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1.0 INTRODUCTION

The licensing bases of older plants with regard to environmental qualification (EQ) differ from
more recently commissioned plants. Specifically, the Division of Operating Reactors (DOR)
Guidelines, “Guidelines for Evaluating Environmental Qualification of Class 1E Electrical |
Equipment in ting Reactors,” contained in I&E Bulletin 79-01B, which was applied to older |
Enhnts. were different from the requirements of NUREG-0588, “Interim Staff Positon on '

vironmental Qualification of Safety-Related Electrical Wﬁguggncm” which were applied to newer
plants. ( ix A is a comparison of the DOR and <0588 requirements; Appendix B !‘
shows which requirements apply to which plants.) In 1982, the EQ Rule, 10 CFR 50.49, was |
published; it applies to plants after February 1983.

l
There is a generic concern on the part of the NRC Staff that some electrical equipment it use at l
nuclear power plants in safety-related systems may not be capable of surviving the design basis |
accident that it was intended to mitigate, because of differences among operating plants’ EQ }
program requirements. For e~ ample, some equipment may not have been subjected to appropnate |
accelerated aging, and its ability to withstand accident environmental conditions is uncerain. Asa |
result of its concern, the NRC Staff has concluded that differences in EQ requirements, as shown

in Appendix A, “Comparison of EQ Requirements”, constiwte a potential generic issue that should !
be evaluated for backfit. {

——a]

1.1 Scope of Work

As part of its current support of NRC's Division of Systems Safety and Analysis, SCIENTECH
was tasked to assist in the NRC's evaluation of whether existing standards and regulations for EQ
are appropriate for all operating reactors. Specifically, SCIENTECH was tasked to review a
vanety of information on operating events related to EQ and to identity any concerns relating to
EQ, especially instances in which environmentally qualified equipment experienced problems prior
to the end of its qualified life. Subsequeni sections of this report describe how the review was
conducted, what was found, the implications of what was found, and recommendations related to

the EQ program and related programs.
1.2 EQ Program Structure

The commercial nuclear EQ program consists of two major parts:

. A framework of requirements and guidelines in the form of regule’ 1ns, guides, and
standards.

. Programs established by the commercial nuclear industry to effectively implement EQ
requirements and guidelines throughout the entire life cycle of a plant.

In conducting its review of operating events, SCIENTECH looked for specific, as well as
programmatic, EQ concerns related to both of these major parts. Important aspects of each part are
discussed below.

The fundamental regulatory requirement for EQ is contained in 10CFRS0 Appendix A, General
Design Criterion #4, Environmental and Dynamic Effects Design Bases, which states that
"structures, systems, and components important to safety shall be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents, including loss-of-coolant accidents.”
As the understanding and the technology associated with EQ evolved an infrastructure of further
uirements, guidelines, and standards emerged. Examples of this infrastructure are:
10CFR 50.49, NUREG documents, Regulatory Guides, LE. Bulletins/Circulars/Notices, Generic
Letters, and certain industry standards (endorsed by the NRCY. {AlTthough comprehensive and |\ 4

s —
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well-founded, this infrastructure is by no means fixed; it continues 10 evolve as new insighis};t— Clyd
issues, and technologies develop. b T
As with the EQ regulatory infrastructure, programs for implementation of EQ requirements by the
nuclear industry are multi-faceted and continue to evolve. Important considerations during vanous
phases of the plant life cycle are as follows:

Design Engineering. Design engineering pertains to the cfforts associated with the design of the
onginal plant and with the design of plant modifications for an ting plant. Associated EQ
considerations include: proper equipment identification on an EQ Master List; location and testing
of electrical equipment and components requiring EQ; specification of appropriate EQ
requirements; identification of the normal and post-accident environments for the equipment,
maintenance of records and reports to demonstrate EQ; self-assessment of program effectiveness.

: Like design engineering, procurement efforts occur during initial plant construction

and through the life of a plant. Associated EQ considerations include: vendor testing and analyses
enveloping the EQ requirements in the purchase ification; comprehensive documentation
demonstrating that the equipment meets the specified technical and EQ requirements; instructions
delineating the installation and maintenance requirements necessary to preserve the EQ status of the
equipment; storage systems and control processes that ensure that the nght equipment and matenal
is issued to craft and maintenance personnel.

Installaton. Equipment installation occurs during initial plant construction, following equipment
removal for repair or refurbishment, and as part of equipment replacement or plant modification.
Associated EQ consideration: development of complete work packages for craft personnel to
ensure that the equipment is installed, located, and configured consistent with the EQ envelope and
configuration for which the equipment was qualified.

Testing and Operation. Following installation, or reinstallation, and periodically throughout the
operatng life of the plant, a vaniety of tests and checks are performed to verify that installed
equipment is operable. Associated EQ considerations include: test procedures and intervals
consistent with vendor recommendations to preserve the EQ status of the equipment; periodic
checks to verify that equipment is being operated as intended and that the plant operating
environment is actually what was specified for EQ aging purposes; plant operating records and
incident reports maintained and analyzed for trends, root causes, and generic lessons learned.

Mainicnance, The requirement to per...m maintenance on equipment begins, in some cases, as
soon as the equipment arrives on site and lasts throughout the life of the plant. Associated EQ
considerations include: maintenance intervals, procedures, and materials that meet vendor
requirements to ensure that the equipment's EQ status is preserved; storage and analysis of
maintenance data for trends, root causes, and generic lessons leamed

1.3 EQ Considerations for Equipment and Components

Equipment and components in the EQ program must perform their intended safety function during
and following design basis accidents. In the extreme case, such equipment and components must
perform in a post-accident environment, inside and outside containment, that is harsh - that is, .
significantly more severe than that which is present during normal plant operation. Such <%, 1"
equipment and components contain or comprise transducers, limit switches, seals, Seats,
electronics, terminal blocks, and wiring. Equipment and components are powered, controlled, and
connected throughout the plant by other components subject to the EQ program, such as, cables,
splices, and containment penetrations. Conduit and conduit seals also play an important role in EQ

by defining and maintaining the EQ boundaries of equipment and components in the EQ program.

Typical EQ concems for equipment and components are discussed below:
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Cabies. Conventional cables with rubber or plastic insulation and a protective outer cover are the
most common, but coaxial cables and mineral insulated cables are typically used to connect low
signal strength outputs to pre-amplifiers. Most of the cables provide their own protection, but
coaxial cables generally need to be located inside a metal conduit. High temperatures and radiation
fields will prematurely age cable, and too small a bending radius on comers will increase the
chance of damage.

Cable Splices. Cable splices provide a way to connect cables and wires without exposing the metal
parts to the environment. Bolted or crimped lugs connect the wires, and special heat-shrinkable
tubing, or sleeving, with a sealing compound inside is shrunk over the electrical connection and the
existing insulation to complete the splice. In some applications, more substantial mechanical
protection is required over the sleeves but does not contribute to the seal.

Coaduit Seals Conduit and conduit seals provide a qualified means of protecting the connections
between components and cables. Such devices are manufactured by only a handful of vendors and
require care to install correctly to avoid damaging the neck-seal on components, such as,
transmitters. A brace is sometimes needed to ensure that the body of the component is not allowed
to move during the installation of the conduit seal. Lubricant is required on the pipe threads of the
conduit seal to avoid galling and lock-up of the threads prior to full engagement, which gives a
misleading high torque reading before a true seal is achieved. Orientation and location of conduit
weep holes are also important.

Electric Penetrations. Electric penetrations nrovide a qualified means of conneting the cables
inside containment to the cables outside containment. The sealing requirement; are much the same
as those for conduit. In addition, the p-aetrauon must be selected such (hat the. largest fault current
in the circuits does not cause overheuting and degradation of the penetrativii.

Sensors. Detectors., and Transmitiers. These are the basic components that provide the
measurements of the various parameters required to monitor and control the plant. Some are more
sensitive than others. Some contain electronic circuits that are very sensitive to radiation, which
not only ages semi-conductor materials but changes its performance. Most contain terminal blocks
and intenal wiring. All of them have to be connected to the plant cabling system while, at the
same time, being protected from the effects of temperature, pressure, humidity, and radiation.
Access 10 the electronics and terminal blocks, which is required for calibration and preventative
maintenance, is usually accomplished through removable end caps or covers. These are sealed by
O-rings, which must be lubricated using a non-petroleum based substance (usually silicone
grease), 1o allow them to deform into the sealed configuration as the end cap or cover is secured to
the correct torque. Such devices are typically connected to plant cables using conduits and conduit
seals.

] Solenoid operated valves (SOVs) are used extensively in harsh
environments; consequently, SOV internals must be properly qualified and protected. Conduit
seals, cover gaskets, and shaft seals are required. As noted previously, care must be taken whe
the conduit and SOV are interfaced to ensure a proper seal. Cover gaskets and seals are usually
required to be replaced every few years to maintain the EQ of the SOV.

Motor operated valves (MOVs) are the primary means for controlling
flow to most safety-related fluid systems in harsh environments; consequently, their internals must
be properly gualified and protected. Conduit seals, cover gaskets, and shaft seals are required.
Internal components that must be qualified include terminal blocks, limit switches, motor
insulation, and wiring. Limit switches are particularly susceptible to corrosion due to moisture
intrusion resulting in open circuits and “welded” contacts.

Limit Switches. Limit switches are used to determine the position of components such as valves
and breakers. Their survival through design basis events is essential to the continued operation of
vital safety systems by keeping the operations staff up to date on the status of process and safety
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sysiems and on the status of containment boundary integrity. Those located in a harsh
environment need conduit seals and cover gaskets, which may have to be replaced on a regular
schedule to maintain EQ.

Electric Motors. Electric motors located in harsh areas must have their internals properly qualified
and protected. Conduit seals, cover gaskets, and shaft seals are uired. Components requiring
protection involve internal limit switches, insulation, and wiring. power leads need special
care because of their large size, which is above that sealable by conduit seals. Periodic cleaning of
filters in air-intakes is also an EQ consideration because overheating of the windings accelerates
aging of electrical insulation.
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2.0 APPROACH AND OVERALL MESULTS

SCIENTECH was tasked to gather and review information on operating events related 1o EQ and
to identify any concerns related 1o EQ, especially instances in which environmentally qualified
equipment experienced problems prior to the end of its qualified life. This section describes how
the review was conducted and what the overall results of the review were.

2.1 Approach

The task was accomplished by the SCIENTECH EQ Team in three steps:

. Identification and collection of operating event data.

. Review and codificaucn’c“tegorization of operating event data related to EQ.

. Analysis of codified data and d-velopment of conclusions and recommendations.
The paragraphs below discuss the three steps further.

2.1.1 DRata Collection

Terms such as "equipment qualification” and "environmental qualification” are not used to g
categorize, and are seldom _sed to keyword, operating events in the three sources identified for
review: Licensee Even xeport (LERs), Institute of Nuclear Plant Operations (INPO) reports, and
the Nuclear Plant Re’ia’lity Data Svstem (NPRDS). Automated searches based on these two .
term: cver the period of iuterest (1980 through 1993) would have resulted in an incomplete setof -
operating reports for review Conversely, gathering and reviewing all LERs, INPO reports, and

S data associatr & with electrical equipment over the period 1980 through 1993 would have
been unnecessarily burdonsome. Therefore, SCIENTECH worked with the NRC Plant Systems
Branch Staff and information experts for each of the three sources to identify and compile the
following plant operating data for the SCIENTECH EQ Team to review:

At

. Approximately 2000 LERs for electrical, instrumentation, and control equipment in the
following LER categories: wrong material, wrong part, seal problems, water spray, high
humidity, and high steam conditions (period: 19%0-1993).

. Approximately 200 INPO reports for electrical, instrumentation, and control equipment
based on a variety of electronic keyword and manual searches (period: 1980-1993).

. Twelve NPRDS reports for Class 1E component failures inside containment (period:
1990-1993).

2.1.2 Data Review

The SCIENTECH EQ Team reviewed the identified reports to eliminate those pertaining to events
and failures that were not EQ-related, and to categorize, or codify, those reports that were EQ-
related to facilitate further analysis. Over 80% of the reports were determincd to be not EQ-related,
leaving 395 reports for codification and further analysis. The term "failure” as used throughout
this report is applied broadly to:

. Failure of a component or piece of equipment, prior to the end of its qualified life, to
perform its function during normal operation or to perform as required during periodic
testng.
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. Visible degradation or damage to a component or piece of equipment such that it may fail
prior to the end of its qualified life or before it completes its post-accident function.

. Administrative or technical breakdowns in the EQ program or its related processes.

It should be noted that, in some cases, EQ-related reports described a number of similar failures in
one submittal, for example, a number of common cause valve or instrument failures discovered

during a maintenance outage.

The codification process involved the development of a table summarizing relevant information for
each EQ-related document: the document number; codes idmﬁfm component location, how it
failed, when the failure was found, and when the failure was caused; and a brief description of the
EQ failure. The codes developed and used by the SCIENTECH EQ Team were as follows:

. W - Where was the component located?

IC Inside containment, or both inside and outside containment
OH  OQutside containment, harsh environment

OM  Outside “ontainment, mild environment

US Unsure

. C - What type of failure was it?

Design error

Temperature failure

Installation error

Lack of documentation to support EQ
Omission from EQ master list
Procurement error

SF Seal failure or moisture intrusion

VA  Visible aging

US  Unsure

AREFAIHY

. F - When was the failure found”

DI During installation, found by utility

FO  During operation, found by utility

IT During testing, found by utility

MM  During maintenance or modifications, found by uulity

NR  During NRC review or inspection

UA  During utility assessment

UG  During utility review or inspection in response 10 a generic concem
US  Unsure

) Y,
. M - When was the error made that led to the failure?

DM During manufacture

ID During initial design

I During initial installation
PD  Dunng plant modification
PM  During plant maintenance
US  Unsure

These codes were selected because they relate 1o the types of issues and data required by the NRC
in its overall evaluation of current EQ requirements and because such information is typically
contained in or readily derived from the EQ-related reports reviewed.
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A compilation of the results of this step for each of the 395 EQ-related reports is provided in
ix C. Appendix D provides a count of the EQ-related LERs versus plant docket numbers
for the database reviewed by the SCIENTECH EQ Team.

2.1.3 Analysis

Analysis was conducted after the reports were codified and summarized. The structure of the data
shown in Appendix C facilitated a variety of analyses. The data was sorted, counted, and plotied
vs. time; for example, failures were sorted by type and similar types were analyzed for common
causes and trends over time. The SCIENTECH EQ Team looked for linkages among categories
and types of equipment. Furthermore, the team looked for generic implications and themes of
significance for the EQ program.

The analysis was supplemented, where applicable, by insights and information from the NRC-
Industry EQ Workshop, November 15-16, 1993. Once the analysis was complete, the team
developed conclusions and, where applicable, recommendations for the EQ program. A summary
of the results of the analysis of the 395 EQ-related reports, and related conclusions and
recommendations, are contained in Sectica 3.

2.2 Overall Results

A summary of the overall results of the SCIENTECH EQ Team's review and codification of the
EQ-related reports is provided in Table Z-1 and Table 2-2. Table 2-1 shows a breakdown of the
395 reports by evaluation categories, and indicates the total number of, and percentage of, reports
in each category and code. Table 2-2 shows a breakdown of EQ-related LE% by EQ program
type ( i.e., DOR Guidelines, Category I and II). (Table 2-2 is limited to LERs because INPO
reports typically applied to numerous plants and because the NPRDS data did not cover the period
1980-1989.)

Significant observations from Table 2-1, which are discussed in further detail in Section 3, are as
follows:

. Most equipment failures occurred in areas that would sustain post-accident harsh
environments or that experienced high temperature, humidity, and/or radiation during
normal operation (codes IC and OH).

