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ABSTRACT

This document summarizes the result: of a survey of nuclear power plant design
control practices and design reconstitution efforts ctonducted during 1989 at
six utilities and with one nuclear steam supply vendor. Conclusions and
observations resulting from the survey assessments are provided so that
utilities and the NRC can consider actions to improve these programs.
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EXECUTIVE SUMMARY

The U.S. Nuclear Regulatory Commission (NRC) and the utilities have rdentifiec
shortcomings invelving tne maintenance of well-defined design bases and the
availability of the necessary supporting design doc mentatior Many utilities
have embarked on design-document reconstitution programs although there has beer
NO Ciear consensus regarding what information should be included in design-bases
documents, what /s the minimum set of necessary design documents to support the

v

gesign bases, or how missing or deficient design documentation should be handled

The NRC initiated a survey to ascertain the status of design contro) programs
within the industry and the approaches to design-bases documentation used by
some utilisting The survey scope included six utilities and one nuclear stean
supply system vendor Observations and conclusions presented by the survey
team in no way reflect NRL reguirements Subsequent to this survey, industry
guidance entitled “Design Basis Program Guide)ines" was pub)ished by the
Nutlear Management and Resources Counci) (NUMARC 90-12). As stated in @
letter from W. T. Russe)l) to W. M. Rasin dated November 9, 1990, NUMARC s
approach will provide a useful approach and worthwhile insights tc those
vtilities undertaking design basis programs of various scopes. The letter
8150 transmitted NRC perspectives on several areas not extensively addressed

by the NUMARC guidelines which are consistent with the perspectives contained
in this report

while vtilities with large design organfzations (typically associateu with uni
that have been recently licensed) feel that a review of the design bases and
creation of design-bases documents (DBDs) is not necessary, there are severa
factors thet bear on the need to develop DBDs. Such factors include the even:
tual loss of design personnel with long-term svstem design knowledge and the
evolution of the utility from a design to an operating environment

Since each utility has different needs and functions that will be satisfied by
the DBDs, an assessment directed to the intended use of the DBDs and & deter-
mination of who the primary users will be can provide information to structure
the format and content of the DBDs. A centralized location for design-bases
information that emphasizes the design intent and an index to design documents
that reflect the current piant configuration are key features of successfu)
design=document reconstitution programs. Having this informaticn in a user-
friendly format that is readily accessible can enhance decign control and con-
figuration management., Wwhile it {s expected that most DBDs wil) contain certain
similar types of information, the format and content of DBDs wil)l of necessity
be somewhat different for each utility

Strong design-document reconstitution programs are characterized by extensive
invoivement of utilities in the development of their design-bases documents,
including dedicating utility personnel to perform some elements of the design-
bases document preparatior Increased utility involvement can enhance the gual-
ity of the design-bases documents, lead to greater acceptance and understanding
of the design-bases documents by utility personnel, and increase utility
personne! knowledge about the aspects of plant desigr




Reestab!ishment of the design beses without reconstitution of the supporting
design documents may not provide o sufficient Teve) of information to support
future modificetions and current plant operation. One fmportant outcome of 3
¢osign~docu-ont reconstitution (DDR) program 1s continuity anon' the various
Tevels of design fnformation (e.9., design calculations and des gn-bases docum-
ents) and the physical plant characteristics. A strong DDk program can ens. ‘e
that the design-bases documents accurately reflect the source gesign documents-
tion, the design output documents sccurately reflect the design bases, and the
plant configuration fs in sccordance with the design output documents.

When plant modifications are made, there must be confidence that sufficient
design documentation s available to verify the fmplementation of the design
bases ard to provide gustification that key dosi,n parameters (e. 9., pump net
positive suction head) are odtquctol{ sccounted for in the design to ensure that
8 structure, system, or component will perform its intended safety function.
Establishing this confidence 1s an integral part of the DDR process. The use

of & template to fdentify design documentation necessary to demonstrate the
implementation of engineering design-bases before boginn1ng & system or topica)
design-bases document s a good approach. It can define the design attributes
&nd parameters necessary to demonstrate that structures, systems, and components
will perform their intended function. The use of o template will assist in
fdentifying areas where there is missing design documentation. Only one of the
vtilities surveyed had used @ templute to systematically fdentify the syctem
funztions and design bases for which they should heve design Gocumentation.

Most utilities surveyed had not included a technica) review of the supporting
design calculations and anaiyses in their DOR programs end had not defined the
set of design documents or design parameters that are necessary to ensure that
safety-related structures, Systems, and components will perform their intended
safety function. A review of each design document retrieved can verify that 1t
s technically sound and censistent with the as=built facility. When missing
or deficient design documents are fdentified, & predefined prioritization
methodology can ensure that resources are focused on regenersting these design
documents, 1f necessary, or reconciling document deficiencies or discrepancies
on & time scale commensurate with the perceived safety significance of the
deficiencies or discrepancies. An initia) screening process 1s useful in quickly
determining the safety significance of a missing design document and the effect
on plant operability and reportability requirements.

It is Tikely that the fmplementation of a DOR program will reveal that certain
design documents will be unretrievable or contain inconsistencies. While the
regeneration of the complete se* of design documents may not be necessary, 1t is
important that certain design aocuments are aveilable to support plant opera-
tion. This set of design documents, referred to as "essentia) design documents "
Rust be accurate ond those that are unretrievable or deficient need to be regen-
erated or reconciled. In the view of the survey team, essential design documents
are (1) those necessary to support or demonstrate the conservatism of technica)
specification values such as pump Yiow calculations and set point calculations
and (2) those necessary both for use by engineering personne) to support plant
“perations and for use by the operators to quickly respond to events. Examples
of essential design documents include, but are not limited to, electrical load
11sts, set point ?1:!;. valve 1ists, instrument lists, fuse 1ists, breaker lists,
Q-11sts, diese) generator load sequencing, P& Ds, flow diagrams, electrica)
single-1ine diagrams and schematics, and brealer and fuse coordination studies.
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The regeneration of missing or fnaccurate essentia)l documents should be given
& high priority. Mowever, 1f & high level of confidence can be estad)ished in
the ability of the system to fulfi1] fts safety functions through aiternate
BeAns, such as test dete, 1t may be possible to give & lower priority to the
regeneration of the essentia) document.

Other than the essentia) documents ¢iscussed sbove, 1t may not be necessary to
regenerate missing design documents 11 other supporting information or test date
s svailable to demonstrate that o system, structure, or comporent can perform
1ts intended safety function. For example, it may 1ot be necessary to regenerate
o)) missing piping support calculations 11, on the basis of reanalysis of a suf-
fictent sample, 1t can be demonstrated thet adequate 60;1?n marging exist, Mow-
ever, if a modification s proposed that would affect a piping support, good
engineeering practice would dictate that 1t be reanalyzed unless & valid analysis
exists establishing the point of departure for the proposed modification. Addi-
tional analyses can be performed to demonstrate that an adequate design

margin exists following the implementation of the modification.

The programs to implement design changes were ?onoro11y thorough at the six
utilities surveyed. MHowever, some of these utilities did not ave & forma) pro-
cedure Lo define the process for approving & modified ftem for operation and
some did not have a procedure requiring walkdowns of a modification before and
after it was implemented.

The conclusions and observations of the survey team resulting from the assess~

meris conducted are provided so thet utilities and the NRC can consider actions
to improve these programs.
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1 INTRODUCTION
1.1 Background

A combination of factors have contributed to the need for vtilities to
fnvestigate the adequacy and completeness of the set of design bases, design
analyses, and final desigr output documents that define the design of their
plants. A consistent 1$nding of Nuclear Regulatory Commission (NRC) fnspections
(particularly safety system functional inspections [S8FIs) and safety system
ouvtage modification inspections [SSOMIs]) 1s that utilities have not adequately
maintained welli~defined design bases, nor have they maintained adequate support-
ing design analyses or final design output documents. This has resulted in
plant modifications that have been made without a fimm understandin? of the
available design margins and how they have been affected by the modification.
Some of the findings from NRC inspections thet have demonstreted inadequete
engineering Jesign bases are discussed below,

’ During an SSF1 at Turkey Point in late 1885, the NRC staff found t.at the
design-bases assumption of auxiliary feedwater (AFW) system functionalit
on the loss of the non-safety-related instrument air supply to the AFW f{ow
control valves had not been verified by test. Subsequent testing showed
that the safety-related nitrogen system, which provides backup to the
fnstrument air supply, had sufficient capacity for 6 1o 7 minutes rather
than the assumed 15 to 20 minutes that formed the basis for related operat-
ing procedures and training. Therefore, the operators were under the
impression that they had more time to supply additional nitrogen. Addition-
8lly, 1t was found that the set point of the low-pressure nitrogen annunci~
ator had been reduced from 1000 psig to 500 psig without an adequate safety
eval.ation; a design-bases requirement to ensure sufficient AFW flow to
each steam generator after & dual unit trip had not been incorporated into
the emergency oporatin? procedures; and the design bases and supporting
analyses were not readily available.

During an SSFI at Pilgrim in late 1885, the NRC staff found that the

dosign bases and design criteria for the high-pressure coolant injection
(MPCI) system existed in varfous controlled and uncontrolled documents

that were not easily retrievable. The lack of & HPCI system description
resulted 1n numerous inaccuracies in the HPCl operator training materials.
The lack of traceability to the design bases led to problems in establishing
some instrument set points and assuring proper equipment sizing.

During & SSOM] at Fort Calhoun also in late 1985, the NRC staff identified
the fatlure of the utility to obtain, maintain, and use dasign-bases infor-
mation to ensure that original design margins were not violated. For exam-
ple, the utility had disconnected 2 cells from the 60-cel) safety-related
battery to reduce the maximum vo\tago on the dc system during battery charg-
ing. However, the adeguacy of the 58-cell battery capacity was based on a
load profile developed in 1879 that had not been updated to account for new
loads added to the dc bus. In addition, the load table used to construct
the discharge profile was composed of general loads without supporting

NUREG-1397 1-1



references Lo substantiate detailed loads since the original design bases
and essociated calculations had not been maintained in a workable form, the
updated sefety analysis repurt (USAR) was heavily relied on as & desigr

input source document While the USAR contains design-bases information, it
is & licensing document and d-es not contain al) the information needed by
the engineer designing & modificatior The information contained in the
USAR alsc can be as much as 18 months brhing the current plant configuratior

Di g an SSF1 at Arkansas Nuclear One in early 1986, the NRC staff
identified that a single fatlure of an active component in the vital power
supply in conjunction with & steamiine break could have resulted in a sim-
uvitaneous blowdown of both steam generators. The failure of one vita)
power supply would have caused both steam generators to be cross~connected
through the turbine~driven emergency feedwater (EFW) pump's steam supply
1ine, resulting in & Yos. of EFW flow to both steam generators. The NRC
approved the design with the specification that check valves would be used
to prevent such & scenario. However, the utility eliminated these check
velves from the design because of operational concerns without considering
adverse effects to design and safety functions

The availability and adeguacy of design documents (1) form the basis for future
plant modifications by quantifying the design margins and defuning the operating
envelope, (2) form the basis for Title 10 Code of Federal Tgulatwons (10 CFR)

50. 59 safety determinations, and (3) form & Jiving record of the as-configured
plant The industry's heightened awarenets of this problem prompted many
1icensees to review their design bases and reconstitute missing information
However, identification of design bases and reconstitution of missing or inade-
Quate design documents can be an extremely costly process and must be balanced
against the incresse in plant safety. Experience has shown that the availability
of design documents s an invaluable aid in making decisions that support plant
operations and meintenance. These design documents also will form the baseline
for future plant modifications. Until recently, however, tiere has been no clear
consensus as to what the term “design bases" means: what comprises the minimum
set of design documents necessary to support plant operation and meet the demands
of the design change and configuration management process, and what pri-rity
should be placed on the regeneration of missing design documents

1.2 Purpose and Scope of Surve)

An underlying consideration in the discussion of design bases, design documents,
design crange control, and physica) conformance of the plant to its supporting
wireumen -ation is configuration management Simply put, configuration management
15 the contro) of interfaces between various utility organizations (such as the
technical disciplines in the plant design organization, licensing, operation,
maintenance, design change, administration, and management) with the end result
being that the as-built facility is continuously maintained and operated in
accordance with its design bases. This integrated process generally has not
been found at utilities unti) very recently. Programs to define and institute
configuration management processes appear to be an industry priority. If suffi-
cient design documentation does not exist, the success of these programs will
hinge largely on the success of (1) the design-document reconstitution program
to reestablish design bases and recreale, as appropriste, design documents that
demonstrate the as-configured plant conforms to the design bases and (2) design-
change control programs to maintain the plant configuratior




As & result of Lhe apparent differing philosophies and approaches to programs
for design-bases documentation, the NRC initiated a survey of several utflities
to ascertain the availability of design documents in the nuclear industry to
gain an understanding of current design-change control programs and practices
and, where possible, to review and evaluate existing design-document
reconstitution programs.

The survey team gathered information from & representative cross section of
operating power plants, including those that have recently received operating
licenses as well as older plants that have a longer operating history. On the
basis of this information, the team assessed each vtility's design-change contro)
and design-document reconstitution programs.

Surveys lasting 2 to 3 days each were conducted at six utilities and at the
office of one nuclear steam supply system (NSSS) vendor by a team of NRC and

NRC consultant personnel. The team surveyeu the mechanical/nuclear systems,
mechanical components, electrical power, and instrumentation and control disci
plines. Key technical personnel in each engineering discipline as well as key
management and plant personne) were interviewsd Documents and drawings t{pitl?
of the utility's design documents were e¢: *~mple basis. A sma)
sample of plant moditications also wer~ . o examine each utility's
dosi?n-chnnne control program. Utiliy\, . <sentations on engineering controlz,
configuratio, management, and design-bases reconstitution programs proved helpful
to the team in gaining an under:tand1n? of the overall utility desisn manage-
ment program. The survey included design contro) aspects because of the close
interrelationship with the design-bases activities. For example, the utility
controls that have been employed in the configuration management 2rea will have
a direct bearing on the need and ability to reconstruct the plent design bases.
An overall perspective of the design control environment is provided so that the
design-bases re.onstitution discussions can be viewed with regard to current
utility practices.

Utility responses to the survey questions (see Appendix k) enabled the team to
ain a detailed understandirg of each utility's dosign-chan?o control program.
he use cof discinline dosign-lttributc matrices (see Appendix B) helped the

survey team gain an understanding of the status of design documentation at each

organization surveyed,

The survey had the following objectives:

Ido?gify the utility definition and scope of design documentation for its
facility.

