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FOREWORD

The Nuclear Safety Information Center (NSIC), which was established
in March 1963 at Oak Ridge National Laboratory, is sponsored by the U.S,
Nuclear Regulatory Commission’s Office for Analysis and Evaluation of Op-
erational Data. Support for the technical progress review Nuclear Safety
(see last page of this report) is provided by both the Breeder Reactor and
Light-Water Reactor Safety Programs of the Department of Emergy. NSIC is
a focal point for the collection, storage, evaluation, and dissemination
of operational safety information to aid those concerned with the analy-
sis, design, and operation of nuclear facilities. The Center prepares
reports and bibliographies as listed on the inside covers of this docu-
ment, NSIC has developed a system of keywords tu index the information
it catalogs., The title, author, installation, abstract, and keywords for
each document reviewed are recorded at the central computing facility in
Oak Ridge.

Computer programs have been developed that enable NSIC to (1) prepare
monthly reports with indexed summaries of Licensee Event Reports, (2) make
retrospective searches of the stored references, and (3) produce topical
indexed bibliographies. In addition, the Center Staff is available for
consultation, and the document literature at NSIC offices is available for
examination, NSIC reports (i.e., those with ORNL/NSIC and ORNL/NUREG/NSIC
numbers) may be purchased from the National Technical Informatior Service
(see inside fromt cover). All of the above services are available free of
charge to U.S. Government organizations as well as their direct contrac~-
tors, Persons interested in any of the services offered by NSIC should

address inquiries to:

J. R, Buchanan, Assistunt Director
Nuclear Safety Information Center
P.O, Box Y

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

Telephone 615-574-0391
FTS 624-0391



PREFACE

The Nuclear Regulatory Commission (NRC) Division of Safety Technology
in the Office of Nuclear Reactor Regulation assigned the project entitled
Spectal Studies of Reactor Operating Expertience toc the Nuclear Safety In
formation Center (NSIC) in the early part of FY-1981. The object of (his
project was to identify safety significant implications of current nuclear
power plant operating experience by special studies of the following spe
cific subsystems: compressed air and backup nitrogen, service water, de
cay heat removal, and borom dilution,

About two to three man-months of engineering assessment was devote
to each of the studies. The information used was basically that found
NSIC's files. The documents containing this information are -vailable

the public in the NRC Public Document Room, 1717 H Street, Washington

a,

20555. The scope of the project did t include visits to the pla

meetings with inspectors of the NRC Office of Inspection and Enforcemer

Project personnel for the studies were

NRC Cognizant Manager . L. Ernst
NRC Technical Manager N ., Colmar
NRC Cognizant Branch Chief M. L. Ernst
ORNL Program Director A. L. Lotts
ORNL Program Manager - . Cottrell
Buchanan
ORNL Principal Investigator . R. Casto
Hagen

Haried




COMPRESSED-AIR AND BACKUP NITROGEN SYSTEMS
IN NUCLEAR POWER PLANTS

E. W. Hagen

ABSTRACT

This report reviews and evaluates the performance of the
compressed—air and pressurized-nitrogen gas systems in commer-
cial nuclear power units. The information was collected from
readily available operating experiences, licensee event re-
ports, system designs in safety analysis reports, and regula-
tory documents., The results are collated and analyzed for
significance and impact on power plant safety performance.

Under certein circumstances, the "fail-safe" philosophy
for a piece of equipment or subsystem of the compressed-air
systems initiated a series of actions culminating in reactor
transient or unit scram. However, based on this study of pre-
vailing operating experiences, reclassifying the compressed-
gas systems to a higher safety level will neither prevent (nor
mitigate) the reoccurrences of such happenings nor alleviate
nuclear power plant problems caused by inadequate maintenance,
operating procedures, and/or practices. Corversely, because
most of the problems were derived from the sources listed pre-
viously, upgrading of both maintenance and operating proce-
dures will not only result in substantial improvement in the
performance and availability of the compressed-air (and backup
nitrogen) systems but in improved overall plant performance.

INTRODUCTION

Interest in process control system performance and safety implica-
tions for nuclear power plants has been extant for some time. One nuclear
power plant service, the compressed-gas system, has on occasion triggered
sequences of occurrences that resulted in reactor transients and even unit
scrams. However, because of the nonsafety classification for these con-
trol systems, only limited attention has been given to this subject. More
recently, both the Nuclear Regulatory Commission (NRC) and the Advisory
Committee on Reactor Safeguards (ACRS) have directed that attention be
given to this subject and to the role these systems play in causing reac-
tor transients. 1la its August 1979 meeting, the ACRS made several recom-

mendations based on studies to improve reactor safety.' One recommenda-

tion involved



...a systematic reevaluation of the common-mode failure
potential of compressed-air systems used for control or ser-
vice in both safety and nonsafety applications. Among the
matters to be considered in such a review should be the effect
of moisture and corrosion products and a total loss of air

supply. Also of concern is any intercomnection of compressed-

air supplies to both safety and nonsafety devices and to other

fluid systems. Consideration should be given to the adequacy

of separation rules for air systems.

The NRC's Division of Safetiy Technology in the Office of Nuclear Re-
actor Regulation commissioned this limited-funded study of operating ex-
periences for the compressed-air and nitrogen systems. The purposes of
the review were to expeditiously identify and place in perspective any
possible significant implications for reactor safety, to determine if the
prevailing operating experiences warranted further safety consideracions
for these systems, and, if so, to determine what relative degree of safety
classification would be appropriaste for these systems. Systems identifi-
cation and reported operating experiences that were readily available were
systematically compiled, categorized, and evaluated. The period reviewed
for the 79 units in 49 plants was from early 1970 or initial unit opera-
tion (whichever was first) through early 1981. Loss or impairment of air
or nitrogen systems or sub-systems for various reasons including contami-
nation (see Table 1) were studied to identify possible changes in design,
operating procedures, or systems classifications that would improve re-
actor safety.

This s.udy was based on information found in the files of the Nu-
clear Safety Information Center. The documents used are also available
to the public in the NRC Public Document Room, 1717 H Street, Washington,
DC 20555. Visits to the plants or meetings with inspectors of the NRC
Office of Inspection and Enforcement were outside the scope of this
study.