. Seal failure/moisture intrusion (SF) was a significant contributor to equipment failures
during normal operation when compared to temperature (DT) and aging (VA) effects;
however, together, these were small contributors when compared to administrative causes
(weaknesses in the design, installation, and procurement processes).

Uulity assessments (UA) uncovered more EQ problems than any other method.
Components that failed during operation was next highest contributor; these failures are
significant because of the potenual 1o disrupt plant operations.

. Most EQ problems were traced back to failures in initial design and installation efforts, but
a large number of problems were traced to plant maintenance activities, 100.

The most significant observation from Table 2-2 is that there is little difference in the average
number of LERs among the older DOR Guidelines plants, the NUREG-0588 Category II plants
designed to TEEL 323-71, and the later NUREG-0588 Category I plants designed to IEEE 323-74.
A review of the average number of LERs per plant in each EQ program type by year, revealed that
Category 11 plants displayed a slightly higher average than those of the other two types in eight of
the fourteen years reviewed.
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Tabie 2-1 Overall Summary
W - Where was component located? Code Number Percent®
Unsure Us 1 0
Outside containment, mild environment oM 22 6
Outside containment, harsh environment ! OH 122 31
Inside containment/both-inside and outside containment IC 249 63
TOTAL 395 100
C - What type of failure was it?
Omitied from EQ Master List OL 14 4
Lack of documentation LD 16 4
Temperature failure DT 18 5
Visible aging VA 23 6
Procurement error PE 36 9
Seal failure or moisture intrusion SF 82 21
Installation error IE 87 22
Design error DE 119 30
TOTAL 395 100
E - When was failure found?
During installation, found by utility DI 0 0
During NRC review or inspection NR 12 3
During maintenance or modification, found by utility MM 30 8
During utility inspection or review in response (o generic concem UG 40 10
During testing, found by utility IT 47 12
Duning operation, found by utlity FO 95 24
During utility assessment UA 171 43
TOTAL 395 100
M - When was error made?
Unsure US 5 1
During plant modification PD 12 3
During manufacture DM 34 9
During initial installation I 60 15
During plant maintenance PM 117 30
During initial design D 167 42
TOTAL 395 100

* Note: Percentages may not add to 100% due to rounding.
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No. of EQ LERs per

Category No. of Plants No. of EQ LERs Plant per Year
- DOR 67 234 0.26
Category Il 25 88 0.33
Category 1 25 54 0.26
TotalyAverages 117 376 0.28
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3.0 ANALYSIS AND RECOMMENDATIONS

This sect.on discusses the results of the analysis performed by the SCIENTECH EQ Team on the
EQ-related operating reports obtained from the LER, INPO, and NPRDS systems, for the period
1980 through 1993 to date). This section also discusses conclusions from the analyses and
provides re recommendations.

To aid in the analysis of the data listed in dix C and summarized in Table 2-1, these data
wmmyedinahiswgn.nmownon igu-: 3-1, to display the results by year. For the total
nuwiaber of failures, the heaviest year was 1986, when 52 I} failures were identified. The quietest
year was 1984, when there were only 12. After declin ng since 1986, EQ failures picked up again
in 1992, itcdlcfacttlmmeSgIEM'ECH EQ T.am had reports for only parts of 1993, there
is indication 1993 may be one of the worst years for EQ failures.

To further aid with the analysis, individual annual breakdowns were created for the verious
categories. These are reviewed in more detail in the following sections. It should be noted that the
distnbution of reports written to record EQ failures due to a vaniety of problems is relatively small
and spread over the years. The statistical significance of such a small population could be easily
overstated. To avoid placing too much emphasis on the numbers themselves, percentages of the
different types of failure by year were also calculated 1o present a betier perspective of performance
for that parucular year.

Figure 3-1 Total Failures vs. Year
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3.1 Location of Component

This evaluation category was used to delineate which components were subjected to a harsh
environment and where they were located.

3.1.1 Discussion and Analysis

As stated in Section 1.3, EQ equipment and components inside and outside containment must
perform ir. a post-accident environment. Those com ts that are located inside containment
will most likely be exposed to harsh conditions, while components within secondary containment
and other surrounding areas will be subjected 10 harsh environments if certain types of accidents
occur, such as a HELB or LOCA. SCIENTECH felt that it was important to distinguish between
the location of these components to determine the focus industry places on EQ requirements with
regards 1o component location.

Mild environment considerations are not within the scope of EQ requirements. However, those
mild environment failures that the SCIENTECH EQ Team observed were included 1o provide
examples of a potential weakness or concern that may effect the EQ programs. Table 2-1 shows
that 63% of failures related to EQ components were inside cor. xinment and 3i% were outside
containment in a harsh environment.

3.1.2 Conclusions and Recommendations

This ratio, 63:31 or 2:1, is cause for further review. Equipment inside containment is typically
subjected to elevated temperatures and radiation exposure during normal operation, and
experiences the most sever environmental stresses post-accident. The 2:1 ratio indicates that of all
reported EQ failures, equipment and components inside containment fail inspections, (esis, or
during normal operation twice as frequently as equipment and components outside containment.
This supports the NRC's concem over whether or not such equipment and compor ents could
function in a post-accident environment, if failures are expenienced in normal operating
environments.

Specific recommendations in light of this analysis require a further understanding of the types and

causes of the failures. Subsequent sections examine types and causes, and provide conclusions
and recommendations, accordingly.

3.2 Type of Failure

Table 2-1 shows the types of failures as well as the number found, and failure percentage of each

type with respect o the total. Approximately 38% of failures are related to design errors, lack of /'

<

documentation of component qualification, and components being omitted from the listof EQ >
components (DE, LD, and OL). Seal failure (SF) and installation errors (IE), which may also be
related, were nearly equal and combined for a total of 43 %. Nine percent were attributed to
q‘rocurcmcm errors (PE). Only six percent of the failures reviewed were due to visitle aging.

emperature failures accounted for the remainder. (Some of the seal failures could also be due to
a&ing. but most of the failures were stated o be due to moisture intrusion without further
elaboration.)

3.2.1 Design Failures

This section discusses the analysis of failures that were assigned to categones DE, OL, and LD.
Such failures resulted in the equipment not being gualified for the normal and post-accident
environment because of breakdowns in the design engineering process (DE), because the
equipment was omitted from the EQ Master List (OL), or becar.se of a lack of EQ documentation
(LD). Failures categorized as OL were atinbuted to errors by the design organizaton. This is also
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true for failures categorized as LD, which were attributable to this design organization’s fuilure to
maintain adequate records. Examples of design failures include:

Inadequate flood calculations/failure to consider submergence LER 237/92-003

Inadequate/non conservative temperature, pressure, and humidity profiles LER 245/92-005

Failure to qualify equipment in harsh environment LER 213/90-007
(i.e., failure to consider HELBs, LOC 1s, MSLBs)

Failure 1o include component in EQ program LEP . 592016

Failure 10 maintain all necessary documentation to support LEK ’ ,1/87-007
qualification of component

3.2.1.1 Discussion and Analysis

DE, LD and OL., as a group, constitute the largest part of identified failures, nearly 40% of all EQ
failures identified, it continues 10 account for a considerable number of failures. As shown in
Table 3-1, the worst year was 1980 when these errors represented 66% of all identified failures.
The best years were in 1981 and 1982 with 12%. However, they made up 55% of all identified
failures in 1992, the last complete year reviewed, and so far in 1993 they represent 55%. The next
worst year is 1985, with 54%. It was 32% in both 1989 and 1990, and 46% in 1991. The trend
shows a continuing increase in failure codes DE, OL and LD relative to other failure types.

In examining the major contributor in this group, DE, it is importart to distinguish between design
errors (DE) made during the early 1980s and those made during the late 1980s. In the early 1980s,
. utilities and design organizations typically formed special EQ groups of EQ specialists to prepare
EQ packages in support of the normal utility design team. It may be that current design teams do
not have adequate focus on the accident analysis for the plant and, in particular, on the
environmental conditions that various equipment is exposed to.

Table 3-1 shows the distribution of reports writien to record fa‘lures due 1o a lack of EQ
documentation (LD). The two peaks are in 1980 and in 1988. The first peak is most likely the
result of failures reported in m:ﬁ;msc to 1&E Bulletin 79-01. The 1988 peak is most likely due to
failures found by internal and NRC inspections and audits combined with the start up of new
plants that had not been involved with the activities in the early 1980s. There was no activity in
this area between 1980 and 1985, which suggests that the EQ changes were being implemented
and there was nothing new 1o report. Again, there was no activity in this area after 1990, which
suggests that the industry has a good understanding of what kind of documentation should be
provided to support the EQ progran..

Table 3-1 also shows the distribution of reports written to record failures due to the omission of an
EQ component from the EQ Master List. distribution is limited to 1986 to 1992, and the main
peak is in 1988, with secondary peaks in 1986 and 1992. Peaks in the 1980s suggest that EQ
omissions took some time io discover, for examElc. during reviews, audits, or mainienance
activities subsequent to the initial completion of EQ program activities. The 1992 peak suggests
that the utilities are only recently discovering that there are components that should be qualified, but
were not recognized as requiring EQ until recently. Some of the omissions related to
undocumented junction boxes along cable runs with non-EQ terminal blocks in them. Omissions
from the EQ Master List are a concern because they are a weak link that undermines the work that
has been done to qualify the rest of the system.

3.2.1.2 Conclusions and Recommendations
The analysis above raises several issues:

. Errors and weaknesses in the EQ design process are potentially the most detnmental
because of the effect on subsequent program steps.
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Tabie 3.1 Amnalysis of the Type of Failure
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. Errors and weaknesses in the EQ design process can show up immediately or many years
later.

EQ design provides the fundamental framework for the entire EQ program. Therefore, the
personnel and processes involved are critical to the success of the program. With regard to
personnel, experience, training, and organizational placemen. are of utmost importance. In the
early 1980s, teams of highly skilled engineers focused on implementing the recently issued
requirements, at that time. By the late 1980s, many utilities had reorganized their design teams
such that the separate E() organizations were merged with the design organization. It is not clear,
however, what pant of ‘e continued high number of design-related failures is attributable to the
skills, training, and placement of EQ expertise in the organization.

Recommended areas for focused attention include:

. During the site visits, evaluate the general design engineer's knowledge of EQ
requirements, the safety basis and accident analysis for the plant, and in particular, of the
conditions that the equipment is exposed to. Also evaluate the organizational residence of
EQ expertise in t.: vulity. Specifically, review the following areas:

Does the organizational structure and review process for EQ considerations during the
design modification process separate the EQ discipline from broad inter-disciplinary
responsibilities?

Does this structure facilitate the interface between design engineering and plant
mainienance”

Do all organizations have a consistent understanding of the goals of the EQ program and
the design change process”?

Does the training of design engineers and design review engineers include sufficient
emphasis on EQ concerns and the maintenance of qualification over the useful life of the
plant?

. During the site visits, evaluaw the design processes used to modify the plant in the
following areas:

Does the design process include sufficient consideration of EQ design inputs?
Have adequate reviews been incorporated into the process”?

Are qualified EQ reviewers used?

3.2.2  Installation Errors

This s ction discusses documents that were assigned to failure category IE. Such failures resulted
in the equipment not being qualified for the normal and post-accident environment because of
breakdowns in the equipment installation process. Examples of installation errors include:

Installed configuration inconsistent with qualified configuration or LER 327/81-026
installation method

Inadequate installation instructions LER 280/86-035

Failure of personnel to follow approved installaton method LER 323/82-028

(and other installation deficiencies relaied 1o personnel error)
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3.2.2.1 Discussion and Analysis

The worst years for installation errors were 1986 through 1989, as shown in Table 3-1. The
was 1989 when they made up 45% of the total. 1987 was also bad with 41% of the total.
ince 1989 they have diminished to 13% of the total. The 1986 through 1989 peak is most likely
the result of audits and inspections, starting in 1985, after all the EQ packages were installed.
There appears (o be a definite learning curve since 1989.

3.2.2.2 Conclusions and Recommendations
The analysis above raises the following issues:

. When the installed configuration does not meet the qualified configuration , the following
questions anse:
Is cngimcrinif providing adequate installation and maintenance instructions, procedures,
and manuals’

Is this a design responsibility?

Is there a check to ensure that the latest information is being used during installation”?
Who is responsible for work packages and other work planning documents?

Are the instaliation crafts receiving adejuate training and supervision”

Do the crai's need more training in one certain area: for example, is the electrical craft the
right discir.ine to be installing conduit seals?

. Some of the failures attributed to installaton could have been caused by inattention to detail
in the cnginecﬁnﬂg “Phasc. resulting in seals and splices being installed in a configuration
which ic not qualified.

. Some failures were likely caused by bad or inadeguate information from vendors; such
failures did not get specific mention in the failure reports. An example of this is the
Raychem splice installation procedure deficiencies that were communicated to the utilities
by an 1&E Bulletin.

Over the last few years the trend has been steadily downward, which indicates improved training
of personnel as well as improved installation methods and instructions The improving trend could
also be due 1o the fact that initial installation errors are being detected and corrected, with few new
errors being made. However, there is sull the concern that when an installation error is detected it
could be indicative of more failures.

The recommended areas for focused attention are as follows:

. Following the discovery of an installation-related failure, utiliies should analyze why the
installation was not performed correctly and should determine the generic implications of
the failure.

¢ During the EQ audits, team members should probe the questions listed above.
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3.2.3  Seal Failures or Moisture Intrusion Failures

This section discusses documents that were assigned to failure category SF. Such failures resulted
in the equipment not being qualified for the normal and post-accident environment because of

im sealing or because of moisture intrusion due 10 sea' or gasket failure. Examples of seal
failures include:
Wom and failed seals due to inadeguate mainienance LER 219/80-054

Seal failures due to inadequate installation, bad sealing methodology ~ LER 281/85-004

3.2.3.1 Discussion and Analysis

Reports attributed 1o seal failures peaked in 1982 with 73% of all identified failures. Since then,
such reports have diminished to zero in 1992, but have nisen to 13% so far in 1993. Table 3-1
presents the chronological distribution of the data. Concern over seal failures are similar to those
due to installation errors. Overt failures related to moisture intrusion are generally found only as a
result of critical component failures due to grounding/shorting. In cases where inadequate sealing
is attributed to personnel error, it is not apparent from the report whether the root cause was poor
seal performance, inadequate training, or inadequate installation instructions. In most reports, the
seal failures are either not fully investigated, or the wording does not provide enough information
10 determine the root cause of the failure. Corrective actions generally include drying the
component and replacing the seal. Failures due to degraded seals are ofien due to inadequate
preventive maintenance (i.¢., seals were not replaced when they should have been). In most
reports related to wom or failed seals, there was no indication that EQ maintenance and
surveillance instructions and schedules were reevaluated and/or adjusted.

3.2.3.2

o O AT e
The follow:ng‘xssws(u& raised from the analysis above:

. The rapid drop in the number of reports of seal failures is encouraging and is quite possibly
the result of improved training, attention, and methods to correct the multiple seal failure
reports in the early and mid-1980s.

. There were many seal failure reports that did not give the reason for the seal failure. These
failures may be the result of temperature/aging/other environmental effects or of imgroper
installation or maintenance:; this could not be determined from the reports aralyzed by
SCIENTECH.

. Moisture ingress is actually an accelerated aging mechanism, which is much more rapid
than the typical iemperature aging process. Moisture ingress has the capability to take a
component to the end of its effective life in less than one operating cycle.

Despite a definite trend showing a reduction in the number of seal failures per year, moisture
induced failures are more immediate and prevalent than temperature induced failure in operating
plants, so continued attention is warranted. The following recommendations should minimize

reCurmence:

. Once a seal is completely installed, it is hard to verify its efficacy without destroying it
This suggests that craft seal installation qualification tests could be beneficial, similar 10
welder gualification tests. Continued emphasis by the utility on craft training,
qualifications, and methods is important.