Identify specific design documents that the utility uses to support plant
operations and maintenance and that form a basis for future plant
modifications,.

. Determine the utility's contro) of and use of design documents, including

- location, availability, and appropriate use of design documents by
engineering, operations, and maintenance personne)

. degree of contro)l by engineering procedures and the scope and effec~
tiveness of these controls

NUREG-1397 13



. those documents that are controlled anc maintained to show the as-built
plant design

' ldentify the scope of the utility's program, 1f any, to define, reconsti-
tute, and maintain the plant design bases and supporting design documents,
including fdentification of

. level of commitment and incentives for reconstituting design documents

. scope of system-oriented and topica)l design-bases documents (e.g.,
environmental qualification of equipment, fire protection, and single
failure) planned for reconstitution

. types of documentation to be included in the wtility's program and
the specific design documents to be reconstituted for design at-
tributes covered by the design-bases documents

. priority and rationale for reconstitution of specific design docu-
ments (e.g., design Tnput, design process, and design output documents)

On the basis of the information gathered during the survey, the team assessed
the following areas:

utility design control and configuration management programs

the types of design documents to be controlled and maintained as-built to
support plant operations

. the types of design documents to be controlled but not to be maintained
as-built

the conditions that determine which missing design documents are regener-
ated, the priority for regeneration of the missing documents, and the re-
portability requirements associated with missing design documents and witlh
design discrepancies

‘ the need for additiona) regulatory or industry guidance regarding design
document availability and control

1.3 Design Bases Versus Design-Document Reconstitution Programs

There has been much confusion rv?arcing terminology, in particular, what is
meant by design bases. The NRC inspections discussed earlier in this report and
other similar inspections at different plants led to the conclusion that many
plants had unretrieveable, undocumented, or incomplete design bases. This means
that plants had insufficient design decumentation to support the as-built facil-
fty. Since these inspections focused on systems that had been modified from the
original design, the original design documents (e.g., calculations and drawings)
formed the design base: or point of departure for subsequent modifications.
Therefore, {f engineering judgment was used as the point of departure for a
modification, rather than the original design caiculations because thng were
unavailable, the modification was said to have an undocumented design bases.
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However, the definition ?1vcn in 10 CFR 50.2 states that design bases are
“information which ident fies the specific function to be performed by & struc-
ture, system, or component of & facility, and the specific values or renges of
values chosen for controlling for parameters as reference bounds for design. "
This has caused some utilities to infer that in order to have an adequate design
bases it is only necessary to define the functions performed by systems, struce
tures, and components and the values or range of values for controlling
parameters, without the supporting engineering or design analyses,

There are three categories of design documents. These are design inputs,
gesign analyses, and design output documents, and all are necessary to nave a
fully documented and auditable desfgn. In view of this and to avoid further
confusion, the survey team has consistently referred to uwtility programs as
"design-document reconstit. " ion programs" throughout this report and not as
"design-bases programs." However, the team has retained the term "design-bases
document" (DBD) for individus) system and topica) DBDs because it is 50 widely
used &nd understood in the industry.

1.4 Engineering Design es

The design bases for a structure, system, or component identifies the specific
functions to be performed and the controlling dosign parameters and specific
values or ranges of values for these parameters. From “ liconsin? point of view,
the design bases of a facility are a subset of the current licensing bases and
ére contained in the FSAR and other docketed information used by the staff in
judging the acceptability of a facility vis-a~vis the health and safety of the
public. For the purposes of this report, the team hag defined a new term, "engi~
neering design bases," to fnc)ude both the design bases as defined by 10 CFR
50.2 and other design considerations implemented to optimize the system design
for operational, ma ntenance, procurement, installation, or construction reasons.
As used 1n this report, the term “enginoorin? design bases" refers to the com-
plete "engineering design bases" of the faci fty and includes the entire set of
constraints imposed on the design (e.g., regulatory requirements, system func~
tional requirements, conformance to accepted industry codes and standards,
Yicensing commitments, vendor interface requirements, and other design consid-
erations that could be classified as “generally accepted good engineering prac-
tice"). As used in this report the term “design bases" 1s considered to be
equivalent to "design input" as defined by the American Nationa) Standards
Institute in Supplement $-1 to ANST NQA-1-1989, "Nuclear Quality Assurance
Pro?ran Kequirements for Nuclear Facilities," or fn ANSI N45. 2. 11974, “American
National Standard Quality Assurance Requirements for Nuclear Fower Plants, '

As stated above, engineering design bases are not limited to design features or
considerations that are necessary to satisfy regulatory requirements, For ex-
ample, the heat exchanger in the residual heat removal (RHR) sy<tem may be sized
tc cool down the reactor coolant system to the refueling temperaiure within a
specified time (e.g., 24 hours) after system initiation, This dos*qn require-
ment, although not safety related, may be imposed to minimize faci) 'ty outage
time and may be the controlling parameter in the sizing of the RHR hvat exchanger.,
Therefore, from the standpoint of creating a practica) document that i< self-
contained, design-bases documents should inc)ude design considerations \hat are
safety related as well as those that are not safety related because in some
instances it is economic or operational considerations and not safety-related
considerations that contro) the design,
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1.5 Definitions

Because the definitions of certain terms vary, in this report, these terms are
used with the following interpretations.

Accessible Documents: Contro)led documents that are readily available to engi-
neering and p1an% personne).

Documented information that describes the cur-
rently existing characteristics of structures, systems, and components.

ggnfiauratign Management: An integrated management process to ensure that the
plant s physical and functional characteristics are maintained in conformance
with the plant's design and licensing bases; that operating, training, modifica~
tion, and maintainenence processes are consistent with the conditions prescribed

by the design and current licensing hases; and that the plant is operated and
maintained within these conditions.

§$n§rgl1§d: Records that are within the scope of the document contro) program

0 € Utility or its contracted organization and are subject to the requirements
for quality assurance records specified in ANSI N45.2.9-1 74, "American

National Standard Requirements for Collection, Storage, and Mairtenance of
QualiLy Assurance Records for Nuclear Power Plants. "

Qurrgr% Licensing %ascs: The NRC requirements imposed on the plant that are
currently in effect. These include the requirements at the time the initial
Ticense for the plant was granted together with requirements subsequently im-
posed. The licensing bases are contained in NRC regulations, plant technica)
specifications, orders, 1icense conditions, exemptions, and Iiconsoe commit~
ments contained in the final safety anal{sis report, and other docketed licensing
correspondence including responses to bulletins and generic letters, For addi~
tional guidance in this area refer to the St. ement of Considerations for the
grcposod Rule on Nuclear Power Plant License Renewa) (10 CFR Part 54) and NUREG-
412, "Foundation for the Adequacy of the Licensing Bases," dated July 1990.

gcsign: Technical and manapement processes that commence with the identifice~

on of design input and that lead to and include the issuance of design output
documents (ANSI N45.2.11-1974).

g%sinn Au}hor1t§: The organization having responsibility for maintaining the
§1gn bases and ensuring that design output documents accurately reflect the
design bases.

sign Bases: Information that identifies the specific functions to be per=
ormed Dy a structure, system, or component of a facility and the specific val~
ues or ranges of values chosen for controlling parameters as reference bounds
for design. These values may be (1) restraints derived from enerally accepted
state-of-the-art practices for achieving functiona) goals or (2) requirements
derived from analysis (based on calculation and/or experiments) of the effects
of a postulated accident for which a structure, system, or component must meet
its functional goals (10 CFR 50.2). The design bases, as defined here, is iden-
tical to the definition 10 CFR 50.2 and includes only the design constraints
that are included in current licensing bases and form the bases for the staff's
safety judgments (see the definition of engineering design bases).
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ggtign-eebos goc nt: The encapsulation or summary of system or topica)
nformation that relstes to design bases as defined by 10 C/'R 50.2 and engineers
ing design bases. These documents serve to delineate the design intent and

either directly incorporate the related 6051?n documenrtation or are & directory
to related design documentation (e.9., calculetions and analyses).

Qigign Change: A change to a fina) design document that affects & system,
structure, or component.,

gsz}gn_sggg%gsgz A document belonging to the set of documents comprised of
8190 Tnput documents, design studies or analyses, and design output docu~
ments that specify the design of a structure, system, or component. These are
the documents to which one can refer to verify that structures, systems, and
components have been designed to perform their intended function within the
reference bounds of the controlling parameters and that form the point of
departure for future plant modifications.

ign= nt Reconstitution Program: The overal) program to (1) develop
summary system or topical design-bases documents; (2) conduct verification and
validation activities to ensure consistency between the design-bases documents,
final dasign output documents, and the current plant configuration; and
(?) reconstitute missing or fnadequate design calculations and analyses,
as appropriate.

Design ‘neg%: Those criteria, parameters, bases, or other design requirements
upon which the detailed final design is based (ANSI N45.2, 11-19 4),

Eosign Margin: The difference between the value of a parameter as determined
y test or analysis and the design basis specified for that parameter,

gos$gn Quiﬁgt: Documents such as drawings, specifications, and other documents
efining the technical requirements of structures, systems, and components
(ANS]T N&5.2.11-1974),

gnginagring 05s1gn ggg!!: The entire set of design constraints that are imple~
mented, including those that are (1) part of the current licensing bases and
form the bases for the staff's safety judgments and (2) those that are not
included in the current licensing bases but are implemented to achieve certain
economies of operation, maintenance, procurement, fnstallation, or construction

(see the definition of design bare

{s;gn§1|1 Nesign Cocuments: Those »2sign documents that demonstrate that
siructures, systems, and components addressed by technica) specifications wil)
perform their active safety function and support or demonstrate the conserva-
tism of technical specification values. Additionally, essentia) dcsign docu~
ments are those necessary both for use by engineering to support plan operations
in responding to plant events and for use by the operators to quickly respond
to plant events. Examples of essential design documents include, but are not
limited to, electrical load lists, set point 1ists, valve 1ists, instrument
116ts, fuse 1ists, breaker lists, Q Tists, diesel generator load sequencing,
P&IDS, flow diagrams, electrica) single~1ine diagrams and schematics and
breaker and fuse coordination studies.
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QE!!!%}!i A system, subsystem, train, component, or device is considered to be
operable when it is capable of performing its specified function(s) and when
811 necessary associated instrumentation, controls, electrical power, cooling
or sea) water, lubrication, or other auxiliary equipment also are capable of
performing their related support function(s).

lﬁz:\!!%¥1¥ rog!gngt: Documents not readily accessible but that can be locat-
ed inuy y or contractor files or archives and that contain information that
s valid for use in (he design or design change process.

5.111‘&12n: The process of ensuring that the physical plant, the design output
cuments and the design-bases documents are consistent.

v!rifiggtign: The process of checking that the information contained in th

esign-bases documents has been correctly and consistently translated from tie
source documents.
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¢ OVERALL ASSESSMENT OF UTILITY DESIGN CONTROL

This section of the report provides the overal) assessment of the design prac-
tices and technigues used at the six utilities. The survey team concentrated
on the manner in which design changes are initiated, processed, and pursued to
completion by the various utility organizations. Utility controls on externa)
and internal interfaces, design documents, licensing commitments, and plant
operational documents are described. Assessments of the availability and
retrievability of design documents and internal guidance documents for engi~
neering design are included. For those readers desiring only an overview,
Sections 2.1 and 2.2 below are suggested.

2.1 Interns) Corporate and Site Engineering Interfaces

Each of the six utilities surveyed has organized its engineering activities
into traditional architect/engineer disciplines (1.e., mechanical, electrical,
instrumentation and contro), and civil/structural engineering) with some minor
variations. A11 of the utilities have established both corporate office engi=
neering groups and site engineering groups for performing and/or technically
managing the engineering activities required to support design medifications.
The site engineering groups are efther an extension of corporate engineering
or they report to the plant organization rather than to corporate engineering.

The site onginoor&n? groups of the utilities surveyed, to varying degre. are
counterpart discipline organizations to the corporate engineering staff  ‘ener-
ally, the larger or more significant modifications are developed by the = ‘po-
rate office and the smaller or replacement-in-kind type modifications &.« vevel-
oped by the site onginoorin? groups. Site engineering assists in implementation
of the more significant design modifications developed by corporate engineering.
The corporate office is typically responsible for engineering standards, calcu-
lations, analyses, design specifications, and drauings. Site engineering is
typically responsible for 1faison with site organizations concerning construce
tion specifications, maintenance/test procedures, and installation details.

In some cases, the site engineering staff is not an independent engineering
group but rather a part of the corporate engineering group working at the plant
site. Typically, the site engineering staff has the responsibility for design
and implementation of smaller scope design changes and plant modifications while
the corporate staff has responsibility for more intrusive, larger scope modifi=
cations. 1In some utility organizations, the site eng neering staff reports %o
the plant manager rather than to the manager of coip.rate engineering; in other
instances, a matrix organization exists and engineers that are part of the cor-
porate engineering staff are assigned to the plant staff reporting to the plant
manager. In other utilities, the operations organization has tota) responsi-
bility for design and configuration control and uses the corporate engineering
staff as hired consultants for specific tasks, even to the extent that the
corporate engineering staff needs to compete on a cost-basis with outside
organizations to perform modifications at the plant.
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While an architect/engineer organizational structure generally is used, the
team identified some organizationa) weaknesses that are noted in Section 4 of
this report,

The technical (vs. administrative) involvement in the design and the depth of
personnel skills varied considerably among the utilities, &s well as among the
disciplines for a particular utility (discussed further in Section 2.2.3).

A1l of the utilities surveyed established a lead engineering discipline with

an associated lead engineer for a particular modification. The involvement and
support from other engineoring disciplines varies depending on the scope of the
modification. A1l the utilities surveyed have internal procedures and controls
to ensure that al) engineering disciplines are aware of the modifications at
least at the management level. Periodic meetings (typically weekly) among the
engineering disciplines are conducted to ensure coordination of design packages.
One utility had a 1ist of technical issues (such as fire protection and high-
and moderate-energy line breaks) requiring coordination between discipline
groups. A matrix of discipline engineers is used for large, complex projects.

At one utility the survey team found that site cnginoer!n? performs nearly all
of the smaller mudifications in-house while corporate engineering contracts
nearly all of the larger modifications. As a result, the site group appeared
to perform most of the utility's modification engineering while the corporate
group serves primarily in a project management role. The survey team concluded
thet this resulted in a shallow technical involvment by the corporate staff in
the design process (for example, in-house capabi ity for seismic calculations
was sparse). If two onginoorin? ?roups are perfcrming the design changes, it
becomes more difficuit for a utility to control its configuration. A central
design organization, which minimizes the cnginoauin? performed by separate site
groups, appears to provide better assurance of conf guration control.

