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FO!WiORD 

This Technical Evaluation Report was prepared by Franklin Research Center 

under a contract with the u.s. NUclear Regulatory Commission (Office of 

Nuclear Reactor Regulation, Division of Operating Reactors) for technical 

assistance in support of NRC operating reactor licensing actions. niis 

Implementation Guide wa~ prepared in accordance with criteria established by 

the NRC. 

The principal contributors to the preparation of this document were s, P. 

Carfagno, C. J. Crane, K. J. Iepson, J. A. Murphy(,t}G. J. Toman, and K. E. 

Weise. 

*Mr. Murphy's contribution was made initially as an FRC employee and 
subsequently through a subcontract with Synergic Resources Corporation. 
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1. PURPOSE 

The purposes of this guide are threefold. The first purpose is to 

provide guidance for the development of a complete qualification program or 

for the first-time qualification of a single device. 'I11is guidance is 

detailed in Section 3. 

The second purpose, contained in Section 4, is to provide guidance for 

corrective action for deficiencies found in existing qualification documen­

tation. 'I11e guidance provided was developed with cost effectiveness and 

practicality as considerations. It is not the intent of this document to 

impart new requirements or to limit the options for resolution of qualifi­

cation issues; the intent is to provide possible solutions to qualification 

problems as determined by the reviewers of do_cumentation for equipment in 

operating plants and to facilitate fulfillment of existing requirements. 

other methods of resolution may be available and valid. 

The third purpose is to discuss qualification issues for specific devices 

that require requalification efforts. These discussions are contained in 

Section 5, which is divided into two subsections: one concerning equipment 

requiring major requalification work, and the other concerning problems of a 

more easily corrected nature. 

~nklin Research Center 
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2. BACKGROUND 

2.1 BACKGROUND 

On May 23, 1980, the NRC issued Memorandum and Order CLI-80-21, 

specifying that licensees and applicants must meet the requirements set forth 

in the DOR Guidelines and NUREG-0588. 

In mid-1981, the NRC issued Safety Evaluation Reports (SERs) on environ-
' mental qualification of safety-related electrical equipment to licensees of 

all operating plants. Where additional qualification information was required, 

the licensees were directed to respond to the NRC within 90 days of receipt of 

the SER. 

In October 1981, the NRC authorized Franklin Research Center (FRC) to 

evaluate the licensees' resolutions of outstanding issues on equipment 

environmental qualification (E~) as discussed in the NRC SERs. The assignment 

was to review the qualification documentation in accordance with NRC criteria 

and to present the results in the form of a Technical EValuation Report (TER) 

for each of the 71 operating plants. 

As part of the review assignment, this implementation guide has been 

prepared as an aid in fulfilling NRC qualification requirements. n,is guide 

also provides clarification of basic qualification deficiencies determined 

from the technical evaluation of the licensees' resolutions of outstanding NRC 

SER items. An effort has been made to furnish enough information on pertinent 

technical issues to allow correction of deficiencies found during the review 

of the qualification documentation for the operating plants. 

2.2 SCOPE 

The scope of this implementation guide and of the evaluation of operating 

plant qualification by FRC was limited to safety-related electrical equipment 

located in harsh environments. While many of the techniques described in this 

document may be applied to mild environment qualification, this document is 

not intended as a guide to mild environment qualification nor are all of the 

requirements and methodology described herein applicabie to mild environment 

equipment. 

~nklin Research Center 
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3. DEVELOPMENT OF AN EQUIPMENT ENVIRONMENTAL QUALIFICATION PROGRAM 

3.1 OVERALL PRCX,RAM CONSIDERATIONS 

The most common method of environmental qualification of electrical 

safety-related equipment for nuclear power plants is analysis and testing of 

individual pieces of equipment rather than complete systems. Therefore, 

proving that the assembled system is qualified requires a comprehensive 

program to assure that the components in the systems and their interfaces have 

been qualified, thereby qualifying the whole system. 

To assure adequate environmental qualification of equipment while reducing 

program costs to the extent possible, a review of the equipment and systems 

should be performed to limit the scope of the qualification program and assure 

that all equipment that should be qualified is included in the qualification 

program. Time spent in developing clear plant-specific criteria for 

application of environmental qualification requirements will help assure 

adequacy of the qualification and will aid continuing ·qualification efforts 

during plant modification and maintenance, and spare parts procurement. 

TO further reduce the impact of qualification while assuring adequacy of 

the program, the specified normal, abnormal, and accident environments should 

be reduced to the most benign levels possible that are still conservative. 

Reduction of the specified normal environmental parameters will reduce aging 

requirements with the benefits of longer qualified life or higher probability 

of withstanding postulated accidents. 

The operating conditions of the equipment must also be determined. 

Voltage, frequency, load, operational cycles, and process conditions pertinent 

to the equipment should be determined before beginning qualification so that 

all parameters affecting the equipment.can be evaluated and simulated. 

Before beginning the qualification of a particular device, its safety 

function must be known to allow determination of the pertinent parameters to 

be monitored during qualification and to determine acceptance criteria. 

Complete definition of the safety function is particularly important for 

~nklin Research Center 
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complex devices having subcomponents which may not be required to support the 

safety function and could be eliminated from qualification by use of a failure 

modes-and-effects analysis. 

During the entire qualification process, it is important to document the 

assumptions and the considerations underlying the choice of particular options 

for qualification. This documenting is necessary because use of existing or 

older qualification reports and documents is often limited by the inability to 

reconstruct the decisions and events that occurred when the qualification was 

performed. 

The following sections discuss considerations to be included in the 

qualification process. A review of the considerations with respect to a 

particular device to be qualified will allow elimination of those that are not 

applicable. The discussions were made as inclusive as possible to help 

eliminate problems found in qualification programs which were reviewed. 

A complete qualification is generally not performed by one group. Most 

qualifications involve the manufacturer, vendor, architect~engineer or steam 

system supplier, and licensee. When generic qualification programs are used, 

the licensee or his agent must verify the adequacy of the qualification for 

the specific application. Frequently, this verification process demands that 

further analysis, evaluation, and/or testing be performed to provide complete 

qualification of the device. 

3.2 ELEMENTS OF A QUALIFICATION PR():;RAM 

The following subsections provide guidance for a comprehensive qualifi­

cation program. It is recognized that many of the concerns addressed do not 

apply to every device to be qualified. This document discusses requirements 

of the pertinent standards and, to some extent, indicates how requirements can 

be met. However, the NRC and FRC have agreed that this guide cannot possibly 

provide guidance for every environmental qualification concern. It is not 

intended to be a "cookbook" for qualification methodology; the licensees and 

their agents must determine the appropriate qualifications to be taken for 

their specific needs. 

~nklin Research Center 
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3.2.l Defining the Scope of the Program 

3.2.l,l Identification of Safety-Related Systems and Equipment 

Defining the scope of the qualification program ensures that required 

devices are qualified, eliminates needless qualification efforts, and reduces 

replacement procurement problems. The establishment of clear plant-specific 

criteria for determining which devices require qualification must be done at 

the outset of the qualification effort to provide a basis for the program and 

to allow for easier evaluation of the program during the life of the plant. 

The program should also establish criteria for determining whether 

subcomponents require qualification. The safety function of the subcomponent 

should not be the sole determinant for requiring or not requiring qualifica­

tion. Some non-safety-related equipment will require a failure modes-and­

effects analysis with regard to surrounding or interconnected safety-related 

components to determine qualification requirements, 

The following section provides guidance on reducing the list of items 

requiring qualification through evaluation of the function of the device with 

regard to the environments experienced and the qualification of redundant 

systems. 

3.2.1.2 Systems Considerations 

For some equipment items located in harsh environments, detailed 

consideration of specific safety functions may reveal that the safety function 

could be achieved without equipment replacement, relocation, or development of 

additional qualification documentation. These considerations, called systems 

considerations, take several forms: (1) the safety function can be achieved 

prior to onset of harsh conditions; (2) the safety function is performed well 

in advance of the expected onset of equipment failure; (3) environmentally 

qualified backup equipment that performs the same function is available; or 

(4) other available backup equipment performs the function and is not exposed 

to a harsh environment simultaneously with the primary equipment. 

~nklin Research Center 
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The following examples are typical systems considerations which can 

reduce or eliminate environmental qualification requirements for specific 

equipment items: 

o A containment pressure transmitter is located in a pipe tunnel outside 
containment. The transmitter is exposed to a harsh environment by a 
HELB in the pipe tunnel. The transmitter initiates containment isola­
tion upon sensing high containment pressure. This containment 
isolation signal is not required in the event of a HELB in the pipe 
tunnel, but is required for a LO:A or HELB inside containment. For a 
LOCA or HELB inside containment, the transmitter is not exposed to a 
harsh environment. Environmental qualification of this transmitter 
for the harsh HELB environment is not required since its safety 
function is required only when it is not exposed to the harsh 
environment inside containment. Qualification is required for the 
lesser environment due to the LO:A. 

o Safety-injection accumulator (or core flood tank) pressure transmitters 
are located inside containment. Plant operators monitor this pressure 
indication during normal operation to ensure that minimum pressure is 
maintained so that core flood capability is available during the first 
few seconds of a major LOCA while the active safety-injection systems 
are being initiated and are achieving rated capacity. The safety 
function of this equipment (reactor core cooling) is achieved in the 
first 10 seconds of the accident and the functioning of the pressure 
transmitters is not required thereafter because their safety function 
is performed prior to the start of the LOCA. Subsequent failure of 
the transmitters does not affect safety-related power supplies and 
will not cause the operator to be misled. 

Note: This example does not concern an item that functions during the 
first few minutes of a LOCA. It concerns a system that is 
required prior to the onset of a LOCA and required during normal 
operation only. 

It is difficult to prescribe specific systems considerations for environ­

mental qualification of equipment subject to harsh environments because each 

consideration is usually plant-specific. General guidelines have been estab­

lished for evaluation of systems considerations; however, these guidelines are 

not all inclusive. 

The following are some technically valid systems considerations: 

o The equipment does not provide a safety function or mitigate the 
consequences of a LOCA or HELB, and its failure will not degrade 
equipment performing these functions. 

~nldin Research Center 
A 0Mwn ol The Frant.!n lnsdtute 

-6-



TER-C5257-532 

o The equipment is not exposed to a harsh environment by the accident it 
was installed to mitigate. Subsequent failure of the equipment will 
not have an adverse effect on other safety-related equipment and will 
not have the effect of misleading an operator. 

o Backup equipment having sufficient redundancy is available which 
completely performs the safety functions of concern. The backup 
equipment is environmentally qualified and will perform the function 
in spite of a postulated single active failure. Subsequent failure of 
the equipment will not have an adverse effect on other safety-related 
equipment and will not have the effect of misleading an operator. 

o The equipment's function is completed prior to the onset of the harsh 
environment. No subsequent functions are necessary. Subsequent 
failure of the equipment will not have an adverse effect on other 
safety-related equipment and will not have the effect of misleading an 
operator. 

Note: Considerations for reducing or eliminating qualification 
requirements because the safety function is completed prior to 
the onset of harsh conditions should not ignore environments 
resulting from small-break LCX:A and HELB events. Small breaks 
with more gradual development of harsh conditions may cause 
equipment degradation due to the lag in detection of the 
accident condition and may result in significant localized 
equipment damage. 

In general, the following items are cause for rejection of a systems 

consideration: 

o The backup equipment is not fully capable of performing the intended 
safety function. 

o The backup equipment is not environmentally qualified and can be 
exposed to a harsh environment simultaneously with the primary 
equipment. 

o The backup equipment is subject to a potentially disabling single 
active failure. 

o Failure of the primary equipment can affect other safety-related 
equipment or power supplies. 

o Failure of the primary equipment can result in erroneous indication 
which coul? mislead an operator. 

o Functioning of the primary equipment is required throughout the 
post-accident period. 

~nklin Research Center 
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o Although backup equipment is available, it is not technically sound to 
relinquish defense-in-depth for this particular function (single 
failure criteria not satisfied). 

o The backup equipment is not safety-related. 

o The primary equipment is necessary for the operator to ascertain that 
an engineering safety feature (ESF) system is performing its intended 
safety function, 

o The •systems consideration" justification is not based on objective 
technical evidence. 

Sometimes systems considerations can justify reduced environmental 

requirements for environmental qualification. For example, if a systems 

consideration concludes that a certain equipment item needs to function for 

only several hours after the start of a design basis accident, and an 

integrated radiation dose is the only environmental parameter of concern, then 

documentation of the limited radiation dose and the validity of the systems 

consideration may combine to achieve satisfactory qualification for the 

equipment. 

3.3 QUALIFICATION OF A DEVICE 

The qualification process should begin with the gathering of the pertinent 

data concerning function, application, and environments for a device. If 

certain pieces of data are not available when defining the qualification 

program, conservative estimates must be used until such data become available 

through later analysis or actual measurements during operations. The 

following subsections describe the significant qualification steps. Guidance 

is given in areas that proved troublesome during past qualification efforts. 

3.3.1 Development of the Plan for Qualification 

When a device must be qualified, a plan describing the method of qualifi­

cation should be prepared. This plan should include the safety function of 

the device: a description of the device: and a description of the environment, 

power conditions, and operating specification. The plan should then detail 

the methods to be used, such as testing with supporting analyses, rigorous 

~nklin Research Center 
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analysis supported by testing, or full analysis with a summary of the basic 

steps to be taken. For devices that have been qualified previously, this plan 

may be part of the qualification procedure. The plan for qualification 

provides subsequent reviewers with the logic of the program and will ease 

their evaluation process. 

Se~tion 6.2 of IEEE Std 323-1974, Section 3 of IEEE Std 334-1974, 

Sections 4.2 and 4.4 of IEEE Std 381-1977, Section 6.2 of IEEE Std 382-1980, 

and Section 4 of IEEE Std 650-1979 contain lists of information to be 

determined to allow specification of conditions affecting a device for 

qualification purposes. 

Frequently, although sufficient thought has been given to the function, 

operating conditions, and environment of a device at the beginning of the 

qualification process, these details are later partially or totally omitted 

from the qualification report, leaving the ultimate user and any subsequent 

reviewers with doubts concerning the completeness of the qualification 

program. Proper documentation of this information greatly increases the value 

of the qualification and helps to assure its later value. 

When a generic qualification is performed, some qualification parameters 

must be assumed. It is extremely important for the persons performing the 

qualification to give full details of the qualification specification in the 

qualification report. This information will allow the ultimate user of the 

device to determine more easily the adequacy of the generic qualification for 

the specific application. 

3.3.l.l Definition of Safety Function and Acceptance Criteria 

Prior to beginning a qualification program or evaluating the relevance of 

an existing program to a specific application, the safety function for the 

application must be defined. This definition should include the safety 

function before, during, and after the design basis event (DBE) since there 

may be considerable differences in safety function during each of these 

periods. Acceptance criteria for the key parameters may also vary for each of 

these periods. Defining safety function and acceptanc~ criteria adequately 

may reduce qualification requirements. 

~nklin Research Center 
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When generic qualification of equipment is performed, generalized 

functional requirements and acceptance criteria are often used. It is the 

responsibility of the licensee to determine specific safety functions and 

acceptance criteria and to verify the adequacy of the generic qualifications 

when they are applied to a particular plant. 

3.3.l.2 Specification of Qualification Requirements 

Process, power, signal, operating, and environmental conditions must be 

specified prior to performing a qualification program or verifying the 

adequacy of existing programs. 

Process conditions must be known since they frequently affect the environ­

ment of the device through effects such as conduction of heat or transmission 

of vibration. PQwer conditions must be defined to allow evaluation of condi­

tions such as low or high voltage, low and high air system pressures for 

pneumatic devices, or frequency variations. Expected durations of prolonged 

operation at the extremes of power supply conditions should also be specified. 

Signal conditions should be specified and any expected deterioration during 

accident or abnormal conditions determined. Specification of operating 

conditions and the operating scenario provides information about use of the 

device, such as continuous use or prolonged dormancy, that is necessary for 

proper qualification. This operational specification should include 

maintenance, calibration, and testing of the device since these can cause 

positive or negative effects on qualified life. If these effects could 

degrade the accident withstand capability, as in the case of seal damage when 

covers are removed and replaced, they may reduce the qualified life and should 

be taken into account before LO::A/HELB simulation. 

Finally, the environments of the device for normal, abnormal, and 

accident periods must be defined. Safety function during accident conditions 

must be evaluated, since the device need not be qualified for those accident 

conditions during and following which it does not perform a safety function if 

its failure is nondetrimental to surrounding safety equipment. 

~nklin Research Center 
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3.3.2 Test Procedures 

The need for test procedures is twofold. They are needed for giving 

direction to qualification personnel and also become an important portion of 

the final qualification documentation since they detail the exact steps taken 

during the qualification. Test procedures should adequately describe the 

tests performed, the test setups, and the requirements for test instrument 

accuracy with sufficient detail for the tester to be able to perform the 

test. Sections 6.3.1 and 6.3.l.l of IEEE Std 323-1974 provide a description 

of the segments of the overall test procedure. ~re detailed procedures may 

be required when special test equipment or setups are necessary to qualify a 

particular device. 

3.3.3 Test Failures, NOnconformances, and Anomalies 

During the performance of nearly every qualification program, unexpected 

conditions and results are encountered. niese range from relatively minor 

disturbances to failure of the test specimen. The description and evaluation 

of such events in the qualification report are extremely important. EVents 

seemingly unimportant to the performer of the qualification program could be 

very important to the device user. Also, truly unimportant events could be 

miscontrued by a potential user. The device might then be rejected for use or 

a new qualification program inappropriately requested. 

When test failures occur, the cause of the failure must be determined to 

be able to show whether or not qualification has been affected. There are 

three causes of test failure and significant nonconformances: test facility 

failure, test personnel error, or failure of the device being tested. 

Remedial action varies with the cause of the event. 

When the failure or nonconformance resulted from test facility failure or 

personnel error, the qualification report should contain a description of the 

event, its effect upon the test, whether any retesting was necessary, and an 

evaluation of the significance of the problems associated with the test 

equipment in regard to the validity of the qualification program. This 

description is particularly important if severe temperature or pressure 

~nklin Research Center 
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excursions occurred which could have affected the performance of the devices 

being tested. An example is the case of an electronic transmitter which is to 

be tested at a temperature of 320°F and a pressure of 50 psi with an accuracy 

requirement of plus or minus 5% of scale. If a failure of the test equipment 

results in a temp~rature excursion to 360°F and a test pressure of 70 psi, and 

the accuracy of the device proves to be out of specification, then the 

significance of the transient must be evaluated carefully to determine whether 

or not the specimen failed the test as a result of the test equipment 

abnormality. 'Ihe qualification test report should present a complete 

evaluation of the problem, state whether or not a retest is necessary, or show 

that the accuracy change resulting from the more severe transients is 

allowable for the application of the device. 

When the test is performed as intended, but the equipment being tested 

fails or shows severe abnormalities in performance, the deficiency must be 

described and evaluated in the documentation. Some examples are: 

1. An electronic transmitter is LOCA tested using IEEE Std 323-1974 
profile for a EWR, and fails within the first half-hour of the test. 
The question in this case is whether or not the tested equipment 
would be suitable for any safety function since the failure occurred 
in the early stages of the test program. Testing the device at less 
severe conditions may allow limited usage of the device. 

2. During a 30-day test of a motorized valve actuator using the PWR and 
BWR profiles of IEEE Std 323-1974, the actuator functions normally 
through the peak pressure and temperature transients during the first 
24 hours, continues to function normally for 15 days, and then 
fails. 'Ihe question which must be addressed is whether or not the 
equipment is qualified for an operating time considerably less than 
15 days. 

3. A solenoid operated valve is tested for 30 days, using the profile 
contained in IEEE Std 323-1974, but the solenoid enclosure seal 
fails, allowing boric acid spray to enter the solenoid enclosure. 
However, the valve continues to function normally but does not 
withstand specified megger testing. 'Ihe appropriateness of 
performing insulation resistance testing at reduced voltages and its 
effect on qualification must be addressed. 

In the case of the instrument exhibiting gross failure early in the 

~-t-r_a_n_s_i_e;;)-n~t period of the test, the fact that it functioned for a short period 

L:,l>C 7 
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of time could be considered to demonstrate qualification, if the equipment is 

used for immediate short-term trip functions only (i.e., safety functions 

which are performed within the first few minutes of an accident scenario). 

However, when testing does not demonstrate that this equipment remains 

functional in the accident environment for a period of at least one hour in 

excess of the time assumed in the accident analysis, a time margin less than 

one hour must b~ justified. This justification must include, for each 

application of each piece of equipment, (1) consideration of a spectrum of 

breaks, (2) the potential need for this equipment later in an event or during 

recovery operations, (3) a determination that failure of the equipment after 

the maximum operability time will not degrade any safety function or mislead 

the operator, and (4) a determination that the margin applied to the minimum 

operability time, when combined with the other test margins, will account for 

the uncertainties associated with the use of analytical techniques in the 

derivation of environmental parameters, the number of units tested, production 

tolerances, and test equipment accuracies. The documentation must also 

include an analysis showing that the failure could not occur during the· 

required period of operability plus the required interval of margin. 

In the case of the motorized valve actuator, the test report should 

contain sufficient information on the nature of the failure, and the 

corrective action taken to preclude failure during use, so that an independent 

engineering determination of the ability of the valve actuator to function for 

extended periods can be performed. It is evident from the test results that 

the harsh environment during the worst period of the accident did not cause 

immediate failure of the valve actuator. However, long-term exposure to an 

elevated temperature and humidity environment subsequent to the accident 

condition is problematic unless the device is modified. In general, such an 

analysis is possible only when the cause of the failure can clearly be 

determined and it can be established that the failure would not occur at an 

earlier time. Retesting of the modifications is generally required. 

It is evident that the solenoid valve continued to function and perform 

its safety function throughout the test period, but that special testing to 
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measure performance of the insulation system could not be performed due to the 

presence of a highly conductive solution within the solenoid housing. Such 

results indicate that it would be prudent to ensure that the solenoid 

enclosure is isolated from the environment as a precautionary measure in 

actual plant installation. 

The persons performing qualification are encouraged to evaluate and 

document failures, nonconformance, and anomalies in detail at the time of 

detection since the persons associated with the qualification process will 

generally not be available at the time of review of the qualification results. 

If modifications must be made to the device to preclude failure or 

nonconformance, the modifications must be appropriately evaluated and proof of 

qualification must be established by analysis or test. If only a portion of 

the complete qualification test is to be performed for the modified device, 

the rationale for performing only portions of the complete test must be 

documented. When a failure occurs during testing and it is believed that the 

failure is random in nature and would not occur on identical devices when 

subjected to the same test conditions, the test or portions thereof may be 

repeated to establish qualification. An evaluation of the cause of the 

failure must be presented. If only portions of the test are to be redone, the 

rationale for eliminating other portions must be documented. 

3.3.4 Preparation of the Qualification Report 

The contents of the qualification report are described in IEEE Stds 

323-1974, Section 8; 334-1974, Section 8; 381-1977, Section 6; 382-1980, 

Section 7; 383-1974, Sections 1.4 and 2.6; 535-1979, Section 9; 627-1980, 

Section 7; 649-1980, Section 12; and 650-1979, Section 6. However, existing 

qualification reports sometimes do not address all of the pertinent 

information or are poorly organized, making verification of the adequacy of 

the qualification difficult and time-comsuming. Since the entire purpose of 

the qualification process is to provide documented proof that a device is 

qualified for its intended service, the qualification report must be given 

adequate attention during preparation. 
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The standards require that the report be presented in an auditable form. 

In addition, the report must be written so that an auditor or reviewer 

reasonably versed in the topic of equipment qualification can determine its 

adequacy. While it is expected that the ultimate user of the report and any 

other reviewers would be knowledgeable about qualification concepts and the 

equipment being qualified, the preparer should not expect major gaps in the 

report to be filled by the knowledge of the user or reviewer. Conclusions 

should be supported by evaluation of test data, analyses, or logical 

argument. The report preparer must remember that those who will read the 

document after its completion will not be privy to the information available 

during preparation. 

The report should be complete, clear, and concise. In addition to the 

IEEE standard documentation requirements, it is suggested that diagrams and 

pictures of test setups be made part of the document package for each 

significant step in qualification. These diagrams and pictures frequently 

will allow the reviewer to understand test methodology more completely and 

will reduce the number of questions during evaluation. 

A strong summary section that states the results of the qualification 

program should also be contained in the report, preferably at the beginning. 

This section should include descriptions of any major anomalies and corrective 

actions, as well as any modifications necessary to attain qualification. More 

detailed descriptions of these items should be contained in the main body of 

the report. 

3.4 AGING AND QUALIFIED LIFE 

Aging refers to a change in functional capability as a consequence of all 

significant stresses imposed on the equipment, the long-term effect of which 

is usually performance degradation. such age-related degradation has been 

identified as contributing to potential common-mode failure mechanisms. 

Evaluating equipment aging to establish a qualified life or an accelerated 

aging program requires a thorough investigation of the equipment's service 

stresses and potential aging techanisms. The significance of these aging 
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. mechanisms with respect to the equipment's functional requirements and the 

degradation caused by accident service conditions must be analyzed. 

Each component of a piece of equipment tends to have unique aging 

characteristics: a simple, convenient, universal engineering model for 

determining age-related effects does not exist. 

The following is a generalized methodology for equipment aging. Having a 

methodology ensures that relevant technical considerations are identified and 

that uncertainties that may arise in the course of an aging evaluation are 

addressed. Having a methodology aids in developing and supporting the 

engineering judgment required in most aging evaluations. Key elements for an 

aging evaluation may include: 

o A review of equipment design 

o A review of equipment materials 

o Performance of a failure modes-and-effects analysis to systematically 
identify equipment and component functional requirements and equipment 
failure mechanisms significant to aging 

o Identification of service stresses and aging mechanisms 

o Determination of significant aging mechanisms that affect the safety 
function 

o Use of analytical representations or models to aid in establishing 
qualified life and accelerated aging programs and in evaluating the 
significance of aging mechanisms 

o Determination of a qualified life estimate 

o Development of surveillance and maintenance programs to monitor 
equipment aging and to ensure that the qualified life is achieved. 

3.4.1 Equipment Design Review 

Available documentation for the equipment, including manufacturer's 

drawings, material lists, engineering specifications, and other technical 

data, should be reviewed. A thorough understanding of equipment design, 

construction, and function is often lacking during aging evaluation. The 
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details of the evaluation should be well documented since this is the main 

basis for the entire qualification. 

Evaluation of equipment aging is multidisciplinary and may require 

engineering expertise in such areas as thermal and radiation degradation; 

seismic and dynamic requirements; equipment design, operation, and maintenance; 

and nuclear safety system design, including electrical, instrumentation and 

control, and mechanical engineering. 

The practical significance of a complete equipment review is demonstrated 

by numerous examples of equipment that has been age-conditioned or assigned a 

"qualified" life on the basis of incorrect or incomplete analyses. Some 

evaluations only consider radiation and thermal effects and ignore stresses 

such as those due to operation and startup or, in the case of seals, 

compressive set. In some cases, a reduction in the qualified life or 

replacement interval may be required until a more sophisticated analysis is 

performed; and in others, equipment can fail LCx::A/MSLB simulation tests 

because parts such as seals, gaskets, and lubr·icants are severely overaged or 

degraded due to overstressing during age-conditioning. 

3.4.2 Identification of Equipment Materials 

All component parts and materials should be identified. An inventory of 

all materials (including trade name and manufacturer) used in construction of 

the equipment should be obtained from the equipment manufacturers. Inorganic 

materials are customarily excluded in electrical equipment aging evaluations; 

however, metal and plated surfaces may require identification because age­

related organic by-products (e.g., volatile or gaseous components), catalysts 

used in the production of organic materials, and environmental contaminants 

could lead to degradation of metallic parts. 

once component materials are identified, the following should be addressed: 

(1) potential physical and chemical incompatibilities between contiguous 

materials, (2) temperature limitations, including maximum use ratings, and (3) 

other material-related limitations (e.g., radiation, hygroscopic, and wear 
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properties), as stated in manufacturer materials application bulletins, 

engineering handbooks, and technical literature. 

3.4.3 Failure Modes-and-Effects Analysis (FMEA) 

FMEA is a scope reduction technique which may justify limiting 

qualification efforts. Interrelationships between equipment, component parts, 

system failures, functional requirements, environmental constraints, and 

surveillance and maintenance requirements can be determined by a qualitative 

FMEA. The FMEA procedure systematically identifies the critical components or 

parts of an equipment item, the failure of which could result in common-mode 

equipment failure. Essentially, the FMEA identifies that subset of components 

for a piece of equipment that requires evaluation for aging; all other 

components are unimportant from an aging standpoint because their failure will 

not result in unacceptable equipment failure. 

In qualification engineering, the FMEA is customarily performed at the 

system level and then at the equipment level. Initially, a system-level FMEA 

is performed to determine unacceptable failure modes of equipment under 

accident conditions, i.e., those failure modes of a specific equipment item 

which contribute to the potential common-mode failure of the associated 

system. An equipment-level FMEA is then performed to determine how the 

postulated failure causes of individual components can lead to unacceptable 

equipment failure modes identified in the system-level FMEA. 

A formal FMEA is not always a necessary part of the aging evaluation, 

especially when equipment is simple and has few components. A tabulation of 

component failures, resulting equipment failure modes, and the supporting 

rationale is adequate for most aging evaluations. In the event that all 

equipment failure modes are considered unacceptable, or if the equipment is 

simple, then a statement describing and documenting specific failure mode 

considerations is adequate. 

3.4.4 Stress and Aging Mechanisms 

The types of aging stresses specified by current regulatory requirements 

include temperature, radiation, humidity, wear, and vibration associated with 

~nklin Research Center 
A DMsion cl The Franldln lnstiMe 

-18-



TER-C525 7-53 2 

normal and accident service conditions. According to NUREG-0588, wear stresses 

include those electrical and mechanical stresses resulting from cyclic 

operation of equipment. Although these stresses represent the predominant 

concerns for most nuclear equipment, additional stresses resulting from normal 

operation (e.g., fault currents, cyclic stress-strain variations, and 

contaminated and moist environments) can contribute significantly to long-term 

aging degradation. 

To identify the stresses that affect equipment performance requires 

evaluation of equipment design, functional requirements, and operating service 

conditions. Candidate stresses can be inductively developed from qualitative 

(or narrative) reliability data; industry standards related to fabrication, 

design, and maintenance- for certain equipment items (e.g., cable, transformers, 

motors); engineering technical papers dealing with design and operation of 

equipment; and operating experience in nuclear or similar applications. These 

sources of information are based largely on similar operating equipment and 

design experience, and can be used in documenting aging evaluation conclusions. 

As a practical consideration, the FMEA can be used as a screening device 

because only stresses resulting in unacceptable age-related failures need be 

considered in the aging evaluation. 