. A more thorough analysis by utilities of the root cause and generic implications of seal
failures is necessary . Depending on the results of the utilites’ analysis, the utilities may

.f“‘ ““.;b
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want to change mainienance schedules, or walk down schedules, 1o catch the seals before
they fail. More supervision during seal installation may also be necessary.

. Some utilities have degradation inspection programs. These should be investigated for

potential wmmplmmm (Preventing premature seal failure is of economic benefit to
the utilities, as as being important to safety.)

3.2.4 Temperature snd Aging Failures

This section discusses documents that were assigned to failure categories VA and DT. Such
failures resulted in the equipment not being qualified for the normal and post-accident environment
because of failures due 1w temperature effects (DT) and visible aging (VA). Examples of
temperature and aging failures include:

Seal degradation, deterioration, embrittiement of rubber LER 373/84-094

Degraded wire insulation, cracks in motor lead epoxy interface LER 412/88-017

Chemicals leached from cable insulation corrodes adjacent components LER 331/88-019

Hydrogen ignitor cable aged, spen access panels caused high LER 458/93-019
drywell iemperatures

Components exceed qualified lives due to operating excursion LER 321/82-076

(and resultant excessive temperature )

3.2.4.1 Discussion and Analysis

As shown in Table 3-1, these combined failures peaked in 1984 at 33% of all identified failures,
diminished, and then rose in 1992 10 24%. So far in 1993, they are running at 33%, which
matches the 1984 peak. The absence of failures due to temperature aging in the peak year p{ for all
EQ-related reports, 1986, could indicate that many of the failures that year were discovered during
internal and NRC audit findings that cited other causes. Overt failures related to temperature/aging
are generally found only upon failure of a critical component. Other failures may be the result of
temperature/aging, but due to the insidious nature of the temperature/aging mechanism, failures
cannot always b traced back to them.

A recent iemperature/aging LER dealt with a hydrogen ignitor cable that was overheated because
insulation panels in the ventilation system were inadvertently left off at the start of a cycle. While
conducting informal drywell temperature research on his own initiative, a utility HVAC engineer
discovered several improperly located reactor vessel skirt insulation access panels and an open
vessel insulation door. The engineer was investigating problems with the recirculating pump seals
and conducting daily monitoring of drywell temperature. He observed that drywell temperature
was increasing and arranged to walkdown the drywell to determine the reason. It is thought that
missing panels admitted air flow into the vessel area and that abnormal air flow pushed open the
access door, allowing hot air to escape, causing high drywell temperatures in two spots in the
vicinity of the hydrogen ignitor cable. The cable was onginally qualified for forty years at an
average conductor temperature of 194°F. The LER estimated that the cable had been exposed to
approximately 248°F for eighteen months; in a presentation during the November 1993
Workshop, the utility said 1t had actually been exposed to 300°F for about six months. The ignitor
passed all surveillance tests satisfactorily, but was sull declared inoperable and its cable replaced.
As the cable was being withdrawn from the conduit it was carefully marked before being subjected
to indenter tests. The results of these tests of aging confirmed the location of two hot spots as
indicated by the air flow analysis.

3.2.4.2 Conclusions and Recommendations

There were not many failures directly attributed to aging or high temperatures (overall the figure is
about 8%), but failure rates are increasing. If the average failure rates continue to increase with
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age, it could mean that the equipment is not being replaced in a timely manner, when compared to
actual aging performance in the given plant environment. Temperature/aging failures may require
that EQ evaluations be performed for eighteen and twenty-four month cycles versus the twelve
month refueling cycles previously assumed. Components subjected to accelerated aging because of
alocaloverhuﬁngpmblem.mnaninsulnionpumltoapieceofclecuicalequipmenxwhich
has been i dyleftoﬂfoucyclc.ma‘ynotmrvivethccycle.muchlcsudesignbasis
accident. The Arrhenius Equation gives the following approximations:

10°C decreases component life by 2
20°C decreases component life by 4
30°C decreases component life by 8
40°C decreases component life by 16

A 40 year life cable would last only two-and-a-half years if the ambient temperature were raised
40°C (72°F).

Failures in categories VA and DT were generally localized. This fact emphasizes the need for
continued walkdowns and inspections by utility staff to look for localized problems. Also, utilities
should reinforce among its staff the need to be vigilant in maintaining thermal barriers to protect
equipment. Temperature monitoring data should be preserved and analyzed to demonstrate aging
history. Such data will be invaluable in the plant-life extension process 10 show that components
have n-t aged as much as was assumed in the EQ programs.

"3.2.5 Procurement Errors

This section discusses documents that were assigned to failure category PE. Such failures resulted
from the equipment not being qualified for the normal and post-accident environment because of
breakdowns in the procurement process. Reports for two types of problems were categorized as
PE: equipment vendors did not fully qualify the component or equipment in accordance with the
Eumhasc specification, equipment vendors did not provide adequate instructions or parts.

xa: ples of procurement errors include:

Failure to provide or maintain documentation Lo support component testng LER 410/90-026
Inadequate installation instructions or kits (with wrong or missing parts) LER 261/89-013
1o utility

Failure to meet procurement specifi. utions, or false component performance LER 259/85-017
claims (i.e., defective components supplied by manufacturer)

3.2.5.1 Discussion and Analysis

Table 3-1 presents the chronological distribution of the data. The peak year for reports attribuied to
this category was 1986, which was the peak year for all EQ-related reports. There was a
resurgence of reports attributed to this category in the late eighties, peaking in 1990, decreasing in
1991 and 1992, and zero in 1993. This almost certainly means that the remaining supplie§ of T
safety-related equipment are fully aware of their responsibilities and are meeting such -
responsibilities. ~

3.2.5.2 Conclusions and Recommendations

This is not now considered a problem area based on the review of this limited data set.
Nevertheless, during the EQ site visits, the team should confirm that there is enough information
provided to vendors in procurement specifications, and that the utilities have established a process
by which EQ qualificat:on documentation received with a component 1s reviewed for adequacy
before the new component is installed in the plant.

N\
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3.3 When Found

This section discusses how failures in EQ equipment and components and in the EQ programs
themselves were identified.

3.3.1 Discussion and Analysis

As shown in Table 3-2, nearly half of all EQ failures were found by the utility during assessments,
reviews, walkdowns, and inspections (UA). However, information in these reports dic not
provide sufficient letail 1o allow the SCIENTECH EQ Team to determine what prompted the
assessment, review, etc. That is, was the failure discovered as a result of: a self-iniuated EQ
program assessmen,. information obtained from INPO communications; or routine maintenance
and testing activities”

Equipment and com t failures during plant operation (FO) accounted for a quarter of all EQ
failures, 95 out of 395. Considering the number of plants in commercial tion, the number of
ufcﬁ'-lelned components in those plants, and the time period of interest (14 years), this number is
small.

An analysis of codes by year revealed that the fraction of equipment and component failures during
operation (FO) and testing (IT) generally dropped off over time, when compared to total failures,
unti! 1992 and 1993. By comparison, failures discovered by the utility during assessments and
reviews (UA) became a larger fraction of the total over ime. This last point is especially important
in light of the fact that failures found by the NRC (NR) or found by the utility as a result of a
review mandated by the NRC (UG) represented a small portion of the total failures found,
especially in the later years.

3.3.2 Conclusions and Recommendations iy

The analysis indicates that the utility and its staff are the first line of defense in discovering and
correcting its own EQ program and equipment problems. However, it could not be determined
whether the utility efforts were self-initiated or whether problems were "discovered” as an outcome
of other efforts and events. Furthermore, the EQ-related reports reviewed by the team usually
provided no indication that root cause analysis and generic implementation of failures were

analyzed. Therefore, utilities should be encouraged to either implement or continue periodic EQ
program self-assessments. As part of such self-assessments, uulities should make it a practice 0| * -
determine the root cause and generic implications of the programmatic and technical EQ failures )
thus found. '

The number of EQ-related equipment and component failures found during normal operation,
although small, is cause for concem, nevertheless. These are failures that, in some cases, caused
transients or placed the plant in an abnormal configuration. What's more, these are failures that
could have been prevented, for the most part, by more attention to good practices (i.e., proper
installation and maintenance of the equipment). The recommendations in Section 3.4 apply here,
100.

34 When Made
This section discusses the codification of EQ-related operating reports under the "when made”
category. This codification was an attempt by the SCIE H EQ Team, based on information

in the EQ-related operating reports, to identify when the error or event took place that eventually
led to the EQ failure.
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3.4.1 Discussion and Analysis

As shown in Table 3-3, nearly half of all EQ failures were traczable to errors or events that
occurred during the initial design (ID) efforts related to each plant’s EQ program. 1980 saw the
most reports for this code; 1981 and 1993 saw the least. Over time, the number of rts coded
as ID wicreased from 1981 until 1986, then remained generally hlg{h through 1992. large
number of ID reports in 1980 is most likely due to the increased efforts by all nuclear utlities to
unplemem DOR Guidelines and NUREG-0588 requirements; EQ errors and failures in 1980, ano
in the early years, can be attributed to an lack of familiarity and understanding of the full scope of
the then new EQ requirements. The slow increase in ID reports through 1986 and the generally
high number of reports thereafter is explained by the fact that errors during the initial design take
time to manifest themselves. For example, aging and moisture effects typically do not manifest
themselves until several years have elapsed; likewise, evidence of pre-failure damage is not
detectable by inspection or maintenance until time has elapsed.

Ovcr a qumer of all EQ failures were traceable to errors occurring during plant maintenance (PM);

Ogumers of such errors resulted in equipment failing during normal plant operation or
dunng periodic testing due to seal failures, moisture intrusion, or general aging (SF and VA). In
fact, errors during plant maintenance resulted in more operational and testing failures than did
errors during inatial design or installation, together. The significance of plant maintenance errors as
» contributor to EQ failures is somewhat reduced, however, by the fact that failures attributable to
such errors peaked in 1986 and 1987, and have been declining since then.

Failures traceable to installation errors (II) are the third most significant group in this category and
have remained relatively constant since 1986. This is most likely attributable to two effects: (1)
the time delay before the actual failure appears; (2) some continued installatun errors in older
plants as equipment is replaced, refurbished, or added (due to plant modif.cations).

Failures resulting from the manufacturing process (DM), have generally dcclined since 1986.
342 Conclusions and Recommendations

The analysis above raises several issues:

* Errors and omissions early in the EQ program are systemic and do not manifest themselves
until years later.

* Errors during mainienance, although a declining driver in recent years, result in the most
significant EQ failures.

* Installation errors continue to be an important cause of EQ failures.

As noted in Section 3.3, the utility's staff, especially the plant staff, is the first line of defense in
preventing and finding EQ problems before they result in operational failures or in conditions that
could result in post-accident failures. Recommended areas for focused attention are:

* EQ program penodic self-assessment by utility staff,

* Review of plant maintenance procedures, specialized training for maintenance staff.

* Review of equipment installation instructions; training of craft personnel who do installation.
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Table 3-3 Analysis of When The Error Was Made
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4.0 OVERALL CONCLUSIONS AND RECOMMENDATIONS

As part of its current support of NRC's Division of Systems Safety and Analysis, SCIENTECH
was tasked 10 assist in the NRC’s evaluation of whether existing standards and regulations for EQ
are appropriate for all operating reactors. Specifically, SCIEN"FBCH was tasked to review a
vanety of information on operating events related to EQ and to identify any concems relating to
EQ, especially instances in which environmentally qualified equipment experienced lems prior
1o the end of its qualified life. To accomplish this task, SCIEN I'ECH analyzed 395 EQ-related
operating events in detail. The overall results of the effort are presented in Section 2.0, and
detailed results and recommendations are presented in Section 3.0. This section discusses the most
important conclusions and recommendations resulting from SCIENTECH's analysis. As such,
this section is not an enveloping summary of Section g.O; it is an addition to and a reinforcement of
the significant points in Section 3.0.

A very encouraging conclusion is that there is little difference in the average number of LERs
between the older DOR Guidelines plants, the Category Il plants desi to IEEE 323-71, and the
later Category 1 g:)n'tis desi to IEEE 323-74. data reviewed to date do not support the
concern that the Guideline plants are experiencing more problems than the Category II plants,
or even the Category I plants.

Actual equipment and component degradation and failure was reported in 123 of the 395 reports.
A closer analysis revealed that 104 of the 123 were attributable to poor installation and maintenance
practices. The remainder, 19 of the 122, were the result of a varicty of causes occurring during the
imtial design or manufacturing processes; none of the reports in this group of 19 gave any
indicauon of common, genen. programmatic EQ deficiencies.

The remaining 272 reports generally pertained to equipment and components not being qualified
for the intended service (but not yet degraded) for a variety of reasons, such as, improper in-situ
configuration, lack of documentation, non-conservative testing, or unqualified materials. Such
problems were the result of weaknesses in the design, engineering, procurement, and installation
processes of the utilities and vendors. This conclusion, coupled with the conclnsion above that
poor installation and maintenance practices was the major cause of degraded and failed equipment,
suggests that utilities should, as applicable:

*  Assess the training, staffing, and organizational placement of the EQ function.

* Assess and improve the training and methods for its craft and maintenance personnel.
* Implement EQ self-assessment and continuous improvement (e.g., TQM) programs.
* Improve root cause analysis and examine genenc implications of failures.

One final conclusion deals with the databases reviewed during this effort. Existing codes in the
three sources - LER, INPO, and NPRDS - do not facilitate automatic selection of the subset of
reports dealing with EQ issues. What's more, the constrction of the NPRDS system rendered it
unable 0 provide more than a few examples of reports within the time frame of this effort. These
three data sources represent a potential wealth of EQ-related information| Therefore, we
recommend that NRC investigate the feasibility of enhancing the LER and NPRDS databases to
facilitate retrieval of such information. Likewise, we recommend that INPO investigate the v
feasibility of enhancing its database. ',
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fueiiticauen Element
1 SCOPE

2 EQUIPMENT
SPECIFICATION
REQUIREMENTS

3 LOCA SERVICE
CONDITIONS

o Tempersture end
Pressure (LOCA)

b. Radistion (LOCA)

COMPARISON OF EQ REQUIREMENTS

ROR Guidelines
Cises If equipment; includes
emergency shutdown systems

weed to brng the plant to & cold
shutdown gondition.

Besed on FSAR, excep! for
pressure BUPpPression type
contanments:

« 8 hours et 340*F for BWR dry
wells, and

* 3 hours st 340°F for PWR ice
condenser iower compert:
ments

Normel opereting dose plus
sccident dose. Eguipment
located directly sbove contan
ment sumg, in the wicinity of
fitters. of subnarged in contamen
oted hquids evalusted on & case
by-coss Dasiz.

Tots! sssurned gamme dose of
267 RADS for geners srees in
PWR dry contmnment is sccep-
table otherwiss, evelusuon
required (guidence prowded for
PWR dry contmnment apphce
vons)

ELE 32371 o

Closs £ oquipment, inckuding
sguipment required for scodent
mitigation, post-incident Moo
ng. end ssfe nhwitdown, end
tnerfeces 0., & junction of
punctions betwesn Class IE equip-
ment and another equipment or
device). Though not explicitly
stated, non-Class IE eguipment
whose failurs cen impact Clees IF
equipment is slso included

Bpecific roguirements. including
systermn safety function, enviror
mentsl envelope ae 8 funcuon of
e, e reguired for eguipment
to hulfill safery funcuon, end
besis for classification.

Specific gudence prowded for
calculsung the temparsture end
pressure responrss  Alsc, &
genenc envelope wes dehined for
use ¢n BWR and ico-condenssr
type plants.

Ceat. Il plants sre sllowed to
SESUME DErLUA revapOnIatOn In
PWR dry contmnments, end
other sssurmpbone thet could
result in 8 reduced contmnment
LOMPeTEtUTE (EBPONES 87 8IS0
possibie.