The survey indicated that (1) utilities with plants that have recently become
operational have 1|r?or design staffs with more engineering disciplines and per-
form more fundamental design engineering in-house, and (2) utilities with plants
that became operational in the early to mid=1970's tend to have smaller staffs
and rely more heavily on outside contractor organizations for the more complex
and involved design activities while overseeing these activities in a project
management role. The increased reliance on ~ontracted engineering organizations
will tend to increase the difficulty in performing a design-document reconstitu~
tion (DDR) p.cgmam since the source documents are more widely dispersed and are
more difficult to retrieve. Significantly, at the time the survey was conducted,
none of the surveyed utilities had adopted the corporate systems design engineer
concept, which appears beneficial in centralizing the technical ownership of the
DBDs. Howaver, many of the utilities do have system engineers that are part of
the plant operations staff, although they do not pertorm a desi?n function. The
system engineer is responsible for the materia) (physical) condition of the sys-
tems assigned to him/her and usually performs oystems waikdowns at periodic
intervals to inspect for items such as leakage, proper lubricant levels, and
loose fasteners or kinked instrument tubing. At one utility surveyed, these
walkdowns were performed with the participation of a representative of the
design engineering organization. Although the systems engineers have a thor-
ough understanding of how their system cperates, they may not fully understand
the system design and the design decisions and tradeoffs made in arriving at

the current co” “iguration.
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2.2 fExterna) Corporate Engineering Interfaces

The utiiity's corrorate engineering organization typically interfaces with the
utility's licensing organization, the nuclear steam supply system (NSSS) vendor,
the architect/engineer (A/E) and engineering services contractors, equipment
vendors, and the utility's plant organizations that implement and are affected
by design modifications.

Interface with these groups is discussed below and significant differences
between the organizations are highlighted. Further discussion of the interface
with plant organizations and other groups is provided in Sections 2.3 and 2.4.

2.2.1 Licensing Interface

The utility Ticensing organizations are responsible for maintaining licensing
commitments. The licensing organization controls the utility's final safety
analysis report (FSAR), distributes NRC bulletins, generic letters, information
notices, orders, inspection reports, as well as other licensing correspondence
and is the point of contact with the NRC. NRC generic communications are typi-
cally screened for distribution to the proper design discipline manager for dis-
position. Most of the utilities assessed are using, or ple to use, & tracking
system to facilitate direct access by engineers to licensing, commitments. The
Ticensing commitment tracking system and the FSAR are important source documents
to support the design-bases documents,

The design engineer working on a plant modification is responsible for fdentify-
ing any required update to the FSAR necessitated by the modification. In most
cases, the design engineer directly marks a copy of the FSAR sections and appends
those sections to the modification package. Generally, the licensing group
performs an independent review of the design engineer's markup to ensure
completeness of the changes to the FSAR.

While the FSAR and cther 1icensing documentation will not be a complete source
of design input information, 1t is an important repository of design-related
information that is necessary for developing the design-bases documents.

2.2.2 NSSS Vendor Interface

The utilities typically interface with the NSSS vendor in support of NSSS
analyses, design-bases reconstitution, &nd major modifications to the NSSS.
The survey team also visited an NSSS vendor to discuss the interface process.

The utilities contract the NSSS vendors to provide the assumptions and results
of the major computer codes, such as transient and accident analyses; however,
the utilities do not receive the methodology or the actua) code. Most utilities
do not have the capability to maintain these nagor codes. In cases where the
utility no longer uses fuel supplied by the NSSS vendor, the utility has
typically contracted with the new fuel supplier for these services.

The involvement of the various NSSS vendors in support of the utilities'
secign bases reconstitution efforts is described in Section 3.6.

Unless separately contracted to do so, the NSSS vendors generally do not maintain
N5SS design documents as-built after commercial turnover to the utility. A few
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venaor had pre ged Lthis sery
gocuments had not been mainta
ingtrumentation d
gocumentat
intained, nor are
iCled the desigr

generally have 1imited 1nvolvemsr npl odificetions,
ertept & Uliiily had procured specialized equipment or services for signif-
cant NSSE mot coations Even in those cases, the NSSS ¢ Jipment or servicet
are Lypica NEied Dy contract organizations, within the NSSS vendors organ)
etion, not responsible for the original NSS desgr These contract organiza-
tions may not enough NOSS design insight to ensure that the engineering
gesign beses ! been maintained

Extensive efforts w e required to overcome the failure of utilities to
maintain the NSSS as+~built design history The reconstitution efforts in the
$ ares will fnvolve the origina) NSSS vendor, alternate new fuel suppliers,
ViT11ity or A/E that has cognizance of the NSSS modification history
0f NSS5 design work not performed by the NSSS vendor 1s warranted
the engineering design bases have not been compromised

Engineer and Engineering Services Interface

engineering organizations contract A/F and engineering services
for support in the preparation of design modifications as we))
*0f=plant design-bases reconstitution and specialized engineering
Or services nol nermally found within the utility organization (for
example, fracture mechanics or materials snalysis)

There was & wide range among the utilities surveyed in the depth of technica)
capabilities, staffing levels, and the degree to which engineering work was con~

tracted externally for the less specialized traditiona) engineering disciplines

The total corporate nuclear engineering discipiine staff varied from 30 to 270
vetween the utilities 1T this 1s reduced to a per-unit value, the variation
was from 20 to 135 employees. The percentage of work contracted orterna)ly and
the supervising of contracted work also varied considerably. Generally, the
proportion of modificatior packages performed in-house was estimated to be
between 40 and 60 percent of the tota), with extremes of 20 percent in one case
and nearly 100 percent in another However, when the complexity of the modifi-
cation packages was considered, the proportion of those done in~house was lower
Thus, 1t appeared that the invelvement of many utilities is more directed toward
project management of contracted A/E or engineering services organizations in
support of complex modifications with the bulk of utility technical effort con-
centrated on smaller, simpler modifications and other engineering efforts in
support of plant operations For example, the eurvey team found that some util-
1ties have no capability for performing Piping stress analysis in-house and rely
on external design organizations to provide suct analyses, using the contracted
organization s protedures and design standards Because of the wide variety of
staff capabilities and engineering involvement, the survey tean developed the
following organizational classification scheme

- ¥ & ¥ .




Category 1: The utility has an extensive discipline-oriented staff in-
house, and the staff has breadth and depth of engineering skills and know)-
edge. Mature design specifications and onqinoorin? procedures are main-
tained. Most ongineorin? s performed in-house. The utility has the tech-
nical capability to develop major modifications with only specialized con-
tracted support., The utility has high technical involvement in the work.

Cato?ory 2: The utility has full breadth of engineering skills and
knowledge in-house, but not the depth of Category 1 in a)) disciplines.
Mature design specifications and engineering procedures are maintained.

The utility has the capabflity to develop extensive preliminary engineering
for modifications in-house, although implementation of pre-engineernd pack-
8ges may be contracted externally. The utility has high technicai
involvement in the work.

¢ Catc?ory 3: The utility has limited breadth and depth of onginoorin?
skills &nd knowledge in-house. A 1imited scogo of design specifications
and engineering procedures exists in~house. The utility serves as tech-
nical profcct manager with a contracted engineering service organization
and has limited technica) involvement. The contracted organization gen-
erally uses its own procedures manua).

The survey team concluded that it may be difficult, but not necessarily unac-
ceptable, for a utility to operate as a Category 3 organization. However, the
methods by which a Category 3 organization ensures that the engineering design
bases are not abrogated durin? modifications and that right questions are asked
during the development of modifications and that the answers are progorly derived
will be different than for a Category 1 or 2 organization. Converse , operating
as a Category 1 or 2 organizetion in itself will not guarantee successful design
control unless factors such as discussed in this report are considered.

The ability of the utility to carry out & design-document reconstitution program
will depend significantly on the level of in-house capabilities as defined by
the three organizational categories. While the Category 1 staff should have
more wherewithal and greater availability of source documentation, the Category
3 staff wil) possibly have the most to ?ain from becoming actively involved in
the DOR process. The involvement of ut 1ity engineers should lead to greater
understanding of their plant's design characteristics and should provide the
opportunity to expand the amount of accessible design documents that will be

of value for future modification design activities.

2.2.4 Equipment Vendor Interface

The utilities mainly interface with equipment vendors during the procurement
process. There appeared to be 1ittle difference among the utilities surveyed,
although there were some differences in the degree to which utilities maintain
vendor manuals consistent with the as-built facility.

Utilities generally consult with the NSSS vendor and subvendor when modifying

or replacing major equipment. However, the NSSS vendor included in the survey
expressed concern that a utility might not be aware of the availability of newer
and better parts for use in the NSSS vendor's equipment if the utility dealt
directly with an original equipment subvendor when replacing parts,
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The long period of time that has elapsed since component design and procurement
may aggravate the ability to reconstitute the associated design input
information.

2.2.% Plant Interface

The corporate engineering organization interfaces with plant organizations
during the design modification process. However, there was little evidence of
proactive interface between the corporate and plant organizations for plant
studies not cirectiy reiuted to a plenned modifization.

During the design process, most of the utilities surveyed have two forma) design
review meetings (al) utilities surveyed have at least one) between the design
organization and the site organizations to review the modification under devel-
opment. These meetings occur at different stages in the design process depending
on the utility, but one 1s usually held early in the design process (20 to 50
percent completion) to resolve issues or conflicts involving dosi?n, implementa~
tion, construction, procurement, maintainability, safety, operability, health
physics, cost, scthuling. or startup, as appropriate. The second meeting may
be held toward the end of the design process (90 percent completion) to ensure
that no problems exist with constructability, operability, or maintainability of
the modification and that new problems will not be created for plant personne)
after implementation. Reviews and comments are formally documented and conflicts
resolved before the modification package is approved and issued. The utilities
reported that these meetings are very valuable to che desi?n development, promot-
ing understanding of the modification and 1ts effect on all site organizations,
and enabiing resolution of most problems before implementation.

The plant interface reviews generally are conducted by the plant systems
engineer. A1)l of the plant organizations affected by the modification estab~
1ish review teams. Durin? the plant reviews, the corporate design engineering
organization is essentially in a contracter role relative to the plant
organization,

The level of plant experience acquired by the design engineers within the
utilities' corporate engineering organizations varied aaong the utilities.

For example, some utilities have design engineers with sufficient experience
to directly mark up and prepare installation or test procedures with little
further effert required by the plant organization; others do not have this
level of experience and leave detailed preparation to the plant organizations.

2.3 Document Contro)

One element of design contro) and configuration management programs is a document
control program that controls revisions to documents that show the as<built con*
figuration of the plant and makes these documents available to engineering and
plant personnel for use in preparing design modifications. Some utility proce-
dures for handling controlled documents specifically address ANSI Standard
N45.2.11-1974, This standard specifies methods for document control of changes
and distribution. Types of typically controlled documents are listed below.

design drawings, including those provided by contractors
procurement specifications
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‘ installstisn gpecifications
’ sysvem descriptions
safety analysis reports
. environmental reports
¢ administrative, design, insta)lation, and testing procedures
. design calculations and analyses
; gesign-beses documents
. vendor instruction manuals and drawings
. interface documents
. revisions to design documents
' field change requests
’ design change requests

Most of the surveyed utilities maintain a controlled copy of plam. design
documents to ensure that they reflect the as-built configuration ot the plant
with the possible exception of piping area drawings, procuremert and construce
tion specifications, original vendor drawings, or other historical records.
Many of the utilities do not update contro)led calculations to incorporate minor
changes or track these minor changes so that they can be assessed in aggregate
to determine the total impact on system or component performance. A few util-
fties surveyeC maintain a controlled copy of every dosign document affected by
a design change. Those utilities surveyed that have DD programs plan to con-
trol the topical and system DBDs, which they are currently preparing, to ensure
that these documents will re“lect the as~built configuration of the plant.

The utilities indicated that the types of documents 1isted be)ow typically

capture the design bases for the plants and serve as the basis for the design

change process.

‘ design-bases documents

. Q-1ist (1isting of safety-related components)

¢ engineering correspondence

‘ NSSS vendor, A/E, venacr, and utility design documents such as engineering
calculations, drawings, specifications, and internal design standards and
procedures

. FSAR, including outstanding updates

¢ operating license, including Technical Specifications

’ NRC safety evaluation reports

. general design criteria (10 CFR Part 50, Appendix A) and other NRC
regulations

. licensing correspondence and regulatory commitments
‘ environmental, State, and other regulations

NRC Standard Review Plan
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regulatory guides
industry standards
analyses and test reports

Each of the utilities has several cata-base management systems and other
information systems that can be used to retrieve information to be used by the
design engineer. These systems typically provide information on components and
other plant equipment, drawings and drawing changes, calculations and analyses,
design documents, a 1ist of safety-related (Q-1ist) components, and plant modi-
fication status. Severa) utilities noted their intention to develop a configu-
ration management information system (CMIS) that would provide an integration
and control of the information contained in the other data bases and information
systems.

The team revie. one CMIS that is under development and is designed te have one
primary data '»-.e keyed to the component tag number with a number of secondary
data bases ‘.at can be accessed for additional component and design-bases infar-
mation. The ?oal fs to provide a system for the controlled maintenance znd use
of configuration data, Among the data bases planned are the Q-1ist components,
valve 1ist, hanger list, equipment list, instrument 1ist, tag number versus pro-
cedure number, tag number versus drawing number, text contents of DBDs, annunci-
ator 1ist, and tag number versus technical manua) number. The CMIS was demon-
strated to be a very capable and usefu) too). The configuration data in the
CMIS 15 accessed from & carousel-type array that allows great expansion of data
availability coupled with rapid retrieval of information. The utility indicated
that continuous interaction of the utility personnel and the computer system
designers was necessary to achieve a truly useful, user-friendly system that

met their needs,

An established broad range of controlled as-built documents will aid the
reconstitution of the plant design bases. The verification and validation
efforts associated with design-bases documentation will be impeded if the
source documentation has not been maintained in an as=built condition. The

DDR program in concert with ongoing configuration management efforts can prompt
the expenditure of resources to attain consistency between the design documents
and the plant configuration.

2.3.1 Drawings

Plant drawings are an essential part of a document contro) program because they
are critical to design engineers, plant operators, maintenanre and technica)
staffs, and others in performing plant modifications and norms) plant operationa)
evolutions, in developing procedures, and in coping with off-normal operating

e ents. These drawings provide needed design information, but become untrust-
worthy when they are not maintained consistent with the as~built plant design.
Timeliness of updating drawings is a difficult task, but is necessary if the
needs of the designer and the operator are to be met.