3.4.5 Significant Aging Mechanisms 

A method adapted from Section 4.4.1 of IEEE Std 627-1980 (1) can be used 

to determine whether aging mechanisms have a significant effect on equipment 

operability.* If aging mechanisms are considered significant, they must be 

addressed in the development of accelerated aging, surveillance, and 

replacement programs, and in establishing qualified life estimates. 

An age-related degradation mechanism is considered significant if the 

following criteria are satisfied: 

1. In normal service environments, the aging mechanism promotes the same 
failure mode as that resulting from exposure to abnormal or DBE 
service conditions. 

*Other methods are acceptable if reasonable assurance can be provided that 
significant age-related degradation mechanisms are identified. 
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2. The aging mechanism adversely affects the capability of the equipment 
to function in accordance with its specifications. 

3. In normal service environments, the aging mechanism causes 
appreciable degradation during the design life compared to that 
caused by design basis events. 

The above criteria provide a logical approach for evaluating potential 

aging effects and have been useful in evaluating diverse equipment items and 

aging mechanisms. The criteria are applied to individual potential aging 

stresses to determine if the resultant degradation should be considered 

significant. FOr those special cases where synergisms have been identified, 

the criteria should be applied to the combination of the aging stresses (e.g., 

temperature and radiation or radiation and mechanical cycling). 

The use of this approach is appropriate for the evaluation of complex 

equipment potentially subject to multiple stresses. Simple equipment items 

with well-known aging characteristics (e.g., terminal blocks) do not require 

formal use of the evaluation criteria; however, documentation of the basis for 

consideration of aging mechanisms should be provided. 

3.4.6 Aging Models 

Aging degradation models are required to estimate the extent or amount of 

degradation in order to: 

1. assess whether normal service operating stresses cause significant 
aging mechanisms in equipment 

2. develop an accelerated aging basis for equipment in a qualification 
test program 

3. establish the qualified life of equipment based on plant-specific 
service conditions and age-<::onditioning performed as part of a 
vendor-sponsored test program. 

A review of aging in Reference 2 reveals that relatively few aging 

degradation models exist. These models are applicable only to a limited 

number of stresses and aging processes; no model exists for many practical 

cases of interest. Even when a model does exist, numerous factors can 

contribute to the uncertainty or unreliability of predictions of aging effects 
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in equipment. As a minimum, the following should be considered in determining 

the validity of predicted aging effects: 

1. It may be necessary to extrapolate model results to stress levels 
significantly beyond the established range of the model, thereby 
introducing large statistical uncertainties in any aging prediction. 

2. Models and associated data typically address a single aging mechanism 
over a limited higher stress range; changes in stress level (e.g., 
from test level stress used for data generation to a lower level 
stress associated with actual service) can result in the dominance of 
another competing aging mechanism. For example, Arrhenius models 
should not be used to quantitatively predict aging at temperatures 
20° to 30°C below the lowest temperature used in establishing the 
Arr.llenius equation parameters, unless there is empirical evidence 
Ci.e),. ~i;,erating experience) that the aging mechanism is the same. 

~-:,re 
3. The physical property used to establish the model may not be easily 

correlated with the aging mechanism and equipment application. For 
example, aging data may be available only for tensile properties of a 
material; however, if the actual application of the material is as a 
seal or gasket, then compressive set is the more appropriate parameter 
of interest. 

4. Specimens used to establish the aging model may not be sufficiently 
similar to the equipment under consideration. For example, cyclic 
failure data used in developing some accelerated aging models tend to 
be device-specific with little applicability to other equipment. 
Similarly, aging studies conducted with slabs of insulating material 
may not be adequately correlated to the aging of that material in its 
application (e.g., as conductor insulation). 

s. Minor differences between the material studied and the material used 
in an application (e.g., difference in type or amount of filler) may 
cause significant differences in aging rates and even aging modes. 

The methods summarized below are generally accepted to evaluate aging or 

to develop a basis for accelerated aging of equipment as part of a qualifi­

cation test for common service stresses. Where a specific model does not 

exist for an application, the test method that most closely approximates the 

equipment aging should be chosen. 

3.4.6.l Thermal Stress 

The Arrhenius model is recommended for evaluation of thermal degradation. 

This model is applicable to many materials and, to a first order of approxima-
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tion, to some component items (e.g., certain solid state devices and motor and 

transformer windings). Usage is based on selection of a conservative activa­

tion energy, one of the parameters appearing in the Arrhenius equation. 

Although many activation energies are available in the technical literature, 

the specific degradation mechanism occurring over the temperature range of 

interest is often unspecified. 

Some considerations related to thermal stress follow: 

o Internal temperature rises due to self-heating effects must be included 
in aging evaluations. Failure to do so leads to over-estimation of 
qualified life or underaging of equipment during accelerated aging. 

o It is common practice to use the lowest material activation energy in 
equipment as a conservative basis for aging evaluations. When internal 
or self-heating effects are considered, the activation energy corre­
sponding to the material experiencing the maximum temperature rise 
often dominates aging considerations. Aging should be evaluated on 
the basis of each material's activation energy and actual operating 
temperature. 

o The need for energizing during thermal aging should be evaluated. If 
self-heating effects are significant, energizing will result in 
internal temperature rise profiles that are similar to those in actual 
service. Energizing can reduce the likelihood of overstressing other 
materials because only localized equipment regions are heated and, 
therefore, lower accelerated-aging oven temperatures can be used. 

o Application of voltage stress during thermal aging is important in 
aging certain devices such as semiconductors, linear integrated 
circuits, and certain capacitors since application of voltage stress 
may cause temperature rises and other stresses that would not be 
present in the de-energized state. In general, repr.esentative 
electronic circuit aging occurs only if actual operating voltage 
potentials are maintained in electronic equipment. Energizing of 
circuit assemblies during accelerated aging often requires reductions 
in aging temperatures (compared to unenergized circuit aging) to 
maintain electronic device characteristics within tolerance ranges or 
to accommodate device self-heating (e.g., in miniature power 
transformers and solid state relays). In some cases, simulated 
external signal levels and loads must be applied to ensure that the 
circuit parameters are within acceptable bounds. 

o Accelerated thermal aging of an entire equipment item can result in 
excessive averaging of some components due to temperature and aging 
rate considerations. Pre-aging of components requiring greater 
age-conditioning exposures, followed by reassembly and final aging 
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with more sensitive components in the assembled equipment, should be 
investigated. (Separate aging of individual electronic components is 
not considered acceptable, e.g., transistors, resistors, etc.) 

o Use of lower thermal aging temperatures and longer aging times reduces 
the amount of overaging of one component with respect to another; 
i.e., accelerated aging based on the Arrhenius model becomes more 
uniform as aging conditions approach operating conditions. 

o Aging electronic circuits on the basis of a very conservative minimum 
activation energy can overage other devices beyond their useful life, 
resulting in failure of the circuit assembly. Temperature-dependent 
electronic device reliability data can be used to estimate the 
probability of the assembly actually surviving accelerated aging 
without failure. If circuit failure probabilities are too high, 
several circuits can be simultaneously aged for differing periods to 
decrease the risk of having no circuit survive aging. Alternatively, 
the qualified life goal can be reduced in order to increase the 
probability of a circuit surviving thermal aging. 

3.4.6.2 Humidity Stress 

There is no generalized model for evaluating humidity-caused degradation. 

some assurance can be obtained that equipment is not susceptible to humidity 

effects by performing humidity and moisture stress tests based on those 

described in military test standards such as Mil-Stds 202F and 78;1.G.. In these 
( ':>f( ·, 

tests, equipment is exposed to high humidity at elevated temperatur~s which 

increase vapor pressure and accelerate moisture penetration and migration. 

Temperature cycling performed as part of these tests intensifies humidity 

effects by causing condensation and subsequent transport of moisture to 

internal regions. 

3.4.6.3 Radiation Stress 

See Section 3.5. 

3.4.6.4 Voltage Stress 

Analytical representations are not readily available for general 

prediction of voltage-related degradation. Two approa·ches that have been used 

in accelerated testing include increasing voltage amplitude with constant 
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frequency and increasing frequency at constant voltage. The first approach is 

limited by dielectric breakdown considerations; the second approach can be 

dielectric-dependent and can accelerate certain voltage-related phenomena such 

as •treeing" in cable insulation. The results of accelerated voltage testing 

can be variable; at present there is no generalized voltage-dependent model 

for predicting long-term degradation. Present applications of voltage stress 

are primarily limited to accelerating effects during laboratory investigation 

of insulation. 

The variation of equipment supply voltage about a nominal value (e.g., 

_:!:10%) does not provide information about voltage stress effects in the 

equipment. This procedure, which is common in reliability demonstration 

tests, ensures operability of equipment over the range of expected conditions. 

In the case of inductive loads, decreased voltage can result in increased load 

currents with subsequent increases in internal heat dissipation; stresses 

other than voltage (e.g., temperature, thermal expansion, or cycling) are 

~-
imposed on the equipment. _refL C-,

0
~- ·o-f.1.'.:.,.-J ~; 

--s.;Jrr· ""'1, (T.-:;· \ 
3.4.6.5 operational Stress ..J,.o /J~ D (;pc 

There is no universal model for evaluating degradation caused by 

operationally induced effects such as actuator cycling or bearing loading. 

However, a simple accumulated-degradation model has sometimes been shown to be 

applicable to certain processes described by Arrhenius or inverse power models 

or more general processes with unknown degradation mechanisms. Reference 2, 

Section 6.4, describes this accumulated-degradation (or wear) model and 

several assumptions implicit in its use. 

The accumulated-degradation model can be used to evaluate the degree of 

degradation occurring if equipment-specific data exist. Applicable data 

include known operating data or test data under load conditions. An important 

point is that the actual load conditions and, in most cases, the applicable 

stress must be known. The model is a simple representation of a complex 

process and is subject to certain basic assumptions. rt should not be used 

indiscriminately, and the statistical uncertainty in predicted degradation 

should be recognized. 
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3.4.6.6 Vibrational Stress 

It is frequently difficult to determine the expected levels of vibration 

to which a device may be subjected at any one location in a plant. Methods of 

determining hydrodynamic loads for equipment connected to piping systems have 

been developed; however, estimating vibration levels from surrounding heavy 

rotating or reciprocating machinery is not readily practicable. Some 

utilities have estimated expected vibration levels by measuring vibration of 

similar equipment in operating power plants. 

Coupled with the difficulty of specifying vibration levels, acceleration 

techniques for normal life vibrations are generally not available. Therefore, 

most vibrational stress testing has been performed at arbitrary levels and 

durations (see Std IEEE 382-1980, Appendix D). One expected failure mode is 

loosening of fasteners such as bolts and clips. Fatiguing could be expected 

due to high-level hydrodynamic loads, but would generally not be expected for 

most other lower level vibrations. 

Care in locating sensitive equipment away from hydrodynamic loads and 

reciprocating and rotating machinery will remove vibrational stress as a 

consideration and, for many cases, is the best way of treating non-seismic 

vibration. 

3.4.6.7 Induced Mechanical Stress 

Some electrical equipment can be exposed to operationally induced 

mechanical stress. Thermal expansion forces due to temperature variation 

caused by load changes, electromagnetic-induced vibration, and forces resulting 

from fault currents can produce adverse mechanical effects. For some equip­

ment, these mechanical stresses can be more important than temperature in 

determining the life of an insulation system. Dielectric breakdown of a motor 

or transformer insulation system is comparatively rare; usually thermally 

degraded insulation systems fail as the result of the effects of mechanical --
stresses caused by oper_~~ing conditions. -----------

Currently, there is no accepted model which relates mechanical effects to 

service stress. The situation is complicated by the fact that these mechanical :/ 

~nklin Research Center 
A DMsion ol The Frankfin Institute 

-25-



TER-C525 7-53 2 

stresses are accompanied by thermal and voltage stresses and are also, in some 

cases, system-dependent. Thus, even defining the applicable stress and 

degradation mechanism is difficult. Some assurance of long-term equipment 

capability can be obtained by exposing the equipment to repeated overstresses 

as part of an accelerated aging program. For example, penetrations and 

dry-type transformers can be subjected to overcurrent stresses corresponding 

to the estimated fault current frequency, magnitude, and duration expected 

over the qualified life of the equipment. 

3.4.7 Qualified Life 

Under current regulatory requirements, it is essential to establish a 

qualified life for each item of safety equipment.* Qualified life is basically 

the longest period of service at the end of which the equipment is still 

capable of performing its specified function if a DBE occurs. Determination 

of qualified life entails evaluation of past operating experience; data on 

material and component.degradation under the expected service stresses; the 

specified inspection, calibration, and maintenance procedures and their 

abil'ity to maintain the functional capability of the equipment; and the 

ability of surveillance procedures to detect the amount of degradation that 

has occurred, as well as results of the aging program. Qualified l.ife 

predictions which are based so~elx_~_!l Arrhenius models of.thermal degra~ation 

and ignore the effects of other stresses that tend to decrease qualified life -------------------·-----···-···---· . 
are technically unjustified. 
-·---- ) ,'"C.-

Recommendations for estimating qualified life for some common cases are 

as follows: 

1. Qualified life can be estimated by the Arrhenius equation and 
cumulative damage model (c.f., Section 6.3, Reference 2), if 
temperature is the only significant stress affecting aging. The 
Arrhenius model should not be used to quantitatively predict aging at 
temperatures which are 20• to 30°C below the temperatures used to 
establish equation parameters, unless operating experience exists 
which confirms the validity of the extrapolation. 

*The component replacement schedule in Section 7 of the DOR Guidelines is 
essentially a qualified life. This replacement interval must be justified. 
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Where multiple aging stresses exist but one aging mechanism clearly 
dominates, qualified life based on this mechanism is appropriate, 

c_(J"1../d Q...L ~a. . ,·::-
provided a valid aging model exists and synergisms are not present.¥"./~ 

Where multiple aging stresses exist and: min.ima;t<:::(or insigni~tJ" ~f' 
aging is expected for_ each stress, ~qualifiedllfe)would be ~-
expected. ,v,,,,~ ~du ~~ 
Where multiple aging stresses and multiple aging mechanisms have been 
determined, conservative engineering judgment must be used in 
establishing qualified life. Engineering judgment must be documented 
and supported by evidence of extensive technical review. some 
practical considerations which may aid in determining a reasonable 
qualified life are: 

o It may be possible to evaluate the effect of multiple aging 
stresses in sequential order rather than evaluating their 
simultaneous effect. The order chosen would have to lead to equal 
or greater degradation than that resulting from simultaneous 
stresses. The qualified life established on this basis would be 
conservative, although engineering judgment may still be required. 

0 If an age-related stress is spe~ifically included in___t)le functional 
design basis of the equipment by the manufacturer, or is addressed 
by-industry production test standard:., it may be possible to -· ----- . .- -- .. - --· --- -consider '-t:nis stress secondary in .importance relative to other- ~ 
equipment stresses. - 6-.J · /~ ~ ~l,_,,_VCL 

o Routine maintenance and inspections performed on equipment should 
be considered. If components are routinely replaced as part of 
these actions, it may be advantageous to accept simultaneous 
replacement of other potentially age-sensitive components. 
Essentially, detailed aging evaluation and surveillance require-
-ments are traded off in favor of a shorter, more convenient, and 
more conservative qualified life. 

o Qualified life can be initially established on the basis of 
measurable changes in equipment surveillance parameters such as 
insulation resistance, signal and circuit levels, closing time, 
leakage rates, and drift and recalibration frequency. 
ESsentially, equipment is considered within its qualified life if 
it is in "like new" condition. This approach does require 
operating experience to establish an initial qualified life 
estimate. The rationale used to establish the qualified life 
could be used to extend this value if future experience indicates 
that no measurable changes in surveillance parameters occur. 

o Changes in the types of non-burn-in failure modes and mechanisms 
experienced by equipment can be used to develop an initial 
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qualified life. Complex equipment usually experiences several 
competing failure processes over its life span. A conservative 
approach is to initially limit the qualified life to the "like 
new• operating region based on qualitative review of the type of 
failure occurring. 

o If reliability data indicate that random equipment failures can 
be expected frequently over plant life, and if repair is by 
replacement of the entire failed unit, then a conservative 
qualified life could be estimated on the basis of expected failure 
frequency. There is little value in performing a detailed 
evaluation of long-term aging effects if chances are that the 
equipment will have to be replaced prior to this time. 

3.5 SIMULATION OF RADIATION EFFECTS DURING NORMAL AND ACCIDENT PERIODS 

Simulation of real-time radiation degradation during qualification is 

empirical rather than a rigorous engineering effort. Many questions concerning 

test sources energies and dose rate effects remain to be answered. However, 

as a practical matter, qualification of equipment cannot wait for complete 

answers to these questions. sound engineering judgm~nt and evaluation is 

necessary to preclude major errors in radiation effects simulation or use of 

inappropriate testing methodology. 

The following information is provided as a basis for such considerations. 

3.5.1 Radiation Aging Simulation for Normal Service 

Radiation aging is intended to determine if a radiation threshold effect 

exists and is significant. The radiation threshold is the lowest dose which 

causes a permanent change in a measurable physical property of a material of 

interest to the application. For most organic materials, radiation-type and 

energy effects are minor, and therefore an "equal dose-equal damage• concept 

is employed. In this approach, the radiation effect is assumed to have a 

limit below which degradation is usually not important. 

Radiation aging considerations include the following: 

o Determine the aging dose required for the equipment based on the 
expected service environment and qualified life. 
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0 Investigate equipment materials to determine whether dose-rate effects 
are known to be significant. Radiation thresholds are typically 
determined with cobalt-60 gamma radiation at dose rates of less than 
Mrd/h, but at 'll value,::greatly exceeding normal service environment,s­
for organic materials in nuclear equipment. ~ ~ 

References 4 and 6 provide some data for this evaluation. 

3.5.2 Shielding Considerations for Beta l'.Pses 

It is known that the equipment enclosure can sometimes provide 

considef;ble shielding to radiation such as beta particles • 
./ 

If the thickness of the enclosure is greater than or equal to the maximum 

range {see Table 3-1) of the incident beta radiation, the dose contribution 

from beta may generally be ignored. There still will be doses from secondary 

photons {Bremsstrahlung) due to electron interaction; however, this dose is 

less than a few percent of the incident dose. 

3.5.3 Simulation of Beta Radiation Effects 

Since electron beam machines usually have relatively small diameter beams 
------.-'----sh:: 

and~ng~e en,;elop~) it is not practical to simulate the actual environment 

conditions encountered in the plant. The alternative is to simulate the 

radiation effects by gamma rays. This technique is accepted as a qualification 
,a,i«,. ·ho..-. ~~ 

practice. It is generally believed that use of gamma1~ill not result in large~~-

discrepancies. 

3.5.4 Rate Effects 

IEEE Std 278-1967 and ASTM 02953-71 give formulas for calculating 

equivalent doses applied at different rates. However, the former standard has 

been withdrawn and the latter has limited applicability. 

For thin insulating materials, where oxidation reactions are pertinent, 

and the rate of oxygen diffusion into the material is a controlling factor, 

accelerated irradiation at a high dose rate may not adequately simulate the 

degradation that takes place over many years at·a low dose rate. {For 
t 
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Table 3-1. Electron Ra~ges in Materials for Energies from O.l MeV to 5 MeV 
for Beta Shielding Evaluation 

Range* (cm) 
Density Electron Energy (MeV) 

Material (g/m3) O.l 0.5 LO 2.0 3.0 s.o 

Al 2.7 5.0 E-3 6.1 E-2 l.9 E-1 3.7 E-1 5.5 E-1 6.1 E-1 

Fe 7.9 l. 7 E-3 2.1 E-2 6.6 E-2 L2 E-1 l.9 E-1 2.1 E-1 

Pb 11.3 L2 E-3 LS E-2 4.6 E-2 8.4 E-2 l.3 E-1 L6 E-1 

Air l.29 E-3 l.l E+l L3 E+2 4.0 E+2 7 .3 E+2 1.2 E+3 L3 E+3 

Poly- LO l.3 E-2 L6 E-1 5.2 E-1 9.5 E-1 L48 l.64 

ethylene 

*Calculated from the energy-range 
of Reference 5. 

Note: Exponential format 5.0 E-3 

relationships given by Equations 3.3 and 3.4 

equals 5.0 x 10-3. 
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example, Reference 6 reports on Japanese research into dose rate effects on 

the degradation of polymeric insulating materials.) 

Under many conditions, experiments have shown that radiation effects 

depend primarily on the total amount of energy absorbed by a material and only 

secondarily on the rate. More recent experiments have shown significant dose 

rate effects at low dose rates (7). 

In qualification, the simulation of radiation aging is done at rates much 

higher than the in-service rates, and the simulation of accidents usually 

involves the use of dose rates lower than those that apply at the beginning of 

an accident. At this time, it appears that practical considerations must 

override the concerns for dose rate; however, sound engineering judgment must 

be exercised to preclude arbitrary dismissal of dose rate effects. 

Some dose rate information was encountered during the review which 

included more than 100 separate test reports on electrical cables. The major 

insulation materials used as the cable test samples were cross-linked· 

polyethylene, chlorosulfonated polyethylene, ethylene propylene rubber, 

neoprene, butyl rubber, and silicone rubber. Proprietary flame-retardant 

additives and layered combinations of insulating materials and shield were 

also used by various manufacturers to provide special features required by 

licensees and their engineering contractors. 

Testing typically involved irradiation up to 200 Mrd at dose rates 

between O.l and 2.1 Mrd/h. Measurements of insulation resistance during the 

tests indicated that cable insulation resistance decreases with increasing 

dose rate, and the insulation resistance recovers after the exposure ceases. 

TYpical reductions in insulation resistance were: 

from 1011 to 108 ohms at the low (O.l-0.25 Mrd/h) dose rates 
from 1011 to 105 ohms at the higher (l-2 Mrd/h) dose rates. 

There are insufficient test data to determine the mathematical relation­

ship between insulation resistance and dose rate. There is, however, test 

evidence that the dose rate effect combines with the pressure, temperature, 

humidity, and spray effects to further reduce insulation resistance. For very 

high dose rates (i.e., greater than about 2 Mrd/h) during simulated LOCA 
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conditions, insulation resistances as low as 1000 to 10,000 ohms for 30 ft of 

cable (measured at 10 V de) have been experienced. 

For postulated LOCA conditions, the dose rates calculated for a nominal 

1000 MW(e) plant using NIC reconunendations are typically l to 3 Mrd/h ganuna 

and 10 Mrd/h beta during the first 10 hours of the LOCA. It can be seen that 

the LOCA dose rates for insulation subject to beta radiation exceed most test 

radiation dose rates by an order of magnitude. 

There is concern, therefore, that exposed cables (i.e., cables not 

protected from beta radiation by cable tray covers or conduit) will not retain 

high enough insulation resistance to transmit reliable control and instrumen­

tation signals without attenuation and distortion during the early stages (the 

first 10 hours) of a LOCA. 

The licensees of plants with exposed cables should carefully evaluate the 

possible effects of combined ganuna and beta radiation dose rates, plus 

elevated temperature and moisture, on the ability of the cables to perform 

their functions. 

3.5.5 Monitoring During Irradiation 

During accident radiation simulation, whether combined with aging 

irradiation or performed separately, monitoring of electrical and electronic 

devices and cable insulation systems is of great importance. Dose and dose 

rate effects may cause degradation, erratic operation, or complete cessation 

of operation during irradiation. This situation could be self-correcting and 

therefore not detectable during post-irradiation functional testing. 

3.6 POSTULATED ACCIDENT SIMULATION 

Simulation of design basis events and accidents such as LOCAS and MSLBs 

has been part of qualification testing since the earliest qualification 

efforts. Aging and seismic testing were added to the testing sequence later. 

In general, accident simulation is relatively well understood and attempts to 

model the specified service conditions as well as possible. However, the 

following concerns should be addressed prior to attempting a qualification. 
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1. How adequately has the accident profile been specified? Is it over­
conservative, leading to possible equipment failures? or is it 
under-conservative, leading to an invalid test? Have submergence, 
spray, and containment atmospheric conditions been properly specified? 

2. If long duration post-accident operability is required, will the 
containment atmosphere be adequately simulated in the LOCA chamber? 
Of primary concern is the oxygen level expected in the containment 
since many organic material interactions involve oxygen. The actual 
containment may be oxygen rich or oxygen poor, depending on inerting 
systems and other hydrogen control systems used. The LOCA chamber 
may have had its oxygen purged at the start of the simulation. This 
may not model the oxygen level expected during long-term operability 
testing. The oxygen level in the test chamber is particularly 
important when acceleration of the post-accident operability period 
is attempted since the Arrhenius model is based on chemical 
interactions, of which the oxygen reactions are of prime importance. 

3. The test setup must closely model the actual mounting and orientation 
of the device with sprays appropriately directed at the device. 

4. Interfaces (see Section 3.7) must be appropriately modeled during the 
test. 

5. Margins must be considered (see Section 3.8). 

3.7 INTEGRATION OF INDIVIDUAL DE.VICE QUALIFICATIONS INTO A QUALIFIED SYSTEM 

1 I s (JC 

I 

Qualification in the nuclear industry is performed on a device-by-device, 

rather than system, basis. Because of this, the interconnection of equipment 

(i.e., interfaces) must be carefully considered during simulation of normal 

service and accident service conditions. For example, when a~~ :. "c.. 
transmitter and the associated receiver are qualified independently, their 

interconnection must be carefully scrutinized. If the transmitter is in a 

harsh environment, its output signal and accuracy may be degraded. The 

interface, including the interconnecting cabling system, will also have 

degraded properties. Therefore~_.tlre.··signal received by the receiver may be 
Cc.()C 

inadequate. For this reason, :IOS'e specifications of acceptable signal levels 

at the output of the transmitter and input of the receiver must be carefully 

determined so that qualification personnel can determine whether the equipment 

performance during testing has been adequate. 
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Such interface problems as seal failure at interconnections, dissimilar 

material interactions, structural adequacy, and loadings must also be 

considered. 

Interface with non-safety-related equipment must also be evaluated. This 

may not be totally possible at the time of qualification. Non-safety 

equipment can fail in a manner detrimental to the safety equipment. Good 

design and engineering practices coupled with proper plant housekeeping must 

be effected to preclude such problems. 

3.8 MAffiIN 

IEEE Std 323-1974 states, "Margin is the difference between the most 

severe specified service conditions and the conditions used in type testing to 

account for normal variations in commercial production of equipment and 

reasonable errors in defining satisfactory performance." The meaning of 

margin in this context is further elaborated by the following statements based 

on a recollection of the deliberations of the IEEE Working Group and 

Subcommittee that produced the standard. 

Some of the concerns of the IEEE Working Group and Subcommittee were: 

l. The margin required by the standard is intended to be in excess of 
any margins included in the design of the plant equipment. 

2. one of the reasons for requiring qualification margins is that most 
qualification testing is conducted with a single specimen, and it is 
recognized that the test specimen could be superior in functional 
capability to some of the equipment items (represented by the test 
specimen) installed in the plant. Therefore, test results can 
indicate better functional capability than that which can be expected 
in the plant. It may be inferred that testing more than one specimen 
of a given equipment item can justify a reduction of that portion of 
qualification margin intended to account for "normal variations in 
commercial production of equipment.• 

3. The values of margins listed in the standard are "suggested" values. 
The large variety of equipment and applications is inconsistent with 
the specification of generally applicable margins. 

The margins used in qualification testing are to be added to the margins 

used in design. If inadequate margin is found to exist between an existing 
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qualification result and the specified requirements for the application of a 

device, the design margin can be reevaluated to determine if it can be reduced 

while retaining adequate conservatism. Such reevaluations of design margin 

for use as qualification margin must be quantified and documented. 

The suggested values of margin in IEEE Std 323-1974 may be overconserva­

tive or underconservative for a particular application. In one example 

involving a frequency and voltage regulated power supply, qualification to 

lesser 

supply 

margin values is appropriate for the powered device. If the power 
o+ r~ 

is regulated to ~O .1%1,frequency· and voltage, a margin such as 1% may be 

appropriate. In such an instance, an analysis of the effects of such 

variation could eliminate the need for adding margin during testing. 

Time margins should be carefully considered, especially in relation to 

other parameters such as temperature and pressure. When an accident 

simulation chamber cannot duplicate the slope of the temperature profile 

conservatively, additional peak temperature margin could be considered. 

Increasing the slope of the temper·ature transient (reduction of time is 

conservative in this case) is a margin, although it is extremely ~ifficult to 

quantify. 

Use of Arrhenius aging concepts in conjunction with operability period ~--1 
time extrapolation of UX:A chamber test durations and margin evaluations may 

lead to erroneous results. Many accident simulations exhaust the chamber 

oxygen when steam is introduced. 'ttle lack of oxygen severely limits the 

applicability of the Arrhenius technique since many of the organic material 

aging reactions are oxygen-based. Thus, to state that margin exists because 

an additional hour at the peak temperature equates to many hours of accident 

duration at lower temperatures is generally technically unsupportable. Aging 

techniques are allowable for long post-accident operability applications if 

properly performed. Acceleration of the accident simulation or taking credit 

for long elevated temperatures should be carefully evaluated to assure 

applicability of the Arrhenius technique. 

While determining margins for specific applications may be difficult, use 

of engineering judgment is of value to determine the applicability of the 

suggested margins of IEEE Std 323-1974. 
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Margin when applied to parameters specified with tolerances must be 

carefully evaluated. A power source voltage specified as 120 Vac +10% 

indicates that the range of voltage is 108 to 132 Vac, which does not include 

margin since these are actual voltages that can be expected. Margin must be 

added to these values to prove the adequacy of the device. The judgment of 

whether or not the IEEE Std 323-1974 margin value of ~10% is applicable must 

be made by the performer of the qualification. It is recognized that 120 Vac 

~20% may not be appropriate for the testing of many devices. The margin value 

chosen must be appropriately evaluated. 

The application of multiple margins simultaneously must also be carefully 

evaluated. Margin should be simultaneously applied when conservatism of 

separately applied margins cannot be demonstrated. 

As an example, application of margin on the temperature profile with the 

simultaneous application of margin on the lower limit of power supply voltage 

to a motorized valve actuator would be appropriate during the onset of the 

accident simulation since there would be a high probability of low voltage at 

that time due to start-up of large motors in the actual application. There 

would also be a demand for operation of many motorized valve actuators. IEEE 

Std 382-1980 includes this concept in Figures 4 and 5, Note 5; and Figures 6 

and 7, Note 9. 

3.9 EVALUATION OF A GENERIC REPORl' FOR A SPECIFIC APPLICATION 

Frequently, generalized or generic qualification tests have been 

performed. Devices are generally tested to their limits or to the highest 

expected qualification values expected for existing plants and those under 

construction. The user must then evaluate the results for his specific 

application. 

If all applications of a device were similar or identical, this approach 

would be easy to implement. Frequently, however, new applications of a device 

or different service conditions from those simulated during testing are 

encountered. The user of the qualification must then evaluate the existing 

_qualification against his needs and determine whether further qualification is 

necessary. 
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The evaluation of a generic program for a specific application must be 

orderly and documented properly since it is a major portion of the qualifica­

tion of the device for its specific application. A specification for the 

application should be prepared and compared to that of the generic 

qualification. Any nonconservative differences must be evaluated and the 

appropriate testing or analyses performed. This entire effort must be fully 

documented and made part of the documentation file for the device. 