Normal operating dose plus
sccidernt dose, epecific guidence
prowded for celculeting the acci-
Gert dose, inGiuding Margn con
widsrations. Unlike DOR Guide
ne plants, no conservetive
gemma dose evtimates end no
exceptons for bete doses are
@ven,

WEEF 323-74 and
NVREG-OSES Cat |

Same o0 Cot 1l

Same we Cat. 8, plue: perfor
mance and slectricel charscter:
wuce. inetallsbion reguirements,
preventve mantenance sched:
wee, desgn Iife, auxiliery devices
nesded for proper opersuon,
number of Gpersting eycles. enw-
ronmen N condibong, and Quel
Hed kin

Sorme ae Cat. ), except 89 noted

Semw o0 Cot. |l plus 1EEE 278
87 refersnced for calculating the
servico dose end considerstion
reguired for oxidetion ges oiffy
wion sffects.



COMPARISON OF EQ REQUIREMENTS
{cont.)

Qualiticguon Element ROA Guidelings

$Specific gudence for bete dose
included: if less then 10% of the
permma dose, no further cons:
derstion reguiTed.

. Radwston (LOCA)
(wont.)

Must include eubmergence snd
sprey when spphcable

c. Mscelisnoous
(LOCA)

4 MSLE SERVICE CONDITIONS
INSIDE CONTAINMENT

Equipment qualified for LOCA
siso quelified for MSLB in plants
wilh sutomelic sprey systems
thet are not subject to single
foilure (scceptability of this
spprosch pending completion of
Tesk Action Plan A-21).

o Tempersture snd
Pressure (IMSLE)

Otherwise, plent specific anslysis
reguired (NUREG-O588 Cat 1l
referenced for methodoiogy!

Seme as for LOCA, except » con
servetive gamme doso of 2E6
RADS s sccepiable

b. Radstion (MSLE)

IEEE 323-7) end
HUREGOS8E Col V

See previous page

The type tes! deta mus! contan
the specisl conditions to bs
spphed, such as fire, water,
soemic, chermcel sproye, dust
and submergence effects. Some
specific guidence provided for
chermcel epray sffects.

Where quelificetion has not besn
compiated. snvironmaents! pers
meters thould be celcuisted
using # plant-specific model
besed on et - approved ssesump-
tions conteined in the NUREG
(scceptabis models are referanc:
od 8% an slternative 1o plant
specific models). The cese
where gualification wes previous-
iy completed was not sddresssd

B VR end ice-condenser plents
can op! 1o use the genenc profile
Srowded in tf e NUREG

i only oo A conditions were
conmdered dunng bl quel-
fication, MSLB quelificavon s
besed on pesk component sur-
face tempersture. 1 the guel-
ficaton temperature is excesded:

* gddinonal petficetion ie
required, of

* regualification testing is
required, or

* guelified physicel protection for
the component i rsguired.

Similer 1o LOCA

MEE 32374 and
LGREG-QS8E Lol |

Beo previous page

Conditions 10 be simulsted
nciude (for example) humidity,
dust, chemecsl solutons, wbre
none, ot forces, chemicsl com
posivon of the smbient snviron-
ment, submergence, sesmic ef
fects, and sxpected machanical
wed and elecincy! conlect de
gredetion. $Some specitic guid
ence prowded for chemice spray
ofectr

Spocific puidance prowvded for
colculating snwronmentsl pe’
ameters; 8 plant-specific mode!
approved by the stet! must be
used

BWR and ice-condense’ plants
ean opt to use the genernc profile
prownded.

i only LOCA conditions were
conmdered dunng initiel quel-
ficetion, MSLB quelificetion s
based on pesk surfece tempers:
ture of the component. I the
quelification temperature 18
exceeded.

* regueiificetion testing 18
reQuited, of

¢ guelifisd physical protection for
the component is requited

Note:  Prowding additionsl

justification is not en
eption for Cet. | plants

Similer 10 LOCA



Queificeven Blemen:

¢. Mascaliensous
MSLE)

§ SERVICE CONDITIONS

COMPARISON OF EQ REQUIREMENTS

ROR Guidsiines
Seme o8 LOCA.

OUTSIDE CONTAINMENT

a. HELB

b. Post-Accident

Recircuistion

c. Aress Normally
"Room Conditions”

€ QUALIFICATION
METHODS

Cradit was given 10 the steff's
12772 review thet was intisted
W evaluets the effects of MELE
on o piant-specific basis. Equip
ment reguired 1o MYLGEte the
event must be guc ihed.

100% reigtive humy lity sasumed
for confined spaces where nods
sre recircuiated from inside con-
teinmaent dunng long-term cool-
ing Tempersture and pressure
o & function of ume should be
besed on the FEAR enelyss.

Radistion service conditions must
be eveiusied on & Case-Dy-coase
basis. A dose of gt least 4E8
RADS s expected. Submargence
and chermucel sprays ere not
spphceble

No special consideration required
prowvded that aging requirements
wre sanshed, and the srees arn
mantaned 8t room conditions by
redundant st conditioning or vern-
vistion systems served by the
on-site emergency slectncsl
power tystem. Otherwise, &
plant-specific snsliyeis is regquired

The quslificevon method used is
inrgely & matter of techncel
wdgement. Type testing is the
preferred method of guelfication
for Class ' equipment incgted in
wde containmenr:. As 8 M
mum, the guelificeuon for serere

(cont.)

IEEE 32371 and
NUREG-OSEE Cot V!

Some oe LOCA.

Temperature and pressure should
be determinded usinge ths same
tochrugues the! were used for
LOCA; dust snvironments should
be addressed.

Components of the ECCS loceted
outmds contanment should be
auelified to withstend the redie-
von thet penetrates contanment
plus exposure from the sump
fiuid, in stditon 10 the normnael
Kfeume radigton dose Dust en
virorers='s should be sddressed

Eguipment should be guelified for
the range of enwvironmental cond,
tons postuieted to ocour; dust
enwvironments should be sddress-
od.

Equipment not served by Class IE
SUPPOT Bysioms, of served by
Ciess £ support systems thet
may be secured, should be guel:
fied to the imyting conditions
the! could ocour eesuming @ loss
of the support eystems. Cat )
plants are grven the option of
installing monitonng devices to
wert the operators 10 sdverse
conditone so that corrective
sctions cen be taken.

in general, enalysis in heu of test
dete will not be sccepted uniess
tosting is imprecticel due 1o wire
Ermvistions. end partal tes’ dete
s provided to support the analy
ocel srsumplions end conclu
®wmons

MEEE 323-74 and
NUREG-OS80 Cot |

Some o LOCA.

Same e Cot 1L

Same e Cot 1L

Serme oo Cot 1, except Cot |
plants sre not geven the option of
installing monitoring dewices to
slert the operaiors 10 sdverse
condiuons.

Sarre 02 Cot I



¢ CUALIFICATION
METHODS
teont.)

a. Type Test

Geners
Regquitements

Tes! Specimen
Reguiroments

Yest Montonng
Requirements

COMPARISON OF EQ REQUIREMENTS

DOR Guidel

tempereture, pressure, end tesm
sorvice condilions ahould be
besed on type tosting. Quakifi-
senon for other service condi-
tons such e redistion and chem-
ical aprey may be by enalysis
supporied by test dets.

The test environment should en
wvelope the postuleted service
condiucns; the duretion should
be ot loast a8 long 88 the psnod
from the iniiation of the accident
until the tempersture and pres-
surs return 1o pese mally the
same leveis thet exisisd before
the postuleted scedent.

The test apecimen should be the
sarne model end ientica to the

Not sddresesd

(vont.)

EEE 32371 onvd

Eauipment thet must function to
FILgete BN BCOKIENL 8 BAUD -
ment (sefety-related o non

mmhmmmnw
mathods mey be scceplable
when usufied.

The beses should be prowided for
the tme intervel reguired for
esquipment aperability. end 8
singis profile encompessing the
conditions that sre postuleted for
sccidents INMGE CONLMNMenN?
Gio., LOCA snd MSLE) s
preferred A “double-pesk”
profile is not epecificelly reguired
for Cet. ¥ plants.

The tempersture 1o which sauip-
ment is guelified should be de-
termined by anatymis if no ther
mocouples were convervently lo-
coted for this purpose dunng
testing

Mot sddressed other then &
reguirement that the tes! dets
contain the eauiprment specifice
tions snd eny specific festures to
be demonstreied.

Included in the ksting of tes! dets
rmquirements sre the vanables to
be mwesured (including sccur-
scy). end the number, typs, end
toceton of test montonng sen
sors for sech vensbie

EEL 32374 andd
NUREC-OS8E Cot !

Leo pravious pege

Seme as Cot. Hl plonis. plus
aodiuonsl guidence the! the type
test shall consist of @ planned
esguence of tes! conditions that
mee! 0 excesd the sxpactsd of
specified service condilons,
Including performence marpn.
ond shall ke sccount of both
normal and abnorme! operetion
The tes! plen should prowde sn
ouditable link betwesn the spec:
ficeuons end the tes! results.
Specific informstion to be includ:
@d in the test plen is hsted.

The tempersture 1o which egquip-
ment is guelified should be deter
mined by thermocoupie readings
(Cat. ¥ plents are sliowed 1o use
anslyeis). Also, 8 “double-pesk”
profile is required for Cet. |
plonts

Mot eddressed other then & kst
Ing of test plan requirements end
@ stipulstion that the tes! plen
provide an suditable hink between
the spacificetions and the test
results .

The test sguipment ehould pro-
wide resolution for detecting
mesningful changes and must be
colibreted sgeinst suditable ca'
®retion standerds. The ume
intervel between messuioments



Test Sequence
Requirements

Funcuonal Testng
Reguiremente

COMPARISON OF EQ REQUIREMENTS

Sae previous page.

The sequence defined for the ser-

vice conditons and povtulsted
sucigent should bs ueed.

Radistion due 10 pervice cond:
tions cen be applied ot eny Lme
during the tes! sequence Prowd:
od the COMPOnant only Contane
metenals that are known not to
be susceptible to significent
radistion demege 8t the service
cunditen levels. Otherwise,
redistion axposurs must be ap-
plied prior to ot cencurrent with
exposure 1o the eleveted temper
Sture and Pressure SLERM/aT 6N
wronmeant.

Operetions modes tested should
reprasent the actusl apphostion

of the component (i.e., sompon
ents thet operste normally ener-

@294 in the plent should be ener-

@200 during the test, etc ).

(cont.)

HEEE 223-71 ond

The test ghould simulets os
closely as prectcable the poetu
isted environment. The test se
quence selected should be jeD-
fod.

Caustic spray should be incor-
porated duning mrmuleted event
tesung 8t the MAMUM Pressure
one termperaturs conditions that
would ocour when the sprey eye-
teme Kctuste

Seperate etfects testing (not en
epuon for Cet. | plents! is not
socepisble for vitel slecincsl
egquipment such es penetrations,

Performance o vectenstios of
eguiprment shouid .+ varifisd
before, sfter, and dunvg . vung
toughout ite renge of requite.
operability

WEEE 323-74 ond
NUREGDSEE Cet !

once of each veneble

The test plon should conten per-
formance Bnd SNVIOATENIE ver-
ables 10 be Measured, tes! sQuip-
ment reQuirements including
scouracies, and the messurement
SequENTS In FEpDY-Slep Gela

The tempersture 10 whech squip:
ment i quelied should be delin
€0 by Trmocoupls readings.
periormence charectensuce
should ba verified before, sher,

tnuously Gunng tesung (decrets
Intervals mey be justified for
long-term tesung).

The test should smulate as
wlosely as precucable the posty:
twied environment. The suggest
o0 1081 soguence includes intsl
Inepection, normal opereLon for
beseline deta, eperstion 1o the

Gesign besis event, opersie pos!
socident, Gisessemble, inspect,
end record findings

Coustic spray should be incorpor-
#ted dunng simulated event test-
ing 8t the meximum pressure end
empersture condiions that
would cccut whan the onsite
TRy PYFIeME DCTURtE

The test procedure should ersure
thet the sarme plece of egquipment
s vesd thvoughout the test se-
guence (not specifically required
for Cet. ¥ plants).

Sarme we Cot. I, plus additions!
Gdence siates the! the Type
tent should inciude operation to
the extromes of the specifice
tions, exposing the ertficially
sged specimen (o normel mech



morfece
Considerstions

Aging
Reguirements

COMPARISON OF EQ REQUIREMENTS

Eauipment meunting. siecincel
and mechernce! sesls should be
representative of the instalied
configuretion.

As-built inspection ahould be in
clude” n the equipment gualifice-
von progrem.

Peruculer emphasis should be
pleced on commeon problems,
such as drein holes not properly
locsted and unsesied slecince
connections.

Tests that were sucoessiul using
specimens the! were not presged
maey be conmdered acceplabls
provded the component does not
conten matenasls that are known
1o be susceptible to significent
degradeton gue to thermal and
radistion aging  Otherwise, &
quelified ife for the component
mus! be established on » cese-
by-cess besis.

Arrhanius techngues are gener
wlty considersd acoeplable for
thermal sging.

(cont.)

IEEE 32371 ano
NUREGQEBE Cat t!

The oporability stetus of squip:
ment shoult! be monitored conun
wously during testing.  For long
W eeting, MonNonng et die
erete imorveis mey be pustihed

Expected sxtremes in powe!
supply voltage. renge end fre-
quency should be apphed dunng
eung .

The tes! deta should identity the
SQUIDMENT Mountings relevent to
periormance end the cable con
neclons and other required
sppurtenances. No emplitying

Uniess reguired by encillary sten-
derde thet were commitiad to,
matenals the! sre subject to
agng stects should be identified
ond ¢ schadule should be eotad
hshed 1o penodically repiace t™e
eftected components end/or
metenals .

IEEE 32374 acd
NUFES D3RS Cor

enicel and seismic vibrenons,
aperation Sunng the design bas:s
ovent, end opersLor pos!-
acodent

Further guidsnce sistes the!
maans must be prowded for elec-
tricelly ensrgizing the squipment,
®piving simuisted losds. and
applying input mgnels duning type
weung

Lauipment mountings end mech:
ervcel end slecincsl connsctions
t2 be used dunng testing should
be represantative of the ectusl
instelied condition.

Agng efects on #ll squipment,
ncluding synergitic effects,
shouild be consdered (not requir
od for Cet. 1l plents) The test
plon should conten the sging
smwletion procedurs Radistion
w8t be added to other known
deprading influences, such as
termpersture and vibration, where
appreprists Electro-mechsnicel
equipment shall be operated 1o
smmulste wesr.

The Arrhenius methodoiogy s ec
veptable for definng eccelersied
aging. Mowever, the sccelerstion
rete should be described and jus:
shed (not required for Cat Il
plonty)

For insuiating matensis. & regres:
sion line may be used es » Dasis
for salecting the BpiIng time and
wrpersture. Sample eging times
tous than 100 hours shall not be
weod.

Known metensl phase chenges
ond resctions should be orlined



Towt Margin
Requirements

Post-Test
inspection
Reguirements

Failure Criterie

Documentetion of
Test Results

COMPARISON OF EQ REQUIREMENTS
(cont.)

S0 Previous page .

Conservatueme ore inchuded
the servioe conditions that ere
mposed which sspure sdoguete
maerging between the servos
condinons specified and the
sctusl conditions which could
reslistically be expected in ¢
design besis event. Therefore, if
the Gudelings are followed, no
additions! merging need to be
imposed.

Not! sddressed

Failure crtene ehouid include
INELTUTMANT BCCUTECY FeguIre:
ments. I & somponent shouk!
fail 81 any tnme duning the test,
sven in the fail-estfe condivon,
the test should be conmdered
oo nChusive

Not eddressed

WEEE 323-71 ond
NUREG QSR8 CoL ¥

$oe previcue pege.

