated Not stated Malfunction of valve 
Valve 

35 Battery Electolyte Not stated Not stated Not stated Dryout of electroyte 

36 BatteryI KI #Tem

I•Pt m•J.•iZ•m &•lPt

Norg stamou E:L.ETE•MP Thermail runaway
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Overcharging or excessive ac ripple on Not stated I EEE Std- 1106,10 No program Not stated 4-26 25 
charger output cause excessive CFR 50.49,EPRI specific to this 
electrolyte tamp which reduces the NMAC TR-10248 subcomponent 
dielectric strength of separator mar] & 
deteriorates mech strength. This results 
in reduced capacity & eventual inability to 
hold charge.  
Humidity, dust, and elevated temperatures Not stated- IEEE Std- 1106,10 Tech. Spec. Not stated 4-25 26 
can lead to corrosion of the terminal CFR 50.49,EPRI required 
posts. This can lead to failure of terminal NMAC TR-10248 surveillance.  
posts. IEEE 1106 
Repeated or improper torquing of Not stated IEEE Std-1 106,10 Tech. Spec. Not stated 2-25 27 
connections can result in cracked or CFR 50.49,EPRI required 
broken terminal posts. This results in NMAC TR- 10248 surveillance.  
increased connection resistance or loss of IEEE 1106 
continuity. This results in reduced 
capacity or total loss of output.  
Fouling of terminal posts caused by Not stated IEEE Std-1106,10 Tech. Spec. Not stated 4-24 28 
accumulation of dirt dust, and leaked CFR 50.49,EPRI required 
electrolyte can cause corrosion, short NMAC TR-10248 surveillance.  
circuits between pos and neg posts, and IEEE 1106 
battery grounding. This results in 
degraded output batt discharge, or 
overheating of connections.  
Humidity, dust, and temperature can lead Not stated IEEE Std-1 106.10 Tech. Spec. Not stated 4-25 29 
to corrosion of intercell connectors. This CFR 50.49,EPRI required 
can lead to failure of the intercell NMAC TR-10248 surveillance.  
connectors. IEEE 1106 
Repeated or improper torquing of Not stated IEEE Std- 1106,10 Tech. Spec. Not stated 4-25 30 
connections can result in cracked or CFR 50.49,EPRI required 
broken intercell connectors. This results NMAC TR-1 0248 surveillance.  
in increased connection resistance or loss IEEE 1106 
of continuity which reduces battery 
capacity or results in total loss of battery 
output.  
Dirt, dust, and leaked electrolyte cause Not stated IEEE Std- 1106,10 Tech. Spec. Not stated 4-26 31 
fouling of intercell connectors, fouling CFR 50.49,EPRI required 
coupled with moisture condensation leads NMAC TR-10248 surveillance.  
to corrosion, which causes current paths IEEE 1106 
to ground. This results in degraded batt 
output discharge or overheating of 
-connections.  
Excessive stresses caused by thermal Not stated IEEE Std-1 106,10 Tech. Spec. Not stated 4-25 32 
expansion, corrosion of terminal posts, CFR 50.49,EPRI required 
and improper handling can lead to fatigue NMAC TR-10248 surveillance.  
cracking of terminal post seals, leading to IEEE 1106 
gas release, air intrusion, loss of 
electrolyte. Results in conductive paths to 
ground.  
Humidity, dust accumulation, and Not stated IEEE Std-1 106,10 IEEE 1106- Not stated 4-25 33 
temperature can lead to corrosion in the CFR 50.49,EPRI 1987 
battery racks. This can cause structural NMAC TR-i10248 
failure and loss of supported battery.  
Wear occurs due to relative movement Not stated IEEE Std-1 106,10 No program Not stated 4-27 34 
between contacting intemal parts and can CFR 50.49,EPRI specific to this 
cause malfunction of valve. This can NMAC TR-10248 subcomponent 
allow gases and vapors to escape, 
resulting in lowered gas recombination 
efficiency. This can lead to dryout I 
Overcharging, elevated temperatures, Not stated IEEE PAR 1188, 10 Tech. Spec. Not stated 4-27 35 
failed pressure relief valve or cracked CFR 50.49, NMAC surveillance, 
container or seal can lead to dryout of TR-100248 IEEE 450 & 
electrolyte. This can result in battery 1106 
failure.

cievateo temperature, improper (nign) 
float voltage, or excessive ac ripple from 
battery charger can cause thermal 
runaway. This can result in battery 
failure.

NOT stateo IEEE::: P"AR 1188, 10 
CFR 50.49, NMAC 
"TR- 100248

Techn. Spec.  
surveillance, 
IEEE 450-1987

Not stated 4-28 36
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Table A.2 Gall Report for NPAR Reports Page 54A

Document: SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries 
Reviewed by: K D. McCarthy, INEL 
Item System Stucture/Comb AnuhnnmEnint U.t#.,1. 1... A.

Document* TIRGALEX, Plan for Integration of Aging and Ufe-Extension Activities 
Reviewed by: L C. Meyer, INEL 
Item System Sbtucture/Como Subcomn-nent UntM.#..1

. . r.r ArtD muecnairsm ARh' effrects 1 Cable Not stated Not stated Not stated ELETEMP, RAD, Not stated 
MOIST-EL & VIB.  

2 Conectors Not stated Not stated Not stated ELETEMP, RAD, Not stated 
MOIST-EL, & VIB.  

3 Switchgear Not stated Not stated Not stated WEAR & LOSLUB Not stated 

4 Relays Not stated Not stated Not stated CORR, WEAR, & Not stated 
ELETEMP 

Document: WYLE 60103-1, Test Plan of Molded Case Circuit Breakers for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plani Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1Molded Case Circuit 5 Relay Typos and 3 Not stated Three mfg. listed Not stated Not stated 
Breakers Types of Circuit 

RE e b INBreakers I 

Document: WYLE 60103-2, Test Plan of Metal Clad Cyrcuit Breakers for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - NPAR ProReviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Metal Clad Circuit Not stated Not stated GE & Westingh~ouse Not stated Not stated 

Breakers 

Document: WYLE 60103-3, Test Plan of Awnliary Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - (NPAR) Program PhasE Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 1 Auxiiay Relays Not stated Not stated Westinghouse Not stated Not stated 

Document WYLE 60103-4, Test Plan of Control Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - (NPAR) Proganm, Phas Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

I 1f Control Relays I Not stated J Not stated Three mfg.s listed I Not stated Not stated 

Document WYLE 60103-5, Test Plan ot Protective Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging Rose Reviewed by: L C. Meyer, INEL 
Item System StructuralComp Subcomponent Materials Manufacturer ARD mechanism ARD effects F71Protective Relays I Not stated Not stated No sttd o sae



Table A.2 Gall Report for NPAR Reports Page 64B 
Document- SAND93-7071, Aging Management Guideline for Commercial Nuclear Power Plants - Stationary Batteries Reviewed by: K D. McCarthy, INEL Effect of Agin on Coornnent Function Contrib to Failure RePorted • ro Rd. Report Recommendations Pace No. Item Successive small discharge cycles can Not stated IEEE-1 PAR 1188, 10 Tech. Spec. Not stated 4-28 37 lead to a memory effect in a sintered plate CFR 50.49, NMAC surveillance, nickel-cadmium battery. This can result TR-100248 IEEE 450-1987 
in reduced capacity.  

Document: TIRGALEX, Plan for Integration of Aging and Life-Extension Activities 
Reviewed by: L C. Meyer. INEL Effect of Aging on Component Function Contrib to Failure Reported p•sc Rel.pos, R eport Recommendations Page No. Item Not stated Not stated IBE79-01, NUREG- No specific Fiverecommendations are given for A31-A36 

0588, 1OCFR 50.49, program resolng aging and life extension 
& RG 1.89 Issues 141 Not stated Not stated 1BE79-01, NUREG- No specific Five recommendations are given for A31-A36 2 
0588, 10CFR 50.49, program resolving aging and life extension & RG 1.89 

issues [1] Not stated Not stated Generic Letter 83-28 IEEE 741-1986 Three issues requiring followup are A51 & 3 
concerns and Tech Section 7 listed. [1) A53 
Specs Not stated Not stated Genenc Letter 83-28 Dependent Followup on calibration frequency for A52 & 4 
concerns and Tech upon type and protective relays, seismic fragility, A53 Specs function of the and effect of common mode failure 

relay on safety I1l 
Document: WYLE 50103-1, Test Plan of Molded Case Circuit Breakers for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plan Reviewed by: L. C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item.  
Not stated Not stated Not discussed in No specific Not stated 1-1 

report program, 
application 
dependent 

Document: WYLE 60103-2, Test Plan of Metal Clad Circuit Breakers for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - NPAR Pro Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs ReLprogs Report Recommendations Page No. Itemr ot stated Not stated Not discussed in RG 1.118, Not stated 4-1 1 
report IEEE 338

1987, TECH.  
SPEC. MAINT.  

Document: WYLE 60103-3, Test Plan of Auxiliary Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - (NPAR) Program Phasi Reviewed by: L C. Meyer, INEL Effect of Aging on Cornponent Function Contrib to Failure Reported pros Red.progs Report Recommendations Pace-No. Item Not stated Not stated Not discussed in Dependent Not stated 1-1,1-2, 1 
report upon & 4-1 

application, 
Tech. Spec.  
Imaint 

Document: WYLE 60103-4, Test Plan of Control Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for - (NPAR) Program, Phat Reviewed by: L C. Meyer, INEL Effect of Agin on Component Function Contrib to Failure Reported progs Rel.p s Report Recommendations Page No. Item Not stated Not statedc in No specific Not std 3-1 
report program 

Document: WYLE 60103-5. Test Plan of Protective Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging ResE Reviewed by: L C. Meyer, INEL of Aging on Component Function Contrib to Failure Reported prog1s Rel progs Report Recommendations Page No. Item 
in a Tec e stated N treport I surveillance



Table A.2 Gall Report for NPAR Reports Page 5SA 

Document WYLE 60103-6, Test Plan of Timing Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging Researc 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1finRelays Not stated Not stated Agastat OXI DAT Degradation cause 
7 by oxidation surface 

Document: WYLE 60103-7, Test Plan of Electronic Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging Rose 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1s~crncRlays Not stated Not stated Basler Not stated Not stated



Table A.2 Gall Report for NPAR Reports Page SSB 

Document: WYLE 60103-6, Test Plan of Timing Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging Researc 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reore progs Rel.progs Report Recommendations Page No. htem Relay ta~iure due to contact oxidaton Oiccasiona Not discussed in Application Not stated 4-1 
caused by low current application of silver report dependent 
alloy contacts. Tech Spec 

Surveill.  

Document- WYLE 60103-7, Test Plan of Electronic Relays for the Comprehensive Aging Assessment of Circuit Breakers and Relays for Nuclear Plant Aging Rese 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Itm 

Ntstated Not stated Not discussed in Application Not stated 4-11 
report dependent, 

likely no 
program



Table A.2 Gall Report for NRC Generic Letters Page 1A 

Document: GL 91-15, Operating Experience Feedback Report Solenoid-Operated Valve Problems at U.S. Reactors 
Reviewed by: E. W. Roberts, INEL 
Item System StructureaComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 Not stated Not stated Solenoid Operated Not stated Not stated Not stated Not stated 
Valves



Table A.2 Gall Report for NRC Generic Letters 
Page 1B 

Document, GL 91-15, Operating Experence Feedback Report Solenoid-Operated Valve Problems at U.S. Reactors Reviewed by: E. W. Roberts, INEL Effect of Aging on Component Function Conbtib to Failure Reported s Re. s Reort Recommendations ge No. Item Reference to cas-e report study NU-REG- Notstated Not discussed in Vendor specific Review into and consider actions as 1275, volume 6, Operating Experience report 
1ogam 

appropriate [4] Feedback Report-Solenoidoperated 
Valve Problems, February 1991 1 1



Table A.2 Gall Report for Information Notices

Document: IN NO. 89-07, Failures of Small-Diameter Tubing in Control Air, Fuel Oil, and Lube Oil Systems Which Render Emergency Diesel Gener-..•rs Inoperats 
Reviewed by: E. W. Roberts, INEL
Item System Structure/Comp Subcomponein Materials Manufacturer ARD mechanism ARD effects 

1 Emergency diesel Small Diameter Stainless Steel Not stated VIBR Cracks, breaks, & 
generators Tubing holes in tubing 

Document: IN NO. 89-17, Contamination and Degradation of Safety-Related Battery Cells 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects

2Battery Cells copper Not stated CONTAM Electroltyic transfer 
Connections of copper to battery 

ilead term/plates 

Document IN NO. 89-20, Weld Failures in A Pump of Byron-Jackson Design 
Reviewed by: E. W. Roberts, tNEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

31 Pump IWelds INot stated Byron Jackson VIBR Weld cracks 

Document: IN NO. 89-42, Failure of Rosemount Models 1153 and 1154 Transmitters 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

I Pressure Not stated Rosemount Not stated L fil 
Transmitter sensing module 

Document- IN NO. 89-43, Permanent Deformation of Torque Switch Helical Springs in Uimitorque SMA-Type Motor Operators 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

5 [Torqe Sith Helical Springs Not stated Limitorque MECHSTR Permnent 
deformation of 
helical spring 

Document- IN NO. 89-64, Eectical Bus Bas Failures 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

67 ElcrcaIu Noryl Insulation Not stated Not stated CONTAM EMBR Electrical ground 
fault, short to ground 

Document IN NO. 89-66, Qualification Life of Solenoid Valves 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

7VDUel-Coil Solenoid Elastomer Seat Ethylene Propylene Automatic Switch CONTAM Sticky and deformed 
VleDimer (EPOM) Co. ELETEMP seats 

Document: IN NO. 89-79, Degraded Coatings and Corrosion of Steel Containment Vessels 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Containment Coatings Not stated Not stated MOIST-EL Coating failure 
Vessels I I I 

Document- IN NO. 89-84, Failure of Ingersoll Rand Air Start Motors as A Result of Pinion Gear Assembly Fitting Problems 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

9Diesel Generator Air Starter Pinion Tang and Retainer Not stated Ingersoll Rand WEAR VIBR Cracking of retainer 
Gear Bolts ning and loosening ol 

E I I Ibolts

Page 1A



Table A.2 Gall Report for Information Notices

Document: IN NO. 89-07, Failures of Small-Diameter Tubing in Control Air, Fuel Oil, and Lube Oil Systems Which Render Emergency Diesel Generators InoperatiN 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item

Document: IN NO. 89-17, Contamination and Degradation of Safety-Related Battery Cells 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Lss of battery capacity Not stated Ted,. spec requires Tech. Spec.. IReview into and take actions as 1 21 

exam, clean, & test RG 1.129, jappropriate [4] 
connections IEEE 450-1987 

Document: IN NO. 89-20, Weld Failures in A Pump of Byron-Jackson Design 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 

[Broken ring and impeller - fasteners in Not stated Not discussed in Vendor Review info and take actions as 3 
recirculation loop report specific, may appropriate [4] 

have Tech.  
Spec. surveil 

Document: IN NO. 89-42, Failure of Rosemount Models 1153 and 1154 Transmitters 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Transmitter failure Not stated Not discussed in Bul 90-1 Suppl. Review info and take actions as 4 

1report 1 lappropriate [4] 

Document: IN NO. 89-43, Permanent Deformation of Torque Switch HelicaJ Springs in Uimitorque SMA-Type Motor Operators 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item POperability problem with valve motor I Not stated JNot discussed in ]Vendor INot stateds5 
operator report specific, 

I ~NUREG-1 352 15 

Document: IN NO. 89-64, ElectricaJ Bus Bas Failures 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Inprble electrical bus Not stated Not discussed in IEEE 338- lReview info and take actions as 6 
report 1987, RG appropriate [4] 

1. 118, IEEE 
1741-1986 

Document: IN NO. 89-66, Qualification Ufe of Solenoid Valves 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Valves fail to operate as required Frequent Not discussed in Application Review info and take actions as 7 

report dependent, appropriate [4] 
may have Tech 
Spec req 

Document: IN NO. 89-79, Degraded Coatings and Corrosion of Steel Containment Vessels 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Oxidation and pitting of steel tanks Not stated Not discussed in Vendor specific Review info for applicability and taket e8 

IIIreport I actions; as appropriate [4]

Document: IN NO. 89-84, Failure of Ingersoll Rand Air Start Motors as A Result of Pinion Gear Assembly Fitting Problems 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommi 
Diesel generators would not start I Frequent I Not discussed in I RG 1.1 08,IEEE IReview info and co

Page I B



Table A.2 Gall Report for Information Notices
Page 2A

Document: IN NO. 90-41, Potential Failure of General Electric Magne-Blast Circuit Breakers and AK Circuit Breakers 
Reviewed by: E. W. Roberts, INEL 
Item System Structurlj'•lm n m- , * *I-- .. .

Document: IN NO. 90-51, Failures of Voltage-Resistors in the Power Supply Circuitry of Electric Governor Systems 
Reviewed by: E. W. Roberts, INEL
item System structure/Clomp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Generator Diesel Poverno Supprly IotaeDropping Not stated Pacific Resi~stor ENVIR ELTEMP Loss of resistance 

Document: IN NO. 90-51-01, Failures of Voltage-Resistors in the Power Supply Circuitry of Electric Governor Systems 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 12 Emergency Diesel Governor Control Voltage Dropping Not stated Not stated CURSTR & Loss of resistance Generator Power Supply Resistor ELETEMP value 

Document: IN NO. 90-80, Sand Intrusion Resulting in Two Diesel Generators Becoming Inoperable 
Reviewed by: E. W. Roberts, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

13Diesel Generatrors Cylinders Liners and Piston jNot stated jNot stated CONTAM ADH Sconing of liners and~ 

1711Rings I piston rings 

Document: IN NO. 91-20, Electric Wire Insulation Degradation Caused Failure in A Safety-Related Motor Control Center 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects I 14 j Motor Control Centel Wire j - Vegatable oil Not stated ELTEMP Cond cover emit I I I ~plasticierR liquid whc adnsi J on •.• cntact 

Document: IN NO. 91-45, Possible Malfunction of Westinghouse ARD, BFD, and NBFD Relays, and A200 DC and DPC 250 Magnetic Contactors 
Reviewed by: E. W. Roberts, INEL htem System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

5ReysCoils EPOXY Westinghouse ELTEMP Epoxy becomes fluk 

when coil is 
energized for ext.1 

Document IN NO. 91-46, Degradation of Emergency Diesel Generator Fuel Oil Delivery Systems 
Reviewed by: E. W. Roberts, INEL "Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

16 iesl Gneatos Fltes nd njetor Nt sate Nt stated CONTAM Excessive particulate, 
fouled 

filters and injectors 

Document: IN NO. 91-62, Diesel Enging Damage Caused by Hydraulic Lockup Resulting From Fluid Leakage Into Cylinders 
Reviewed by: E. W. Roberts, INEL IRm System StructurefComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 17 Emergency Diesel Diesel Engine Head Gasket I Not stated Nt stated Not stated Water leaks int SGenerator I I Icylinder 

Document: IN NO. 91-78, Status Indication of Control Power for Circuit Breakers Used in Safety-Related Applications 
Reviewed by: E. W. Roberts, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects J 18J J Indiratnr I i*hts I F~nIr_• i riHh-,.;• idte•*, .,.. ....... .

I -I I I s t I . . . . . ... . . .. [.. . .

iT Fuse holder fingers 
deformed resulting i 

Ipoor elect c'nact I| |
• |



Table A.2 Gall Report for Information Notices

Document: IN NO. 90-41, Potential Failure of General Electric Magne-Blast Circuit Breakers and AK Circuit Breakers 
Reviewed by: E. W. Roberts, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item [Breaiker would attempt to close but would Frequent Not discussed in RG 1.108,IEEE lReview info and consider actions as 10 trip free report 387,1EEE appropriate [4] 

1749,Tech

Document: IN NO. 90-51, Failures of Voltage-Resistors in the Power Supply Circuitry of Electric Governor Systems 
Reviewed by: E. W. Roberts, INEL Effect of Aging on Component Function Conhib to Failure Reported progs Rel.progs Report R•e Edg loses speed control Frequent Scheduled RG 1.108, eReview info 

I Replacement IEEE 387, applicable [4 
I I IIEEE 749 1

ommendations 
and consider actions if

Document: IN NO. 90-51-01, Failures of Voltage-Resistors in tihe Power Supply Circuitry of Electric Governor Systems 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Failure of resistor leads to governor power Frequent-old; Rare Scheduled RG 1.108, Revewinfo andconsideractions if 1P&2 12 supply. Failure in onginal design. resistor - now Replacement IEEE 387, applicable [4] failure in new replacement assembly IEEE 749 results in a backup mechanical governor 
taking control of speed.  

Document: IN NO. 90-80, Sand Intrusion Resulting in Two Diesel Generators Becoming Inoperable 
Reviewed by: E. W. Roberts, INEL Effect of Aging on Component Function Contrib to Failure Reported pro. ReIprns Rep rt Recommendations Pa e No. Item Inoperable diesel generators- Not stated Not dscussed in No specific Review ino and consider actions maintenance activity introduced sand into report program applicable [4] 
diesel cylinders 

Document: IN NO. 91-20, Electric Wire Insulation Degradation Caused Failure in A Safety-Related Motor Control Center 
Reviewed by: E. W. Roberts, INEL Effect of Aging on Component Function Contrib to Failure Reported mross Rel.prors Rert Recommendations Pa e No. Item 

nsulates electrical contacts Not stated Not discussed in No specific Review info and consider actons as 14 1 
rIIreport Iprogram lappropniate [4] -

Document: IN NO. 91-45, Possible Malfunction of Westinghouse ARD, BFD, and NBFD Relays, and A200 DC and DPC 250 Magnetic Contactors Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReL.prous Report Recommendations Page 

Degrades or delays relay function Not dicssed in N pcfc Reve info and cosdractions if 

I ý ýIreport Iprogram lapplicable [4]

Document: IN NO. 91-46, Degradation of Emergency Diesel Generator Fuel Oil Delivery Systems 
Reviewed by: E W. Roberts, INEL 
Effect of Aging on Cornponent Function Contrlb to Failure Reported pra R. ort Recommendations Pace No. Item Inoperable diesel generator Not stated Not discussed in No specific Review info and consider actions as 

report program appropnate [4]

Document: IN NO. 91-62, Diesel Enging Damage Caused by Hydraulic Lockup Resulting From Fluid Leakage Into Cylinders 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reprted a Rel. a Reprt Recommen mage to engine will cause EDG failure Not stated Not discussed in Vendor specific Review info and cons 

I report I Drocrarn I"nr rr 1

I1IV� L'J

dations Pge W. item "ider actins= as I

Document: IN NO. 91-78, Status Indication of Control Power for Circuit Breakers Used in Safety-Related Applications 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.props Report Recoi 

Ilmproper indication of motor operation I Not stated I %1-l,, ,- -. -

Page No. Item 

I1II

Page 28



Table A.2 Gall Report for Information Notices

Document: IN NO. 91-81, Switchyard Problems That Contribute to Loss of Offsite Power 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

19T§Wi~thcyard Control Zeiw Diodes Not stated Not stated VOLSTR Zenor diode failure 

Document: IN NO. 91-83, Solenoid-Operated Valve Failures Resulted in Turbing Overspeed 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

2Turbine Soleniod- Operated Not stated Parker H-annifin. Not stated Pilot valve assy FTValves IIIImechanically bound 

Document: IN NO. 91-85, Potential Failures of Thermostatic Contol Valves for Diesel Generator Jacket Cooling Water 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

21 Diesel Generator Cooling Water Thermostatic Cono, Not stated Not stated Not stated Valve failure 
System IhValve I I I I 

Document: IN NO. 91-87, Hydrogen Embrittlement of Raychem Cryofit Couplings 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

22Gas Space Cryo fit Coupling rThi-el (50% Titanium Raychem EMBRNY & Circumferential 
Sampling Une and 50% Nickel) ELETEMP fracture at the 

midpoint of coupling 

Document: IN NO. 92-04, Potter & Brumfield Model MDR Rotary Relay Failures 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects SRotary Relay Rotor Coil Varnish Potter & Brumfield CORR Deposits on rotor 

Document: IN NO. 92-27, Thermally Induced Accelerated Aging and Failure of ITE/GOULD A.C. Relaty Used in Safety-Related Applications 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

24Relay Plastic Armature Not stated ITE/Gould ELETEMP Brittleness and 
Carier and Coil cracking 
Insulation 

Document: IN NO. 92-44, Problems With Westinghouse DS-206 Type Circuit Breakers 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

25 Circuit Breaker Reset Spring Not stated Westinghouse FAT Weakened spnng 

Document: IN NO. 92-48, Failure of Exide Batteries 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

26DC Power Battery cells No ttdExide CORR Cracking of battery 

n 1 7face 

Document: IN NO. 92-78, Piston to Cylinder Uner Tin Smearing On Cooper=Bessemner KSV Diesel Engines 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Diesel Generator CWalls Not stated Cooper Besse CORR Transfer of tin from 
KSV c~yl. walls and 

breakdown of 
lubrication

Page 3A



Table A.2 Gall Report for Information Notices Page 3B

Document: IN NO. 91-81, Switchyard Problems That Contribute to Loss of Offsite Power 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Los of switchyard control Not stated Not discussed in RG 1. 118, Review info and consider actions as j1 

report IEEE 741-1986 appropriate [4] 

Document: IN NO. 91-83, Solenoid-Operated Valve Failures Resulted in Turbing Overspeed 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Valves failed to close allowing stem N sed Not discussed in Vendor specific Review info and consider actions aso20 
cause turbine overspeed Ireport 1prograr jappropriate [4]) 

Document: IN NO. 91-85, Potential Failures of Thermostatic Control Valves for Diesel Generator Jacket Cooling Water 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

[Overheating of diesel generator I Not stated Not discussed in Vendor specific Review info and consider actions as 211 
1 1 report 1programn appropriate, [4] 

Document: IN NO. 91-87, Hydrogen Embrittlenernt of Raychem Cryofit Couplings 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
The fractured coupling allowed a reactor Rare Not discussed in No specific stated 1 & 2 22 
coolant system leak tiat exceded the 1.0 report program 
gpm technical specification limit. I 

Document: IN NO. 92-04, Potter & Brumfield Model MDR Rotary Relay Failures 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported procs ReI.proas Report Recommendations Page No. Item 

[Mechical binding of rotor and failure of Not stated Not discussed in Vendor specific IReview info and consider actons as 
relay to operate property within 2 to 5 report program applicable [4] 
years after installation 

Document: IN NO. 92-27, Thermally Induced Accelerated Aging and Failure of ITE/GOULD A.C. Relaty Used in Safety-Related Applications 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Coil shorts and relay fails to operate Not stated Not discussed in Vendor specific Review info and consider actions as 24 

report 
I program appropriate [4] 

Document: IN NO. 92-44, Problems With Westinghouse DS-206 Type Circuit Breakers 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Coinponent Function Contrib to Failure Reported pos Rel.progs Report Recommendations Page No. Item r fails to open when required Not stated Not discussed in Vendor specific IReview info and consider action as 

f IIreport program jappropniate [4] 

Document: IN NO. 92-48, Failure of Exide Batteries 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Leakage of electrolytic and battery cell Not stated Not discussed in RIG 1. 129, Review info and consider action as 28 
failure report IEEE 450- applicable [4) 

1987, Tech.  
iSpec. Surveil.  