It should be noted that, for any device used repeatedly in a plant, a 

plant-wide specification using the most conservative qualification parameters 

from each application could be developed and a single review of the qualifica-

tion documentation performed. There are some limitations to this approach; 
So""'e 0 --t· 

one 

for 

is that a.device 
cv"'S:-4'.;...-h ve 

the,,summation of 

may be qualifiable ~ separate applications, but not 

the separate application parameters. Another limitation 

is that the variations in normal environments at particular places in a plant 

could cause significant differences in aging rates, making a separate aging 

evaluation appropriate for each device. These_ separate evaluations would 

preclude replacing all devices on short intervals based on 

normal environmental conditions. 

3.10 SIMILARITY ANALYSIS 

In certain cases, there are small differences from one model to another 

in a manufacturer's product line with respect to equipment qualification, and 

it may be possible and practical to use the test results from one model as a 

basis for qualification of the others. The similarity of one device to 

another must be closely evaluated, since even minor differences could cause 

significant differences in the ability of a device to withstand the service 

conditions. The manufacturer must be the same, and the same quality assurance 

program should be in place during manufacture. It should be noted that 

production variations from division to division of a manufacturer have caused 

qualification problems. 

The following excerpt from IEEE Std 381-1977, in which the word "device" 

is substituted for "module," sets forth concisely the requirements for 

similarity analyses and evaluations: 
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"A type test for the purpose of qualification of a specific device may be 
considered to be representative for qualification acceptance of a similar 
device containing similar materials, similar components, similar 
functional performance characteristics, similar construction, and similar 
service ratings, and fabricated by the same manufacturer with similar 
procedures. Justification must be provided for such qualification by 
analysis. The following points, among others, may be considerations in 
establishing adequate justifications: 

l. Component physical arrangement; size, mounting features, 
interconnections, stresses, heat generation/dissipation, and 
electromagnetic susceptibility 

2. Aging effects 

3, Environmental effects 

4. Performance requirements 

These considerations may make extrapolation appear difficult, but 
justification for many devices of the similar design can be acceptably 
achieved, These cases with adequate documented justification will be 
considered as having qualified by analysis." 

When different but similar materials are used, the differences in 

material properties should be closely evaluated since minor chemical 

differences may cause significant variations in material properties. Wide 

variations in radiation withstand capability, dielectric strength, thermal 

aging properties, and chemical interaction with surrounding materials have 

been noted due to material differences in seemingly similar materials, 

3,11 VERIFICATION OF QUALIFICATION RESULTS DURING OPERATION (MONITORING OF 
ACTUAL DEGRADATION) 

A qualification verification program is required: (1) to monitor 

in-service aging, (2) to verify that the assessed qualified life including the 

technical bases is reasonable, and (3) to provide assurance that all 

significant aging mechanisms have been considered. 

The equipment parameters surveyed by the verification program must be 

keyed to detecting potential changes in equipment performance caused by signi­

ficant aging mechanisms. The equipment parameter(s) chosen should be capable 

of providing an indication of cumula}ive aging degradation or a threshold 
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which, when exceeded, alerts operating personnel of potential unacceptable 

degradation of equipment. This effort is a degradation monitoring program, 

and differs in scope from periodic demonstration tests such as the monthly 

start-up and 15-minute run of an auxiliary feedwater system pump. Periodic 

testing demonstrates only operability at the time of the test and provides 

little information on equipment performance under DBE conditions near the end 

of qualified life. 

A well-planned preventive maintenance program can help maintain equipment 

qualified life. Preventive maintenance actions should particularly address those 

aging mechanisms which affect the ability of the equipment to perform its safety 

function and should ensure that the degraded components and materials are refur­

bished or replaced as necessary to maintain qualification. The balance of 

preventive maintenance actions, such as realignment and recalibration, are 

designed to keep equipment performance within specifications. 

The methodology for the study of equipment aging described in Sections 

3.4.6,1 to 3.4.6.7 provides a basis for the selection of sui~able parameters 

for verification and preventive maintenance actions; i.e, a thorough review of 

equipment design, applicable failure modes, service stresses, and aging 

mechanisms is required to ensure that selected verification and maintenance 

techniques can provide assurance that aging mechanisms do not compromise 

equipment function. 

General considerations in establishing verification and preventive 

maintenance programs for monitoring and maintaining qualified life follow: 

o use the generalized aging methodology as an aid in establishing and 
documenting the technical bases for the selection of equipment 
verification parameters and preventive maintenance actions. 

o The number of verification parameters required for each equipment item 
should be minimized, yet should cover all significant aging 
mechanisms. With judicious selection, one or two parameters may be 
sufficient to monitor multiple aging processes. Aging technology is 
limited, and the selection and measurement of many parameters for a 
piece of equipment may not be warranted. The parameters should be 
chosen with the objective of "flagging" age-related concerns in order 
to initiate follow-up investigations. 
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o When possible, the verification parameter selection should emphasize 
those parameters which can be conveniently included as part of normal 
calibration, equipment test, and preventive maintenance procedures to 
minimize additional inplant actions. 

o Verification programs can usually be integrated into existing 
preventive maintenance or testing programs by modification of plant 
procedures as required. surveillance parameter data can be recorded 
by expanding preventive maintenance and test program record format. 

o A verification technique does not have to be exotic or require sophis­
ticated methods. Visual inspection coupled with minor preventive 
maintenance actions may be the only practical means of ensuring that 
significant aging effects do not occur, especially in simple equipment 
items such as terminal blocks. 

o An engineering review of the verification data should be periodically 
performed by personnel familiar with the equipment and the equipment 
qualification aging evaluation. Since electrical equipment is likely 
to be maintained and monitored by several organizations (e.g., plant 
operations, electrical maintenance, instrument and control 
maintenance, and testing groups), an interdisciplinary group should be 
established to ensure adequacy, consistency, and continuity of the 
periodic reviews. 

o In-plant failure data can supplement verification programs in 
evaluating aging. Evidence of increased failure or corrective 
maintenance rates and resultant failure modes may provide additional 
indication (with surveillance data) of wearout processes resulting 
from aging mechanisms. Although indication of increased failures or 
failure rate can provide evidence of age-related degradation in 
populations of equipment items, it is not adequate as a sole means of 
monitoring these effects. If observable increases in failure rates 
are relied on for detecting age-related phenonomena, significant aging 
may already have occurred in equipment, thereby increasing the 
potential for common-mode failure under abnormal stress conditions. 
Relying solely on observable increases in the number of failures as a 
means of monitoring age-degradation can make initial detection 
difficult, especially when equipment populations have mixed ages. 

\ 
\ 
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4. DISCUSSION OF EQUIPMENT DEFICIENCIES 

4.1 GENERAL 

The following discussions pertain to findings noted during the review of 
I 

environmental qualification of safety-related· electrical equipment for 71 

operating power plants. The scope of the review included evaluation of all 

documentation submitted by the licensees pertaining to the qualification of 

this equipment. All information was evaluated from an independent technical 

position. '!he conclusions concerning each equipment item were based on the 

technical information provided by the licensee in accordance with the 

appropriate NRC requirements. In this section, the requirements leading to 

the finding, a discussion of the deficiency, and some possible solutions are 

given. 'nte solutions provided are by no means exhaustive. They are presented 

here to highlight some of the more direct resolutions. Many of the resolu­

tions have been used repeatedly throughout this section for the various 

deficiencies. In all cases, the considerations presented in Section 3 should 

be used. Sound engineering rationale and judgment should be applied to all 

resolutions to achieve long-term results. "Quick-fix" solutions should be 

avoided because they will generally result in the eventual expenditure of more 

staff-hours and money. 

4.2 ADEQUACY OF DOCUMENTATION OF QUALIFICATION 

4.2.l Requirements 

DOR Guidelines, Section 8 
NUREG-0588, Categories I and II, Rev. l, Section 5 

4.2.2 Description of the Deficiency 

The most conuuon deficiency encountered during the review of environmental 

qualification of safety-related electrical equipment was inadequately docu­

mented evidence of qualification. Most of the problems encountered fall into 

the following categories: 

l. Complete absence of documentation: For many types of equipment 
purchased prior to and during the early 1970s, standard, "off the 
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shelf" items were procured to functional specifications. Purchase of 
highest quality industrial equipment was considered adequate for 
qualification purposes. D:>cumentation of tests or analyses for 
qualification purposes was frequently not considered necessary. 
~uipment in this category included solenoid valves, electronic 
instrumentation, pump and fan motors, and various switching devices 
(e.g., pressure, temperature, level, position switches). 

2. DOcumentation that provided general information but no data on 
environmental qualification. vendor catalogs, sales brochures, 
technical manuals, parts lists, and operating instructions were 
frequently cited as evidence of environmental qualification. such 
documents may be useful for evaluation of equipment capability in 
normal ambient conditions but usually contain no data on performance 
in the harsh environments resulting from a LOCA or HELB. 

3. D:>cumentation consisting of a "test summary." For some equipment, 
several licensees cited test summaries prepared by NSSS suppliers, 
manufacturers, or architect-engineers as evidence of qualification. 
These documents do not usually provide data which can be evaluated by 
an independent reviewer but merely assert that a test was performed 
under harsh conditions and that the equipment performed adequately. 
The sources of the information, the agency performing the test, and 
actual test information are not provided in the test summary. 
Therefore, the test summary does not provide an auditable record. 

4. Certificates of Compliance (C of C): Although specifically identi­
fied as being inadequate for proof of qualification by NUREG-0588 and 
DOR guidelines, in several instances C of Cs were cited as evidence 
of qualification with no other supporting documentation. (Note: This 
deficiency does not apply to manufacturer certification of the 
applicability of a qualification test report to equipment furnished 
for a plant. The deficiency reflects use of a C of C in place of all 
other qualification documentation.) 

4.2.3 Resolution 

4.2.3.l Alternatives for Devices in Containment Subject to and Required to 
Function During LOCA/MSLB 

1. Determine from the manufacturer, NSSS supplier, other members of 
utility groups, if any testing has been performed which would 
establish qualification for the plant conditions. The licensee must 
then verify that the testing applies to the actual equipment 
installed and the conditions postulated. 

2. Replace with qualified equipment. (This is the resolution most 
commonly identified by licensees.) 
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3. Review the equipment design to determine if the item is likely to be 
qualified by test and then perform testing which envelopes the plant 
conditions. 

4. Some manufacturers offer part replacement kits to upgrade older 
designs to meet current qualification standards. 

4.2.3.2 Alternatives for Devices Outside Containment Subject to and Required 
to Function During LOCA/MSLB 

l. Determine from the manufacturer, NSSS supplier, other members of 
utility groups, whether testing has been performed which would 
establish qualification for the environmental conditions to which the 
equipment is exposed. 

·2. If the equipment is subject to steam exposure, testing which 
envelopes required pressure and temperature conditions is the 
preferred method of qualification: however, sound engineering 
analysis coupled with partial testing may be adequate. NUREG-0588 
states: 

"Although actual type testing is preferred, other methods when 
justified may be found acceptable. For environmental qualification 
of equipment subject to events other than a DBA, which result in 
abnormal environmental conditions, actual type testing is preferred. 
However, analysis or operating history, or any applicable combination 
thereof, coupled with partial type test data may be found acceptable, 
subject to the applicability and detail of information provided." 

In response to comments on NUREG-0588, the NRC provided the following 
caveat: 

"Resolution 51 - (2.1(3)) 

For electrical equipment located inside or outside containment 
that may be exposed to high energy line breaks (for example, 
LOCA, MISB, feedwater line rupture), analysis alone is generally 
inadequate to demonstrate functional operability such as accuracy 
or response time, or to verify seal integrity (as in connectors), 
or even to detect intermittent or spurious failures. Although 
some analysis may be used when the testing is the principal 
qualification method, that analysis should be limited to 
extrapolations of data or to analyzing similarities in equipment· 
or materials. In either case, analytical assumptions should be 
verifiable or supported by test data. 

Recognizing the complex 
mat'-erials and equipment 
sequential effects) the 
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itself is an acceptable alternative for qualifying equipment 
required to function in the above-mentioned hostile 
environments. (See exceptions in Section 2.4)." 

Functional-performance should be monitored during testing. The above 
comments on analysis should not be construed as precluding thermal 
response analyses to establish validity and applicability of existing 
test data or reasonable extrapolations of test data and test duration. 

3. If the equipment is subject only to radiation exposure as a result of 
the accident, analysis would be an acceptable method of qualification 
for relatively simple equipment such as cables, limit switches, small 
transformers, and similar devices. However, for instrumentation, 
functional performance and accuracy may be impaired under 
irradiation. Analytical techniques are not adequate for such 
equipment, and testing at a total dose which envelopes the accident 
condition is necessary. The dose rate should be as close to that of 
the simulated event as practicable since instrumentation is 
frequently dose-rate sensitive. 

If radiation testing is performed, functional behavior during and 
after irradiation should be monitored. See Sections 3.7.2 and 4.12 
for further discussion of radiation testing and analyses. 

4.3 SIMILARITY BETWEEN EQUIPMENT AND TEST SPECIMEN EsrABLISHED 

4.3.1 Requirements 

NUREG-0588, Section 5(1) 
DOR Guidelines, Section 5.2(2) 

4.3.2 Description of Deficiency 

The second most common deficiency identified in the EEQ evaluation program 

was the failure of the licensee to establish that the installed equipment was 

the same as the equipment which was qualified. 

usually the relationship of the type or model of the installed units to 

the type or model of equipment which was tested could not be determined from 

the information presented by the licensee. In general, the following problems 

were encountered: 

o The System Component Evaluation worksheet (SCEW) sheet did not contain 
sufficient information to adequately describe the installed 
equipment. This most commonly occurred with electrical cable. 
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'lbe similarity betwe.en the test samples and the installed device is 
particularly important for cable and devices with complex insulating 
systems such as large motors. Generally, the manufacturer's 
description of the insulation system tested is very explicit. Cable 
manufacturers cite such things as conductor size and tinning, 
insulation material and flame retardancy, binder tape materials, 
shielding material and configuration, and jacket material. When a 
licensee cites only a small portion of this material, it is not 
possible to determine the applicability of the tests. Minor 
differences in cable design or materials can cause totally different 
qualification results. 

MOtor similarity problems are similar to those noted for cable. Motor 
manufacturers are very explicit in their description of the test motor 
and provide a description including such things as the size and style 
of frame, horsepower, winding insulation, bearing system, and heat 
exchangers. If the licensee provides only a portion of this 
information or provides a description which differs in frame style, 
size, horsepower, and insulation system, without providing an 
evaluation of the differences, a review must conclude that the test 
report does not apply. 

o The SCEW sheet identified a model number which was different from the 
model identified in the referenced qualification document. No 
analysis of the similarities or the differences between the installed 
and qualified equipment was provided. This deficiency is.common to 
transmitters, electric motors, solenoid valves, and miscellaneous 
equipment such as pressure switches, temperature switches, and 
differential pressure switches. 

o Within the qualification documentation package supplied by the 
licensee, documentation from the manufacturer certifying that a 
particular test report applies to the installed equipment was 
frequently lacking. This is a common problem with valve actuators, 
cables, power-operated relief valves, and similar equipment in which 
product improvements have taken place over a period of time and data 
are needed from the manufacturer to establish which particular 
qualification document will apply to the equipment furnished for the 
plant. 

o In some cases, manufacturers identified equipment by a particular 
coding or tag identification for the laboratory performing a test. In 
many cases, no further identification was provided, and the test 
report merely contained tag numbers or a special identification code 
provided by the manufacturer. This is usually insufficient to 
establish a link to installed equipment without specific documentation 
from the manufacturer. 
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o Frequently, tests were conducted on equipment with special 
modifications such as seals, special gaskets, or special conduit 
sealing materials. 'lhese were usually provided to ensure that the 
equipment passes the test; however, such sealing devices or special 
features may not be supplied by the manufacturer for equipment to be 
installed in the plant, and the equipment may not be qualified without 
the specific interface being identified and qualification of that 
interface being established. TYpical of equipment in this category 
are limit switches, solenoid valves, and electronic transmitters. 

4.3.3 Resolution 

In general, the resolution of this particular deficiency would most 

easily be accomplished by obtaining from the manufacturer certification that 

the equipment supplied for installation in the plant was qualified by a 

specific test report (ID number and date), conducted by a particular test 

laboratory or manufacturer. The manufacturer should identify the specific 

item or items in the report which provide the evidence of qualification for 

the installed equipment and the basis for such qualification. AS an 

alternative, a similarity analysis could be performed (see Section 3.9). 

4.4 EVALUATION OF AGING AND ESTABLISHMENT OF QUALIFIED LIFE (Refer to Section 
3.4.7 for discussion of qualified life and replacement schedules) 

4.4.l Requirements 

DOR Guidelines, Section 7 
NUREG-0588, Section 4 

4.4.2 Description of Deficiency 

Deficiencies associated with age-related degradation were identified in 

several areas. Briefly these are as follows: 

Aging effects were generally not addressed or addressed in a manner not 
adequate for the conditions involved. Some typical problems and possible 
resolutions are discussed below. In general, where analyses were 
performed, they were performed using the Arrhenius method or tl\e 10 •c 
rule. Where the Arrhenius method was used, activation energies were 
selected from a variety of sources. In only·a few cases was the 
activation energy information applicable to the property of interest and 
the mode of failure involved in the equipment being analyzed. 
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1. one of the conunon deficiencies identified was the use of activation 
energy data which would forecast the longest possible life as opposed 
to conservative data which may predict a shorter life but would be 
more realistic for most organic materials used in electrical 
equipment. Typically, if an elastomer was discussed in three source 
documents and activation energies of 0.7, 0.9, and 1.15 eV were 
found, the highest activation energy, i.e., 1.15 ev, would be used in 
the calculations, thereby predicting life far in excess of 40 years 
as opposed to using the lower bound value and perhaps calculating a 
lifetime in the neighborhood of 15 to 20 years. Good engineering 
judgment would indicate that elastomers having lifetimes in excess of 
40 years are the exception rather than the rule and that normally 
elastomers would have considerably shorter useful or qualified 
lifetimes. The resolution to this problem is to select a 
conservative lifetime, and include the equipment in the plant 
surveillance program if the property which tends to degrade is 
detectable by nondestructive testing and surveillance. 

2. Another common deficiency identified in the forecasting of age degra­
dation of transmitters or other electronic devices was assigning a 
composite activation energy for the electronic assembly by eliminating 
many of the devices as not safety-related without performing a 
failure modes-and-effects or other form of analysis which shows such 
methodology to be conservative. Such an evaluation would be required 
to resolve this deficiency. 

3. Another frequently encountered aging problem involved taking 
recommended replacement schedules supplied by manufacturers based on 
a given ambient temperature and using the Arrhenius technique to 
forecast longer lifetimes and therefore longer replacement schedules 
because of reduced ambient conditions. usually the manufacturer was 
not contacted to determine the exact basis of the predicted 
lifetime. '!he resolution to this problem is that if lifetimes 
supplied by the manufacturer are to be extended, the basis for 
extension should be verified by the manufacturer as well as by 
theoretical calculations. 

4. The third most common problem associated with aging analyses was the 
extrapolation of LCCA simulation tests which involved steam exposure, 
and in some cases simultaneous steam and radiation exposure, to 
forecast lifetimes of the equipment. In many cases, testing was 
conducted using profiles recommended in IEEE Standards, whereas actual 
profiles were lower in temperature but of longer duration. Attempts 
have been made to use the Arrhenius technique to forecast qualified 
lifetimes by evaluating the margins between actual accident profile 
and test profiles. The validity of this technique must be carefully 
considered when oxygen has been exhausted from the test chamber. See 
Section 3.6. 
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5. Frequently, aging analyses were provided that addressed only thermal 
effects. No discussion or documentation was provided concerning 
effects such as voltage surges from power cycling, wear from 
operation of the device, humidity, or process variations. The 
resolution of a deficiency of this nature would involve analysis or 
testing of those effects. See Section 3.4 for further description of 
aging concerns. 

4.5 SIMULATION OF AGING 

4.5.1 Requirements 

NUREG-0588, Section 4 

4. 5 .2 Description of Deficiency 

This deficiency applies only to NUREG-0588 Category I requirements. 

Deficiencies regarding simulating aging were identified only if a piece of 

equipment which required compliance with NUREG-0588 Category I had not been 

aged prior to LOCA simulation testing. This deficiency was not frequently 

encountered. Inadequacy of the aging analyses or simulation resulted in 

deficiencies such as those noted in Section 4.4. In general, the licensees_ 

governed by NUREG-0588 Category I requirements responded to the NRC's concern 

and indicated development of a program presently in progress, modifications to 

existing programs, or a general acknowledgment of the concern regarding aging 

degradation, and stated positive action to resolve the problem would be taken. 

4.6 SIMULATION OF ACCIDENT TEMPERATURE AND PRESSURE PROFILE 

4.6.1 Requirements 

DOR Guidelines, Sections 4.1 and 4.3 
NUREG-0588, Sections 1.1, 1.2, 1.3, and 2.2 

4.6.2 Description of Deficiency 

Deficiencies in temperature and pressure profile requirements were 

identified in those cases where a significantly nonconservative difference 

between the test conditions and the required accident conditions was noted. 

Examples of typical deficiencies are identified as follows: 
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l. Plant accident environment conditions were identified as having 
elevated pressure and temperature for periods up to 24 hours, .whereas 
testing for only l or 2 hours was provided as evidence of 
qualification. 

2. LOCA testing temperatures in the vicinity of 300°F were used as 
evidence of qualification for main steam line breaks having 
temperatures in the range of 360°F without analysis to establish that 
the existing tests provide assurance of qualification. 

3. Pressure effects were sometimes analyzed separately with the statement 
that the component was not susceptible to failure by pressure and 
therefore pressure tests need not be performed. The effects of pres­
sure combined with high humidity and contaminants were not evaluated. 

4. Elevated temperature testing in an air oven at atmospheric pressure 
without the presence of steam at elevated pressure was used as 
evidence of qualification for LOCA and MSLB without supporting 
analysis. 

5. use of "design rating" supplied by manufacturers for pressure and 
temperature qualification without any test or analytical information 
to support such claims was given as proof of qualification. 

4.6.3 Resolution 

With the exception of those cases where technically justifiable extrapo­

lation of valid test data would envelop the required test profiles, the 

simplest resolution for equipment having temperature and pressure profile 

deficiencies is to qualify it by test or to replace it with equipment 

qualified for the environment to which it would be exposed. (Refer to the 

discussion of the deficiency of steam exposure, Section 4.9, for the 

applicability of analysis to equipment subject to steam and elevated pressure 

and temperature.) 

4. 7 DURATION ADEl;lUACY (OPERATING TIME, OPERABILITY PERIOD) 

4.7.l Requirements 

NUREG-0588 Categories I and II, Section 2.2(4), 3(4) 
DOR Guidelines, Section 5. 2 (1) 

The regulatory requirements identified in the DOR Guidelines and 

NUREG-0578 mandate that where qualification testing is employed, the test 
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profile (i.e., elevated temperature and pressure with description of steam and 

humidity conditions) should be of sufficient duration as to envelope the 

plant-specific accident conditions. 'rtle duration should be equal to or exceed 

the period starting with initiation of the harsh environment and ending when 

the parameters return to their normal values or the safety function of the 

equipment is no longer required. (Refer to Sections 3.8, 4.17, and 4.18 for 

discussion relating to margin.) 

4.7.2 Description of Deficiency 

This deficiency was noted in qualification programs that cited a test of 

insufficient duration when compared to plant-specific criteria. Many plants 

have equipment with post-accident functional requirements of a year or more. 

Most LCX::A tests have had a duration of 30 days or less. Some recent testing 

has been extended to 180 days. 

4.7.3 Resolution 

·When the duration of the LOCA test is insufficient for the intended 

application, the use of analysis combined with conservative engineering 

judgment may allow extrapolation of the results; however, complete resolution 

of the deficiency may not be possible without retesting. 

4.8 ENVELOPING OF PROFILE 

4.8.l Requirements 

NUREG-0588, Categories I and II, Section 2.2(4) 
DOR Guidelines, section 5.2.l 

The regulations identified require the test profile to envelope the 

postulated accident profile for the installed location when qualification by 

testing is employed. 

4.8.2 Description of Deficiency 

Failure to envelope the postulated accident was not often a finding 

during the review. 
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the qualification documentation such as lack of testing to a steam 

environment, making the finding of lack of enveloping unnecessary. 

4.8.3 Resolution 

For those equipment items for which more significant deficiencies were 

identified, the more significant finding would have to be resolved. Proper 

resolution of that finding would resolve the enveloping question. 

For those cases where enveloping was not adequate and was a finding, 

possible resolution could be extrapolation of test data with technical 

supporting rationale, reduction of accident conditions through reanalysis, 

retesting, relocation, or shielding. 

4 .9 STEAM EXPOSURE 

4.9.l Requirements 

DOR Gu idelines, Section 5 .1 
NUREG-0588, Sections 1.1 and 1.2 

4.9.2 Description of Deficiency 

TWo basic types of steam exposure deficiencies were noted during the 

review. 

l. The item was not tested in a steam environment although the equipment 
could be subject to a steam environment resulting from a LOCA or 
HEU3. The problem was not usually associated with equipment located 
inside containment and purchased since 1974. The problem is most 
conunonly associated with safety-related equipment located in HELB 
areas outside containment. For such equipment, some licensees 
attempted to substitute thermal and pressure analyses, applicable 
vendor product bulletins on temperature ratings, dry air oven aging 
of and testing of materials and subcomponents, and unsubstantiated 
in-plant operating experience. These data and analyses usually did 
not provide adequate assurance of qualification. 

2. In a very few instances, instruments were subjected to high­
temperature dry air tests or contact with hot aluminum blocks and 
then subsequently subjected to a gas pressure to qualify them for use 
in containment. These tests are not considered adequate proof of 
capability to withstand a'steam environment. 
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4.9.3 Resolution 

In general, only qualification testing with steam conditions or replace­

ment with fully qualified devices would resolve this deficiency. 

4.10 CHEMICAL SPRAY 

4.10.1 Requirements 

DOR Guidelines, Sections 4.4.1.4, 4.4.2.4, and 4.4.3.2.4 
NUREG-0588, Section 1.3 and Resolution 61 

4.10.2 Description of Deficiency 

1. Frequently when materials analyses were performed on equipment to 
establish qualification for chemical spray exposure, the evaluation 
did not consider the increase in reactivity of the spray solution 
with increase in temperature or the effects of solid chemical 
deposition on equipment internals, e.g., plateout of salts on 
terminal blocks internal to motorized valve actuators. 

2. Analyses using data from testing of the same or similar equipment but 
using different chemical compositions, concentrations, or spray rates 
did not provide the technical rationale that substantiated the 
position claimed. Material-<lependent differences, i.e., the effect 
of acidic versus basic solutions on different materials, were not 
addressed. The arguments used to support the analyses were general 
in nature and did not provide or reference supplemental test data or 
analyses. 

3. Major differences were also found between the housings and mounting 
methods of installed equipment and that of the tested equipment: 
therefore, the adequacy of the device to withstand chemical spray was 
questionable. Differences in mounting, electrical termination, 
compartment sealing, cable penetration, and enclosure type were found 
during the review. 

4.10.3 Resolution 

The device as it is installed must be shown through test or thorough 

evaluation of the housing and interfaces to maintain its safety function 

during and after chemical spray. When a device is made so that chemicals are 

not prevented from entering, a full qualification test may be the only way to 

establish that the effects of :chemical attack can be withstood. 
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4 .11 SUBMEffiENCE 

4.11.1 Requirements 

DOR Guidelines, Section 3 
NUREG-0588, Categories I and II, Section 5 

4.11.2 Definition of Deficiency 

Deficiencies associated with submergence frequently occurred for the 

following reasons: 

a. Equipment Located Inside Containment 

1. The equipment was identified by the licensee as being located 
below the submergence level that would result from a loss-of­
coolant accident, but no test information was provided which 
would establish the ability of the equipment to function after it 
became submerged. 

2. The equipment is required to function only before submergence, 
but no failure modes-and-effects analysis was performed to 
establish that failure after submergence would not mislead an 
operator or subject other safety-related equipment to failure. 

b. Equipment Located Outside Containment 

1. The equipment was identified by the licensee as being located 
below the submergence level which would occur as a result of a 
high energy line break or other source of flooding. The 
equipment was identified as being required to function after 
submergence; however, no qualification documentation was supplied. 

2. The equipment is not required to function, but no FMEA or single 
failure analysis was performed to establish that failure would 
not result in failure of other necessary equipment. 

Frequently, the licensees attempted to establish qualification of 

equipment which would become submerged by referring to saturated steam testing, 

ICEA accelerated water absorption testing for cables, or testing in river 

water. Submergence simulation is particularly problematic for equipment 

located inside containment, and accounting ~nly for pressure and temperature 

effects is usually inadequate. The flood water is composed of water that may 

be borated or contain caustics and other contaminants that have been washed 
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down from equipment and structural surfaces of the primary containment, A 

further complication is that the containment spray may cause radioactive 

contaminants from the containment atmosphere to accumulate in the water 

flooding the compartment or sump. No estimates of the radiation doses or dose 

rates were provided by licensees for equipment which would be submerged. 

4, 11, 3 Re solution 

As noted by both the DOR Guidelines and NUREG-0588, the best method of 

eliminating the problem of submergence simulation is to locate the equipment 

above the submergence level. If the equipment cannot be relocated above the 

submergence level, then encapsulation or isolation from submergence may be the 

best alternative, and it would frequently allow use of existing test results. 

Encapsulation would require sealed enclosures made to withstand elevated 

pressure and temperature. The equipment would have to be qualified for 

temperature and radiation in the aged condition, and the encapsulation would 

have to be tested for integrity and pressure capability, Periodic testing of 

the enclosure to ensure that the integrity is maintained would be required to 

maintain qualification of the encapsulated device, An alternative would be 

inclusion of submergence testing under the anticipated conditions as part of a 

full qualification program. 

4, 12 RADIATION 

4,12.l Requirements 

DOR Guidelines, Sections 4.1(2), 5.2(3) 

NUREG-0588 requires IEEE Std 323-1971 or 1974 radiation qualification 

requirements to be followed. 

4.12,2 Description of Deficiency 

The radiation-related deficiencies that were encountered are: 

1. The most serious radiation-related deficiency noted during the review 
was material failure as a result of radiation exposure. This problem 
occurred in equipment employing Teflon, some rubber compounds, some 1 
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lubricants (both oils and greases), and some sensitive electronic 
components of instrumentation. 

2. In some cases, no test or ~nalysis for radiation withstand capability 
was provided when LOCA radiation conditions were postulated. 

3. A deficiency was cited when th'e integrated dose of reported test 
results was lower than the radiation dose requirement. This problem 
was usually encountered on equipment which was originally qualified 
to requirements based on source terms lower than now required. 