A1l of the utilities surveyed have experienced difficulty with drawing mainte-
nence. Categories of drawings, such as Togic drawings, instrument Toop drawings,
and piping area drawings, have not typically been maintained as-built and can
only be provided through a reconstitution program. In some instances, drawing
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update programs in the past only caught up to a certain point and d d not provide
& mechanism for continued updates resulting from future plant changes. Drawing
update priorities were not wel) defined, resulting in an overload fur the draft-
ing organization and missed update schedules. It is important tha’ control room
drawings are always updated before & modified system f¢ returned .o operation
because this could result in unsafe operations and disagreeme.s betwran
procedures and referenced drawings.

The utilities surveyed have drawing control programs that address revisions
resulting from design changes or modifications ?1nc1ud1ng interim or specia)
drawings particular to the modification or change) and revisions resulting
from minor deficiencies or nomenclature errors that are not design related.
The drawing contro) programs encompass NSSS vendor drawings, A/E drawings,
plant equipment drawings from other vencors, and utility-produced draw1n?s for
the plant. One utility has identified 165,000 drawings associated with its
drawing control program.

Each of the surveyed utilities has established a priority catcior1zation for
updating drawings and has identified timeframes for accomplishing the update
of the drawings in each category. The number of catogorios vary from two to
five, and the timeframes for updates vary from 5 to 14 days for the highest
priority drawings (e.g., control room drawings that are required to be updated
before acceptance for operability) to 180 days following & declaration of
system operability or & request for updating on the Towest priority drawings.
An example of ¢ drawing prioritization method is descrided in Appendix C.

Although control room drawings have the highest priority for updating, only a
limited number of drawing types are classified as control room drawings. Other
drawings have a longer update timeframe, and the team noted instances of main~
tenance and operations personne) experiencing difficulties in determining the
appropriate plant configuration to perform such operations as electrica) system
Lagouts. An associated problem arising from the extended update time was the
existence of some inuividual drawings with as many as 15 to 20 design changes
outstanding against the drawing, with some implemented and some yet to be imple-
mented. Further refinement of drawing categories in some instances may be
hecessary to better minimize operational, maintenance, and design contro)
problems.

Control room drawing types considered critical to plant operations varied
significantly from utility to utility. The drawing types that utilities typ~
ically update before turnover of the modified systems to plant operations as
well as additional drawing types that are important to operations and located
in some of the control rooms are 1isted below.
' piping and instrumentation diagrams (P&IDs) or equivalent
' control logic diagrams
electrical one~line diagrams
. instrument functional loop diagrams
control wiring diagrams, elementary wiring diagrams, or schematic
connection diagrams
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' electrical distribution and pane) arrangement drawings
resctor protection and safoguards cdrawings
circuit breaker 11st or interruption disgrams

' level-setting diagrams

‘ three-line electrical diagrams
ac and dc 480-volt and 125-volt feeder diagrams

’ general arrangement drawings

: valve index

' instrument inder
lighting drawings

' piping schematics

’ internal wiring diagrams

' instrument block diegrams

The survey team found utility programs that did not require 811 drawings
designatod as control room or operstions drawings to be reurafted before modifi-
cation turnover. Interim as-built temporary drawings were supplied for opera-
tions use until the drawing revision process was complete, usually within 30 to
90 days of modification turnover. Updating of critical plant drawings for oper-
ations use as & condition of modification turnover is an important function.
Further refinement of drawing categorizations and better definition of priority
drawings should be considered to enable timely updating of important drawings.

Some of the utilities said that they are maintaining all of ihe plent drawings
to reflect the as-built configuration of the plant, while others said they try
to maintain all but & few drawing types with the as-built configuration, The
exceptions are usually historica darawings such as those contained in vendor
manuals or used for & one-time or temporary application, piping area drawings,
and equipment plan and general layout drawings. Key drawings are extracted
from ?ho manuals and placed in the drawing control program separately from the
manuals,

Most utilities produce interim drawings in one form or another for use 3n
modification packages, with the areas affected by the modification noted on the
interim drawings. In cne utility surveyed, the original drawing is marked to
indicate that a modification is outstanding so other modifications can be pro-
perly coordinated. Interim drawings are issued with the modification package
and as aperture cards to be included in the computerized drawing control system
along with the original drawing. In other utilities, the control and status of
interim and revised drawings are sometimes accomplished by means of a computer~
ized drawing control tracking system, which would be more compatiblie with the
intearated CMIS,
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There are several unique drawing types for plant operations or modificati, as,
Composite ~onsv: . ction drawings that cover several modifications or field vevi-
sfons are developed to show the effect of planned work on & system or area o*
the plant to minimize interference and modification interaction during plant
outages. Composite drawings are developed for wiring and tubing nodigications
to provide an overview of the modification by showing interface i1 d interconnec-
tion points of existing systems. Drawings that are composites of plant safety
s¥stom P&IDs and logic diagrams are used as control room drawings critical to
plant operations. Orawings that show the configuration on which the design was
based are included in electrical and instrumentation and control design change
pncka?es 50 that the actual field condition can be verified before the
modification is implemented.

While utilities have established prioritization categories to guide the drawing
update process, the survey results indicated that some drawings have been
inappropriately categorized and the delayed drawing updates have negatively
affected the conduct of plant activities,

2.3.2 Calculations

Another class of design documents is calculations or analyses. Calculations
demonstrate in an analytical fashion that the facility structures, systems, or
components can meet their engineering design bases and perform their intended
safety functions. Calculations and analyses are not generally considered design
input documents, but often these calculations Torm the point of departure for
plant changes and modifications.

The survey team reviewed the availability of original plant calculations and the
adequacy of the origin:) plant calculations in Tight of regulatory and system
thanges since plant I{censing. They reviewed the control of changes an. revi-
sions to these calculations arising from the design change and modification pro-
cess, the philosophy toward missing calculations and the priority for regenerat-
ing calculations, and the tracking of and accounting for incrementa)l changes to
system contigurations that may reach a threshold necessitating a revised calcu-
lation to ensure the design bases (including the required margin of safety) are
maintained,

Many of the plants have designs that pre-date the requirements of Appendix B

to 10 CFR Part 50 and the specifications of ANSI Standards N45.2.9-1974 and
N45.2.11-1974. As a result, availability and contro) of design calculations

in the time preceding these regulations and standards were much less than furing
periods following the imposition of these requirements. Utility design-document
reconstitution (DOR) programs have resulted in accessing thousands of design
documents and pieces of correspondence from the NSSS vendor's files, original
plant A/E's files, and utility's files. Some calculations cannot be traced to

@ particular system or component, or it cannot be determined if the calculation
was the latesl revision applicable to the system at the time of the plant oper-
ating license. Most utilities with early plants did not appreciate the need for
turnover of plant design documentation from A/E and NSSS vendor files to utility
filus at the time of plant licensing; nor did they anticipate the need to estab-
Iish and maintain configuration control of the documentation in their files
following plant licensing.
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HOwever rrent utility gesign change/modificatior procedures address 1
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geta
end revision of calculationt come Utilities revise existine ca
Gtions while some perform new calculations leaving the existing ones in

S

ace

a5 & historical rogcord when minor changes were performed on & system (¢
t of a tee with an elbow in a pig
vaive replacemer

Xl

'ng run, weight change resulting

replacemer p from
t pipe hanger modifications, and rerouting of cable trays),
evaluations and justifications for not revising calculations were usually noted
n the modificatian peackage, but were not genera) ca
cuiation to indicate that the calculation was no longer representative of the
as*Dbul il system because of modifications An instance was found, however,
procedural guidance exists for calculation addenda to summarize such minor
changes sc that later calculation revisions can account for these minor changes
In some cases, performing calculations to determine the effect of minor systen
changes may not be necessary as long as testing (such as 7low testing) can ade-
Quately confirm the capability of the modified system to perform its specified
function and meet the design requirements

whe r¢

Some utflities do not maintain generic files of calculations, but maintain the
calculations with the design mouification package In one instance, contractor
organizations are relied on to prepare design modifications and to control
calculations under their program, leading to potentia) incor istencies in
calculation contro)

The survey team reviewed the identification and tracking of multiple incrementa)
changes to calculations for which each change in and of itself might be inconse:
quential to the results o7 the calculation, but the cumulative effects might be
of sufficient significance to warrant revision of the calculation to account

all changes None of the utilities surveyed has vigorously addressed this
concenrn

for

One utility expressed concern that the existence of auditable but trivia)
discrepancies in the plant design documentation could require excessive and
physically meaningless revisions to the documents to obtain conformity The
utility believes that as the dsta base of design and as~built informatior
increases, it will find a substantial number of minor inconsistencies between
documents that would be very costly and time consuming to reco.cile The uti)-
11y suggested one way Lo address this would be to develop tolerancas for minor
deviations in data that are within the range of calculational or installation
accuracy for design and Physically measurable attributes. The Electric Power
Research Institute, Nuclear Construction Issues Group suggested a cimilar ap-
proach for piping systems in its "Guidelines for Piping System Reconciliation"
(NCIG=05). The utility also suggested that judgment should be exercised in
deciding which design and construction attributes are to be a part of a config-
uration management program because the amount of information that is controlled
Or that needs to be verified can increase fpeometrically as the number of attri-
butes 1o increased. For example, many attributes can be controlled for pPiping
supports, including weld lerngth and size, anchor bolt characteristics, and ever
paint color Some attributes have attributes of their own. For instance. some
anchor bolt attributes are embedment lenath thread engagement, perpendicularity
to the base plate, bolt torque, and iocking device type fherefore, 1f it were
necessary 1o retrieve, control, and verity every attribute for avery component
one would very quickly be overwhelmed with gata, much of which could be
Iinconsequential




¢.3.3 PMiscted Procedurcs

The plant change/modification packages devaloped by the engineering organizations
usually resulted in the development of or revision to plant procedures such ac
installavion, acceptance test, startup test, operations, maintenance, surveil-
lance, and chemistry procedures These procedural changes were accompanied by
changes to plant trzining programs Methods fer preparing these procedura)
changes vary from utility tu utiiity For some utilities, the design organiza~
tion has a major role in defining procedural changes; in others the design

organization provides guidelines for implementation and plant organizations
define procedura) changes

One method specifies that the design engineer responsible for developing the
modification design package prepare a summary functiconal description of how
system operation wil)l be affected by the modification In this instance, mark-
ups or draft changes to the operations, maintenance, or other plant procedures
are not prepared by the design organization. The plant groups are responsible
for reviewing the modification, determining which of the procedures require
changes, and preparing those changes. The procedure changes are identified to
the project superintendent responsitle for tracking the changes and ensuring
they are accomplished. However, step-by-step installation instructions are

provided by the design organization, alung with examination and functions
testing

Another methoo specifies that the design engineers provi~~ guidance for test.
instellation, and plant operating procedure changes, whi he site instailation
organizations Jevelop detailed installation instructions and work packages using
the design guidance. The plant systems engineers define the required procedural
changes with the assistance of the affected plant organizations and coordinate
the development and implementation of those procedural changes. The plant sys-
tems engineers alzo define procedura’ requirements for post-modification testing
Development of the majority of the procedures is typically performed on site

because corporate design engineers generally have limited experience with regard
to plant operating requirements.

Another utility uses a plant procedures upgrade group to develop all new
procedures and procedural changes, including those arising from plant modifica-~
tions. Installation process sheets and installation lists are developed by the
implementing organization. Design engineering provides criteria for installa-
tion, startup, and testing and provides operation and maintenance guidelines and

other necessary information for use in develoning nlant operating manual
procedural changes

The ctice of using the design engineers to provide draft plant procedural
Chaiy*s with the modification packages was only found in instances in which
utilities have extensive plant operating experience within their design
organization staff

Plant mo“ifications and design changes have a similar effect on the training
departmenis. Typically, training receives copies of moJdification packages for
review and comment during the development stage and again at final issue of the
modification. Operator training requirements relevant to the modified system
are determined and the timeframe for the training (i.e., immediate, before
turnover of the modification to operations, or long term) are established



Training requirements are determined for maintenance craft, installation craft,
and other non-operater training programs and lesson plans are revised or devel-
oped. Special lesson plans are prepared, if necessary, for training that is
required befor» startup or turnover of a modification to operations. Simulator
changes also are determined. Training is held during the normal operator train-
ing cycle, through specia)l tra2‘ning classes or during shift briefings for “he
operating crews.

Procedures that are deemed critical to plant operation of v modified system
(e.g., operating, abnormal operating, emergency operating, surveillance, and
chemistry procedures) are required to be updated, approved, and in place in the
control room before the modified system is declared operable. Other procedures
that are not required for operability, such as maintenance procedures, may b
updated following the determination of system operability and turnover to opera-
tions. Modification control procedures at utilities require listing all revised
design and plant documents in the modification package. Most utilities use the
document revision 1ist as a checkoff or use other means of tracking procedura)
ﬁhan?os to ensure all changes are implemented before the modification package

s closed.

In the past, utility design organizations had not reviewed plant procedures
for conformance to design requirements. However, programs are in place, or
planned, in several instances, to accomplish such reviews. The greater degree
of involvement by the design organization with generating plant procedures
should result in fewer concerns fdentified during the design-bases document
verification stage.

2.3.4 Retriev. flity/Availability of Design Documents

Each of the utilities surveyed varied in the scope and detail of its design
document®. types because these documents were prepared by four different N5S5
vendors, four different A/Es, and four different constructors to site-specific
and other plant-unique dcsi?n requirements. One utility designed and constructed
its own plant. The original design documents for most of the plants were pre-
pared in the late 1960's and early 1970's, while the original design documents
for one plant were prepared in the late 1970's.

Technical control over plant design modifications also varied from utility to
utility. Severa, utilities surveyed either perform most plant design modifica-
tions in-house or perfurm technical reviews of the plant design modifications
that are prepared by contracting organizations. These utilities have also
obtained all of the original plant design documents that the plant A/Es could
access. Other utilities function in a project management mode and assign the
preparation of plant design modifications and the responsibility for the tech-
nical adequacy of these plant design modifications to the original plant NSSS$
vendor, the original plant A/E, or other contracting organizations. The plant
A/Es maintain the originai plant design documents for these utilities, thus the
utilities must rely on these organizations for informat’on on document
availability and retrievability.