The margine provided in the
denign will bs evelusted or @
case-by-cove banie

Eguipment thet i expossd 1o
sccident conditons end reguired
to perform its funcbon within &
wery short peniod of S (e,
withen seconds of menutes),
should be gualified 10 sperete for
& minimum of ons hour In the
scodent snvironmant (seme for
Cot | and Cat. N plants).

Not sddressed.

The failure critens showld be
established pnor 1o testing.

The test results should demon-
sUete the! the eguipment cen
parform its required function for
ol serwce conditions postuleted
(with mergin) gunng s instelied
e,

A surynary of the tes! results
that demonetrotes The sdecuscy
of the gualification program
reguired

The typs test dete must contein
the 1est results for sach test,
including the objective, equip-
ment tested test faciity snd

WEEE 323-74 orvd
!

o ensure that changes do not
oovut within ertrapolation kmite
(not reguired for Cat. il plents).

The sMects of relative humd ity
nosd "ot be considersd in the
opng of slecincsl cable
maulsuon.

Same ae Cot. N, except that type
Wwetin, Y must include provisione to
worlfy thet sdequete Mmargng
exist. Bpecific margine ere hsted
for temperature, pressure, 1edie-
von, voitage, freguency, tme,
wensient coOnditions, end vibre:
ton. With regerd 1o eging.
Marging over the! expectad in the
qualifisd life rmuet be provided in
thwe applicetion of esch aging
influence.

Upon sompletion of type testing
the sauipment shall be dismen
tled to permi? @il parte 1o be
approprigtely tensd end vieuslly
imapected. The conditicn of elec:
icel insulstion, mechance
perts, baarings, lubricants,
sloctricel contacts, wining. gesr
énive traing, inkages, and other
releted somponents shal' be
recorded.

Seame os Cot. 1l plants, with the
sddivonal guidance that in the
evelustion of the test results. ¢
follure hes oocurred when the
eguipment doss not parform the
Ciass I functions regquired by the
aguipment epecificetons

Sorme as Cot. 1.



Documentation of

Toet Kesvlta
{oont.|

b. Operstng

Geonersl Guidsnce

Quelfication
Determinstion

c. Analysis

Genersl Guidence

Quadificetion
Determination

COMPARISON OF EQ REQUIREMENTS

See previous page.

Not eddressed.

Not sddressed

An item of Class IE egquipment
maey be shown 10 bs gqualified to
& compiste spectrum of service
gonditons even though it wes
only type tested for gh temper

Exsmples of rachetion and cherm
icel sprey gualificetions are pro-

vided but no specific guidelines
are exiablished

(cont.)

IEEE 323-71 ond

Quelification wili be based on
dete which contans the eguip-
ment specifications, interface or
boundery conditions, specific
features 10 be enelyred, sssump-
tione, denved values, and maethe
maticel models used with sppro-

IEEE 323-74 gnd
MURECOSEE Cot. !

$os previous pege

Seme au Cat. H, with sddions!
M“”m.m,.
ence v ® mathod of krrvted use
a8 & sols means of guelificetion
but of great use lo: supplement:
ing type testing; it is most uselul
for gualificetion of sguipment
thet s loceted outside of the
conteinment.

Qualificaton shell conest of cor
relating opersting service cond::
Gons with design service cond
tons, end proving thet the Class
K€ performance charactenstics of
the sauiprment will meet or ex-
oeed the eguipment specification
under design Berice conditions.
Portiol type testing may be
necessary 1o address condiuans
thet are not sovered by opereung

gven by IEEE 325.-74).

Same es Cot. N, plus additional
puidence slated thet in general,
slectric sguipment is too complex
10 be qualified by snalysis sione
Mowever, it may be sffective in
the extrapoistion of tas! dete snd
dotermination of the efects of
minor design changes on equip:
ment the! waes previously tested

Qualification shall consist of »
mathemsticel of logicel proof thet
the Cless IE sguipment perior
mence 10 be gquealified meets or
exceads the specifications when
subjected to its normal and DBa
environments. In general ths



7 QUALIFIED LIFE

8 PERIODIC
MAINTENANCE
AND/OR
SURVEILLANCE
REQUIREMENTS

® MODIFICATIONS

10 DOCUMIENTATION

COMPARISON OF EQ REQUIREMENTS

Boe previous pege.

The incrementsl iImprovement in
sofety by arditrerily reguinng tha!
® specific guelified lite be demon-
strated for ¢ll Clese IE squiprment
is not sutficient to pstity the
expense for plents siready con
srrucied end opsIaung.

# the component containy mater-
ials thet are known 10 bs suscep-
tible 10 significent degradetion
due 1o thermaei end rediation
epng. & quelified life for the
component must be sstebiished
on & cave-Dy-Ca.it S80S,

On-going progrems should sxist
@ ine plant to review surveil-
lence snd maintenance records to
sesure thet sguipment which
exhibiting sge-related degrede
tion will be identified end re
placed as NeceEsary.

Not eddresssd.

Compiste and suditabie records
must be svaileble in sutficien
detail 1o demonetrate thet the

(cont.)

IEEE 323-71 and
MUREG-OS88 Lol 1

priste justification, 8 descripuon
of enalyticel methods wnd /o
computer programs, end &
summaery of snalyocelly
astabliahed performance
oharactenatics.

Sirnilar 10 DOR Guidelines (also
see penodic mantenance end/cr
SUrveliance requiIrements).

Eauipment thet is composed of
matsnels thet are susceptibie to
eging effects should be went-
fied, and & scheduls for penod-
ically replacing the equipment
and/or metensis should be estab-
hahed

Ench modification 1o the equip-
ment or equipment specificetion
mads subssauent to the sten of
the type test or beginning of the
opeTating eXPanence reporting
penocd shal! be evaluetsd to
determine its effect on the equip-
ment qualification

Suthicient quaiification documen-
tetion, including sauipment iden-
tficenon, cetegornzaton, speci-

WEEE 323-74 and
NURECDS08 Cot |

proo! must be besed on ested:
lished principloc. eperating expe’
once data, partal type test date,
o 5 comirination of these. All
SBsUMPLUOnE Meist be petfied

Specific guidence with regerd 10
methematicsl mageiing end
extrapoletion of dete s given in
EEE 32374,

Quadified kfe o one of the equip-
ment performence specificetions
that must be determuned to

support eguipment guelificeton

Qualified Me should be esteb-
Bshed based on the seventy of
the testing thet wes performed.
the conservatems used in the #x-
wvapoiston of deta, the eperating
hstory, and by other methods
thet may be ressonably steumed,
soupied with good enginsenng
Jadgmernt.

A preventive mantenance sched
wie for the instelied kfs of the ™
equipment must be establishet in
support of equipment guelfce
tion.

Periadic surveilience testing
under notmal Serice conditons
s not considered an scceptable
maethod for on-going guelfice
tion, uniess the periodic testing
subjects the squipment 1o the
Rmiting service emirenment
cONdILONS .

Seme os Cot. 1L,

Quelification files conisning the
nformation required by IEEE 323
74 must be mantained demon



B e L

Guelitication &

10 DOCUMENTATION
teont )

11 MISCELLANEDUS
COMMENTS

COMPARISON OF EQ REQUIREMENTS

ROR Guigelines
Guidelines heve beer estshed.

The DOR Guidelines were used 1o
periorm an initiel screening of
opereung pisnts. Ments thet did
not sausty the scresning critens
were further reviewed by the
ste? on @ plent-apacific bews 10
eritenis for performing the plant-
spacific reviews were not refer
enced.

(cont.)

IEEE 32371 end
N UWSR6E CoL Y

ficetion broluding apphcation re-
Qairements), test detsdle lnciud-
ing wet deta), test resutts, and

references 10 BNy SUPPOTUNG i
formation, should be eetablished
1o perrl ®n independent evalus:
ton.

BEE 323-71 i susentially »
lsting of the dets end informe-
von needed 10 SUPPOTT SQUIP-
ment gualificetion, with very itte
armplitying instruction.

WUREG-CSRE, for Cat. U plents,
supplements the guidsnce con
teined in IEEE 323-71, ond
prowdes clenficebon regarding
the dste snd information needed
1o eupport equipment quakfice
von.

WEEE 32374 ond
NUREG OSEE ol !

srrating the! esgupment » Qus!-
Hhed end meets the periormance
reguiremenis. Quelhcsusn
SOOETSNBLON EhouN Inciude
ogiprment wendficevon. cetegor
etion, wpevificaton, tos! detaiis,
tow: rasults, references 1o eny
supporang informavon, etc.

EEE 323-74 = # hating of date
end informeuon the: ik needed 1o
Support sguipment guelliceton,
Including substentsl clenfying
information.

WUREG-OS88, for Cot. | plents,

supplements the guidance con-

winad in EEE 323-74, ond fur-

ther clanifies the dets end infor-
mavon needed 10 BUPPOTT BGUID
ment gualificevon



Appendix B
List of Plants by Docket Number and Type of EQ Program

SCIENTECH, Inc. B-1 November 2°, 1993
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Description
EQ inspecuon found non-quah%d sphices daung back to
&am construction.
nng unrelated mainienance, utility discovered
connections never sealed, which resulted in motor winding

for core spray booster pumps to become wet.

Worn gaskets allowed water (0 Jeak 1nto core spray pump

motor.

SCRAM solenoid Taled dunng SCRAM izst due 10

moisture and corrosion dunng.

Drywell pressure transmitiers not qualified for LOCA.
DE Drywell pressure transmitier not qualified for post-LOCA

environment as noted in [E Bulleun.

TETR0-013|IC (D (UG No certification of qualilicabon was available for PVC

electric cable "pigtails” used on eight penetrations, as

required by IEB 79-01B.

263/80-015 [IC UG unng inspection required oy IE Bulleun, unqualified

splices found in inboard MSIV solenoid valve cables.

IESR0-030 [T [SF [FO [PM] £orn O-nings in solenoid of Standby Gas suction vent

valve.

269/80-008 [1C UA A valve operator was determined to be unqualified for in-

containment use.

RO-048 (IC_ [DETUA
OH

D19/80-054 . JH ISF
TIOR0-0T31iC |SF [T |

2 59/80-082 [1C UA
D6O/80-04% T1C UG

SEEEREREE

=

RRS/R0-006 [IC LD UG nspection per IE Bulletin found lead splices on flow and
pressure transmitters lacking sufficient EQ documentation.
BRSRN-007 |1C_[LD UG [ID [Inspection per IE Bulletin found penetration cable splices

lackin% sufficient EQ document2tion.
BOG/R0-044 [1C UG [0 [Drywell pressure transmitter not qualiied for radiation
environment per IE Bulletin 79-01B.

0041 [IC |DEUG Review requested by IE Bulletin found unscaled switches
might become submerged during LOCA.
02S1IC |DE [UAID [During a review of qufmncauon records 1t was discovered
that several POVs were not EQ because of a design error.
J FOHTD UG IE Bulletn review found no qutﬂﬂ ication documentation for
main steam system pressure switches.
x0-04511C [DE UG IE Bulletn review found that a containment isolation valve
limit switch did not meet EQ criteria for post LOCA
radiation. :
70047 ([IC (DTG TF Bulleun review found no qualification documentation for| 80

flow transmitter utilized during long-term cooling following
a LOCA.

R0-018|IC | JA Reevaluated post LOCA radiation levels caused cables in 80
containment to no longer be gualified.
X0-02% |OH UA Main steam header pressure transmitters lack EQ at proper | 80
temperatures.
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escription
EQ review found valves rated for lower temperature than
may be encountered.
51 [OH [VA 'PM| A torque switch failed to funcuon properly causing an MOV
to short and thermal overloads to melt, caused by
wear/age/end of life.

outfication received that several valve operators are not

ualified for accident environment
&Eng tesung, the CB air intake monitor failed a source
check due to water in radiation monitor.
CTV Tailed to close due to moisture passing down conduit
into terminal box and grounding the terminal.
(Control Rod Absolute osidoniﬁ:cau'on Reed switch
assemblies (i.e., switc". and cable) failed due to high
temperatures.
R0-081 [OF: |SF Outboard MSIV failed due to faled O-ning in solenoid.
0-0011IC |SF US [Penodic leak rate testing revealed cracked containment
netration glands.
UA [ID [SC. level transmitter not qualilied to post-accident

PM

:EEE
IEEE

4 IC

temperature.

Dunng a tnp trace, a limit switch failed due to moisture
intrusion and graphite build-up around the operating arm.
UA Improperly ﬁsgl%ﬂed gasket on CRDM resulted in és
Leakage. _
PE |TT Foxboro Co. noulied utility of pressure transmitier de iects

negatng EQ rating.
oisture buildup in the diesel run control solenoid * alve

evented diesel generator from operatng.

ower fuse blown due to falure to seal electrical leads
penetration in operator motor housing of RHR pump toras
valve.
O [PM|Corrosion of switch internals of permissive of RHR pump
discharge ADS initiation log pressure switch due to
moisture intrusion.
SF[FO Moisture accumulation in switch housing caused corrosion,
resulting in a ground of HPCI temperature switch.
PM|During a unc%onal test of ETC‘S'EECTP\:mp Discharge
Pressure Interlock, corrosion in the switch internals
prevented core spray or RHR pumps running annunciator
from initiating.
Duning an System Turbine Exhaust Diaphragm High
Pressure Channel Functional Test, corrosion in the switch
internals prevented di m instrument from initiating.
UA |l [Corrosion buildup in pump torus suction vaive motor
operator due to improperly installed cover.
UATID sign failed to evaluate the sealing matenial for containmen
electrical penetrations during accident conditions.
PE Foxboro notfied licensee of incorrect insulating sleeving
used on SG level transmitters.

SF

-049

1-091

ik

4/81-108

\

g%%ganﬁﬁﬁ

=

-
1
7

A A g
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Report V Description Year

I [Water entered C1V motor MCC from electncal conduit. :
RPSTC failed due 1o moisture accumulating on leacsina | 8l
terminal box which had been left open.
| response tme surveillance data led 1o discovery thata | 81
liquid used in RTD wells dried out during operation because

of installation procedures.
T [Barton transmitters fma because operating in higher

temperature environment than installation conditions causing

bellows to cx?_r:d against walls.

ring of ethylene propylene failed due 10 use of X
improper sealing compound.
Efrm; a trnip trace, a mit switch failed due 10 moisture 8

intrusion and graphite build-up around operating arm.
orming the refuel hi-rad surveillance, utility 8
found SGTS failure due to blown gasket in Foxboro

controller.
environmental enclosure penetration seal allowed 8
moisture into breakers that operate the main steam line drain
valve, inboard torus spray stop valve, and inboard drywell
stop valve.

Duning surveillance, lailed main steam tunnel temperature | 8

switch due to water intrusion into junction box.
HPCT glanc. seal condenser gasket failure caused moisture
10 F%mn: HPCI control circuitry.

nng a test on the yzer system isolation valves,

the utility found Valcor solenoid failure due to moisture
buildup from improper seal. .
ROG/E2-020[1C |IE M ailed to scram due (o an extra C-ring installed, a 8
reversed diaphragm and incorrectly rebuilt scram pilot
valves.
PM[Water found in junction box and Tlex cable of Reactor 8
Building Pressure Indicator.
ater collected in transmitter junction box and corroded the | 3
terminal block.
5 [Two relative humidity controllers for SBG | failed dueto | 5
corrosion attributed to high temperature and humidity.
[PM|Water into equipment cabinet of pnmary containment
atmospheric monitor resulting in a loss of power to the
motor. :
Duning surveillance, SRM Monitor connertors experienced | 8
moisture intrusion due 10 a guide tube scaling gland leak.
PM Su;lcmcted moisture in resulted in inoperabie
cable.
(PM WW“MTWC&OM Test, moisture 8
accumulation on SRM cable prevented proper indication.
PM[ATWS reactor pressure instrument terminal boxes contained| ¥
moisture, resulting in Recirculation pump trp.