Computerized reference files of the Nuclea: Safety Information Center
(containing more than 24,000 LER descriptions plus abstracts of thousands
of other operational and licensing documents) were systematically searched
for those events associated with pneumatic systems and nitrogen backup or
support for such systems., The computer selected and retrieved some 564

references, including replies to questions asked by the NRC during their
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review of SARs. These references in turn led to the selection of certain
system schematics as representative. Many plants have specific features,
but these did not appear in the problem areas. Five systems generally
common to all units were identified along with three intcresting plant-
specific systems. The initial premise was that a probability would be
found to justify reclassifying the air systems to a safety grade., How-
ever, analysis of the available operating experiences did not produce such
evidence. Only when accident scenarios were developed past the first
stage of "what if’s" following a failure could a potential be indicated
for a serious accident,

Because compressed air is needed for process instrumentation and con-
trol and unit/plant services, this study begins with a review of the re-
quirements for the air itself and the general concerns and problems with
compressed air. Brief descriptions for five typical major compressed-gas
systems are presented along with a few representative design problems en—
countered during the operation of these systems. Complete tabulations of
operating experiences are found in the Appendixes. The safety relevance
of these systems and the consequential inspection and testing requirements
are reviewed; a discussion of observations and comments follows. Conclu-

sions and recommendations conclude this study.



COMPRESSED-AIR CONTAMINANT PROBLEMS

Compressed air may be contaminated from several sources including
(1) the ambient air, (2) the compressor itself, (3) drying equipment, and
(4) corrosion products in the piping systems. Thus, compressed air must
be cleaned and for many applications also dried. Service air for many
applications such as tools, cylinders, brakes, and various machinery can
carry dirt, water, and sludge into the equipment, causing corrosion and
impending free movement of moving parts. On the other hand, instrument
air must be of a higher grade to prevent clogging and corrosion inside
tubing, instruments, and valves.

Air taken in by a compressor will contain a certain amount of water
based on ambient air temperature and relative humidity. In addition, it
may carry corrosive chemical vapors that could harm the compressor and
equipment using air. If the air is for breathing purposes, contaminants
such as carbon monoxide must also be removed.

Dirt and process material particles in the air sometimes damage com—
pressors and equipment using air, Particles can mix with compressor lu-
bricant or coolant to alter properties and also form a grinding compound
that will cause excessive compressor wear. O0il, which would jeopardize
pneumatic instrument performance, may be in intake air. Contaminant oil
may be incompatible with the compressor lubricant. The compressor can
itself add contaminants to the processed air. A reciprocating machine may
put lubricant-breakdown products into the compressed air. Rotary screw
machines also may add oil during periods of upset. An oil-free recipro-
cating compressor can release small amounts of Teflon or graphite into the
air. Compressors containing synthetic lubricants can add materials that
are incompatible with oils entering in the intake air or from other com
pressors.

Downstream from the compressor, rust and scale from piping may enter
the air. These contaminants can be in comparatively large fragments, ca-
pable of blocking instrument and tool orifices, Compressed air can con-
tain particles from regenerative dryer and desiccant dryers. By far the
worst contaminant is water in droplet and vapor form. Water droplets have

a large total surface area and can pick up oil-like contaminants to form



emulsions. A sludge will block lines to instruments and tools and clog
close clearances in them. Acid-breakdown products may attack seals and
gaskets,

Heat is not a contaminant per se, but it often is removed from com-
pressed air to permit easier and cheaper removal of water. Heat is re-
placed in compressed air after water is removed in some aftercoolers and
dryers. Air may be heated merely to prevent pipe sweating or, when heated
to considerably higher temperatures, to help prevent freezing or water
fallout futher down the air linmes.

Generally, however, the trend is to use higher-quality air, with many
decisions on auxiliary equipment being made on the basis of preventing
trouble. The potential for damage and loss is real, and the cost of the
auxiliary equipment is low in comparison with compressor capacity cost or

reactor unit downtime.



GENERAL DESIGN BASES FOR COMPRESSED-AIR SYSTEMS

A compressed-air system is provided for normal nuclear steam supply
instrumentation and valve operators, both of which are required for plant
control. The objective of the compressed-air system is to ensure the
availability of required air of suitable quality and pressure for instru-
ments, controls, maintenance, and general power plant uses and opera-
tioms,

The compressed-air system is generally divided into two subsystems,
the service air system (SAS) and the instrument air system (IAS). The
compressed—-gas system (air and nitrogen) is not classified as safety grade
except for those portions of the distribution system that penetrate the
containment. The auxiliary building penetrations, the containment penetra-
tions, and the drywell penetrations are of seismic category 1 (Ref.2) de-
sign and are equipped with sufficient isolation valves to satisfy the
single-failure criteria.? In some cases, a separate and independent sys-
tem called the containment instrument sir system (CIAS) is located en-
tirely within the containment structure to preclude any pressurization of
the containment structure.

The SAS is designed to provide air at a nominal pressure of 100 psig
to various plant locations and equipment for operational and maintenance
purposes. When used for cleaning purposes, the air does not exceed 30
psig. The SAS is also designed to back up the IAS during abnormal unit
operations. The IAS is designed so that the instrument air shali be
available under all normal and abnormal operating conditions., All es-
sential systems requiring air during or after an accident are self-
supporting, and after an accident the air system is reestablished. The
IAS is designed to provide air that is clean, dry, oil free, and at a
nomin. i pressure of 90 to 125 psig for pneumatic instruments, controls,
valves, and actuators. The dewpoint should be -40°F at 100 psig, and no
entrained particles larger than 10-p nominal size should be present,

The standby diesel-generator air-starting system is designed in ac-
cordance with General Design Criteria Nos., 2, 4, and 5 (Ref. 4) and Regu-
latory Guides Nos, 1.26 (Ref. 5) and 1.29 (Ref. 2). The standby-generator
air-starting system in general also meets the following specific require-

ments:



1. Each standby diesel gemerator is provided with two independent
and redundant starting systems, consisting of air compressor, air receiv-
er(s), injection lines and valves, and devices to crank the engine. Suf-
ficient redundancy is provided to ensure proper operation of the system
during a maintenance outage or failure of any component in the system.

2. Fach of the redundant starting systems is capable of providing
three automatic starts and two manual starts without recharging the
receiver,

3. Alarms are provided to alert operating personnel if the air-
receiver pressure falls below the minimum allowable value.

4. Provisions are made for the periodic or automatic blowdown of

accumulated moisture and foreign materiel in the air receivers,
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SYSTEMS DESCRIPTIONS AND OPERATING EXPERIENCES

During the review of the Safety Analysis Report (SAR), many questions
are asked of the owner/operator by the NRC to obtain more information
about specific aspects of the system design and performance. A retrospec-
tive search of the computerized files at the Nuclear Safety Information
Center yielded 151 entries on questions by reviewers pertaining to pneu-
matic systems. Table 2 lists the systems/equipment of expressed interest
and the percentage of the total number of responses compared with ques-
tions asked about each item. The responses to questions in the SAR review
were concerned mainly with aspects of general systems analysis and tests
(60%), which was four times greater than the second largest topic of in-
terest, the dieselgenerator starting system (15%). Table 2 compares the
systems/equipment reviewed during the licenmsing process to tle operating
experiences for the same systems/equipment. For example, the diesel-
generator aicstarting systems accounted for 15% of the reviewers' ques-
tions, whereas 30% of the LERs were concerned with these systems. Con-
tainment atmosphere, isolation, and purge accounted for 6% of the gquestion
but for 36% of the nitrogen-system—rclated LERs and 25% of the air-system-
related LERs. System design accounted for 60% of the review questions,
52% of the nitroge--system—related LERs, and 16% of the air-system—related
LERs. It would appear that SAR reviewers should devote more effort to
system/equipment functiomal operation and performance and less to design
analysis and application.