For each utility surveyed, the team obtained an overview of the availability

and retrievability of the utility's design documents with regard to its unique
plant licensing commitments and design requirements for the electrical, instru-
mentation and control, mechanical components, and mechanical/nuclear disciplines.
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The attributes reviewed ir each ¢ scipline are tabulated in Appendix B to this
report

The utilities surveyed have adopted ANSI N45.2.9-1974 a¢ the standard for the
preservation of lifetime quality assurance records The plant design records
for plants with more recent startup dates appeared to be adequate The desig
records for earlier plants do not . “sport al) aspects of thke original plant
design because those plants were designed and built before the requirements of
Appendix B to 10 CFR Part 50 applied. Most of the ut lities intend to regener-
ate some missing calculations to validate system design-bases documents
2.3.%5 Availability of Corporate Design Guides, Standards, and Design
Soecifications

-
scope, quaiity, and maintenance of internal design guides, standards, and design
specifications. These documents typically comprise specific technical guidance
that supplements the general requirements imposed by industry standards and reg-
ulatory requirements applicable to the plant cesign. While these interna) guid-
ance documents need not represent regulatory commitments or mandatory design
practice in all cases, as a minimum, they would be evidence that the organization
has considered and selected alternative design approaches, and would define at
least one acceptable (but not necessarily unique) approach Such documents
promote a uniformly understood design approach to ensure that higher-tier regu-

latory commitments ~d safety requirements that are a part of the plant design
bases are fulfilled

An important measure of a design engineering organization's capability is the

Typically, higher-tier requirements are deliberately not prescriptive in the
details of design implementation. Lower-tier documents provide working~leve)
guidance to the designer For example, the requirement for physical separation
of redundant equipment is translated into a design approach. Such plant-
specific and detailed guidance is required to centrol the design activities to
ensure conformance with the plant design bases. The utilities addressed this
need in various ways. A1l of the utilities surveyed had prepared or plan to
prepare at least some topical DBDs that are intended to be specific enough to
be used directly by a design engineer for certain areas such as electrical
separation. These DBDs are particularly valuable for older plants constructed
before the establishment of more recent and detailed industry standards.

Some utilities believe it 1s sufficient to Just use industry standards and
regulatory requirements to control the formal conduct of their lower-tier desi
activities However, it also is necessary to contro) plant-specific interpre-
tation and application of these standards and to recognize that the industry
standards do not cover all of the lower-tier design decisions and analyses that
must be made by the engineer

an
Y

All the utilities reported the existence of other internal guidance documents
known variouslv as design guides, standards, specifications, design criteria
memoranda, engineering instructions, quality instructions, and design (drawing)
details There was a wide variety in the scope of these documents, as well as
wide variation in their structure, use, and maintenance In some cases, the
documents reflect an emphasis on procurement or installation specifications,
rather than design specifications In other cases, utilities empioy older cor

" - 5 . a . \ - I ” F » ¥ s ] . ]
porate standards that had been developed for foss pl

a

ants without updating or
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tailoring them to nuclear application. Some utilities rely extensively on the
design standards and practices of the A/E performing the modification work.

A summaiy of the design guidance topics that the utilities reported as either
availabie or planned is provided in Appendix D. Documents maintained by ¢on-
tracted organizations were not reviewed as part of the survey and are not
addressed 1n the summary. The survey team briefly assessed the scope of the
utilities' documents for comparison purposes, but did not evaluate their ade-
quacy. The topics listed are representative, but not all=inclusive of the
design attributes that might require internal guidance documents.

None of the utilities have a comprehensive collection of internal engineering
design guides, standards, and specifications. Some utilities seem to have a
fair number of such documents in place, some utilities have comparatively
aggressive plans for developing such interna) uidance, while other utilities
seem to be relying on a collection of topica) gBDs, existing analyses, design
output documents, & spaise collection of procurement and installation related
guidelines, or their A/E's standards and practices.

The degree to which design-bases information has been implemented through the
appiication of consistent design guides will have a direct bearing on the ease
and ability of the utility to verify and validate the DBDs. A sufficient spec-
trum of internal desigr guidance documents also ensures better control of the
activities of contracted engineering organizations. This would provide for a
consistent design approach and ensure incorporation of design-bases information
into the working design.

2.4 Design Control

The design control process is applied to design activities for safety-related
equipment and/or systems to ensure that applicable design requirements such ac
design bases, regulatory requirements, codes, and standards are correctly
translated into the associated design documents, such as drawings, specifica-
tions, design analyses, calculations, installation procedures, and test proce-
dures. The current activities at all of the utilities surveyed are stated to
be in compliance with ANSI N45,2.11-1974.

Most of the utilities have taken the approach that changes to installed equip-
ment or equipment replacements will be reviewed, evaluated, and approved or
rejected on the basis of an evaluation of the changes against their current
licensing bases, which for the most part are the original or equivalent codes,
regulations, and quality assurance requirements empioyed for the unit during
original design and construction. If items arise that were not considered in
the original plant specifications or the FSAR, an independent determination of
the applicability is made. Modifications must be consistent with or exteed
design requirements for the originally installed equipment,

A1l of the utidities surveyed have some form of centralized design organization
for control of the design and design changes. [his organization is discipline

oriented and located within the corporate offices. However, the responsibility
and authority assumed by the d2sign organizations differed among the utilities.
Some organizations assume complete authority and either perform design changes

in=house or tightly control work performed outside the organization by invoking
the use of utility procedures and design standards and practices for A/Es or
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other contractor organizatiuns. At the other end of the spectrum, severa)
organizations control design changes in a project management mode. The design
authority is delegated to the contracted organization performing the work and
little technica) design review and oversight is exercised by the utility design
organization.

The objective of the centralized design organization is to focus on engineering
and design issues rather than operations issues and to develop and use consis-
tent engineering procedures and technology to solve plant problems. A1) of the
utilities stated that they have improved their means to meet this objective over
the past several years and are interested in further enhancement. Several util-
ities have a design feedback system whereby a comprehensive dats base of exper-
ience, problems, and good practice is maintained and made accessible to the
engineers developing plant modifications.

Some utility personnel characterized the modifications performed before recent
progrém improvements as generally of good quality and invelving few changes in
the plant design bases. The major program improvements are in administration
and control of the modification process--better configuration contro) and
increased documentation requirements and documentation contro) that will ensure
& tighter linkage to the plant design bases.

Utilities typically have prepared detailed prosedures for the preparation and
control of plant modifications. Some utilities have made minor enhancements

to their procedures over the vear<, while others have made significant changes
and improvements to their pr ‘duy * as late as mid-1963. The following
description of a plant modif, *io orocess is representative of the process
followed at the utilities sury. and serves to highlight the detailed require~
ments for adequately controlling des1?n chang - to & nuclear facility, Key dif-
ferences in utility methods of contro ling var..  aspects of the design change
process are addressed. Generally, current plant mudification processes of the
utilities surveyed are sufficiently controlled by procedure so that, if these
procedures are followed, plant configuration control will be maintained. The
observations noted in this section may provide a basis for further enhancements.

2.4.1 Design Change Initiation

A design change is generally initiated by the plant to request engineering
assistance or a plant improvement. Often, the request is )inked to an inte-
grated schedule that provides for processing technical and engineering services
while prioritizing the use of resources and providing budget accountabiiity,
Many utilities designate a modification coordinator or 1iaison engineer, who
is either a site engineer or a plant systems engineer, to coordinate the modi-
fication as necessary throughout the development and installation of the modi-
fication. A detailed screening of the work scope is performed by the plant
configuration control supervisor, or systems engineer, and the proposed work
is directed to either the technica) organization, the site engineering office,
or an offsite source. Most significant design change requests are usually not
handled by the onsite organizations. Some modifications are reviewed by an
interdisciplinary management review board before being approved as a plant
project.

The initial screening process appeared to be a key factor in determining which
proposed mocdifications are selected for development and implementation. A1l the
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utilities surveyed appeared to have adequate procedural controls for the desigr
and installation of facility modifications Many utilities have developed pro-
cedures to screen suggested modifications to eliminate quickly those that were
not necessary or were not Justifiable on cost-benefit bases. It app.ared that
utilities are coming to the realization that the easiest way to control the
plant configuration is to restrict modifications to these that are essentia)
or at least highly desirable because they enhance operation and maintenance of
systems, structures, and compenents

The team found that there was a correlation between the rigor of the modifica~
tion screening process and the implementation of the modification. A rigorous
screening process forces the design staff to do a thorough job of assessing the
impact of a proposed modification on the plant operation, the pot:ntial plant
interferences that needed to be considered in the modification development, the
difficulty that would be encountered in installing the modification, the antici~
pated radiation exposure to craft personnel installing the modification, the
cost of the modification, and the effect on the outage schedule. Therefore,
when the utility selectively decides to implement a plant modification that has
gone through a rigorous screening process there are few, if any, surprises dur-
ing implementation because walkdowns have been performed and much of the inter-
organizational coordination has been done in order to develop the information
neeced to gain approval for funding. At least one of the utilities surveyed

had a two~step approval process to quickly scresn out modifications that were
not cost beneficial before a significant amount ot engineering and developmenta)
costs were incurred. A more rigorous screening process results in better util-
ity control of the overall modification implementation program

The key to configuration management is to control and minimize facility changes.
Examples were cited where a weak project determination process had adverse effects
on schedule management and personne! morale, while a strong project determina-
tion process that corcentrated on plant needs and minimized the scheduled list

of low priority modifications, resulted in & high approval rate ¢f projects and
good schedule management. At least one utility periodically reviews the 1ist

of outstanding modifications and cancels proposed discretionary modifications

1f they have not been installed after one or two refueling outages.

”

2.4.2 Design Change Development

Multiple phases are often involved in the development process for those projects
that are directed to the corporate engineering organizations. For example, there
are four individually approved phases (i.e., project identification, proposal,
project plar, and modification package) through which a desigr modification
normally passes as it is processed from conception to a ~omple.e modification
package In each phase, the scope of the design modification is refined, the
design is developed further, and plant endorsement of that design is cbtained

A brief outline of the process is provided below to show how the design change
process is carried out. The survey team does not intend this to represent a
recommended process; rather, it is to serve as a typical example of how desigr
changes evolve. Some utilities use as few as two phases, but most use at least
three phases. Some of the intermediate phases are optional if the cost or com-
plexity of the modification is sufficiently small or if the project is of an
emergency nature




In the first phase, the plant and the utility's corporate engineering group
perform an initial screening to determine if the proposed modification is neces-
sary and, if necessary, whether it should be done in-house or contracted to an
external organization,

The second phase consists of a walkdown of the area affected by the modification
to validate existing facility drawings and to notv any structura)l details, envi-
ronmental conditions or other configuration details that may need to be censi-
dered in developing a detailed proposal package. As part of the proposal pacx-
age, & project summary is developea that describes the scope of the problem, the
recommended solution, and the alternative solutions considered. The project
summary is generally reviewed by the utility's management a-4 other administra-
tive end technical groups. The summary becomes more detailed &s the preparation
of the design modification progresses.

The project summary that the design organization prepares explains the problem
history and the effects of the problem and provides an independent root-cause
analysis, an outline of the recommended solution, and a 1ist and brief descrip-
tion of the major equipment added or affected by the design change. The summary
also describes the philosophy and major elements in the control scheme of the
design change, any direct or indirect changes to the operation of affected sys-
tems, and any changes to the unit's efficiency or reliapility. It provides the
outage requirements and key organizational responsibilities for the interfacing
portions of the plant affected by the installation and the testing requirements
for the design change. Finally, the summary describes the alternative solutions
that were considered but not recommended, including initial cost, any operating
costs and benefits, and any effects on occupational exposure,

The proposal package also contains preliminary assessments regarding the need

for a technical specification or FSAR change or a license amendment. It includes
also a consideration as to whether implementation of the proposed design modifi-
cation will fnvolve an unreviewed safety question, as well as considerations

such as environmental effects or unusual design or installation challenges. The
proposal development up to this point represents approximately 5 percent of the
total engineering effort,

It is necessary to identify design bases and design inputs in the development
of a proposal package. Many of the utilities surveyed use a comprehensive
design review checklist to identify appropriate design inputs, design attributes,
design criteria, and design documents. For example, the design input checklist
at one utility addresses applicable codes/standards, performance requirements
(including operational requirements and failure effects), compatibility, instal-
lation, maintainability, test requirements, public/personne! safety, fire pro-
tection, and security. It also addresses technical topics such as dynamic
qualification, electrical separation, flooding protection, human factors engi-
neering, welding, operating experience, and computer software changes. The
detailed checklist appeared to be beneficial to the design engineer.

From these design bases and design inputs, preliminary design support documents
are developed and a budget package put together that identifies time and materia)
costs for the proposed modificaticn.

The package is then circulated for comment by the plant's modification
coordinator. The coordinator resolves these comments, as required, and - “epares
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the proposal package with any additional information for review by the plant
review group (PRG), which concists of the plant reviewers or their managers,
The PRG may recommend proposal acceptance, change in scope, cancellation, or
deferral to management. The design organization is ronsulted when comments

affect the technical or safety content of the proposal.

One utility has established a formal subcommittee to the plant review committee
to review all design issues of a modification package. The subcommittee is
chaired by the system engineer responsible for initiating the project and
includes specialists from operations, maintenance, construction, and radiation
protection, as appropriate. The proposal package is typically reviewed for cor-
rectness of the problem statement; adequacy of the 10 CFR 50.59 safety evalua-
tion, equipment selection, and recommended design change; effect on plant sys-
tems during installation; requirements for system tag out during the outage;

and accuracy of plant-provided design input and post-modification testing.

Some utilities have performed 10 to 30 percent of the design effort by this
point in the design development process, depending on the scope of the project
and the utility organization.

The project plan is the third phase of the example modification development
process and forms the basis for the decision to consider funding the modifica-
tion. Its primary purpose is to clearly define the recommended minimum design
changes that will meet the intent of the project. The preject plan also provides
estimated labor and procurement schedules and cash flow requirements. It is
comprised of the engineering plan, produced by the design organization, and com-
plementary plans produced by the site and other organizations. The amount of
design work completed at this stage of the modification package usually consists
of adequately defining the modification and reaching agreement with the plant
on the basic design. About 50 percent or more of the project's cn$1neerin and
design work may be required at this time to reach the desired leve)l of des gn
definition. In this phase, extensive coordination between t'e various
engineering discipline is required for complex modification.