4. Some instruments and control devices were found to be sensitive to 
radiation. Typical results have been reduction in accuracy or shift 
in setpoint on transmitters and switches. These effects may be 
caused by radiation dose, dose rate, or both. It was frequently not 
possi~le to determine from the documentation if an instrument that is 
sensitive to radiation exposure would perform adequately or 
inadequately under actual DBE conditions. 

5. Many material analyses used radiation damage data most favorable to 
attaining qualification rather than applicable conservative data. 
This problem was encountered for equipment located both inside and 
outside containment. Radiation damage data for elastomers and other 
organic materials show considerable scatter. Many handbooks provide 
radiation damage data for plastics, elastomers, and other organic 
materials which are useful in scoping and selecting materials for 
design. However, the use of such references for qualification is 
generally insufficient. It is preferable to obtain data for the 
actual materials used in the device on properties which would affect 
the functioning of the device. Manufacturers, when they are aware 
that material will be subject to irradiation, have been known to add 
compounds to organic materials that reduce damage from irradiation 
without modifying the generic descriptions. Therefore, extreme care 
must be taken when evaluating test results or the capabilities of 
organic materials without consulting the manufacturer to verify 
actual material composition. 

6. A common problem encountered with equipment located outside of 
containment and subject to radiation from recirculating fluids was 
the use of data for elastomeric materials, such as gaskets and 
O-rings, which was improper for the application. Data for tensile 
properties were generally used to evaluate the performance of gaskets 
and seals. '.11le correct approach would be to analyze the behavior of 
the material under compression. It should be noted that the tensile 
properties are usually less affected by radiation than the 
compressive properties. 
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4.12.3 Resolution 

1. Equipment or Component Failure Under Radiation Exposure 

Equipment in this category should either be replaced with fully 
qualified equipment or used only in locations where there is no 
possibility of significant radiation exposure. 

2. No Radiation Test IX>cumentation Provided 

For equipment for which radiation testing documentation is available 
and a complete list of materials is available, an analysis may be 
possible to establish qualification. If, however, a review of the 
list reveals materials or components which may be sensitive to 
radiation, then a test should be performed. If analysis is 
performed, the cumulative effect of radiation degradation and other 
forms of degradation from aging and accident conditions should be 
evaluated. 

3. Results of Test or Analysis Are Lower Than Current Plant Requirements 

This deficiency may be resolved by analysis or test. If a detailed 
materials list is available, the effect of radiation on the materials 
may be evaluated and the equipment qualified by analysis. AS an 
alternative, the required dose could be reevaluated for the exact 
location of the equipment. If plant design permits, the equipment 
could be relocated or shielded. Lastly, if there are insufficient 
data and other alternatives cannot be performed, a separate radiation 
effects test at the required dose rate could be performed to 
determine whether the item can be affected by the required dosage. 
If it is affected substantially, then the resolution would be to 
replace the item with qualified equipment or perform a full 
qualification test. If the radiation effects are shown to be 
negligible, the separate effects test would be considered suitable 
for qualification under the DOR Guidelines. However, NUREG-0588, 
Section 1.48 also requires that possible deleterious effects on 
component performance due to beta radiation heating and ionization be 
addressed. Since radiation exposure tests are relatively 
inexpensive, such testing may be the most cost-beneficial approach 
for determining the appropriate method of resolution of the 
deficiency. 

4. Separate Effects Testing in Which Radiation Has Been Shown to Degrade 
the Equipment 

In this case, the equipment has been demonstrated by testing to be 
susceptible to radiation. Some corrective actions are to shield the 
equipment to eliminate the radiation dose, to relocate the equipment 
out of a radiation area, to perform full qualification tests, or to 
replace the equipment. 
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5. Problems ASsociated With Selection of Data for Use in Analysis 

An acceptable basis for establishing performance under irradiation is 
data on the exact material used in a like application, for example, 
neoprene 0-ring test data used in an analysis of neoprene 0-rings. 
Data for items analyzed for compressive loads should be from tests 
under similar or equivalent loadings. It is recognized that in many 
cases it is not possible to obtain such data on every material: 
however, the properties available for generic materials or for the 
primary ingredient of a material may be significantly different from 
the properties of the specific material being considered. Care 
should be exercised to select data related to the material property 
of interest. Radiation damage thresholds are significantly different 
for such properties as compressive strength, tensile strength, and 
dielectric strength. · 

4 .13 TEST SEQUENCE ANO SEPARATE EFFECTS TESTING 

4.13.1 Test Sequence 

4.13.1.1 Requirements 

DOR Guidelines, Section 5.2.5 
NUREG-0588, Section 2.3 

4.13.1.2 Description of Deficiency 

Test sequence deficiencies generally were given when the test was not 

performed in the sequence required by the referenced sections of the DOR 

Guidelines, NUREG-0588 and when inadequate justification for the difference in 

sequence was provided. Deficiencies concerning test sequence were identified 

on the following three bases: 

o Equipment containing materials subject to aging degradation was not 
aged, or aging was performed on samples separate from those UX:A 
tested. 

o Equipment containing materials subject to degradation by irradiation 
was not irradiated prior to UX:A testing; irradiation was conducted on 
separate samples: or analyses, which proved to be inadequate, were 
performed in lieu of irradiation. In a few cases, irradiation was 
performed after LOCA simulation testing. 

o Information was not available on the performance of organic materials, 
an~ separate effects tests were performed for each of thermal aging, 
radiation, spray, and UX:A. In these cases, if degradation of the 
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materials was identified during any of the separate tests, then a 
deficiency regarding test sequence was identified since cumulative 
degradation might have prevented proper operation of the equipment. 

4.13.1.3 Resolution 

There are two basic approaches to resolution of this deficiency. The 

first is to perform a qualification test of a representative sample of the 

device. The second is to replace the equipment with qualified equipment. 

Other approaches may be possible; however, these two are the most direct. 

4.13.2 Combined Effects Versus Separate Effects 

4.13.2.i Description of Deficiency 

Analyses were performed to establish harsh environment qualification by 

determining the ability of a material to withstand the effects of each 

environmental parameter independently. No attempt was made to determine the 

effects of cumulative degradation on the material. Frequently, the material 

property most important to correct functioning of the device was not stated, 

or properties of little importance were considered and primary properties were 

ignored. This deficiency does not include the possibility of synergistic 

effects. 

4.13.3 Resolution 

Analyses performed for equipment located in harsh environments should 

first determine the material properties (e.g., insulating capability, 

structural strength, tensile strength, compressive strength) that will affect 

the device's ability to function. These properties should be the basis for 

the analysis of individual environmental parameter effects. An effort should 

be made to determine the cumulative effect of the separate environmental 

effects and a conservative engineering judgment used to determine capability 

to withstand the cumulative environment. 

~nklin Research Center 
A Oivi5ion of The Fronklin Institute 

-58-



4 .14 TEST FAILURES AN_D SIGNIFICANT NONCONFORMI\NCES 

4.14.l Requirements 

DOR Guidelines, Section 5.2(5) 
NUREG-0588, Section 2.2 

Resolution 60 of Comments on NUREG-0588 states: 

"Resolution 60 - (2.2(9)) 
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The intent of Section 2.2(9) is to ensure that intermittent failures 
in equipment--such as momentary change of state of bistables (that is, 
contact chatter), a cyclic variation in a transmitter output or a 
valve position variation--have been accounted for in the qualification 
testing program. Where intermittent failures in equipment can negate 
a safety function, the test program should include provisions to 
monitor selected parameters on a continuous basis in order to detect 
these failures (if any). It is recognized that certain equipment 
requires long-term testing (for example, postaccident monitoring 
equipment) where around the clock monitoring is difficult to 
accomplish. For this category of equipment, continuous monitoring for 
spurious or intermittent operation during periodic intervals may be 
justified." 

IE Bulletin 79-0lB Supplement 2 states: 

"When a failure occurs due to a non-EQ related mechanism, acceptability 
of analysis to extrapolate the test data would be dependent on several 
considerations (e.g., the specific function being demonstrated, the 
failure mechanism, when the failure occurred, etc.), and may be very 
difficult to achieve. If such a failure occurs it may be more prudent 
to correct the failure and continue with the test." 

4.14.2 Description of Deficiency 

Test failures and significant anomalies occurred in some qualification 

programs; these were associated with failure of test facilities or the 

equipment being tested. An example of test facilities failure is the case 

where the LCX:A chamber temperature and pressure peaked at 360°F and 70 psi 

rather than the specified 320°F and 50 psi, resulting in failure of the test 

sample to remain within the specified accuracy. 

Some other examples of equipment failures and significant anomalies 
during testing are: 
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l. An electronic transmitter was tested using the IEEE Std 323-1974 
profile for a PWR and failed within the first half-hour of the test. 

2. During a 30-day test of a motorized valve actuator using the !?WR and 
BWR profiles of IEEE Std 323-1974, the actuator functioned normally 
through the peak pressure and temperature transients during the first 
24 hours, continued to function normally up to 15 days, and then 
failed. 

3. A solenoid operated valve was tested for 30 days, using the profile 
contained in IEEE Std 323-1974; however, the sealing method 
precluding entry of spray and steam into the solenoid enclosure 
failed, with the net result that boric acid spray entered the 
solenoid enclosure. The valve continued to function normally but did 
not withstand insulation resistance testing. This is a significant 
anomaly. 

Probably the most common anomaly encountered in the review of environ­

mental qualification was connected with instrument accuracy or automatic 

device setpoints. Many of the older test programs did not have preestablished 

acceptance criteria, and data were reported as recorded by the test instrumen­

tation. In older test reports, it is not uncommon to find variations in 

instrument accuracy of 10% to 40%, and to find variations in setpoints of 

certain automatic devices of 5% to 20%. These changes indicate anomalous 

behavior which must be evaluated with respect to the application. 

4.14.3 Resolution 

The licensee should recognize that for many of the older tests, preaging 

of the equipment was not performed and that anomalous behavior may become 

exaggerated as equipment grows older, thus making engineering judgments 

questionable concerning devices showing significant abnormalities in accuracy 

or setpoint. In these cases, it would not be technically sound to extrapolate 

the adequacy of the device over any extended lifetime. In general, it would 

be preferable to replace such devices with fully qualified equipment. 

4.15 FUNCTIONAL TESTING 

4.15.l Requirements 

DOR Guidelines, Section 5.2.5 
NUREG-0588, Sections 2.1 and 2.2 
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4.15.2 Description of Deficiency 

Deficiencies concerning functional testing requirements were infrequently 

noted during the review. However, when such a deficiency was identified, it 

was normally associated with one of the following problems: 

o The device was subject to LCX:A testing but not energized during the 
test and no performance data were taken. This deficiency was 
associated with a few cables and indicating switches. 

o A functional testing deficiency associated with temperature detectors, 
thermocouples, and similar devices was Lcx:A testing without 
monitoring. Thus, while the device was subject to a simulated 
accident environment, it was impossible to determine whether the 
device would function accurately in such an environment. 

o In some cases, devices subject to possible malfunction during 
irradiation were found to have been irradiated without being energized 
or without being monitored for correct operation during accident 
simulation irradiation. This problem was found in some 
instrumentation and in some instrumentation cable test reports. 

In general, deficiencies associated with functional testing were 

identified only in those instances where environmental qualification testing 

was performed, but no data were taken or submitted to establish that the 

equipment item would perform its function under the accident condition. 

4.15.3 Resolution 

The best resolution to this deficiency is to prove functional capability 

under accident conditions. This can be done by (1) performing complete 

verification tests or (2) replacement with a qualified device which has proof 

of functional capability under accident conditions. Other methods may be 

possible; however, these are the most direct. 

4 .16 INSTRUMENT ACCURACY 

4.16.l Requirements 

DOR Guidelines, Section 5.2.5 
NUREG-0588, sections 2.1 and 2.2 
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4.16.2 Description of Deficiency 

Deficiencies concerning instrument accuracy were of two kinds: 

o Instrumentation was tested, but no data on accuracy or on drift of 
setpoint and zeropoint were provided in the test report. 

o Data on drift, accuracy, or other parameters concerning instrument 
performance were provided in the test report, but the significance of 
the numbers was not evaluated for acceptability for the licensee's 
application. 

4.16.3 Resolution 

When no data are available on instrument accuracy, two basic options may 

be pursued. The first is to perform a retest on a representative sample. The 

second is replacement with qualified devices for which information on accident 

period accuracy is acceptable. For the second deficiency described above, tli.e 

data provided should be evaluated to establish that in each application of the 

instrumentation, the error, drift, changes in setpoint, etc., are acceptable 

and do not compromise system functions or the reliability of information 

provided to the operator. 

4.17 TEST DURATION MARGIN 

4.17.1 Requirements 

DOR Guidelines, Section 6 (Margin) 
NUREG-0588, Rev. 1, Category I, Section 3 (4) 
NUREG-0588, Rev. 1, Category II, Section 3(4) 
IEEE Std 323-1974, Section 6.3.1.5 
Comment 76 of NUREG-0588, Rev. 1 

11 Resolution 

For equipment subjected to hostile environments resulting from pipe 
breaks, an accepted practice is to qualify that equipment to the most 
limiting environment (which would envelope the less hostile environ­
ments caused by a range of different pipe breaks). Subjecting the 
equipment to the most severe portion of the hostile environment 
(maximum pressure, temperature, and radiation) for only a very short 
time period (seconds or minutes) does not provide adequate assurance 
that all the environmental service conditions have indeed been 
enveloped. It is the staff's belief that the additional one hour of 
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demonstrated functional operability for equipment required to operate 
for only a short period (that is, less than or equal to 10 hours), 
provides for the most part, the assurance that the equipment will 
function in any accident environment that can exist during large and 
small line-break accident scenarios. 

There may be some designs where less restrictive margins may be 
justified and found acceptable on a case-by-case basis (see Category 
II, Section 3(2)). The staff believes, however, that the general 
requirement of testing for an additional hour is warranted." 

4 .17 .2 Description of Deficiency 

This deficiency resulted when testing did not demonstrate the equipment 

item's functional capacity for one hour beyond the required operating time and 

the operating time was 10 hours or less. The requirement has been referred to 

as the 1-hour minimum margin. The basis for the requirement was provided by 

the staff in response to Comment 76 of NUREG-0588, Rev. l, as stated above in 

Section 4 .17 .l. 

The last paragrai;:ti of the resolution quoted in Section 4.17.l permits the 

use of less restrictive time durations on a case-by-case basis if sufficient 

justification for the specified operating time was provided. This 

justification must include, for each application of each piece of equipment, 

(l) consideration of a spectrum of breaks, (2) the potential need for this 

equipment later in an event or during recovery operations, (3) a determination 

that failure of the equipment after the maximum operability time will not 

degrade any safety function or mislead the operator, and (4) a determination 

that the margin applied to the minimum operability time, when combined with 

the other test margins, will account for the uncertainties associated with the 

use of analytical techniques in the derivation of environmental parameters, 

the number of units tested, production tolerances, and test equipment 

accuracies. The documentation must also include an analysis showing that the 

failure could not occur during the required period of operability plus the 

required interval of margin. In most cases, however, where specified 

operating times of less than one hour were used, inadequate or no justifica­

tion was provided. 
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A problem that has arisen with respect to this requirement has been the 

claim that a device is qualified for its intended application because its 

specified operating time is on the order of one minute when the device failed 

after several minutes into the testing. The DOR Guidelines are very explicit 

with respect to such test failures. section 5.5 states {in part), 

"If a component fails at any time during the test, even in a so called 
'fail-safe' mode, the test should be considered inconclusive with 
regard to demonstrating the ability of the component to function for 
the entire period prior to the failure." (For more information on 
test failures, see Section 3.3.3 of this document.) 

4.17.3 Resolution 

The methods of resolving failure to meet the 1-hour minimum margin 

requirement depend on the nature of existing test results. For devices that 

failed very early in the accident simulation, replacement with qualified devices 

seems the most prudent method. Relocation, environmental conditioning of the 

location, or shielding could also be considered. For items that were tested 

for short durations only, retesting for longer durations may be appropriate. 

4.18 MARGIN (General Application) 

4.18.l Requirements 

DOR Guidelines, Section 6 
NUREG-0588, Rev. l, cat. I, section 3 
NUREG-0588, Rev. l, Cat. II, Section 3 
IEEE Std 323-1974, Section 6.3.l.5 

4.18.2 Description of Deficiency 

This deficiency is most directly associated with equipment items which 

must be qualifi.ed to the requirements of NUREG-0588. The majority of the 

plants reviewed were qualified and reviewed to DOR Guidelines and the margin 

issue was overshadowed by more fundamental concerns. A discussion of margin 

problems for DOR plants would therefore be inappropriate. The topic of margin 

is treated in depth in Section 3 .8 of this document. 
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5. DISCUSSION OF QUALIFICATION REVIEW FINDINGS 

This section is divided into two parts. The first part concerns 

equipment for which qualification has not been established or found to be only 

partially qualified and which requires a significant effort for resolution of 

the qualification concern. These devices are: 

Containment Penetrations Using Organic Sealing Compounds Rather than 
Ceramic Sealants (5.1.1)* 

Transmitters with Poorly Sealed Electronics Cavities (5.1.2) 

Cable--POwer, Control, and Instrument (5.1.3) 

Large Motors (5.1.4) 

Interface Components (5.1.5) 

The second part of the section deals with problems of a more easily 

solved nature. These involve: 

Terminal Blocks (5.2.1) 

Motorized Valve Actuators (5.2.2) 

Solenoid Valves (5.2.3) 

Lubricants (5.2.4) 

(~General Equipment Problems (5.2.5) 

---~-::--:-----:--:-.-------.--:---::-:-:-Table 5-1 summarizes the results of the EEQ review performed by FRC. 

should be noted that more than 691 of the items fall into two categories, 

"Equipment Qualification Pending Modification• and "Equipment Qualification 

NOt Established," and that only 81 of the equipment was considered fully 

qualified. This section is concerned primarily with the 371 of the items 

which were deemed "Equipment Qualification Not Established." This designation 

does not mean that these items are not qualifiable; it means that further 

effort is required to establish full qualification. Qualification of these 

devices may or may not be possible. 

*Numbers in parentheses indicate the subsection in which each item is 
discussed. 
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Table 5-1 

THIS REPORT 15 A SUMMARY or THE NUMBER or EQUIPMENT 
ITEMS IN EACH or THE 8 NRC QUALIFICATION CATEGORIES 
AS ar MAR 31, 1983 ~HICH INCLUDES THE REVIEW OF 71 
PLANTS 

--------------------------------------------------------------------------------THE. TOTAL HUMBER OF EQUIPMENT ITEMS IN CATEGORY I .A IS 
(CATEGORY I.A••• EQUIPMENT QUA!.IFIED) 

THE TOTAL NUMBER or EQUIPMENT ITEMS IN CATEGORY I.BIS 
(CATEGORY I.B ••• EQUIPMENT QUALIFICATION PENDING 
MODIFICATION) 

THE TOTAL NUMBER or EQUIPMENT ITEMS IN CATEGORY II.A IS 
(CATEGORY II.A••• EQUIPMENT QUALIFICATION NOT 
ESTABLISHED) 

THE TOTAL NUMBER or EQUIPMENT ITEMS IN CATEGORY tr.a IS 
(CATEGORY II.B ••• EQUIPMENT NOT QUALIFIED) 

THE TOTAL NUMBER or EQUIPMENT ITEMS IN CATEGORY II.C IS 
(CATEGORY II.C ••• EQUIPMENT SATISFIES ALL REQUIRE• 

MENTS EXCEPT QUALIFIED LIFE OR REPLACEMENT 
SCHEDULE JUSTIFIED) 

THE TOTAL NUMBER OF EQUIPKENT ITEMS IN CATEGDRY Ill.A 15 
(CATEGORY III.A••• EQUPIMENT EXEMPT rROM QUALIFICATION) 

THE TOTAL NUMBER OF EQUIPMENT ITEMS IN CATEGORY III.a IS 
(CATEGORY III.B --- EQUPIMENT NOT IN THE SCOPE or THE 
REVIEw) 

THE TOTAL NUMBER or EQUIPMENT ITEMS IN CATEGORY IV 15 
(CATEGORY IV••• DOCUMENTATION NOT MADE AVAILABLE) 

&51 ( 8.132%) 

2588 (32.330\) 

2977 (37.139%) 

99 C 1.237%) 

900 (11.243%) 

254 C 3.173\l 

381 C 4.7f>O%J 

155 C 1.936\l 

--------------------------------------------------------------------------------
·~ 

THE TOTAL NUMBER or EQUIPMENT ITEMS REVIEWED TO DATE IS 8005 
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5.1 DEFICIENCIES REQUIRING SIGNIFICANT EFFORT FOR RESOLUTION 

5.1.1 Electrical Penetration Qualification Assessment 

The purpose of electrical penetrations in nuclear power plants is twofold: 

1. to permit transfer of electrical power and signals through the 
containment wall 

2. to ensure containment pressure boundary integrity under normal and 
accident conditions. 

Electrical penetrations are designed for a wide range of applications 

including circuits for co-axial and tri-axial instruments, low-voltage 

instruments and thermocouples, low-voltage power and control functions, and 

medium-voltage power. 

The level of qualification of many canister and modular penetrations 

using epoxy compounds as the pressure boundry seal is difficult to determine. 

Of all the reports reviewed concerning these designs, it has not been possible 

to assemble a set of documents which would satisfy the requirements of DOR 

Guidelines, NUREG-0588, or IEEE Std 317-1976. 

The types of deficiencies found for penetrations having a pressure 

boundary seal of epoxy material were: 

0 

0 

0 

0 

0 

LOCA testing did not include chemical spray, and analyses did not 
address critical materials. 

Radiation evaluation was by analysis and individual material tests; no 
irradiation of the LOCA test specimen was performed. 

Penetrations were not aged and aging evaluation was conducted for 
proprietary epoxy components but not for all degradable material. 

Test documentation shows substantial reduction in insulation 
resistance (greater than 4 decades) during steam exposure. Analysis 
of the significance of the reduction in insulation resistance was not 
in the documentation submitted for review. 

Data on continuous, short-time overload and short-circuit current 
testing (if performed) have generally not been provided by any 
licensee. In the one case when the test documentation was available, 
it was not possible to determine whether the same penetration sample 
was subjected to other accident tests. 
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Although seismic considerations were not a part of the review associated 

with this Implementation Guide, some of these penetrations were found to have 

had seismic tests performed in samples other than those tested for other 

environmental conditions. 

Because of the tendency of some epoxy and other organic materials to 

shrink with age and to absorb water when subjected to LOCA conditions after 

irradiation, the lack of aging and irradiation of the test module makes the 

qualification of the canister and modular penetrations using epoxy sealing 

materials questionable. Material tests for penetration subcomponents 

(radiation and aging) were concerned with mechanical properties and not 

necessarily with the behavior of the material when it is performing its 

function in the penetration. In addition, the heating caused by short-circuit 

current during LOCA simulation may exceed the withstand capability of the 

potting compounds and epoxy used in the penetrations. 

Based upon the limited tests conducted and the manner in which the 

testing was performed, it cannot be established that these penetrations are 

qualified and that they will perform satisfactorily in accident conditions 

with regard to mechanical integrity and electrical performance. Therefore, 

consideration should be given to testing representative samples of the subject 

penetration .types following the recommendations of IEEE Standard 317. 

5.1.2 Electronic Transmitters 

The major qualification concern associated with electronic transmitters 

is that the electronic internals of the transmitters are not suitable for 

exposure to steam. TO date, whenever steam entered the electronics cavity 

during testing, a transmitter failure occurred. These failures varied in 

nature from large inaccuracies to cessation of operation. The deficiency is 

further complicated because the mode of failure caused by exposure to steam is 

not predictable; that is, any individual transmitter may read high, may read 

low, or may not read at all under accident conditions, so that a reliable 

failure modes-and-effects analysis is not possible. 
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In most electronic transmitters that have been supplied for the nuclear 

industry, steam can come in contact with the electronic parts by entering the 

transmitter case through the cover·gasket or 0-ring seal, or through the 

conduit threads for the electrical connections. 
I 

5.1.2.l Transmitter Cover Seals 

In most of the electronic transmitters in use, i.e., produced prior to 

1982, elastomers were used for the cover seal. These elastomers were highly 

compressed to be able to withstand the required environmental pressure and 

temperature. (If these seals were for mechanical equipment that would be 

exposed to similar pressures and temperatures, elastomeric materials would not 

have been used. ASME Code and ANSI Standards would be applied and other types 

of seals would have been used.) While test data for evaluating aging of most 

elastomeric materials in highly compressed applications does not presently 

exist, operating experience and test data on various units by manufacturers 

indicate rather rapid age degradation of highly compressed elastomeric seals. 

As the seals degrade, the ability of the elastomer to provide sufficient force 

against the cover and body to prevent steam entry decreases. Thus, after a 

few years, it would be possible for steam to enter the transmitter case during 

an accident, come in contact with the electronics, and thereby cause the 

transmitter to fail. Accordingly, installed transmitters should have their 

cover gaskets or 0-ring seals replaced periodically, preferably at intervals 

corresponding to the length of the refueling cycle, until qualified 

transmitters or transmitter seals with longer demonstrated lifetimes can be 

obtained. 

5.1.2.2 Transmitter Conduit Connections 

Some transmitter designs have fused ceramic or fused glass seals as part 

of the conduit connections, thereby providing a pressure- and temperature­

proof seal which would preclude steam from entering the electronic portions of 

the transmitters through the conduit connection. Other units depend on proper 

sealing of the conduit threads and the conduit system. Various sealing 
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methods could be used; for example, Teflon tape as a thread seal was demon­

strated in qualification of various limit switches, and room temperature 

vulcanizing silicone rubber (GE Company RTV), as a conduit thread sealant has 

been qualified in test reports for various utilities. Other sealing methods 

appropriate to the installation could be qualified without requalification of 

the associated devices. verification of suitable thread sealing and conduit 

cable entrance sealing should be made to ensure that steam resulting from 

accidents would not enter the internals of the electronic transmitters. The 

conduit system must also be sealed. For exampl.e, junction boxes in the 

conduit system may have drainage holes which could allow steam and moisture to 

enter the conduit and migrate into the transmitter, causing failure. 

5.1.3 Qualification Evaluation of Electric Cable 

Of all the electrical equipment identified in the environmental 

qualification program, the most extensively tested has been electrical cable. 

One major problem identified was that the licensee had not established that 

the cable installed in the plant is sufficient similar to the cable of the 

test report. This problem generally can be resolved by more fully identifying 

cable characteristics so that it is evident that the cable tested and the 

cable installed are equivalent. The characteristics needed to establish such 

similarity are contained in IEEE Std 386-1976. As an alternative, the 

licensees could obtain certification from the manufacturer that the cable 

furnished for installation is equivalent to the cable tested in the 

manufacturer's report. 

Another important problem with cable qualification documentation is that 

the cable functional tests and monitoring generally did not include those 

parameters important to many applications. A typical example is the case of 

shielded instrument cable; during the testing of many of these cables, the 

only characteristic measured was insulation resistance during accident 

simulation and high potential testing after accident simulation. The same 

cable, when used in conjunction with the device requiring such cable, showed 

inadequate performance. A change in the impedance of the cable was such that 
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the required signal could not be transmitted. This example underscores the 

importance of the recommendations by IEEE Standard 383 which state that the 

characteristics of interest in the application of the cable should be measured 

and evaluated during the accident simulation. 

Many test reports indicate substantial reduction in insulation resistance 

during LOCA simulation. In many cases, insulation resistance was essentially 

zero when measured at a de potential of 500 v. To determine an insulation 

resistance during the test, low voltage meters were employed to prevent 

insulation breakdown. The significance of substantial reductions in measured 

properties such as insulation resistance was not evaluated in the licensee 

qualification submittals. Manufacturers and test laboratories generally do 

not know the end use of the cable and, therefore, do not measure or evaluate 

the properties of importance to the plant applications. Significant changes 

in any characteristic of electrical cable need to be evaluated by the licensee 

to establish that the qualification levels are adequate. Since the ultimate 

purpose of qualification is to ensure that the equipment subjected to accident 

conditions will perform its function during accident conditions, the 

evaluation of data obtained during cable testing should be performed to assure 

proper system operation. 

Submergence simulation is particularly problematic, especially for inside 

containment applications. While pressure and temperature may be known, the 

liquid is composed of water that is borated in PWR plants and contains 

caustics and other contaminants that have been washed down from equipment and 

structural surfaces of the reactor building. To be conservative, it should be 

assumed that the containment spray is effective in removing radioactive 

nuclides from the drywell atmosphere which then accumulate in the water 

flooding the compartment or sump. Conservative estimates of the radiation 

doses and dose rates must be determined for cables and splices which would be 

submerged. 

The best method of eliminating the problem of submergence simulation is 

to locate the cable above the submergence level if practicable. If the cable 
,f 

cannot be relocated above the submergence level, then encapsulation or 
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isolation from submergence may be the best alternative; this may allow use of 

the existing test results. The encapsulation method and materials will 

require .qualification testing to elevated pressure, temperature, radiation, 

and worst-case chemical conditions. The encapsulation system would have to be 

aged prior to LOCA/HELB and submergence testing. If neither relocation nor 

encapsulation is practical, an alternative is submergence testing of cables 

and splices as part of a full qualification program. The testing of 

instrument cables should include measurements of the characteristics which 

would affect signal transmission. 

5.1.4 Large Electric Motors 

Electric motors are used in many applications in nuclear power plants, 

and qualification concerns vary with the application. This discussion is 

limited to problems associated with ECCS system motors and only those ECCS 

motors needed for long-term operation. Demanding requirements are imposed 

upon motors used in ECCS and long-term cooling functions. These motors are 

used as drivers for pumps and various types of fans, which are located both 

inside and outside containment and above or below submergence level. 

5.1.4.l Outside containment Motors 

Motors in this category include applications such as driving auxiliary 

feed pumps, decay heat removal pumps, high pressure injection pumps, contain­

ment spray pumps, and certain vital room air conditioning units. For the 

outside containment application, the qualification task involves establishing 

long-term reliability of operation of motor internal parts and of the bearings 

with their associated lubricants. The environments usually include high 

humidity, elevated temperature, and radiation caused by the recirculation of 

radioactive fluids from the containment. Existing qualification documentation 

has generally addressed the capabilities of the parts of the motor separately 

and has frequently addressed the environmental parameters separately. For 

example, motorette aging and radiation tests are extensively cited to qualify 

motor stator windings without establishing that the motorette and the 
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materials used in the motorette adequately represent all the materials used in 

the electrical portion of the motor. Radiation effects on lubricants usually 

involve tests on the lubricant itself and subsequent evaluations of the 

lubricant rather than irradiation of the lubricant at the temperatures and 

loadings that would be encountered in the bearings as installed in the 

motors. Extrapolation of raw data for lubricants does not assure that the 

bearings as loaded and irradiated in the motor during accident operation will 

continue to function for long durations (refer to Section 5.2.4). The 

materials and their configurations in the tested motors must be shown to be 

pertinent and applicable to the installed motors. Likewise, during aging and 

irradiation tests, lubricant and bearing loadings at operating temperatures 

must be representative of the installed motor conditions. 