Document: IN NO. 92-78, Piston to Cylinder Liner Tin Smearing On Cooper=Bessemer KSV Diesel Engines 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Crankcase explosions and diesel failure Not stated Not discussed in No specific Review info and consider actons as 

report program appropriate [4]
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Document, IN NO. 93-05, Storm-Related Loss of Offsite Power Events Due to Salt Buildup on Switchyard Insulators 
Reviewed by: E. W. Roberts, INEL 
Item System StructureiComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

S2itc _ Yard Insulators Not stated Not stated CONTAM Arcing across salt
lading insulators 

Document: IN NO. 93-22, Tripping of Kiockner-Moeller Molded-Case Circuit Breakers due to Support Lever Failure 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

oMld-Case Circuit Support Lever Polycarbonate & IKockner Moeller CORR FAT Fractured support 
Breakers (Spring Arm) Glass fiber lever 

[71 1 1composite 

Document, IN NO. 93-23, Weschler Instruments Model 252 Switchboard Meters 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 0 Indicating Meters IMeter Movement I Not stated eschler jADH Sticking movement 

Document: IN NO. 93-26, Grease Solidification Causes Molded-Case Circuit Breaker Failure to Close 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 31e sMold-Case Circuit Grease Soapa-based or clay- GeneraJ Electric ENVIR Drying out of greaser 

Breakers based grease friction, gouging of 
I metal-to-me l 

Document: IN NO. 93-33. Potential Deficiency of Certain Class IE Inshumentabon and Control Cables 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

7 1 Cale I No ttd o NUREG/CR-5772 15772 

Document: IN NO. 93-64, Periodic Testing and Preventive Maintenance of Modled Case Circuit Breakers 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Circuit Breakers Not stted Westinghouse Not stated Thermal and 
Type EB and EHB instantaneous trip 

I not within T I specifications 

Document: IN NO. 94-04, Digital Integrated Circuit Sockets With Intermittent Contact 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Digital Board Socket Contacts Tin-lead Augat CORR/OX Contact failure 

Document: IN NO. 94-33, Capacitor Failures in Westonghouse Easge 21 Plant Protection Systems 
Reviewed by: E. W. Roberts, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

35Westinghouse Eaglel ASTEC Amenica DC Electrolyi Epoxy module AVX ELTEMP Capacitor failure 
21 plant protection Power Supply Capacitors 

I system I I
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Document: IN NO. 93-05, Storm-Related Loss of Offsite Power Events Due to Salt Buildup on Switchyard Insulators 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Loss of offsite ac, power 

Not stated Not discussed in IEEE 765- Review info and consider actions as 1 281 

report 1983, Plant appropriate (4] 
specific 
program 

Document: IN NO. 93-22, Tripping of stockner-Moeller Molded-Case Circuit Breakers due to Support Lever Failure 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Breakers tripped without cause Not sta Not discussed in No specific Review info and consider actions as 29 ,report Iprogram appropriate [4] 

Document: IN NO. 93-23, Weschler Instruments Model 252 Switchboard Meters 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Iaccurate meter indications Not stated Not discussed in No specific Review info and consider actions as 30 

report program lappropriate [4] 

Document: IN NO. 93-26, Grease Solidification Causes Molded-Case Circuit Breaker Failre to Calose 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.pro s Report Recommendations Page No. Item 

r fails to close Not stated Not discussed in No specific Review info and consider actions as 

7 1 u report program appropriate [4] 1 31 

Document: IN NO. 93-33, Potential Deficiency of Certain Class 1 E Instrumentation and Control Cables 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
AReaferences the resux l of the NUREG Not stated , Not discussed in No specific Review info and consider actions as I 321 
report to evaluate plant cables report Iprogram T appropriate [4] 

Document: IN NO. 93-64, Periodic Testing and Preventive Maintenance of Modled Case Circuit Breakers 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Age, failure to excercise, and lack of Not stated Not discussed in Vendor specific Review into and consider actions as 33 mauintenance caused breakers trips to go report program, Tech. appropriate [4] 
out of specifications Spec.  

Document: IN NO. 94-04. Digital Integrated Circuit Sockets With Intermittent Contact 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Not stated Not stated Not discussed in .No specific Review info and consider action as 3 

I--IIreport program jappropriate [4] 

Document: IN NO. 94-33, Capacitor Failures in Westonghouse Easge 21 Plant Protection Systems 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations PaeN.Item 
Power supply failure Not stated Not discussed in Vendor specific Review info and consider actions as 

report program appropnate [4]

Page 48
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Document: LER 88-011-282, Auto-Start of Train A of Auxiliary Building Speciai Ventilation System as a result of a Radiation Monitor Spike 
Reviewed by: L C. Meyer, INEL

Document: LER 88-033-02-327, Unplanned Reactor Trip Signal Due to a Reactor Protection System (RPS) Channel 1 Instrument Failure During RPS Channel 2 C 
Reviewed by: L. C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 21 Reactor Protection Not stated Not stated Not stated Foxboro Not stated Two transistors System 

shorted and bridge 

assembly open 
circuited 

Document: LER 89-001-280, Unplanned Auto Start of #3 EDG Due to Failed Diode 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 3 Diesel Generator Control Circuit Diode Not stated GM Electro-Motive Not stated Failed diode caused 

[IIIDivsion start relay to actuate 

Document: LER 89-002-331, Age-Related Failure of a Governor Printed Circuit Board Results in High Pressure Coolant Inrection System Inoperability 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 4 High Pressure Turbine Governor Printed Circuit Boarc Not stated Woodward Governro ELETEMP Intermi•a•t electrorn Injection System Component Company componet output 

Document: LER 89-003-263, Isolation of Reactor Water Cleanup System Due to Capacitor Failure in Filter/Demineraijzer Inlet Temperature Indication Switch 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

5RWCU Electronic Circuit Capacitor Not stated Seimans Not stated Capacitor failed 

E 
I Filter 

Document: LER 89-006-261, Reactor Trip Due to Loss of Turbine E-H Control Power Supplies 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 6 Turbine Control Power Supply Transistor Not stated Solid State Controls CURSTR & Transistors 

Inc. VOLSTR developed leakage 
current

Document LER 89-010-362, Fuel Handing Isolation System Train 'A' Actuation Due to Power Supply Failure 
Reviewed by: L C. Meyer, INEL



Table A.2 Gall Report for Ucensee Event Reports

Document: LER 88-011-282, Auto-Start of Train A of Auxiliary Building Special Ventilation System as a result of a Radiation Monitor Spike 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Auostart of aux building ventilation Not stated 10 CFR 50.73 Vendor specific Not stated 1-31 
system when not called for. The program 
electronics was 16 years old. Root cause 
of spike unknown. rad monitor upgrade 
pursued.  

Document: LER 88-033-02-327, Unplanned Reactor Trip Signal Due to a Reactor Protection System (RPS) Channel 1 Instrument Failure During RPS Channme 2 C 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.pro•s Report Recommendations Page No. Item 
Failure ef a rcs channel 1 delta T/Tavg Not stated 10 CFR 50.73 Tech. Spec. Not stated 1-4 2 
loop instrument caused an unplanned surveillance, 
reactor trip signal. Component aging was RIG 1. 118, 
referenced as a possible failure IEEE 338 
mechanism.  

Document: LER 89-001-280, Unplanned Auto Start of #3 EDG Due to Failed Diode 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Conbrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
The failure of the diode was attributed to Not stated 10 CFR 50.73 No specific Not stated 1-3 3 
normal aging. the start relay iniated the air surveillance for 
start motors and started the diesel when this component 
no emergency existed.  

Document: LER 89-002-331, Age-Related Failure of a Governor Printed Circuit Board Results in High Pressure Coolant Injection System Inoperability 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Conbib to Failure Reported progs ReLprogs Report Recommendations Page No. Item 
Failure to operate, reason was Rare 10 CFR 50.73 Tech. Spec. Change out the governor printed *1-4 - 4 
unanticipated age-related response of the Surveillance circuit boards every eight years [4] 
printed circuit board's components due to req'd for HPI 
long term constant energization and 
possibly environmental factors. Vendor 
indicated that long term constant current 

,flow could reduce life 

Document: LER 89-003-263, Isolation of Reactor Water Cleanup System Due to Capacitor Failure in Filter/Demineralizer Inlet Temperature Indication Switch 
Reviewed by: L C. Meyer. INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Unexpected capacitor failure caused Rare 10 CFR 50.73 No specific Not stated 1-3 5 
circuit to actuate a portion of the ESF surveillance for 
system. Aging was given as the cause of this component 
the capacitor failure 

Document: LER 89-006-261, Reactor Trip Due to Loss of Turbine E-H Control Power Supplies 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Transistor leakage current caused Rare 10 CFR 50.73 No specific Not stated 1-4 6 
increased gain resulting in higher voltage surveillance for 
on the output stage of the power supply. this component 
the over voltage protective circuitry was 
triggered causing the fuse to blow.  
degraded transistors attributed to aging.  

Document: LER 89-010-362, Fuel Handling Isolation System Train 'A' Actuation Due to Power Supply Failure 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Lost power from the power supply when Rare 10 CFR 50.73 No specific Not stated i-5 7 
the regulator shifted due to the broken surveillance for 
screw and allowed a burr on the metal this component 
heat sink to penetrate the mica insulation.  
a short circuit resulted blowing a fuse.

Page 1B
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Document: LER 89-014-271, Reactor Core Isolation Cooling System Inoperable Due to Motor Bum Out 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent materials Manufacturer ARD mechanism ARD effects 81 Reactor Core Motor Operated Motor Not stated Not stated CURSTR Failed armature Isolation Cooling Valve winding 

system 

Document: LER 89-015-327, Control Room Isolation Resulting From a Worn Set of Contacts in the 480V Motor Starter for a Main Control Room Ventilation Intake F 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

9Control Room Motor Starter Contacts Not stated Not stated WEAR Increased contact Isolation 
resistance causing 

arcing 

Document: LER 89-019-01-325, Failure of Service Water System to Meet Design Requirements 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

10Service Water PupWincing Insulation Not stated -JGeneral Electric ELETEMP Degraded insulation System 
on motor winding 

Document: LER 89-020-01-528, Apparent Ground Causes Control Element Assembly Slip 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subocomponent Materials Manufacturer ARD mechanism ARD effects i Control ElementCombustion Not stated Not aging related 

Aseml - Engineering

Document: LER 89-031-01-302, Failure of *A' 480V Engineered Safeguards Transformer Causes Temporary Interruption of Decay Heat Cooling and a Plant Opera 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comn Subcomzsnnent Mctanlil .. .' . .

Document: LER 90-007-01-388, ESF Actuations Due to RPS EPA Breaker Spurious Trip 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials 

13 Reacook Protection Electrical Protection Logic Card Not stated 
System Assembly

Manufacturer ARD mechanism ARD effects 
General Electric Not stated Logic card failed

Document: LER 90-018-244, Dropped Control Rod Dunng Rod Control Exercise Causes Automatic Actuation of RPS 
Reviewed by: L. C. Meyer, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

14 Control Rod Dnive Power Bridge Capacitor Not stated Westinghouse ELETEMP Degraded capacitor 
System 

Document: LER 90-022-01-344. Degraded Fire Penetration Seals as a Result of Inadewuate Construction Technique 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Various Cable Penetrations ISeal Silicon foam Nstated WEAR Degradation of foam 7 1 1 - I I splits and gaps



Table A.2 Gall Report for Licensee Event Reports Page 20 
Document: LER 89-014-271, Reactor Core Isolation Cooling System Inoperable Due to Motor Bum Out 

Reviewed by: L. C. Meyer, INEL 

VEffýectofA in onCom onent Function Contrib to Failure Re prted lro s Re. s R rt RecommendationsItem valve f.. aie to Close because of failed Rare 10 CFR 50.73 Vendor specific Not stated 1-4 motor. An incorrect upper bearing gasket 
testing thickness resulted in a motor current 20% 

above full rated load which is believed to 
hvhave Contributed to premature aging.  

Document: LER 89-015-327, Control Room Isolation Resulting From a Wom Set of Contacts in the 480V Motor Starter for a Main Control Room Ventilason Intake F 
Reviewed by: L C. Meyer. INEL Efect of A•ign on Corponent Function Contrib to Failure Re fled progs Rel.progs Report Recommendations Pae No. Item 
Contacts not cTonducting propoery arnd Rare 10 CFR 50.73 No 'specific Not stated 11-3 9 current was arcing over introducing EMI surve9lane o into the circuitry resulting in a spurious 

this comn high radiation signal that initiated theI 
control room "isla. t. on 

Document* LER 89-019-01-325, Failure of Service Water System to Meet Design Requirements Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrjb to Failure Reported progs Rel.progs Report Recommendations Page No. Item Ina deqrat• eair flow throughin t moo r R are 10 CFR 50.73 IEEE 3 4 - 1974 stated 1-4 N 10e winding over a period of time resulted in sect i n 14.  thermally aged insulation that resulted in a 7 ~turn to turn failure IIII 

Document- LER 89-020-01-528, Apparent Ground Causes Control Element Assembly Slip Reviewed by: L C. Meyer, INEL Effect of A ino•an Comnent Function ConribtoF Recommendations No Item 

Maufctukrin defoerteRr 
0CF 07 Vendor8 speii INot stated Pa&5NO ite 

Document: LER 89-031-01-302, Failure oftAo480V Engineered Safeguards Transformer Causes Temporary Interruption of Decay Heat Cooling and a Plant Open 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reprted progs Rel.progs Report Recommendations Page No. Item I Transorm er fa3led causing a cooling Rr10 CFR 50.73 

12 

[temperature , tte poersupd loss io 0, 

pump to denergize and loss of decay 
IEEE 338

[ ,e a s a J =tto .  

Iheat Cooling. Power was al~so interrupte 11987, IEEE Ito various plant ventilation systems. Event 7118 Icompounded by personnel error.  

Document: LER 90-007-01-388, ESF Actuations Due to RPS EPA Breaker Spurious Trip Reviewed by: L C. Meyer, INEL Effect of Aging o n Component Function Contrib to Failure R ported progs Rol.rogs Report Recommendations Page No. Item 
'Thek lgccad failure caused thep Occasional); (12 1OCFR 50.73 RG 1. 118, Not stated 1-5 131 breae toperate, and initiated ot'her esf times/6 Y) IEEE 338-1987 actuations. The card failure was attributed 
to aging and the aging process was foundd 
to be applicable when the epa logic cadrd 
was both in service and in storage.  

Document: LER 9D-018-244, Dropped Control Rod During Rod Control Exercise Causes Automatic Actuation of RPS 
Effect of Aging on Cornonent Function Contrib to Failure Re fled pos oef. rogs R it Recommendations O NO. Item Noisy incoming power to the control rod J- Rate 10 CFR 50.73 Vendor specific Not stated 1-8 14 10 (caused the rod to drop) was attributed 

program to the degraded capacitor. Elevated 
temperature at fte power supply location 
was the cause of the decreased servce 
life of the capacitor.7 

Document: LER 90-022-01-344, Degraded Fire Penetration Seals as a Result of Inadewuate Construction Technique Reviewed by: L C. Meyer, INEL Effect of Aging on Cornponent Function Contrib to Failure Repofled rs s R r Rommedations e No. Item Degradationi of ftoamr is attributed to aging IOccasional 10 CFR 50.73 Vendor specific Not stated 1-6 15 arid wear as noted under other defects roiaI,
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Document- LER 90-023-325, Partial Group 6 Isolation Resulting From Failure of Relay I-CAC-3A 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Man

Document- LER 90-023-424, Transformer Failure Results in Loss of Steam Generator Level and Manual Reactor Trip 
Reviewed by: L C. Meyer, INEL 
ift. ,tm StrunturelComn Subcomnonant Materials Manufacturer AFtD mechanism ARD effects

1Non 1- Power Not stated Not stated Genera Electric Not stated Internal fault in the 
System "b" phase high side 

windings 

Document: LER 90-029-01-325, CBEAF SYSTEM Actuation Resulting From the Failure of the 1-D22A-K2 Relay Coil.  
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

18 Control Building Arm Logic Relay Not stated General Electric Not stated Cracks on epoxy 

Emergency Air coating, relay bumedc 

Filtration System up (probably 
shorted) 

Document: LER 91-001-293, Automatic Closing of the Primary Containment System Group 5 Isolation Valves During Sruveilance Testing 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

19 Primary Isolation Electric Governor Transistor Not stated Not stated Not stated Transistor failed 

Control System 

20 Primary Isolation Electric Governor Cable Insulation Not stated Woodward Governor ELETEMP, MOIST, Embrittiernent due to 

Control System Company & EMBR past exposure to 
heat and humidity

Document: LER 91-002-01-327, EGTS Inoperable Because of a Train EGTS Being Out of Service ftr Filter Testing and B Train Diesel Generator Being Declared I 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

21 Emergency Gas Diesel Generator Fuse Not stated Not stated THERM-CY Fuse failed 
Treatment System 
( EGTS) 

Document LER 91-006-530, ESF Actuation Due to Loss of Power to 4.16 KV Bus 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

22 12 Power Circuit Breaker Trip Circuit Not stated Not stated MOIST Moisture induced 
short ciruit in trip 
circuit 

Document: LER 91-007-456, Rod Control System Failure Causes Shutdown Bank Control Rods to be in a Condition Prohibited by Technical Specifications 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

23 Rod Control System Circuit Card Transistor Not stated Not stated Not stated Transistor failed

Page 3A
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Document: LER 90-023-325, Partial Group 6 Isolation Resulting From Failure of Relay I-CAC-3A Reviewed by: L C. Meyer, INEL 
Effect of Aging an Component Function Contrib to Failure Reported progs Rel.progs Relay failure resulted in partial loss of cac J Occasion; (3 in 18 10 CFR 50.73 RG 1.118, logic and subsequent partial group 6 Mo) IEEE 338isolation. This normally energized coil 1987, Tech bumed up as a result of normal end of life Spec. surv.  

failure due to aging. I

Report R 
Not stated

-commendations

Document: LER 90-023-424, Transformer Failure Results in Loss of Steam Generator Level and Manual Reactor Trip Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Transformer failed resulted in loss of Rare 110 CFR 50.73 No specific Not stated 1-4 I1 power to speed control circuitry of the 1 B 

surveillance for main feedwater pump. Possible 
this component premature aging of transformer. I I I 

Document: LER 90-029-01-325, CBEAF SYSTEM Actuation Resulting From the Failure of the 1-D22A-K2 Relay Coil.  Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item JCBEAFs stem actuation resulted from Occasional 10 CFR 50.73 No specific Not stated 1-3 18 the failed relay. This normally energized surveillance for relay failed due to cracks in the epoxy this component 
coating on the coil. This was called a 
normal end of life failure due to aging.

Document: LER 91-001-293, Automatic Closing of the Primary Containment System Group 5 Isolation Valves During Sruvellance Testing Reviewed by: L. C. Meyer, INEL Effect of Aging on Component Function Contrlb to Failure Reported progs Rel.progs Report Recommendations 
Circuit failed to control governor leading to Rare 110 CFR 50.73 No specific Not stated automatic closure of isolaton valves.......

Cable embrittliement due to thermal aging 
was listed as the cause, handling of cable 
during maintenance and surveillance 
activities may have contributed to the 
cable failure.

Document: LER 91-002-01-327, EGTS Inoperable Because of a Train EGTS Being Out of Service for Filter Testing and B Train Diesel Generator Being Declared I Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Failed fuse resulted in train B EGTS Rare 10 CFR 0.73 Tech Spec. Not stated 1-5 21 being declared inoperable. Frequent required cycling on and off of the air start system surveillance 
due to an air leak is believed to be have 
ddegraded the fuse resulting in fuse failure.  

Document: LER 91-006-530, ESF Actuation Due to Loss of Power to 4.16 KV Bus 
Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Breaker opened wheonitwas supposedto Rare 10OCFR 50.73 FIG 1. 118, Not stated 1-S 22 be closed. A degraded seal around an air IEEE 338conditioning duct penetration allowed 1987, IEEE moisture from a rain storm to enter the 741-1987 plant multiplexer cabinets causing the SECT1O 
short circuit.  

Document: LER 91-007-456, Rod Control System Failure Causes Shutdown Bank Control Rods to be in a Condition Prohibited by Technical Specifications Reviewed by: L C. Meyer, INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 'Transistor failure caused the circuit to fail Rare 1 0 CFR 50.73 No specific N~ot stated 1-4 23 resulting in no motion control for the group surveillance for 1 control rods. Aging degradation was this component 
given as the cause of the transistor 
failure. I

Pace No. Item 

1 -3 

6
= I |



Table A.2 Gall Report for Ucensee Event Reports

Document: LER 91-008-260, Unplanned Engineered Safety Features Actuation Due to a Failed PCIS Relay 
Reviewed by: L C. Meyer, INEL
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

24 Primary Containmeni Logic Relay Coil Not stated General Electic Not stated Burned coil 
Isolation System 

Document' LER 91-010-01-155, Reactor Protection System Pressure Switches Experiencing Setpoint Drift Revision 1 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

25 Reactor Protection Switches Not stated Foxboro CORR Corrosion caused 

7 System IIIIIIswitch set oint drift 

Document LER 91-014-01-498, Erratic Containment Extended Range Pressure Channel Output 
Reviewed by: L. C. Meyer. INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

26Containment Pressure Therm isitor Not stated Barton Not stated Erratic behavior of 
Extended Range Transmitter instrument 
Pressure Channel 

Document: LER 91-016-260, Unplanned Engineered Safety Features Actuation Due to a Blown Fuse Caused by a Failed Relay 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

27 ESFAS Relay coil Not stated General Electrc ELETEMP Relay coil failed 

Document- LER 91-016-424. Failure to Complete Technical Specification Required Acton for Battery Cell Low Voltage 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Varous Battery NA Not stated C & D Batteries Not stated Low call voltage 
while single cell 
charging

Document: LER 91-020-237, Reactor Building Ventilation Isolation and Automatic Standby Gas Treatment Initiation Due to Radiation Monitor Power Supply Failure 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

29 Reactor Building Power Supply Wire Not stated General Electric WEAR Insulation wom and 
Ventilation System spark caused power 

supply failure 

Document, LER 91-021-254, RCIC Declared Inoperable Due to High Pump Flow in ISI Required Action Range 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

30RCIC System Tachometer NA Not stated Not stated Not stated Instrument drift 

Document: LER 91-028-254, Loss of Power to 1A RPS Bus Caused by EPA 1A-1 Tripping on Undervoltage Due to Low M-G Set Output 
Reviewed by: L C. Meyer, INEL 
Item System Structure'Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

31 M-G Set Voltage Regulator Voltage Rheostat Insulation General Electric Not stated Low voltage from mn
g set
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Page 4B Document- LER 91-008-260, Unplanned Engineered Safety Features Actuation Due to a Failed PCIS Relay Reviewed by: L C. Meyer, INEL 
Effect of A in on Cor-n-ont Function ConbSyb to Failure Re rted Rel.g S Re rt Recommendations Pe No. Item 
The burned coil cause the normally Occasionall 10 CFR 50.73 Tech Spec. Not stated 1-3 2 energized relay to fail resulting in loss of required logic power and an unplanned actuation of surveillance the esfas. This was called a thermally 
aged relay cogi failure.  

Document' LER 91-010.01-155, Reactor Protection System Pressure Switches Experencing Setpoint Drift Revision 1 Reviewed by: L C. Meyer, INEL 
E f°I AcII1 in 1 onorhncent Function Confrib to Failure Re . ed a Ro.l Rport Recommendations No. Item 

The drift would adversty effect the RPS Rae10 CFR 50.73 TeChSe. Not Stated 1-2 2 joper~ation. Found during refueling outagerque 
calbrtin. dnmun survellanc 

Document: LER 91-014.01-498, Erratic Containment Extended Range Pressure Channel Output Reviewed by: L C. Meyer, INEL 
Effect of A in on Corn onen Function Contrib to Failure Re orted ro S Rd. s A o ions P e No. Item r aei R are 1 50 .73 T ech S p N ot st ate 1-4ye control card, however the erratic behavior 

surveillance of the pressure transmitter cannot be 
RG1.118, positively atyibuted to this thermistor. 
IEE n 338 

Document: LER 91-016-260, Unplanned Engneered Safety Features Actuation Due to a Blown Fuse Caused by a Failed Relay Reviewed by: L C. Meyer, INEL 
Effct of Ain on Corll • nent Function Contrib to Failure Re orted ro s ROL R ort RecommendationsP No. Item 
Unplanned ESFAS actuation due to tailed Rare 10 CFR 50.73 Tech Spec. Not Stated 

1-3 271 

r T ilednrela cori t Function cya rs t 

s l e, 

old and the service life for a normally- 
not specific energized coil relay of this type is 15 to 20 

years. This was an end of lfe failure.  

Document: LER 91-016-424, Failure to Complete Technical Specification Required Action for Battery Cell Low Voltage Reviewed by: L C. Meyer, INEL Effect of A i oRn Cornponent Function Contrib to Failure Re fld Rel.pro s R111 3ort Recommendations Page No. Item 
Battery failed to, meet technical Rare 10CR5.3 Ted pc o stated 1-4 2 specification while charging. This was 

surelac, considered to) be related to battery agingRG118 
lphenomena 

IEEE 450 
Document: LEA 91-020-237, Reactor Building Ventilation Isolation and Automatic Standby Gas Treatiment Initiaition Due bo Radiation Monitor Power Supply Failure Effect of Aging on Corn !onent Function Contrib to Failure Reported s Rel. p ag R!Eort Recommendations; Pa e No. Item 

The ventilation system an d gas treatmnent Occasional 10 CFR 50.73 Noseii o ttd1429 system actuation resulted from the power 
surveillacefo Isupply failure. 
tIsopnn 

Document: LER 91-021-25,4, RCIC Declared Inoperable Due to High Pump Flow in 151 Required Action Range Reviewed by: L C. Meyer, INEL Effect111 1'1 of 11 A cin n Cornponent Function Contrib to Failure Re fled s Rl. ras R rt Recommendain NNo. I1em 
Failure due to instrument drift caused by Rare 10 C FFR 50.73 No specific' NotI state 1-4 301 aging 

suvilac for thsucomponent

Document: LER 91-028-254, Loss of Power to 1A RPS Bus Caused by EPA 1A-1 Tripping on Undervoltage Due to Low M-G Sat Output Reviewed by: L C. Meyer, INEL Effect of A in on Cronent Function Contrib to Failure Re rted r a Rel. r s R orEtRecommendations Cause of dip is unown, b wear Occasional 10 CFR 50.73 Ven Not stated of the voltage ac~ustm~ent rhott wasprga program supected It was believed to have 
developed a flat spot or corrosion at the 
point of the previous a~ustrnent due to 
normal wear at that point over a long '_ period of time.

Table A.2 Gall Report for Licensee Event Reports
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Document: LER 91-028-325, Component Failure of a Reactor Water Cleanup System Isolation Logic Relay Resulted in an Unplanned Engineered Safety Feature A 

Reviewed by: L C. Meyer, INEL 
Item system S-ructure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

32 RWCU Relay coil Insulation General Electric Not stated Relay coil failed after( 
Insulation breakdown] 

Document: LER 91-030-423, Motor Control Center Auxilary Contr-ol Relay Failure Due to Thermai Aging 

Reviewed by: L. C. Meyer, INEL 
Item System Structur•/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

33 Motor Control CetrRelay coil Insulation TE Gould ELETEMP & EMBR Relay coil insulaton 
embrittlernent and 

I failure 

Document: LER 92-001-155, Brittle Motor Lead Wires Discovered in VOP-7050 (Main Steam Isolation Valve-MSIV) 

Reviewed by: L. C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

34 Main Steanm Isolation Valve MtrLead Wire Insulation Butyl rubber Lirnitorque ELETEMP & EMBR Brittle and cracked 
insulation 

Document: LER 92-001-263, Shutdown Required by Technical Specification Due to Inoperable Bellows Leak Detection System for Safety Relief Valves 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

351 Bellows Leak Valve Seating Material Cast urethane Automatic Switch tt-t LETMP Urethane seat 

Detection System Company mater degraded 
due to high, 
temperature 

Document: LER 92-001-296, Engineered Safety Feature Actuation Caused by a Failed Relay Coil 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

Engineered Safety Relay Coil Not stated General Elecbtic ELETEMP Degraded insulation 

Feature Actuating Icausing coil failure 

System (ESFAS)IIIIIII 

Document: LER 92-001-339, Reactor Trip Caused by MFRV Closure Upon Failure of Driver Card 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

I31Feedwater system Main Feed Power Supply Not stated Not stated Not stated Power supplyfie 
Regulating Valve on driver card

Document: LER 92-002-247, Reactor Trip Due to Main Feedwater Regulating Valve Going Closed 

Reviewed by: L C. Meyer, INEL

Document: LER 92-004-389, Manual Reactor Trip Due to Low Steam Generator Water Level Caused by a Failed Circuit in the 2A Feedwater Regulating Control Sy 

Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 -91 Feadwater Power Supply Capacitor INot stated (Not stated Not stated I Capacitor failed.