Typically, all reactor units have at least two compressed-air systems
although most have more compressed-air systems and a pressurized-nitrogen-
gas service or system. The compressed-air system generally refers to the
combination of the IASs and the SASs.

A compressed-air station provides pressurized air to the IAS for con-
trol instrument action, pneumatic controls, and actuation of valves, damp-
ers, and similar devices and to the SAS for items such as portably main-
tained tools and equipment and air-generated equipment. Other majcr
pressurized-gas systems are the CIASs, the automatic depressurization sys-—
tems, the diesel-generator air-start systems, and the nitrogen systems.

Some typical systems are briefly described, and some specific operational
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Table 2. A comparison of responses to reviewers' questions to
number of events reported

(Percent of total)

— o ——— - ———

-

Operating experiences for

Kesponses
System/equipment to. ';I;:;;;;"”E;;;;;;;;;:'
PIRAR LS systems #ir systems

Automatic depressurization system 6 1
Atmosphe-~ic steam dump
Ereathing air 0.5 0.5
Component ccoling 1 0.5
Containment atmosphere 24 5
Cortainment isolation 3 12 15
Containment purge 3 5
Cover gas 2
Diesel-generateor starting 1§ 30
Drywell/suppression poel purge 7 7
Feedwater 3
Heating, venting, and air conditioning 0.5
Main steam isolation valve 4 10
Fressurizer 3 1
Safety relief 5 2.5
Scram discharge 0.5 1 1.5
Service water 1
Systems analysis and tests

52 16

. e — . ——

System, component/equipment 60

- ——————— ——— i —— — . {_—— —_—
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experiences relevant to system Cesign are cited for those systems. Tabu-

lations of operating experiences are found in Appendix B.

A compressed-air station consists of compressors plus the added
equipment and devices selected to improve the quality of the air and to
ensure rel.able air delivery. Compressed-air quality requirements depend
chiefly on the end use for the air. Reliable air delivery can be obtained
by redundancy or especially high quality equipment if proper maintenance
and operating procedures are preserved and followed.

The typical compressed-air station generally employs redundant, non-
lubricated electrical-motor-driven air compressors. Usually located in
the turbine room, air compressors can be operated manually from either a
local control panel or remotely from some control rcoms. Room air is
drawn into each compressor through intake air-filter-silencers and dis-
charged through a water-cooled aftercooler/moisture separator to air re-
ceivers where the air is stored. Generally, the compressors discharge
into s common header. Cooling water for the compressors and aftercoolers
is supplied by the unit service water system. The air receivers discharge
through isolation valves and check valves into another common header. The
check valves prevent the systems from discharging back through the receiv-
ers and/or compressors. However, on at least ome occasion, this design
failed. The event was reported as a complete loss of air at Monticello
{LER 81-20, February 24, 1981 (Ref. 6)]. Monticello reported that a loss
of plant compressed-air supply occurred when one of two operating air com-
pressors was shut down. The check valve on the discharge side of the
shutdown compressor was stuck in the open position, providing a path from
the common header back through the check valve and compressor to the atmo-
sphere. With that path open to the atmosphere, the operating compressor
could not supply adequate air for normal plant operation, and the SAS and
IAS pressures decayed to ~18 psig before the problem was discovered and
corrected. loss of SAS and IAS pressure caused the closing (fail-safe) of
the condensate demineralizer control valves which resulted in a trip of
feedwater pumps which caused a low-reactor-water—level trip of the reac-
tor. Approximately 1 min after the compressor was shut down, a low air
pressure annunciator signal was received in the control room with the re-

actor trip occurring ~1 min later from 98% power,
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At Peach Bottom, the loss of an air compressor resulted in the loss
of one offsite power source [LER 79-14, June 20, 1979 (Ref. 7)]. An off-
site source breaker was feeding emergency busses in units 2 and 3 and one
auxiliary bus in unit 3 (a normal electrical configuration) when the
breaker tripped because of low air pressure. Loss of some auxiliary power
loads in unit 2 and half isolations in both units resulted. A short cir-
cuit in the light socket on the auto transfer switch tripped the breaker
for the air compressor.

A standby air compressor is usually available and is kept in an auto-
matic mode to start whemever a low discharge header pressure condition is
sensed. Also, a pressure control valve, or flow resistor, is generally
used in the service air discharge header to isolate the service air header
on low compressor discharge header pressure to allow more air for instru-
ments and controls required for unit operation. This discharge header low-
pressure condition is alarmed in the control room. To maintain uniform
wear and to verify proper component operability, the operating modes of
the air compressors arc alternated through administrative control.

During the review of LERs, a problem concerning maintenance and use
of IASs became apparent. An example taken from the operating reports for
Zion 1 and 2 explains the problem (see Table B.1). LERs 74-38 (Ref.8) and
74-32 (Ref. 9) for units 1 and 2, respectively, were the first of 32 that
began in September 1974. An isolation valve failed to close during tests
in each of the first two occurrences. In the first, the operator freed
the valve action; in the latter, the air solenoid valve had to be re-
placed. Through May 1980, 30 other LERs reported similar responses, The
failure mechanism was described in the Zion 1 LER 76-46 [September 8, 1976
(Ref. 10)] as being a failure of an ASCO Series 8320 solenoid valve in the
air supply to the operator caused by the valve's actuating piston being
stuck. Previous failures had indicated that the pistons stuck because of
varnish on their surfaces resulting from oil impurities in the IAS that
collected on the piston and were broken down by the coil heat, Then, in
October 1976, Zion 1 LER 76-61 stated that another ASCO Series 8320 sole-

noid valve failed because its actuating piston was stuck due to a varnish
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buildup on the pistons. The adhesion was broken by a slight tap. This
varnish was thought to come from oil introduced into the IAS when it was
cross—tied with the SAS.

By now the cause of the failure was inherent to the system and the
problem was exacerbated whenever the cross-connection was made between the
two compressed—air systems. Thus, the problem was reported in various
LERs throughout the period covered by this study. A third instrument air
compressor and filter was installed to minimize the need to cross-tie with
the oil service air system. Filters were also installed in the cross-tie
line. This ensured a fresh supply of good air but did not remove impuri-
ties previously introduced.