E

169/81-142 |1IC

9

O&MR-93% 11C
1982
D19/82-0541(1C |S

R6OV/E2-020

38 3 394 3 43

25%
EENEREE

296/82-019 Sk

SF

CIEEEE

A
>

B
4
3 7

SF
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eport escription ear
C ISFUA N-3T excore spikes as a result of water found in cable and | 8
connector of N-41 detector due to leakage through seal.
TC [SF [UA Improper sealing of canister that encloses containment gas | 8
and particulate monitor.

04 [T [SF IO [PM[Containment Isolation Steam Generator Blowdown Valve | 8
failed due to moisture in limit switch housing.

TO0TOH [0 [T |15 [Duning performance of a urbine exhaust pressure
instruction FT&C, corroded switches due to moisture
intrusion caused failure of the RCIC system were found.

006 |IC T {ID [Periodic testing found the electronic housing of dilferential
pressure transmitter full of water, which caused a no flow
reading on the remote auxiliary shutdown control panel flow

auge.
82-006 [1C  |SF [FO &veral high range monitors expenenced moisture ¥
accumulation in pre-amp COnnNEctors.

O1TIC |SF US [Penodic leak rate testing revealed cracked containment ¥

tration glands.
-49 |OH W I [Core spray motor lead junction boxes contained moisture &
1981) due to worn cover gaskets and poor conduit seals (Oyster
Creek LER 219/80-054).
T TOM [DT{FO [ID [RCP undercurrent relay failed due (o overheating due (o ]
1982) normally energized condition (Yankee-Rowe LER 29/81-
029).
iIC |PE M| Rockbestos coaxial cables failed above 230 F during 8
environmental testing.
-14 [IC |DE [FO Victoreen area radiation monitors failed due t¢ high gamma | ¥
at TMI-2.
TOIR [OH [3.TTFO [PM|Water in motor lead connection box rendered RHR pump ¥3
inoperable.
IT |DE|TA [Potental EQ deficiency with limit switch moisture intrusion] &3
'RTJ They were never tested in their installed configuration.
ET00R [OH |SF | [PM| MBEFBW Pressure Switch developed small hole which let | &:
walter in.
/83001 [OH TT TID [Switch used in ECCS room coolers lailed duning EQ 3
radiaton testing.

S1IC |DE [FO [ID [Steam penetrated the leak-ught junction box of MSIV 83
Safeguards Solenoid. As a result, all junction boxes were
moved to areas free from steam leaks.

TO01 [OH [SF [FO [PMIMoisture accumulation in PCIS switch housing and "
rendered RCIC inoperable.

O1IC [SF [FO Moisture accumulation in IRM cable undervessel connector | &
resulted in inaccurate indication.

054 |OH |SF [IT_|PM|[Routine surveillance revealed wom seals in H/O Analyzer 83
sample pump resulted in erroneous sample.
SCIENTECH, Inc () November 29, 1993
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eport escription ear
During routine survedlance testing, it was found that APCT |
pump experienced moisture intrusion and corrosion, and
failed to o¥emc

Chemical feed line sprayed liquid onto the containment
isolation, which shorted the limit switches, and resulted in
inaccr ate indications.

EVCSU!IUOI‘I Ol unrelaa event !mﬁ unspecﬂna RCIC

tcm%um: indicator installed durin§ modifications.

motor power ¢ or intake structure 8
exhaust fan. It showed signs of internal pressure that could
have been caused by moisture intrusion.
TO |DM|Crouse-Hinds conduit coupling sealing method may be
susceptible to moisture intrusion. This conclusion is a
result of a limit switch failure on the Steam Generator
Blowdown Recvcle System Valve.
Equipment/cable interfaces using a Crouse-Hinds conduit &
coupling may be susceptible to moisture intrusion. (See
LER 369/83-085.)
Duning a Unit 2 Airlock Operability Test, adverse operation | 8
of the RCU due to the microprocessor excitation due to the
environmental conditions( high humidity, and temperature

3
47 8 9
3
938 9 2

085

3-05011C A

Z

g
i
9

%oo« ventilation).

injection valve leak due to failure of seal inside

pressure switch due to lack of resiliency.

EQ tesung of hydrogen recombiner circuit breakers by 83

Rockwell Int. found that breakers were not qualified for

post-LOCA.

T |SF 'PM|Water accumulation in level switch instrument block on the

HCU over a number of years made it inoperable.

Reactor Water Cleanup Limit switch housing gasket leakage

caused limit switch and torque switch damage.

US|Penodic rate tesung revealed cracked containment

netration glands.

1l -2 pressure transmitters failed due to moisture intrusion

due to improper conduit seals.

Solenoid valves using ethylene propylene components fail

after 2§xposure to hi-temp/hi-radiation environments (IEN

81-29).

Pressure and temperature detector-to-conduit interface not | 8
rly sealed, causing failure during surveillance testing. |

D | E% routine survcﬂﬁd. degraded cables of the Foxboro

RPS found in control room.

Water entered containment penetration canister, causing an | 84

inner to outershield short in a cable, which conducts the

signal to the detector cabinet..

A S

3/83-101[IC |SF

oof oof oof oo

-127[1C |SF
1983

1983)

"R 8309 [IC_|SF
M |VA
Z0I1T(IC [SF

=

v

A
cIEE s EEE

9
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eport escription ear
T IDE[FO [ID [Water accumulated in pressure switches and shorted them | 84
out. Caused by bourdon tube leaks.
C | A Teakage of water into Bailey Level transmitter housing by
the way of electrical conduits caused significant internal
COrTosion.
T {PE [UA [DM[Fisher Controls failed to provide environmentally qualified | 84
actuators as required by specifications.
T 1SF [FO |PM[Leak on pneumatic system solenoid valve for inboard 84
MSIV.
TPAON (BT T [PM|Turbine Control Valve imit switch degradation due to heat | 84
and moisture.
T [SF{FO [PM]O-ring in accumulator transducer on CRDM Tailed. 74
I3 |DTFO Cable insulation failed due to overheating due 1o poor 83
1984 ventilation and fire barmiers (LER 255/84-010).
219(IC |DE|UA Tame as SER 84-67. 84
1984)
T TOT RO 15 TASCO solenoid valve Tathures due 1o Teatng from being | 84
energized, improper assembly, and improper refurbishment,
- C UA ﬂwm Esmcncv:s m%ﬁ Cimitorque MOV such as -
damaged terminal blocks,loose wires, unqualified limit
switches and splices, damaged gaskets, no drain holes,
wrong grease, and improper conduit seals.
TC |DE [UA [ID [During a review of previous plant modifications, it was &3
determined that MOV in containment were not qualified.
3O10(IC [DE|UA [RCS temperature elements found not to meet EQ criteria. 83
OM |ID [UA [ID |EQ review determined that control switches did not meet EQ] 85
schedule requirements for operational testing.
T0I3|TC LD [UA [ID [Vanous components were not cnvironmemairy qualified by | 85
the deadline.
ITIIC |DE [UA [ID [Unqualified terminal block in PCS circuit with respect (o 85
MSLB or LOCA.
OH [DE MM|[ID [Non-qualilied cables used to route SG 1S cables through 83
pressure seal found by modification engineers.
OH A Accident radiation levels determined to exceed Teflon fature| 85
threshold because vendor did not meet procurement
%caﬁom for H/O Analyzer.
3011 ]0OH |DE [FO [ID | owdown valve sprayed water 1nto limit switch %3
_;:__\;s;i_r_\g an electrical ground.
T [VAIT [PM] rates for valves and penetrations were in excess g5
specifications allowed due to aging of the seat materials.
EQ discrepancies were also found.
T4 [US [TE MM |PM[Overtorquing of hollow terminal screws in Rosemount 85
transmitters; improper installation of Conax connectors.
I8TOH [IE [UA Inspection of EQ MOV found MOV operators had Jdifferent | ¥5
wires from ones tested in EQ program.
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¥

Description

=R

ﬁf’ii
Fﬂ;ﬂq

Plant notlied that connection on replacement R1D not EQ.

UA

21

99 9

Only one O-ring seal installed in calibrating {pressum
transmitter instead of two required for qualified
configuration.

ring surveillance testing, MSIVs failed to fast close due
to disc-to-seat sticking of ASCO solenoids resulting from

deterioration of sealing materials.
1ation levels not considered in EQ of pressure
transmitters.

CB air intake radiabon momnitor has not been tested to
determine exact effects of environmental conditions on the
monitor's electronics.

g9 a3 A

/85019

H9 H¥ H

1solation due to ground fault at breaker; water
entered switchgear cabinet through defective seal.

Solenoid valve fallure due to incormect installation of
electrical cover, in which water spray from broken pipe
caused a short circuit of the SG FW isolation.

'Worn mechanical seal on CRDM allowed moisture
intrusion, causing partial scram.

UA

UA

nquali amco limit switches on isolauon valves were
installed during construction.

[Environmentally unqualified terminal strips found in
junction boxes on MSIVs.

UA

electrical junction boxes not sealed per EQ.

1985
1985)

gnn?‘i?’i
A7 ¥ H

=

UA

cERRERER

9 9

A conlimmatory engineering review ol the Post-accident
Sampling System found a potential for breakdown of
insulation in solenoid valves due to inadequate design for
radiation environment.

Terry Turbine failed surveillance test, trip solenoid valve

diaphragm deteriorated before end of qualified life.
Containment penetrations containing teflon found to
deteriorate in high radiation environment.

6-014

CIE e

DX bus ground deenergized power to FW valves for safety
injection as a result of moisture in junction box of solenoid
valves.

6-001

eRE

UA

Flood protection barniers around SW pumps inadequate. 3
unanalyzed flowpaths.

During a monthly surveillance, low-level SCRAM sensors
found out-of-specification due to leak past O-ring.

UG

6-006

UA

~

TA

spection of Lamitorque MOV, following receipt of IE IN |
86-03, found wiring and switches in configuration not
addressed b docunentation.
umentation unavs to substanuate EQ o

thermocouple _in Hydrogen Recombiner system.

ain steam flow transmitters seal restoration required
hecause not resealed after maintenance before heating above

200F.

SCIENTECH, Inc
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Report # | W V Description Y ear
BAT/R6-013(IC UA Containment penetration unqualified for submergence %6
during a LOCA.
A0/R6-023 |[IC A m'mﬁ'uaffon of cable sphices located in three primary 86
containment electrical penetrations not supported by Amp
Industries Testing.
I34/R61 PE | Unqualified dry%ﬂ penctration butt splices were identlied | 86

drywell pressure switches.
Corroded seals in turbine exhaust pressure switch due to 86
moisture intrusion, which created a short.
: UA Error in calculations found by engineering review rendered | 36
parts of the Hydrogen/Oxygen analyzer u ualified. B
R7286-00711C [IE [UA {11 alkdown of EQ components founé scvcr% MOV inside k6
containment without T-drains installed and thus not

ualified.
PROR6020(IC|PE [UG [DM Ezi venlicaton could not be completed for Limitorque 86
motor operated (MOV) valve wiring, in response to [EN 864

03. Wining was unqualified and undocumented. |
280/86-035 [1C UG [T [Tnspection in response to IE Notice 86-53 found Raychem | 86
heatshrink tubing improperly installed in splices per

Raychem guidelines.
T {Tn response to IEN 86-33, inspection revealed improper 86
installation of Raychem heat shrink, per Raychem

uidelines.
n response to IEN 86-53, inspection revealed improper 86
installation of Raychem heat shrink, per Raychem
uidelines.
| response (o IEN 86-53, an inspection revealed vanous 86
EQ deficiencies due to insufficient procedural instructions

and improper work practices.
™ [EQ Kc-vcnilcadon ogram walkdown found cable noton | 86
the master list whose qualification of could not be verified.

I |DM

by Wyle Laboratories in testing.
{0 éF ktuauon Caused by short from moisture in 2 high 86
O |

T [Incorrect installation of Raychem splices. 86
iD |Inspection of EQ splices found leads on post accident 86

monitoring equipment landed on terminal blocks in
environmentally harsh area.
Tn response to IEN 86-03, all wiring was replaced on 86
Limitorque MOV, due to lack of documentation.
Tnvestgation imtated by IE Notice 86-03 found wiring not | 86
ualified in 218 MOVs throughout the plant

ange gasket steam leak on a inch steam leak-off line R6
near limit switch resulted in grounding of DC Power Supply
to switch of MS Bypass Vaive.
PM [ Microswitch had shoried 1n the C oS 1 relay housing due to | 86

moisture on contacts of switch.

9 2
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escription ear

TEIFO [PM[Moisture in HPCI Steamline High Flow Pressure Indicating

switch compartment, which shorted the tcrminals and

resulted in HPCI isolation.

Tnspections per IE Notice found Limitorque valve actuators

containing insulation not qualified for containment use even
though a qualification said it was qualified.

F [UA [ID | mﬁ' g a sell xmumﬁprognm Teview, a design

deficiency in drywell vacuum breaker valves was found that

would cause the failure of a limit switch under harsh

18 9
3

conditions.
1010H UA Salety-related equipment was found unqualified for harsh
conditions.
IT UA EQ review revealed EQ maintenance program problems

resulting in equipment not installed per EQ requirements,
EQ documentation, axd EQ maintenance backlogs.

IT UA {IT_ [Duning training session on Raychem splices, 1t was 86

determined that improper splices may be present in the field,
which would provide inadzquate insulation.

T UG |D m‘EG“Wnng a Reg. Guide 1.97 review, 1t was found that becausd 86

of a design error SG level transmitters were not qualified fod

submerged conditions.

MM DM rrect installation of Raychem shrink sleeves due to

PD

deficiency in vendor's manual.
EQ discrepancy concerning installation of conduit R6
containing electrical cables for wide range containmen?

buildin%s%ugrimnsmimrs.

DI8|OH UA Incorrect analysis. Distance between SG Blowdown| 86
pipe and SG water level and pressure instrumentation were
too close.

TIIC |PE [UA Duning a Limitorque MOV inspection, an unidc.tiied type | 86
of intermal control jumper wire was discovered, due to a
manufacturing deficiency of Limitorque Corporation QA
program to identify wiring.

CIE
2

IC [IE TUA (I anous limit switches and solenoids were not installed to 86
meet EQ requirements.
DINC IE [UA TIT [Electrical terminations at ASCO solenoid valves not in 86
conﬁiumion tested for EQ.
TC [IE [UA [T tncal terminations at SRV Linit switches and 86

Rosemount/Conax seal assemblies insulated with Okonite
tape and Kapton insulated wire, which is inconsistent with

documentation.
91T |PE [UA %nng a Limitorque MOV inspection, 27 valves were founq 86

with EQ discrepancies: nonqualified lubricants, wiring, and
) wiring splices.

T |TE [UA [PM|Replacement of onginal with unqualified part; onginal EQ 86
Amphenol connector was unavailable, so modification
request package included substitute.

SCIENTECH, Inc -9 November 29, 1993
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EE

kI
=

2

escription

ear

TRD SCRAM solenoid Tailled. Not determined 1f 1t was due
to moisture intrusion or random failure.

solenoi . Not determi
to mv dsture intrusion or random failure.

1t was due

86

Tonc uit seals insidz manho'e (1d not meet llooding cnitenia,
and could result i1 the ﬂood'mﬁf safety related equipment.

86

ire detection
cabinet could cause a failure of the SGTS system and
therefore should be EQ.

contact in the SOTS located in a unqualilied 1

Recirculation damper actuators in DG venulation system
failed; seal failures due to seal iife expiration, improper
storage and maintenance, Or excessive temperature
exposure.