5.1.4.2 Inside Containment Motors 

For those motors used inside containment and above the submergence level, 

some useful testing has been performed, notably on vertical induction motors, 

vaneaxial fan·motors, and fan cooler motors. In most of these cases, the 

testing was performed for inside containment environmental conditions and 

actual motors were subjected to LOCA testing. However, few motors were 

operated under the loads that would be anticipated in actual in-containment 

service. A common problem associated with the tested motors is that it is 

difficult to establish that installed motors for in-containment application 

are equivalent to the motors tested. Over the years since the testing 

occurred, motor manufacturing methods and standards have changed, resulting in 

lighter frames, different insulating systems, and different winding support 

systems to reduce costs and also allow operation at higher voltages. Because 

of all these changes, successful similarity analyses may not be possible for 

some motors. In the review of environmental qualification submitted by 

licensees, few if any satisfactory similarity analyses for large motors were 

identified. It appears that a significant effort will be necessary to 

establish that the existing test documentation for inside containment 

applications can be extrapolated to the motors in use. 
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For those below submergence levels, no submergence testing has been 

performed. Although some motors used below submergence levels have been 

tested for LOCA steam environments, the test results indicate that spray and 

other materials will enter certain portions of the motor and, should the motor 

be submerged, sump liquids would fill the motor and possibly preclude its 

operation. At the present time, it is not possible to predict whether any 

installed motor located below submergence level, and required to operate after 

submergence, would continue to be operable unless it is protected from 

submergence by a suitable enclosure which-prevents fluid coming in contact 

with critical parts, including the bearings. 

5.1.5 Interface Components 

Components used at interfaces between devices are the most frequently 

ignored qualification items. For the purposes of this document, interface 

components are those devices that permit electrical, pneumatic, hydraulic, or 

mechanical signals; power; _or process parameters to enter a piece of equipment 

through its housing.· These interfaces frequently provide a physical means of 

isolating the equipment's internals from harsh environments and DBE 

conditions. Since interfaces connect the device to surrounding structures and 

equipment, additional physical stresses may be added to the device's housing 

by the interface. The DOR Guidelines state: 

"6. Installation Interfaces - The equipment mounting and electrical or 
mechanical seals used during the type test should be representative 
of the actual installation for the test to be considered 
conclusive. The equipment qualification program should include an 
as-built inspection in the field to verify that equipment was 
installed as it was tested. Particular emphasis should be placed on 
common problems such as protective enclosures installed upside down 
with drain holes at the top and penetrations in equipment housings 
for electrical connections being left unsealed or susceptible to 
moisture incursion through stranded conductors.• 

Some of the common interfaces are splices, terminal ,blocks, wire 

terminations such as lugs and butt connectors, conduit connections and pipe 

threads, and feedthrough assemblies at equipment housings. Thread sealants 

and 0-rings also are part of interfaces. 
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Many qualification reports ignore interfaces. Many others indicate 

problems with interfaces during testing. Some of these problems are presented 

below. 

Example of Interface Deficiencies 

l. Motor Lead Splices 

o Materials are often not identified or included in the 
qualification analysis or testing. 

o When analyzed for thermal aging, motor temperature rise was not 
considered. 

o When manufacturer and vendor were not responsible for the splicing 
system, the licensee did not evaluate the adequacy of the splicing 
method. 

Resolution of these concerns can be obtained from an evaluation of 
the system used. Materials can be evaluated based on tests of 
splicing methods used. 

2. Solenoid Valves and Limit switches 

During many tests of limit switches and solenoid valves, the conduit 
for the electrical leads was inappropriately piped through the UX:A 
chamber so that the internals of these devices were exposed to the 
ambient conditions external to the test chamber and were not 
representative of the actual installation in the power plant. 

Evaluation and/or testing of the actual method of connection of these 
devlces is necessary to complete environmental qualification. 

3. Housing Cutouts for Electrical Leads of 1-btor Operated Valve l\ctuators 

Tests have shown that chemical spray can leak into the switch 
compartments, thereby causing failures. Terminal blocks have been 
found to be affected by chemicals used in tests, and plastic switches 
have dissolved. To date, analyses of these problems have not been 
found to be adequate, and remedial action has not been proven to be 
effective. 

For motor operators subjected to spray conditions, the seals at the 
conduit connection must be shown to be adequate to prevent damage to 
the switch and termination equipment. The seals associated with the 
gear works are not as critical since the qualifications generally 
proved that degradation of the seals under accident conditions does 
not impede proper operation. 
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4. Interfaces at Equipment Qualified by Similarity 

When establishing similarity between the installed equipment and the 
test specimen, it is imperative that the qualification documentation 
address any differences in interfaces and their impact on the 
applicability of the test. A simple statement that the interfaces 
are "the same• or "similar• is not sufficient. Adequate 
documentation must be provided to determine whether or not interface 
similarity has been established or that the differences are not 
significant enough to affect the results of the testing. In only a 
very small percentage of all equipment items reviewed were the 
equipment item interfaces adequately addressed. 

5. 2 PROBLEMS MORE EASILY RESOLVED 

5.2.l Qualification Evaluation of Terminal Blocks 

Terminal blocks made of a variety of phenolics are widely used for various 

engineering purposes in nuclear power plants, both inside and outside 

containment. Some terminal blocks are exposed; other terminal blocks are in 

junction boxes with pressure equalization holes drilled in the bottom of the 

box. In a few instances, they are located in pressure-tight NEMA enclos~res. 

The terminal block will perform its normal function as long as the barrier 

between adjacent terminals is maintained and the surface resistance is 

maintained to preclude current leakage paths across the terminal block 

surface. Two basic problems associated with some terminal block designs have 

been identified during the evaluation of qualification information submitted 

by the licensees. ·The first involves the integrity of the electric barrier. 

Most terminal blocks are made of phenolic, which is a brittle material and has 

an expansion coefficient substantially different from that of the metal 

enclosure in which is it mounted. Changes in temperature have caused terminal 

block barrier cracking because of the difference in expansion between the 

metal support and the phenolic terminal block when the terminal block was 

rigidly mounted at both·ends. Subsequently, electrical tracking occurs 

through the broken terminal block because of the lack of path resistance. 

Reduction of surface resistivity and high leakage currents have been 

identified in some cases where boric acid spray deposits coated surfaces of 

the terminal blocks by entering the enclosures through the pressure 

equalization hole and subsequently causing low surface resistance or 
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low resistance to ground in the terminal block. Sandia Laboratories has also 

found that dirt, dust, and other contaminants can result in reduced surface 

resistance. 

The resolution to these problems is an engineering problem for each 

application. TO eliminate the thermal expansion problem, terminal blocks 

should be mounted in a manner that permits support structure expansion without 

damage to the terminal block. It is known that the mounting stress problem is 

more severe with the longer 8-, 10-, and 12-point terminal blocks than with 

the shorter 4-point types. 

The resolution of the surface contamination is to ensure that terminal 

block surfaces are maintained in a clean condition through good power plant 

housekeeping practices. LOcation of terminal blocks and junction boxes should 

include evaluation of the potential for entry of foreign material, including 

chemical spray during a coolant accident, so that deposition on terminal block 

surfaces will not.occur. Furthermore, good engineering practice would 

indicate that terminal blocks inside primary containment where they could be 

exposed to accident environments should be minimized, being used only where 

frequent physical access to the circuitry for measurement or calibrations is 

necessary. For outside containment applications, maintaining cleanliness by 

normal good plant housekeeping programs would suffice to avoid surface 

contamination. Boxes should generally be located so that they would not be 

subject to extreme temperature transients, but if accidents could cause 

temperature transients, the mounting should allow for differential thermal 

expansion between the junction box and the terminal block itself. One 

solution to terminal block problems inside containment has been their 

elimination either through direct wiring or fully insulated splices. 

5.2.2 Motorized Valve Actuators 

Every nuclear power plant relies on motorized valve actuators (MVAs) to 

perform various functions. The basic operation of the device is simple. In 

most cases, even though the MVAs vary significantly in size and structure, the 

electrical components remain unchanged in the MVA. Because of this, many 
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manufacturers have attempted to generically qualify their equipment by testing 

or analyzing a single model and establishing the applicability of the test 

results to the other models in the product line or "family." 

The major problems associated with the environmental qualification of 

MVAs were as follows: 

a. establishing similarity between the installed and tested equipment 

b. adequately describing the installed equipment 

c. addressing thermal aging and qualified life 

d. addressing test failures and their impact on plant safety 

e. poor documentation records by the vendor and the licensee. 

A further discussion of each problem is provided below: 

a. Similarity - Due to the time period over which MVAs were 
manufactured, shipped, and installed, the materials used in the 
construction of these MVAs, primarily the organic components, have 
changed. Because of this, one model with Class B insulation is not 
necessarily the same as another. Verification of the similarity 
between an installed MVA and one listed in a qualification program is 
therefore necessary. The manufacturer's records will, in most cases, 
establish which of the qualification reports are applicable to each 
of the installed equipment items. Inspection of the installed 
equipment is an alternative means of verification. 

b. Equipment Description - TO adequately describe the installed 
equipment, the licensee must provide a complete description of the 
installed equipment item. This identification should include the 
following: 

o manufacturer 
o model number 
o motor manufacturer 
o class of insulation of motor 
o type of current used in motor 
o motor-brake identification (if applicable) 

brake manufacturer 
class of insulation of motor brake 
type of current used in motor brake 

o identify ~ organic materials used in the MVA and the insulation 
systems. 
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c. Thermal Aging and Qualified Life - Many licensees have claimed a 
40-year qualified life based on experience, analysis, or testing. It 
should be noted that no qualification program for MVAS has 
incorporated an aging program based on a complete thermal aging 
analysis. Most accelerated thermal aging has been performed without 
prior analysis and is not supported with a technical basis. In the 
generic qualification reports, some thermal aging information is 
presented. However, it is unclear whether or not the activation 
energy is applicable only for the motor insulation (i.e., the 
varnish) or for the entire motor insulation system (i.e., varnish, 
motor lead insulation, etc.). A materials analysis should be 
provided on a case-by-case basis for each portion of the device. 

d. Addressing Test Failures - There have been test failures in 
qualification programs which were not adequately addressed in the 
reports. In many cases, the licensees have cited these reports, but 
have not provided an analysis of the failure or the resultant impact 
on their system capabilities. Of particular interest are those 
failures caused by chemical attack on the Class B insulated MVAs. 
These test specimens have all exhibited problems at some point during 
testing. Many licensees have attempted to take credit for the time 
up until failure; however, this is not in agreement with the DOR 
Guidelines, Section 5.2.5. Many of these failures may have resulted 
from in-leakage of chemical solution through the interfaces or test 
connection. 

Also, the failure of motor-brake assemblies due to radiation exposure 
has not been addressed by most licensees. Frequently, the licensee 
did not identify those MVAs with motor-brake assemblies. 

e. oocumentation - In some cases, licensees have been told by the 
manufacturer that their records are incomplete and that they are 
unable to establish the necessary similarity. '11lis situation 
dictates the need for a complete materials/similarity analysis to 
ensure that the equipment item is similar to a particular test 
specimen and/or that a particular test report is applicable. 

Other points should be noted with respect to MVAs: 

a. Most MVAs are not totally sealed units. Therefore, the qualification 
of seals and gaskets is not essential. However, proper maintenance 
practice mandates that these components be replaced periodically 
according to the manufacturer's recommendations. 

b. The lubricants used in these MVAs should be identified and addressed 
as a component of the MVA. The lubricant, like the seals and 
gaskets, should be periodically replaced according to the 
manufacturer's recommendations. 
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Some licensees have stated that the seals, gaskets, and lubricants used 

in these MVAs were all qualified for the life of the equipment. This is a 

misinterpretation of the qualification reports. The reports generally state 

that the qualification of the entire device does not depend on absolute 

sealing and the lubricant can withstand some contamination without affecting 

the operability of the device. However, the fact that these components are 

not required to be qualified does not exempt the licens~e from replacing these 

components in accordance with manufacturers' specifications. Keeping a device 

in the "like-new" condition by replacing components that have exceeded their 

useful life is one way of justifying a longer qualified life for the complete 

device. 

5.2.3 Solenoid Valves 

Two general categories of solenoid valves have been encountered during 

the review involving environmental qualification. The first category includes 

commercial off-the-shelf solenoids. Some of these solenoids have Class H coil 

insulation or other special features but were not designed for nuclear plant 

service; tests demonstrating qualification have not been identified and, in 

general, tests were not performed. MOst licensees have recognized the lack of 

qualification data and the likelihood that qualification could not be 

accomplished and have concluded that these valves must be replaced with 

qualified units. 

several licensees have referenced various analyses indicating failure 

modes and probabilities of valve functioning as part of qualification 

submittals. While such documentation is useful in establishing justification 

for continued operation, it does not establish qualification because all of 

the elements that must be addressed as demonstration of qualification in 

accordance with either DOR Guidelines or NUREG-0588 are not included in such 

analyses. Aging and the effects of steam exposure are rarely, if ever, 

addressed. 

The second category includes valves designed for nuclear plant service 

and for which quali~ication testing documentation is available. These valves 

fall into two basic functional classes. 
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The first class involves solenoid operated valves which are used as pilot 

valves for pneumatically or hydraulically operated containment isolation 

valves. These valves generally are required to function for small break or 

large break LOCA to isolate containment and they function for a relatively 

short time, that is, less than 10 minutes of exposure to the environment, and 

for many applications the exposure would be less than one minute. Qualifica­

tion testing has established the suitability of many valves to perform this 

function. It is prudent, however, to ensure that the coil internals are 

sealed from the accident environment to avoid direct impingement or contact of 

steam with the coil internals. It is also important to remember that most of 

these valves are continuously energized; this means that internal coil 

temperatures and elastomer temperatures are significantly above ambient room 

temperatures. As a result, aging degradation is a major problem with these 

units and extrapolation of manufacturer's recommendations for replacement 

intervals should be done with extreme caution since there are few data to 

support doubling or trebling the manufacturer's recommended replacement cycles. 

The second functional type of solenoid operated valve is valves required 

to operate long periods after onset of the accident. Such valves include 

sampling, long-term cooling system valves, and reactor vessel head vents. TO 

assure long-term accident operability of any manufacturer's solenoid used in 

these applications, the licensee should ensure that steam or spray does not 

enter the coil enclosure through the conduit threads, the cable ends, or 

conduit system. There are several acceptable qualified condu'it thread sealing 

methods available. 

5.2.4 Lubricants for LOng-Term DBE Use 

When separate testing or analyses of lubricants has been performed, the 

adequacy of the qualification is questionable for bearing systems used in 

equipment that must operate for long periods under DBE and post-DBE conditions. 

Cone and penetration indices for lubricants are virtually useless if a 

specific test of the bearing or an analysis of the bearing with known 

properties is not performed to prove adequacy of the lubricant. 
J 
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If a motor is to be tested for harsh environments, the lubricants should 

be thermal and radiation aged to simulate the normal service conditions and 

DBE dose. Typical periodic maintenance and inspections that can detect 

age-related degradation and contamination will generally limit the amount of 

thermal aging required to no more than that of the service interval. 

If sufficient information is available concerning the running parameters 

of the bearings during DBE exposure, the adequacy of the lubricant may be 

determined by analysis. Extrapolations of data concerning similar bearing 

systems for smaller motors with the same lubricant may also be possible when 

the cost of qualification testing of a large motor becomes prohibitive. 

~nklin Research Center 
A OMsion of The Franklin lnstiMe 

-82-



_, . ...--'\ 

6. REFERENCES 

l. "Design Qualification of Safety Systems 
Equipment used in Nuclear Generating Stations" 
IEEE, 20-oec-79 
IEEE Std 627-1980 

2. S. P. Carfagno and R. J. Gibson 

3. 

A Review of Equipment Aging Theory and Technology 
EPRI, 0 o-sep-80 
NP-1558 

M. B. Bruce and M. V. Davis 

TER-C5257-532 

/ ,. / 
Radiation Effects on Organic Materials in Nuclear Plants 
EPRI, 00-NOv-81 
NP-2129 ...J-

....z)~ ~\ 

~ 
~-

4. EPRI Report NP-2129, "Radiation Effects on Organic Materials in Nuclear 
Plants," Electric Power Research Institute, Palo Alto, CA, NOvember 1981 
(Prepared by Georgia Institute of Technology) 

5. R. D. Evans, The Atomic Nucleus, McGraw-Hill, Inc., 1970 

6. I. Kuriyama, N. Hayakawa, Y. Nakase, J. Ogura, H. Yagyu, and K. Kasai, 
"Effect of oose Rate on Degradation Behavior of Insulating Polymer 
Materials," IEEE Trans. EI-14 (NO. 5), 1979, p. 272 ff 

7. K. T. Gillen and R. L. Clough, "occurrence and Implications of Radiation 
DOse-Rate Effects for Material Aging Studies," NUREG/CR-2157, SAND 
80-1796, Sandia National Laboratories, Albuquerque, N.M., June 1981 

~nklin Research Center 
A DMslon of The F ranklln lnstiMe 

-83-



TER-C5257-532 

APPENDIX A 

TECHNICAL EVALUATION OF LICENSEES I RESPONSES TO SER CONCERNS 

A.l GENERAL 

The generic qualification categories and their descriptions developed by 

the NRC and used in the Technical Evaluation Report (TER) have been reproduced 

in this appendix for the reader's convenience. These categories were 

established by the NRC staff to identify deficiencies of equipment items after 

a review of all documentation submitted for each equipment item. The 

information submitted was reviewed for conformance to the appropriate NRC 

criteria. Upon completion of each review, an overall evaluation of the 

equipment items and a specific conclusion with respect to its qualification 

were developed. Based on the evaluation, each equipment item was assigned to 

one of the eight NRC qualification categories presented below. The number of 

items in each category was tabulated to give an overall indication of the 

level of the qualification of each power plant. 

A.2 NRC QUALIFICATION CATEGORIES AND DEFINITIONS 

A.2.1 NRC Category I.a 
EQUIPMENT THAT SATISFIES ALL APPLICABLE RF.QUIREMENTS OF THE DOR 
GUIDELINES OR NUREG-0588, OR HAS ACCEPTABLE DEVIATIONS FROM THE 
DOR/NUREG CRITERIA 

This category includes equipment items which are fully acceptable on the 

basis that all applicable criteria defined in the DOR Guidelines or NUREG-0588 

are (1) satisfied and the equipment has been found to be qualified or (2) 

sufficient information has been presented to determine that deviations from 

the criteria are acceptable or insignificant. 

A.2.2 NRC category I.b 
EQUIPMENT FOR WHICH DEVIATIONS FROM THE DOR GUIDELINES OR NUREG-0588 
ARE JUDGED CONDITIONALLY ACCEPTABLE PRCJI/IDED THAT SPECIFIC 
MODIFICATIONS ARE MADE 

1 This category includes equipment items that do not satisfy one or more of 

the applicable criteria defined in the DOR Guidelines or NUREG-0588; however, 
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the Licensee has stated that specific modifications will be made on or before 

a designated date. This equipment is considered by NRC to be conditionally 

acceptable provided that the specific modifications are made by the Licensee. 

When the modifications are completed as proposed, the Licensee states that the 

equipment will satisfy all applicable NRC requirements. Examples of specific 

modifications are (1) replacement of unqualified equipment with qualified 

equipment, (2) equipment hardware modification, (3) equipment relocation above 

submergence level, (4) relocation or shielding of equipment from radiation 

source, (5) verification of qualification by additional testing, (6) equipment 

relocation to a mild environment, and (7) qualification testing of equipment 

in progress. 

A. 2. 3 NRC Category II.a 
EQUIPMENT FOR WHICH QUALIFICATION DOCUMENTATION IS INSUFFICIENT TO 
ESTABLISH THAT THE EQUIPMENT IS OR IS Nar QUALIFIED IN ACCORDANCE WITH 
THE DOR GUIDELINES OR NUREG-0588 

Joe wv-d-~ seo 
The qualification~of equipment items in this category, in accordance with~- rC. 

the requirements of the DOR Guidelines or NUREG-0588, is significantly 

deficient or inconclusive based upon review of (1) the documentation provided 

by the Licensee or (2) applicable and available qualification documentation 

associated with the overall equipment environmental qualification program. 

The qualification documentation indicates significant deficiencies, which can 

be categorized as follows: (1) appropriate documentation reflecting quali­

fication has not been cited and made available for review by the Licensee and 
I 

there is no knowledge of applicable documentation; (2) the Licensee is 
I 

awaiting qualification from the equipment vendor; or (3) the qualification 

documentation indicates significant deficiencies; however, where testing was 

conducted, no reported failures or severe anomalies were observed which would 

unquestionably affect the ability of the equipment to perform its design basis 

safety function(s). 

A.2.4 NRC Category II.b 
EQUIPMENT THAT IS UNQUALIFIED 

This category includes equipment items whose qualification documenta­

tion has been judged to be seriously deficient based upon review of (1) the 
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documentation provided by the Licensee, or (2) applicable and available 

qualification documentation associated with the overall equipment environ­

mental qualification program. The qualification documentation indicates 

serious deficiencies reported during testing: for example, severe anomalies or 

failure of the test specimen, which could affect the ability of the equipment 

to perform its safety function. NRC has requested immediate written 

notification when an equipment item is placed in this category during the 

course of the review. 

A.2.S NRC category II.c 
EQUIPMENT THAT SATISFIES ALL APPLICABLE REQUIREMENTS OF THE DOR 
GUIDELINES OR NUREG-0588 WITH THE EXCEPTION OF QUALIFIED LIFE 

This category includes equipment items that are acceptable on the basis 

that all applicable criteria defined in the DOR Guidelines or NUREG-0588 are 

satisfied with the exception of the qualified life criterion. The Licensee 

(1) has not evaluated qualified life or replacement schedule, (2)_has not 

adequately evaluated qualified life or replacement schedule, or (3) has not 

adequately interpreted qualified life in terms of calendar time. [Note: The 

component replacement schedule discussed in Section 7.0 of the DOR Guidelines 

is, in effect, a qualified life. It is not essential to use the term 

•qualified life," but the replacement schedule must be justified.) 

A.2.6 NRC Category III.a 
EQUIPMENT THAT IS EJ(E2o!PT FROM QUALIFICATION 

This category includes equipment items that are exempt from qualification 

on the basis that (1) the equipment does not provide a safety function (i.e., 

should not have been included in the equipment list submitted by the 

Licensee), or (2) the specific safety-related function of the equipment can be 

accomplished by some other designated equipment that is fully qualified and 

satisfies the single failure criterion. In addition, any failure of the 

exempt equipment must not mislead the operator or degrade the ability of 

qualified equipment to perform its required safety-related function. 
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A.2.7 NllC category III.b 
EQUIPMENT NOT IN THE SCOPE OF THE QUALIFICATION REVIEW 

This category includes equipment items addressed by the Licensee in the 

equipment environmental qualification submittals which are (l) required to 

achieve and maintain the plant in a cold shutdown condition or (2) located in 

a mild environment. Supplement 2 of IE Bulletin 79-0lB permits deferment of 

the review of environmental qualification for all safety-related equipment 

items located in plant areas where the equipment is not exposed to the direct 

effects of a high energy line break (HELB) or to nuclear radiation emanating 

from circulation of fluids containing radioactive substances. Supplement 3 of 

IE Bulletin 79-0lB permits deferment of the review of environmental qualifi­

cation for all equipment required to achieve and maintain the plant in a cold 

shutdown condition. Supplements 2 and 3 of IE Bulletin 79-0lB originally 

permitted deferment until after February l, 1981 of the qualification review 

of equipment located in a mild environment or required to achieve and maintain 

the plant in a cold shutdown condition. Since the issuance of Supplements 2 

and 3, the NllC has determined that the review of environmental qualification 

for this equipment is not within the scope of this report. 

A.2.8 NRC Category IV 
EQUIPMENT FOR WHICH QUALIFICATION DOCUMENTATION HAS NOT BEEN MADE 
AVAILABLE FOR REVIEW 

This category includes equipment items for which qualification 

documentation in accordance with the requirements of the DOR Guidelines or 

NUREG-0588 has been cited by the Licensee as evidence of qualification; 

however, this documentation has not been made available for review. 

Therefore, a conclusion cannot be reached with respect to qualification of 

this equipment. 
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APPENDIX B 

TABULATION OF REQUIREMENTS COMPARING NUREG-0588, CATEGORIES I AND II 
TO DOR GUIDELINES AND SUPPLEMENT 2 OF IE BULLETIN 79-0lB 

This appendix provides a comparison of the requirements contained in 

NUREG-0588, the DOR Guidelines, Supplement 2 of IE Bulletin 79-0lB, and the 

Resolution of Comments contained in NUREG-0588, Rev. l. It is provided for 

convenience to allow rapid review of similar requirements. 
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,a. .. ,-.,...111. ,,.,110, p, ....... '""' •• ,.., .... ,. ...... - -1•11, _,u-• .. • ,....,,,1 .. 
of u- ... _ .. , ... 1 ••• 

,., ,..,,.,.1, ol>• e-ul,..•• to-•ot••• .,... 
.. ...... -Ill-• ... ,....,u ... , u. ·-'· 
i,o .......... ,, ... ,. ·~· ,,.... -···· 
U.0H -JtlwtO •-I• _ ... --· .. ,... .... , .. 
cooiul otol Olooo 11 ... ••uto l10olh UN -u•-•• ,IP•- e.oUMuu .. .i •••lrt1e.a 
....... 1.uoo. 1'IN ..... u ... "'""" -1t1-
·-•• ,.,., .... •-rbuu• CWWlhl•u ..,. ,. .. .................... _ .............. , ....... . 
,,,1110 u o 1,,_tl• •I u-, U _ .. ,_,., 
.... , lo •• i,o ...... "" ,.,.. ..... u.o ., •• , .. ,..,..If ........ 1-ol •-H i,o __,,,HI lot, 

n. .,...,...,. or o ,1o,.,-o,.cU10 protllo to ..... -.. -.~ .... _.., .............. . 
-1•un1 .... u ,.,. tloo tho ptotllu "''" 
.... t_.i. ,... IXIII "''"•ll•u •"" ll!UG-ttll ,._ .......... _, ......... , ..... , ... ·~'·· .. 
.. ,.,•lfN II tho fhnt• ... .c,111, ,.011100 
,_u '"° u;,g .... H ... l1tolff -ul-t • 



COMPARISON 
REFERENCE 

NUMBER 

1.0 

1.1.l 

COMPARISON OF NRC EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS ANO CRITERIA 

NUREG-0588, REV. 1 

CATEGORY I 

NURE0.()Sa8, REV. 1 

CATEGORY II 

DETEJl:HINIHG DESIGN BASIS EVBHT SERVICE CONDITIONS (CONT,) 

TEHPER"ITURE ANI:) PRESSURE (CONT,) 

111 n, '"'"-•hi p••-uu •"' I•• 
, ... ,,...., .,.,\llhnh• ·-••"" ul· .................. ,,..,.,,. -· 
........ '"" •r•••••• ,, ,.,. , .. 11. 

UI -lo •••• ••• ,.,.,,,.,1, lu ••h•I"• ....... ,.,_,, , ... -............ . 
h b<tiH 1.\12), 

UI I• II•• •I ••••1 ,.,. ,1,.,-,l'f'"'" ,_,.,_ ... ._ ......... , ..... .. 
.... ,. ,,.,., ..... hll ...... . ·-···" , ....................... ..... 
,-., I• .. ,,... ... 1, C ••1 ~• "'"'· 

01 , ......... ,11 ............ AfT'" .. i, • 
u IUt .. ,. 111·11" ,...,,., _, W •-· 
., .. ,., H ou,puH, ,.,., .. ,.,, I• 
,,., ,r ••••1 ,.,,,.,, ... ,11, ,_,.,_., 
,_ ...... •"" •""'"'• .,.,11• pntil•• ••••u ,i.,,.,,.,111r , .. 1,,u 1o ,, •• ...... .. ...... , ....... _., ., ...... , .. ,,1 ... 

UI _,. ,,,,,1111011- •u ... ..,. ,_ ... ,.. 
b,1 o•IJ l(l(O ,_,,,_, _,. ,, .... ,, ... , 
it _,. N --HUii•• , ... , IM 1.1\CA ............. .......... ........ .. . 
.......... , .......... ,;- .. 1 .. ,., •• 
tell .......... 1 ... ,.u-.. , .... . ··- " .... , ..... , 

hi c,,, ......... ,...i • ..,. ...... . 
, .. ,1,,.. Ito• •• 11'111 ••••1 , -· ..... -....... ,, .. '"'" ...... _., .... ,.11 .. , •• 
:0.<11- 1,1(11. 

1•1 s- .~ ..... "'" ...... . . _ ............ _ .... ... 
.,.,1111,, '-• _, ,.,.,., , .. IAOC• 
••• 1111 .. ,;_ • ...,.. ...... ~ •••• ...... ......... .. ..... , .. ...,,. ..... . 

I<) II II,, UU•hh. •••lo<• .. .,...,.. 
.............. .,.,111 .. ,11-.............. ... .... , ......... 
••01 Ill ,..,.,u1u,t1"" ""'"I ... ,..,, . .._., ...... ,.,. ....... .. 
... ,.1.,, ., u,1 .,..,, ... , ri,,,1 .. 1 , ............ , ............. .. 
1•n ••• •••hu ,..,..,,,,u wUI -· .......................... . .... .. _ ....... ,., , ........ . 
H< ••nHIIJ kl•1 tnl,,..4, or 

""' b• '"""' ................. . 
................ u ... ,1. -···· 
... ..... •••• • , t\i, ....... 
• _ ........ 1t• ;, .. , to., 
Cl I) '"'' .. , .. , .......... . 
.,,.,1.1 ,..,,.,. ro, , .... ,.,.,., 
.... 11,11 ... , ........ ,ou-,, 
.. ,.,.,11. ·-· .. •• ., ... '""""' .. ,_ .... , ......... ,.,,.. .... . 
••ioUoa Ito hN,tlHII ..,, .. '1111, 
II Lio ,.,/.,, , ... ,.,, • ., ,1u, to ..... , ..... ._, .... . 

Iii 111>11, -1111011- , .. -• ,..,. •-· 
oh1H, ••• H•h-ul ,...,_,.,, 
....... ····-·· ... 1111 .... - ,,_., 
to, ................ , ............ 111, 
-·• ,.,,, • tk 11,U·on, .. ,• ,.,_Ii•• •1uoH<I. I• IU• I •f 
.,,..NI, I. 

Ill o,,.., _.. ............. , ..... 1 .. ................ _., , ... -.. .. 
"' llnd "htll"' LIU), 

(11 •- u Cu,,,., I. 