Table A2 Gall Report for Licensee Event Reports

Document: LER 91-028-325, Component Failure of a Reactor Water Cleanup System Isolation Logic Relay Resulted in an Unplanned Engineered Safety Feature A 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contirb to Failure Reported pres Rel.progs Report Recommendations Page No. Item 

ESAS actuation resulted from the relay Occasional 10 CFR 50.73 Tech Spec. not Not stated 1-4 32 
failure. Component failure determined to specific for this 
be a normal end of life failure due to component 
aging. This was a normally energized 
relay.

Document: LER 91-030-423, Motor Control Center Auxiliary Control Relay Failure Due to Thermal Aging 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Ele-vated temperature from continuous Occasional 10 CFR 50.73 Vendor specific Not stated 1-5 33 
operation of relays caused embrittlement program 
and failure. Heat also discolored other 
plastic parts near the coil.  

Document: LER 92-001-155, Brittle Motor Lead Wires Discovered in VOP-7050 (Main Steam Isolation Valve-MSIV) 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Loss of isolation capability, the degraded Rare 10 CFR 50.73 IVendor specific Not stated 1-4 3 
wire insulation was found in the limit jprogarm, GL 
switch housing as a result of planned 89-10, 
maintenance during a scheduled refueling INUREG-1352 
outage.  

Document: LER 92-001-263, Shutdown Required by Technical Specification Due to Inoperable Bellows Leak Detection System for Safety Relief Valves 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrlb to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

the seating material from exposure to program 
temperatures near manufacturers rated 
temperature.  

Document: LER 92-001-296, Engineered Safety Feature Actuation Caused by a Failed Relay Coil 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

fThe coil failure iniated pairtial actuation of IOCCAIONAL 10CR5.3 Vendor specific Not stated 15361 
the ESFAS system. Iprogram, Tech.I 

I Spec. Surveil.  

Document: LER 92-001-339, Reactor Trip Caused by MFRV Closure Upon Failure of Driver Card 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.proqs Report Recommendations Page No. Item 
Power supply failure caused the MFRV IOccasional 10 CFR 50.73 -N-o specific Not stated I1-37 
valve to fail closed isolating normal program 
feedwater and causing a reactor trip. I 

Document: LER 92-002-247, Reactor Trip Due to Main Feedwater Regulating Valve Going Closed 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Itm 
Solenoid valve failued relieving air Rare 10 CFR 50.73 No specific Not stated 1-3 
pressure to the diaphragm of the program 
regulating valve which caused it to go to 
the closed position.

Document- LER 92-004-389, Manual Reactor Trip Due to Low Steam Generator Water Level Caused by a Failed Circuit in the 2A Feedwater Regulating Control Sy 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Because of the capacitor failure the lead I Rare 10 CFR 50.73 jVendor specific Not stated 1-3 1391 
lag circuit output current was low and the ogram 
steam regulating valve closed. The reactor I IrIoIra
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Table A.2 Gall Report for Ucensee Event Reports

Document: LER 92-006-331, Emergency Safety Feature Actuation During Modification Acceptance Testing Due to Damaged Switchyard Cable 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

40 1 E Power Cable Insulation Ethylene propylene Not stated WEATH, CORR, & Insulation degraded, 
rubber MOIST galvanic corrosion 

rusted wire cores 

Document: LER 92-006-354, Reactor Shutdown to Comply With Technical Specification 3.6.1.1, Due to Failure of Suppression Chamber to Drywell Vacuum Breali 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

41 Various Drywell Vacuum Sea] Not stated Not stated Not stated Seal degraded due 
Breakers to aging 

Document: LER 92-007-01-33, Failure of Analog Transmitter Trip System (ATTS) Trip Relays Due to Thermal Aging 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

42 Analog Transmitter Relay coil Not stated Amerace ELETEMP Relay coil wire 
Trip System insulation 

embrittlenient 

Document: LER 92-009-01-499, Missed Technical Specification Required Surveillance Due to a Faulty Toxic Gas Monitoring System Modem 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

43 Emergency Modem NA Not stated Black Box Not stated Modem failed 
Response - Corporation 
Display System 
(ERFDADS) 

Document: LER 92-011-325, Primary Containment Monitoring System Inoperability Due to Relay Failure 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Camp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

44Containment Containment Control relay Not stated General Electric Not stated Relay failed (eno 
Atmnospheric Control -Logic life) 
(CAC) System 

Document: LER 92-021-237, Automatic Isolation of Reactor Building Ventilation Due to Radiation Monitor Trip Relay Failure 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

45 Reactor Building RBV Radiation Relay Not stated neral Electric rit stated Burned out 
IVentilation System Monitor 

Document: LER 92-034-01-333, Engineered Safety Feature Actuations Due to Transformer Failures 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

46 ESFAS Transformer NA Not stated General Electric ELETEMP Insulation 
dlegradation in 
transfomer

Page GA



Table A.2 Gall Report for Ucensee Event Reports

Document: LER 92-006-331, Emergency Safety Feature Actuation During Modification Acceptance Testing Due to Damaged Switchyard Cable 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI~progs Report Recommendations Page No. Item 
A teow or crack in the insulation exposed Rare 10 CFR 50.73 ;No specific Not stated 1-8 40 
wires to ambient conditions and moisture pogam 
intrusion with continuous dc potential on 
wires may have contributed to galvanic 
corrosion leading to an open circuit The 
tailed circuit caused sf actuation during 
ftest 

Document: LER 92-006-354, Reactor Shutdown to Comply With Technical Specification 3.6.1.1, Due to Failure of Suppression Chamber to Drywall Vacuum Break, 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.procs Report Recommendations Page No. Item 
Leak in vacuum breakers was too large Rare 10 CFR 50.73 No specific Not stated 1-5 41 
and violated the technical specifications program 
resulting in reactor shut down. Two of the 
three leaking breakers also had seal and 
pallet alignment problems.  

Document: LER 92-007-01-33, Failure of Analog Transmitter Trip System (ATTS) Trip Relays Due to Thermal Aging 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReLprogs Report Recommendations Page No. Item 
Debris from the embrittled coil spool was Occasional 10 CFR 50.73 Tech Spec. Not stated 1-5 42 
inhibiting movement of the relay plunger required 
resulting in sticking relay and excessive surveillance 
delay time. The relay had been in service 
4 years which exceeded the 
,recommended service fife of 3 years 

Document: LER 92-009-01-499, Missed Technical Specification Required Surveillance Due to a Faulty Toxic Gas Monitoring System Modem 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Garnbled data sent to erfdads computer. Rare 10 CFR 50.73 No specific Not stated 1-5 43 
Failure of modem attributed to aging. progam 
Operators were unable to meet technical 
specifications requiring the each chemical 
detection system be demonstrated 
,operable every 12 hours.  

Document: LER 92-011-325, Primary Containment Monitoring System Inoperability Due to Relay Failure 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Failure of this relay resulted in loss of Occasional 10 CFR 50.73 Tech Spec. Not stated 1-3 44 
power to various containment isolation required 
valves and inoperability of the cac system. surveillance 

Document: LER 92-021-237, Automatic Isolation of Reactor Building Ventilation Due to Radiation Monitor Trip Relay Failure 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Failure of relay coil caused the RBV Rare 10 CFR 50.73 No specific Not stated 1-4 
system to actuate. I Iprogram I I

Document: LER 92-034-01-333, Engineered Safety Feature Actuations Due to Transformer Failure 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported proqs Rel.proqs
Fault in middle phase b winding due to 
dielectric breakdown of insulation caused 
transformer failure resulting in ESFAS 
actuations. The dielectric breakdown due 
to aging resulted in multiple faults.

Page No. Item
1-16 46
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Table A.2 Gall Report for Licensee Event Reports Page 7A

Document LER 92-038-255, Reactor Trip Caused by a Loss of toe Preferred AC BUS Y-20 Coincident With a Blown Fuse in a Second Channel of the Reactor Pro 
Reviewed by: L. C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

47 Reactor Protection Inverter Transformer Not stated Sola ELETEMP Transformer coils 
System failed 

Document LER 93-002-249, Control Valve Fast Closure Half-Scramn Pressure Switches Out-of Calibration Due to Setpoint Drift 
Reviewed by: L C. Meyer, INEL 
Item System Structure(Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

481 Reactor Protection [Pressure Switch NA Not stated j alsaeVIB Wear of face of the 

Document LER 93-003-530, Emergency Diesel Generator Unable to Start and Run in Manual Test Mode 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

49 Emergency Diesel Starting System Relay Not stated Agastat Not stated Relay failed by fault Generator of a suppression 
vanistor across coil 

Document: LER 93-005-01-275, Medium Voltage Cable Failures Due to Chemical Degradation and Undkown Causes 
Reviewed by: L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

50 Various Cable 12KV Underground Ethylene- Okonite CHEM, CONTAM, 8 Chemical 
Cable propylene=rubber CORR degradation of jacke 

(EPR) and neoprene and corrosion of 
jacket shield 

51 Various Cable 12KV Underground Ethylene- Okonite Not stated Anomalies occurred 
Cable propylenetrubber over time 

(EPR) and neoprene 
jacket

Document. LER 93-005-01-305, Annual Transmitter Calibration Finds a Shift in the Pressurizer High Pressure Reactor Trip Signal Initiation Due to Instrument Drift 
Peviewed by: L C. Meyer, INEL

Document LER 93-007-249, Yarway Reactor Water Level Switch Failure 
Reviewed by: L. C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

531 High PRessure LeeIwth NA Not stated YawyMECHSTR Spring force 
Coolant Injection degradation 
System (HPCI)I 

Document LER 93-008-237, Yarway Reactor Water Level Switch Failure 
Reviewed by: , L C. Meyer, INEL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

541 High PRessure Level Switch INA Not stated Yarway MECHSTR Spring force 
Coolant Injection Idegradation 
System (HPCI) 1 I



Document LER 92-038-255, Reactor Trip Caused by a Loss of the Preferred AC BUS Y-20 Coincident With a Blown Fuse in a Second Channel of the Reactor Prc 

Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs; Rol-progs Report Recommendations Page No. Item 
The transformer failure resulted from Rare 10 CFR 50.73 Tech. Spec. Not stated 1-8 47 
accelerated aging due to improper inemal required 
wiring in the inverter. Only one primary surveillance, 
winding was connected resulting in RG 1.118 
operation at a higher temperature. the Y
20 bus 'power failure tripped the reactor.  

Document: LER 93-002-249, Control Valve Fast Closure Half-Scram Pressure Switches Out-of Calibration Due to Setpoint Drift 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 
Vibration contributed to the drift of the set Rare 10 CFR 50.73 Tech Spec. Not stated 1-6 

point because of wear on the plunger required 
face. surveillance 

Document: LER 93-003-530, Emergency Diesel Generator Unable to Start and Run in Manual Test Mode 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

The starting system check circuitry relay Rare 10 CFR 50.73 RG 1. 108, Not stated 1-9 49 
shorted and the resulting current surge IEEE 387-1984 
damaged other electrical components on Section 7.5, 
the fiber optics card in the EDG starting IEEE 749 
circuit. The EDG would not start in the 
manual test mode. Component aging was 
the cause 

Document: LER 93-005-01-275, Medium Voltage Cable Failures Due to Chemical Degradation and Undkown Causes 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.proas Report Recommendations Page No. Item 

A ground fault developed at the cable Rare 10 CFR 50.73 No specific Not stated 1-16 50 

acket degradation location (insulation program 
breakdown). Excess chlorides and a fatty 
acid, ethyl ester compound, were 
identified as the chemical that attacked 
the cable jacket. Water carried chemical 
into conduit.  
Ground fault occurred on cable. water Rare 10 CFR 50.73 No specific Not stated 1-16 51 

was in conduit (cable was designed for program 
wet conditions) cable removed from 
conduit and no root cause identified from 
inspections or tests conducted by utility 
and manufacturer. I 

Document LER 93-005-01-305, Annual Transmitter Calibration Finds a Shift in the Pressurizer High Pressure Reactor Trip Signal Initiation Due to Instrument Drif 

Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.proGs Report Recommendations Page No. Item 

The transmitter would not initiate a trip Occasional 10 CFR 50.73 RG 1. 118, Not stated 1-5 52 

signal at the required point. The method IEEE 338-1987 
of calibration was most probable cause 
and aging was the next most likely cause.  

Document: LER 93-007-249, Yarway Reactor Water Level Switch Failure 
Reviewed by: L C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
[Switch tripped outside of technical Frequently 10 CFR 50.73 EEE 1.1118, Notsted153 

specification limits. Excessive set point IEEE 338-1987 
drifts were also founde 

Document: LER 93-008-237, Yarway Reactor Water Level Switch Failure 
Reviewed by: L. C. Meyer, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item 

Out of tolerance Frequently 10 CFR 50.73 RG 1.118, Not stated 1-6 541 
IEEE 338-1987
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Table A.2 Gall Report for Ucensee Event Reports Page $A 
Document- LER 93-009-498, Technical Specification 3.0.3 Entry Due to Potentially Undersized Fuses in tro Solid State Protection System Reviewed by: L C. Meyer, INEL Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD e-•fct.  I rI QMM1 , , I I - -



Table A.2 Gall Report for Ucensee Event Reports Pag 8B

Document- LER 93-009-498, Technical Specification 3.0.3 Entry Due to Potentially Undersized Fuses in the Solid State Protection System Reviewed by: L C. Meyer. INEL Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations
In deaependeent •aboratory determined 

that the fuse did not open as the result of 
a high current fault. It was not possible to 
determine whether the fuse had a defect 
LER states that the event was caused by 
the random age related failure of a ssps 
fuse.

I Rare

A _____________________ I. _______________ I ___________________________________

10 CFR 50.73
program

Not stated Dune Me.. it.�1-5 55
Pý. M. 10-I Rare I



Table A.2 Gall Report for NRC Bulletins

Document- BL 90-01, Loss of Fill-Oil in Transmitters Manufactured by Rosemount 
Reviewed by: E. W. Roberts, INEL 
Item System Structure'Comp Subcomponent Materials 

1 Pressure O-Ring Metal 
Transmitters Model 

1 1153 & 1154

Manufacturer ARD mechanism ARID effects 
Roseounort Not stated Loss of transmitter 

Oil

Page 1A



Table A.2 Gall Report for NRC Bulletins Page 1B 

Document BL 90-01, Loss of Fill-Oil in Transmitters Manufactured by Rosemount 
Reviewed by: E. W. Roberts, INEL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Transmitter drift, slow response, inability Frequent Not discussed in Bul 90-01 Identify transmitters and take 1 to respond over full range, sustained report Suppl 1, RG appropriate corrective action (4] 
zero/span drift, or total failure 1.118, IEEE 

338-1987
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Nuclear Power Plant Generic Aging Lessons Learned: 
- Mechanical, Structural, and Thermal-Hydraulic Components and Systems 

- Electrical Components and Systems 

by 

K. E. Kasza, D. R. Diercks, J. W. Holland. S. U. Choi, J. L. Binder, 
W. J. Shack, 0. K. Chopra, D. C. Ma. A. Erdemir.  

J. L. Edson, L. C. Meyer, and E. W. Roberts 

Abstract 

The purpose of this generic aging lessons learned (GALL) review is to provide a systematic 
review of plant aging information in order to assess materials and component aging issues 
related to continued operation and license renewal of operating reactors. Literature on 
mechanical, structural, and thermal-hydraulic components and systems reviewed consisted of 
97 Nuclear Plant Aging Research (NPAR) reports, 23 NRC Generic Letters, 154 Information 
Notices, 29 Licensee Event Reports (LERs), 4 Bulletins, and 9 Nuclear Management and 
Resources Council Industry Reports (NUMARC IRs) and literature on electrical components 
and systems reviewed consisted of 66 NPAR reports, 8 NRC Generic Letters, 111 Information 
Notices, 53 LERs, 1 Bulletin, and I NUMARC IR. More than 550 documents were reviewed.  
The results of these reviews were systematized using a standardized GALL tabular format and 
standardized definitions of aging-related degradation mechanisms and effects. The tables are 
included in volumes 1 and 2 of this report. A computerized data base has also been developed 
for all review tables and can be used to expedite the search for desired information on 
structures, components, and relevant aging effects. A survey of the GALL tables reveals that 
all ongoing significant component aging issues are currently being addressed by the regulatory 
process. However, the agging of what are termed passive components has been highlighted for 
continued scrutiny.
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Table B.1 Gall Report for NUMARC Industry Reports

Document: IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL
Italy, �v�tam Sb~uchzre/Como Subcom'ronent Materials Manufacturer ARD mechanism ARD effects
I

12 Reinforced or 
Prestress Concrete 
Containments

Concrete 
Containment Wall 
Below Grade

Not statea Concrete increase o porosity & permeability

Page I A

1 Reinforced or All Not stated Concrete Not stated All Not stated 

Prestress Concrete 
Containments 

2 Reinforced or Concrete Dome & Not stated Concrete Not stated FRZ-THAW Scaling, cracking, & 

Prestress Concrete Concrete spalling 
Containments Containment Wall 

Above Grade 

3 Reinforced or Concrete Dome & Not stated Concrete Not stated LEACH Increase of porosity 

Prestress Concrete Concrete & permeability 
Containments Containment Wall 

Above Grade 

4 Reinforced or Concrete Dome Not stated Concrete Not stated AGR-CHEM Increase of porosity 

Prestress Concrete &Concrete & permeability, 
Containments Containment Wall cracking, & spalling 

Above Grade 

5 Reinforced or Concrete Dome Not stated Concrete Not stated AGREAC Expansion & 

Prestress Concrete &Concrete Unresolved cracking 
Containments Containment Wall 

Above Grade 

6 Reinforced or Concrete Dome Not stated Concrete Not stated ELE-TEMP Loss of strength & 

Prestress Concrete &Concrete modulus 
Containments Containment Wall 

Above Grade 

7 Reinforced or Concrete Dome Not stated Concrete Not stated EMBR/1R Loss of strength & 

Prestress Concrete &Concrete modulus 
Containments Containment Wall 

Above Grade 

8 Reinforced or Concrete Dome & Not stated Concrete Not stated CORR/RE Cracking, spalling, 

Prestress Concrete Concrete loss of bond, & loss 
Containments Containment Wall of matenal 

Above Grade 

9 Reinforced or Concrete Dome & Not stated Concrete Not stated FAT Cumulative fatigue 

Prestress Concrete Concrete damage 
Containments Containment Wall 

Above Grade 

10 Reinforced or Concrete Dome & Not stated Concrete Not stated CONCAL Reduction of 

Prestress Concrete Concrete concrete strength 
Containments Containment Wall 

Above Grade 

11 Reinforced or Concrete Not stated Concrete Not stated FRZ-THAW Scaling, cracking, & 

Prestress Concrete Containment Wall spalling 
Containments Below Grade 

Ni iw rvre ipon

Nlot stated LMMý,rl



Table B.1 Gall Report for NUMARC Industry Reports

Documenti IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, AN L

Page 1B

__________ PrOO rie urg R eport Recommendations Page No. Item Loss of pressure boundary. Not stated If resolution based NRC recommendlation: A one time 
upon evaluation of focused inspection of containment is 
plant-specific proposed to provide assurance for 
features, then continued satisfactory performance 
baseline inspection and to identify existing degradation 
not needed. mechanisms and to take necessary 

coorrective actions.  Loss of pressure boundary. Not stated Non-significant if NRC Recommendation: Potential 4-3 to 4-7 2 
located in region of freeze thaw damage of the dome of 
weathering concrete containments should be 
ridex<100 day-in/yr addressed.  
or concrete meets 

___________CC-2231 .7.1 Loss of pressure boundary. Not stated Not stated 
Non-significant for components not 4-8 to 4- 31 constructed using ACI 201.2R-77 to ensure dense, well-cured concrete 

__________with low permeability.  Loss of pressure boundary. Not stated Not stated Non-significant for components not 4-12 to 4- 4 
exposed to aggressive environment 14 
(pH 'c5.5, chloride >500 ppm, & 
sulfate > 1500 ppm); or exposed to 
aggressive groundwater for 

___________intermittent periods only. ____ Loss of pressure boundary. Not stated Non-significant for NRC recommendation: AGREAC 4-14 to 4- 5 
aggregate taken can not be ruled out. Tests alone are 17 
from regions other not satisfactory in predicting 
than those known to performance. AGREAC may occur 
(More) >25 years. Use of pozzolans & low 

alkali contant cement may not control 
reactions for concretes.(See 1R90

________06 & g0- 10) Loss of pressure boundary. Not stated Not stated !Non-significant for concrete 4-20 to 4- 6 
maintained at <66-C (150 -F) & loc 25. 4-34 
area temperatures <93_C (200_F), 
or plant-specific justification is 
provided in accordance with ACI 

______________349-85.  Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-25 to 4- 7 
neutron fluence, & integrated gamma 31, 4-35, 
doses are low compared to the levels 4-36 
causing degradation, i.e., 10'A 19 

_____________ pcmA*2 & 1OP1,l0 rads, respectively.____ Loss of pressure boundary. Not stated Not stated Non-significant for concrete not 4-17 to 4- 8 
exposed to aggressive environment, 19,.4-31 
pH <1 1.5 or chlorides >500 ppm: or to 4-33 
concrete has low water-to-cement 
ratio (0.35-0.45) & adequate air 

__________enlrainment (3-6%).  Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 9 
have good fatigue strength in 54 
accordance with ASME Sect, III, 

_______________Div. 2 & ACI 215R-74____ Loss of pressure boundary. Not stated Not stated Non-significant if no degradation of 4-54, 4-55 10 
concrete strength was noted during 
initial structural testing, or if 
aluminum piping were not used for 

_____________concrete placement.  Loss of pressure boundary. Not stated Not stated Non-significant for compon~ent 4-3 to 4-7 11 
located in a geographic region of 
weathering index <100 day-in.4rr or 
concrete mix design meets air 
content & water-to-cement ratio 
requirements of ASME Sect- IIl, Div.  

_________2. CC-2231.7.1.  
Loss of pressure boundary. Not stated No-t state

14v-igi-aylliIaIIL for components not 
exposed to flowing water or 
constructed using ACI 201 .2R-77 to 
ensure dense, well-cured concrete 
with low permeability.

4-8 to 4
11

12



Table B.1 Gall Report for NUMARC Industry Reports

Document IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL 
Item Syte Sltucture/ComD SubcomDonent Matelrials Manufacturer ARD mechanism ARD effects

23 Reinforced or
Prestress Concrete 
Containments

Concrete Basemat Not stated Concrete Not stated AGREAC 
Unresolved

Expansion & 
cracking

13 Reinforced or Concrete Not stated Concrete Not stated AGR-CHEM Increase of porosity 

Prestress Concrete Containment Wall & permeability, 
Containments Below Grade cracking, & spalling 

14 Reinforced or Concrete Not stated Concrete Not stated AGREAC Expansion & 
Prestress Concrete Containment Wall Unresolved cracking 
Containments Below Grade 

15 Reinforced or Concrete Not stated Concrete Not stated ELE-TEMP Loss of strength & 
Prestress Concrete Containment Wall modulus 
Containments Below Grade 

16 Reinforced or Concrete Not stated Concrete Not stated EMBRAR Loss of strength & 
Prestress Concrete Containment Wall modulus 
Containments Below Grade 

17 Reinforced or Concrete Not stated Concrete Not stated CORR/RE Cracking, spalling, 
Prestress Concrete Containment Wall loss of bond, & loss 
Containments Below Grade of material 

18 Reinforced or Concrete Not stated Concrete Not stated FAT Cumulative fatge 
Prestress Concrete Containment Wall damage 
Containments Below Grade 

19 Reinforced or Concrete Not stated Concrete Not stated CONCAL Reduction of 
Prestress Concrete Containment Wall concrete strength 
Containments Below Grade 

20 Reinforced or Concrete Basemat Not stated Concrete Not stated FRZ-THAW Scaling, cracking, & 
Prestress Concrete spalling 
Containments 

21 Reinforced or Concrete Basemat Not stated Concrete Not stated LEACH Increase of porosity 
Prestress Concrete & permeability 
Containments 

22 Reinforced or Concrete Basemat Not.stated Concrete Not stated AGR-CHEM Increase of porosity 
Prestress Concrete & permeability, 
Containments cracking, & spalling

Page 7A



Table B.1 Gall Report for NUMARC Industry Reports

Document- IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL 
Effect of Aging on Component Function Contrib to Failure Reported Dnfoes Relnmroas
Loss of pressure boundary. Not stated Accessible concrete :Management for the effects of 5-4 to 5-6 13 

surfaces are aggressive chemical of concrete 
periodically surfaces that are not penodically 
exarrined in examined due to inaccessibility 
accordance with requires plant-specific program.  
Type A integrated 
(More) 

Loss of pressure boundary. Not stated Non-significant for NRC recommendation: AGREAC 4-14 to 4- 14 
aggregate taken can not be ruled out. Tests alone are 17 
from regions other not satisfactory in predicting 
than those known to performance. AGREAC may occur 
(More) >25 years. Use of pozzolans & low 

alkali content cement may not contro 
reactions for concretes.(See IR90
06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant for concrete 4-20 to 4- 15 
maintained at <66_C (150_F) & Ioca 25, 4-34 
area temperatures <93-C (200_F), 
or plant-specific justification is 
provided in accordance with ACI 
349-85.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-25 to 4- 16 
neutron fluence & integrated gamma 31, 4-35, 
doses are low compared to the levels 4-36 
causing degradation, i.e., 1019 
rcm2 & 1010 reds, respectively.  

Loss of pressure boundary. Not stated Accessible surfaces NRC recommendation: Potential 5-4 to 5-6 17 
examined with degradaton due to chlorine 
ASME Sect Xl; corrosion of the PWR containments 
inaccessible has to be addressed in the plant 
surfaces require specific baseline inspection. (See 
further evaluation _R90-06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 18 
have good fatigue stength in 54 
accordance with ASME Sect III, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Non-significant if no degradation of 4-54, 4-55 19 
concrete strength was noted during 
initial structural testing, or if 
aluminum piping were not used for 
concrete placement.  

Loss of pressure boundary. Not stated Not stated Non-significant for component 4-3 to 4-7 20 
located in a geographic region of 
weathenng index <1 00 day-in./ yr or 
concrete mix design meets air 
content & water-to-oement ratio 
requirements of ASME Sect I1l, Div.  
2. CC-2231.7.1.  

Loss of pressure boundary. Not stated Not stated Non-significant for components not 4-8 to 4- 21 
exposed to flowing water or 11 
constructed using ACI 201.2R-77 to 
ensure dense, well-cured concrete 
with low permeability.  

Loss of pressure boundary. Not stated Accessible concrete Management for the effects of 5-4 to 5-6 22 
surfaces are aggressive chemical of concrete 
periodically surfaces that are not periodically 
exarruned in examined due to inaccessibility 
accordance with requires plant-specific program.  
Type A integrated 
(More)

Not stated Non-significant for 
aggregate taken 
from regions other 
than those known to 
(More)

NRC recommendation: AGREAC 
can not be ruled out. Tests alone are 
not satisfactory in predicting 
performance. AGREAC may occur 
>25 years. Use of pozzolans & low 
alkali content cement may not contro 
reactions for concretes.(See IR90
06 & 90-10)

4-14 to 4
17

23

RL=nnrt Rw,•mm•ndJ•nn© SI• If•m

ss o pressure boundwy.
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Page 3A
Table 8.1 Gall Report for NUMARC Industry Reports

Document: IR 90-01, PWR Reactor Containment Structures Industry Report 

Reviewed by: David C. Ma, ANL AOfl .,�.kani�m ARD effects
Iem System Structure/Comp Subcomponent Materials ma n u._ .. __.ur ........... ....  