Recause only some of the ASCO valve operators on the IAS header ex-
perienced failures, the station personnel tried to identify a common mode
of failure for these valve operators. Areas investigated were (1) design
tolerances, (2) ambient environment conditions, (3) mounting orientation,
(4) drainage characteristics of air header, and (5) coil design.

A plant maintenance program is apparently underway to correct this
problem because LER 80-018 [May 1980 (Ref. 11)] for Zion 2, entitled Air
Isolation Valve Failed To Close, states that after maintenance unstuck the
solenoid the valve was operable. ASCO soleroid rebuild kits will be in-
stalled during unit 2 outage. '* Although such a program may result in
fewer reported inoperative valves, the cause of the basic problem will
still exist (i.e., dirty, oil-wet air piped through the IAS). If the sys-
tem is not to be retubed, the approach taken by Indian Point 1 is one so—
lution to this problem. Essentially, the instrument air distribution sys-
tem was blown down to remove accumvnlations of water and oil, the valves
were all disassembled and cleaned, and additional filters and dryers were
installed. (See LER for Indian Point 1 dated May 6, 1971, Appendix A.?)
None of the reported events at Zion were judged as having adversely af-
fected the safe operation of the station, plant, or unit, Other LERs
reported for the compressed-air station are listed in Table B.1 (Appen-
dix B). Some events that resulted in a reactor transient are summarized

in Appendix B.
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rvice Air tem

The SAS furnishes compressed air for pneumatic tools, circulating-
water-pump priming, and miscellaneous cleaning and maintenance purposes
throughout the secondary and primary plants., This system is used for all
indoor services where ambient temperature is not expected to drop below
S0°F., Services used for outdoor equipment and for lines that leave the
control house and/or turbine room and enter the yard area to serve the
primary auxiliary building and containment building are served through a
desiccant-type dryer, which further reduces the dewpoint to —40°F to be
compatible with the lowest expected outdoor temperature,

The SAS distribution header is taken off the air receivers common
discharge manifold (for example, see Figs. 1 and 2). The takeoff is made
from the top of the manifold to reduce moisture carried through the line,
The SAS header is connected to the IAS header through a normally closed,
automatically actuated valve and check valve in series to preclude inad-
verient use of instrument air by the SAS., This allows the SAS to back up
the IAS, therefore ensuring priority for instrument air requirements.
Whenever necessary throughout the unit, air for personal breathing appa-
ratuses can be obtained from the SAS headers.

Interdependencies between systems and routine operating procedures
under seemingly normal operating conditions can combine to prodrce unex-
pected results, For example, LER 78-71 [November 1, 1978 (Ref. 13)] for
Salem reports that all three air compressors were rendered inoperable and
low SAS pressure allowed air-operated fire protection deluge valves to
open. LER 78-39 [October 4, 1978 (Ref. 14)] for Peach Bottom 2 reports
that service air was used at times to supply breathing air for workers
performing maintenance in areas with high airborne contamination, On
September 4, 1978, and again on September 21, a backflow of radioactive
liquid occurred from the radwaste system demineralizers to the SAS., At
these times no work requiring air breathing service was in progress.
Breathing air supply equipment filters were checked for contamination,
but none was found. The problem was caused by valve leakage attributed
to dirt deposits in the process valves and associated check valves be-

tween the SAS and the demineralizers in the radwaste system,
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rument Air

The IAS is supplied from the air receivers discharge manifold through
an arrangement of parallel connected equipment before being distributed
throughout the unit (for example, see Figs. 1 and 2). Prefilters protect
the dryers from gross carry-over of contaminants from the air rececivers.
The dryers are the regenerative desiccant type that reduce the dewpoint to
—40°F; one air dryer is always being regenerated while the other is in
service, Air flow is automatically alternated through each of the drying
chambers, Air flow through one desiccant bed is dried and flows through
redundant, 100% capacity, parallel connected after-filters to the common
IAS header. Switchover for the after-filters is based on the pressure dif-
ferential across the filters. A portion of the dried air is cycled through
the other drying chamber to dry the desiccant and is them discharged to
the atmosphere. An air filter set is provided on the discharge of these
dryers to trap any desiccant that may be carried over by possible flota-
tion of the bed. An automatic bypass around the dryer and filters ensures
a connected supply of instrument air in the event of dryer failure and/or
filter pluggage and also facilitates maintenance during operation. Air is
supplied through takeoffs from the top of the IAS header to various users.

Sometimes the safe failure of a component can have a propagating ef-
fect, perhaps never considered by the designer. For example, LER 81-23
[March 19, 1981 (Ref. 15)] at the Sequoyah Nuclear Power Plant reports
that river water was inadvertently introduced into all four steam genera-
tors. The occurrence began with the failure of an IAS line to the No. 3
steam-generator main feedwater regulating valve causing the valve to fail
closed. This valve closure interrupted the feedwater flow to that steam
generator, As a result of the low water levels following the reactor
trip from 40% power, all three auxiliary feedwater (AFW) pumps started
automatically. Starting of the three AFW pumps simultaneously caused the
common suction header pressure to reduce momentarily to a point that al-
lowed the automatic actuation of the suction water supply switchover fea-
ture. This switchover resulted in the automatic realignment of the steam-
driven AFW pump suction valves from the condensate storage tank to the

essential raw cooling water system, River water was injected into all
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four steam generators for a period of ~2 min before the operator could
close the valve. This event was attributed to an inadequate setting of
1 s on the switchover time delay circuitry., Other problems reported for
the IAS are described in Appendix C. Table C.1 lists those events relat-

ing to the main steam isolation vslves; a few of the more interesting

events are sumumarized.

Containment Instrument Air System

The CIAS is a separate air system provided for instrumentation, con-
trols, and valves inside the containment. This system takes air from and
discharges air to the containment, thus creating no pressure increase in-
side the containment. For example, two 100%-capacity nonlubricated air
compressors, water-cooled air coolers, air recievers, air filters, and two
100%-capacity desiccant dryers are provided to ensure a reliable system
(shown in Fig. 3). The CIAS equipment is located in an area of the con-
tainment isolated from any safety-related equipment. Such a location pre-
cludes the possibility that missile gencration from a rupture-type failure
of this equipment would cause damage to any safety-related components,

The SAS and IAS provide backups for the CIAS by a cross-tie. The SAS
line penetrating the containment contains one locked closed isolation
valve outside the containment and ome check valve inside. It provides
service air for use inside the containment. The IAS line penetrating the
containment contains ome air-operated isolation valve outside the contain-
ment structure and a check valve inside. This backup supplies air to
the CIAS aad for the containment leakage monitoring system. In addition,
a limiting orifice is provided for each penetration should the penetration
rupture.