Ul ..,,,. .. ,1111 .. u- ,., h•• ,-,hut 
..... _,, I.OU ·-ii·-· ............... . 
lhH II _,, h h·-•1t•h• Uol t•o 
a.oc,. ... ,,, ...... ,_,, ........... .. 
• ..... 1 .. 1o., ........ ,- .. , .. 1 .. ,1 
lllU ,N..1111-•, n,, hll.,.1•1 u,,. ....... ""'""" 

h) c ........... ,.,, .. _ ...... ,. .. 
H IISU HI .. o -11,o,, NI ... 
Uoll'a ,.,.._,, 111-IINI •I•• 
...,,,, lo 11 .. I el ..,,.. ..... I. 

hi II n, uluht,• "'"'' ,...,..,,..,. 
........... .,.,1111r .................. . 
, .. ,hll ,.,,1,., n,1 (II ,11n1,u1 
J•UIIIUII- lo ,, .. 1 .. , •• ,,..,.,1,,t, 
•••• ,.,. , .. t,-,1 .. ;. .,1~to1o n, 
...... ,, 1-tl•ol ..,,ulllH, 11 IIO .. ...................................... . 
.. , .. "' 1111 ..... 1111«0- ........ .. 
, .. 1.-, •Ill ......... c. ........ . 
or (Ill) .... ., ••• ri,,,101 , ..... . 
IIN k ., ... , ... ••'"""tin I .. 
onhn ,...,.,,,,,. "Ill -• "'"' 
tM •<t••I .. ,llllullN ,...,.,.,,., . 

DOR GUIDELINES 

,.J fHIIN P>r!'!\Ue• It! I Pe ... ,, PU'" LI"! 
.... , f!SIU! IH\t, °"""'"·"• 
~1-o.t •-lu• •• I-ti• I• • uoo• 11"' ""*"' •-h-1 _., .. -UII .. IM , ... .i,lftr, .. _ ....................... '""" '"""· '" 
- CHOI ....... 11-.. ul alUH .., .. _ .. 

-'-"' _, boo ""'"' ............... , ...... ... 
• LOCA. I" ........ II _, ... - ..,,,. """ tlln 
IN • I.OCA - l• .... ut .... tl• -·••I• •I a 
COOl•I-IOtc OP<Ot o,,t .. , 

1. ,...,..,.,,., ,.,. ,.,,. .. ,. flu• ce-u,- · 
.._._ .. , .. .au, .. ,., • LOCA ·-••-,.. 
lo..,.., .. , .... ,llflH I•< • MU •c.l•ut 
• ... ,,_ ... 1<1 '""'" .1 .... ,-uc .,.., 
,,.,,.,. ""' oWJ.,ot l• •1u•11"' ol"'I• 

-· r.11 ..... n1, -'"• to i.. .. • - u.. - ............. 1 .... , ...... .,. 

lr,lcn •""' .... ,_,. .. ,, ""' ""'"'" 
•"" • ,.., .. 1 ,,..i,.ao ..r or,lul _..,..,. 
1., .. _ .. 1-... "'° 11 .. .i ....,.,1o.a111, 
al ••1o --. 1., •• "" •I o, •a.at 
MIi-io,• h ..... , .. , .. -lotlM •I Tu• 
"'"• Hu •·n, ""'" h, .. u,.. hod 
1 .. , .. c.,.i-o.t. 

Chu n -1-~t 1 .. ,u11H ,,. pluh .., ... _, ··•-ti• OP<•f .,., .......... .. 
..... ••r ,,.,.,.. ••Joct •• ••"•ll'"I 
''"'" r.11., ...... 1o,,, , ... u.u. -·· 
to. .. ,uu..i ,., • "'~ ,ec1,.,., ... .,_,., 
,.,,..,_ ltf • pht1l ,,...Ille ,,..1,,1, . 
""'°""''''" Nl- fM ,.,, ... 1 .. HCII H 
OA.OIJ•lo IM op,,r•tl"' ructau ou po•••.,.• •~ -ti- I.J IM C.u .. ,y II pt .. ,u la 
-·'111, l"tul• IUII ft>0lll-., 
Eoi•h-•I O,,ollllclll.., •I 
1,1nr·a.1o,., 11ocu1c,1 ~1-.,,. 

NUAEG-0588, REY. 1 

PARTII 

STAFF RESPONSE TO PUBLIC COMMENTS 

~ u • u.11111o11 

'l1lo lt1tnt el: hctloa t.Jttl 1•1 Coto .. ,r II I• I• 
,...,,,. , colct1lot1oa hi tllo """• "-••t••• 
tml1!!l •- • ,1,,.1o'f'OI•• c,lct1l•tl""I· 

IHU ............ ·- ,., ..... cu- 1.1u11c1 
IN C•t ... <T I o-,otua tloU tutl"' ... ""' ,.-1..,lpol 
_,111cn1• .. .-. "'"" ,,..,,. "" I• UN oulr 
.. .... llf ,.,1.11 ,,,. .,,.. ... -·•••tltr l•• ·­
... 1-•t ..-1111, .. u. uou.., n UN •t1t1c1,-,.,. 
_...I ... •ult• ........ 111-. CH-..,<T 11, ... tell 
-llu t• .. u•tH• -Utl .. IIC..M• IW!IJLI 
10,llcul- .... _ ....... U~tOU, ._., ... UN 
01"1 .. , •I , .. _,_ .. •N ,11.,.. ... 111-1 
Jutlllull• .., P•••I'•, llr u•lrtlul ... .,.,, t• 
••-•lr•I• tloal UN ... 1-ot CH ••l•UIA IU 
,.._.uN 1....,11-.i _, ... 11111 II .... ed,,..htH 
QL' •• _ .......... -·· ...... ,. ..... ... 
-•-•• o-nMo ""'" I.OCfl ••n t-u•••• II" 
... 1, ...... _,_ ..... "'''"" ..... ,..,1111 •• , • 
n.u tnoo- _, ... uuuu- "'" .,.,,. •• •IU ... 
-11o, • 01, .. nat. ......... 

A,U 

IE BULLETIN 79-01 B 
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,._ .. , ........... -~ ............ , .... , .... ... 
-lllkotloa tutl"' •• .,u.1,1i,11 tl>O tlH 
_,01 ••• ... l•cto4 t• UN ..... oonu 
t_ ............ - •• po,, ........ _... .. . 
'""'u u""'ut•ro .... , ... ,. .. "" uq,oln• •• 
... - H 01 ......... -·· , .. r.~, •• 
,. .. uc,.1,1, •• H""" "'" u .. , u• 
nprunhtlH ef tho •-1<-~t I• ..,,ell .,.. 
~•I lo t .. ,... '""' •••h"" ,._u,ou •I 
tho -•I, •I~ - •PMUIOOIIJ .... u ... I• _,.,.,., to to. • _,.,,,,u .... 
...... - •• oC .......... _ ............ - .. . 



COMPARISON OF NRC EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

COMPARISON 
REFERENCE 

NUMBER 

NURE0-0588. REV. 1 

CATEGORY I 

NUREG-0588, REY. t 

CATEGORY II 

1.0 

1.1.2 

OETERHINING DESJGtl B.\SJS El/ENT SERVICE CONDITIONS (CONT.) 

CIIEHICl\l. SPAAY 

h• •ll•tt• ol ..... ,. ,r,., ••••14 h ......... ,., ••••••• ,. ••• ""'11, .. , ..... 
"' ,_,.,,,,u .. ol '°"'"'' ,,.( h< 
,,,111;,., ... ·-" ••• ,.. ••••••• u ot _,. ................... , .... ,1 .. , 
,_,,,_,, 'P"f '''""· II°'' ,,,...iul 
•-'"'"' ol ,M ""'"' opuJ ,.., M 
•1100004 •, , .. 1,-,1 ••11-•IINo, IM-•• 
O<<OH HUii< OfUf OoOlh-•I thU <Uol" 
.... • "'th l,ilou lo •~ ,,,., ,,,,., 
•-14 ._ ,n-4. IH sr, ,.,, '" t.\.l 
OllllfG•l1/HIJ. ''"1"14 1/, u,, l•I lor 
... ,ti ..... , ................. . 

..-:'."- . 
urnU;f;~'riklin Re .. ,111th Cenler 

11 l~<Jflho r .... ~i,,,1,,., • .,,, 

1.l li!!!.!~.&.!.'!!:!!!Lll!!l' 

·- .. c ..... ., , • 

DOR GUIDELINES 

,.1 hUIU 9P!'!UI,.• lft•t ... B>ehl-"\ 121 • 'M! 
t! 9'2h"' .,st•M t10C01 

1. 9!!''11....,1 lrrnt • ~·-·• ur,o••• •• 
.,.,,101 '"''' ,-1• ... ..,.1u,,. ,.,. "'' 
.., .. OOoOIO <M•IUI OHII-M. (Kl.la .. 
""•lcl ""'°' -1• 00111, Do•l-fOlh .. 
..... 0901• ·-" -. .......... l<• -1 .. ..,11- .. , ,.., .. u,11, , .. ,,., 
.... , ....... uu •. 

1.1 ftn\s• Ee!ltl ... • re, • ..,~ r•h• n••• LIM 
Pu•~ ,,,, ... , 1•<1ft cr,111....,u 

t. P,r•Ltol PPUO • 1,., u DoctlM t.l -· 

NURE0-0588, REV. 1 

PART II 

STAFF RESPONSE TO PUBLIC COMMENTS 

"""" " 
•n,o ,....., .. ., .. , .. e-1 •u•llc• •u• ,.r ..,.1111cotlM 
·-'· ...... , .. 1 ........................ u.o., •tt• I• tho pla•t ,._ul-•t •P1•r ~Jot••• •••l"I 
""'" ,,.. 101u .. 1- ,,.. roc,lfc.htl.,. ...,, .. ,.• 

TIHI outl .....,.,.. ffllo Cb"IO •Ill ... ...,., ..... la 

,,.. IP•-•"" '"'°'"'""' ,...,.., '"" ,oolot• l• ...,.a. .... , 0,,1•• 1.u •• ... h•-• ,., """"• -•• 1ao.c_, nu. 

~·1-u.11111 

O..•lcol qfOJ 1.,.,. .. lit ""'' lo - un •I '"""""'" ... , ... ,. "' ,,,. _,u.... ,,, ..... 1o 
..... 1 ..... • ••hi ... , .. .,. , .. h ... 1 ... 1.,., ... , ... 
oltol -•U tllt~ -urlolo •- u onlo, 
Jochu, •"" M lanb. It I• ,,..,.,.,,, IP,.,. .. , 
••• , ... luU .. t• OH .. 10 \.!lot -led !Of 
•,,,.,.,.11,,. -u,1 epur• uo ,,.,_ .. at .... 
cl•u •• 1110 ,1-1uM -.a-..., .. ,_,,.. ,.,, 
, ....... ,......11,- Ill - ,i, • ..., ... .-..... , ... .... -··- ............ _,,,_ ..... -.. .. . 

IE BULLETIN 79-018 

SUPPLEMENT 2 



COMPARISON OF NRC EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

COMPARISON 
REFERENCE 

NUMBER 

NUREG-OSM, REV. 1 

CATEGORY I 

NUREG-0588, REV. 1 

CATEGORY II 

1.0 

1.1.J 

DETERMINrnG D~IGN 811.SJS E'o'ENT SERVICE!! CONDITIOHS (CONT.) 

RA.AJATION CONDITIONS 

f ... u,lh,IH •••i•-•• lot .... t,liUtlN •• 040,,..,, ,b .. l,I ................ ,.,11, 
,., ................... _., ... , o, 
.,, ... , ........ 1,ti,. ,, ••• ,, ........... . ............................ , ..... . 
u1lt11u (N~I ...... ••loll""'°' ........ OU ,,,.,,-,, _,, ,...,,. 1 .. ,u-,1. u ,,..,u 
k , .. _ ..... lk DIil ............ _ ... l ,_,,, ......................... ,,.. .. 
.. ,1111,11 l,h, 

Tio, ••-,I• "lnl•li••• h ~,.....,-1,. D •N 
,,.. loll-•••~ ....... t'"'"' ........ . ...... , .................... ,.-1 .. 11 .. 
....................... &4J,••-·• ......... ........ ,,,.,,,,., .. 
hrli .. 6.1.1,, al HU 1,, Ul•LU6 lor 
•••hlu,,,.,. '"'' ,.,,,., .,, ••• ,..,.;,.,II,.,.,_, ...... "' ..... 

Ill lk .................... !• .......... , 
Ok •<tlllU- 0001,_M ..... , .... ~ii· 
••• ...... ..... 100:.0 ............... . 
....................... ··- o, , ... , 
I• ••• ,,_,,..,, ol 10,, ~"'"' ,t ••• ........... " ,.. .............. -,. 
Htl I ' '"'" ol th, , .. ohi•a llul• 
p,Horll, ht •II ot••• -·Int.> tloola• 
... ., .. n-1,., ,_,,, .. ,, • '"""' 
.... ..... a. ..... ; ......... -, .. 1 .... 
.,_ .... ,-1 u tk ,,_,,... ... , 
11 ,.. ...... , .... -~1 ...... , ..... . 

h·O ••• "'""" , "''"' •' •• ,.,.,., ·•-1• ..... _.) '"" '" .......... . 
••• IMI•• I, •"••to•I• 

-niu~~'nklln Resu.rch Ctntt1 
A,....._ ol lho 1·,.~u,., '""~"'" 

••-., Cn•1•,r I. 

DOR GUIDELINES 

t.1 l•nlu Sl"r'IO..,• 1~•14'> c,,.,u1..-•• , ... e Wu 
Pl P,,,\ul q1•~1 tl?i•i 

2, !!!1ll1!!! • otiu -llrl"I r•oll•U""' 
HIOI .... -Ill- f .. •••Ur-HI 001"" .. 00 .... i.,•- _,, .. _ .. , _ ...... ·"' 
....,, •• co<•lltl-•, ,.., _,.,, _,.,1,,. -· ·-·· ... - ..... ., .... ., ....• 0.,1,.. \IM_, .. of .., ocolMH, 
"", .. 11 .... , .................. '"' ,,_ 

,..,, .. ,_ .... 1 ... -···-· .......... , 
HOH IHIM eM!UI_ ... o,o prc,,,l .. tl 
,..,..,, -h11.,· unlH -111 .. 0 '" 
,.,.,_ .. l<1Cn• olucu1 ,_.. 1,., 
.-u1-• ,_, lo <0• olcloltr ff 
fll<or•, ., ,_,,..,. I" e-•••l•notl 
11 ... J.I -·· N OHlHld - 0 CHO "1 UH •Hh, o.1•11-, , .. u. ... ,,.i,,,1-· ... 
- ,. .. , ... lo tOl1 ..,,__,,, 

c;,o-, 1ta,un1.., P?!U - ,. HUI ....... 6>H 
, ... 1 .. 1-, .... lee c,,,,,IUI- ol I • Ill 

... ,_ U -.:op1a•I• lor Chu 11 ""°'-"' 
h,cn .. lo •••ul """" 1-1• ,...,01-ot , .. -...... , ,,.. _.., ............ .. 
, """ Ion 11, .. nh ul•• •u ••• 
-IIIN, •• ,.,.uuu.., .,..ell le 
•••lull• -•I N po1lor-• •• <Nu1•I•• II 

, ... -· ·-·"· lo .......... 1 •• .. ...-,,. 1 ......... u"" ,.,..1.u- ''""''"' -itl•• lo OKII HOH HO Pf-l,I .. '" 
~ ....... ""' ,.-.... '" ~ ... lo • 
••• ., • .,. .,. ••• u1 .... 1,u- ro, • 11plcol 
- H,-,u- lo """' ... lo Cl ol .V.at•HU. 

e.- - ,N1ot1- •u•lc• e<n11<1...,, I• 

-lot-oh -It ... ••d .... lM .... O CHI ..,. 
UH ... 1 ........... p,ocot1 .... , I• 
~ ...... au ........ a COIC,,htl- 1 .. O 
ll'f'IDol .... •II.II a tlrJ lJ"" c,,,,tol_.Jlt. 
1 ... , "" - •11-11, -llc,11, '" - ,,.. ou.u _,.,_..._ ,,.. •• _,.,, ...... ,,,. 
U..H ..... , fhOl cooll1out1- .,., ,.. 
,-.1 .. 1• ... 1.,. ,1,11u ,..,,.,., •• .-10 

.... H,001 .. - .. ~·-· ...... , .. u .... , 
foal_f .... l .... - I D•O• "1 CHO lloolo, 

NUAEG-0588, REV. I 

PART II 

STAFF RESPONSE TO PUBLIC COMMENTS 

!!ttlll1z U - U, 0 

.. ,u., 1.t ·-•, .. thn UI• ,r,ullllcu1- ,... • 
•-W .... ,,. .... ., u, ....... 1 .... ..,.111 ... , ...... 
~••II• I ... ,oun •Ir th -H•.._ ...... n 
0,-1• .. _ ... 11>.U t-'10 ..... ••I-• lo """ ... la I .,. ,. •• , .... r .. 111 ...... 1 ... po,,_ ...... u,,, -, 
- • ,,., .. ,i.•• , .. ,i.u-..pulllo opplleatl-. 
..,, -11,,,,u_ .. ..,.iu- 1., 1111 •Ill M 
,...,.,,..,..,.,. l• u.. llut ,.i..,u.,. H M 1o•- •• 
..... UO -•RL lo looCHboO ltll, 

... u 

IE BULLETIN 79-018 
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hi, - """''" ......... , ............ .. 
c .. ,..,11,uu., or ,,.. .-uu .. u .. , ., Nu 
••-OfO o.aoo .. U 1..,1_ IR .,_..,hN:o •Ill• .... ,.i. ...... i-......... - ..... 11 ........ 
MIMl>UU, O>boll It lo """' ocoopU•h ••-• 
0111,11-, ,_,..., ,.,. •-l•-•ul .-o1u1cn1 .. 
er Ulelrulaletl ...,.1-01, Cul• Ill Mf 
•I• ......... 



COMPARISON 
REFERENCE 

NUMBER 

1.0 

l.l.3 

COMPARISON OF NRC EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

NURE0-0588, REV. 1 

CATEGORY I 

NUREG-0588, REV. 1 

CATEGORY II 

DETERMINING D&SIGN OASIS EI/Etff SERVICE OONOITIONS (CONT.) 

RADIATION CONDITIONS (CONT.) 

1., •••,,.1 .. c....i,,,_, I••••• ••'I 0.1,1• ~"!_i.!!~i!"- ·- ... . ... - ...•.. 

UI t-.. ,,1u1,u .. el , ... "'''"" 
u•11-•< ,.,,..1,,,4 •It•""•'•• 
..... ,.,. ..... ,_Hool• 101• 
.. ,_, .... 11--........................ . 
,., • ., •• ,,.,, .. r·-·" ~uuo ,,., .. , 
............... _., ,o.1 ••• 111 .. , 
IIN<IOtH, 

111 n, ,,,11,1 •1"""""- ., .,,.,n, ....... .... ·-.. ·-·· ·-·· ... ...,,.. - , _,h,olnlullr ,,,. .. ,, ... _ ...... ""· .................. . 
...... 1-•h, ....... u • ..... • .... . 
........ •I , ... , .. .,, •-II i,., ,,,_, 

h"'" l•llhlh , .... ,.,.,lo,,, ••-11-
Th, ,.,_,,_ ol .. u.,o .r;n,1 ... 1: .. 
.t •«l•l<J U•-•-• ,., <••••-~ 
,, u- .... " -· '"'' ... '""· 

(~) tflr<to ol UJ ,,.,..,.,, .-,, ., ·-.. •-·t ., .. , ...... ,_,., ...... 
n••ll•ll" ,od 1,11,.,,.., 01u .. ,, 
..,,u .... u • .-.... , ........ .,.1,, 
••4 ... 1,.,,..., .. o«hi<1 ~u-.. •-· 
.. 1-... ·-·· , ...... 1 ........ . ,, ........ ·-··-· ............ . 
<•Iott .. •I •lluu ..... 1 .. UP 
h,u .. 1).6.1 (lft!J(C·U/•OI ••• 11w 
.................. , .......... u, .. ............................ 

UJ '"•rol ,..,..,u, .. 11 .•. , pl,h·-•l 
..... i.., .... u .. ,, ·""··~ ......... 1 ... 
•• , ..................... 1 ..... .. ......... , ..... _, , ......... . 
n,. ... -,u ... •I ~O t"'""' •••"•• 
,.,.. .. , phu·-• •I , .. 1...i,.,. 
uhouf 1r- tM n,o ·-•• -• i,. 

..... ·-·· ..... 1 ....... ,.,,., .. •, ..... <-•·"· n- ... ,,,,11 ., ......... ,-., ., .. , ... ... ,,,_,II,.,. ,11,11, u• .. J•otl• 
11,.r ......... ,111.~.., ... 1,,1o., .. ,.,; ... ,. 

. ., ... -········ ·~'·-·· ......... "' ...... _.,, ... ·-· ........... . 
.... ''"" ...... 1 .......... .. 
........ ,1 , ............... , ... 
,_,,,_., pho ••• lull!l•"I• ,._ ........... ,.o,1,., ,_ ....... , .... . 
·- ................... -1, .. " .. . 
... ••- ,., ,,.,,.,., <A" 1-•<!N oN 
•ll•l•h• ., ......... ,_ ............. . ............... 

0) ,., _, ... 1 .. , .... ,i-•• ........ - ... .. ,,. "''"" ., ............. ·-1, 
•• ••• •- ol , .. auN,u ,.., 1hu-... , 
........ n,. ,1 .................... .. 
.......................... i. .. , , .. • ,..1., ,, ... < ...... _., ....... 

Ill ~h ....... _ ............. , ••• u .. . 
... 1, ,. , ... ··- .. ~;.,,, ...... h ......... ........ .. ... 1,.,, .... .. 
....... "" ·~· ............. ,1 ... , •• ... ·-" .. ·····-·· ... _, .............. "'"' ,~ .... ,k .. •k• 
.. , ...... 1 ...... ~ ............... .. 

·~·"" ......................... """" -·--~· ......... .. 

DOR GUIDELINES 

,,1 Pt1•1n c.-tn1-• , ..... c,,,u, ... ,. Ir e ..... 
fl £!'.Inion\ ""Sl'tnl flJS'!I 

t!!U-!!l~ltHoo WIH ~ ••• u~iu1.<>n •~ .. , 
IMUJ<ll, '-'" hU olJ<\iU,;>oi,l Oh.•ll ,._ 
<Hl•d- 11<\Uo (4~ •'l."ll""Ollt 
q,,.tllt,o,i;,i.;,~. ,:,,11 h uu,. w tflo l(,,, 
!"1>111<0\\~ .... ...- <ot IW~• ;i,.tt;i~b• 111-
c,\Ool>H:I- W ,- l•J• <>t lq<(tnhtM 
.,.,91. ot ti•• f'l:M••I d•uu <,C 
•l.r .. uR.cl .-1•lfill'nt fo • fh~• 1,.,,. 
<>•J:•IH, tn••-~t u,..,,.a,...-, .. ul .. 
•~,.t"(h ~""! .. l~'""' l"""••<•H<>~•I, 
ttl~hlol Ul>le ~. -UdiH-4 (Mt -t 
• .. ho.i.1, t.a it .. ,, b•• •ou o<futt .... 
• ........ ,,. • tlO- lOO .,;~r,:,o t,o,c•, t~ 
•'l-0'1• t,Ut- ..... "'•~rt •114 t-i>l:<>l'lc 
............. ii• ...... u • hJrtc•t- •t u ... 
r•u-1,. "" """"'-•nt, u u,u, t••-h•• 
HI e!>IWl4".•.ul hi • 4".l•ll .. <1dHhU<t1a, 

~ l~;~..!;:c~-.:~":tt-: :: \,O 
""llll~Olk ""'~\• "" td...:o• !It Of'ft<>IIIMt.alf 
• t,i;~.\"J .i i.11,. •hM.t1 ltl •th 6' O• 
l~I- ot •1-¢tl(Ul ,.;.i,h lM:~l,1.1J<;P1 ;,t 
•11it lloul"r, ~ .,..i,011.,,11 ~~•ti."' 
t11<1..:lul• tWhl "1 t4 ,ut.1 rndh h 
• .... ti.,;, t,1o1,,..r ,:,t \~ ,-~i<i .. h -·· ""' 
•h"'1'l"ha t>t <>\),Or -.ilr-M lll tMI H"lllltf 11t u,• Jt,11,•1,_,., <>l ft1t•t••t -...11, 
- "' 11111,.141,.. ,., t•,wr ~-· 1>0• 
..,,.,., ft n "u t>t ~ •• ~ •-t,.. • 
i:1:-:•;11;:.;-:::·~:..-:i::;!;-~::h ~-.. 111 
•~J,olfllll: loct~u- <lln•o•• 11,,w, ,11a-1 \lie *""• ...... UI Oill,.\l6ft ,nc«olUu. --.i•i~<>t 
lflt.,JIUa -W ~ i•H tloe• {It ...,...I l<I lit 
11t U,• t<>hl ~·- ~•• \<1 ..t.1<,11 •" hu"' 
....-11'"•• i,oa t,j.1~ .,.Htld, lh>M u,u 
.. •1pbllt .. , b1 ~.,,.;Jllfft..1 4'tlHf.l•• fot 
• ... I.tel 1Mlotl ... , .. 11-flt It•- plH 
NUI, u OU c,n .. ,- u - onlallH 11" ....... _ ......... ..-,u- ·-1•"" 
....... , .... lof ... ·- 11 ... ··- ......... ...... 

,.1 1u•lc1 Cft,Utlet ftt , N• ,..,, flu• I.I"' 
Pl' .. l"'l:!I l""itl e-b!,..."l 

I. !!lli1lm • •- U hell .. 1,l •-• .. C•PI 
,,,., o _,ulhe ••- -· •f I 1 111 
...... h -•Ph•h, • 

0.1.1 !!:nn !l~l!"l It I &uu r..t•!!r:e!"t H • 
•nu 11 , !\!!! !..,,., I.\"' au•• !HUil 

........ -·"- !<>< ....... u, .. 
'""""1-l>t .. _ .. 11 • AUi ""' .,.•l•ot .. 
- • ,, .... ~ ,, ....... u ....... , ......... 
l•lll•tH lof ll•• olUI 11> -·-•• UJI ll 
OW•I••<• lh •llect, •I o HUI, no -1-•t 
,_,,., 11 •lllfU• th• .-.. , ... oho 

, ...... u ... flol• -1-•• ·-'· ... 
""'IUIH t• U.. •uwln .-1t1- 1ul ...... • ... •ppr-- la ... KIA .. ,.,, l'f•l•otlN 
.._-1. loo ••eo> -Ille,, .. , . 
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.. ,. uo. - ,.1 ... u .... ,,... .,.,,.., ..... 
ol•II•• I• uu , .. , P'""'"" tM .. .-. ,,.. 
.. uul•l"I ti•• , ... .,,.,.. -•c• •••• ...... 
-olUolf'f UXA nuu lnel .. .,.., .. 1-u UHi 
-l• 1uu/MI IMl .. 111 ,anlnlatul, TM•• 
---· _,1 .... tho .... 1 .. 1- _,.,. .... 
HHlllf'f hi• •• n.-, .... co coaploUIJ 
olopuu•olUO tM P,l•UJ IJU ....... HloHH 
Ille _,co tu• l•-Olllf lO lM -,,ul,-•t, 

a.J1llltll-t1JI p, ... 1•00 I ... , ... 101 ... _,,,_ to,• H 

h .... 111 ""••••l•l"I '"' ••llflutl,. """'' 
t .. -,••-•• h ellu ,,..,loltJ .. 
nclr""latlf'f 11•1• 1rnu• lulft u,f -i., .. 
of ,.... .. i .. Ul U O HUit .t CDC:,\. ,-,, -~ _,t .. ,o I CDC:,\ H•"'- I• .... Id> lH P•l•UJ 
IJlf- _, ... I ~Hl .... nH ·- flW -C,O too• 
l•nalMJ ••-l•o la tM .-loat, 

_ _.,11 o1 .. ,, ... 1<1u tho •••lint- _,.,. 

"'" •• bl uod , .. ,..,u1,1,.. et••-•• 
toll-1"1 -LOCI. uonU b<>th IHI ... ... -u, .. canu•-•• 1111 ,..I• , .... 1111 
t .. 1-111 po,tl"111otUI, 

"""" """1 .. 1"1 ,Hl•tl- _,co ,.,.. ••• 
.,..1-•t ""'1111c,t11n, tM lleono .. •ot 
, ... ,. cooU .. UUN U tlH• to •-• ...... ..,,n ..... 1 .. .,,. -• _,.,. _..11,.,. •. ,-. 
r.11 ... 1,.. to•I• •-•llu Uluo --..Heutl•u 

0.Ul<le C-ut ... •I IOUttG ... 111 
Ullllool/l 
•• aell 

Wlll&C ... 111 
11111•1• 
, • .all 

-HU IIIIUG-1111 
1111/loolfl !HIit/i 
la -ul-1>1 In IIICII 



COMPARISON OF NRC EQUIPMENT.ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

COMPARISON 
REFERENCE 

NUMBER 

NUAEG.()588, REV. 1 

CATEGORY I 

NUREG-osM, REV. 1 

CATEGORY II 

t----ii----··· -·------
1.0 

1.1.) 

DETERMINING DESIGN DAS IS CIIEH'r SERVICE CONDITIONS (COHT,) 

RADIATION COUDlTIONS (CONT,) 

c,i c,or., ,,.,., •• ,, .,M, ,,.,, ,. ,.,. ...... _., ·-t• ... ,,,_, .. ... 
•• ,... ... to ••ti ••• "'" ... 1 .. , ...... .. 
•• , •• 1 ... , ...................... , .......... ,-.. , ...... ··-· .. , .. .. 
,,1,.1., .. 1 ,, ,,.,,,,.,, ~••• 11,,no- 1.41H. , ........... _ ............ ,, ,,,_. 
.,.,.,,, of ••• 1,.,11••• ,.,.u,., •, 
..... ... , .. , ......... ~ .......... u. 

1111 , ................. ·-··"" , .. _. .. .. ....... '" ..... ~ .......... ··-· .. , ................. ,.,;,,,.,. .. 
.......... ,i., ............ , ·-·· '" ... _ .......... -......... _ .. . 
........ -1 ....... u ... , ., ..... ,._,, _, .................. , .. , ..... . 
•II•< ,i.,,. ,_ .... .,,. 11-. ••• •• 
, .... , ............. , ... , ... ····•··· .... , ........ . 

on c_,., "' ,,.. ,_., • .,, •••• ••••· 
"I''"'" tl!l~I 1 .. ,.1,• ''"'""' ,,,.. 
, .. - •• h., .• ,._.. .... 1 ...... .i, 
•d,1 .. ,, .................. ,.-14 ... 
.. ,111 .......................... .. 
...... 1 •• , ....... ,.-........... ·--... -... ,, ................. ,,_ ... 
·- !h,• ................ 1 ... ,~ ...... .. 
•11• ,,., "••"•••h ,,.,.4 •• 
.,.r••••• • " te co , .. , \a 

Cllt t ....................... ~ ....... . .......... ···- ,., ... ~. ··-t• .............................. ··­
.......... 'P•hll•·•·-· -···· 
... 1, ... ·-·"· ., ........ " , ...... , ...... ,, ......... l•••h 
•oll ... "'"" ..................... . •'P•,....•• HI- "'•1•••••• ,,1 .... . 