24 Reinforced or Concrete Basemat Not stated Concrete Not stated ELE-TEMP Loss of strength & 

Prestress Concrete 
modulus 

Containments 

25 Reinforced or Concrete Basernat Not stated Concrete Not stated EMBR/IR Loss of strength & 

Prestress Concrete 
modulus 

Containments 

26 Reinforced or Concrete Basernat Not stated Concrete Not stated CORR/RE Cracking, spelling, 

Prestress Concrete 
loss of bond, & loss 

Containments 
of materal 

27 Reinforced or Concrete Basemat Not stated Concrete Not stated FAT Cumulative fatigue 

Prestress Concrete 
damage 

Containments 

28 Reinforced or Concrete Basemat Not stated Concrete Not stated SETTLE Unresolved Cracking, in-crease 

Prestress Concrete 
in component stress 

Containments 
level, distortion 

29 Reinforced or Containment Liner Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Interior Surface & modulus 

Containments Containment Liner 
Above Grade 
Exterior Surface 

30 Reinforced or Containment Liner Not stated CS Not stated EMBR/IR Loss of fracture 

Prestress Concrete Interior Surface & toughness 

Containments Containment Liner 
Above Grade 
Extenor Surface 

31 Reinforced or Containment Liner Not stated CS Not stated CORR Loss of material 

Prestress Concrete Interior Surface & 
Containments Containment Liner 

Above Grade 
Exterior Surface_ 

321 Reinforced or Containment Liner Not stated CS Not stated FAT Cumulative fatigue 

Prestress Concrete Interior Surface & damage 

Containments Containment Liner 
Above Grade 
Exterior Surface 

33 Reinforced or Containment Liner Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Below Grade modulus 

Containments Exterior Surface 

34 Reinforced or Containment Liner Not stated CS Not stated EMBRIIR Loss of fracture 

Prestress Concrete Below Grade toughness 

Containments Exterior Surface 

35 Reinforced or Containment Liner Not stated CS Not stated CORR Loss of material 

Prestress Concrete Below Grade 
Containments Exterior Surface 

KIM-, +.~t,.A FAT cu~mulative faticlme
3E Reinforced or 

Prestress Concrete 
Containments

Containment Liner 
Below Grade 
Exterior Surface

damageI n tý_ QNot $1.ateu



Table B.1 Gall Report for NUMARC Industry Reports

Document IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL Effect of Aginq on Comnionent Function Contrib to Fniilure R~*rl.,.4 Pe D -

Page 3B

- . . ...- - ... *r" .... L n . . n t rl mme dabons r ag No. item' Loss of pressure boundary. Not stated Not stated Non-significant for concrete 4-20 to 4- 24 
maintained at <66_C (150 F) & loca 25, 4-34 
area temperatures <93-C (200_F), 
or plant-specific justification is 
provided in accordance with ACI 
349-85.  

Loss of pressure boundary. Not stated Not Stated Non-significant because the total 4-25 to 4- 25 
neutron fluence & integrated gamma 31, 4-35, 
doses are low compared to the levels 4-36 
causing degradation, i.e., 1OA19 
n/cmA2 & 1 DA1 0 rads, respectively.  Loss of pressure boundary. Not stated Accessible surfaces NRC recommendation: Potential 5-4 to 5-6 26 

examined with degradation due to chlonne 
ASME Sect. XI; corrosion of the PWR containments 
inaccessible has to be addressed in the plant 
surfaces require specific baseline inspecbon.(See 
further evaluation IR90-06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 27 
have good fatigue strength in 54 
accordance with ASME Sect. IIl, 
Div. 2 & ACI 215R-74 Loss of pressure boundary. Not stated Plant settlement NRC recommendation: Effect of 4-56, 5-13 28 

monitoring during settlement of the PWR containments 
construction & need to be evaluated.(See IR90-06 
continued during 90-10) (More) 

Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 29 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structural steel begins to be 
significanty affected.  Loss of pressure boundary. Not stated Not stated Non-significant because te total 4-49 to 4- 30 
radiation exposure is far below the 51 
10'19 nrcmA2 level that could cause 
change in mechanical or physical 
properties.  Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 31 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 
(chlorides >500 ppm) is not present_ Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 32 
have good fatigue strength in 54 
accordance with ASME Sect. III, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 33 
temperatures within PW:R to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structural steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 34 
radiation exposure is far below the 51 
10^19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  Loss of pressure boundary. Not stated Periocic examination For inaccessible areas, plant- 5-9 to 5- 35 

and monitoring of specific program is required. 12 
accessible areas in 
accordance with 
ASME Sect. XI, 
(More) r

*IL SIMOLU Non-signifcant because designed to 
have good fatigue strength in 
accordance with ASME Sect III, 
Div. 2 & ACI 215R-74

4-52 to 4
54

36

L •
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Table B.1 Gall Report for NUMARC Industry Reports

Document IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL

C. hkrnramnuavn UA~ti.,iai Manufacturer ARD mechanism
|

48 Reinforced or 
Prestress Concrete 
Containments

Liner Anchors Above 
Grade

Not stated Not stateo daumulagve Taugue damage

ARD effects

Page 4A

I*- ct *-

37 Reinforced or Basemat Liner Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Interior Surface modulus 
Containments 

38 Reinforced or Basemat Liner Not stated CS Not stated EMBRIIR Loss of fracture 

Prestress Concrete Interior Surface toughness 
Containments 

39 Reinforced or Basemat Liner Not stated CS Not stated CORR Loss of material 

Prestress Concrete Interior Surface 
Containments 

40 Reinforced or Basemat Liner Not stated CS Not stated FAT Cumulative fatigue 

Prestress Concrete Interior Surface damage 

Containments 

41 Reinforced or Basemat Liner Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Exterior Surface modulus 

Containments 

42 Reinforced or Basemat Liner Not stated CS Not stated EMBR/1R Loss of fracture 

Prestress Concrete Exterior Surface toughness 
Containments 

43 Reinforced or Basemat Liner Not stated CS Not stated CORR Loss of material 

Prestress Concrete Exterior Surface 
Containments 

44 Reinforced or Basemat Liner Not stated CS Not stated FAT Cumulative fatigue 

Prestress Concrete Exterior Surface damage 

Containments 

45 Reinforced or Liner Anchors Above Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Grade modulus 
Containments 

46 Reinforced or Liner Anchors Above Not stated CS Not stated EMBR/IR Loss of fracture 

Prestress Concrete Grade toughness 

Containments 

471 Reinforced or Liner Anchors Above Not stated CS Not stated CORR Loss of material 

Prestress Concrete Grade 
Containments

•1• 4h ae•/• m

CS: F'AT



Table B. Gall Report for NUMARC Industry Reports

Document: IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL 
Effect of Aging on Component Function Contrib to Failure RAe,•rte-,d nrnn, n~ll ~pnnll Iflnna l~tI .rnm ma,-=,4.fl' .

__... .............__- --.... .. r.. .r- . .....-- - . ..- ~. r ' ". '""•.-. - " ' •" Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 37 

temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structuraJ integrity of 
rebar/structuraJ steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 38 
radiation exposure is tar below the 51 
1 '19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 39 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 
(chlorides >500 ppm) is not present.  

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 40 
have good fatigue strength in 54 
accordance with ASME Sect. Ill, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 41 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structuraJ steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 42 
radiation exposure is far below the 51 
10 A1 9 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Periodic examination For inaccessible areas, plant- 5-9 to 5- 43 
and monitoring of specific program is required. 12 
accessible areas in 
accordance with 
ASME Sect XI, 

_ _ _ (More) 
Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 44 

have good fatigue strength in 54 
accordance with ASME Sect. Ill.  
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34.4-47 45 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structural steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 46 
radiation exposure is tar below the 51 
10A19 n/canA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 47 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 

_(chlorides >500 ppm) is not present.

LOSS 0o pressure boundary. NOt stated Not stated Non-significant because designed to 
have good fatigue strength in 
accordance with ASME Sect Ill, 
Div. 2 & ACI 215R-74

4-52 to 4
54

48

SItem

Page 4B
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n&.• • th.mi~vmJnrl•.m n -•inli.nmmnennt Materiials Manufacturer ARD mechanism ARD effects

61 Reinforced or 
Prestress Concrete 
Containments

Prestressing 
Tendons & Ducts

Not stated modulus

*~ll i u • -,- .. _ ___ __ __ __ ______ _____...... .................. _____ 

49 Reinforced or Liner Anchors Below Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Grade modulus 

Containments 

50 Reinforced or Jner Anchors Below Not stated CS Not stated EMBR/IR Loss of fracture 

Prestress Concrete Grade toughness 
Containments 

51 Reinforced or Liner Anchors Below Not stated CS Not stated CORR Loss of material 
Prestress Concrete Grade 
Containments 

52 Reinforced or Uner Anchors Below Not stated CS Not stated FAT Cumulative fatigue 
Prestress Concrete Grade damage 
Containments 

53 Reinforced or Dome Reinforcing Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Steel & Containment modulus 
Containments Wall Reinforcing 

Steel Above Grade 

54 Reinforced or Dome Reinforcing Not stated CS Not stated EMBR/IR Loss of fracture 

Prestress Concrete Steel & Containment toughness 
Containments Wall Reinforcing 

Steel Above Grade 

55 Reinforced or Dome Reinforcing Not stated CS Not stated CORR/RE Loss of strength, 

Prestress Concrete Steel & Containment loss of material 
Containments Wall Reinforcing 

Steel Above Grade 

56 Reinforced or Dome Reinforcing Not stated CS Not stated FAT Cumulative fatigue 
Prestress Concrete Steel & Containment damage 
Containments Wall Reinforcing 

Steel Above Grade 

57 Reinforced or Containment Wall Not stated CS Not stated ELE-TEMP Loss of strength & 

Prestress Concrete Reinforcing Steel modulus 
Containments Below Grade & 

Basemat Reinforcing 
Steel 

58 Reinforced or Containment Wall Not stated CS Not stated EMBR/IR Loss of fracture 
Prestress Concrete Reinforcing Steel toughness 
Containments Below Grade & 

Basernat Reinforcing 
Steel 

59 Reinforced or Containment Wall Not stated CS Not stated CORRIRE Loss of strength, 
Prestress Concrete Reinforcing Steel loss of material 
Containments Below Grade & 

Basemat Reinforcing 
Steel 

60 Reinforced or Containment Wall Not stated CS Not stated FAT Cumulative fatigue 
Prestress Concrete Reinforcing Steel damage 
Containments Below Grade & 

Basemat Reinforcin 
Steel

r'L.r-- 1 Q-r41CS

Page SA
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Table B.1 Gall Report for NUMARC Industry Reports

Document IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL

Cal Amnnw" RUE.fnmmL~ndations Page No. Item
Eifect of Aging on Component runcuon .ontrfit tu Farlure neprteavo , n.  
Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 49 

temperatures within PWR to 4-49 

containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebarlstructuraJ steel begins to be 

significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 50 

radiation exposure is far below the 51 

10A19 n/cinA2 level that could cause 

change in mechanical or physical 

properties.  

Loss of pressure boundary Not stated Penodic examination For inaccessible areas, plant- 5-9 to 5- 51 

and monitoring of specific program is required. 12 

accessible areas in 
accordance with 
ASME Sect. XI, 

(More) 

Loss of pressure boundary Not stated Not stated Non-significant because designed to 4-52 to 4- 52 

have good fatigue strength in 54 

accordance with ASME Sect. III, 
Div 2 & ACI 215R-74 

Loss of pressure boundary Not stated Not stated Non-significant because operating 4-34.4-47 53 

temperatures within PWR to 4-49 

containment structures are well 

below 371 C (700_F) level at which 

the structural integrity of 
rebar/structural steel begins to be 

significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-35, 4-36 54 

neutron fluence is far below the 
10D19 n/sq. cm level for degradation 
of reinforcing steel.  

Loss of pressure boundary. Not stated Not stated Non-significant for concrete not 4-17 to 4- 55 

exposed to aggressive environment, 19,4-31 

pH <11.5 or chlorides >SO0 ppm: or to 4-33 

concrete has low water-to-cement 
ratio (0.35-0.45) & adequate air 

entrainment (3-6%).  

Loss of pressure boundary Not stated Not stated Non-signifcant because designed to 4-52 to 4- 56 

have good fatigue strength in 54 

accordance with ASME Sect. Ill, 

Div. 2 & ACI 215R-74 

Loss of pressure boundary Not stated Not stated Non-significant because operating 4-34, 4-47 57 

temperatures within PWR to 4-49 

containment structures are well 

below 371Deg-C (700Deg-F) level at 
which the structural integrity of 
rebar/structurai steel begins to be 

significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-35, 4-36 58 

neutron fluence is far below the 
10^19 nrsq.cm level for degradation 
of reinforcing steel 

Loss of pressure boundary Not stated Accessible surfaces NRC recommendation: Potential 5-4 to 5-6 59 

examined with degradation due to chlorine 

ASME Sect XI; corrosion of the PWR containments 

inaccessible has to be addressed in the plant 

surfaces require specific baseline inspection. (See 

further evaluation IR90-06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 60 

have good fatigue strength in 54 
accordance with ASME Sect Ill, 
Div. 2 & ACI 215R-74 

MNn-s-mnnificant hbemus 4-38 to 4- 61
Loss of pressure boundary prestressing tendons are subjected 

to temperatures <60 C (<140-F).
40IOlL S.bl.~INot•O stated



Table B.1 Gall Report for NUMARC Industry Reports 

Document: IR 90-01, PWR Reactor Containment Stuctures Industry Report 
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Item System Sruebhrauctu mn _•,1hinmn o-,t U.6.

Page SA

6-Rifrcdo retesn - ... ... ,,-. .-.- ~.;utr . • PI*U m5IUI1animm ME¶Ul UflUeCl 62 Reinforced or Prestressing Not stated CS Not stated EMBR/IR Loss of fracture 
Prestress Concrete Tendons & Ducts toughness 
Containments 

63 Reinforced or Prestressing Not stated CS Not stated CORR Unresolved Loss of material 
Prestress Concrete Tendons & Ducts 
Containments 

64 Prestressed Prestressing Not stated CS Not stated RELAX Reduction of design 
Concrete Tendons & Ducts margin 
Containments 

65 Prestressed Prestressing Not stated CS Not stated FAT Cumulative fatigue 
Concrete Tendons & Ducts damage 
Containments 

66 Free-standing All Not stated Concrete Not stated All Not stated 
cylindrical and 
spherical sleel 
containments with 
elptical bottoms 

67 Free-standing Containment Shell Not stated CS Not stated ELE-TEMP Loss of strengith & 
Cylindrical & Interior Surface & modulus 
Spherical Steel Containment Shell 
Containments with Exterior 
Elliptical Bottom 

68 Free-standing Containment Shell Not stated CS Not stated EMBRJIR Loss of fracture 
Cylindrical & Interior Surface & toughness 
Spherical Steel Containment Shell 
Containments with Exterior 
Elliptical Bottom 

69 Free-standing Containment Shell Not stated CS Not stated CORR Loss of materiaJ 
Cylindrical & Interior Surface & 
Spherical Steel Containment Shell 
Containments with Exterior 
Elliptical Bottom 

70 Free-standing Containment Shell Not stated CS Not stated FAT Cumulative fatigue 
Cylindrical & Interior Surface & damage 
Sphencal Steel Containment Shell 
Containments with Exterior 
Eliptical Bottom 

71 Free-standing Containment Shell Not stated CS Not stated EMBR/SA Loss of fracture 
Cylindrical & Interior Surface & toughness 
Sphencal Steel Containment Shell 
Containments with Exterior 
Eliptical Bottom 

72 Free-standing Embedded Shell Not stated CS Not stated ELE-TEMP Loss of strength & 
Cylindrical & Region & Sand modulus 
Sphencal Steel Pocket Region 
Containments with 
Eliptical Bottom 

73 Free-standing Embedded Shell Not stated CS Not stated EMBR/IR Loss of fracture 
Cylindrical & Region & Sand toughness 
Sphencal Steel Pocket Region 
Containments with 
Eliptical Bottom _ 

74. asa.c n~ n 4 kl I.

Cylindrical & 
Spherical Steel 
Containments with 
Eliptical Bottom

Region & Sand 
Pocket Region

Not1 sta16 CORJR Loss of material0qU ;st •, 'IQ



Table B.1 Gall Report for NUMARC Industry Reports

Document. IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL 
Effect of Aaina on ComDonenit Fur~tinn Cnntrib tg• IFilu,. IAtf•.E ly

Cal flynn. Cfnr Ca.-nmrn.rn4.Nnr..
Loss of pressure boundary. Not stated Not stated Non-significant because tendons will 4-40, 4-41 62 

not receive enough raclation to 
incurage related degradation, i.e., 
:c=10'19 n/cm^2.  

Loss of pressure boundary. Not stated Examination & NRC recommendation: Large 4-37, 4- 6.  
testing of tendons & amount of grease leakage can 38, 5-7 
leakage of corrosion degrade concrete strength, IWL 
protection medium in lacks certain criteria in RG 1.35.  
(More) Also, anchor heads have failed in 

prestressed concrete containments.  
Loss of pressure boundary. Not stated Reg. Guide RG Inspection & load monitoring to 4-41, 4- 64 

1.35. detect progressive reductions of 42, 5-8 
prestress for the license renewal 
term using RG 1.35.  

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 65 

have good fatigue strength in 54 
accordance with ASME Sect. 111, 
Div. 2 & ACI 21SR-74 

Loss of pressure boundary- Not stated It resolution based NRC recommendation: A one time 66 
upon evaluation of focused inspection of containment is 
plant-specific proposed to provide assurance for 
features, then continued satisfactory performance 
baseline inspection and to identify existing degradation 
not needed, mechanisms and to take necessary 

corrective actions 
Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 67 

temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structurai steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 68 
radiation exposure is far below the 51 
10A19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Not stated Galvanic corrosion and SCC are not 4-60 to 4- 69 
significant if dissimilar metals are noi 66 
used.  

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 70 
have good fatigue strength in 54 
accordance with ASME Sect Ill, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Dynamic strain aging is non- 4-57 to 4- 71 
significant for component stress 59 
under elastic limit Static strain 
aging is non-significant for 
components that were not cold 
worked: or the plates were 
normalized or stress relieved.  

Loss of pressure boundary. Not stated Not stated Same as for containment shell 4-34, 4-47 72 
interior or exterior surfaces, to 4-49 

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 73 
radiation exposure is far below the 51 
1019 n/crn2 level that could cause 
change in mechanical or physical 

_properties. I _ I

Loss of pressure boundary. Not stated Penoclc examination 
and monitoring of 
accessible areas in 
accordance with 
ASME Sect. XI.  
(More)

For inaccessible areas, plant
specific program is required.

5-9 to 5-.  
12

74

item

Page 6B
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Manufantum, ARD mechanism ARD effects
It

Free-standing Steel 
Containments with 
Flat Bottom & Ice
Condenser

Embedded Shell 
Region. Basemat 
Liner, & Liner 
Anchors

Not stated NOt stated CORR LosS of strength, 
loss of material

as

Page 7A

75 Free-standing Embedded Shell Not stated CS Not stated FAT Cumulative fatigue 
Cylindrical & Region & Sand damage 
Spherical Steel Pocket Region 
Containments with 
Eliptical Bottom 

76 Free-standing Embedded Shell Not stated CS Not stated EMBR/SA Loss of fracture 
Cylindrical & Region & Sand toughness 
Spherical Steel Pocket Region 
Containments with 
Eliptical Bottom 

77 Free-standing Steel All Not stated Concrete Not stated All Not stated 
Containments with 
Rat Bottom & Ice
condenser 

78 Free-standing Steel Dome Shell Interior Not stated CS Not stated ELE-TEMP Loss of strength & 
Containments with Surface, Dome Shell modulus 
Rat Bottom & Ice- Exterior Surface, 
condenser Cylindrical shell 

Interior Surface, & 
Cylindrical Shell 
Exterior Surface 

79 Free-standing Steel Dome Shell Interior Not stated CS Not stated EMBR/IR Loss of fracture 
Containments with Surface, Dome Shell toughness 
Flat Bottom & Ice- Exterior Surface, 
condenser Cylindrical shell 

Interior Surface, & 
Cylindrical Shell 
Exterior Surface 

80 Free-standing Steel Dome Shell Interior Not stated CS Not stated CORR Loss of material 
Containments with Surface, Dome Shell 
Flat Bottom & Ice- Exterior Surface, 
condenser Cylindrical shell 

Interior Surface, & 
Cylindrical Shell 
Exterior Surface 

81 Free-standing Steel Dome Shell Interior Not stated CS Not stated FAT Cumulative fatigue 
Containments with Surface, Dome Shell damage 
Rat Bottom & Ice- Exterior Surface, 
condenser Cylindrical shell 

Interior Surface, & 
Cylindrical Shell 
Exterior Surface 

82 Free-standing Steel Dome Shell Interior Not stated CS Not stated EMBR/SA Loss of fracture 
Containments with Surface, Dome Shell toughness 
Rat Bottom & Ice- Exterior Surface.  
condenser Cylindrical shell 

Interior Surface, & 
Cylindrical Shell 
Exterior Surface 

83 Free-standing Steel Embedded Shell Not stated CS Not stated ELE-TEMP Loss of strength & 
Containments with Region, Basemat modulus 
Flat Bottom & Ioe- Liner, & Liner 
condenser Anchors 

84 Free-standing Steel Embedded Shell Not stated CS Not stated EMBR/AR Loss of fracture 
Containments with Region, Basemat toughness 
Rat Bottom & Ice- Liner, & Liner 
condenser Anchors

CS



Table B.1 Gall Report for NUMARC Industry Reports

Document: IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL 
Effect of Aging on Component Function Contrib to Failure Reported Diroas Rel.,roas Rlenrt Ra~momm~ndntioni
Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 75 

have good fatigue strength in 54 
accordance with ASME Sect. Il1, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Same as for containment shell 4-57 to 4- 76 
interior or exterior surfaces. 59 

Loss of pressure boundary. Not stated If resolution based NRC recommendation: A one time 77 
upon evaluation of focused inspection of containment is 
plant-specific proposed to provide assurance for 
features, then continued satisfactory performance 
baseline inspection and to identify existing degradation 
not needed, mechanisms and to take necessary 

corrective actions.  
Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 78 

temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700_F) level at which 
the structural integrity of 
rebar/structural steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the totaJ 4-49 to 4- 79 
radiation exposure is far below the 51 
10A19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Not stated GaJvanic corrosion and SCC are not 4-60 to 4- 80 

significant if dissimilar metals are no 66 
used.  

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 81 
have good fatigue strength in 54 
accordance with ASME Sect I]I, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Dynamic strain aging is non- 4-57 to 4- 82 
significant for component stress 59 
under elastic limit Static strain 
aging is non-significant for 
components that were not cold 
worked; or the plates were 
normalized or stress relieved 

Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 83 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700_F) level at which 
the structural integrity of 
rebarlstiuctural steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 84 
radiation exposure is far below the 51 
10A19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.

Loss IJl presureI LflunIUy. i•tOf stalou renouc examrinaton 
and monitonng of 
accessible areas in 
accordance with 
ASME Sect. XI.  
(More)

-or inaccessible areas, plant
specific program is required.

5-9 to 5
12

SE

Page 7B
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ADrl m ahnuhi& m AIRD effects
r

97 Free-standing Steel 
Containments with 
Flat Bottom & Ice
Condenser

Basemat einrforcinr 
Steel

modulusNot stated

Page 8A

II •
|

hem System S ruJCuwTw.U I olp Su.comu p ner[ m nE. ,.M ... .........  

86 Free-standing Steel Embedded Shell Not stated CS Not stated FAT Cumulative tatigue 

Containments with Region. Basemat damage 

Rat Bottom & Ice- Liner. & Liner 
Condenser Anchors 

87 Free-standing Steel Concrete Basernat Not stated Concrete Not stated FRZ-THAW Scaling, cracking, & 

Containments with spaeling 
Rat Bottom & Ice
Condenser 

88 Free-standing Steel Concrete Basernat Not stated Concrete Not stated LEACH Increase of porosity 

Containments with & permeability 

Rat Bottom & Ice
Condenser 

89 Free-standing Steel Concrete Basemat Not stated Concrete Not stated AGR-CHEM Increase of porosity 

Containments with & permeability.  

Rat Bottom & Ice- cracking, & spalling 

Condenser 

90 Free-standing Steel Concrete Basemat Not stated Concrete Not stated AGREAC Expansion & 

Containments with Unresolved cracking 

Flat Bottom & Ice
Condenser 

91 Free-standing Steel Concrete Basemat Not stated Concrete Not stated ELE-TEMP Loss of strength & 

Containments with modulus 

FRat Bottom & Ice
Condenser 

92 Free-standing Steel Concrete Basemat Not stated Concrete Not stated EMBR/IR Loss of fracture 

Containments with toughness 

Flat Bottom & Ice
Condenser 

93 Free-standing Steel Concrete Basemat Not stated Concrete Not stated CORR/RE Loss of strength, 

Containments with loss of material 

Flat Bottom & Ice
Condenser 

94 Free-standing Steel Concrete Basemat Not stated Concrete Not stated FAT Cumulative fatigue 

Containments with damage 

Flat Bottom & ice
Condenser 

95 Free-standing Steel Concrete Basemat Not stated Concrete Not stated CONCAL Reduction of 

Containments with concrete strength 

Flat Bottom & Ice
Condenser 

96 Free-standing Steel Concrete Basemat Not stated Concrete Not stated SE:TLE Unresolved Cracking, in-crease 

Containments with in component stress 

Flat Bottom & Ice- level, distortion 
Condenser 

rdol mech nis AITR efet

%.IQ 0•U s)tltif, r,.=l..i=- I I..IVlr
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Page &B

.. -, n- pr.gs ne,.pros Heprn nuecommendauons rage No. Iterm Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 86 

have good fatigue strength in 54 
accordance with ASME Sect Il, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Non-significant for component 4-3 to 4-7 87 

located in a geographic region of 
weathering index <100 day-in./ yr or 
concrete mix design meets air 
content & water-to-cement ratio 
requirements of ASME Sect. Ill, Div.  
2, CC-2231.7.1.  

Loss of pressure boundary. Not stated Not stated Non-significant for components not 4-8 to 4- 88 

exposed to flowing water or 11 
constructed using ACI 201.2R-77 to 
ensure dense, well-cured concrete 
with low permeability.  

Loss of pressure boundary. Not stated Accessible concrete Management for the effects of 5-4 to 5-6 89 
surfaces are aggressive chemical of concrete 
periodically surfaces that are not penodicaily 
examined in examined due to inaccessibility 
accordance with requires plant-specific program.  
Type A integrated 
(More) 

Loss of pressure boundary. Not stated Non-significant for NRC recommendation: AGREAC 4-14 to 4- 90 
aggregate taken can not be ruled out. Tests alone are 17 
from regions other not satisfactory in predicting 
than those known to performance. AGREAC may occur 
(More) >25 years. Use of pozzolans & low 

alkali content cement may not contro 
reactions for concretes.(See IR90
06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant for concrete 4-20 to 4- 91 

maintained at <66_C (150_F) & local 25, 4-34 
area temperatures <93_C (200-F), 
or plant-specific justification is 
provided in accordance with ACI 
349-85.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-25 to 4- 92 

neutron fluence & integrated gamma 31, 4-35, 
doses are low compared to the levels 4-36 
causing degradation, i.e., 1019 
n/rcm2 & 1010 rads, respectively.  

Loss of pressure boundary. Not stated Accessible surfaces NRC recommendation: Potential 5-4 to 5-6 93 
examined with degradation due to chlorine 
ASME Sect. XI; corrosion of the PWR containments 
inaccessible has to be addressed in the plant 
surfaces require specific baseline inspection. (See 
further evaluation IR90-06 & 90-10) 

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 94 
have good fatigue strength in 54 
accordance with ASME Sect. III, 
Div. 2 & ACI 215R-74 Loss of pressure boundary. Not stated 'Not stated Non-significant if no degradation of 4-54, 4-55 95 

concrete strength was noted during initial structural testing, or if 
aluminum piping were not used for 
concrete placement.  