86

IC

Cimitorque valve operators could not be EQ venfied due w
an inadequacy in the non-conformance program to identify
wnual EQ discrepancies.

86

SF

Sk

6-043

PM

g 3

Degradauon of limit switch gasket on MSIV due to

exposure 1o hydraulic fluid.
Réit High Steam Supply linie flow transmitter faled due to
moisture accumulation.

Durning an NRC EQ inspection, discrepancies in intemal
wiring and terminal blocks in safety related motor operated
valve actuators were identified, which were attnibuted to a
manufacturing problem.

002

=

OH |DE

During modifications, it was determined that defferred
installation of Conax conduit connectors led to qualification
of head vent valves not being implemented prior to startup.

During G=s’_n venfication testing the containment
atmospheric sample recirculation pumps were determined to
be unqualified for the recirculation condition following an
accident.

UA

Walkdowns of EQ circuits found splices not identified as
needing to be upgraded to EQ.

08 [ON TOL
Lt

UG

Non-EQ configuration for butt-splices in containment level
instrumentation.

Kapton connector insulation was damaged on Conax
containment electrical penetration "pig tails."

Stack gas sample pump failed due to detenorated
components.

CERE

0

In response to IEN 86-53, inspection found ungualified
splices which could be subjected to a harsh environment

in replacing an RTD), it was noticed that the manufacturer's
vapor tight requirement was not met on the new RTD leads
due to insufficient length supplied with RTD.

3HIC

UA

Heatshnink tubing sphice connecting containment EPA 10

CIV motor lead was found to be unqualified.

SCIENTECH. Inc
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eport escription ear
5 [NRC EQ inspection found insufficient EQ documentation | 8

on various plant components.

) [e3] T [PMIWater trapped in solenoid corduil from unknown source,

caused an electrical short resulting in failure at main FW

re htinf valve.

IC [VAIUA Ca\%’lmg or pressunzer valves found degraded because it

was qualified for 40 years at 120°F and experienced 160°F.

OH 'NR [ID | inspector 1dentl at furbine driven | o
ump compartment contained 7 unsealed openings.

¢ [IE (UGN pection revealed several discrepancies related 10 EQ

uipment within containment.
IC FO %pagc of borated water into source range detector. O-ring
has been installed to prevent reoccurrence.
JO03IC |TE [UA Splice sleeves not properly installed on lead wire splicesto | &
EQ thermocouples and RTDs.

7T 1DE TMM|ID [Maintenance workers found an unqualified brand of cable | o
connected to hot and cold leg RTDs that did not have

docvmentation of its environmental qualification.
UG Test program in response 10 IE Bulletin found MOVs

1IC |DE
containing unqualified operator grease and valve intemals
damage.
7IC [iE [NR inspection of EQ program found unqualified splices ¥

installed by maintenance.
UG [T [Tnvestigaton prompted by IE Notice found heat shrink ]

tubing installed in an unqualified configuration.
Water entered switch hosing, shorted contacts, and MOIV
valve closure position switch failed.

CB HVAC autoisolated due (o spurious actuaton of 8
chlorine detector attributed 10 momentary resistance created

i

g
CIER
3 3

by leakage past O-ring.
C ff-mm'grokcnjséa]s On sensor necks of safety injector accumulator
ressure transmitters due to installation deficiencies.
DT |DE[IT [ID icsu of HPCT system found a suction line that exper “»ced | &
hiéher pressures than previously thought, thus negating its
EQ.
¢TIC 1TE (UG [T [Walkdown in response to IE Notice 86-53 identficd ¥

improper installation of heat shrink tubing in safety related

uipment caused by inadequate training and inspection.
OM |DE [UATID %i% reliel Touvers 1n turbine building not adequately
designed to prevent flooding of AFW pump, EDG, and
remote shutdown rooms.

O T [TE [UA [T [Tmproperly installed Raychem splices on electncal 8
connections to pressurizer PORVs.
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C I VAT [PM|Leakage past electrical penetration conductor seals as a
result of a permanent compressed displacement of the seals

due to age.
T UG | Emngmdhcxruﬁufomdnmdmplmt
concerning solenoid valve splices and terminations, the
utility found that improper installation of splices and
termination’s due to possible incomplete design evaluation
could exist.
Threaded solenoid conduit connector 100se; cable g
ion area not sealed on FW isolation valve.
%Womdm MOLOr lerminatons reworked
during modifications in an unqualified manner.
TE [UA |PD [RHR motor terminations mwoar!r Tusing a termination kit
instead of the required splice kit. Same issue as LER
373/87-026 above.
indings at moﬂ\crn;!pﬁm prompted review that found
splices installed in configuration not tested for EQ.
Moisture in MFTV termi X ca allure.
Cable termination junction boxes were not sealed. ¥

Unqualified for B.
!nc;)_n’F_ect installation of O-nings and junction box covers for

the core exit thermocouple junction boxes.
An inspection of junction boxes revealed that they did not ¥
contain weep holes to allow the box to breath and drain
accumulated water under harsh conditions, due to incorrect
installation in various buildings.

plices in EQ instrumentation circuits in multiple systems | 3
and redundant safety trains not installed with r size
heat shrink tubing according to vendor and EQ requirements

due to im r work instructions.
D58 IC UA During a review, it was determined that detector cables were
no\ instalieu using a qualified configuration.
8001 [1C UA A review Elcmu?j Liﬂu there were several components not] 38

included on EQ list

UA [ID [SGWRL Indication System components unqualilied in B8
containment building.

4
3
2

CEE

s EEE

e IEEEGE

1C UA

=

=

1C

-

m-'bur:lnj an engineering inspection, utility discovered L]
unqualified terminal blocks due to a design oversight in
identifying all flood protection leak g
k IC MM[PM| and splicos in drywell ex qualified lives due (o
excessive iemperature experienced during previous

ting cycle.
OA T penetration butt splices found without Raychem
Heat Shnnk tubing applied.
FOTSTON [T TUA (1D [Licensee found deficiencies in EQ documentation on Safety
Injection System & Containment Spray Pumps.

s

iC UG

S |

8-01011C
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BET/RE030IC [OL [UA [ID [Reactor Head Vent Target Rock vaives not qualified due to | 8%
failure to include on Master EQ list.
EI/RB022 [IC |DE [UA |ID [Error in containment Flood level calculation resulted in 8%
incomplete qualification of components which could be
subjected 0 immersion.
ol 0337C |DE[UAID |3 determined that pigiail-to-penetration motor lead
splice conf;gurnﬁons inside containment are not qualified
no ifiable.
BTS/RR-028 |1 LD |UA [ID | ication Of Surge SUppressers not in EQ documentation,
02788015 |OH |OL [UA ID [Incorrect design input led engineers to erroncously assume
that main feedwater startup blocks don't need to be EQ.
02758016 |OH |DE |UA |PD | not consi when modifying salety-re
systems.
027880 DE [UA [ID [Crack found in AS line could cause environmental condition| 88
that exceeded qualification rating of some equipment.
TORE-005 11C. 1OL |UA [ID [Four HPSI gébs were not Toun?i on the EQ master list (13
TTSRR-0I0(IC |IE |UA|IT [Electrical cables of the reactor head vent valves and 8%
pressurizer steam space vent valves unconfigured per
current design drawings.
TIRRE-022 11C |DE [UA {TD [Unqualified pre-insulated butt splices found on steam (33
nerator narrow-range level transmitter.
O13|IC |SF PM | Spurious actuation of Yarway level switch due to moisture | ¥R
intrusion resulted in inadvertent Core Spray injection.
IO [VA[MM|PM| Visible aging and leaching of chlorides from cable insulationf 88
corroded CRD pipin
T6O/RR-007 |OM |PE [FO Tuated analysis of Limit switch valve faillure and 33

implications to other EQ equipment due to an unknown fault
on controller card (related to the steam generator feedwater
regulating valve in the control cabinet).

TG0/RF T |TE {UG [PM[During inspection of all EQ limit switches, utility found (33
pinched limit switch gasket on Containment Veniilation Unit
Supply containment Isolation Valve due 10 defective
maintenance/replacement procedure.

RIRR-004 |IC [IE |UA mm%"osiﬁon Tndicator invalidated due to 33

missing seal.

R2/B8-027|IC |PE [NR Okonite company provided information of indeterminate g8
%ualiﬁcau'on of some taped splice configurations.

395/88-008 [1IC  |DE [UA otential for steam propagation path (2 paths were noted) 8%
which could affect safe shutdown equipment.

LRI TC|DE [NR [0 [Potental existed for spurious operation of solenoid valves | 88

of the 125VDC Distribution System due to possible multiple

round paths occurring in a harsh environment.
ATO/RR-021 [OH UA |ID [A pre-audit review discovered temporary HPCS sysiem (33
relays not qualified and scheduled to be replaced by
qualified relays.
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eport scription ear
T IBTFO [ID [Degraded wire insulaon and switch cover gaskets resulted | 88
in the PORYV position indication inoperable. They were
exposed to higher temperatures than those for which they
had been environmentally qualified.

IC JIE JUA I iscovered in incorrect configuration. It was 8
later determined that the sealed bellows hose was cut during

installation invalidatin of the RTD cables.
OM [ST" [FO [US [Manway cover rubber g TOm groove
and sprayed water into hotwell low level switch, causing a

low hotwell level signal.

IT 'NR [IT" [NRC inspection wnﬁaown found a splice with heatshrink | 8
tubing that had not been heated to complete the splice during
construction.

OH [IE [MM]|TT [O-rings missingal;?m Conax 1-8 Head Junction Boxes for | B8
Post Accident lin_LSysu:m.

'OH [SF [FO mmn'—mrz‘mc transmitier failed due (o water Intrusion. | 8%

BOITIIC (LD [UA [ID [Duning a review of open Westnghouse Field Deviation kL
Reports, environmental qualification rts could not be
found for MOVs on the o the RCS.

B006 [OH |SF [FO |PM|Reactor recirculation pump motor trip due to moisture 133

intrusion from leaking SW valve through motor's unsealed

wer conduit into termination cabinet
OH UA E% Program was not complete in ensuring that cycling for
the standby gas treatment system damper actuators was
comglcted as stated in the EQ requirements.

I |TE [NR [PM ost Accident Excore Neutron Flux Monitoring System| 88
was not installed using an EQ configuration.
- UA Heat shrink moisture seals were not installed correctly due | 88
to lack of guidance from vendor during construction.
I3IT [IE [UA ‘Raychem heatshrink terminations for Tevel 33

transmitter not installed in EQ configuration; terminations on
multiple system circuits not installed per conﬁ'gumtion.

08 [OH [IE [UA [T [Installation procedure not followed, resulting in incorrecly | 88
installed splices in safety-related electrical cables.
VA FO [IT {Loss of insalation resistance of llow transmitter cable from | 89
time-temperature-radiation exposure of insulation.
UA [T [Cable connecting plug to EQ penetration plug assembly X- | &9
E2000 was incorrectly installed, therefore making
temperature element connected to it unqualified.
L [UA [ID [Ungualified thermal overload heaters installed on EDG (3
Room door motors, EQ temperature of safety related
components could be exceeded. Basis for omission from
Q-List determination not documented.

r’ilﬁ
&

2
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UA [ID [Tt was determined that the Reactor Clean-up water Sysiem | 89

may not isolate under a LOCA, due to the questionable
uipment qualification of two motor valve tors.

WO non- termi of qualifi
splices, were found in HPCI cable pull box for outboard
steam supply isolation MOV due to partial initial EQ circuit
walkdown.

PE UG |ID [Moisture intrusion path existed through safety related cable
entrance conduit seals in containment due o inadequate
vendor installation instructions permitting wrong size of

met for the size of wire used in ication.
T |TE [MM[ID % scaling not lcakught between ae bﬂ entrance
ﬁttin‘ieo'ithc valve and the point at which cable was potted,
and fore was susceptible to submergence.
OTOH{TE [UATIT [4kV EQ motor lead to field cable splice insulating boots Y
were found to be attached with non-conforming tie-
wrap/tape due to inadequate installation procedures used in
initial construction.
BT [DE|UATID [Following a review of safety related relay applications it 89
was found that the SBGT heater control relays were not
qualified for the LOCA radiation environment due to lack of

ural guidance in EQ design modification 2
0T |DE UG Llb_ 5onunenﬁj Maﬂc Em'currem was Ewnnﬁ;s M %

excessive during loop accuracy review prompted by NRC
EQ finding at a sister plant.

q
G

3
7

11OH [IE T [Non-documented splices on pigtails to intemal rack wining. | 89
J-010|OH [IE |[UA 'Non-EQ cable splices found on MFWP suction valves due

to an inadequate installation procedure that did not require
check of wire sizes and allowed smaller spliced leads than

application guidelines.
C |IE |UA éngﬁl CIvV so?cnoid valves were found with coils that had 89

ratings lower than the EQ design temperature, and were
different from those specified in the vendor c:lraw'u¥s15
TIIT [TE [NR [PM[NRC review resulted in several EQ deficiencies including | 89
improper cables and splices, improper silicon oil level in
junction boxes, and valve motor operators.

9016 [IC 'NR |ID [NRC Inspectors found many iciencies including 89
cables, splices, JBs, MOVs due to d~ficiencies in detailed
development and implementation of 0 .

9-00211C |PE [UA ty-one connectors with improper ca tshnnk tubing | 89

that did not conform to vendor usage range
recommendations. Vendor supplied incorrectly sized

h “tshrink tubing and unqualified potting compound seals.
Wire insulation damage due to energized space heaters in 89
limit switch compartments of MOV operators. (LER
references earlier EQ walkdown as cause.)

IC |DTFO
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ATRS-003 1T (LD (0T

Description Y ear
Meclamine swilch casings and Micro Switch contacts which | 89
lack EQ documentation were found in Limitorque SMB-
(V000 torque switches following a second 10CFR21
notification.
TE |UA [PM|Unqualified configuration (plastic insiead of metal plugs) of | 89
flow transmitters in AFW system due to installation
deficiencies.
UA Two MEW Containment Isolation Valves did not meet EQ | 89
because leads had been insulated with Scotch 33, instead of
Okonite T-95 tape, by vendor duﬁr%w;ﬂn
EQ discrepancies in installation of . 50
'HELB temperature profie for 3' E piping penetration room | 89
incorrectly prepared, affecting EQ of all components in
room.
Improperly installed seal on RCS R1Ds, which invalidated | 89

EF~

3] 2/89-(X)

89149

~

6/89-0
K9-010

”~

CEBERE

E [UA
DE [UA

q=

gn
q &
CIE

'k
|
I
LN

_g%ﬁuiremems.

Tevel transmitters Tailled because of ireezing of sense | 89
lines from extreme cold weather because of calculational
error during dcsi%n change that lead to removal of heaters
and thermostats from enclosures.

'RPI channe] connector lalled due to | moisture &9
deterioration.”
Failed MOIV solenoid due (0 MoISture intrusion as a result | 89
of overtorgueing during maintenance.
Loose terminal box on due to gasket aging or 89
inadequate bolt threads.
Unqualified configuration of drywell Hydrogen Mixing 89

System low flow element covers.

lg response 10 IEB B1-7, equipment in the HELB 1Y
compartment was found that might not perform its safety
function, as a result of a HELB.

Excess llow check valve test valves would not remain leak | 89
tight during post DBAs. Seals were made from unqualified
material (Teflon coated viton seals), and would break down
causing loss of pressure boundary and instrumentation.
UA [PM|[Limit switch assembly on PCIG valve didnt meet EQ | 89
requirements due to installation deficiencies.
TA |PD [Five of the six Foxboro transmitters inside containment 89
were mounted with the conduit entry not inclined
downwards as they had been during tests. This combined
with absence of required weep holes in conduit could lead to
accumulation of moisture in termi

5789 IT |PE [UA Design engineering personnel found a manufacturing 139
deficiency of teflon wiring in annulus preheater durin
materials evaluation. It will not withstand post-L.OC
radiation levels.