OJI T•• olofl ••II,.,.,.,• oloH •-••• .................. , ......... .. 
......... .... ·-·· ... i,,. •• 
, ... 11 ... , ....... , ..... "''" .... ·-· ................ .,.,1 ...... , ....... .. 
lh ...... i. ......... ··- ••••• 1,, .. ,,.u., , ••. , ................. ~ .. ......... .. ,.,,.. ..... ~ , .... , ........ ... 
•-••• h•• ,i.~11 •• "u ii) , .... 1, ........... _. ..... ,.,~.,.. .... . 
.,, •• ,,1 ... , ...... , .. u-,, ..... . 
,h•• .._,ha,.,. •P'"•"'"I , • .,.,..,. 
"'"'•., 111•• la,._,. i••ul 
••• ~.1 ..... 

c,o ........................ , ••••••••• 
•••• , ...... , •• 11,r •rr1 .. ••• 1,, "'" 
<HO .... , .......................... ~. .... ,_ ........................ .. 
......... I>, ....... ,, ........ , .... ... 
f,11.,,o,., ••"'""'I"~" h·••I. .. ,.. ....... _., .......... ,.~, 
.,, ........ h,h .. 

DOR GUIDELINES 

<,J,I t,Ho wtl•H tlJlfo U• •<:l•Oh!-' t,o. 
(H\ .. C.,hl'!'!ftt S, ftt!!Plh!\ ........ f'w(• 
P>!• 0.ll .. f!!lrlM I I«" 

I, !!f.J..tlls!!I - - t• CIUa,o-u I• 
....1-nt 0110 ... 0 .. ot wltl,111 lhHI UHi 
,.,. tllo •ll"llicHt offoet a( thlo he,ar 

- ...... uc1u1 ... '"'"'"' .,.,,.u,a..., 
-It ... llllHII. M o UH IT CIH 

~J'~ 1:.:;:-:.:';.;....,.~.-, ........ . 

1.J.> •'!n et!"'llr l'"lnUl"t!! U - °""'!UI-• 

CIOH J• '""l~iJ'I""\ )oo•l_.t I" \t>O'U .......... .. 
•-">t ..,.r,rt•*'• .. ,,.,,to~u• ..... - <t~• '" 11 
\ii<..,... .1 .. "'""1""' ~-~u- <111,,b.,, • ._ .. 1'l"' -t• a~n. :ni.t• ....-ll"•"l ••"' dotin.,. -
ttlatt\l} .. llOl/"f 10-r.S •"'l~•1l~t t'l•.,-tk .. 
U\11 •••ur .,.., o...t •• .. o<fJ<( .. {•,,., Al'ft, 
Mltll., .._,,..,d •t-~hlll t.,\<laf, ...... """t..,..• 
h"'t!!u, UH~••• <>f ,..,i,,.,...,, b Uo-,, .td• 
,t,jH,.. l! """ill> t.u(t o•nt ••• •"l'>',:,t.-<1 to loo 
n"'4,• •~•ft w tM •,o~t t~~· Jlo•Y ••, tr!> 
••• w •tt"lf•~ bll"<u •t Mt .,,,,,,u~tnrnt 
<W ~•AIO•~l<I .. •r•u••· ,,.. ........ "" ~bl 
_1,1u1<tJ011 l!t:'' k 1hn w iM 
•!l"l•-,.t;U ,c,,dUtl!:•UM M (ta•• Ill 
,,r11t"'"o,1t. o, -•• •,u• w .. •u·•.t •b U!l!l 
t~ilu .. r,to Jti-•n•I l~ ._<'ll"" 1 •• l><O'"" ,,t ,uthU..i' 1tM loo .-too JU -li1:~lli1:III Jt 
•""'I ..,..,,1H•I- .,. 1•"""'1..-• alt -.i11uo~h:t 
~ .... uh1l<>1< •i•to,i n,o•-, u, ..,., .. 
,,..,,._ •J•a,;;tti,•l ....,..... •1n••· ••·o-~• J.""'*°' lil: atut :oat Uh•<f tir n.4•"'1••"' 
•tot,_... ....-,,..f _..,. ....-lu -H•""'1 ..,..,,,,.. 
•110~4>11 11.- ,...utt•d f,o;r u .. """h".,.."'•I 
utt-• ••M<'ll -l,i. ,011.tt ffQ• J hU'°U ot 
l~• .•Y~ .... , n,ilOtn•U•H.h<,•• Pl•~~. .,.. .. u, .... .i,n,. 
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PART II 

STAFF RESPONSE TO PUBLIC COMMENTS 

.... ,, .. _JI• 0,01111 

n,,, ..... •dn10,.,. .. , .. u.. ---• •r ,... ... la D 
..... u .. , .. al U.. ••• ,.n 01 .,,. -·-"'· th 
otoU -· "'°' •lo• to .... , .. opp100~ II( •-llfl"I 
• - u • pto•n•••I- crltleol ,,,.,. boe•••• ti. 
echlcal .. ,... •••• uo ••po.,. .. , - , .. •-•1"' 
•Uuloll ,..,,.,., lo ,u1u10, ••• ,u,,,..,, 
-,-.. 11. 

·n,.o .... •u lrM pin,_, - 0,,1 .. ca- ... 
,,_ ..... n,, ,,, .. , ... ,...11, ... 1,1(1) h ... 
..plHhlr u.-ln ••• _1,uu1 ... of all , .. Iott ... 
_,coo - c,otnlnl"'I u.. 'l"•IIUullM - .. . ...di 111111_, \ff .... - ··- , ... ,_, ... ., .. 
.... 0111 ... 

~ u - \t,tUI\ 

TIie ... u .......... _,11- I.HU n,n H 

lau,,utri .. lftCI"'" di "''""''"' _,en -ft 
ulrolall"I ,pollllenl• ..... 1-1~ -H IMI­
Wta •I•-""•"" ,1., .. -1 _,cul. 
l!.!:l.1ll.ll!I JI - u.Hn. co. UI, u ... UOI 

n.. •1•11 .. , ... wit.lo th_,.,. ""'t _,uent• 
ta u.. -111 ... , wlU "" _,1car..i cw,1"1 u.a 11 ... 1 
,,1, .. •l"I to.,. lu- (01 ,..11110 _,,, h 

-·-· uu. 
n I• u.. uan•• •H•C '-"•• u.. ....,,1111culot1 -· · 
,_Ill -,,1 lM all ,,.., o41 1aollatl• """"' U, th .... ,_., locu1-. tlla •toU ,..,.,u u.. 
...... ti_ .... , ........... u - .... -· c-
lc•II• .. ollloHl"I Uhl la, -·• ..... .. 
IIICUUI lllloHlatl - Mo ,. .... , ......... 111 ... ol 
"'IC"'"'• la , .. DOa ... 1c.u- __ ,.,, ..... • 
ol111llleu1 "'"'" -· •-II• Uft bl jwnUld, u,, 
atoll ••-u 1bo ·~•-•• ~,UtlcaU.,. - •• 
-I - """""" u.. ,_ uClul• -· colntn.C 
..1.,. .. ,~1- •.C -lo •lallH .. •-• I• 
~.Cl• D, n,r •"1' Ul•trralol .. -•t -
_ .. , ........ , .. 1 .... .,..1111 .. 11 ... , .... 
, .. ,u1enl• ,., I.M -.0""1 et 1M lnlt• •-IC 
Ila ,. .. ,,..,., - • -llleul ... et 1lloo l••lp .. 
Ootlo(J .... ·-· , .. \all• , ... i,-11U "'"f ... 
... rr ... ,... ..,1-•t -1-,., •• ... ,, .. ,., tll•• 
... ,.. , •• .,._ ~-1111 .. ·-1• ....., •.• tO ... 

,C•t .. •J I ,,.,11 ... 11u, 

It lo "°' UIO otoll 'o lato11I la l""IJ tUt IUtl"I lo 
U. •IJ occoptul• -•- loo c.-u•tlat 
....,o1111eu1 ... .,....,._ af -1-•t tut .. tu.,. 
••-"" ta 1-1nal uollatl-, Dtl>u .,.,,_, 1uoe11 
•• •-IJohl, II U.11 uo •-•" i.y UU C1u, 
11uu1••• uordl IM '""•llcol •• u1llela11tl1 
,1.uu auulal • ....,., """'-•• -•• utu""&.llM 
• .......... ta ....... , .. 1 -·-·· ... 1 ... ..-11110• 
lo r,ulllhl, •• _, .. ,,,. llhtarr 111 It lo 
_ .... IT tut 1lllol -, aha h ,_.. •eco,,,.atolo • 

no. •hf( __,..,. ""' "'"'" ... , bl ,.1 ...... 11 ... 
•••ll•llh ta 1 ... , .... """' ........ , .... 1 .......... , 
.... , ... 1,11- mu ,,.. ........ , •••••• t1, .. .,.1•• 
"""'°' '"'" 114 , .... -•II, '"°'" 110 •1-
-••U tl>lt .. , ... -· .C •oUdoJ• o,nc .. tllllo 
•• 1- luu rNlni- .., .. •• •..,-uto •••090 11•• 
•·-•••Toll-ff& •• IHot<H .. """"tu1. 
"'" .. 1 ••• 1-1 .. ,1 ..... ,.u .. .-1 .. .,.., ... 
• ,-1 .... - a, ............ 1o UC ,.,,., ........ 1 ..... .. 
- ..... ---c .. , .... 1 •• 
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COMPARISON 
REFERENCE 

NUMBER 

1.0 

1.2 

1.2.l 

COMPARISON OF NRC EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

NUAE0-0588, REV. 1 

CATEGORY I 

HUREG-0588, REV. t 

CATEGORY II 

DETERl.\ltnw D~IGH UASIS E'JBNT SERVICE CONDITIONS (CONT.) 

OUTS ll>E CO!lT,. I HMl::tlT 

TDU'ERA'I'URE, PRESSURr., HUHJOITY, AND RADI,.TIOH 

(I) , .. ,,-u 1 .. n,4 -""" ,,,.t,u· 
................. •""J"'·· •••. , •. ..... , .. ,•r• ,.,.~, ·-•• .... ,n, .. , 
............ ,_ ..... 1 ... , ,,_ ... 
.......... , ........... o ..... ~ ..... . , ......... ~ .............. . ..... _ ... , , .. -.......... , ..... 
lo'""''' I.I•••-,• 1.4 oH•• ·-...... ,., .... 

Cll ... ,,-., ......... ,.- ... , ....... .. 
........ ·-···-·· ........ ,.,,_. •• 1, 
- ••J•n•• •• • "'•h• ,.,;, ....... ,, ..... _ ................... , ..... .... 
... ._,I ,M ,_,_,I •••1• •I •••UN• 
... ,,., .-u1 .. , ,.,.,,,,.~'" ..-.. , " ....... 1_ ........ _ 

Ill l ... 1-at ,.., u•••• •r Clo, II. u•U•• ...... ·-" ., ............... , 
Ch,. I~ ,,.,..,. ,, ..... , • ., .,, •• 
....... •••!•• ,1,., .,.. .. 11 ........ . 
·-· .-.......... , ......... 11 ..... . ..... _ ... , .-.......... "' ,.. ....... . 
••• u,1 1 ... u .... ,.,-,., , , ... •• ,,.. ...... _ ... , . ._ ... , .... 

'·' ~·I ~•u•• I•• 6.ui,, 

(II f ... l_U IO<O•• ....... , <NUi-•t ................ , ....... u,, .•••. ., 
,1,. ,,ooh ,,..,., k .,.,1111•• h II•• 
.... uu .. , .... 11,., '"" .......... . 
l•r I .... rollH , ........ f .... ••••• ....... .. ......... ... ..... _ ... , 
,.,-.......... w ............ 1.1 u,-,, 1.t cc.u1••r Ill ,N.., ,_If .. ,,,1,,,. 

01 1- " Coto1••1 I. 

en ...... c .. ,, .. , ,, ......... ,, .. 
.. ,,,., _,, • l•to ol tW ,,..h••· ....... _ ... , ...... , ...... ·-
• ••• _ ......... - ... ,tu, ..... . 
u,, .......... 11,11,. ,., '"'" ....... . .,,,.,,11 .. _, .............. - .. ... ,, .. 1,,• .......... .,.. ..... ''" .-... , ·-11·-· .......... ,. .. ;, ....... -....... ·-· .. -· .. .. 
......... •• ..... h ......... If •••• 
'''"" .. u .................... , 
,11on,• '""'-•'• 1, ,,.,..,,,. 

DOR GUIDELINES 

1.1 lu•IN P!'fhleo Pl!Ultt 11 sew-.. , 

1.l.l ":UU pwtJt£' St I !,•ut S,,!!1e-•t ot t 
,,.,u r e !Ir ,,un L•- 1ru• rn•.u 
.. ,.,c. _, ..... , ....... _ .. , .. 
,.__._,., aopa,I .. ta I UUI -fl oulaotN 
- a ,1- llf ,1o ... MIio 10 '"" al I,.., ... 
IRIIIUH ... 11>1 •UII la Dou-r, 1111 la 
HOIHU ... IIINU al a HU. "'9 ... l-11 
,_hM .. •l•ltola u.. anat. ... oho 
lhMIII ... ftllo .... _ .. 1-1• ... 
.. ,1111 .. I .. U.0 OUIICO -hi-• OHi­
•"' _ ..... ii, .. 1111:UI lohlJ ,..,IHll­
...... 1 I• aoelo •-Illa floOI, 

I.J,I .1.l't• ""TU 'lllfl II! P!shHJtto• he 
ln•t•, """'-'' ,. "'<l-'lhh ..... :I! .. O'lt q.>UM FIJl"!lrt I WC!, 

1. ,...,.,, .. , ,.., """" ,,..1•1tr - 0no 
- .......... 111,11 .. _, ... , ·-1• 
ba .... u ..... u o .... 1 ......... 111- 11 

ee.11- -"·· .,... ·-·"'·" .... .. ...... 11 • ,,.,.,'II_ •• 11 .. ·-1• N 
...... ", ... ,, .... ·-'- .... 1,,1. ........ ,. '-"• " ..... 

J. ~ • lbl .,.11.,,'1,. 
•· P.Hl<>tJ mer, · ..,, ,~11c.-,1o. 

<:hu II -l191al I..,,, .. I• n,..,,a uoo• -• 
""' up,,,l,..c,, 1lf1lllcu• .au11 ,.,. t• • 
<ll•llf• I• oudco ...,..111- ....... a ••11• 
Noh ....... "'II -1-•• vu,,.,,.... •All 
iftotoll., ••I,. ,,.,...,, •"ll•oul"I ,.uucoo 
, ... 1-Uff -· , ... otl ... Ofll lo,t,, HII, 
1uu,, .. u .. ,1 U..cUII O>lol, .. , .. - <W•o 
........ 1,11 ...... , _1_ ... '" ......... . 
••lflf • .. ,, .. t,ul• ... ,., uo .. _,., •• M 
,_ ucopt •• , .. ottHt 11,t ,..,., Mf .. 
•• u •t1"1 - hllaul al olf co.lltl-1"1 
- IHtllotl- •rn .... ,...,olau, - -lal 
_ ......... -- .......... lh 
,,,.1,-ahl .... al\ll<oll- al ChH II 
•'l"I-M. II <'oU IUOI ,.,..i,,1 U.o tlll!l 
..... 1o,-1u ,1 ............ ., .. _ , .... ,_ 
uo ootlollH •"' tho uu• uo .. 1,to1 ... , •• , __ u,- 1>r ,_u, ,1, _n,-,.,. 
- , ... ui.11 ... •r•••• aornl 11f th• ... ,1u •-<I•'"" OINUICII _., OJIIH, ... ,_,.I 
........ 1 ...... -· ....... "' .... - ... , ., .... _ ... ··- ...... ·-·••r>eJ' ... ,c .. 
...... 1,. ... .,.,uu .. lar ••• oa•h-11lol 
0•1r••• .. ,a ca.II unit h• • hllau a( 
... "'""· ........ ,- 11- ...... 
opocllla oMIJ•h, 
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nu """'"" JU•IIJI ,uuo tacit ,w oulu 
-IU•o ,...,tul I• .. -UOIH 1...,1 .. o 
"l••l<-•Ul ~UIMO .. ,..., ... U • 0Hlt al _, ... , _, .. 1.., .. ,...1, ......... ._ ... uu, ...... . 
.. .... u ....... 1r ... t10 u ..... - .. 1 ••• ,,-ftt.,-
•M ,...ulotH INMltl- ,,.,.,..1011 f•t , .... ,1,a 
... ....... u ..... ,uu.... "'"'"'"'"• ... •toll 
-• -• .... , •ltlo , ... -·-·- .......... I• tl>a -··· 
1"" •I•,.., .... al ..... 1111cu1 ... lo •• t!.LlJ.f. , .. 
,.rl•o-Ma ...... ..,., ·- IN CO?ololli\J al a 
,,.,,,.. ,. -lllcoll" .i- -· flOt """" <'h 
OUUlutJ-. ,. p,ttcl>,tH o-lfll:ltl ... I-IN.., 
c,nlllcn1 al ._11o,,.,, .. tell II ..... " U•t •• 

uu ""' ,,..1,010 ..... w c.oulln• -~·­
"'111c,t1• -•toll..,, n •-II"'" .. _ .. 
, .. , u. -111<• I• ...,""" t,llfl -· _, nan 
Ui• .,. .. 1111cu1- ta"'' ton fl oaolr•t•, 

t!!2ln1l!I it - u.1u11 
II '"° rH-"'t ,, ..... uo ... ,.,. ...... , ... .,.odt•I 

- •••• • "'"''" hllan •Ill •• '""'" IIOUo ,,,, .. , 
._ ... 1 ••••• , .... , ..... , .... , ... -1\ .. -·-·· "'"" ... , .............. ,.. ............. . -.... .,, .... , .... -....... -." -
1 ........... ···"-"' _ ... ,.1, ..... ,.., ,, ... , _ .. ,... ..,, .__ ......... , ..... -· ... -... . . _ ... , ...... -" ..... -. 
?ll!.lJ.U.a 4l • 11,U 

tlot 11111 ......... II ..... II '"' _,_ .. hUa .. 
11caltl~ 1,- oa nu, will .,. , ... 1 .. 1101 .. ulotr ..... .._. ,u. _,_ ..... - _.. ..... , , •• 
•llltotl"' IN_,_..,. al lh -HHO, IIIU ... ,_ .. •-1• !1J:t. ...... 1111 .. •• ,,,. nu, 
.,_It\°"" ION""'""" l,l(ll)o 

IE BULLETIN 79-01 B 

SUPPLEMENT 2 



COMPARISON 
REFERENCE 

NUMBER 

2,0 

2.1 

COMPARISON OF NRG EQUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS AND CRITERIA 

NUAE0-0588, REV. 

CATEGORY I 

QUALIFICATION METIIOOS 

SELECTIO~ OF METHODS 

1.1~!~..!.'!!f! 

01 O,,olHl<oU .. -•-• ,NOi• <NI••• 
•• oh ,..,..,, ... ,. ,,,..,, •• IUI 
114, )1)•11U. 

UI t1•~ d"'"' •f u~ ..,.,,...., ••l«u• 
;, hfl~ly , ••HH ~I at1'mnl 
J•J .. ~,r\ U<I •~1HnHl\y ~I '"lo,• 
n\ '""' '"""" ·•»Plr"t\• n,,- ·nnWu""'\ 
•••<I>•( hj>PHt'O<l" t,n ol,~"') th{ 
,~•hHUH~~ 41 UJ.lUL-11< JOltJ"''I~~ h 
,.,. O<th!OI .,..,,,,._u "H"""t lot 
'"'' n •"• ,,it!IJ'•U t• ,,,.,,. .. u~, '""""•~•t wp,,n~iJny. h, ,><,uO, 
,,.. •hH l<!\1 ••I o;·OJt ~l!•h<h I• 
J••~1'f V>l a»~ >Jftl~n (~J 10\H>I 
•f u, •. ~~'"""" h •• ,,,,.,1 .. ,l , .. ~ u 
d•• tu .. t<H~••, o.f (~) Nthd 
IYI,~ Hd <1,<a U .. ,ov,~<4 b .,..,,~u 1l., •l'J\f\H•I Uf-tiO~• 
u,t ~.,.,,i~,, ..... <Ulh•d 

UI tho ,-.;,-•ul .,.,111u,h• •I 
,.,.,_., ,, .. ,.. lo DU.'"~""" 
_,,, •-I• <""lu• •• th• 1•11-••, ,......... , ...... .. ·•-1• W ,.-1 ••• , ...... ··-
1 ............ , ... , .. -"''"'' • , ••u ,.,.1-u. ,.., _ .. ,,,.,, .................. ·-·· .. ''''""' .......... , .. , ....... ........ 
c,1 1.,.,_., ,.,, .... , ... ,,u. 

I• uJ., to""''"' .. , uu• 

.... ··-" ..... 1 ...... , 

.... lo .. _ ...... '" .,. .. ,,11-.. , '" ... ,._ ............ ... ·--··-·'"' ·-···-· .... , ... . "- u ... •«••···. 
I•) ••• ,.,.,,-., luhtJ•ulot,4 o, .................. , ........... . 

, ............... to 01t,,,1, .. . 
'""'"'· ............ -· .... ,. . ··-·· ........... , .. , ......... . .... 1. 1w .... u ........... . .. _ .......................... . ....... , ............. _,, '" ... ··- ..... , ............. -· ... ,. 
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CATEGORY II 

J.I l•hnlMol,.,,_, 

111 ... 1111uuoo .. ,_, ,, .. u , .. ,,,. 

'",._ """'"••n ''""' 1, nu IU. JU•ltll. 

CU •- u t•u,,,, 1. 

Ul 1- ., cuoprJ 1. 

DOR GUIDELINES 

•. 1., • .,., ...... 11, ... ,,u,- el - 91'!flll-• 

.:loo II .... I-•~ lo,:,u4 lo UIOu Hou ..... 
-. ,,,.,1,o,co 01.,.nlcut ""'"' ,-.. .. • 
,.., .... I• Hulco NMHa.,o "''"" • ... ,,,,. 
l,uio , ...... 11110 -1-•I woo , .. 1 ..... , ... 
IHUII .... 1 .. oUIIN, .......... ,.., ,..,,t1eu 
o ... 1-otrt -· •"' ,,. ... ., .. lo,f., -..SI, •ou.. ••leul al.et.I• O>d,1. tud M 11wu 
IMIMo, lolle<H of -1-ol lo 111000 0<000 
....... 0 ... 1,.. .... a. .......... _ ... t• ... 
,.- ,....,. •• u,o oouot tbot •••r .. , • 
- •• .. ,,,. " lalhu• .r 01, , •• ,,uu-1.,. 
.. u•tllUIM oroi, ... nour"'"• "" -hi 
...... , .... 11 .................. , .. 
•-lt-oUI ""°IUlcaU• M Chu II 

-'-"' lo ""'"" 0<ou ,. .. ,- ,,.. ~ ,...,,,. .... ,, .. .,. .... I• -ti• 1.• NI-
ore oulotl .. •"' IN ouoo "" "''""IM4 u , __ ,u- i.r ,,,.,,.u, ,i. _u,.,,,. 
M rollhll• orou- oot••• "J '"" .. ,11, 
_,,,.,. ol..eul,ul -· •r•to•. 11;,,1-n, 
l•otd I• 01000 -• '""" "J u-ut 
eJOhM _,., u .... ,11, -•t•ICJ _,cu 
·-" .... alllld , ....... __ ,,_ .. , 
ou, ... , •1eti -H UHlt If- o lolloro el 
u., ,,,10 ... u ,.,.,,1- tr .. o flont 
,_tile .... 1,01,. 
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!!!!llliS H • ll,IUII 

n.. ... u ........ 11 .. u., _ .... n.. ....... , .. , 
..,,loo• lo IOIU- U ... t• U• u I"" to,­
-..,,10• ..... I• U:n 111•11H. 

b!DllliB n • 11.1 u1 I 

~,,.llllr uton 10 unrl.., tht '"" ,.,,.,._,... 

cbou"''"hth•• •• tN ""''-"' • ._, "' _ .... ..,. 
•• ,.,., ...... , •• , , .... ,1 .. oro .. ,1.i, ... ,..,, .. ,.., 

- -· 11.1t .... _,_.,, ··- u ... 0 ... oo 
l•U•• hot Mlfl• •-14 N _II .. H ..... , 1- lo -11-1., ...... - . 
~u-u.11111 

"'" ... u -· .. ,. , ... , CIHlllcotlM., ..... 
, ... ,,_.,.•Ill .. -•H••"' I• r1 ... 1 ro1-u,,.. 
1110 otoU -IOltoloo. -rof, IUI IN Mlho 
olooulul -1-M ••loc•"' le• CIO •uh-111, 
lfPO tullf'f lo U.. ,.olou .. .-,tlllcHI.,. -•-· 
othor -•- -,. N t,,nut• ""d •Ill M ouh,a,., - • c, .. ..,..., ...... to • 

~11- u.11111 

"'°1-U .... Mo looOfl - o ... JeOIIII .. t• bO 
_,lot ..... ....,lffot eltltotl- •• fl&•t oofnr lo 
o ...... 11- .,..u11cot1-. 

!!!!:l.!ll!!t: II• 11,11111 

""° po .. u .. - .. , .. , •ul,..o - .. o,..l_u o• 
or••- ... , .... ,,.,ou..etly chulllo4 u ......Cbu 
1• ,u1n1r - u.o 1,0010 un u .. , 4H """ buo "' 
,.,, .. , o o,-clll• ulOIJ 1-11- I•- H 
oc1-u .. ,. 1IIO ffol,~o .. , .... _. ,_..,,,. I• u,, 
--.. 1-11- •I fflOro\olOI _ ... , Of _, U.Otr 
tolleU "' 1-,,..,., OCl•otl.,. c-14 oho olloct 
ul••Y· It lo ""' •toU •o l•to•• •• ...... U.n Ulo ....... •-11 .... 1 ..._ I• ......... 1, .. U,o ... , ... 

.... oO •.n, '"" 'IHIIIIUII• •I - ffnl ... •lr 
chulll .. -a. .. II -I-RI •• , ............. . 
It lo ""' u .. •••tr·• lot••• •• ,..,.a. • .,.,1111,e11 ... 
If oll -UIOIJ•tolat..i -1-ot, IIH oho Ibo 
oUII .. _ .... C-u I ... -·· o,. 
~u4IOI t.llo -- .. lhl lo. u .. -,,1. , .. oull -• - "''°' •IIJI U.O ,_,,.,11 .. le 4olote IJllo 
ro.,.1u-01t Ir- IUIIED•U... .. .. 1.11 .. •"' 
1,..1-•tollM <>f ""'""'• , .. ,,. 1 .... 1111,• I• 
-111 ... , .......... h~ O"I ................... .. 

""•-'•· 
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2,0 QUII.LIFICA'rION KE'rnoos (CONT.) 

,., 

,., 

SELECTION OF METHODS ccorrr.) 

f<I f101,-ol U,t *''' ••• f•<liH ................... , ........ 
.......... hil• ...... , -·· •• .. , .............. _., " .. . 
•,,,..,..,., u ,1 .. , uh•r •u• 
_,, ~- ••• 111,,, ...... -· 
............ 1 ....... - ••• 

u,•-,• ,,,,.i ''"'" ''"'"' h ... , ....... u ........... •k• 
l""''"' •. , ~ ........... , ...... , ........ -,,"' ........ ~ ,., 
,_ ............ , ••••• ,_ •• h 
••t ,,,,.1,,, I• ,..,,.,_ I• ••-•• 
•• •it11,,. ,..., ,.,,Ho,,••• 1•.t '" ....... , ... , .......... , .............. -,,-........... ;. __ .. , •• ,i.., •• , •••. 

,~, ,,, ..... _ ... , .... 1o1 ........ . 
••••I""'•• I01"j•U IO ••Ht• ..... . 
•••• • o .......................... 1 ...... _ .. ,,\,-.. ,-....... , ..... 
,.,,; •• lo ••• , ....... _ .... , .... ,., ... .,.. ....... ,., .. , ... 
••T ,,...11,,,1, ,_,,,,,..., th.,••I, ·-··· ........... ,,,.. ....... . 
'"l •• ,_. •«-.Uhl•. •••Jnl •• ................. , ............ . 
••h•••• •- r•••••••· 

QUALIFICATION BY TEST 

01 ,.,. ,,n ... .,;,.,,. ,, ... ,. ~. """'"'"' ............... 
UJ T,n n,,111 ,h ... U ..._,,.,,, •••• ........ _ ..... , ...... '" ......... 

,_.,,.., '"' ,11 ....... ,_ • .,, .. , 
.......... hd<' .... , •• 1 ....... .. 
..... 11 ....... 

UI ,.,. ,. .. , .,,..,.,.. 1o .. .,, .. ,.1 of 
IIU s ... Ul•ltll l"ffl.._.•1•4 •1 
1,,., lU '''""'' 1111 i..1- ,_,,,,,., 
.......... , •••• ,1 .. , ...... ,1-11,•1•, .............. 

II) ..._,""hi"''"'•••,,.,,., .• 
.... ,_ ... , ••••••• ...... 1,1,.., ............. \o,,, ............. , •• - ••• ,, .................... ,1. , .••.•• 
...... lhlt ·····-· ........... _.,,, ............... 11,., ··- ... , """•' ... ;, .............. , -...... . 
.,.,.,.,_ h,1,' ' ''"" I, ,,,, 
<H•IOf"O ..... - .. ·-· .......... ..,I•• ............. •·••• •• ~ ....... ,.,-1 ... 
......... 1. 

Ill , • .,,...,, •-••14 •• louu• •••.- 11-
h••I •• ,,.,,.,,1 'I"''' ·-•1••" .., ,. .............. ,... ....... 1., .. . .......... .......... ~ ......... ,... .. 

l'l •- u c,c.,•.-, I. 

l,J IJ!ollllutl- '1.!!!.!. 

Ill •- n c.1,1u, 1. 

II) n.. ..... ,.,., ..... lo"'"'• 1,1 ol 
IJU 114, UJ•l911 0.,.1,.,ou•.., 1,..,, 

• (0 ···-·· 1111 ... ,_ ........ .. 
o«.,u\lo 1•14<11N1 ,., .,,, .. 1,,1.,. 
uu .......... . 

HI •- u C1l•1•.-, I, 

Ill 1, .. " t.u,o.-, r. 