Loss of pressure boundary. Not stated Plant settlement NRC recommendation: Effect of 4-56, 5-13 96 
monitonng during settlement of the PWR containments 
construction & need to be evaluated.(See IR90-06 & 
continued during 90-10) 
(More)

Luoss o0 pressure boundary- NOt stated Not stated Non-significant because operating 
temperatures within PWR 
containment structures are well 
below 371 C (700_F) level at which 
rebar/concrete/pre-stressed tendons 
begin to be significantly affected.

4-20 to 4
25,4-34

97

I•1 ,.4J E• J
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Document: IR 90-01, PWR Reactor Containment Structures Industry Report 
Reviewed by: David C. Ma, ANL ----------------------------- A~ta. Usniif~rttjrr ARD mechanism ARD effects
i

All Type PWR 
Containments

Dissimilar Metal 
Welds

112 toughness

98 Free-standing Steel Basemat Reinforcing Not stated CS Not stated EMBR/IR Loss of fracture 

Containments with Steel toughness 

Flat Bottom & Ice
Condenser 

99 Free-standing Steel Basemat Reinforcing Not stated CS Not stated CORR/RE Loss of strength, 

Containments with Steel loss of material 

Rat Bottom & Ice
Condenser 

100 Free-standing Steel Basemat Reinforcing Not stated CS Not stated FAT Cumulative fatigue 

Containments with Steel damage 

Flat Bottom & Ice
Condenser 

101 All Type PWR Penetration Sleeves Not stated CS Not stated ELE-TEMP Loss of strength & 

Containments 
modulus 

102 All Type PWR Penetration Sleeves Not stated CS Not stated EMBR/IR Loss of fracture 

Containments 
toughness 

103 All Type PWR Penetration Sleeves Not stated CS Not stated CORR Loss of strength, 

Containments loss of material 

104 All Type PWR Penetration Sleeves Not stated CS Not stated FAT Unresolved Cumulative fatigue 

Containments damage 

105 All Type PWR Penetration Sleeves Not stated CS Not stated EMBR/SA Loss of fracture 

Containments 
toughness 

106 All Type PWR Penetration Bellows Not stated SS Not stated ELE-TEMP Loss of strength & 

Containments 
modulus 

107 All Type PWR Penetration Bellows Not stated SS Not stated EMBR/IR Loss of fracture 

Containments toughness 
11 All Type PWR Penetration Bellows Not stated SS Not stated CORR Loss of strength, 

Containments 
loss of material 

109 All Type PWR Penetration Bellows Not stated SS Not stated FAT Unresolved Cumulative faligue 

Containments _damage 

1101 All Type PWR Penetration Bellows Not stated SS Not stated EMBR/SA Loss of fracture 

Containments 
toughness 

111 All Type PWR Dissimilar Metal Not stated CS Not stated ELE-TEMP Loss of strength & 

Containments Welds modulus 

- - ..... .Manufacturer LAORD mechanismr'hit 

No4 tiaINL~OV 1110L SLaWNot stated
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Page- 9"

.,.,.. e~rg Halmpri Recommendations rage No. Item Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-35, 4-36 98 
neutron fluence is far below the 
10,19 nrcm^'2 level for degradation 
of reinforcing steel.  Loss of pres•ure boundary. Not stated Accessible surfaces NRC recommendation: Potential 5-4 to 5-6 99 

examined with degradation due to chlorine 
ASME Sect. X1; corrosion of the PWR containments 
inaccessible has to be addressed in the plant 
surfaces require specific baseline inspection (See 
further evaluation IR90-06 & 90.10) Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 100 

have good fatigue strength in 54 
accordance with ASME Sect III, 
Div. 2 & ACI 215R-74 Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 101 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebartstructural steel begins to be 
significantly affected.  Loss of pressure boundary. Not stated Not stated Non-significant because the totaJ 4-49 to 4- 102 
radiation exposure is far below the 51 
10A19 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 103 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 
_chlorides >500 ppm) is not present_ Loss of pressure boundary. Not stated ASME Sect. III, NRC recommendation: Fatigue of 5-14, 5-15 104 

Subsect. NB fatigue penetration sleeve anchors can be 
reanalysis, induced by thermal cyclic loading & 
monitonng of may not be detectable by leak rate 
penetration (More) tests.  Loss of pressure boundary. Not stated Not stated Dynamic strain aging is non- 4-57 to 4- 105 

significant for component stress 59 
under elastic limit. Static strain 
aging is non-significant for 
components that were not cold 
worked: or the plates were 
normalized or stress relieved.  Loss of pressure boundary. Not stated Not stated Same as for penetration sleeves. 4-34. 4-47 106 

to 4-49 
Loss of pressure boundary- Not stated Not stated Same as for penetration sleeves. 4-49 to 4- 107 

51 Loss of pressure boundary. Not stated Not stated Galvanic corrosion and SCC are not 4-60 to 4- 108 
significant if dissimilar metals are no 66 
used or the SS bellows are protected 
by shields from corrosive 
environmentI 

Loss of pressure boundary. Not stated Same as for Same as for penetration sleeves. 5-14, 5-15 109 penetration sleeves.  
Loss of pressure boundary Not stated Not stated Same as for penetration sleeves. 4-57 to 4- 110 

59 Loss of pressure boundary. Not stated Not stated Non-significant because operating 4-34, 4-47 111 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700_F) level at which 
the structural integnity of 
rebar/structural steel begins to be 
significantly affected. I 

Loss of oressure bounriarv MiNt s.t-t , .. I
i4on-sign~iicant because lhe total 
radiation exposure is tar below the 
10,19 rncmA2 level that could cause 
change in mechanical or physical 
properties.

4-49 to 4
51

112
S ...... r ............. .!
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BWR Pressure 
Vessel

Page 10A

ARIl meohanism ARD effects

SA533-Gr B

Item System StructurC Somp bUDC0monent Materials _,,__ ........ ..  
113 All Type PWR Dissimilar Metal Not stated CS Not stated CORR Loss of stength.  

ContaJnments Welds 
loss of material 

114 All Type PWR Dissimilar Metal Not stated CS Not stated FAT Cumulative fatgue 

Containments Welds damage 

115 All Type PWR Personnel Airlock & Not stated CS Not stated ELE-TEMP Loss of strength & 

Containments Equipment Hatches modulus 

116 All Type PWR Personnel Airlock & Not stated CS Not stated EMBR/IR Loss of fracture 

Containments Equipment Hatches toughness 

117 All Type PWR Personnel Airlock & Not stated CS Not stated CORR Loss of stengtn 

Containments Equipment Hatches loss of materka] 

118 All Type PWR Personnel Airlock & Not stated CS Not stated FAT Cumulabrve taugue 

Containments Equipment Hatches damage 

119 All Type PWR Personnel Airlock & Not stated CS Not stated EMBRISA Loss of fracture 

Containments Equipment Hatches I toughness 

Document: IR 90-02. BWR Pressure Vessel Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL 

Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 BWR Pressure Top Head Not stated SA302-Gr B, Not stated EMBRIIR Loss of fracture 

Vessel Industry SA533-Gr B toughness 

Report 

2 BWR Pressure Top Head Not stated SA302-Gr B, Not stated CORR/IGSCC Crack initiation & 

Vessel SA533-Gr B growth 

3 BWR Pressure Top Head Not stated SA302-Gr B, Not stated CORR/IASCC Crack initation & 

Vessel SA533-Gr B growth 

4 BWR Pressure Top Head Not stated SA302-Gr B, Not stated CORR Loss of matenal, 

Vessel SA533-Gr B corrosion product 
buildup 

5 BWR Pressure Top Head Not stated SA302-Gr B, Not stated ERO/CORR Wall thinning, loss o 

Vessel SA533-Gr B material 

6 BWR Pressure Top Head Not stated SA302-Gr B, Not stated FAT Cumulative fatigue 

Vessel SA533-Gr B damage 

. ....- ,_ o A _-. 0, I,.t •..r FMRR/IR Loss of fracture

toughnessVessel Shnell Belthne Shlell

&
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Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 113 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 
(chlonrdes >500 ppm) is not present.  

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 114 
have good fatigue strength in 54 
accordance with ASME Sect III, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary- Not stated Not stated Non-significant because operating 4-34, 4-47 115 
temperatures within PWR to 4-49 
containment structures are well 
below 371 C (700-F) level at which 
the structural integrity of 
rebar/structural steel begins to be 
significantly affected.  

Loss of pressure boundary. Not stated Not stated Non-significant because the total 4-49 to 4- 116 

radiation exposure is far below the 51 
10Y119 n/cmA2 level that could cause 
change in mechanical or physical 
properties.  

Loss of pressure boundary. Not stated Not stated Galvanic corrosion & corrosion due 4-42 to 4- 117 
to aggressive aqueous solutions will 47 
not occur if dissimilar metals are not 
used & if aggressive ground water 
(chlorides >500 ppm) is not present_ 

Loss of pressure boundary. Not stated Not stated Non-significant because designed to 4-52 to 4- 118 
have good fatigue strength in 54 
accordance with ASME Sect. Ill, 
Div. 2 & ACI 215R-74 

Loss of pressure boundary. Not stated Not stated Same as for penetration sleeves. 4-57 to 4- 119 
I I_ I_ _1_159 

Document: IR 90-02, BWR Pressure Vessel Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL 
Effect of Aging on Component Function Conbrib to Failure Reported prowls Rel.progs Report Recommendations Page No. Item 
Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 

fluence is <10A17 n/cmA2 the level 
identified in 1OCFR 50 Appendix H 
,requinng surveillanoe program Loss of pressure boundary. Not stated Not stated Non-significant because low-alloy 4-14 to 4- 2 

steel & SS clad with >5% ferrite are 24 
not susceptible to CORRAIGSCC 
and/or applied stresses are low 

Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 3 
low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because cladding is 4-25 to 4- 4 
resistant to CORR, removal of 27 
cladding results in very low corrosion 
rates 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 5 
alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow 

Loss of pressure boundary. Not stated Design basis or NRC recommenclaton: Licensee 4-5 to 4- 6 
plant-specific fatigue must verify that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
_fatigue usage factor is <1

INOL StailO verificagon o0 
integrity by 
requirements of 
Appendices G & H 
of 1OCFRSO & 
(More)

NRCi recommendation: A 100% 
volurnetric inspection of all beitline & 
all other accessible welds required 
by ASME Sect Xl. Exceptions for 
license renewal will be reviewed on 
a case by case basis.

5-3 to 5-9, 
5-26 to 5
28

7

I: ! I• =,4•D *a #;

ossJ}; oI pressureil~ ouncIL~lay.

Page 11OB
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II

Vessel Shell Other than beitline SA3O�-Ur �, NOt SIaWO �.AJrir� 1 4 - � �

Other l beldine 
shell & welds

SA302-Gr B, 
SA533-Gr B

M..uf.,tiu'mr ARD mechanism

Page 11A 

ARD effects

temr System Structure/Comp Subcomponent mausm Not ........ * C..... initiation & 
8 BWR Pressure Vessel Shell Beltlne Shell SA302-Gr B, Not stated CORRgIGSCC Craok inwtahOn & 

Vessel SA533-Gr B growth 

9 BWR Pressure Vessel Shell Beltline Shell SA302-Gr B, Not stated CORR/IASCC Crack initiation & 

Vessel SA533-Gr B growth 

10 BWR Pressure Vessel Shell Beltine Shell SA302-Gr B, Not stated CORR Loss of material, 

Vessel SA533-Gr B con-osion product 
buildup 

11 BWR Pressure Vessel Shell Belthine Shell SA302-Gr B, Not stated EROICORR Wall thinning, loss 0 

Vessel SA533-Gr B material 

12 BWR Pressure Vessel Shell Beltine Shell SA302-Gr B,SA533- Not stated FAT Cumulative fatigue 

Vessel Gr B damage 

13 BWR Pressure Vessel Shell Beltline Welds Low-alloy steel weld Not stated EMBR/IR Loss of fracture 

Vessel 
toughness 

14 BWR Pressure Vessel Shell Beltline Welds Low-alloy steel weld Not stated CORR/IGSCC Crack initiation & 

Vessel 
growth 

15 BWR Pressure Vessel Shell Beltine Welds Low-alloy steel weld Not stated CORR/IASCC Crack initiation & 

Vessel 
growth 

16 BWR Pressure Vessel Shell Beliline Welds Low-alloy steel weld Not stated CORR Loss of matenal, 
corrosion product 

Vessel buildup 

17 BWR Pressure Vessel Shell Beltline Welds Low-alloy steel weld Not stated ERO/CORR Wall thinning, loss o 
rVessel material Vessel 

18 BWR Pressure Vessel Shell Bettline Welds Low-alloy steel weld Not stated FAT Cumulative fatigue 

Vessel 
damage 

19 BWR Pressure Vessel Shell Other than beltline SA302-Gr B, Not stated EMBR/AR Loss of fracture 

Vessel shell & welds SA533-Gr B toughness 

20 BWR Pressure Vessel Shell Other than beltline SA302-Gr B, Not stated CORRAIGSCC Crack initiation & 

Vessel shell & welds SA533-Gr B growth 

. ..I. I, -.- A+ ____, rr:RAA C ack initiation &
BWR Pressure 
Vessel 

BWR Pressure 
Vessel

Vessel Shell other & etldsine 
shell & welds

SA530-Gr B, 
SA533-Gr B growth

corrosion product 
buildup

Ia 6 I I

INVE S

Not stawd•; ,•,,J rlnr
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Page 11B

epoitla Hecmmnneon vae .. Iie 
Loss of pressure boundary. Not stated Not stated Non-significant because low-alloy 4-14 to 4- 8 

steel & SS clad with >5% ferrite are 24 
not susceptible to CORR/IGSCC 
and/or applied stresses are low Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-2 9 
lo~w-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service Loss of pressure boundary. Not stated Not stated Non-significant because cladding is 4-25 to 4- 10 
resistant to CORR, removal of 27 
cladding results in very low corrosion 
rates Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 11 
alloy cladding are resistant to 
ERO/CORR and/or relatively low 
flow Loss of pressure boundary. Not stated Design basis or NRC recommendation: Ucensee 4-5 to 4- 12 

plant-specific fatigue must verity that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 Loss of pressure boundary. Not stated Verification of NRC recommendation: A 100% 5-3 to 5-9, 13 

integrity by volumetric inspection of all beatline & 5-26 to 5
requirements of all other accessible welds required 28 
Appendices G & H by ASME Sect Xl. Exceptions for 
of IOCFR50 & license renewal wig be reviewed on 
(More) a case by case basis.  Loss of pressure boundary. Not stated Non-significant NRC recommendation: Same as for 4-14 to 4- 14 
because weld metal EMBRAR 24 
with >5% ferrte is 
not susceptible to 
(More) 

I 
Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-2= 15 

low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

resistant to CORR, removal of 27 
cladding results in very low corrosion 
rates 

Loss of pressure boundary Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 17 
alloy cladding are resistant to 
ERO/CORR and/or relatively low 
flow Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 4-5 to 4- 18 

plant-specific fatigue must verify that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 19 
fluence is <10A17 rV cmA2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program 

Loss of pressure boundary. Not stated Not stated Non-significant because low-alloy 4-14 to 4- 20 
steel & SS clad with >5% ferrite are 24 
not susceptible to CORRI1GSCC 
and/or applied stresses are low Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24,4-25 21 
Iow-aloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

-os of pressure hroiuri'r- KIM, t~ ki,. ... , -- .. I

Non-significant because ctadding is 
resistant to CORR, removal of 
cladding results in very low corrosion 
rates

4-25 to 4
27

220 S -
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Materials Mlanufacturer

Page 12A 

ARD mechanism ARD ffects

23 BWR Pressure Vessel Shell Other than beltline SA302-Gr B, Not stated ERO/CORR Wall thinning, loss ol 

Vessel shell & welds SA533-Gr B material 

24 BWR Pressure Vessel Shell Other than beltline SA302-Gr B, Not stated FAT Cumulative fatgue 

Vessel shell & welds SA533-Gr B damage 

25 BWR Pressure Vessel Flange Not stated SA336, SA508-CI 2 Not stated EMBR/IR Loss of fracture 

Vessel toughness 

26 BWR Pressure Vessel Range Not stated SA336, SA508-CI 2 Not stated CORR/IGSCC Crack iniiation & 

Vessel growth 

27 BWR Pressure Vessel Flange Not stated SA336, SA508-CI 2 Not stated CORR/IASCC Crack iniiation & 

Vessel growth 

28 BWR Pressure Vessel Flange Not stated SA336, SA508-CI 2 Not stated CORR Loss of material, 

Vessel corrosion product 
buildup 

29 BWR Pressure Vessel Flange Not stated SA336, SA508-CI 2 Not stated ERO/CORR Wall thinning, loss o 

Vessel material 

30 BWR Pressure Vessel Flange Not stated SA336, SA508-CI 2 Not stated FAT Cumulative fatigue 

Vessel damage 

31 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated EMBR/IR Loss of fracture 

Vessel SA533-Gr B toughness 

32 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated CORR/IGSCC Crack initiation & 

Vessel SA533-Gr B growth 

33 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated CORR/1ASCC Crack initiation & 

Vessel SA533-Gr B growth 

34 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated CORR Loss of materl, 
Vessel SA533-Gr B corrosion product 

buildup 

35 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated ERO/CORR Wall thinning, loss o 

Vessel SA533-Gr B material 

36 BWR Pressure Bottom Head Not stated SA302-Gr B, Not stated FAT Cumulative fatigue 

Vessel SA533-Gr B damage 

F 4U i0 ... .. . nM~iI .... 01 = ur _r
37 BWR Pressure 

Vessel
Closure Studs NOt stated ,.055 OfgThness e 

toughness
riot stated C'mom-tli-SAI1;3, S A540
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Document: IR 90-02, BWR Pressure Vessel Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL Effect at Aging on Component Function Contrtb to Failure

Rmnnvtad nmn�
• _ _ _... ... ... . . .. .-11115 .. '-i- I _mI1 Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-2E 23 

ahloy cladding are resistant to ERO/ 
CORR and/or relatively low flow Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 4-5 to 4- 24 

plant-specific fatigue must verify that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 25 

fluence is <10A17 n/cm^2 the level 
identified in 1 OCFR 50 Appendix H 
requinng surveillance program 

Loss of pressure boundary. Not stated Not stated Non-significant because low-alloy 4-14 to 4- 26 

steel & SS clad with >5% ferrite are 24 
not susceptible to CORR/IGSCC 
and/or applied stresses are low 

Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24.4-25 27 

low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because cladding is 4-25 to 4- 28 

resistant to CORR, removal of 27 
cladding results in very low corrosion 
rates 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 29 

alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow Loss of pressure boundary. Not stated Design basis or NRC recommendation: Verify that 4-5 to 4- 30 

plant-specific fatigue plant-specific analyses based on 13 
usage factor is conservative extrapolation of 
<0.25 for CS in high enveloping set of transients 
(More) including environmental effects, yield 

usage factor <1; identified by ASME 
Sect- X) Task group as significant 
for vessel flange.  

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 31 

fluence is <1OA17 n/ cmA2 the level 
identified in 10CFR 50 Appendix H 
requiring surveillance program.  

Loss of pressure boundary. Not stated Not stated Non-significant because low-alloy 4-14 to 4- 32 
steel & SS clad with >5% ferrite are 24 
not susceptible to CORR/IGSCC 
and/or applied stresses are low 

Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 33 

low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because cladding is 4-25 to 4- 34 
resistant to CORR, removal of 27 
cladding results in very low corrosion 
rates 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 35 
alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow 

Loss of pressure boundary. Not stated Design basis or NUMARC recomm: Non-significant 4-5 to 4- 36 
plant-specific fatigue for all BWRs & for BWR-2 if drT 13 
usage factor is between top and bottom head has 
<0.25 for CS in high not exceeded 63 deg C (145 deg F).  
(More) NRC recomm: Verify that fatigue 

usage based on enveloping setup 
conditions including environmental 
effects is < 1.  

i V ... 4 ........ LI .. U --. = -. - -.l =.. .. .. . .

Page 12B

NOT stated NOt stated Non-significant because neutron 
fluence is <10A17 n/ cmA2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program

4-2 to 4-4 37

D *4 H
|OA•

LOSS 01 pgresure bgoundary.
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Page 13A

Uhlnutaetuler ARD mechanism ARD effects
I

BWR Pressure 
Vessel

Attachment Welds Not stated

ter System_ Suctur r.uomp outs• ... ....... ..... . _Crack'_..... &.  
38 BWR Pressure Closure Studs Not stated SA193, SA540 Not stated CORR/IGSCC C, rack ti•n 

Vessel 
growth 

39 BWR Pressure Closure Studs Not stated SA193, SA540 Not stated CORR/IASCC Crack initation & 

Vessel 
growth 

40 BWR Pressure Closure Studs Not stated SA193, SA540 Not stated CORR Loss of matenal, 

Vessel 
corrosion product 
buildup 

41 BWR Pressure Closure Studs Not stated SA193, SA540 Not stated ERO/CORR Wall thinning loss o 

Vessel 
material 

42 BWR Pressure Closure Studs, Not stated SA193, SA540 Not stated FAT Cumulative tatigue 

Vessel 
damage 

43 BWR Pressure Support Skirt Not stated SA533-Gr B Not stated EMBR/IR Loss ot tra:turr 

Vessel 
toughness 

44 BWR Pressure Support Skirt Not stated SA533-Gr B Not stated CORR/IGSCC Crack nlit~atior, & 

Vessel 
growth 

45 BWR Pressure Support Skirt Not stated SA533-Gr B Not stated CORRAIASCC Crack iniation & 

Vessel 
growth 

46 BWR Pressure Support Skirt Not stated SA533-Gr B Not stated CORR Loss of matera; 

Vessel 
corrosion procuct 
buildup 

47 BWR Pressure Support Skirt Not stated SA533-GR B Not stated ERO/CORR Wall thinning loss o 

Vessel 
material 

48 BWR Pressure Support Skirt Not stated SA533-GR B Not stated FAT Cumulative fatgue 

Vessel 
damage 

49 BWR Pressure Attachment Welds Not stated SS, AJloy 182 Not stated EMBR/IR Loss of fracture 

Vessel 
toughness 

50 BWR Pressure Attachment Welds Not stated SS, Alloy 182 Not stated CORRIIGSCC Crack initabon & 

Vessel 
growth 

51 BWR Pressure Attachment Welds Not stated SS,Alloy 182 Not stated CORR/IASCC Crack initiation & 

Vessel 
growth 

52 BWR Pressure Attachment Welds Not stated SS,AIloy 182 Not stated CORR Loss of material, 

Vessel 
corrosion product 

Vessel__buildup 
... . . . f, r.... =.- IC R. :: C Wail thrnninn loss o

lUl •tmwi•le

irratonal53 S"),moy Itw- oks
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Page 13B

RenGrt.d nrnnslof ressur 1 u d r I -!,- la u ra i. U . u.,.  Loss of pressure boundy. Not stated ASME Sect. XI, ASME Sect XI, Subsect IWB, 5-18, 5-20 38 
Subsect IWB inspection and testing programs, 
augmented by exam category B-G-1, 
RICSIL 055 & RG recommendations of RICSIL 055. & 
1.65 replacement in accordance with RG 

1.65 
Loss of pressure boundary. Not stated Not stated CORRAASCC is non-significant for 4-24, 4-25 39 

low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because not 4-25 to 4- 40 
exposed to corrosive environment 27 

Loss of pressure boundary. Not stated Not stated Non-significant because not 4-27, 4-28 41 
exposed to flowing liquid 

Loss of pressure boundary. Not stated ASME Sect. III, NRC recommendation: Licensee 5-9 to 5- 42 
Subsect. NB must verify that plant-specific 17, 5-20 
reanalysis of usage analyses based on conservative 
factor & ASME Sect. extrapolation of an enveloping set of 
XI, (More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of core support. Not stated Not stated Non-significant because shift in 4-2 to 4-4 43 
reference temperature due to 
neutron exposure is <11 dog C Loss of core support. Not stated Not stated Non-significant because not 4-14 to 4- 44 
subjected to corrosive environment 24 

Loss of core support. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 45 
low-aloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of core support Not stated Not stated Non-significant because not 4-25 to 4- 46 
subjected to coolant environment 27 

Loss of core support. Not stated Not stated Non-significant because not 4-27. 4-28 47 
exposed to flowing liquid 

Loss of core support. Not stated ASME Sect III, NRC recommendation: Licensee 5-9 to 5- 48 
Subsect. NB must verify that plant-specific 17, 5-28, 
reanalysis of usage analyses based on conservative 5-29 
factor. extrapolation of an enveloping set of 

operating conditions, demonstrate 
Ithat fatigue usage factor is <1 Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to4-4 49 
fluence is <10A17 n/ cm^2 the level 
identified in 1 OCFR 50 Appendix H 
requiring surveillance program 

Loss of pressure boundary. Not stated Select plant-specific This item was not the subject of the 5-18, 5-19 50 
aging management NRC review.  
plan comprising of 
qualified inspec.  
(More) 

Loss of pressure boundary Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 51 
SS and Ni-Cr-Fe alloy components 
because total fast neutron fluence 
within the license renewal term is 
<110520 n/cmA2 for highly stressed 
components & <5 x10A20 n/crnA2 for 
components subjected to stresses 
_<68 MPa.  

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-25 to 4- 52 
alloy is resistant to CORR 27

LUss ol pressure boundary. NOt stated NOt stated Non-significant because SS or Ni 
alloy is resistant to EROICORR 
and/or relatively low flow

4-27, 4-28

|te=m
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UAnnufn~turer ARD mechanism ARD effects

67 BWR Pressure 
Vessel

Nozzles BWR/5 LrI"U toughness

Umt•Fimlc
Plain, byle ý*r -I- -F --t 

54 BWR Pressure Attachment Welds Not stated SS,AJloy 182 Not stated FAT Cumulative fatigue 

Vessel damage 

BWR Pressure Nozzles Feedwater SASOe-C12 Not stated EMBR/lR Loss of fracture 

Vessel toughness 

56 BWR Pressure Nozzles Feedwater SA508-CI2 Not stated CORR/IGSCC Crack initiation & 

Vessel growth 

57 BWR Pressure Nozzles Feedwater SA508-C12 Not stated CORR/IASCC Crack initiation & 

Vessel growth 

58 BWR Pressure Nozzles Feedwater SA508-C12 Not stated CORR Loss of matenal.  

Vessel corrosion product 
I_ buildup 

59 BWR Pressure Nozzles Feedwater SA508-CI2 Not stated ERO/CORR Wail thinning, loss ol 

Vessel material 

60 BWR Pressure Nozzles Feedwater SA508-CI2 Not stated FAT Cumulative fatigue 

Vessel damage 

61 BWR Pressure Nozzles BWR/2CRDRL SA508-CI2 Not stated EMBR/IR Loss of fracture 

Vessel uncapped toughness 

62 BWR Pressure Nozzles BWR/2CRDRL SA508-CI2 Not stated CORPJIGSCC Crack initiation & 

Vessel uncapped growth 

63 BWR Pressure Nozzles BWR/2CRDRL SA508-C12 Not stated CORR/IASCC Crack initiation & 

Vessel uncapped growth 

64 BWR Pressure Nozzles BWR/2CRDRL SA508-C12 Not stated CORR Loss of material, 

Vessel uncapped corrosion product 
I_ buildup 

651 BWR Pressure Nozzles BWR/2CRDRL SAWS0-C=2 Not stated ERO/CORR Wall thinning, loss o 

Vessel uncapped material 

66 BWR Pressure Nozzles BWR/2CRDRL SA508-C12 Not stated FAT Cumulative fatigue 

Vessel uncapped damage

SA5U8-Ct2 N'•ot Staxel r-MOMDIM/
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,, , -... . .. . .. . .. . ,- .. , n .1. , , L nr, smmenh auons Pagu no 5m0 Loss of pressure boundary. Not stated Non-significant NRC recomm.: Licensee must veriy 4-5 to 4- 54 
because no fatigue that plant-specific analyses based 13 
cracking expected on conservative extrapolation of an 
under operating enveloping set of transients & 
conditions including effects of environment, 

demonstrate that usage factor is <1.  Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 55 
fluence is <10A17 nlcmA2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program Loss of pressure boundary Not stated ASME Sect. XI, ASME Sect. XI, Subsect. IWB 5-18, 5-21 56 

Subsect. IWB inspection and testing programs; 
augmented by exam. categories B-D & B-F, 
NUREG 0313 & additional requirements of NUREG 
Generic letter 88-01 0313 implemented by Generic letter 

________________88-01 ____ 
Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24.4-25 57 

low-ahloy steel components 
subjected to neutron fluences typical 
of BWR vessel service Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 58 
components are internally clad with 27 

_SS which is resistant to corrosion Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 59 
alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow Loss of pressure boundary. Not stated ASME Sect. Ill, NRC recommendation: Licensee 5-9 to 5- 60 

Subsect NB must verify that plant-specific 17, 5-21 
reanalysis of usage analyses based on conservative 
factor & ASME Sect, extrapolation of an enveloping set of 
X), (More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 61 
fluence is <1 0A17 n/ cmA2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program 

Loss of pressure boundary. Not stated ASME Sect XI, ASME Sect. XI, Subsect. IWB 5-18, 5-21 62 
Subsect. IWB inspection and testing programs; 
augmented by exam. categories B-D & B-F, 
NUREG 0313 & additional requirements of NLUREG 
Generic letter 88-01 0313 implemented by Generic letter 

88-01 
Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 63 

low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 64 
components are internally clad with 27 
SS which is resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 65 
alloy cladding are resistant to 
ERO/CORR and/or relatively low 
flow 

Loss of pressure boundary. Not stated Current practices to This item was not the subject of the 5-9 to 5- 66 
be enhanced, select NRC review. 17, 5-23 
plant-specific aging 
management 
program 

Loss of nrnccaure bond~n-ln Mrd, e*ýtaM %I An N.

integrity by 
requirements of 
Appendices G & H 
of 10CFRSO & 
(More)

'4mi re ommenoabon: A 100% 
volumetric inspection of all beltline & 
&I other accessible welds required 
by ASME Sect XI. Exceptions for 
license renewal will be reviewed on 
a case by case basis.