The engineering portion of the project plan is intended to resolve design issues
s0 that the final design, the procurement, and the modification package can be
completed. Design uncertainties in the engineering plan are listed on affected
drawings and documents to facilitate site consideration. These issues wil)
either require resolution before project plan approval or later during the
development of the medification. When the design erganization releases the
modification package to the site after an independent design review of calcula-
tions has been performed, there are usually no outstanding issues that require
resolution before site approval and issuance for implementation.

The engineering portion of the modification package includes the traveler (the
cover sheet for the modification package), the project summary, the design sup-
port documents, and design drawings, and the budget package. Design support
documents include a preliminary safety evaluation; a design-bases document;
lists of valves, motors, instruments, lines, and other significant equipment;

a cable list; a bill of materials; a 11st of spare parts, and plans for
installation and testing.

The design-bases document incorporated in the modification package is prepared
for those projects involving design changes or installation methods that are
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anticipated to affect safety-related structures, systems, and components (S$C).
The document contains applicable desigh inputs such as design bases, regulatory
requirements, safety analysis report, and technica) specification requirements,
as weli as codes and standards for those SSC to be medified or added. 11 an
applicable design-bases document already exists either through a DDR program or
through development for a previous modification package, reference and revision
may be made to the existing document instead of creating a new document,

Us1n? the engineering plan, the plant and support organizations develop
complementary plans for fabrication, installation, training, simulator modi-
fication, testing, and closeout. The design organization ntegrates the
complementary plans into the complete project plan,

The integrated project plan is then submitted to the PRG for review and
approval. Unresolved issues that will require site concurrence for resolution,
are listed with the party responsible for resolution, the party from whom
concurrence 1s required, and the forecast schedule for resolution.

Once the project plan 1s approved, the design organization must produce final
design documents and drawings consistent with the plan and the site is required
to commit to the design plan so that additiona)l reguirements will not be imposed
during or after design completion. This approach reflects the concept of the
plant asia customer and the enginecring organization as a supplier of materials
and services,

The fourth phase is the modification package phase and represents the culmination
07 the design change process. The package contains the traveler, project sum-
mary, design-support documents, design drawings, installation instructions,
testing requirements, documentation revisions, and review/comment sheets.

The traveler is the cover sheet for the modification package documenting the
completion of design, reviews, and approval. The project summary specifically
describes the scope of the modification. The design=-support documents that
accompany the modification package include design-basis documents, plant draw-
ings, and equipment iists; nuclear safety evaluations; major radioactive evalua-
tions according to an approved procedure; certification of seismic design ade-
quacy; an environmental qualification impact evaluation, Q-1ist or marked up
drawings showing safety-related (Q-11st) components or boundaries; and other
engineering impact evaluations required by other procedures.

Several utilities hold periodic meetings to coordinate the implementation of a
modification. These meetings were usually held on site before implementation of
a modification and at various stages during implementation and typically include
(depending on the scope and complexity of the modification) representatives from
groups such as operations, modirications, instrumentation, engineering (site and
corporate), health physics, training, and construction,

Most utilities perform field walkdowns associated with the design phase of the
modification. These walkdowns are performed to identify potential interferences
or requirements that may have been missed by review of the design documents,
identify errors or inconsistencies between plant configuration and design docu-
ments, confirm testability of equipment, and identify possible security or fire
barrier effects. A formal set of walkdown quesiions for each of the two walk-
downs may be used, with observations recorded and resclved by the design engineer.
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In some cases, the walkdowns are mandatory unless waived by approva) of utility
management, and typically involve cesign engineering, operations, maintenance,
construction, system engireering, and other organizational representatives as
necessary In some cases, whon the decision is left to the individua) desigr
engineer such walkdowns may %ot be performed, resulting in a less effective
modification implementaticn process and possible field changes required to
resolve interferences that should have been identified in the walkdown

2.4.3 Modification Implementation

The installation instructions for the modifications are developed by the design
engineer and incorporated in the modification package when it is issued to the
plant The installation instructions specify any special inspections, processes,
and testing requirements, including acceptance or rejection criteria not normally
specified by existing programs or applicable drawings and specifications. These
instructions also reference the installation-related codes, standards, specifi-
cations, and regulatory requirements that are specified or assumed as part of

the design bases but are not indicated or included on drawings, reference
specifications, or approved procedures.

The procedural steps provide a sequence of events and sufficient direction to
perform the work. The detail of contro)l and guidance needed is dependent on

the complexity of the work, the possible effect on plant operation and opera-
bility of equipment, the documentation required, and the existence of applicable
procedures. The drawings, instructions, and necessary procedures are designed
to be sufficiently detailed to ensure the work is performed correctly.

At some utilities, design engineers only provide draft instructions or general
guidance on the effect of the modification on work activities; specific instal-
lation instructions and work control documents are prepared by th- implementing
organization. The maintenance organization prepares the specific ...stallatien
requirements for simpler changes or the site construction organization for
changes involving major work efforts and staffing requirements.

Acceptance tests are included or identified in the modification package by the
design engineer. These tests are to demonstrate that the changes made by the
modification were satisfactorily implemented and to verify compliance with the
required surveiilances. As a minimum the tests

(1) verify that the new or modified components function satisfactorily and
are adjusted properly

(2) test logic under all credible configurations within the limitations of
plant design and conditions

verify the performance requirements to the extent necessary to determine
operability

include post-maintenance tests required because of maintenance and
modification-related activities performed as part of the modification
wOoTk

include new technical specification surveillance test requirements that
result from the modification and are necessary to demonstrate operability

NUREG-1397




(6) include existing technica) specification and American Society of Mechanica)
Engineers (ASME), Boiler and Pressure Vessel Code, Section X1, surveillance
test requirements on new equipment or components as required to demonstrate
operability

(7) 1include tests required by the codes and standards (ANS] Standard B31.1 or
ASME Section I11)

(8) 1include hold points for other prerequisites for operability not otherwise
provided

(9) verify that temporary connecticns or temporarily installed equipment for
testing has been removed

Accoptance tests include detafls on how the test is to be run and what consti~
tutes acceptance. Existing or proposed surveillance tests may be used for
acceptance tests. Those portions of acceptance .ests that caniot be performed
until after the unit or affected system is returned to service are typically
fdentified as startup tests. Startup tests may include inservice leak tests,
surveillance tests, and other tests that can only be done after the modified
system has been released to operations. These tests are identified as
exceptions. Some utility design packages contain only general information on
testing, leaving the detailed development of the tests to the site organizations
after issuance of the final engineering package.

A1l utilities surveyed require that modification packages contain a design
document revision sheet that 1ists the design and plant documents known to need
revision. The design engineer ma\ rovide draft changes to plant documents or
the responsible plant group may prepare document changes directly on the basis

of the information containzd in the modification package. If the safety analysis
determines that a change t% a description contained in the technical specifica-
tions or FSAR is required marked up copies of the affected pages are included

in the package. The lead engineer is responsible for obtaining vendor documen-
tation, drawings, and technical manuals for engineering-procured equipment
installed for the modifi~ation.

The design organization and the plant both review the modification package for
approval. The design organization performs, as a minimum, a design verification/
technical review and the nuclear safety review, as well as other reviews that
are addressed on the traveler. The design verification review is in accordance
with Section & of ANSI N45.2.11-1974. This would be an independent verification
performed by competent individuals or groups other than those who performed the
original design. Acceptable design verification methods include design reviews
and alternative calculations or qualification testing. If the design review
method 13 chosen, it would include such things as verification of design inputs
back to their source documents, review of the design methodology and the reason-
ableness of design assumptions and the reasonableness of design outputs relative
to design inputs. The designated plant reviewers review the modification in
accordance with the 1ist of attributes specified in the modification procedure.
Modifications that are determined to constitute either an unreviewed safety
question or a change to the technical specifications are typically approved by
the plant nuclear safety committee before final approval. The modification is
then approved by plant management and distributed in accordance with plant
procedures,
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Modification paclages are usually released to the sites 3 to 6 months before
the required implementation date. Most major modifications are implemented
during plant outages because systems or portion of systems are required to be
taken out of service or to minimize the potentia) for interaction with safety
system functions during operation. Most of the utilities indicated that the
release of modification packages by the design organization is generally timely
to accommodate plant review cycles, preparation of implementation paperwork,
and procurement of equipment.

Any changes to an approved modification package are performed by field revisions.
Field revisions are typically limited to changes that are within the scope of
the modification package and uo not conflict with any requirement or conclusion
of the safety evaluation. Field changes predominartly occur during instaliation
becaure of interferences or other complications that were not considered ir the
initial instructions. Incorporating a large number of field changes into the
modiiication package makes it difficult for the implementing organization to
confidently accomplish the work tasks. One utility surveyed requires that the
modification package be revised if the tota) number of field changes accumulating
against the package has the potential to confuse or mislead the cunstructor or
plant personnel.

The site implementation phase of modifications normally involves work authori=
zation, installation and inspection, acceptance testing, walkdown, installation
documentation review, and declaration of operability.

The modification coordinator 1s responsible for coordination of work activities
between the utility organizations and/or contractors involved in the modifica~
tion installation. The testis ; coordinator is responsible for maintaining
contral of the system during acceptance testing to prevent misoperation.

The modification coordinator alsc schedules a walkdown inspection near completion
of the installation. The additional participants in the walkdown are usually
the systems ongincer. the installing organization, quality assurance (QA) and
quality control (QC), the design organization, operations, and maintenance. A
detailed set of guidelines for the walkdown is provided. The walkdown consists
of & field verification of the modified equipment to generally verify the com-
plete and proper installation of the modifications. A1)l outstanding or inade-
quate work items are listed on the exceptions list, and those impacting
operability are resolved before declaration of operability. The modification
coordinator maintains the exceptions 1ist. Most of the utilities regard a post-
modification walkdown as optional at the discretion of the modification coordi~
nator, and when a walkdown is determined to be necessary, it may not include
operations, maintenance, or design organization representatives.

The performance of the post-modification walkdown presents a unique opportunity
tc have a muitidiscipline group review the finished product for acceptability.

The involvement of operations and maintenance can augment the normal QC inspec-
tion perspective and identify operability concerns that would otherwise remain

undetected

2.4.4 Modification Closeout
Several prerequisites have to pe satisfied at most utilities before a completed

modification can be declared operational and turnover of the modified system
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to operations can be completed. These include such things as completion and
stgn-off on all work packages, revision of operating procedures, update of con-
trol room drawings, and training of operators. The updating of control room
draw’ngs before acceptance of the system by operations ranged from red-1ined
drawings to totally redrafted drawings. Some utilities append drawing change
notices to the contrel room drawings until redrafted versions are available,

Most of the utilities surveyed have a detailed process specified for closeout

of modifications. One utility's process for modification closeout involves pre-
paration of a modification completion report, QC review of the construction work
procedures, verification that censtruction drawings are as-built, update of
operating manua) procedures, updates of vendor manuals, preparation of a recom-
mended spare parts 1ist, and completion of any additiona) operations and mainte-
nance training. Review and acceptance of the completed modification is performed
by a plant management committee. Design documentation is updated, generally
within 3 but not more than 6 months following dcceptance of the modification.

Once the implementation of a modification is completed, all installation and
testing documentation is reviewed for correctness and completeness. When the
review has been completed and comments resolved, the modification coordinator
forwards the installation documentation package to document control.

A modification cannot be declared operable until installation, acceptance
testing, documentation package transmittal, and formal declaration of operability
have been completed. The scope of operability may be final operability (total
scope or last in a series of partial operabilities), partial operability (less
than total scope, with boundaries defined by field revision), or exception
(resolution of an exception which affected equipment or system cperability).

The declaration of operability by the operations organization certifies that
fnstallation activit'es (except for those declared as post-operability excep-
tions) have been saticfactorily completed; acceptance testing is satisfactorily
completed (except startup tests); installation documentation packages are com~
plete; plant documents and drawings required for operation are updated; respon-
sibilities such as training and incorporation of the modification into plant
programs have been completed; technical specification changes, if applicable,
have been resolved; pre-operability exceptions are closed; and startup tests
are completed,

2.4.5 Modification Interactions

Each utility surveyed has provided mechanisms to minimize the likelihood of
conflicts or adverse consequences arisina from conflicts between modifications
that are planned or in process that may ' ffect other planned or in-process
modifications. Many utilities have systems engineers either in the site engi-
neering organization or in the plant operations organization. As emplcyed by
most utilities, the systems engineer is an engineer generally reporting to a
site organization under the plant manager. The systems engineer has the respon-
sibility to be knowledgeable on all modifications that are being proposed or
implemented on his/her assigned systems. The systems engineer usually acts as
the modification coordinator interfacing between the site organizations involved
in the installation of the modification and the engineering organization, either
site or corporate, that is sponsoring the plant modification. In this role he/
she typically assures that the work packages have been properly prepared and the
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work has been completed as specified by the crafts involved, that the necessary
drawings, plant operating or maintenance procedures, and other plant documents
have been updated as required, and that the modified system has been turned
over to operations in accordance with plant procedures. The systems engineers
assist in determining the impact of multiple modifications on their assigned
systems,

One utility stated that its technica) staff maintains awareness of potentia)
modification interactions through project management mechanisms administerec

by engineering and plant staff. These include S-year husiness plans; progress
reports; design-control computer data bases; scheduling techniques; interna)
planning, budgeting, and scheduling programs; and contact with the plant systems
engineers. Meetings are held between unit managers within engineerirg and
between engineering and the site organizations to discuss planned and in-process
modifications.

Cne utility mininizes modification interactions by using & special set of
composite drawings to reflect al) modifications issued against that drawing
and to indicate the status of the modifications before and during the outages.
This utility said this effort helped to resolve the many and complicated
interfaces between extensive plant modifications.

At this utility, monthly coordination meetings are held between the general
office and the ¢ite engineering organizations to cover the scope of work in
which eac!. group is actively involved. Specifically, engineers are instructed
to review the interim drewing reports to ensure that any modification packages
already issued would not adversely affect work in progress in the same area.
Design engineers are required to reserve items such as terminal blocks, penetra-
tion points, tag numbers, and breakers and to provide modification indicators
on controlled file copies of the affected drawings.

Another utility uses special designators for drawings, calculations, specifica-
tions, and other affected file documents for changes that are in process. This
alerts a designer to possible changes that might affect his design when he
accesses the documents. Also, if construction of a modification has not been
completed within 6 months of approval for implementation, the construction draw-
ings are reviewed to verify that no other design changes have been installed that
would adversely affert the installation or testing of the modification. AN
affected approved design output documents are required to clearly state restric-
tions associated with the sequence for implementation of the modifications.

The utilities surveyed appeared to have developed mechanisms to administratively
control the potential for adverse modification interaction.