""' ... 1 .. ,1- •• uu ,a. ...... , .. ,n. ·-•• 
lad- ....,oHo,otl- •I ,,.. l•1u,,,1,.. hct•U• 

I. H-h••• h!•ID 9Pr!1h 19"'• ,.,. T!ot 
!!!!.!!111!! • no oo•lt-M I• tho tot 
ch-• •-14 N uubll•- •"' -••u•­
H •••l It aM'Ol ... o tH OHOIH -ltl-o •II- lo -·-• •It• ..., .. _ 0.1 
•-•· 'Ibo ,, .. ••nlM ot 1b• lln -1• 
111 ., , ...... 1- "" .... ,..1 .. ,._ .... 
lolthll.., .C '" _,,.., ... ,11 IN 
,_utote •N ,-uuu unleo ,.,....11, .... 
<OIOU t• HHftlllllJ l .. H- IHOIO thot 
..1 ........ , ....... -·•hi .. _, ..... • 
,_,., toot •utt°" -, N __.phlolo II 
•poc:Ula ._,, ... "'" p,ool- 10 
••-•tr•to .... Ue ........ lo , ... 1o •• •Ill 
- o,po,h..,• ,1,~lllu~l ..,-,olorot .. 
.....,,_, ........ , ...... ?O• ..... - , .. , ... 

1. l!n Pets!-, - n.. ,,., op.cl-• •-14 M 
Uto .... -.1 H ll>o -1-l NI .. 
.. ,lltl .... TN ,.,,. hot o-10 •Ir N 

-•t•u• won• ••• -•-~• ••••llul ,~ 
................ 1,1 _ ...... ,- u ........ 
·-•-•· ..., ""'""-• .-1• ... • .. 1 .. ,N .. ,..,. •I ,.,. ... 1111cou ... 
..._ .... 1 ... , •••• , .... cu ......... 1 .. , • 

__ ,., 
t.lo ,-,..,,.,.. 11 ... ,1- 1.11,i1c11 •-t• i. 
c1aru1 ... •• ,.,.1u10 .,.uu•u11, •• ulHrr•I••" 
""''-•• -1,. -••l•trui., .. _, _ _. lo .,., 
•,,..1,-•tollJ .-•IUJ ..... 1u1 It hlh l••• 
co,_, 1.1111 •••· 

~ II • lf,1011 

l'lo1 ol..,ulcol -•-•• '""'"'" lulh., wui.o 
- .. ·-·· u.o .. , N .. po .... IO···~ ....... 11-...... ., .... _ ••• i.oc., 1111,11, , ........ 11 ... 

............ 1, .... , ... h ....... 11, '--··· •• 

.. _ ...... l..ocll-1 ...... u .. , ...... -•OC'J' 
N ,u_u u-, 01 l• oHIIJ "-' lautrllr cu 111 -.. ................ ,_, , ........... .. 
....., ... hlh!""· . """°'!"'• - ... o1,,1, .. , N 
.. .. - tl>o lull~ lo IN ,,1..,1,,1 ""•HUcol-
... 1-, ........ , ••• -" l,o 11,11 ... . 
onu,..h\l..,o IOI Oou., lo •-1,,1,.. ohlhrlUu 
lo ...,,_,, N .. ,.,1o1o. lo 0111,u cooo, 
• .. 1,,1e,1 .,,_u .... •-I• 1>o N oorUhlolo .. 
._, ... .,. 1 ....... . 

.. _Olli ....... ,._,., lMOfNtl- OI 1110 

·--"-·· ....... a.lo - .... ,-o, l•.ell .. .,.1,.. 
• 01 ... 11,- ••• ..... aUol dhcUI tho oUII 
-• ..,, ""'"" Oot nolr•I• "' o-u I• u 
occ,pu111, •1t•r11&U" fN .. .au,,,.. ... 1-ftt 
........... '"""'""" lo .... -, ... otl"""4 _,11, ·-1,-..... , ..... .,..,_ , •• ..,,1 ........ 

~u-u.111111 

"" ............. --· lo ... - .._. ...... ,, ..u• • .... .., Nol• oectN•t tu lo ,.,. cuo •• u:,co.. 
ru1.11, ... - ••n-,. ao , , ... 1, ,1 ._ ... 1,. u. 
·-·· .......... ,,_, ....... - •. -· .... "-.rr 
oulHI- •Ill M oo~• .. °" Hloet. ... -1-•t ,_. 
oo uhu, .,., ... , ,.,. ular•, ,,,. ,.., ouoc, tNlr 
,-,, .. ,.....,. -IMtotlotlu IIM u_h, .. _ .. 
11 ... 1 - -••• U,.,11 ••hl7 1 .... ,1.... II ..... _ ... 
co• Hft- , .... ,uocu, u.- urhtl- •-I• i. 
~ .... , .. 1 ..... 1 .. ,, ....... 

~n-u.111111 

n 1, - lll• ,uu•, lotnt •• , .... tt, .,..n,1u1loo 
.................... 1_ .. _, .. 1111, ,~ .... , 

"'""-·'"· -· .. 1 ... , t• •t,hllfhl • ,., • ..t.Jot hn .. , • ..c1> ... 1. .... •'-• -•...-••un., t• ..,., 
·-·· t. .._., .............. 11,,1.., .. ,.,,. .. 1.1 .. 
.... _ ..... boo ........... 1 ... lo .... 1,1 .. 1 .... 
,..,.1, ...... ,to. 1 .. ·-'·· •• 1., ..... ,.,,,,1100 
NIM,~...,,, N "' lloo -• .C ,.•toellu noou. TM 
ouU lo ..-.«-Ir I• , ... ,.oou, ol ,.1 ... u,. '"' 
..111 -···· I .... _ ................ - , .. ... 
•-• .,_,,.., lo 11>o •,i,..1• _,,, .. . 

t!.!!l.ll11z u - u.11111 

h '"""" , • .,,.,.,,~, .... ,.,,,,,.. "'' ,uu ...,_,, .. I• f'U. Ito.nu un ,-,,..,, •M 
.,.,111,,.11_..., 1 .. 1 ~• ,.,, 1,,. ,h..,1• .,,,1,11e,1 ootu,.101100 ••r N , .. .,. -•,..•Ill• u 
i.. •••• ".i.-•""' ••• •••••"• •I -.-••Ir l•otlll ... ftl• 1"Hllleoll°" •-H 1,o •••• ,,,,.,,,-. ~,_.,. ....,,,....., •-•• 1 ... , ..... u flft •I'"" .-u11eut ... *"=-~tau-. •• ·-·•••. ;, ·-1• ~. '''"""'" _,,,i. bf' Ju,u, -. .. , • .., "°' i. .. _ .. , ... 
..... - ......... ~· ••• ,..... •• .... ,uu ··-- •• 0-M. .... U ... _11,-1 
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OUA.LIFICATION BY TEST (CONT.) 

1,, , .............. u ...... .,.1,-., •• 
•••llfl•.t, ...... ur•,.• •• '"' ,...,i.,,• ............ ,-.1 ..... u N' •• ,1 .... 
., th,,.... .. ,1 .... ,1.,, - ., oo ,1,,, 
u ........ 1 •• u,, ... , .... , .... ·-· 
.......... 1 ...... 11,, ••• 

11) P,,1,, .. .,., , • .,,,.,,.,,.,. ot .... ,_ ...................... , ... . 
,tu,, ,_. l"'•l••h<>IIJ "'""I ....... ···-·-· "' .. ~,· ., .... 1,,• ....... ,111,. 

co , ....... , .. , ·-1( ........ ,. ..... ... ,., ..... , ............ ,, .. 1., •• o .. ... ,- ........ ''" ..... ,.., ..... .. .......... , .................. ... _ ..... , .. , ., ..... .,, .... . 
t•) TO; "t"•to•d,IJ oO,too ,.f ''l"'l'•'M ....... - _,, .... ,,..,;.-,1, ...... 

........ h• ............. , ••. ·-· 
n,,, -"""""' " .,.,,.,. •••••••h 
•-I• ... J••t,f,.I ,1 ••"" 

,,,1 .................. u ,... ... '""''' 
••lt•I• "'I', ... l••'l"'••J ·-·~ -.......... 11., ,,_ ..... ••••• ... ,._. ....... , ...... . 

II II Doot •••H-•H •llooll .. ,~A .. ,.,. 
......... ,1 ••••••• ,,1,,, ... ,- ...... . ,_,,,,-,. 

OU c.,,u .... u •• '"'rtoM• ,,.,, ,.,.,. ··- .......... ······-···· , • .i,1 .... ,-. 

COMPARISON OF NRC EOUIPMENT ENVIRONMENTAL QUALIFICATION REQUIREMENTS ANO CRITERIA 

NUREO-OSM, REV. 1 

CATEGORY II 

U) 1,., 11 Cot.1011 I. II , • .,, _..,. 
- lh•-•-h• ............ .. 
'"'' ... •l ................. .. 
uoo,h, uolfolo , ... H •• o,ol 
h .... ,..., .. IN , .. ,-,,1,u ot "' 
<-,Mui, (Auo,u'lo MU llHolor 
HOIJOI• -•-• "' ,, .. 1 .. 1 lo 
,.,,. .. lo 1,1 

(I) I•- u CUOIHJ I, 

111 •- .. c,i.,.,, ,. 

Ctl 1, ... ,, c,,.,,,, 1. 

UI) 1,.,. " Cu•1••J I. 

110 •- oo C•l•t"f I. 

1111 ..... "eo .. , .. , I. 

DOR GUIDELINES 

s.~ 9!•11Clcttle tr Tr• n•UM 

s. '""-"' n,u.., .... •etl•u c11us11 • 
°""""-' -· ...... ·-·· ... ,.,. ....... ,,.., .r u, .. .,., .. , ,.,.11 .. ,u ... 
••••H-•h to,t,, _,u ""lrto _,no 
--IIJ ,_r,hH lo I"" plHt 1-11 IN 
_,,u, , ... ,. ...... ,,.,. u, '"'"• - .. ,,.. ,1 ... ulcol u,1o 1-1 ... •••I"' t,_ toot 
,_., .... ,. .... u11.- .r .c1oo _ .. u.,. 
-u1-1. roll•ro e,ituh oti.11• 
'""'""' ..... -. _,....,. ,...,1o_ ... 
too, .. • tbO ao•I- ouM oo,_ I• t,_ 
,toat NlotJ oM)fOH• Jt O .._ .. folio 
ot lflf U• .. ,1 ... UO 1u1, OHO la• • 
c,U.r "hll oolo' -, u,, tut -II .. 

. _., .... 1-1 .. 1 ... •Ith .. , ... to 
.. _ ... ,, ....... •blll•, ., ... -· 
"1 .. , .. 1 .. I• tU Htlto ...... PIIM t• 
to• 1,11 .... 

t. !!!J!!.U~~ - no •'l"lt..,ut 
ott.iu~t1"9 •..J •til<::trl"'d .~ ..,,.,1,on111a1 ... h 
"''" Jl•O"'l IN tn• h•( •l'l<nlt• lff 
,.,,, ... ~hth• ..c -~• ..,,.,.1 1>,n,H•H"" 
fo< t•• "tl to..,. Dl)u/~u~ ""''>¢1,,..h•. 
'1><t 11. ... t~ Jf",•UUt';tU<><> P•'"lH• tli.Wl.S 
, .... 1...i.. ~ .._.-,.JH lup.o,<>1l~~ tn li.. n.u 
t,o otUy \.tl•t ..... 1-~l' ..,.. t~l\dU<I •• 0 
>'U ~ .. to<I, l!'tOl"'11.ln ... "1idl• -\>I too 
fh,o, ... Ml - l'(.,...,I••• ""~" •• p,:-oOCth·o 
011<>l,;011.u,:o tuuU..t •tn114e ~ ,.Ju, <l.lt.l>I 
lll'1fl •t lM WI ..,.i ...... -.n,.,.... 111 
•1.~i..,.,«t 11r1,..><ot• to, •l""td,o\ 
<f~~.cH ..... Wlilt hh )l'IUOU<f (It 
,~,~~l""l•t• t°'c ..,_t•t~u tot .. u~<>11 \~«'IO'lh 
•U:-M ~""U(jl, 
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STAFF RESPONSE TO PUBLIC COMMENTS 

~11•0,lUJI 

"" uolt otrou •II• tlN llllltul "' UH1 -"'· tt ,_I'"' -- u,n U>a •1""" ol ,,.. -ltlM lo 
to • ., .. ,., W , .. .,.otut .... ,u1coll•, ti••• , .. 
<oqal-at•-••ne_, .. ..,, ...... I\ 
u_,., ... .,., .. 1o .. ta .. -• ""'" ,., .. '""' ,._ .. , ....... -,. , .. -· ........ ,_ ... , ... 
tr- .... ~, .... "'"''''"· 'h_ .. , ...... _.. 1-
...ouoo•Ur 11•11"" to t,..,..._, .. , ,.., .... •Ir -
.... l<IIOI ,1,1.,. .r U0 tut t$-U •r - .. 
1..i1c,u .. at 1M .. u •-•uoro at U• -" ...... ....... 
'lloo l•Ufl't la I• "-'° UO\ u-uuu H<i•u &IO 
loen .. u -'- •• ,. .... ucd to tM _._ .. 1.., _ ... , ... 
II _, •I• N po-H I• '1'_1 .. h-rator• ....... 
U•t la ocWltl• .. -lt•l"' loall '-""" -1• ,,_ -1, ................ _ ...... -' u,. 
...,..1-t. 11111 -1• hdUtou ,.,. .._,.u .. 
u.r1u ••-•M• lo_,.,. l,!fll lbl .C II•• 11.111m. 
Wit-I t"'u r, .. 1.,.1, tloO HO at II•• ., .. 
_,or.atln -•I- •• \llo •1,an• ~ IOU . _ ...... -·· ... ........... . .. ''"" ... ,, 
••-• H -•t IIO, t,I 
h9l.ell2I U • U,Htll 

l'<* l•U~I •f ... DU"'l l.,lJtt I• t• _.,,.,, 10,u 
IM•l•ithM. J•HQ1n 111 ....,,v,,•..c~··•""h u _h..,. 
'1l>•"'" ,c,t ... -.. •t •10,nh• tta.t ••• "'°iltwt 
~!UHi, •«l"'U• 'f'.UU.U• loic Ji itU ... IUllf -ll'°" 
« • •.-l'I• .... lidti,, ••rbUOli:"->fl'•" M•• -t,t.,,.i; 
1.,, t• ,..., ...,.uu..-,~ 1,.u.,. 11otn•. •h•" 
li!Uto,tti.b~t foUijt,o,ll la ..... J.c,,wtllt f,Of\. ........ • 
ui•tY l\nl,;,t-• U• tuc ,.,""lo• -.hf t..:l...,. 
p:t,:,,,h\O.,. u· -n~ ••l•vu,l '"'°~-totu 1M: • 
-H- ""•b lll 60•" t:.- f,lq~ th.;o hU1r-.:o 
tu ""'tt, h l• u,,,,.,1dftil IJ\Jt. qut.d• ._ ... 1l"l•M 
•"'l~h..i W'J'l•tlt~ tu:U"' VOf o-,.tlt, ,...u...,l<l•M 
~11H•fl1,a ~~Ml -•• uo1r"' o, •f«lr 
"""'tt••lf'il h <l-\U«nllt t• •o:e~l.Oft. l!>t n10 
~-..<.-,tl'l' « .,,..1,-,.l, 'lli:>~U11-• .,ldt•H"'f t~• ·~1,J.1,...• <>t l"tU•l\t•"' .... Oil~ brlNI ... -.:l/llltc 
1<1tnnh .,., W 1"•Utt••· 
~H • U,111111 

n.o oull nru•tlr ... • toNordo oU•n .. 11, ••,..lo 
LabGl•••rr to , ... .,,, .. , u,, ,1,oq-o...., ,1 .-o1u,1 .. 
.,..1,-llt I• r,,,.., t•- , ... MU , .. 1111• 
,,..II-RIO 9J ...... -1, It•- t .. lotl"" -f<'O, 
lfllLI• U,e •••lu ,ro ,....., ,1111,1 ... ..,, lbou -· 
- UM .. too o-, 1l111llltoM ,r ... lM I• ul .. -1r 
• ,, __ ..,, •• -111, c:.otol• ''"• .i ...,._ .... 
, ........ ,, __ ,,_,,, ...... 1 ... , .. ·- .... 
uu .. ,1,., IN .,>llfitoll- l••U h -l•U,,. 
•Lt' , .. •-•- bolo ,,.. ,,_ .... rotu l•''"lf 
.. _ltl• .. , ...... 1 ....... ~. tt ·-·" 
tl'>olOIOfO Uot • ,-.. -•n l ... lrl _, ...... lflf 
_,111cu1 ... uni.,., ,. •• ,_ u uoJr•U., uu 
•u.o l,..lcotoo ""'' , .. - ...... " ulo ,._ .. 
...... , ol•llu to , .. , ..,,.,. ,....,. e.. p,fNhc:: .. - .. 
-11,,,, ._. ... 11 •••• _,_ ·- ....... . 
• ,,.i •• ,..,,", • , "'" ,,,. ,._, .,..,1u1c,u .... ., .. 
oflil WH I.Oto •-, IN l1tor1tl1 .. oo,.uUIJ oflil .... 
Uotl ... Mf loO P,1101- """' loOUI O tooU .... I 
••- , .. , _,.,.. n.. , .. 11 _. .. , ... '"'" ...... n 
oll•rt u ollll ftllltl•I"' ,,.. th.ot tl'>o •••ll•INIJ 
11..:11.,. ••• , ~ ................. -di u- oo .... .. 
nl.1..:0 h l<OOeltOI, Ibo ff• 11 Olt ... r 0.-41 .. 
Co•ur •• .,..,_ .. , .. 1111.,.u., -w .... _.,.. ..... 

.t.,11 
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•·~·""'"' 1 .. u.,. ................. .,..cu1o1 ,,. 
-.D•IUI .,,. 11M CIQI ,.11011 ... ,. ~,c .. ,u, 
-n loll.., tho UH '""'1,.-•U ot ti•• 
OpflJC .. lo -=-••• 
I, II 11M IUl &oo t>o•• -loto,d •l.-1 .. , ... 

I• ••-..:•, J ... ,111c,u.., t•• .. "" • 
...... 1_ -·· too .... ,u ... 

1, II tutt ... .C ,o tlH11-\ •n "''" 
-, .. loa\ - ................ .. 
.. __ /pt"ff .. ·-·· M -111o• ta 
,_, ..... 1 .... 

1. 'f'Ht f"'1•-• lo pl"ffooO -II .. 
oolollH , ......... I ... Milllf t• .,...,1, .,. 
h,: .. poutl ... oti"'I II Ula ,._, 0-l'Co, 
nr.u -•• u. .. toll I• U.. Uut • -c., ..... ..,. 

Wllo• • lail•U 9CC'oU ... I• • -SQ tolotol 
... tt, .. 1 .. , ..... ,1o,11u, .1 ... o1,,1, to 
••U-loh t"" loll .. ,.-•• t>o .. po ... ••• • 
• ..... 1 -.11 .... ,-, , ••••• UHi ,...,111 • 
, ..... , ... tool"' .. _ ........ tll• ,.11 ... 
-ulo•, ""''" u,o rau, .. -. .. , •• •••••• nf 
.. "'' 11111-lt ta ..,.,,... II •- o lollHo -to It ... , .. -• po ... ut 10 eo<f.CI .... 
lollolO ,,.. ,,_ .. _, wlUI •~• u•t, 
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,.o 
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CATEGORY I 

QUALIFICA.T 10,. METIIOUS (CONT: J 

TEST SEQUEN:E 

I.J !!!' ~,-.••• 

Ill 1 ........ .-... ·-·, ,_h,- ..... , 
••••••••• ,i, ............. ~ •• 
s.,,,_ • .. 1,1 •I Hfl SIA, IU·ll/4, , ...... , ......... ·~-·· ........ .. .... ,,_ , ...... ••••i-•• ..... ~ ···-·-· ......................... . ''"' ...... -,,, .......... , .. , ... . ...................... , ......... ·····-··· 
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CATEGORY II 

l,J h,11,,...~. 

111 J.,.tilluli.., ol oho,,,..,.,, of••• 
uu u-••• uh,hf ,_It N ......... 

UI n,. uu ,, .. 11 '"""'''° u c1, .. 1, " 
c,, .............. ,1o1,i., •••h~-·c. 

fll n, "" ,,,,,,,,.,., ·-" , .. , ... ,, "' ,.,.,11 .. , ........... "'""" ' 
ol IIU llf, IU•IIII, 

10 n,. ... ., ·-·· ......... '" .... . 
,1 .. u1u1 ,,...•-•• , .. , ",...,,.,,. .. ,, 
<-<Un, o•h•, .... ., ,,.. _,.,., 
.......... 11 ....................... _,, 
H ,,,.,.4 I• .. ,ul, lloM •••lf-1\1 
..... u ...... ,-..... , ..... ,,,. .. . 
,.,u,, ...... -" .... h ......... , •• 
...... ,1111, .. ,_ ... -. , ........ ... 

., ... ~ ····-·· .-...... -.. , .. .............. J ............. , ..... . 

.... 1_ ............................ i. ..... ..... - .......... ,,,i,. 

DOA GUIDELINES 

1. nu 1m,,,e• ·"" _.,, .. ,,. '""" ·-1•• .................... a, ..... _., 
•~ •h·•••¢ .. _,.,w,, ,,.., i;,innn 1, u.. 
••,~•""" dHb••Jl N.1 1to J..-Oltj 
~<!••:Htl<>U, •l'.I"'•• JdU•I""' t• • nnl<, 
t_,IH<>11 ,tllleh h u:, '- w~Hh>••l u .... 
of A lfl'4o frit, I~ ••t ~ "l'l'H..i u '"' ll• <Ws/\>J ~M tu, u,~r•ll~f ,,,1,lt,, , ... 
~~""''"""t •• nai ~,,ul.,. 011y Uhlloh 
,P,l""- ••t .,,.,.,, t<t ~ •~UIIJ>lcU•t• to 
•1vdH~11t ,....i1tU~ <l•Mf• u t.111 ,.,,1,.. 
_n,...._ to:do ,u ... Htid• """ ... 
01..,.Ji•J•tH•r t-o, ,.,.h.H"'" >1,n~, 1, -
·- ..... ~, .. o, i::1. u "'~· ~QOl-111 
-hhr• _."5( l""ll ... \.thJI; IU U,,htl­
.... -ld' bo Olil'li..! fJlM (1> II~ 
C<jllOIO• ... ..t JOf,11 O"S'OO~J• W ~ .... lhll•t .. h•u'"" .,. eu.o~t• «•N/d, •~i.-.. 111.- ••• h"l: •vurJ.,oo •-1' 
""' ~, .. U.1"""il~t LIHo tut ••'rl,.,,•• 1 .. ,11 .,,i~ _,,H-d•r l~• •<i,,l-"• h ta N 
""4UHW lff i:ll' l,J\>11 1Utl"9, 11,l, '"" 
un •i.wW ""lr .. """'•t<1n..t: fill~ r .. o,, 
Ht•!co c;,J>iltU•r<o ""'l'Uri ,,i, -<~• •- t•n 
... ..,,_ l" t~• ~<!fitl•U u,io,1J1Cl, 
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t.!.ll.l.111.t: U • 11,IUtl 

TN 1 .. 1 ... MUI., II .... ti., •• ),Ill) ol UA 
JJl•UH 1 .. u,, ... u•, .. ,111~ uui,u,1,u • .iau 
... , .. ,, ... ,.,111 •-1<-t• ..i.1clo •-H ,, .. , .. 
•_,,_•I,.,. p.rl•,.,..,, ctiouctulnlco at 
, ... -• u•u• ... u-•ru. TN Oall a111u •IU 
u,, ouu .. a1 la U•• ''""'"' tllat II • ••u .. ,. I• 
•••llall• 1r .. •'"" tun ·-~ • .., ... ,1au, ,1.11a, ... ,-•,· u,u u .. , 11 - _ .. 
" ,.,..., • uu " uu111o" • rM-•llt ut ar 
,.,1., •• ...,. d>uact11l1tln" • ..,, ... 1 •-lr-••• 
-•u, CHU- •-I• N uo .. I• •ol"' •u, 1,­
Mlu u, ... ••••tl<tal ... l-•t, .. 11n uu,,..1 .. 1 .. 
•I .iou I• 1-.. HII •• - , .... t ...... l-• to 
..,,_,Ito •-lr-•U, t ... - fl""• •I -1-ot 
•-W bo •• .. I• --•• IOH , .. •t•tl- •• -nt 
lb, "'. Th• ... u .... - ..... tht .....-11. 
l,Jtll lo .... coatll .. •ltl .... ti ... ,.J.1111 .C ll[U 
IIJ•UH bot"°""' •-•IU u,n JutlllM • ..,.,u.., 
--, ,1., N I- -•i;,tlllo, 

~lt•U,Jltll 

,u1lll<tatl .. fN llo ............ .C Obi ,., ...... u..i 
•-W N ut•U•b" and ,, .. 1.i .. •• ,.n •I ,,,. 
.-uu.,.,,_ -Mui ... '"°'P\'-· U 
, ... 111 ..... , N ..... , .. _ ...... ,u N ......... .. 
- • Cua_ ...... 'l,n\a, 1t \N .._ .t U., 
... all!lcotl- .. 1- •- -N Juulll .. , toll•tl .. 
., .... ,_ .. u,1oc-•1 .,, "" .... u~t ... 
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CATEGORY I 

QUl\t.IFICATION KETIICOS (CONT .1 

OTH£R QU/\LIFICATIOM Ht:"rl!OUS 

~ ............. , .... , ..... .,... ..... . 
.. ,.. ................. h., ...... ,1 ... ~ h 
llll s ... u, ........................ , ........... .. , .. ,_ ........ ~,.. . ... ., .•.. ,, ., ...... -·-· ............ . .... - , ............. ..,,11,, ........ 11 .......... , .... _ .-........... , ..... . 
,,.. ,,.,..,-,;_, .,,.. ,...i lho ,,..,;1;, •-· 
t1•• ,.,j 1,,,., .. ol oN ,.-,,-,, IO,oo _ ............... , ,.; ............ ..-..... .. 
HOU•• u r,.<ldr4 •, ...,~,uol "" ,t ttt 
,.,..,..-,t H,,1 .,.,1Utr4, II " .,._.,,.,. 

••••• ............ __ , ................. .t. ·-, ..... , ., .......... ····· ·--·" ... ... •• ,.,,.,,, ... r••••••• '" ,.,.,-,, ., ,..,.,. ... ,-.. 
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CATEGORY II 

f.4 o.•u 0.•llll<UI .. ,_., ... , 

1- oo Cu•,••r I (<0up1 t"•t Ult 
114. Jll•UII oM u,111.,, ,.,,...,., 
•-n•• u tH ""'" 11•• CP HJ"" loo,.., .. , ...... , . 

DOR GUIDELINES 

1.1 Qo!•Wtsolr r: e Ft->le•ll!!I 11 *t"d• rn•t, ....... 11,, ,...,,..,1 
... •1-uH I• .. ctl• I.I -•· •• Ito• ot 
Chu 11 -1-• .. , N -.. 10 ... ..,,u11..r 
1., , -'"'" _,u .. ,1 uultt _u,-, 
oo• u ...... It •U .. 1, 1,.._ IUIH lw .... 
u_,un•, ,.,.,.,. , .. •"-· ~ 
...UlloHI .. I• ouoltt aNIII- •- u 
oHl.,I•..,. ct,,oolHl -•r• •r N •,-u,,.,..., ,,..1,,1, 1,01.01-1. ,,. ·­
cu .. tN .,,,.II .,,llll••II- I• oo\4 10,.. llf 
I -1••11• ol ... ..-,. r.tt-t-, OU 1-
1-1110 .... 1 ........ - ... '"'' ... 
_.,,.,. ,_..,1 .. 1,. °'"" Ol•llu ,.,,.,...,,,. 
.., ,,_ ...... ,.- ... ·- ""'""''" ... 
.... llf '"" t,001, • 

I, k!UlU9!LQllil.tl!$J:W.l) • .,_.,. ct tllo 
oulho tfi:,. tuu J•tt••ti•<f tGf .pt,r..tl"' 
0..,kU ,u• ri:\ ....... u•H•U•• u o 
nut~• oo,•Htl- i,. ttiot 11aou tho 
t11U,....,\ '"'f k •- I.*"'° l~i°'I~ 
... -iot...t l>f Jo1dbr11-l-.. II 'IOII0,11») ... bl .... 
•o• Ueo,>1.-4, b~l"'f IM<> -t tti• u­"'°' ,.qd(*l~ U n1•1cJil t,i> ••,qlll­
~\Jl>:"d .... lh: i,o,1,,,1,.,,,. ....... l"'" 
-~• •••o\"'4 I• ~lf •,· at"'1, 
~ ... 1,11.., •• 1ni;i:1 ot tM: •do1..._.,. -· 
... 1~· UHt~·ot,11 ..... ~ h, tt,• ..... f"'.~l !HO 
~..-.. 1- tt • ~ • ttlltUl •"l•, Vt• u­
,_....,In• i,> ••M.la. '"""U<tt<~i ..... " .. it: i ... 
-· !U\<'~hlt.. ... ·-!~ k O 1Ud J.. -•• 

,. R:!•lsfl Pcur PYoltlltdl<m - 00-,.,,.., ... 
,,_,1_ Hllul, I• -•-I• 1Ulol01't 
.,, .. , l•·t•• n,1,.1ou ,1,,11 _, N •­
.. - .-1111"' IM • -·lul , ... 11-1 
~ •• ,-1,,1, ol u• .tlKto •! ••• 
.. ,u.1u C-..•lc•lo.,. •• putlc,ol" 
oocl-,o _,,.1o1,. n.. •lfuto ol 
COlulul ,,.,,,., lllo ,. .. _.,. 1,.,,,,11, ol • ., , ...... M -•lo " ...... ·-1• bo 
_ ...... , .. lllo ... ,1,,1 •• 
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1------l·---------------1------------t------------t----------+----------, 
).0 MARGINS 

tll Qo•••d;, .............. , ....... ,,. •••••• 

,.,. .... ,. r"'"""" "'""'''"'" ,,.,,_' ............... ,.., .. 1 ... , ., ....... -, ....................... ., .. 
·~· 101 ........ 1 ........ 1., ·-1• N ....... ,, ......... - ..... , ... ,;., t•-· 
, ... ,..,,., •nh•• ..._.,,, ,._. ..,,,,,­
,,_ •I 0• ,,.-<111,I pln1 ,.,_,.,,. 

Ill to i,..., of,.,.,, 1••r•••I ,.,,1,0 Uot ... .. ........ ........... ... .. ., .... . 
,.1,., lol1<oul •• 1111 hi IJJ·IOI, 
..... - ,.1.1.,, ·-·· .......... ,., .. . !Joh'"''"'"',,.,,, io ,..,1,,.. 1,1.) 

01 ........ ,, ....... ,IH»"•-•...,•hl"' •• 
·--'·· ( " ..... lh• .... ,, ....... . · ............................... ... 
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