5-3 to 5-9, 
5-24

67S ...... •,, w•w,• •v•,o•3.
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nent Materials Manufacturer ARD mechanism ARD effects

BWR Pressure 
Vessbl

Crack initiation & 
growth

68 BWR Pressure Nozzles BWR/5 LPCI SA508-C12 Not stated CORR/IGSCC Crack initiation & 
Vessel growth 

69 BWR Pressure Nozzles BWR/5 LPCI $A508-C12 Not stated CORRIIASCC Crack initiation & 
Vessel growth 

70 BWR Pressure Nozzles BWR/5 LPCI SA508-C12 Not stated CORR Loss of material, 
Vessel corrosion product 

buildup 
71 BWR Pressure Nozzles BWR/5 LPCI SAS08-CI2 Not stated ERO/CORR Wall thinning, loss ol 

Vessel material 

72 BWR Pressure Nozzles BWR/5 LPCI SA508-C12 Not stated FAT Cumulative fatigue 
Vessel damage 

73 BWR Pressure Nozzles All Other SA508-C12 Not stated EMBR/IR Loss of fracture 
Vessel toughness 

74 BWR Pressure Nozzles All Other SA508-Ct2 Not stated CORR/IGSCC Crack initiation & 
Vessel growth 

75 BWR Pressure Nozzles All Other SA508-C12 Not stated CORR/IASCC Crack initiation & 
Vessel growth 

76 BWR Pressure Nozzles All Other SA508-C12 Not stated CORR Loss of material.  
Vessel corrosion product 

buildup 
77 BWR Pressure Nozzles All Other SA508-C12 Not stated ERO/CORR Wall thinning, loss o0 

Vessel material 

78 BWR Pressure Nozzles All Other SA508-C12 Not stated FAT Cumulative fatigue 
Vessel damage 

79 BWR Pressure Sale Ends BWR/2CRDRL CS, SB-166 Not stated EMBRAIR Loss of fracture 
Vessel toughness 

80 BWR Pressure Safe Ends BWR/2CRDRL CS, SB-166 Not stated CORR/IGSCC Crack initiation & 
Vessel growth

81 Safe Ends BWR/2CRDRL CORR/AASCCCS, SB-166
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A.,�nrtaeI nmn� Reln•rnaa Renort Recommendations Paqe No. Item

Loss of pressure boundary. low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service & for Ni alloy 
components because the total fast 
neutron fluence within the license 
renewal term is < 10A20 riicmn2.

dEwUt Uo Agingi •l ** tl i. L r rv , .,. ran . ... r- -n on..  

Loss of pressure boundary. Not stated ASME Sect Xl, AtSME Sect. XI, Subsect IWB 5-18, 5-21 68 

Subsect IWB inspection and testing programs; 
augmented by exam. categories B-D & B-F, 
NUREG 0313 & additional requirements of NUREG 
Generic letter 88-01 0313 implemented by Generic letter 

88-01 
Loss of pressure boundary. Not stated Not stated CORRAASCC is non-significant for 4-24, 4-25 69 

low-alloy steel components 
subjected to neutron fluenoes typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 70 
components are internally clad with 27 
SS which is resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 71 

alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow 

Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 5-9 to 5- 72 

plant specific fatigue must verify that plant-specific 17, 5-21 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
stress transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 73 
fluence is <10A17 n/ crnA2 the level 

identified in 10CFR 50 Appendix H 
requiring surveillance program 

Loss of pressure boundary. Not stated ASME Sect XI, ASME Sect. Xl, Subsect. IWB 5-18, 5-21 74 

Subsect. IWB inspection and testing programs; 
augmented by exam categones B-D & B-F, 
NUREG 0313 & additional requirements of NUREG 
Generic letter 88-01 0313 implemented by Generic letter 

88-01 

Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 75 
low-alloy steel components 
subjected to neutron fluences typical 
of BWR vessel service 

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 76 
components are internally clad with 27 
SS which is resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 77 

alloy cladding are resistant to ERO/ 
CORR and/or relatively low flow 

Loss of pressure boundary. Not stated Design basis or NRC recommendaton: Licensee 4-5 to 4- 78 

plant specific fatigue must verify that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 

(More) transients & including effects of 
environment demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 79 
1¶uence is <10A17 rdcmA2 the level 
identified in 1 OCFR 50 Appendix H 
requiring surveillance program, & Ni
Cr-Fe alloys are not susceptible to 
neutron embrittlement at fluence less 
than 10A20 n/cm^2 

Loss of pressure boundary. Not stated ASME Sect Xl, ASME Sect. XI, Subsect IWB 5-18, 5-26 80 
Subsect. IWB inspection and testing programs; 
augmented by exam. categones B-D & B-F, 
NUREG 0313 & additional requirements of NUREG 
Generic letter 88-01 0313 implemented by Generic letter 

88-01 
Io stateor~f P40 -- rii fr142442J8

Not stated NOt Sileu
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. - om-t Materiam Manufactrer ARD mechanism ARD effects 32 BWR Pressure Safe Ends BWR/2CRDRL CS, SB-166 Not stated CORR Loss of material, Vessel 
corrosion product 

buildup 

83 BWR Pressure Safe Ends BWR/2CRDRL CS, SB-166 Not stated ERO/CORR Wall thinning, loss o Vessel 
material 

84 BWR Pressure Safe Ends BWR/2CRDRL CS, SB-166 Not stated FAT Cumulative fatigue Vessel 
damage 

85 BWR Pressure Safe Ends BWR/5LPCI SS. SB-166 Not stated EMBR/IR Loss of fracture 
Vessel 

toughness 

86 BWR Pressure Safe Ends BWR/5LPCI SS, SB-166 Not stated CORR/IGSCC Crack initiation & Vessel 
growth 

87 BWR Pressure Safe Ends BWR/5LPCI SS, SB-166 Not stated CORR/IASCC Crack initiation & Vessel 
growth 

88 BWR Pressure Safe Ends BWR/5LPCI SS, SB-166 Not stated CORR Loss of material, Vessel 
corrosion product 

buildup 
89 BWR Pressure Safe Ends BWR/5LPCI SS, SB-166 Not stated ERO/CORR Wall thinning, loss o Vessel 

material 

90 BWR Pressure Safe Ends BWR/5LPCI SS, SB-166 Not stated FAT Cumulative fatigue Vessel 
damage 

91 BWR Pressure Safe Ends Feed Water CS, SB-166 Not stated EMBR/IR Loss of fracture Vessel 
toughness 

92 BWR Pressure Safe Ends F Wa==ter i. r,^, Q. a= ..
Vessel Crack initiation & 

growth

IJ .... J .... . .

I WW VW•I P OEL ISWOUra SC.UI'I'/IGSCCU

Ill • I
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• - n .. .. . ..... .. -.. . "-•. . . ' ; ... .. . ..... . .......-... "•' Loss of pressure boundary. Not stated Not stated Non-significant because 4-25 to 4- 82 
components are internally clad with 27 
SS or fabncated of Ni-Cr-Fe alloy 
which are resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 83 
alloy cladding and Ni-Cr-Fe alloys 
are resistant to ElC and/or relatively 
low flow 

Loss of pressure boundary. Not stated ASME Sect. III, NRC recommendation: Licensee 5-9 to 5- 84 
Subsect NB must verify that plant-specific 17, 5-26 
reanalysis of usage analyses based on conservative 
factor; Sect XI, extrapolation of an enveloping set of 
Subsect (More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 85 
fluence is <1'17 n/ crn2 the level 
identified in 1 OCFR 50 Appendix H 
requinng surveillance program, and 
SS and Ni alloys are not susceptible 
to neutron embrittlement at fluence 
less than 1020 n/cmA2 

Loss of pressure boundary. Not stated ASME Sect. XI, ASME Sect. Xl, Subsect. IWB 5-18, 5-2E 86 
Subsect IWB inspection and testing programs; 
augmented by exam. categones B-D & B-F, 
NUREG 0313 & additional requirements of NUREG 
Genenc letter 88-01 0313 implemented by Generic letter 88-01 

Loss of pressure boundary, Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-25 87 
SS and Ni-Cr-Fe alloy components 
because total fast neutron fluence 
within the license renewal term is 
<10,'A20 n/cmA2 for highly stressed 
components & <5 x1 01120 n/crn^2 for 
components subjected to stresses 
<68 MPa.  

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 88 
components are fabncated of SS or 27 
Ni-Cr-Fe alloy which are resistant to 
corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because austenitc 4-27.4-28 89 
SSs and Ni-Cr-Fe alloys are 
resistant to E/C and/or relatively low 
flow 

Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 4-5 to 4- 90 
plant specific fatigue must venfy that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloprig set of 
(More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 91 
fluence is <10D17 n/ cmA2 the level 
identified in 10CFR 50 Appendix H 
requiring surveillance program, & Ni
Cr-Fe alloys are not susceptible to 
neutron embrittlement at fluence les 
_than 10A20 ntcmA2

LOSS or pressure bounoary. NOT stated ASM_ Sect. XI, 
Subsect. IWB 
augmented by 
NUREG 0313 & 
Generic letter 88-01

ASME Sect. Xl, Subsect IWB 
inspection and testing programs; 
exam. categories B-D & B-F, 
additional requirements of NUREG 
0313 implemented by Generic letter 
W8-01

5-18. 5-2E 92

• • Ih=m
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Vessel

I
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M..$�t.,,.v A�fl mm�hnniftm ARD effects

Penetatons104 growth

;k a
tern System SructueYWLomp b-u_,momp.,5IU,., _-_..-. _ . ........ ......  

93 BWR Pressure Safe Ends Feed Water CS, SB-166 Not stated CORR/IASCC Crack initiation & 

Vessel growth 

94 BWR Pressure Safe Ends Feed Water CS, S B-166 Not stated CORR Loss of materia1, 

Vessel corrosion product 
buildup 

95 BWR Pressure Safe Ends Feed Water CS, SB-166 Not stated ERO/CORR Wail thinning, loss o 

Vessel material 

96 BWR Pressure Safe Ends Feed Water CS, SB-166 Not stated FAT Cumulative fatigue 

Vessel damage 

97 BWR Pressure Safe Ends All Other CS, SB-166 Not stated EMBR/IR Loss of fracture 

Vessel toughness 

98 BWR Pressure Safe Ends All Other CS, SB-166 Not stated CORR/IGSCC Crack initiation & 

Vessel growth 

99 BWR Pressure Safe Ends All Other CS, SB-166 Not stated CORRIIASCC Crack initiation & 

Vessel growth 

100 BWR Pressure Sate Ends All Other CS, SB-166 Not stated CORR Loss of material, 

Vessel corrosion product 
buildup 

101 BWR Pressure Safe Ends All Other CS, SB-166 Not stated ERO/CORR Wall thinning, loss o 

Vessel material 

102 BWR Pressure Safe Ends All Other CS, SB-166 Not stated FAT Cumulative fatigue 

Vessel damage 

103 BWR Pressure Penetrations CRD StubTubes SS, SB-167 Not stated EMBR/IR Loss of fracture 

Vessel toughness 

Utl lD Iu e .. . .. 4t4
z"'), Or)- 101 Nodt b lot wu"CU StubI UbeS



Table B.1 Gall Report for NUMARC Industry Reports

Document- IR 90-02, BWR Pressure Vessel Industry Report 
Reviewed by: 0 Chopra!D. Gavenda, ANL.  
Effect of Aginl on Component Function Contrib to Failure Reported nv, I.i .I nrn•
Loss of pressure boundary. Not stated Not stated Non-significant for low-alloy steels 4-24, 4-25 93 

subjected to neutron fluenoes typical 
of BWR vessel. & for Ni alloys 
because total fluence is <10"20 or 
<5"1 OA20 n/cm^2, for components 
subjected to high or <68MPa 
stresses.  

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 94 
components are internally clad with 27 
SS or fabricated of Ni alloy which are 
_resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 95 
alloy cladding & Ni-Cr-Fe alloys are 
resistant to E/C; and/or relatively low 
flow 

Loss of pressure boundary Not stated ASME Sect. I11, NRC recommendation: Licensee 5-9 to 5- 96 
Subsect. NB must verity that plant-specific 17, 5-26 
reanalysis of usage analyses based on conservative 
factor; Sect XI, extrapolabon of an enveloping set of 
Subsect (More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary Not stated Not stated Non-significant because neutron 4-2 to 4-4 97 
Bluence is <10A17 n/ oAn2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program, & Ni
Cr-Fe alloys are not susceptible to 
neutron embrittlement at fluence less 
than 1 0A20 n/cmrA2 

Loss of pressure boundary. Not stated ASME Sect XI, ASME Sect. Xl, Subsect IWB 5-18, 5-26 98 
Subsect. IWB inspection and testing programs; 
augmented by exam. categories B-D & B-F.  
NUREG 0313 & additional requirements of NUREG 
Generic letter 88-01 0313 implemented by Generic letter 

!88-01 
Loss of pressure boundary. Not stated Not stated Non-significant for low-alloy steels 4-24, 4-25 99 

subjected to neutron fluences typical 
of BWR vessel, & for Ni alloys 
because total fluence is <10A20 or 
<5"10^20 n/crA2, for components 
subjected to high or <68MPa 
stresses 

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 100 
components are internally clad with 27 
SS or fabricated of Ni ahoy which are 
resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because SS or Ni 4-27, 4-28 101 
alloy cladding & Ni-Cr-Fe alloys are 
resistant to E/C; and/or relatively low 
flow 

Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 4-5 to 4- 102 
plant specific fatigue must verity that plant-specific 13 
usage factor is analyses based on conservative 
<0.25 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
fatigue usage factor is <1 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 103 
fluence is <10A17 n/cmA2 the level 
identified in 1OCFR 50 Appendix H 
requiring surveillance program:& SS 
and Ni-Cr-Fe alloys are not 
susceptible to neutron embrittlement 
_atfluence less than 10A20 n/cmA2

LOss ot pressure boundary. Not stated ASME Sect. XI, 
Subsect IWB; 
exam. category B-E

ASME Sect. XI, Subsect IWB 
inspection and testing programs; 
exam, category B-E

5-18,.5-26 104

Page 17B
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Afla mnahnnism ARD effects
;•m System StrucoiureComp subcomponbnt Materials m -.  

105 BWR Pressure Penetrations CRD StubTubes SS, SB-167 Not stated CORRIIASCC Crack initiation & 
growth 

Vessel 

106 BWR Pressure Penetrations CRD StubTubes SS, SB-167 Not stated CORR Loss of material, 

Vessel 
corrosion product 
buildup 

107 BWR Pressure Penetrations CRD StubTubes SS, SB-167 Not stated ERO/CORR Wall thinning, loss o 

Vessel 
material 

108 BWR Pressure Penetrations CRD StubTubes SS, SB-167 Not stated FAT Cumulative fatigue 

Vessel 
darmage 

109 BWR Pressure Penetrations All Other SB-167 Not stated EMBRPJR Loss of fracture 

Vessel 
toughness 

110 BWR Pressure Penetrations All Other SB-167 Not stated CORR/IGSCC Crack initiation & 

Vessel 
growth 

111 BWR Pressure Penetrations All Other SB-167 Not stated CORR/IASCC Crack initiation & 

Vessel 
growth 

112 BWR Pressure Penetrations All Other SB-167 Not stated CORR Loss of matenal, 

Vessel 
corrosion product 
buildup 

113 BWR Pressure Penetrations All Other SB-167 Not stated ERO/CORR Wall thinning, loss 0 

Vessel 
material 

114 BWR Pressure Penetrations All Other SB-167 Not stated FAT Cumulative fatigue 

Vessel 
damage 

Document: IR 90-03, BWR Vessel Internals Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL 
Item System Structure/Comp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated EMBR/AR Loss of fracture 

Internals 
toughness 

_......__,,_.. =,•^K., , E - Loss of fracture

BWR Vessel 
Internals

Access Hole Cover Not stated

ILl re tl• =•l,

toughnessP~ioy OWu



Table B.1 Gall Report for NUMARC Industry Reports

Document: IR 90-02, BWR Pressure Vessel Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL 
Effect of Aging on Component Function Contrib to Failure Reported nprn

Page 181

Loss of pressure boundary. Not stated Not stated CORR/IASCC is non-significant for 4-24, 4-2E 105 
SS and Ni-Cr-Fe alloy components 
because total fast neutron fluence 
within the license renewal term is 
<10A20 n/cm^n2 for highly stressed 
components & <5 xIOA20 n/cmA2 for 
components subjected to stresses 
<68 MPa_ 

Loss of pressure boundary. Not stated Not stated Non-significant because the 4-25 to 4- 106 
components are fabricated of SS or 27 
Ni-Cr-Fe alloy which are very 
resistant to corrosion 

Loss of pressure boundary. Not stated Not stated Non-significant because austenitic 4-27, 4-28 107 
SSs and Ni-Cr-Fe alloys are 
resistant to E/C and/or relatively low 
flow 

Loss of pressure boundary. Not stated ASME Sect. Ill, NRC recommendation: Fatigue 5-9 to5- 108 
Subsect. NB usage factor of stub tubes could be 17, 5-26 
reanalysis; ASME as high 0.67 during 40-yr life. More 
Sect XI, Subsect. frequent inspections may be needed 
IWB, inspection 

Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to 4-4 109 
fluence is <10A17 rV crnA2 the level 
identified in 10CFR 50 Appendix H 
requiring surveillance program; & Ni
Cr-Fe alloys are not susceptible to 
neutron embrittlement at fluence less 
than 1 0A20 n/ cmA2 

Loss of pressure boundary. Not stated ASME Sect. XI, ASME Sect. XI, Subsect. IWB 5-18, 5-26 110 
Subsect IWB; inspection and testing programs; 
exam. category B-E exam. category B-E 

Loss of pressure boundary. Not stated Not stated CORRAIASCC is non-significant for 4-24, 4-25 111 

Ni alloy components because the 
total fast neutron fluence within the 
license renewal term is <10A20 n/ 
cmA2 for highly stressed 
components & <5 x 10A20 n/cmA2 
for components that are subjected to 
stresses <68 MPa 

Loss of pressure boundary, Not stated Not stated Non-significant because the 4-25 to4- 112 
components are fabricated of Ni-Cr- 27 
Fe alloy which is resistant to 
corrosion 

Loss of pressure boundary. Not stated Not stated Non-signilfcant because Ni-Cr-Fe 4-27, 4-28 113 
alloys are resistant to E/C and/or 
relatively low flow 

Loss of pressure boundary. Not stated Design basis or NRC recommendation: Licensee 4-5 to 4- 114 
plant specific fatigue must verify that plant-specific 13 
usage factor is analyses based on conservative 
<025 for CS in high extrapolation of an enveloping set of 
(More) transients & including effects of 

environment, demonstrate that 
I_ _ fatigue usage factor is <1 

Document: IR 90-03, BWR Vessel Internals Industry Report 
Reviewed by: 0. Chopra/D. Gavenda, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs ReI.progs Report Recommendations Page No. Item 
Flow blockage, loose part damage Not stated Not stated Non-significant because even 4-3 to 4-7 1 

though neutron irradiation 
decreases fracture toughness in Ni
alloy components, the fracture 
toughness levels remain adequate 
even at end of life fluence levels 
because the applied stresses are 

Pow

Flow Dloclage, loose part damage. Not stated Not stated Non-significant because Ni-alloys 
are not susceptible to thermal aging 
ambrittlement

4-3 to 4-7 2

I:l.I •lrnn• Memr^.l4 0- -4.9; f
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Ustar~lul U~nufne:ltulr ARD mechanism ARD effectsM551 bOJtiI ~ Uc I -fl.s... * r'--*--- . -= -

3 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated CORR/IGSCC Crack initiabon & 

Internals growth 

4 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated CORR/IASCC Crack inriation & 

Internals growth 

5 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated CORR Loss of material 

Internals 
6 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated ERO/CORR Wall thinning, loss ol 

Internals material 

7 BWR Vessel Access Hole Cover Not stated Alloy 600 Not stated FAT Cumulative fatigue 

Internals damage 

8 BWR Vessel Control Blade Not stated SS Not stated EMBR/IR Loss of fracture 

Internals toughness 

9 BWR Vessel Conrol Blade Not stated SS Not stated EMBR/TE Loss of fracture 

Internals toughness 

10 BWR Vessel Control Blade Not stated SS Not stated CORR/IGSCC Crack initiation & 

Internals growth 

11 BWR Vessel Control Blade Not stated SS Not stated CORR/IASCC Crack initiation & 

Internals growth 

12 BWR Vessel Control Blade Not stated SS Not stated CORR Loss of matanal 

Internals 

13 BWR Vessel Control Blade Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Internals matenal 

14 BWR Vessel Control Blade Not stated SS Not stated FAT Cumulative fatigue 

Intemals damage 

15 BWR Vessel Core Plate Not stated SS Not stated EMBR/IR Loss of fracture 

Internals toughness 

uE Cre lat No Manuactuer oss orhais ADeffctsr

BWR Vessel 
Internals

Not stated SS Loss ou heacture toughness
Not statedlit Core Plate I-MBR]/ T:
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R�nnvtmd urnn� �.i .wnn� C.nfl D-n.n...ane�au.e
Flow blockage, loose part damage Not stated Recommendations GESIL 462S1 recommends 5-10, 5-1 3 

of GESIL 462S1 volumetric inspections, 
implementation is plant-specific, & 
recommended repair is to attach 
reinforcement hardware 

Row blockage, loose part damage. Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 4 
license renewal term is non- 20 
significant because it is <5 x 10^20 
n/ cm^2 for low stressed 
components & <1OA20 n/ cmA2 for 
_high-stressed components 

Flow blockage, loose part damage. Not stated Not stated Non-significant because corrosion 4-21, 4-22 5 
rates are very low 

Flow blockage, loose part damage. Not stated Not stated Non-significant because Ni-alloy are 4-23, 4-24 6 
resistant to E/C. and/or low flow rate.  
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C 

Flow blockage, loose part damage. Not stated Nonsignificant NRC recommenclation: Not 4-8 to 4- 7 
because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect Ill, of all safety-related 
(More) internal components should show a 

usage of <0.7 for the 60-yr lifetime o 
the plant 

Impair reactor shutdown, loose part Not stated Not stated Non-significant because even 4-3 to 4-7 8 
damage. though neutron irradiation decreases 

fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low I 

Impair reactor shutdown, loose part Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 9 
damage. is not susceptible to thermal aging 

embrittlement 
Impair reactor shutdown, loose part Not stated Guidelines of GESIL GESIL 157 routine replacement, 5-10, 5-12 10 
damage. 157 and operational operational parameter monitonng are 

parameters current & effective programs for 
monitoring detection & evaluation-replacement 

Impair reactor shutdown, loose part Not stated Guidelines of GESIL GESIL 157 routine replacement, 5-10, 5-13 11 
damage. 157 and operational operational parameter monitoring are 

parameters current & effective programs for 
monitonng detection & evaluation-replacement 

Impair reactor shutdown, loose part Not stated Not stated Non-significant because corrosion 4-21,4-22 12 
damage. rates are very low 
Impair reactor shutdown, loose part Not stated Not stated Non-significant because SS is 4-23, 4-24 13 
damage. resistant to E/C, and/or low flow rate, 

and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C 

Impair reactor shutdown, loose part Not stated Non-significant NRC recommendation: Not 4-8 to 4- 14 
damage. because cyclic acceptable without detailed 10 

stresses are minimal information. Evaluations based on 
or absent such that ASME Sect. Ill, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime o 
the plant 

Prevent CR insertion Not stated Not stated Non-significant because even 4-3 to 4-7 15 
though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 

_applied stresses are low

r-revent L,- inserbon. NOt stated NOt stated Non-significant because wrought SS 
is not susceptible to thermal aging 
arnbrittlernent

4-3 to 4-7 1 18

learn
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UaterliRl Manufacturer ARD mechanism ARD effects
IIg

BWR Vessel 
Internals

Core Shroud Head 
Bolts

Not stated toughness

I-~ a f

17 BWR Vessel Core Plate Not stated SS Not stated CORR/IGSCC Crack inibation & 

Internals growth 

18 BWR Vessel Core Plate Not stated SS Not stated CORR/IASCC Crack initiation & 

Internals growth 

19 BWR Vessel Core Plate Not stated SS Not stated CORR Loss of material 

Internals 
20 BWR Vessel Core Plate Not stated SS Not stated ERO/CORR Wall thinning. loss ol 

Internals material 

21 BWR Vessel Core Plate Not stated SS Not stated FAT Cumulative fatigue 

Internals damage 

22 BWR Vessel Core Shroud & Top Not stated SS Not stated EMBR/1R Loss of fracture 

Internals Guide toughness 

23 BWR Vessel Core Shroud & Top Not stated SS Not stated EMBRITE Loss of fracture 

Internals Guide toughness 

24 BWR Vessel Core Shroud & Top Not stated SS Not stated CORR/IGSCC Crack initation & 

Internals Guide growth 

25 BWR Vessel Core Shroud & Top Not stated 9S Not stated CORR/1ASCC Crack initiation & 

Internals Guide growth 

26 BWR Vessel Core Shroud & Top Not stated SS Not stated CORR Loss of material 

Intemals Guide 

27 BWR Vessel Core Shroud & Top Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Internals Guide material 

28 BWR Vessel Core Shroud & Top Not stated SS Not stated FAT Cumulative fatigue 

Internals Guide damage

I::h.I t•h ir•/iP•^m n

Not0 slatedI C... M MitI 'SS, Alloy 600
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______________ . . . . . . n.-•,, Repor Recommenda.ons P-e No. Item Prevent C insertion. Not stated Enhance current This item was not the subject of the 5-10, 5-14 17 
practices by NRC review.  
selecting plant
specific 
management 
comprising (More) Prevent CR insertion. Not stated Not stated Non-significant for low-alloy steels 4-14 to 4- 18 

subjected to neutron fluences typical 20 
of BWR vessel; & for Ni alloys 
because total fluence is <10^20 or 
<5"10A20 n/cmA2, for components 
subjected to high or low stresses.  Prevent CR insertion. Not stated Not stated Non-significant because corrosion 4-21, 4-22 191 
rates are very low Prevent CR insertion. Not stated Not stated Non-significant because SS is 4-23, 4-24 20 

resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C Prevent CR insertion. Not stated Non-significant NRC recommendabon: Not 4-8 to 4- 21 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect. III, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime of 
the plant Core support loss, prevent CR insertion. Not stated Not stated Non-significant because even 4-3 to 4-7 22 
though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Core support loss, prevent CR insertion. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 23 

is not susceptible to thermal aging 
embrittlement Core support loss, prevent CR insertion. Not stated Enhance current This item was not the subject of the 5-10.5- 24 

practices by NRC review. 14, 5-21 
selecting plant
specific 
management 
comprising (More) Core support loss, prevent CR insertion. Not stated Enhance current This item was not the subject of the 5-10, 5- 25 
practices by NRC review. 14,5-21 
selecting plant
specific aging 
management plan; 
(More) 