Design for fail safe operation and/or accident prevention can never
be foolproof. Human error accounted for a breach of containment integrity
at Surry, reported as A0-S1-75-02 [January 23, 1975 (Ref. 16)]. The con-
trol room operator noted during startup of unit 1 (unit 2 was at power)
that the CIAS pressure was the same as that for IAS instead of being about

10 psig lower, which is normal. Two containment isolation valves were
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found open. In establishing the valve lineups, the operator assumed that
all valve numbers beginning with the number "2" were associated with unit
2, not realizing that there were two valves from unit 2 IAS connected to
unit 1 containment. He assumed that these two valves with numbers begin-
ning with "2" were at the unit 2 containment boundary and were therefore
locked closed. He did not verify the valves by checking the valve taps.
Appendix D contains a tabulation of those LERs depicting the various
effects and causes for violation of containment integrity by failures and

problems in the CIAS., Three examples are summarized.

Diesel Engine Air-Start System

The two complete air-start systems for each standby diesel generater
are an integral part of each diesel-generator package. Each starting sys-
tem essentially consists of starting air compressors, aftercoolers, dry-
ers, receivers, associated piping valves, and controls (for example, see
Fig. 4). FEither system is capable of starting the engine without offsite
power, and they can be cross connected to ensure a sufficient supply of
air for successful starting operation independent of normal plant power
sources, Thus, sufficient redundancy is provided to ensure proper opera-
tion of the system during a maintenance outage or failure of any component
in the system. The starting system for each diesel is completely indepen-
dent of the starting system of other diesels, Consequently, failure of
one starting systems could result in failure only of that one diesel,

Two more serious events [one each from a boiling-water reactor (BWR)
and a pressurizud-water reactor (PWR)], although caused by human error,
help to show the extended influences of the compressed-air systems. These
two unusual events are described further,

LER 77-26 [June 30, 1977 (Ref. 17)] reported three of four diesel
generators inoperable for 6 h at Peach Bottom 3. The El1 diesel generator
was taken out of service and safety blocked for its annual maintenance
outage. This blocking included venting of the starting air receiver tanks
for this diesel. Later, the control room operator noticed a diesel trou-

ble alarm on both the E3 and E4 diesels. The plant operator noted that
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both air receivers on both diesels were essentially depressurized and that
the associated compressors had tripped on thermal overload. He reset the
overloads, returned the compressors to service, and established 70 psig in
the starting air receiver tanks prior to informing the control room opera-
tor of his findings and corrective actions. The control room operator
notified shift supervisior, who in turn notified the plant staff, Because
the air receiver tanks were by this time pressurized, no shutdown or power
reductions were initiated. Another operator was dispatched to the diesel
building to check on the status of the pressurization. He found that the
receiver tanks were at ~170 psig and that air compressors were again
tripped on thermal overload. He again reset the overload devices, re-
turned the compressors to an operable status, and reported this informa-
tion to shift supervision. As a result of additional plant staff investi-
gation and discussions, the valves that interconnect the diesel starting
air systems were checked. The E3-E4 sectionalizing valve was found to be
partially open. This valve was then closed to isolate the starting air
systems of the E3 and E4 diesels. Also, the check valves of the starting
air receiver tanks failed to maintain the air pressure in the tanks, thus
allowing the tanks to drain.

LER 78-37 [June 29, 1978 (Ref. 18)] reported that both diesel genera-
tors were removed from service for 3 h at Cook. This occurrence was not
unique to the air-starting systems and has happened before when redundancy
in equipment is employed. However, because maintenance was being per-
formed on the air-starting system, degraded plant operations are charged
to that system. This time neither diesel generator was capable of an au-
tomatic start. One diesel was removed from service for repair of a leak-
ing injector. The auxiliary equipment operator inadvertently tagged and
removed from operation the starting air pilot valve for the other diesel
instead of the diesel requiring repair, Starting air pilot valves are
closed to prevent manual start of the engine during maintenance. Shutting
this valve prevents air from starting the diesel engine on any signal,
manual or automatic. Tables E.1 and E.2 in Appendix E list LERs concerned
with the air-starting systems for diesel engines in BWRs and PWRs, respec-

tively.
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Plant Gas Supply System (PGSS)

The PGSS is a composite of nitrogen, hydrogen, and oxygen compressed
gases for variocus plant uses, Figures 5§ and 6 are examples of PGSSs.

The nitrogen portion is designed for use for example in the safety injec-
tion system, the pressurizer relief tank, the catalytic reccabimer and
waste—gas delay tanks, and the chemical and volume control tank and gas
strippers in the boron recovery systems, Nitrogen is needed for pressuri-
zation, gas content control, purging and/or dilution, and operation of spe-
cific isolation valves,

Nitrogen supply to the accumulators is on an intermittent basis to
maintain the pressure required for emergency operation of the accumula-
tors., Usually a one-montk supply is connected to each manifold with vari-
ous additional storage facilities available to meet specific plant needs.
A pressure regulator reduces the nitrogen bottle pressure, and each dis-
tribution manifold is equipped with a pressure relief valve to release
excessive pressure to the stmosphere, Gas supply lines penetrating the
containment have a locked closed containment isolation valve ouiside the
containment structure and an automatic valve inside in accordance with
General Design Criteria 54 and 57 (Ref. 19). However, as happens with the
compressed-air systems, an open or malfunctioning relief valve will take a
unit down, For example, LER 80-69 [October 20, 1980 (Ref. 20)] reports
that reactor vessel relief valve opens at Pilgrim, The unit was in steady
state operation at 96% power when a reactor safety relief valve (SRV)
opened., Station procedures were followed — the unit was taken off line to

cold shutdown, and the dryweli deinerted. Excessive nitrogen supply pres-
sure resulted in some leakage through the solenoid valve into the dia-
phragm of the SRV.

The design of the SRV is such that the air pressure on the diaphragm
needed to open the SRV reduces as the main steam pressure increases. The
design of the control valve will not allow it to close with either air or
nitrogen pressuce greater than 135 psi. Therefore, 160-psi nitrogen pres-
sure caused the control valve to stay in the open position, thus prevent-

ing the SRV from closing. This event occurred again and was reported as
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LER 80-80 [November 14, 1980 (Ref. 21)]. An initial impulsive solution
would be to add relief capability, but adding more equipment should be
resisted. The valve should have been replaced with one of a different
design. However, no changes were ordered or made.

An additional hazard associated with compressed nitrogen occurs when
nitrogen is in a liquid form, One example was reported in LER 75-48 [Oc-
tober 17, 1975 (Ref. 22)] for Dresden 2, when a through-wall crack devel-
oped between the drywell and a purge line. A local leak-rate test was
initiated on discovery of a cracked seat on a valve. The test failed, and
the subsequent inspection revealed a through-wall crack on the piping.