(128789004 [1C |SF

VAIUA

352/89-017]1C [IE [UA

132/80-019 |OH |DE [UG

354/89-016 [1C

H o

361/89-012 [IC
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eport escription ear

9018 [OH [SF[FO [imit switch failure associated with the 125 VDC control {3
power distribution panel due to moisture intrusion and
arcing.

DTS O INR 1D [As a result of reviews performed by the utlity and NRC, 13

issues related to EQ were identified.

GDIR|IC (IE [UA{IT |installation procedure did not include details to assure 89

ualification.

OH [IE [UATT ginsenng personnel found non-EQ) pressure gauges on

ADV positioners. They should have been removed per

vendor instructions provided with valves.

SHC [IE [UA It was determined that containment rpowc:r purge access 89
valves were not installed in the configuration specified in the

EQ report.

0690-001 [IC [VAFO Ground on DC feeder breakers to 5! components due to %

water in conduit from degraded cable insulation, ineffective

conduit sealing, and underground conduit corrosion.

1IC |DEJFO Ground alarm use juncuon box contained water, due to | 90

moisture intrusion along electrical conduit located on top of

box.

T |DE [UA [ID [EQ discrepancies in various plant systems, programmatc | 90
problem involviig construction and maintenance activities
discovered during corrective action for LER 361/89-012/1.

OH [DE [UA Failure 10 evaluate equipment 1n room subject to harsh 90
environment.

0025 |OH [OL |UA |ID ow transmitter not included in EQ program. 90

R0 [1C_|VA[TT |PM[Degraded insulation on Limitorgue valves. 90
OH |DE [UA [ID [HPCT equipment not included in EQ program. 0
IT [IE |UA Unqualified temporary seal in a system conduit that | 90
could result in inoperability during flooding.
DT0|0OH [VA[FO |PM]A recirculation loop became inoperable due to a voltage 90
oscillation caused by a degraded voltage adjust
tentiometer in the voltage regulator.
930015 [OH |DE [UA [ID | Inaccurate calculation of containment f1ood level. EQ 90
components (terminal blocks, level and temperature
transmitters, RTDs) could be submerged.
005 11C_ |DE [MM[TD [Nonconservative Reactor Building flood level calculation. | 90
ORO-O0T TG [IE [FO [T [EQ limit switch for position indication of 1solation valve for | 90
Primary Sampling System failed due to inadeguate sealing
of conduit.

BO-00R1IC.1IE RO |11 |Moisture entered EQ Limit switch for indication of isolation | 90
valve for Containment Sump Pump Discharge lines due to
inadequate scal%g of conduit.

06 |OH |DE [UATID [MOVs not qualified for submergence. 90
-00511C |DE [UA Lost operability of conductors in 6 primary containment 90

electrical penetration assemblies due to loss or reduction of
insulauon resistance.

3300012 |OH [TE [FO [PM|The Start Up Level Control Valve failed to close due to a %N
worn O-Ring.
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escription

14

11

1C

S

in circuitry.

g

AFW switch failed as a result of moisture-induced corrosTj

Originally installed seals and lubricant matenals for electn
netration assembly seals were inappropriate.

ngﬂ

IC

HPCT inboard isolauon valve isolated as a result of failed
Rosemount trip unit due to degradation of transistor.

Degraded water/sieam barriers, which serve as bamers for
HELB or MELB.

M connectors were replaced duri.g
maintenance by non-EQ connectors with icllor.,
rexolite, bushings.

instead of

Construction and Mainienance efrors such as non-EQ
pressure transmitter and non-conforming heat-shrink
sleeving on pressurizer safety valve position sensors
discovered during corrective action for LER 361/89-012/1.

1C

UA

Installation on an unqualified power connector on MS
solenoid pilot valves.

IC

a

UA

Environmental seals on temperature elements in
Containment Atmosphere Monitoring System did not meet
R.G. 1.89 criterion and alternate approach in FSAR.
Qualification testing by vendor had not been performed o
NMP-2 specification requirements.

14/90

VA

1C

VA

61/0-003

IC

UA

SGBD Isolaton Valve failed to open due to an insulation
breakdown.

Dirty contacts on the Limit Switch.

T3 transmitiers failed to meel EQ requirements (€.g., 10w
torque values, broken neck seal).

1C

otal of 22 missing O-rings in Conax 1-8 junction bOXes
associated with the RCS RTDs.

UA

24 9 22

Engineenng personnel found non-EQ air regulators on AD
manual remote control air system. The vendor should have
supplied components that met procurement specifications.

g 8§ 88 X

5 30/90-005

UA

FWIV d-way valve rebuild kits contained unqualified
material (non-viton backup rings.)

2

PM

Level switches failled when not changed out within
manufacturer's recommended replacement interval.

1990)
: 3

UA

Engineening analysis determined environmental conditions
in Terry Turbine building would render SLB detection
rtion of RPS inoperable.

4551010

Kerite control cable in drywell non-EQ. It could not
withstand post-LOCA high drywell temperature, insulation
resistance could degrade to give dual indication, causing CR
operator confusion during course of accident.

91

AT009

Incorrect installauon of Conax connectors. Note: all outside
containment, but could have generic implications.

91

UA

Improperly installed Raychem cable splice on containment
penetration connector discovered during troubleshooting
reactor head vent valve ground fault. 9 of 127 pigtails

found to have same out-of-specification splices.

9]
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Repori # | W V Description Y ear

UG response to IEN 90-053, the utlity found House Heating| 91
Steam Lines not addressed previously in HELB analyses.

UA [ID [During & review of procurement documents two non-% ¢

relays were found to be installed in HPCI controls due to

inadequate EQ review of components in rooms required to

be EQ.
OF (1T FN«%@ relays installed in HPCI room cooler fan logic due | S
10 inadequate installation procedures used in initial
construction, EQ design review, and subsequent system
reviews.
DE [UA Failure to assess Upper Electnical Penetration Room :
environment as harsh.
DE [MM[TD [Neutron flux monitoning channels did not meet single fatlurd 91
DT’
DE

K
EE|
.

‘ERE

criteria and EQ.
TT [IT [Failed transistor in Woodward Governor and degraded ]
cable.
DA |ID [Determination of post-LOCA EQ problem with lack of two | 91
independent power supplies for LPCI valves caused plant
shutdown. All cables ran in one tray so only one was Class
1E.

333091-03011C TPE [UA Vendor inadvertently left undocumented test equipment in 91
primary containment radiation monitors. They could not
withstand post-LOCA high drywell iemperature and
radiation levels, and were susceptible to EMI in normal

R93A 1001 JOH

operation.
ARBT-008 [OH UATPM| &nng PM underraied motor terminaton for 1 kv, instead | 91
of 4 kV, was found to have been installed after a repair.

1E

TSA0 000 [OM [DE [UA ASCO) solenoid valves had insullicient documentation for | 91
PE
PE

low-temperature operation due 10 inadequate specification of
low-temperature requirements in design basis.

UG endor used teflon, instead of elzel, insulation in exo- o1
sensor flow switch. Inadequate repair attempted, heat-
shrink slecv'ms did not cover entire length of lead wire.

34491-011{IC UA |DM]Lubncants 10 install electric penetration assembly seals| 91
per vendor recommendations may degrade seals.

A3RAT-007 |IC UA [T EQ Status of Pyco RT1Ds installed in indeterminate | 91
due to non-qualified confi ion since initia! installation.

TSRRT022 [OH [OL [UA {TD [RTDs in fuel building heater trains were not qualiied. o1

JAORAT-023 |CH | VAIMM]TD [Cracks found onméﬂoloﬂcad epoxy interface. :

530/91-006 [OH |SF Wm'bcgmded‘sw of plant multuplexer cabinet resulted in 91
moisture intrusion.

SENT [OM |DT [FO |ID |UPS system control batieries failed due (o high iemperature | 91

(1991 in UPS cabinet.

SER O1-21 [OM PM | Transformer insulation failed due to overhcating caused by | 91
incomplete cleaning during maintenance.

YTR3-003 |OM |DE [NR [T [Incorrect Nood calculations. An unscaled power transier 9

swilch junction box for the diesel generator cooling water
pump was found below design basis flood level.
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UA Non-conservative temperature profile for Rx. Building 9

impacted qualification of safe shutdown components.
TE |UA Unq;waﬂé Molded Case Circuit Breaker installed by

maintenance in safety related nﬁlngmon. could lose 480v
Motor Control Center feeding I, CS, and CIS safety

related valves.
term actuator solenoid valves could be
rendered inoperable by MSL break.
ts 1n MSL radiation monitors not EQ) as required by
RG 1.97 Cat 2, & 10CFRS50.49, due to errors in RG 1.97
list and modification pwkxgg.
UA Plant stack gas flow transmitier not EXQ as required by RG
1.97 Cat 2, & 10CFR50.49 due to lack of controls and
design reviews in development of RG 1.97 list.
Components (solenoid valves, position switches) for C Vs
which control SW flow from CCW Heat Exchanger not
included on EQ list
UA 39 position switches were found to have been installed with| 9
wire nuts :nstead of gualified EQ splices due t inadequate
review when switches were added to EQ list.
UAID [Non-EQ cable terminal blocks, mstcas o'] Lﬁﬂﬂﬂ splices,
were found in previously unidentified Hot Leg Injection SV
cable pull box due to failure of design authority to assure
that procurement & installation of equipment met
10CFR 50.49 requirements.
[OM |DE [UA Tnadequate cooling capacity in EDG Rooms o maintain EQ | 9
temperature of 104° F with only one of two fans powered
from a Class 1E power source. It was caused by an original
design and construction error because of a conflict with
Appendix R separation crit
WM [TE [FO |PM| Accelerated aging of translormer colls due to mainienance
making wrong connections. It failed two transformers +
inverter and resulted in a reactor trip due to loss of the
preferred ac bus..
Non-1E replacement detectors were instalied in ML g
Radmonitors, instead of 1E detectors as required by RG
1.97 Cat 2 in initial design due to personnel error in

UA

-

UA

3 88 9

4 4 2 H HH

24016 |OH UA

DI9}IC

IC

~

1
=
g

rocurement process.

DIT{IC [VATUATID [Rubber grommet holding GM tube detector pins embritded | 9
and caused slipping.

DIS|IC |DE [MM|TD |EQ valve limit switches and control solenoids share breaker | 9
with non-EQ pressure switches in PORVs.

6O [DE[UA D_"Surgc suppression diodes in electrical control circuitry for | 9

PASS not adequate for operation in harsh environment.

005 [OH [DE[UA [ID [ABVS control circuit surge suppression diodes did not meet| 9
radiation qualification requirements due to incomplete
FMEA.

4307013]IC |DE|UA Drawing update process identified four potentially 92

inappropriate SG level drain valve applications that may not
meet design lemperature requirements.
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 Report W V Description ear
136/ T [DE[FO [ID |Broken Torque Switch due to fautly matenal. ¢
34735756 |OH [DT [UA |DM|Epoxy insulation in Comsip microswitch is damaged by .
overheating and could potentially cause a short-w-ground.
They are located in 16 safety related control panels.
Analysis shows a 7.7.year life expectancy in 2 harsh
environment. 10CFR21 submitted on
61792001 JOH |DE |UA [ID [Potential for environment in a location (€.g., ‘
Building) not iously recognized.
362/ TC |VA[IT |PM]Dirty contacts on WEO By_mh Switch. 4
36379 T {TE [MM[PM[O-Ring hanging out of an MOV. :
GR C |VA [PM[Torque Swalwl! contacts stuck. :
R DIA(IC |DE [UA [ID | ample Isolation Valve erroneously not required for G

post-accident operability.
(38792014 [1C [IE UG In response to 1-15, O-nngs on the circle valve seal 9
solenoids were found susceptible to failure due to incorrect

installation procedures.

A138 IC VA PM | Torque Swilch contacts were open due (o aging of the G
switch.

135670 IT (DT (10 cable splice resistance change due to sudden g
temperature change because splice was not prepared well by
maintenance/ modification..

AORR T (TE [MM[PM]Closed Limit Swiich stops were out of adjustment. g

SENTEE  JOM DT |FO |ID [TTE/Gould relays in MCCs failed due 1o shorting due to g

1992) thermal aging of insulation (not qualified for normally-
energized condition).

PTIRI 0 (IC|SF [FO |PM] Cﬂ'({l’nsture intrusion resulted in corrosion of solenoid for 9

535726083 [OH [DE [UA [ID {Fuel Pool Cooling Sysiem cannot maintain the Fuel Pool Lk

below the 150° F design temperature without augmentation
from Shutdown Cooling System because local area coolers
are not supplied by fully qualifiea QA Power Supplies.
Degradation of tfnng on Iﬂ'\'e' Fail Safe Accumulator system,| 9
caused by aging and fatigue, led to leakage out of a weep
hole of a two way Versa valve.

P69 -006 |1C |DE [UG Vendor analysts of MSLB accident did not consider an <
MSLB inside containment. Recent analysis per [EB 80-04

shows that containment design pressure could now be
exceeded. Utility does not discuss pressure implications on

existin , only temperature eff
HRIRECS W%T‘*RTFD‘W%E#WHVO kV cables failed in underground 4
duct bank conduits. All are Okonite, EPR insulation, with

neoprene jackets. 12 kV cables failed due to chemical
attack. Chloride and/or fatty acid contaminants in 12 kV
cable jackets and shields wer

SRIOT-D0R [IC |DT IFO [IT [Failure of solenoid in pilot valve of Instrument Air 9
Containment Isolation Valve caused main valve to close.

:
)
3
3
2
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O [DE [UA [PD |HELB analysis of TDAFP rooms assumed that doors woul

be open to prevent pressurization. However, doors are
fitted with fusible thermal links to automatically close the
doors in the event of a fire. The links could be melted by

the HELB temperatures all
HC— A [0 [Engincening review identilied non-salety related
components connected o safety-related drywell Nitrogen
header. Buna-N parts could not withstand post-LOCA
radiation levels.
ield cable from contro 0 failed dunng zero | 9

wer physics tests.
gmgs ﬁ Ohl Seals were worn and brttle from normal

aging.
&Rﬁ"gs and Oil Seals were worn and bnittle from normal
aging.

A |IC VA

33
CEER

T (IE | on-EQ. “solenoid pilot-operated valve on inboard g
MSIV failed causing full isolation of MSIVs and reactor
shutdown . Original stem re-used instead on new stem in
vendor supplied kit during refurbishment in an inadequate
work area. Craft had not bee

on circuit protection devices provided to 1solate
non-Class 1E to ensure Class 1E circuits in same trays are
not degraded were not qualified for the post-LOCA
environment in which they are ex to function.
S8A3-0191IC UA |PM|Hydrogen igniter cable exceeded EQ hifetime due o 9
localized high drywell temperature caused by reactor vessel
insulation access door/panels having been left open during
power cycle. Normal reactor vessel skirt cooling flow pathg
disrupted exposing cable
OH |BE [UA [PD [A/E memo lead to erroncous downgrading of FWIBV
positioners to non-safety related so the EQ maintenance
requirements were removed and life extended to 40 years.
The internals should have been replaced after 4 years and so

ualified lifetime was exceeded.

-

IC |DE[UA

Note: See Section 2.1 for a description of codes used in columns 2 through 5.
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EQ Related LER Count by Docket Number
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Appendix D

1

a3

453
49%

1

[Docket #] Type [LERs| [Dockei #] Type [LERs | [Dockei # | Type | LERs)

Total number considered = 117

6] DOR plants (7 were shut down early)

25 Category 11 plants (1 was shut down early)

25 Caiegory 1 plants

* mecans that the plant was shut down early, but did hold an operating license between 1980 and 1993

D2 November 29, 1993
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