Core support loss, prevent CR insertion. Not stated Not stated Non-significant because corrosion 4-21, 4-22 26 
rates are very low Core support loss, prevent CR insertion. Not stated Not stated Non-significant because SS is 4-23, 4-24 27 
resistant to E/C. and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C Core support loss, prevent CR insertion. Not stated Non-significant NRC recommendation: Not 4-8 to 4- 28 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect, Ill, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime o Effect of an the F iant _to H
Darnaae bv shroud head loss of FC'.C Nlot stato , ki,, ... , , .. . . . I

Non-signihcant because even 
though neutron irradiation decreases 
fracture toughness in SS and Ni
alloy components, the fracture 
toughness levels remain adequate 
even at end of life fluence levels 
because the applied stresses are 
low

4-3 to 4-7 29

D .4,• A• R•mA

0 smtý
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i5,,,mf�hr.r A�D mechanism ARD effects

BWR Vessel 
Internals

Core Spray Internal 
Piping

damage1'10L SL4&%PU

Item System .Srucwre/Comp *uucompon•nuIm rn--.m ...-..-.---.... .......  
30 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated EMBR/TE Loss of fracture 

lntemras Bolts 
toughness 

31 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated CORR/IGSCC Crack initiation & 

Internals Bolts growth 

32 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated CORR/IASCC Crack inibation & 

Internals Bolts growth 

33 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated CORR Loss of material 

Internals Bolts 

34 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated ERO/CORR Wall thinning, loss o 

Internals Bolts 
material 

35 BWR Vessel Core Shroud Head Not stated SS, Alloy 600 Not stated FAT Cumulative fatigue 

Internals Bolts damage 

36 BWR Vessel Core Spray Interanl Not stated SS Not stated EMBR/IR Loss of fracture 

Internals Piping toughness 

37 BWR Vessel Core Spray Internal Not stated SS Not stated EMBR/ITE Loss of fracture 

Internals Piping toughness 

38 BWR Vessel Core Spray Internal Not stated SS Not stated CORR/IGSCC Crack iniiation & 

Internals Piping growth 

39 BWR Vessel Core Spray Internal Not stated SS Not stated CORR/IASCC Crack initbaon & 

Intemals Piping growth 

40 BWR Vessel Core Spray Internal Not stated SS Not stated CORR Loss of material 

Internals Piping_ 

41 BWR Vessel Core Spray Internal Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Intemals Piping materi 

kLA--turer rAR mechanism II.I 

Not~C~ sttetIOLjeIU
Not stated SS

• • I
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S.. gum .. p.rg progs uel.progs RePort Recommendations PaPe No. Item Dam=ae by shroud head, loss of ECC. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 30 
& Ni-alloys are not susceptibte to 
thermal aging embrittlement Damage= by shroud head, loss of ECC. Not stated Implementation of GESIL 433 recommends UT 5-10, 5-1 31 

GESIL 433 examination during outages, implementation is plant-specific, & 
replacement is with crevice-free 
design Damage by shroud head, loss of ECC. Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 32 
license renewal term is non- 20 
significant because it is <5 x 1 A20 
n/ crrV2 for low stressed 
components & <10A20 n/cmA2 for 
high-stressed components Damage by shroud head, loss of ECC. Not stated Not stated Non-significant because corrosion 4-21, 4-22 33 

rates are very low Damage by shroud head, loss of ECC Not stated Not stated Non-significant because SS and Ni- 4-23, 4-2 34 

alloys are resistant to E/C, and/or 
low flow rate, and implementation of 
HWC which requires oxygen 
addition in the feedwater line to limit 
E/C Damage by shroud head, loss of ECC. Not stated Non-significant NRC recommendation: Not 4-8 to 4- 35 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect Ill, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime ol 
the plant Loss of ECC. Not stated Not stated Non-significant because even 4-3 to 4-7 36 
though neutron irrakation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Loss of ECC. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 37 

is not susceptible to thermal aging 
embrittlement Loss of ECC. Not stated Enhance current This item was not the subject of the 5-10, 5- 38 

practices by NRC review. 16, 5-17 
selecting plant
specific 
management 
comprising (More) 

Loss of ECC. Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 39 
license renewal term is non- 20 
significant because it is <5 x 10^20 
n/ cm^2 for low stressed 
components & <10A20 n/ccA2 for 
high-stressed components Loss of ECC. Not stated Not stated Non-significant because corrosion 4-21,4-22 40 
rates are very low Loss of ECC. Not stated Not stated Non-significant because SS is 4-23, 4-24 41 
resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 

Loss of Nt statedfeedwater line to limit E/C LOSS of ECC. N'nt •t~t4 kl.e; ; . , .. .

because cyclic 
stresses are minimal 
or absent such that 
ASME (More)

Nii recommendation: Not 
acceptable without detailed 
information. Evaluations based on 
ASME Sect, Ill, of all safety-related 
internal components should show a 
usage of <0.7 for the 60-yr lifetime oa 
the plant

4-8 to 4
10

42
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Uaniufaetuhrr ARD mechanism ARD effects
Iem System SucurwL.omp -u1--m pre..- ... . .....  

43 BWR Vessel Core Spray Sparger Not stated SS Not stated EMBRAIR Loss of fracture 

Internals toughness 

44 BWR Vessel Core Spray Sparger Not stated SS Not stated EMBR/TE Loss of fracture 

Internals toughness 

45 BWR Vessel Core Spray Sparger Not stated SS Not stated CORR/IGSCC Crack initiation & 

Internals growth 

46 BWR Vessel Core Spray Sparger Not stated SS Not stated CORR/IASCC Crack initiation & 

Internals growth 

47 BWR Vessel Core Spray Sparger Not stated SS Not stated CORR Loss of material 

Internals 
48 BWR Vessel Core Spray Sparger Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Internals material 

49 BWR Vessel Core Spray Sparger Not stated SS Not stated FAT Cumulative fatigue 

Internals damage 

50 BWR Vessel Control Rod Drive Not stated SS Not stated EMBR/IR Loss of fracture 

Internals (CRD) Housing toughness 

51 BWR Vessel Control Rod Drive Not stated SS Not stated EMBR/TE Loss of fracture 

Internals (CRD) Housing toughness 

52 BWR Vessel Control Rod Drive Not stated SS Not stated CORR/IGSCC Crack initiation & 

Internals (CRD) Housing growth 

53 BWR Vessel Control Rod Drive Not stated SS Not stated CORR/AASCC Crack initiation & 

Internals (CRD) Housing growth 

54 BWR Vessel Control Rod Drive Not stated SS Not stated CORR Loss of material 

Internals (CRD) Housing 

55 BWR Vessel Control Rod Drive Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Internals (CRD) Housing material 

. . .• _•i•,• •t stated FAT Cumulative fatioue
BWR Vessel 
Internals

(Control H•ousrve 
(CRD) Housing damageI•IVL SILaVUU
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........ ' " ," ' Reprt R.ecommendations Page No. Riem Loss of ECC. Not stated Not stated Non-significant because even 4-3 to 4-7 43 

though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Loss of ECC. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 44 

is not susceptible to thermal aging 
embrittlement Loss of ECC. Not stated Recommendations NRC Bulletin 80-13 recommends 5-10, 5-1 45 

of NRC Bulletin 80- visual inspection during refueling 
13 outages; analytical evaluation: & 

repair Loss of ECC. Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 46 

license renewal term is non- 20 
significant because it is <5 x 1 0A20 
W/cmA2 for low stressed components 
& <1 0A20 n/ cmA2 for high-stressed 
components Loss of ECC. Not stated Not stated Non-significant because corrosion 4-21, 4-22 47 
rates are very low Loss of ECC. Not stated Not stated Non-significant because SS is 4-23, 4-24 48 

resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit EtC Loss of ECC. Not stated Non-significant NRC recommendation: Not 4-8 to 4- 49 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect Ill, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime o 
the plant Loss of pressure boundary, prevent CR Not stated Not stated Non-significant because even 4-3 to 4-7 50 insertion, 
though neutron irradiation decreases 

fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Loss of pressure boundary, prevent CR Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 51 insertion. 
is not susceptible to thermal aging 
embrittlement 

Loss of pressure boundary, prevent CR Not stated ASME Sect. Xl, ASME Sect Xl. Subsect IWB, 5-10, 5-18 52 insertion. Subsect. IWB exam. categories B-0 & B-P 

requires volumetric exam. of welds & 
VT-2 of pressure retaining boundary 
& system leakage & hydrostatic tests Loss of pressure boundary, prevent CR Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 53 insertion, 
license renewal term is non- 20 
significant because it is <5 x 10^20 
n/ cmA2 for low stressed 
components & <10,A20 n/ cmA2 for 
high-stressed components Loss of pressure boundary, prevent CR Not stated Not stated Non-significant because corrosion 4-21, 4-22 54 insertion. 
rates are very low 

Loss of pressure boundary, prevent CR Not stated Not stated Non-significant because SS is 4-23, 4-24 55 insertion, 
resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 

Loss feedessure owater line to limit E/C I nccA ntracr ,,or hn,,nw4~n, nr *n f"D &ilt, .e•, Ae~ker e----. ., . ...

-rt• oY, n..  
insertion.

Otv sLaWfU PQMC QGCt. Al, 
Subsect. IWB & 
recommendations of 
NP-5181M & NP
5836M

NHC recommendation: Not 
acceptable without detailed 
information. Evaluations based on 
ASME Sect III, of all safety-related 
internal components should show a 
usage of <0.7 for the 60-yr lifetime o 
the plant

5-4 to 5
10

5e
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ARD effects
II

68 BWR Vessel 
Internals

Jet Pump Not stated
600, X750

em., System SructurfW-onp Sug.omponerirt , ---. . . .  

57 BWR Vessel Intermediate Range Not stated SS Not stated EMBR/IR Loss of fracture 

Internals Monitor/ Source toughness 

Range 
Monitor(IRM/SRM) 
Dry Tubes 

58 BWR Vessel Intermediate Range Not stated SS Not stated EMBR!TE Loss of fracture 

Internals Monitor/ Source toughness 
Range 
Monitor(IRM/SRM) 

___________Dry Tubes ______ 

59 BWR Vessel Intermediate Range Not stated SS Not stated CORR/IGSCC Crack iniation & 

Internals Monitor/ Source growth 

Range 
Monitor(IRM/SRM) 
Dry Tubes 

60 BWR Vessel Intermediate Range Not stated SS Not stated CORR!IASCC Crack initiation & 

Internals Monitor/ Source growth 

Range 
Monitor(IRM/SRM) 
Dry Tubes 

61 BWR Vessel Intermediate Range Not stated SS Not stated CORR Loss of material 

Internals Monitor/ Source 
Range 
Monitor(IRM/SRM) 
Dry Tubes 

62 BWR Vessel Intermediate Range Not stated SS Not stated ERO/CORR Wall thinning, loss o 

Internals Monitor/ Source material 

Range 
Monitor(IRM!SRM) 
Dry Tubes 

63 BWR Vessel Intermediate Range Not stated SS Not stated FAT Cumulative fatigue 

Internals Monitor/ Source damage 
Range 
Monitor(IRMWSRM) 
Dry Tubes 

64 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated EMBR/IR Loss of fracture 

internals 600, X750 toughness 

65 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated EMBR/TE Loss of fracture 

Internals 600, X750 toughness 

66 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated CORR/IGSCC Crack initiation & 

Internals 600, X750 growth 

67 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated CORRIAASCC Crack initiation & 

Internals 600, X750 growth 

Sam (L-1-) Aio AC saeUMI mechnis AR effect

Ii 6 .I I

LOSoss0 maWFUNot stated CORR
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-rg ------.. Reor R*~~ tecommendations Pag eNo. Roem Loss ot pressure boundary. Not stated Not stated Non-significant because even 4-3 to 4-7 57 
though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Loss of pressure boundary. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 58 
is not susceptible to thermal aging 
embrittlement 

Loss of pressure boundary Not stated Recommendations Recommendations of GESIL 409, 5-10, 5-1 59 
of GESIL 409 leakage monitoring, & replacement 

with crevice-free design and 
resistant material 

Loss of pressure boundary Not stated Recommendations Recommendations of GESIL 409, 5-10, 5-1 9 60 
of GESIL 409 leakage monitoring, & replacement 

with crevice-free design and 
resistant materal 

Loss of pressure boundary. Not stated Not stated Non-significant because corrosion 4-21.4-22 61 
rates are very low 

Loss of pressure boundary. Not stated Not stated Non-significant because SS is 4-23, 4-24 62 
resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C Loss of pressure boundary. Not stated Non-signrficant NRC recommendation: Not 4-8 to 4- 63 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect. III, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime ol 
the plant Loose part damage. Not stated Not stated Non-significant because even 4-3 to 4-7 64 
though neutron irradiation decreases 
fracture toughness in SS and Ni
alloy components, the fracture 
toughness levels remain adequate 
even at end of life fluence levels 
because the applied stresses are 
low 

Loose part damage Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 65 
& Ni-alloys are not susceptible to 
thermal aging embritflement; CASS 
components are not subjected to 
stress levels of sufficient magnitude Loose part damage. Not stated Periodic inspection, NRC recommendation: Evaluate 5-10, 5- 66 

monitoring pump possible adverse effect of HWC on 20, 5-21 
performance by plant Ni-alloys 
instrumentation, 
(More) 

Loose part damage Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 67 
license renewal term is non- 20 
significant because it is <5 x 1 0A20 
n/ cmA2 for low stressed 
components & <10A20 n/ cn'2 for 
high-stressed components I

N~ot SIWOU Non-significant because corrosion 
rates are very low

lWose n2rt dama to- - 0 s 4w2l, 4-22 68
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Unnmuf~actUIr ARD mechanism ARD effects
Item Sy rnuirUU-10u-i-:p -COMB--.,----* Manufacturer ..............  

69 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated EROlCORR Wall thinning, loss ol 

Internals 600, X750 material 

70 BWR Vessel Jet Pump Not stated SS, (CASS), Alloy Not stated FAT Cumulative fatigue 

Internals 600, X750 damage 

71 BWR Vessel Low Power Range Not stated SS Not stated EMBR/IR Loss of fracture 

Internals Monitor (LPRM) toughness 

72 BWR Vessel Low Power Range Not stated SS Not stated EMBR/TE Loss of fracture 

Internals Monitor (LPRM) toughness 

73 BWR Vessel Low Power Range Not stated SS Not stated CORR/IGSCC Crack initiation & 

Internals Monitor (LPRM) growth 

74 BWR Vessel Low Power Range Not stated SS Not stated CORRAASCC Crack initiation & 

Internals Monitor (LPRM) growth 

75 BWR Vessel Low Power Range Not stated SS Not stated CORR Loss of matenaJ 

Internals Monitor (LPRM) 

76 BWR Vessel Low Power Range Not stated SS Not stated ERO/CORR Wall thinning, loss ol 

Internals Monitor (LPRM) material 

77 BWR Vessel Low Power Range Not stated SS Not stated FAT Cumulative fatigue 
Internals Monitor (LPRM) damage 

78 BWR Vessel Orificed Fuel Not stated SS,CASS Not stated EMBR/IR Loss of fracture 

Internals Support toughness 

79 BWR Vessel Orificed Fuel Not stated SS,CASS Not stated EMBR/TE Loss of fracture 
Internals Support toughness 

80 BWR Vessel Orifioed Fuel Not stated SS,CASS Not stated CORR/IGSCC Crack initiation & 

Internals Support growth 

81 BWR Vessel Orificed Fuel Not stated SSCASS Not stated CORR/IASCC Crack initiation & 
Internals Support growth 

82 BWR Vessel Orificed Fuel Not stated SS,CASS Not stated CORR Loss of material

intemads •.U PlW•
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F-- -.. -.- C xIOW n6Pur numumenuabons PaeN.Item Loose part damage. Not stated Not stated Non-significant because SS & Ni- 4-23, 4-2A 69 
alloys are resistant to E/C, and/or 
low flow rate, and implementation of 
HWC which requires oxygen 
addition in the feedwater line to limit 
E/C Loose part damage. Not stated Periodic inspection, NRC recommendation: Not 5-4 to 5- 70 

monitoring pump acceptable without detailed 10 
performance by plant information Evaluabons based on 
instrumentation, ASME Sect Ill, of all safety-related 
(More) internal components should show a 

usage of <0.7 for the 60-yr lifetime of 
the plant Loss of pressure boundary. Not stated Not stated Non-significant because even 4-3 to4-7 71 

though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low Loss of pressure boundary. Not stated Not stated Non-significant because wrought SS 4-3 to 4-7 72 

is not susceptible to thermal aging 
embrittement Loss of pressure boundary. Not stated Non-significant NRC recommendation: Demonstrate 4-11 to 4- 73 

because LPRMs are how LPRMs can be qualified in view 20 
replaced due to of Millstone Unit 1 experience 
limited operating life 

Loss of pressure boundary. Not stated Not stated Total fast neutron fluence within the 4-14 to 4- 74 
license renewal term is non- 20 
significant because it is <5 x 10A20 
n/ cmr2 for low stressed 
components & <10A20 n/ cmA2 for 
high-stressed components Loss of pressure boundary. Not stated Not stated Non-significant because corrosion 4-21, 4-2 75 

rates are very low Loss of pressure boundary. Not stated Not stated Non-significant because SS is 4-23, 4-24 76 

resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
tfeedwater line to limit E/C Loss of pressure boundary. Not stated Non-significant NRC recommendation: Not 4-8 to 4- 77 

because LPRMs are acceptable without detailed 10 
replaced due to information. Evaluations based on 
limited operating life ASME Sect III, of all safety-related 

internal components should show a 
usage of <0.7 for the 60-yr lifetime o 
the plant 

Row blockage, loose part damage. Not stated Not stated Non-significant because even 4-3 to 4-7 78 

though neutron irradiation decreases 
fracture toughness in SS 
components, the fracture toughness 
levels remain adequate even at end 
of life fluence levels because the 
applied stresses are low 

Row blockage, loose part damage Not stated Not stated Non-significant because wrought SS 4-3 to4-7 79 
is not susceptible to thermal aging 
embrittiement CASS components 
are not subjected to stress levels of 
sufficient magnitude Flow blockage, loose part damage. Not stated Not stated Non-significant because made of 4-11 to.4- 80 
CASS, and/or subjected to low 20 
stresses 

Row blockage, loose part damage. Not stated Not stated Non-significant for low-alloy steels 4-14 to 4- 81 
subjected to neutron fluences typical 20 
of BWR vessel; & for Ni alloys 
because total fluence is <1 020 or 
<510 A20 n/cm^2. for components 
,subjected to high or low stresses.  

Flow blockage, loose part damage- Not stated Not stated Non-significant because corrosion 4-21. 4- 82 
1 i Irates are very low

LI II
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L1:tr mmehnniam ARD effects
Item System Structure.'Comp Subcomponen't Maerials Mau, .. . ...... los 

83 BWR Vessel Orificed Fuel Not stated SS,CASS Not stated ERO/CORR Wall thinng, loss o 

Internals Support 
materi 

84 BWR Vessel Orificed Fuel Not stated SS,CASS Not stated FAT Cumulative fatigue 

Internals Support 
damage 

Document: IR 90-04. PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL 

Item system StructurelComp Subcomponent Materials Manufacturer ARD mechanism ARD effects 

1 PWR Pressure Closure Head Dome SA302-Gr B, Not stated EMBRAIR Loss of fracture 

Vessel SA533-Gr B toughness 

2 PWR Pressure Closure Head Dome SA302-Gr B, Not stated CORR/IGSCCUnres Crack initiation & 

Vessel SA533-Gr B olved growth 

3 PWR Pressure Closure Head Dome SA302-Gr B, Not stated CORR Loss of material, 

Vessel SA533-Gr B corrosion product 
buildup 

4 PWR Pressure Closure Head Dome SA302-Gr B, Not stated CORR/BA Loss of material 

Vessel SA533-Gr B 

5 PWR Pressure Closure Head Dome SA302-Gr B, Not stated ERO/CORR Wall thinning, loss oi 

Vessel SA533-Gr B material 

6 PWR Pressure Closure Head Dome SA302-Gr B. Not stated WEAR Fretting 

Vessel SA533-Gr B 

7 PWR Pressure Closure Head Dome SA302-Gr B, Not stated CREEP Change in 

Vessel SA533_Gr B dimension 

8 PWR Pressure Closure Head Dome SA302-Gr B, Not stated EMBR/TE Loss of fracture 

Vessel SA533-Gr B toughness 

S PWR Pressure Closure Head Dome SA302-Gr B, Not stated FATUnresolved Cumulative fatigue 

Vessel SA533-Gr B damage 

10 PWR Pressure Closure Head Range SA336, SA508 Not stated EMBR/IR Loss of fracture 

Vessel 
toughness 

11 PWR Pressure Closure Head FRange SA336. SA508 Not stated CORR/IGSCCUnres Crack initiation & 

Vessel 
olved growth 

ang [CORR Los o material
PWR Pressure 
Vessel

Closure Head corrosion product 

buildup

tl • St •

z./Ajao' QM;xM VVI II I

Flange
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.... Wre. Repored progs ReI.proHs Report Recommendations Paqe No. Item Flow blockage, loose part damage. Not stated Not stated Non-significant because SS is 4-23, 4-24 83 
resistant to E/C, and/or low flow rate, 
and implementation of HWC which 
requires oxygen addition in the 
feedwater line to limit E/C Flow blockage, loose part damage. Not stated Non-significant NRC recommendation: Not 4-8 to 4- 84 

because cyclic acceptable without detailed 10 
stresses are minimal information. Evaluations based on 
or absent such that ASME Sect Ill, of all safety-related 
ASME (More) internal components should show a 

usage of <0.7 for the 60-yr lifetime o 
the plant 

Document: IR 90-04, PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL 
Effect of Aging on Component Function Contrib to Failure Reported progs Rel.progs Report Recommendations Page No. Item Loss of pressure boundary. Not stated Not stated Non-significant because neutron 4-2 to4-6 

fluence is low & is <10,"17 nrnm2 
the level above which a surveillance 
program is required in Appendix H ol 
IOCFR 50 Loss of pressure boundary. Not stated Non-significant NRC recommendation: Low- 4-11 to 4- 2 

because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
ferrite) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 
oonditions.  

Loss of pressure boundary. Not stated Not stated Non significant because cladding is 4-21 to 4- 3 
resistant to CORR, removal of 24 
cladding results in very low corrosion 
rates Loss of pressure boundary. Not stated Implementation of Recommendations of Genenc Letter 5-22 to 5- 4 

Generic Letter 88 05 88 05 are current & effective 24 
program to monitor & control primary 
coolant leakage 

_.  
Loss of pressure boundary. Not stated Not stated Non significant because SS or Ni 4-25 5 

alloy cladding are resistant to 
ERO/CORR. single phase & low 
flow, & control of water chemistry Loss of pressure boundary. Not stated Not stated Non significant because not subject 4-26, 4-27 6 
to relative motion Loss of pressure boundary- Not stated Not stated Non significant because operating 4-20 7 
temp. <427 C (<800 F) fLoss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 8 
matenal selection & relatively low 20 
operating temp.  Loss of pressure boundary. Not stated Fatigue usage factor NRC recommendation: Until an 4-7 to 4- 9 is anticipated to be agreement is reached on the draft 11 

<1 for entire license staff discussion paper on fatigue, 
renewal term the issue is unresolved Loss of pressure boundary. Not stated Not stated Non significant because neutron 4-2 to 4-6 10 

fluence is low & is <10A17 n/cnr'2 
the level above which a surveillance 
program is required in Appendix H of 
1OCFR 50 Loss of pressure boundary. Not stated Non significant NRC recommendation: Low- 4-11 to 4- 11 

because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
ferrite) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 

_____ of resueconditions.  ACI At nrlrl IiRlri hll rtHnM ~ -- i-n,= . ..

NOt stated Non significant because cladding is 
resistant to CORR, removal of 
cladding results in very low corrosion 
rates

4-21 to 4
24

NOL MUM



I

Gr 70

Page 26A

Manufacturer ARD mechanism ARD effects

35 toughnessShroud nupport 
Ring

Table B.1 Gall Report for NUMARC Industry Reports 

Document. IR 90-04, PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL

PWR Pressure 
Vessel

item Sy silr uwwtuw.w ,, A"'3r36, S'A" .Not stated -.....  

13 PWR Pressure Closure Head Range SA336, SA508 Not stated CORR/BA Loss of material 

Vessel 

14 PWR Pressure Closure Head Flange SA336, SA508 Not stated ERO/CORR Wall thinning, loss ol 

Vessel 
material 

15 PWR Pressure Closure Head Range SA336, SA508 Not stated WEAR Fretting 

Vessel 

16 PWR Pressure Closure Head Range SA336, SA508 Not stated CREEP Change in 

Vessel 
dimension 

17 PWR Pressure Closure Head Flange SA336, SA508 Not stated EMBR/TE Loss of fracture 

Vessel toughness 

18 PWR Pressure Closure Head Flange SA336, SA508 Not stated FATUnresolved Cumulative fatigue 

Vessel damage 

19 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated EMBR/IR Loss of fracture 

Vessel Gr B toughness 

20 PWR Pressure Closure Head Liting Lugs SA302 Gr B, SA533 Not stated CORRIlGSCC Crack initiation & 

Vessel Gr B growth 

21 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated CORR Loss of material 

Vessel Gr B 

SPWR Pressure Closure Head Liftng Lugs SA302 Gr B, SA533 Not stated CORR/BA Loss of material 

Vessel Gr B 

23 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated ERO/CORR Wall thinning, loss a 

Vessel Gr B material 

24 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated WEAR Fretting 

Vessel Gr B 

25 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated CREEP Change in 

Vessel Gr B dimension 

26 PWR Pressure Closure Head Liting Lugs SA302 Gr B, SA533 Not stated EMBR/TE Loss of fracture 

Vessel Gr B toughness 

27 PWR Pressure Closure Head Lifting Lugs SA302 Gr B, SA533 Not stated FATUnresolved Cumulative fatigue 

Vessel Gr B damage 

28 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated EMBR/IR Loss of fracture 

Vessel Ring Gr 70 toughness 

29 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated CORR/IGSCC Crack initiation & 

Vessel Ring Gr 70 growth 
30 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated CORR Loss of material 

Vessel Ring Gr 70 

31 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated CORR/BA Loss of material 

Vessel Ring Gr 70 

32 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated ERO/CORR Wall thinning, loss o 

Vessel Ring Gr 70 _material 

33 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated WEAR Fretting 

Vessel Ring Gr 70 
34 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated CREEP Change in 

Vessel Ring Gr70 dimension 
-. A 1 -- 0A' , C D a KIM.+t. Eto, MBRPP1 Loss of fracture

viOt biamu
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-OS p~~--- * -10" e--~ prgs rePurt Recommendations rage No. Item Losof pressure boundary. Not s-tated Implementation of Recom mendations of Generic Letter 5-22 to5- 1 

Loso rsuebudr.Generic Letter 88 05 88 05 are current & effective 24 
program to monitor & control primary 

Notstate coolant leakage_ _ 

Subsect. IWB examination category B P is current 
& effective program to manage 

_________effects of ERO/CORR ___ 

Subsect. IWB examination category B P is current 
& effective program to manage 

__________effects of WEAR Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 161 temp. <427 C (<800 F) Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 17 
material selection & relatively low 20 
operating temp.___ Loss of pressure boundary. Not stated Fatigue usage factor NRC recommendation: Until an 4-7 to 4- 18 

is anticipated to be agreement is reached on the draft 11 
<1 for entire license staff discussion paper on fatigue, 

__________________________renewal term the issue is unresolved Damage to reactor vessel & internals Not stated Not stated Non significant because neutron 4-2 to 4-6 19 
fluence is low & is <10A17 n/cmA2 
the level above which a surveillance 
program is required in Appendix H of 

_________10CFR 50 Damage to reactor vessel & untemais. Not stated Not stated Non significant because not 4-11 -18 20 
subjected to corrosive environment Damage to reactor vessel & intemais. Not stated Not stated Non significant because not 4-21 -24 21 
subjected to corrosive environment Damage to reactor vessel & internals. Not stated Not stated Not Susceptible to potential boric 4-21 -24 22 

_____________acid leak Damage to reactor vessel & intemals. Not stated Not stated Non Significant because not in 4-25 23 
___________ ontact with coolant environment Damage to reactor vessel & intemais. Not stated Not stated Non significant because not subject 4-26, 4-27 24 

______________to relative motion Damage to reactor vessel & internals. Not stated Not stated Non significant because operating 4-20 25 
temp. <427 C (<800 F) Damage to reactor vessel & internals. Not stated Not stated Non significant because of proper 4-18 to 4- 26 
material selection & relatively low 20 
operating temp.  Damage to reactor vessel & internals. Not stated Fatigue usage factor NRC recommendlation: UnIl an 4-7 to 4- 27 

is anticipated to be agreement is reached on the draft 11 
<1 for entire hicense staff discussion paper on fatigue, 

____________renewal term the issue is unresolved Prevent control rod insertion. Not stated Not stated Non significant because neutron 4-2 to 4-6 28 
fluence is low & is <I 0'17 n/cmA2 
the level above which a surveillance 
program is required in Appendix H ol 

_________10CFR 50 Prevent control rod insertion. Not stated Not stated Non significant because-not 4-11 -18 291 subjected to corrosive environment Prevent control rod insertion. Not stated Not stated Non significant because not 4-21 -24 30 
subjected to corrosive environment Prevent control rod insertion- Not stated Not stated Not susceptible to potential boric 4-21 -24 31 

______________acid leak Prevent control rod insertion. Not stated Not stated Non significant because not in 4-25 32 
__________contact with coolant environment Prevent control rod insertion. Not stated Not stated Non significant because not subject 4-26, 4-27 33 
__________to relative motion Prevent control rod insertion. Not stated Not stated Non significant because operating 4-20 34 

Pr n cntolro i rio iKi. - I.temp. <427 C (<800 F)____

Page 269

NotL S~UM Non significant because of proper 
material selection & relatively low 
*peratng temp.