The crack occurred at a tee comnection of an 8~in, and an 18-in,
line. It extended 180° around the 8-in. connection on the 18-in. line,
across the welded intersection, and 7 in, down the 8-in. line. The crack
apparently occured during an earlier drywell inerting process when the
heating steam boilers, which vaporize the liquid ritrogen before its ad-
mission to the drywell, failed. The heating steam boiler alarm system did
not activate because of a previous alarm that had not been cleared, and
the boilers were inoperable for ~15 min before the problem became evident,
During this interval, liquid nitrogen passed thiough the vaporizer and the
nitrogen inerting line into the 18-in, line. The impingement of liquid
nitrogen on the tee connection of the two lines caused rapid and uneven
contraction, resulting in through-wall cracking, The immediate corrective
action was initiation of an orderly unit shutdown., One month earlier a
similar event occurred, during which a 20-in, section of the 18-in, line
was cracked [see LER 74-29, September 24, 1975 (Ref. 23)). Seversl other

LER examples are summarized in Appendix F,
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SAFETY ANALYSIS

The compressed-air systems are not characterized as nuclear safety
and are not seismically designed except for those portions of the distri-
bution system that penetrate the containment and those systems ass ciated
with safety-related valves (such as main steam isolation, drywell ventila-
tion, and main steam relief valves) that are provided with accumulators,
which permit reliable operation without compressor operation. Operatiou
of the compressed-gas system is not required to initiate operation of en-
gineered safeguards equipment. However, scenarios can be developed where
after the storage accumulators are exhausted, failure of the compressed-
gas system can be shown to influence performance of equipment in other
service groups which after their subsequent failure can then adversely
affect the performance of yet other equipment in engineered safeguards sys-
tems. The probability of such a common-cause failure happening is very
low, Therefore, besi engincrering judgment is that a failure or malfunc-
tion of any system components or piping of the presently designed compres—
sed—-air system will not result in the loss of safety functions of another
system.

All pneumatically operated valves are designed to assume their safety—
related positions upon loss of a supply of compressed air. Even so, in
the event of loss of normal power, individual air accumulators serve as a
"reliable" source of compressed air for the main steam isolation valves,
main steam relief valve, feedwater control valves, and containment air
locks. If o compressed-air system fails, accumulator air is trapped by a
check valve. Should an accumulator failure occur, the associated control
valves will assume their safety-related positions,

The major components of the compressed-air system are located in the
turbine building, which is remote from any safety-related equipment., This
remote location precludes damage to safety-related equipment in the event
of a postulated pipe rupture, equipment failure, or missile generation
within the compressed-air system.

Loss of SAS does not present a hazard either during normal plant
operation or in an accident situat.on. The SAS is not required for the

operation of any nuclear safety feature and is not a safety system.
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The availability of the IAS distribution system is improved by the
use of the SAS distribution system as a backup supply. When IAS header
pressure is low, the SAS is manually diverted by remote control to the IAS
distribution system. This is a contingency situation: Even though it is
recognized that "dirty" air is contaminating the system, the immediate need
for the supply of air outweighs the prior consideration that that supply be
clean.

A limiting orifice is provided in the CIAS for each penetration.
Should the penetration rupture inside the containment, the limiting orifice
restricts the flow before the air-operated valve closes. If the penetra-
tion ruptures outside the containment, the check valve isolates the
compressed-air lines inside the containment.

Loss of compressed air to the BWR scram valves, scram volume vent
drain valves, and control-rod-drive flow regulator will initiate a reactor
scram. Consequently, a continuous supply of compressed air will not be
required during emergency or abnormal operations. When unplanned events
occur, the ensuing actions/reactions test the conservatism of the system
design., Such an event was the loss of air pressure in the scram valve
pilot header at Oyster Creek on September 28, 1972 (Ref. 24). This occur-
rence caused individual control rod insertions, which resulted in void
collapse and a subsequent scram due to reactor low water level. The loss
of air pressure was caused by the de-energizing of a backup scram solenoid
valve in the reactor protection system, Until this event occurred, it was
assumed that the failure of one such valve would not cause a loss of air
pressure in the scram valve pilot header. However, for this particular
application, this valve had an inherent flow restriction, and, coinci-
dently with this occurrence, a large number of the scram pilot solenoid
valves had minor air leaks. Such leakage is neither unexpected nor a
problem during normal operation. Nevertheless, this event showed that
only during an abnormal situation, when the backup scram solenoid is de-
energized and the channel scram pilot sol'noids are energized (as happened
here), can the combination of leak in the scram pilot solenoids and re-
stricted flow through the backup scram solenoid valve result in decreasing
pressure in the scram valve pilot air header,

A safety concern of the NRC Office for Analysis and Evaluation of

Operational Data is associated with pipe headers in the BWR scram system.



"The systems, including control air supply, upon which operation of the
scram outlet valves is dependent have not been designed to assure reliable
closure of these valves."?* Because of the need for a reliable scram. the
reactor protection and control air systems have been designed such that
the numerous possible failure states of either of these systems would
cause the scram outlet valves to open, which is in the "fail safe" direc
tion for scram function reliability Conversely, the same possible fail
ure (loss of) modes of these two sy ms have the opposite impact on the
reliability of the valves in the group closure sense. That is., the list
of possible active and passive failure states of the reactor protection
and control air systems that will cause the scram valves to open also
"epresents the list of possible common-failure modes that will prevent
group closur of the scram outlet valves when reactor coolant boundary
integrity and containment solation are needed, This dilemma is evaluated
and assessed by the NR( { in NUREG 0803 (Ref. 26).

Besides the loss . compressed-gas supply, another concern is con
tainment overpres rization brought about by a rupture in the pressurized
gas system, This stulated accident has been analyzed in the SARs, some
examples of which are given below.

Douglas Point2?7 Assuming that all category 1 air lines located
within the primary containment fail at the time of a design-basis loss-of
coolant accident (LOCA), the containment response to a flow of 500 scf/min
is an increase of 0.6 psi/h, or 0.105 psi for a time period of 10 min, It
is assumed that the operation is sble to respond to a signal in the con
trol room announcing a break in the non-category 1 lines with that time
period,

Clinton3?® the time of an LOCA and after containment isolation,
which secures air-supply lines, a failure of all category 2 air lines lo

cated in the containment releases 70 ft? of air at maximum of 160 psig.