2.4.6 Selection of Modifications for Implementation

The utilities al) have some form of multiple-year (usually S5-year) integrated
schedules for utility projects to which their proposed nuclear plant modifica-
tion projects of any substantial magnitude must conform. Proposed projects are
screened not only technically but also by considering the cost, priority, and
importance of the project to overall plant safety and operational efficiency.
Management budget committees conduct continuing reviews of each modification
during its early stages to ensure costs are adequately estimated. Such a review
Mmay cause a proposed project to be deferred or cancelled. Conditions also may

La
o
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arise requiring completed modification packages awaiting implementation to be
deferred or cancelled because of a higher priority modification.

As stated in Section 2.4.1, the initial screening process for plant modifica-
tions is & key factor in determining which of the proposed modifications are
selected for develcpment and implementation. A good screening process results
in better utility control of the overall modification implementation program.
One viil.ty process for prcparin? a request for engineering assistancs details
cost and personnel resource requirements and rates the benefit of the requested
work in 12 categories. These categories include nuclear accident prevention and
mitigation, plant availability, avoidance of personnel error, plant reliability,
and community or industrial obligations. This detailed screening enables the
utility to more accurately judge the priority of the modification with regard
to 1ts value to the overal) safety and efficiency of the plant.

2.4.7 Design Margins

Nuclear power plant designs of structures, systems, and components inherently
contain design margins with respect to limits in industry codes and standards
and NRC regulations and regulatory guides. During the plant licensing process,
certain design margins may be established by the NRC either implicitly or
explicitly to ensure additiona)l plant safety or to compensate for uncertainties
in the analyses introduced by simplifying assuaptions.

These margins may be defined in the utility's FSAR or technical specifications,
the NRC's safety evaluation reports, or other licensing correspondence. Reduc-
tion of these margins 'y plant licensees requires review and approval by the NRC
pursuant to 10 CFR 50.58.

However, additional licensee-established design or operating mar$ins that exist
over and above those specified in licensing documents may be revised at the
utility's discretion during the design-change process without the involveinent
of NRC regulatory review and approval. An example of this type of margin might
be the installation of a new system pump that has less developed head than the
previously installed equipment, but it is still capable of meeting head and
flow requirements specified in the licensing documents.

2.4.8 Minor and Temporary Modifications
(1) Minor Modifications

The utilities surveyed handle minor modifications in a variety of ways.
Several categorize minor modifications as those that 1ie outside the vita)
plant areas and have no effect on safety-related aspects of the plant.
Others apply a 10 CFR 50.59 safety determination to determine ir a safety
evaluation is required. One utility instituted a procedure for minor modi~
fications that incorporates a screening process consistent with the Elec~
trical Power Research Institute, Nuclear Safety Analysis Center document
NSAC-125, and in essence declares that the modification shall not be one
that adversely afferts a structure, system, or component described in the
FSAR or technical specifications. If these conditions are not met, the
change is processed as a modification package, even if the expenditure for
the change is minor. In many instances, however, utilities do not distin-
guish minor and major medifications in terms of how they are handled.
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Most utility design organizations prepare equivalency evaluations for re-
placement parts or components used in maintenance and repair activities at
the plani. If like-for-1ike replacement paris or components cannot be
obtainad, “hen it may be necessary to use a substitute replacement item.
The plant system or component design bases are considered not to nave been
altered if equivalency of the form, fit, function, and interchangeability
(including equipment qualification requirements) of an item has been es~
tablished: that is, no modification has occurred. The equivalency evalua-
tions inciude comparison of the original and replacement item characteris-
tics, determination of critical design characteristics, and consideration
of failure modes, replacement parts evaluation, seismic qualification, and
environmental qualification. 1If, however, the new item is not equivalent,
a modification must be processed in the normal manner.

One utility has extended the minor modification process to address other
plant changes that do not involve complex changes and do not alter existing
design bases and criterfa. Examples of thess are materia) substitution,
hanging and mounting of miscellaneous items, instruments and pipe/conduit
supports, and administrative changes to drawings, vendor manuals, or other
plant design documents,

If properly implemented, the utility controls surveyed appeared capable of
controlling the degree to which the plant desigr is changed by a minor
modification.

(2) Temporary Modifications

Most of the utilities surveyed have methods of controlling the duration of
temporary modification installations.

Temporary modifications are controlled in a manner tnat ensures operator
awareness, conformance with design intent and operability requirements,
preservation of plant and personnel safety, and plant configuration con-
trol. It is intended that temporary modifications be minor in scope, of
short duration, and few in number, thus minimizing excessive temporary
changes of drawings and other documents. A temporary modification is
defined as temporary electrical jumpers, line, or hose that is used to
alter a system's configuration or that removes components within a system
thus altering the system's configuration.

A temporary modification log is usually maintained by operating personnel
in the contro) room. A cognizant engineer performs a tech.ical evaluation;
completes a 10 CFR 50.59 evaluation; develops procedural changes, if re-
quired; prepares drawing markups, if required for operations concurrence;
and obtains approval by the plant nuclear safety committee before installa-
tion of the temporary modification.

Installation and removal of temporary modifications are normally performed
by maintenance personnei. Verification of the installation and removal or
a functional check is performed to ensure correct operation of the modified
or restored system,

At one utility, temporary modifications are resubmitted to the plant safety
committee for authorization to remain installed after a duration of 6 months.
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A cognizant engineer is required to make a physical check of each accessible
installed temporary modification to ensure proper installation, presence of
tags, and satisfactory condition of the modification device. In another
instance, the plant is required to submit a design change request to ini-
tiate a possible design change for any jumpers or 1ifted leads that are
intended to be installed for more than 30 days.

The utilities surveyed considered strengthening the control procedures for
temporary modifications as a factor in reducing the number of outstanding
temporary modifications. Contro) of temporary modifications, historically,
has been a weak area for the industry in general and is an area that needs
continued attention to maintain contro) of plant configuration,

2.5 Control of Licensing Commitments

Most of the utilities surveyed have some form of commitment tracking system to
log, track, and ensure closure of corporate and regulatory commitments. The
survey team reviewed some of these systems with regard to how they related to
the design control and configuration management aspects of the plants.

Technically based licensing commitments resulting from NRC bulletins and
notices, licensee event reports, or corporate correspondence (such as commit-
ments to alter the plant, its current licensing bases, or its procedures) are
sometimes not entered into a data base tracking system. This made it diffici)t
for design engineers to search for, retrieve, and review these commitments when
preparing design motifications. In some instances, the licensing commitment
tracking system is used to track administrative details such as the specific
licensee correspondence that responded to NRC ulletins, generic communications,
and inspection reports.

One utility maintained two data bases, one for historica) licensing commitmente
and another for licensing commitments currently applicable to the plant. These
data bases are accessible and are used by design cn?inoers when preparing design
modifications. 1In addition, tepical and system des gn criteria documents under
preparation for the plant detailed the relevant 1icensing commitments. Another
utility tracks licensing programmatic and administrative commitments in its sys-
tem but does not specifically track design commitments. However, design commit-
ments can be determined through knowlecgeable individuals searching other
available data bases,

Utility modification procedures generally require preparation of a safety
evaluation and research of the FSAR, technical specifications (TS), and other
Ticensing commitments as part of the design process. These documents are updated
as necessary and the updatss are included as part of the modification package.
Current requirements for FSA® updating assist the design engineers in assuring
that the FS*® is consistent wath the current licensing bases; however, it should
be recogni s that the information in the FSAR can be as much as 18 months out
of date. Therefore, it is impoitant for a designer to look at the FSAR in con-
Junction with any licensee-approved changes that have not yet been incorporated.
Likewise, it should be recognized that the FSAR alone does not form the entire
current licensing bases for the plant. The current licensing bases are con-
tained in docreted documents such as the FSAR; TS; safety evaluation reports;
and correspondence between the licensee and NRC.
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3 EVALUATION OF DESIGN=DOCUMENT RECONSTITUTION PROGRAMS

This portion of the report provides an assessment of the design-cdocument recon-
stitution (DDR) programs for the six utilities surveyed and how these programs
are integrated into the overal) design control and configuration management pro-
cess The team reviewed the philosophy and approach of utilities to the recon=
stitution of engineering design bases, the level of effort expended, the output
documents resulting from the programs, the schedules for completion, the involve-
ment of original plant A/Es and NSSS vendors, and the degree of validation cf

the program outputs. The survey team assessed the utilities' definition and
concept of design-bases documents (DBDs), their incentives for initiating design-
bases documentation programs, their intended uses of engineering design-bases
documentation, their reconstitution process for these documents, and the nature
énd depth of detail provided in the documents.

3.1 Overview of Design-Document Reconstitution Programs

The utilities surveyed are using a variety of approaches and philosophies in
their design-document reconstitution programs. This 1s primarily because each
utility has different methods for controlling the plant design and configuration,
different ievels of design documentation that are available and retrievable, and
different goals and objectives they want to achieve through completion of their
design-document reconstitution program. Because utilities have different needs
and objectives, it is beneficial for them to retain the flexibility to choose

the scope of their program, the program goals and objectives, and the format of
the DBDs that best suits their individual needs.

3.1.1 Design-Bases Document Concept

The most common approach to DBDs in the utilities surveyed is that they are
controlled documents that are produced by collecting verifiable upper=ievel
design information into integrated documents that address either plant systems
or plant generic topics (such a&s seismic design or electrical separation). Most
utilities consider DBDs to be system or topical summaries of the engineering
design bases of the plant and directories to design analyses and design output
documents that demonstrate the implementation of the engineering design bases.
They believe the DBDs integrate information that already exists but that is not
readily retrievable or accessible to the designer. Where the engineering design
bases or other design documents do not exist or cannot be found, it may be
separately reconstituted and referenced in the DBD (e.g., an essentia)
calculation might be regenerated)

Generally, the utilities use ANSI N45.2.11-1974 to categorize design documents.
The three categories of design documents are design input documents, design
analyses, and design output documents Design bases are usually considered to
be equivalent to the ANSI N45.2.11 definition of design inputs. The difference
in DBOs produced by the various utilities was a matter of document structure,
varied emphasis on engineering design bases versus configuration, depth of
detail, depth of cross-referencing to other design documents, and degree of
verification or validation The general intent of the utilities in developing
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their DBDs is to provide fundamenta) design inputs (such as codes, standards,
regulatory requirements, and analytical assumptions) and a varying degree of
cross-referencing to design analyses (e.g., calculations, trade-off analyses,
evalustions) and design output documents (e.g., facility drawings and procure~
ment documents). Unless otherwise indicated, this interpretation of DBDs is
used in this report.

Although the utilities used various names for their DBDs, including “design
criteria memoranda," "enhanced DBD," and "analytica)l DBD" and the emphasis on
the DBD content regarding the inclusion of different types of information also
varied among the utilities, most of the DBDs reviewed contained the following
information:

¢ system-specific regulatory requirements and exceptions

¢ system-specific 1icensing commitments and exceptions

. supporting documents containing design information (e.g., drawings,
calculations, procurement documents, and correspondence)

¢ system functional description and engineering design bases
s component descriptions
system and component testing requirements
. functional requirements for support systems
‘ system instrumentation and control requirements
Some DBDs contained the following additional information:

. description of system and component design limitations and operational
considerations and restrictions

historical summary of system modifications and why they were made
description of how regulatory design bases were met
' 1ist of open items to be resolved as part of the DDR process

. description of system and component design parameters and why they were
selected

system-based success trees that define the sequence of functions that
need to be completed for successful operation of the system

. system-based logic trees for each system operating mode to define

design bases and regulatory requirements
system safety function

system parameters

component parameters
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design bases for safety-related structures
design bases and assumptions used in the FSAR Chapter 15 analyses
operational conditions matrices to define

component operation during different plant operating and accident
conditions

system operating conditions during plant operating and accident
conditions

system responses to plant transients and accidents
specification of design margins

system-specific responses to postulated failures during different
plant operating modes

reasons for set points and alarms

system-specific calculation summaries including significant assumptions and
conclusions

The utilities expressed different viewpoints with regard to what constitutes
design inputs, particularly as related to information contained in the FSAR.

The general consensus among utilities is that some information contained in the
FSAR 1s provided to assist the NRC staff ir understanding the design or function
of a structure, system, or component, However, in the opinion of many licensees,
such information provided for descriptive purposes does not form a part of the
current licensing bases and should not be identified in a DBD. Although certain
information may have been included in the FSAR as descriptive information, it

15 extremely difficult to partition the information in the FSAR into that which
represents regulatory commitments and that which represents descriptive informa-
tion. As presentiy defined, all the information presented in the FSAR as wel)
as other docketed information is part of the current licensing bases. In addi-
tion, to 1imit the information contained in the DBDs to only that information
that supports the current licensing bases would limit the usefulness of the DBDs
s1-.e some design criteria or engineering design bases were imposed for economic
reasons or to achieve perhaps greater operationa) flexibility. It is important
that the DBDs contain al)l the rationale used in arriving at the final design,
not just those dictated by regulations or regulatory guidelines. In some cases,
it was the engineering design bases that were the design limiting considerations:
inadvertently abrogating these assumptions could affect the ability of the
system to function when challenged.

One fact that became clear as the survey progressed was that each utility had
different needs with regard to design-document reconstitution depending on the
utility's organizational structure, the age of the facility, the design documen-
tation that was originally purchased from the A/E or the NSSS vendor, the amount
of engineering that was done in-house, and the degree to which design documenta-
tion was maintained current and the ease with which it was retrievable In
audition, to the obvious purpose of compiling engineering design-bases informa-
+

Li0n and recreating certain design documents, utilities had other objectives

that they wished to accomglish by their DDR program, such as the support of

-
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anticipated plant 1ife extension activities or to provide engineering design-
bases information to their operating and maintenance personnel. Therefore,
although all DOR programs may contain many of the same elements, each utility
needs to develop a program that fulfills its unique needs. For this reason the
ODR program for each facility will be somewhat different as will the format and
content of their DBD documents. Several examples below demonstrate different
approaches and conclusions reached by utilities on DDR programs.

On the basis of the results of a prototype DBD program, one utility believes
that it has sufficiently comprehensive, controlled, retrievable, and accessible
design documents. Therefore, the utility has determined that the investment
necessary to produce system DBDs is not justified. This utility claims that its
existing design documentation, internal procedures, configuration management,
and document retrieval/access system is sufficient for maintaining the engineer-
ing design bases. The prototype DBDs, developed by a contractor, appeared to
the utility to be embellished system descriptions with little perceived value.
Consequently, this utility does not plan to develop any system DBDs but is
developing a 1imited number of topical DBDs (addressing, for example, electrical
separation and issues related to Appendix R to 10 CFR Part 50).