4-18 to 4-
20

35
0 S
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iCorlIOl Rod Drive 
Mechanism Housing

Page 27A

M�..4M.... LAn ma�hnnimm ARD effects
Item System Structure/comp ucomponent Materials m_____________ .  

36 PWR Pressure Shroud Support Not stated SA212 Gr B, SA516 Not stated FATUnresolved Cumulative atague 

Vessel Ring Gr 70 damage 

37 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated EMBR/IR Loss of fracture 

Vessel' Mechanism Housing 316 toughness 

38 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated CORR/IGSCC Crack initiation & 

Vessel Mechanism Housing 316 Unresolved growth 

39 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated CORR Loss of matenaJ, 

Vessel Mechanism Housing 316 corrosion product 
buildup 

40 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated CORRIBA Loss of materia 

Vessel Mechanism Housing 316 

41 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated ERO/CORR Wall thinn•ng i,- co 

Vessel Mechanism Housing 316 material 

42 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated WEAR Fretting 

Vessel Mechanism Housing 316 

43 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated CREEP Change in 

Vessel Mechanism Housing 316 dimension 

44 PWR Pressure Control Rod Drive Not stated SA182 Types 304 & Not stated EMBR/TE Loss of fracture 

Vessel Mechanism Housing 316 toughness 

45 PWR Pressure Contol Rod Drive Not stated SA182 Types 304 & Not stated FATUnresolved Cumulative atague 

Vessel Mechanism Housing 316 damage 

46 PWR Pressure Control Rod Drive Not stated SB 166 Not stated EMBRPIR Loss of fracture 

Vessel Mechanism Housing toughness 

47 PWR Pressure Control Rod Drive Not stated SB 166 Not stated CORRIIGSCC Crack initiation & 

Vessel Mechanism Housing Unresolved growth 

48 PWR Pressure Control Rod Drive Not stated SB 166 Not stated CORR Loss of matenal, 

Vessel Mechanism Housing corrosion product 
buildup 

49 PWR Pressure Control Rod Drive Not stated SB 166 Not stated CORR/BA Loss of material 

Vessel Mechanism Housing 

50 PWR Pressure Control Rod Drive Not stated SB 166 Not stated ERO/CORR Wail thinning, loss o 

Vessel Mechanism Housing material 

51 PWR Pressure Control Rod Drive Not stated SB 166 Not stated WEAR Fretting 

Vessel Mechanism Housing I 

52 PWR Pressure Control Rod Drive Not stated SB 166 Not stated CREEP Change in 
Vessel Mechanism Housing I dimension 

I KIM. tti -MRR/TF Loss of fractum
PWR Pressure 
Vessel

5-, toughnessNot stawu

im | | i& ....
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a .-. Rntporeu prgs Re.pro as Report Recommendations Pa-e No. Item Prevent control rod insertion. Not stated Fatigue usage factor NRC recommendation: Until an '4-7 to 4- 36 
is anticipated to be agreement is reached on the draft 11 
<1 for entire license staff discussion paper on fatigue, renewal term the issue is unresolved Loss of pressure boundary. Not stated Not stated Non significant because neutron 4-2 to 4-6 37 

fluence is low & is <10-"17 n/cnA2 
the level above which a surveillance 
program is required in Appendix H ol 
1OCFR 50 Loss of pressure boundary. Not stated Implementation of NRC recommendation: Evaluate the 5-20 to 5- 38 

RG 1.44 to avoid effects of oxygen injection during 22 
sensitization; control cooldown 
of halogens & (More) _ Loss of pressure boundary. Not stated Not stated Non significant because SS is 4-21 to 4- 39 

resistant to CORR 24 
Loss of pressure boundary. Not stated Implementation of Recommendations of Genenc Letter 5-22 to 5- 40 

Genenc Letter 88 05 88 05 are current & effective 24 
program to monitor & control primary coolant leakage 

Loss of pressure boundary. Not stated Not stated Non significant because SS is 4-25 41 

resistant to ERO/CORR, single 
phase & low flow, & control of water 
chemistry Loss of pressure boundary. Not stated Not stated Non significant because not subject 4-26, 4-27 42 
to relative motion Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 43 
temp. <538 C (<1000 F) Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 44 
matenal selection & relatively low 20 
operating temp.  Loss of pressure boundary. Not stated ASME Sect. III, NRC recommendation: Until an 5-14 to 5- 45 

Subsect NB fatigue agreement is reached on the draft 19 
analysis; ASME staff discussion paper on fatigue, 
Sect Xl, Subsect the issue is unresolved IWB (More) 

Loss of pressure boundary. Not stated Not stated Non significant because neutron 4-2 to 4-6 46 
fluence is low & is <10A17 /c/nA2 
the level above which a surveillance 
program is required in Appendix H oi 10CFR 50 Loss of pressure boundary. Not stated ASME Sect. XI, NRC recommendation: Alloy 600 5-20 to 5- 47 

Subsect IWB, should be further evaluated; evaluate 22 
exarmnabon category the potentiaJ of cracking of Inconel 
B 0 & plant specific 182 based on recent expenence of 
(More) Arkansas Nuclear One Unit 1 

described in LER 90 021 00 Loss of pressure boundary. Not stated Not stated Non significant because Ni alloy is 4-21 to 4- 48 
resistant to CORR 24 

Loss of pressure boundary. Not stated Implementation of Recommendations of Genenc Letter 5-22 to 5- 49 
Generic Letter 88 05 88 05 are current & effective 24 

program to monitor & control pnmary 
coolant leakageI Loss of pressure boundary, Not stated Not stated Non significant because Ni alloy is 4-25 50 
resistant to ERO/CORR, single 
phase & low flow, & control of water 
chemistry Loss of pressure boundary. Not stated Not stated Non significant because not subject 4-26, 4-27 51 
to relative motion Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 52 
temp. <538 C (<1000 F) Loss of pressure boundary. Nnt tt•ut- kt I -# .#-.#. . .
Non signifcant because of proper 
matenal selection & relatively low 
operating temp.

4-18 to 4
20

I=1 ,,8 .I •-I .....

• -- ..... ,v,
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L1.. � AAfl mw�harLinn1 ARD effects
I

PWR Pressure 
Vessel

Closure Head Stud 
Assembly SA 320 L43

71 toughness

lil •
Item System bu'ucwreCuomp Subcomponent Mat•;•a. ...-.-.-.- . . . . .  

54 PWR Pressure Conlrol Rod Drive Not stated SB 166 Not stated FAT Unresolved Cumulative fatigue 

Vessel Mechanism Housing damage 

55 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated EMBR/IR Loss of fracture 

Vessel Ledge Gr 70, SA533 Gr B toughness 

56 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated CORR/IGSCC Crack initiation & 

Vessel Ledge Gr 70, SA533 Gr B Unresolved growth 

57 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated CORR Loss of material, 

Vessel Ledge Gr 70, SA533 Gr B corrosion product 
buildup 

58 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated CORR/BA Loss of material 

Vessel Ledge Gr 70, SA533 Gr B 

59 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated ERO/CORR Wall thinning, loss o, 

Vessel Ledge Gr 70, SA533 Gr B material 

60 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated WEAR Fretting 

Vessel Ledge Gr 70, SA533 Gr B 

61 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated CREEP Change in 

Vessel Ledge Gr 70, SA533 Gr B dimension 

62 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated EMBR/TE Loss of fracture 

Vessel Ledge Gr 70, SA533 Gr B toughness 

63 PWR Pressure Refueling Seal Not stated SA212 Gr B, SA516 Not stated FATUnresolved Cumulative fatigue 

Vessel Ledge Gr 70, SA533 Gr B damage 

64 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated EMBR/1R Loss of fracture 

Vessel Assembly SA 320 L43 toughness 

65 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated CORR/IGSCC Crack initiation & 

Vessel Assembly SA 320 L43 growth 

66 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated CORR Loss of material, 

Vessel Assembly SA 320 L43 corrosion product 
buildup 

67 PWR Pressure Closure Head Stud Not stated SA 540 B23 or 824, Not stated CORR/BA Loss of material 

Vessel Assembly SA 320 L43 

68 PWR Pressure Closure Head Stud Not stated SA 540 823 or B24, Not stated ERO/CORR Wall thinning, loss o 

Vessel Assembly SA 320 L43 material 

69 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated WEAR Fretting 

Vessel Assembly SA 320 L43 

70 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated CREEP Change in 

Vessel Assembly SA 320 L43 I dimension 

Not~ stte -4 AR mehais DAQ, effectsMU ~ II~,

NotU 3 14lMIU U;;ll~il ;Not stated
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M . . .P. rows riel.progs Report Recommendations Pa e No. Item Loss of pressure boundary. Not stated ASME Sect III, NRC recommendation: Until an 5-14 to 5- 54 
Subsect NB fatigue agreement is reached on the draft 19 
analysis; ASME staff discussion paper on fatigue, 
Sect. Xl, Subsect. the issue is unresolved 
IWB (More) Loss of pressure boundary. Not stated Not stated Non significant because neutron 4-2 to 4-6 55 

fluence is low & is <10A17 n/cmA2 
the level above which a surveillance 
program is required in Appendix H of 10CFR 5o Loss of pressure boundary. Not stated Non significant NRC recommendation: Low- 4-11 to 4- 56 

because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
ferrite) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 
conditions Loss of pressure boundary Not stated Not stated Non significant because cladding is 4-21 to 4- 57 
resistant to CORR, removal of 24 
cladding results in very low corrosion 
rates Loss of pressure boundary. Not stated Not stated Not susceptible to potential boric 4-21 -24 58 
acid leak Loss of pressure boundary Not stated Not stated Non significant because SS or Ni 4-25 59 
alloy cladding are resistant to 
ERO/CORR, single phase & low 
flow, & control of water chemistry Loss of pressure boundary. Not stated Not stated Non significant because not subject 4-26, 4-27 60 
to relative motion Loss of pressure boundary, Not stated Not stated Non significant because operating 4-20 61 
temp. <427 C (<800 F) Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 62 
material selection & relatively low 20 
operating temp.  Loss of pressure boundary. Not stated Fatigue usage factor NRC recommendation: Until an 4-7 to 4- 63 

is anticipated to be agreement is reached on the draft 11 
<1 for entire license staff discussion paper on fatigue.  
renewal term 'the issue is unresolved Loss of pressure boundary. Not stated Not stated Non significant because neutron 4-2 to 4-6 64 

fluence is low & is <10A17 r/cmA2 
the level above which a surveillance 
program is required in Appendix H of 
1OCFR 50 Loss of pressure boundary. Not stated ASME Sect. XI, ASME Sect. X1, Subsect IWB, 5-20 to 5- 65 

Subsect. IWB & examination category B G 1 & 22 
Reg. Guide 1.65 guidelines of Reg. Guide 1.65 are 

current & effective programs Loss of pressure boundary. Not stated Not stated Non significant because not 4-21 to 4- 66 
subjected to corrosive environment 24 

Loss of pressure boundary Not stated Implementation of Recommendations of Generic Letter 5-22 to 5- 67 
Genenc Letter 88 05 88 05 are current & effective 24 

program to monitor & control primary coolant leakage 
Loss of pressure boundary. Not stated Not stated Non significant because not in 4-25 68 contact with coolant environment 
Loss of pressure boundary. Not stated ASME Sect. XI, ASME Sect. X 1, Subsect. IWB, 5-25, 5-26 69 Subsect. IWB examnination category B G 1 s 

current & effective program to 
manage effects of WEAR Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 70 
temp. <427 C (<800 F) 

Loss of pressure boundtary No stated.~
Non significant because of proper 
material selection & relatively low 
operating temp.

4-18 to 4
20

71
- r--3 ............ 0 SUM
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Table B.1 Gall Report for NUMARC Industry Reports 

Document: IR 90-04, PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL

&Rfl m.,�h*nkm ARD affeetts
!

87 PWR Pressure 
Vessel

Vessel Upper (Nozzle) Shel SA302 Gr B, SA533 
Gr B, SA336, SA508

Not stated

m4 • I
Iem System-- .uc.urw. .mp Ou...mpo...... .............. ....  

72 PWR Pressure Closure Head Stud Not stated SA 540 B23 or B24, Not stated FAT Unresolved Cumulative fatigue 

Vessel Assembly SA 320 L43 damage 

73 PWR Pressure Vessel Range SA336, SA508 Not stated EMBR/IR Loss of fracture 

Vessel toughness 

74 PWR Pressure Vessel Flange SA336, SA508 Not stated CORR/IGSCC Crack initiabon & 

Vessel growth 

75 PWR Pressure Vessel Flange SA336, SA508 Not stated CORR Loss of material, 

Vessel corrosion product 
buildup 

76 PWR Pressure Vessel Range SA336, SA508 Not stated CORR/BA Loss of material 

Vessel 

77 PWR Pressure Vessel Flange SA336, SA508 Not stated ERO/CORR Wall thinning, loss ol 

Vessel material 

78 PWR Pressure Vessel Range SA336, SA508 Not stated WEAR Fretting 
Vessel 

79 PWR Pressure Vessel Flange SA336, SA508 Not stated CREEP Change in 

Vessel dimension 

80 PWR Pressure Vessel Range SA336, SA508 Not stated EMBR/TE Loss of fracture 

Vessel toughness 

81 PWR Pressure Vessel FRange SA336, SA508 Not stated FAT Cumulative fatigue 

Vessel damage 

82 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated EMBR/IR Loss of fracture 

Vessel Gr B, SA336, SA508 toughness 

83 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated CORR/IGSCC Crack initiation & 

Vessel Gr B, SA336, SA50 growth 

84 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated CORR Loss of material, 

Vessel Gr B, SA336, SA8 corrosion product 
buildup 

85 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated CORR/BA Loss of material 

Vessel Gr B. SA336, SA508 

86 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated ERO/CORR Wall thinning, loss o 

Vessel Gr B, SA336, SA508 material

WEAR Frettng



Table B.1 Gall Report for NUMARC Industry Reports
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Document- IR 90-04, PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL 
Effect of Aging on component Function Contrib to Failure
Loss of pressure boundary. I -TNot -stated

Loss of pressure boundary. i Not stated

Loss of pressure boundary.  

Loss of pressure boundary.  

Loss of pressure boundary.

INot stated I

C= , e~rg RprRecommendations -Page No. Itemi

Subsect NB fatigue 
analysis; ASME 
Sect Xl, Subsect 
IWB (More)

I MoTTt~ i Ite

Non significant 
because LAS & SS 
cladding (>5% 
ferrite) are not 
susceptible (More)

- ntenLetbtern 80 Generic Letter 88 05

-t i

NRC recommendabon: Until an 
agreement is reached on the draft 
staff discussion paper on fatigue, 
the issue is unresolved

Non significant because neutron 
fluence is low & is <10 17 ncrnA2 
the level above which a surveillance 
program is required in Appendix H o 10CFR So

10CI 50
NRC recommendation: Low
temperature sensitization of SS 
cladding is possible. Evaluate the 
effects of oxygen injection during 
cooldown. SCC of low alloy steel is 
unikely in typical PWR environment, 
it may not be true under crevice 

conditions.

Non significant because not 
subjected to corrosive environment

15-14 to 5

19

4-2 to 4-6

4-11 to 4
18

4-21 to 4
24

KI . i ii 24
Recommendabons of Genenc Letter 
88 05 are current & effective 
program to monitor & control pnmary

5-22 to 5
24

coolant leakage Loss of pressure boundary. Not stated ASME Sect Xl, ASME Sect XI, Subsect. IWB, 5-24, 5-25 77 
Subsect. IWB examination category B P is current 

& effective program to manage 
effects of ERO/CORR Loss of pressure boundary. Not stated ASME Sect. XI, ASME Sect. Xl, Subsect. IWB, 5-25, 5-26 78 

Subsect IWB examination category B P is current 
& effective program to manage 
effects of WEAR Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 79 temp. <427 C (<800 F) 

Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 80 
material selection & relatively low 20 
operating temp.  Loss of pressure boundary. Not stated Fatigue usage factor NRC recommendation- Until an 4-7 to 4 -1 81 

is anticipated to be agreement is reached on the draft 
<1 for entire license staff discussion paper on fatigue, renewal term the issue is unresolved 

Loss of pressure boundary. Not stated Non significant NRC recommendation: Fluence level 4-2 to 4-6 82 
because fluence is 10^17 n/crnA2 is the level above 
low & is <10A17 which a surveillance program is 
n/cmA2 the level required & not the threshold for 
above (More) irradiation damage; & definition of 

beitline should be consistent with the regulations 
__ Loss of pressure boundary. Not stated Non significant NRC recommendation: Low- 4-11 to 4- 83 

because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
ferrite) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 
conditions.  Loss of pressure boundary Not stated Not stated Non significant because cladding is 4-21 to 4- 84 
resistant to CORR, removal of 24 
clacking results in very low corrosion 
rates 

Loss of pressure boundary. Not stated Not stated Not susceptible to potential boric 4-21 -24 85 acid leak 
Loss of pressure boundary. Not stated Not stated Non significant because SS or Ni 4-25 86 

alloy cladding is resistant to ERO/ 
CORR, single phase & low flow, & 

Loss of -essure control of water chemistry Loss ot ~i•IrnRIr h~nI~nr2rv Id€.* -**^1 -. _.. =.. .
O[mo M [UM Non significant because not subject 4-26, 4-27 

to relative motion

72

74

76

l0U S 1-ý

L Not stavau
871

I

Not stated !K1 # i I I

KI•I" •€.•l.^,..i , ,---L .. .. • .

Not stated

NOT star•d



Table B.1 Gail Report for NUMARC Industry Reports 

Document- IR 90-04, PWR Pressure Vessel Industry Report 

Reviewed by: Omesh K. Chopra, ANL
It

Page 30A

Unnmuflnjhtrer ARD mechanism ARD effects
"am system Sbucture/comp SuDcomponent Mur,•u..- ...-.-........ .  

88 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated CREEP Change in 

Vessel Gr B, SA336, SA508 dimension 

89 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated EMBR/TE Loss of fracture 

Vessel Gr B, SA336, SA50 toughness 

90 PWR Pressure Vessel Upper (Nozzle) Shell SA302 Gr B, SA533 Not stated FAT Cumulative fatigue 

Vessel Gr B, SA336, SA508 damage 

91 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated EMBRIIR Loss of fracture 

Vessel Lower Shell Gr B, SA336, SAS08 toughness 

92 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated CORR/IGSCC Crack initation & 

Vessel Lower Shell Gr B, SA336, SA508 growth 

93 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated CORR Loss of rnaterial, 

Vessel Lower Shell Gr B, SA336, SA508 corrosion product 
buildup 

94 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated CORR/BA Loss of material 

Vessel Lower Shell Gr B, SA336, SA508 

95 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated ERO/CORR Wall thinning, loss 0 

Vessel Lower Shell Gr B, SA336, SA508 material 

96 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated WEAR Fretting 

Vessel Lower Shell Gr B, SA336, SA500 

97 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated CREEP Change in 

Vessel Lower Shell Gr B, SA336, SA508 dimension 

98 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated EMBR/TE Loss of fracture 

Vessel Lower Shell Gr B, SA336, SAWS toughness 

99 PWR Pressure Vessel Intermediate & SA302 Gr B, SA533 Not stated FAT Cumulative fatigue 

Vessel Lower Shell Gr B, SA336, SASO damage 

100 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated EMBRI1R Loss of fracture 

Vessel Nozzles* (* Includes toughness 

safety injection 
nozzles on some 
vessels) 

101 PWR Pressure Primary Coolant Not stated SA336, SAS08 Not stated CORR/IGSCC Crack initiation & 

Vessel Nozzles* (* Includes growth 

safety injection 
nozzles on some 
vessels) 

.... . nor.I •ft .A !CO• RR Loss of material,
102 PWR Pressure 

Vessel
Primary Coolant 
Nozzles' ( Includes 
safety injection 
nozzles on some 
vessels)

corrosion product 
buildup

Not state



Table B.1 Gall Report for NUMARC Industry Reports 

Document: IR 90-04. PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL 
Effect of Alino on Component Function Contrib to Failure

Page 30B

Reported Droas ReI.proas Repoort Recommendations Page No. Item

Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 88 
temp. <427 C (<800 F). No 
significant effect of irradiation 

Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 89 
material selection & relatively low 20 
operating temp.  

Loss of pressure boundary. Not stated Fatigue usage factor NRC recommendation: Until an 4-7 to 4- 90 
is anticipated to be agreement is reached on the draft 11 
<1 for entire license staff discussion paper on fatigue, 
renewal term the issue is unresolved 

Loss of pressure boundary. Not stated Appendices G & H NRC recommendation: Definition of 5-3 to 5- 91 
of 1 OCFR50 & RG beltline should be consistent with the 13 
1.99 & 1.154. regulations. Effectiveness of ISI of 
Recom. of NUREG vessel components should be 
0244, SRP (More) addressed & should incorporate 

requirements of ASME Sect XI, 
Appendices VII & VIII 

Loss of pressure boundary. Not stated Non significant NRC recommendation: Low- 4-11 to 4- 92 
because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
ferrte) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 
conditions.  

Loss of pressure boundary. Not stated Not stated Non significant because cladding is 4-21 to 4- 93 
resistant to CORR, removal of 24 
cladding results in very low corrosion 
rates 

Loss of pressure boundary. Not stated Not stated Not susceptible to potential boric 4-21 -24 94 
acid leak 

Loss of pressure boundary. Not stated Not stated Non significant because SS or Ni 4-25 95 
alloy cladding is resistant to ERO/ 
CORR, single phase & low flow, & 
contol of water chemistry 

Loss of pressure boundary. Not stated Not stated Non significant because not subject 4-26, 4-27 96 
to relative motion 

Loss of pressure boundary. Not stated Not stated Non significant because operating 4-20 97 
temp. <427 C (<800 F). No 
significant effect of irradiation 

Loss of pressure boundary. Not stated Not stated Non significant because of proper 4-18 to 4- 98 
material selection & relatively low 20 
operating temp.  

Loss of pressure boundary. Not stated Fatigue usage lactor NRC recommendation: Until an 4-7 to 4- 99 
is anticipated to be agreement is reached on the draft 11 
<1 for entire license staff discussion paper on fatigue, 
renewal term the issue is unresolved 

Loss of pressure boundary. Not stated Non significant NRC recommendation: Fluence level 4-2 to 4-6 100 
because fluence is 10A17 n/cmA2 is the level above 
low & is <10A17 which a surveillance program is 
rncrrA2 the level required & not the threshold for 
above (More) irradiation damage: & definition of 

bettline should be consistant with the 
regulations 

Loss of pressure boundary. Not stated Non significant NRC recommendation: Low- 4-11 to 4- 101 
because LAS & SS temperature sensitization of SS 18 
cladding (>5% cladding is possible. Evaluate the 
fermte) are not effects of oxygen injection during 
susceptible (More) cooldown. SCC of low alloy steel is 

unlikely in typical PWR environment, 
it may not be true under crevice 
conditions.

Loss of pressure boundary. Not stated Not stated Non signmcant because cladding is 
resistant to CORR, removal of 
cladding results in very low corrosior 
rates

4-21 to 4
24

102
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Document IR 90-04, PWR Pressure Vessel Industry Report 
Reviewed by: Omesh K. Chopra, ANL 
Item System Structure/Como Subcomponent

Not stated

Materials Manufacturer ARD mechanism

Not stated

ARD effects
103 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated CORR/BA Loss of material 

Vessel Nozzles* ( Includes 
safety injection 
nozzles on some 
vessels) 

104 PWR Pressure Primary Coolant Not stated SA336, SA506 Not stated ERO/CORR Wall thinning, loss o 
Vessel Nozzles* (* Includes material 

safety injection 
nozzles on some 
vessels) 

105 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated WEAR Fretting 
Vessel Nozzles* (* Includes 

safety injection 
nozzles on some 
vessels) 

106 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated CREEP Change in 
Vessel Nozzles* (* Includes dimension 

safety injecton 
nozzles on some 
vessels) 

107 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated EMBR/TE Loss of fracture 
Vessel Nozzles* (* Includes toughness 

safety injection 
nozzles on some 
vessels) 

108 PWR Pressure Primary Coolant Not stated SA336, SA508 Not stated FAT Unresolved Cumulative tatigue 
Vessel Nozzles* (* Includes damage 

safety inrction 
nozzles on some 
vessels) 

109 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated EMBR/IR Loss of fracture 
Vessel Tubes toughness 

110 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated CORR/IGSCC Crack initiation & 
Vessel Tubes growth 

111 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated CORR Loss of material.  
Vessel Tubes corrosion product 

buildup 

112 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated CORR/BA Loss of material 
Vessel Tubes 

113 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated ERO/CORR Wall thinning, loss o 
Vessel Tubes material 

114 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated WEAR Fretting 
Vessel Tubes 

115 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated CREEP Change in 
Vessel Tubes __dimension 

116 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated EMBRITE Loss of fracture 
Vessel Tubes toughness 

117 PWR Pressure Leakage Monitoring Not stated SA 312 Type 316 Not stated FAT Cumulative fatigue 
Vessel Tubes damage 

118 PWR Pressure Leakage Monitoring Not stated SB 166, SB 167 Not stated EMBR/IR Loss of fracture 
I Vessel Tubes _ I I toughness

PWR Pressure 
Vessel

Leakage Monitoring 
Tubes

SB 166, SB 167 Crack initiation & 
growth

Page 31 A

lis CORR/IGSCC