This release of air has been calculated to increase the peak pressure in

the containment by <0.1 psi., Thus, the conservatism of the containment

analysis is not affected,

Allens Creek?® — The failure of the station air line (0.0332 ft2),

the instrument air line (0.0233 ft2), and the ADS air line inside the con

tainment building will result in the release of 12,200 scf of air during

the first 10 min, The increase in containment pressure for the first
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10 min of flow would be 0,0256 psi. The operator will respond to the air
leak within 10 min by shutting down the air system; however, if the system
is not shut down, air will continue to enter the containment at a rate of
900 scf/min. The calculations are conservatively based, assuming that the
mass of air in the systewm at 100 psig (such as piping, air receiver,
accumulators), together with the air continuously delivered by the air
compressors, will enter the containment during the first 10 min. The
second instrument air compressor automatically starts upon a low-low
pressure signal. Therefore, it was conservatively assumed that both
instrument air compressors plus the station air compressor are operating
simultaneously. The containment response to such a flow is an increase of
1.08 psi/h in containment pressure, It may therefore be concluded from
the 0.256-psi increase in 10 min that the break of non-category 1 air
lines will not compromise the integrity of the containment,

The concern about containment overpressurization resulied in a study
reported to the NRC in an LER for Palisades (LER 77-45, September 30,
1977, Subject:. Potential Loss of Containment Integrity).’® Investiga-
tions revealed that loss of the air supply to the containment building
purge isolation valves would result in depressurization of the seal blad-
ders, which could cause loss of containment integrity. The LER reported
that this failure mode had not been considered in the Final Safety Analy-
sis Report (FSAR),.

The source of compressed nitrogen gas can be likened to the compres-
sors for pressurized-air systems. However, while a loss of air pressure
in an air system can be corrected by the startup of a standby/emergency
air compressor, in a nitrogen system the supply of nitrogen depends on
delivery from a commercial source. Therefore, a leak in the nitrogen
storage system like that which occurred at Hatch 1 [LER 77-37 (Ref. 31);
see Appendix F] could cause the unit to be shut down until the leak is

repaired and the system recharged.
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INSPECTION AND TESTING REQUIREMENTS

The ability of the compressed-air system to perform in accordance
with its design bases is demonstrated by its continuous use during plant
operation, Drring operation, periodic simulated-low-air-pressure tests
are performed on the SAS and IAS to ensure proper starting of the standby
compressor when required. Periodic tests are also performed on the aux-
iliary air system and isolation valves to ensure proper operation, Test-
ing per se of the SAS and IAS is not a requirement because these systems
are normally in continuous operation, Only preoperational testing of the
IAS is specified [see Regulatory Guide 1.80 (Ref. 32)]. However, contain-
ment isolation valves do require testing because of their safety signifi-
cance, and 60% of the 55 LERs retrieved on these valves resulted from the
required testing.

The standby diesel-generator air-starting system is inspected period-
ically to ensure the quality of the air in the system and to ensure that
automatic components of the system operate properly. These tests are nor-
mally accomplished during test runs of the diesel engines [see Regulatory
Guide 1.108 (Ref. 33)]. Testing produced 70% of the 93 LERs retrieved

concerning the air-starting systems for the standby diesel generators,



33

DISCUSSION

Many of the occurrences involving compressed-air systems illustrate
an important precept in control techmology for very large and complex
systems. In this study the complex system is the nuclear-powered unit.
While conventional control theory is applicable for individually con-
trolled variables, it is not sufficient for complex systems where func-
tional and performance interaction and interdependencies exist. In a
similar way, what is fail-safe for a piece of equipment, subsystem, or
system can produce, in complex systems under certain circumstances, loads,
transients, or limiting conditions on other subsystems or systems, which
in turn can sometimes lead to unintended and undesirable operating con-
ditions for the unit.

Along with the fail-safe philosophy, the single-failure criterion can

cause the propagation of events unforeseen by the designer. These events

' Collectively or indi-

could be classified as one of numerous "what if’s.’
vidually they rank with those rare events such as common-mode /common-cause
failures that have a very low probability of happening and that must be
accepted in this imperfect world. Seemingly small and simple happenings
in the compressed-air systems sometimes disrupted the entire unit or
plant. For example, (1) a head gasket failure on an air compressor
started a sequence that culminated in a reactor scram due to a feedwater
transient; (2) a stuck check valve on an air compressor culminated in a
reactor trip because of the loss of cooling water for a coolant pump seal;
(3) broken drive belts on an air compressor resulted in a reactor trip
through the loss of SAS; (4) moisture freezing in an air line caused a
coolant pressure transient; (5) the freezing of refrigerant dryers re-
sulted in a rapid drop of water level in a plant’'s intake canal, almost to
the unit trip point; and (6) the failure of a flexible connection on an
air compressor caused a reactor scram through failure of some scram
valves. Each of these six events was unique and unrelated. FEven though
the sequence of happenings was unexpected and unanticipated, none led to
an accident nor could any one be designated as a potential accident pre-
cursor per se. Furthermore, during maintenance, startup, or shutdown,
there is always the misoperation or element of human error that can trig-

ger an undesired sequence of events when the wrong system is activated or
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deactivated. These events have been recited many times, and further exam-
ples are not needed here. The cascading of events — sort of a pseudo dom-
ino etfect or just plain happenstance, as in common-mode failures — is
very difficult to predict, let a’.2~ prevent. However, when recognized,
these features can be altered through design. Dependencies in control
system performance and responses are more subtle, Timing and circum-
stances are the elements that determine the extent to which a succession
of events could lead to a reactor transient. Therefore, mitigation and
defense in depth are the concepts that needed to be resorted to. HRowever,
during all abnormal operating conditions for the compressed-air systems,
all systems and protective features functioned as designed; the concept

of defense in depth has ensured plant protection and publiic safety during
each of these occurrences. Consequently, for each of these events there
was no adverse effect on the health or safety of the public or plant per-
sonnel. If the experienced feult warranted remedial action, this action
should be pursued. Determination of such can be made through the use of
safety goals and by pricritization of the safety concern by a probabilis-
tic risk assessment,

The compressed-air systems in nuclear power plants experienced many
of the usual and expected failures and malfunctions that occur in the pro-
cess industries (see Table 1). LERs for the five principal compiessed-gas
systems were collated and tabulated as percentages of failure causes per
system (see Table 3). At the zir-compression stations, 32 LERs were gen—
erated; equipment failures and malfunctions accounted for 37% of the re-
ported events, human error accounted for 25%, system contamination for
22%, and leaks for 16%. About 10% of the events were discovered during
testing and inspection,

The 1AS is used in controlling of the main steam isolation valves; 29
LERs were retrieved about this system, with testing and operatcr observa-
tion accounting for 38% of them. The CIAS services the containment isola-
tion valves, and here 57% of the 31 LERs retrieved resulted from testing.
Because the diesel generators require periodic testing, it was not unex-
pected that 70% of the LERs for the air-starting systems were the result

of testing, Testing in the compressed-air systems appears to be adequate
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Table 5. Distributions of failure causes

(Percent)
System
Cause el o )
Co-pre?lion IAS CIAS Dieszl air Nitrogea
station starting

Crud 22 34 47 30 4

Failure 25 24 16 19 20

Human error 25 7 16 16 34

Leaks 16 14 8 17 20

Malfunction 12 21 11 18 22

- —— - ——

———
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to uncover most of the random failures; this is predicated on the perfor-
mance of the nitrogen—-gas systems where no testing is conducted. There-
fore, any significant increase in testing of the compressed-air syctems
would be difficult to justify based on the information available in the
LERs to date.

The compressed-nitrogen systems experienced as many kinds of opera-
tional/maintenance problems as did the compressed-air systems, There were
110 LERs issued during the period reviewed (see Table 4). Two recurring
problems associated with BWRs were noted. Fowever, they were minor prob-
lems concerned with containment inerting levels and maintenance of ade-
quate system capacity supply levels in accordance with Technical Specifi-
cations requirements,

Gas-operated mechanisms of necessity have small tolerances on the
clearances between moving parts. Because of this, the gas supply must
be kept clean, and the relative cleanliness of the supply depends on its
vse — whether for instrumentation and comntrol or for activating equipment,
(That essentially distinguishes the IAS from the SAS.) This review of op-
erating experiences indicates that clean air is a necessary requirement,
difficult to maintain, and an area where significant improvements can be
realized. The equipment to do the job is available, but in too many in-
stances it is improperly maintained (compare again the Zion and Indian
Point examples given in the section titled Systems Descriptions and Oper-
ating Experiences). As a goal, see crud for the pressurired-nitrogen
system in Table 3 where the supply of nitrogen is dry and clean.

In the compressed-gas systems, improvements could be realized in two
areas: human errors and automation. Several of the human errors listed
in Table 3 for the nitrogen systems were the result of late or short de-
liveries stemming from offsite commercial dependence. Nevertheless, the
source columns (compression, nitrogen), which have a higher degree of man-
machine interface, have a higher proportion of LERs than do the service
columns (IAS, CIAS, diesel), which are more automated aad thus require
less operator interaction. Equipment failures, malfunctions, and leaks
in a pressurized system are expected to occur throughout the normal life
span of these system components, and the experience to date indicates no

unusual trends or patterns,
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Table 4, Number of LERs for nitrogen-
supplied equipment

|
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System component
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Containment atmosphere
Containment isolation
Control rod drives

Cover gas

Penetration
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Pressurizer

System (miscellaneous)

W W=D OWBMO
L

w
|O~°b°°u\oo~u




The compressed-gas systems hav ¢ ne 0 the it where fur

ther improvements or upgrading t« ‘ fications would » minimal

based on the reviewed operating expe 1d wltimate plan afety

could even be lessened, Philosophi : ne 'l p1
exists, Increased uni. safety, > 1 o 1 lity, and avai
11 best be served if the ) \ dependencies
ing parts" mechanical, p ural, « huma are considered
simultaneously on the u - iden prevention/mitig
cepts for ! mon > failure wuld be applied,.
Fleva g 1 B 1 1 »d~air and backup
systems to safe grade ¢ se the design 1

i1ty assurancs ycumen t ’ quipme Ju 1 ation, and test
will not allevi ! ) ( 1adequate maintenan
lated operati

This stu
the containme
this suppl

prioritized




39
CONCLUSIONS AND RECOMMENDATIONS

Briefly, the compressed-air systems in nuclear power plants experi-
¢nced most of the expected or usual problems encountered in the process
industries., Also, during abnormal conditions, these unit service systems
functioned as designed. Occasionally, the fail-safe philosophy and/or the
single-failure criterion aggravated an equipment malfunction or failure
event to cause a reactor transient or a unit scram., However, the concept
of defense in depth ensured plant protection and public safety. During
maintenance and/or operation of large and complex systems, there is always
the element of human error, which can trigger an undesired sequence of
events whenever the wrong equipment or subsystem is activated or deacti-
vated. Nevertheless, the central problems in the compressed-air systems
appear tc be related to inadequate maintenance policies and operating
procedures.

Inherent to the common design of instrument-air systems is the re-
quirement for a clean, oil-free supply of dry air to the control instru-
mentation., Anything less is a misapplication and should have been de-
tected and corrected in the initial systems design and in the safety
analysis reviews, Then, such built—-i» faults as the susceptibility for
crud buildup would have been eliminated. To keep the air systems in their
pristine conditions requires proper operation and maintenance, equipment
design notwithstanding.

Some general conclusions can be drawn from this study of operating
experiences.

1. There have been no adverse effecis to the health or safety of
the public or plant personnel due to the reported experiences,

2. All control systems and unit protective features functioned as
designed.

3. The compressed—air and backup nitrogen systems in nuclear power
plants encountered many of the expected or usual problems that are exper-
ienced in the process industries. Solutions are the same for either.
Clean air is a necessary requirement, difficult to maintain, and an area

where large improvements can be realized in nuclear power plants,
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4. Two reoccurring problems were ncted in the nitrogen system for
BWRs. However, the problems were minor and concerned containment inerting
levels and maintcnance of adequate system capacity supply levels as per
Technical Specifications requirements,

5. Humen error is a majo~ contributor to equipment and system mal-
functions and faults and is the single most important area where system
and unit availability can be increased.

6. The fail-safe philosophy and single-failure criterion when im-
posed on complex systems can initiate actions that result in reactor tran-
sients and/or unit scrams,

7. The initial premise of this study was to justify reclassification
of the air systems to safety grade; however, analysis of the available
operating experiences did not produce the evidence needed to support this
premise, Each of the six events mentioned was unique and unrelated. Even
though the sequence of happenings was unexpected ard unanticipated, none
of the events led to an accident nor could any one be designated as a po-
tential accident precursor per se,

Based on these conclusions, the following recommendations are of-
fered.

1. Elevation or reclassification of the compressed—-air and/or ni-
trogen systems to a safety grade will not alleviate the obvious problem
of inadequate maintenance and related operational procedures. Therefore,
these systems should not be safety grade in toto.

2. Maintenance and administrative procedures need overhauling to
ensure that cleanliness of the air supplies to instrumentation and con-
trols is maintained at the highest practical level,

3. Gas-operated mechanisms of necessity have smell tolerances on
the clearances between moving parts, Therefore, the cleanliness of the
systems' parts and pieces is equally as important as the cleanliness of
the gas supplied to these parts,

4, Increased testing to improve safety or availability of these sys-
tems would be difficult to justify based on the information available in

the operating reports to date. Therefore, increased testing is not recom-

mended.
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5. Increased availability of the compressed—air and backup nitrogen
systems can be realized by decreasing the amount of direct operator and
maintenance interface with the operating equipment (i.e., more automation

and better maintenance and operating procedures).
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