Another utility that believes it has a complete set of design documents and an
adequate system for keeping design documents current has a DBD program that is
directed at increasing the awareness of plant organizations to design considera~
tions in order that operations personnel -an better understand the types of
changes, for example, to maintenance or ujerating procedures, that constitute
design changes and require engineering review and approval. This utility con-
siders the DBD to be primarily a training tool to promote an awareness nf the
plant engineering design bases within the plant operations and maintenance
organizations. In contrast, other utilities cited engineering as at least one
of the primary users of the DBD, particularly for the preparation of design
modifications.

The fundamental engineering design bases for important aspects of recent designs
were often established in earlier NSSS vendor and A/E design evolutions when
documentation requirements were much less rigorous. Also, utility organizations
tend to evolve from a design orientation to an operations orientation over the
operating life of the plant, which makes the definition and maintenance of the
plant engineering design bases important. In addition, utility staff turnover
as a result of retirement or other reasons makes the preservation of design
information in a retrievable, user-friendly format a necessity. Utility pro-
grams conducted to date in conjunction with industry configuration management
programs and the continued findings of NRC inspections indicate the value of
adequate definition and maintenance of plant engineering design bases both from
the benefits to plant safety and the efficiencies achieved in designing and
reviewing proposed plant modifications and performing licensing reviews. Con-
tinued decline of the corporate memory of the NSSS vendor, the original plant
A/E, and the utility through personnel attrition will make the DBD development
process more difficult the longer it is delayed.

3.1.2 Incentives for Initiating Design-Document Reconstitution Programs
The driving force behind the development of many of the DOR programs has been

NRC inspections that found licensee deficiencies and weaknesses in adherence
to, or knowledge of, the engineering design bases. The DDR programs have often
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been coupled with other utility programs to improve configuration management of
the plant. With one exception, the plant DOR programs started with a pilot
phase that addressed two or three systems and then progressed to a more int.nse
effort once the pilot phase had been completed. The utility fully defins. the
objectives of the program and the lescons learned during the pilot program were
incorporated into the fina) DOR program. A well-managed DDR program is expected
to take 3 to 4 years to complete, including verification ot the gabs and vali-
dation to ensure that the facility agrees with the engineering design bases and
other design documents. The DDR program will provide a documented reference for
engineering personnel to use that will facilitate and support many operational
and lfcensing actions, such as the development of plant modifications, the con-
duct of 10 CFR 50.59 safety evaluations, operability determinations, the devel-
opment of justification for cont:. .ued operation to support waivers of compliance
from plant technical specifications and to support licensing document updates
and changes to technica) specifications.

In addition to pragmatic reasons for initiating a DDR program, the prime reason
is the increase in plant safety gained by having a complete knowledge of the
facility's engineering design bases. Although the increase in safety is an
intangible benefit because it may be difficult to measure in the short rerm,

in the longer term the increase in safety should become apparent from a review
of operational data.

3.1.3 Intended Use of Design-Bases Documentation

Of the six utilities surveyed, all have some level of a DOR program in place.
One utility reported that the plant organizations are intended as tne primary
user because the engineering organization uses other documentation and the DBDs
do not provide any additional information or insights for that organization.

Of the five remaining utilities, most intend the engineering organization to be
the primary user and the remainder assign roughly equal importance to engineer-
ing and plant organizations as users of the DBDs. Plant systems engineers, for
example, may use the DBDs as the basis for validation of system performanc..
One utility specifically defines the user to be a graduate engineer having 2 to
3 years experience who 1§ knowledgeable in theory but not necessarily knowledge-
able in the engineering practices employed et the time the plant was designed.
Again, because of the unique needs of each utility, it is important for each
utility to target the end users of the DBD during the pilot phase of the DOR
program to identify the specific objectives to be achieved. Training and
invoivement of engineering and plant personnel in the use and development of
08Ds will be required before DBDs become significant enhancements to design
control,

3.1.4 Design-Bases Document Development and Design-Document Reconstitution

The utilities surveyed have different approaches toward developing DBDs. One
good approach toward engineerirg design-bases reconstitution is a template
approach. The utility begins with & specific 1ist of design attributes, speci-
fic values or ranges of values for controlling design parameters, analyses, cal-
culations, and documents that it believes to comprise or support a complete
engineering design bases. One utility surveyed used the template approach to
identify the values or ranges of process parameters that should occur at the
design conditions and the system actions that need to be completed for the sys-
tem to perfom its intended safety function. These were developed in the format
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of success trees and design-bases functional diagrams. An example of these is
provided in Appendix E. From these success trees and design-bases functiona)
diagrams, the important system parameters and operations can be determined and
the necessary supporting documentaticn =»n be identified and/or parameters can
be fdentified for field validation.

As the utility searches, retrieves, classifies, and assesses its documentation,
shortfalls relative to the template may be identified. The acceptabiiity of the
values of the design parameters documented and supported by these missing design
documents are then evaluated and the n2ed to regenerate the missing supporting
design documentation is assessed. The utilities with plants that have operated
for more than 10 years seem to be more sggressive in fdentifying missing sup-
porting documentation. If regeneration of these documents is deemed necessary,
regeneration can be prioritized on a time scale commensurate with its perceived
safety significance. At least one utility uses probabilistic risk assessment to
determined the safety significance of missing supporting design information and
prioritizes the regeneration of missing design documentation on the basis of
change in probability of core melt.

while utility DOR programs all seem to be identifying missing design documents,
they are not all assessing the need for regeneration or prioritizing the
regeneration. This tendency was most noticeable for important supporting
calculations. For example, one utility has a completed DBD for the electrica)
distribution system, but complete short-circuiv calculations supporting the
engineering design bases of the emergency power system were not available.

An analysis-based approach is usefu! for developing a template of engineering
design bases and design parameters for which one would expect to find supporting
design documentation. In this method, the utility begins with the accident
analyses identificd “n the FSAR. One utility program generated 18 analysis-
based documents covering all FSAR accident analyses (see section 3.2(5) fer

morve detail).

Utilities may find during review of source documents for their DBDs that few
design documents exist for the plant. The plant desigrn may be, for example, a
takeoff from earlier plants of the same or similar design, and much infermation
may be contained in correspondence with the attendant supporting calculations
being those performed for another facility. There may arise a need to document
engineering judgment and corporate memory of the NSSS vendor and the A/E in
order to arrive at the basis for the design in some areas. In such cases, the
calculations may be found to be confirmatory in that they may simply verify that
& design used on a previous facility also was acceptable for use on the facility
fn question. For example, the volume of the reactor coolant system pressure
relief tank may have been sized for one facility; however, for the second facil-
ity, the size may be based on the previous design except that the volume was
increased by the ratio of the core thermal power. Facilities, therefore, may
not have unique calculations or supporting design documents and the engineering
design bases for one facility may reside in the engineering design bases of an
earlier facility.

In the opinion of one utility, some of the open items and missing documentation
are the result of a lack of documented systems integration by the original plant
A/E. For example, structural calculations and analyses could not be found that
related NSSS vendor design criteria to plant equipment specifications and
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parameters. The utility stated that it was able to find a substantia) amount of
detailed information, but the basis for the information or determination of
design margins could not be traced. Calculations were found for system para-
meters, but the documentation was often informa) and 1t was difficult to
correlate the calculations with associated ejuipment. A portion of the
engineering design-bases information that was found existed in teleconference
notes, correspondence, and meeting minutes rather than in forma) documents and
reports,

For many of the older plants it is to be expected that much of the original
design documentation does not exist, or may be difficult to retrieve at best.
At the completion of a successful DDR program, a utility should possess suffi-
cient design documentation, test data or substantiated and documented engineer-
ing Judgments to Cemonstrate that the plant meets its engineering design bases.

As design calculations, analyses, or other design documents are retrieved from
external design organizations such as the NSSS vendor or the A/E, utilities are
assuming ownership of these documents within the bounds of proprietary informa-
tion considerations. For preprietary information, tne utilities will have a
detailed knuwledge of what information is available and where it resides.

Some utilities appeared to emphasize greater involvement of their design
engineering personnel in the preparation of DBDs, even though all the utilities
surveyed require varying degrees of outside assistance because of the large
amount of data gathering, document research, and evaluation required for their
programs. Other utilities subcontract virtually all of the effort required to
produce and validate the DBDs and do not involve their des1?n engineers signifi-
cantly in the reconstitution process. For example, one utility surveyed pro-
duced high-quality system-level and topical DBDs, but the design personnel did
not appear to use them since they were not involved in the development of the
DBDs and were unfamiliar with the type of information they contained. The sense
of ownership of the DBDs should provide an impetus to maintain the DBDs
cons:stent with the current plant configuration.

3.1.5 Design-Bases Document Cross-Indexing to Design Documents

Design of modifications requires access to and understanding of al)l pertinent
design information, which then forms the engineering design bases for the modi-
fication process. Therefore, the DBD is an important element of design control
altnough not sufficient in itself. The utilities with DBD programs appear to
share this opinion, their DBDs all contain some level of cross-reference to
other design documents, such as calculations or analyses.

The utilities surveyed varied with regard to the depth of detail and cross-
referencing of the DBDs to design input documents (such as the FSAR), to design
process documents (such as system or component design calculations), and to
design output documents (such as drawings and specifications). The degree tu
which operational documentation (such as operating and surveillance procedures)
was referenced also varied among the six utilities. Several utilities had com-
paratively sparse references in the DBDs while others had a stand-alone index
in each DBD to virtually all des gn-related docume.tation,

The former arproach is manageable if :nme cxternal, controlled, and comprehen-
sive data base is maintained to support the more simplified DBD. The database

NUREG-1397 37



would be the single point of entry into the design information. The latter
approach has the advantage of providing a controlled, self-contained, single
point of entry into the design information for a system or technical topic, but
requires a more elaborate DBD.

Either approach may be workable, provided that the design engineer for a
particular modification has a single point of entry into the design documenta-
tion and that all the necessary design-related documentation is 1inked for
identification and access by the engineer. This access needs to be on a system
or topical basis and needs to be comprehensive, tractable, and user friendly,
Such design-related information fncludes, but 1s not necessarily limited to,
accident and transient analyse., licensing commitments and requirements, design
calculations, engineering evaluations, engineering procedures/standards, speci-
fications, technical correspondence, configuration drawings, operating proce-
dures, surveillance procedures, and plant modifications.

Most of the utilities provided cross-references within the 0BDs for most 1f not
all of these design-related ducuments, recognizing that all of these documents
represent the plant's configuration with regard to the engineering design bases,

Finally, whatever methods are used to define, establish, and document design-
bases information, an important attribute of the DBD and the configuration doc~
umentation is the ease by which the design engineer can determine the existing
margins in the design as currently installed in the facility. A basic purpose
of the DBD is to provide a tool for ensuring that design margins have not been
exceeded. Design margins are discussed in cdetail in Section 2.4.7.

3.2 System-Level Design-Bases Documents

Most of the utilities surveyed are in the process of developing DBDs for key
plant systems. Generally, the systems chosen for DBDs are those required for
safe shutdown and accident mitigation. One utility considered expanding their
program to include DBDs for systems that are not safety related but that can
affect reliability. Because the approach to system=-level DBD development is
different at each of the utilities, direct comparison of the programs is dif-
ficult. Therefore, a synopsis of each utility's approach to system-leve)l DBDs
is given below.

(1) First Approach

One utility with a plant that recently began operation does not have a
defined DBD reconstitution program. It believes that the quality and
amount of design information obtained at the time of plant licensing from
the A/E and the NSSS vendor, coupled with the cataloged and accessible
ir‘ormation available through computerized design management and informa-
tivn systems, will enable its engineers to know what design documents are
available, access these documents as required for the modification/design
change program, and ensure configuration management requirements are main-
tained.

This utility contracted for a pilot program to develop system-oriented DBDs.
The effort was not continued because the utility found the product to be
more of an embellished system description rather than a engineering design-
bases document. Although the amount of design documentation controlled by
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(2)

the utility is good, the true bases for plant safety systems may not be
fully contained in that documentation. For example many of the NSSS sys-
tems are extensions of earlier designs and the bases anc justifications for
these extrapolations may not be included in the documentation provided to
the utility. This utiiity did think it would be beneficial to develop
selected topical DBDs to address, for example, electrica) separation and
requirements to Appendix R of 10 CFR rart 50.

second Approach

Another utility with a recent vintage plant believes that DBDs are not
required for engineering personnel. This utility has a configuration man-
sgement enhancement program that is currently under way. It involves the
preparation of equivalent DBOs for 86 systems and generic topics that were
written for plant operations, maintenance, surveillance, and other plant
groups. The documents were writien to provide plant personnel with an
understanding of the plant's design considerations and engineering design
bases. The program should improve the plant organizations' understanding
of the engineering design bases, why the engineering design bases must be
miintained, and how plant actions could affect or compromise Lhe engineering
design bases,

An engineering design-bases document source reference guide was written
that lists the sources of engineering design-bases information, how it may
be accessed, how 1t may be used, and the limitations of its use. The guide
16 a controlled document, which allows it to be revised and upgraded as
sources are changed or increased as a result of further development of the
overall program. Plant system engineers are trained on the subject of
engineering design-bases documentation and that training is extended to
other plant groups. Existing design summary documents will be expanded to
encompass and establish engineering design-bases information by codifying
the system design information that currently exists in design documents
such as drawings, calculations, specifications, procedures, and the updated
FSAR. The design bases will be established for al) safety-related systems,
systems that can cause challenges of safety systems, and systems important
to plant availability. The design bases will be established for the over-
all system and major components as a minimum and will envelop all features
and components included in the plant surveillance program.

Three expanded system documents were drafted as a pilot program. The
utility cited the following lessons learned from the pilot program:

A sufficient level of engineering design-bases information existed in
the engineering files.

The enhanced document format was appropriate for presentation of
system-level engineering design-bases information.

Reviews by plant personnel were beneficial in creating a usefui and
complete document.

The plant viewed the enhanced documents as beneficial to their
programs,
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Several design and operations open items were found, but none required
reportability in accordance with regulatory requirements,

(3) Third Approach

The remainder of the plants addressed in the survey have been in operation
since the early to mid-1970's and their designs date to the late-1960's.
One of these utilities initiated an enhanced DBD program to integrate the
design requircments and design-related licensing commitments into a single
document for each of the 37 systems in the program scope. Appropriate
engineering design-bases information was included to support both safety
ani key operational functions and serve &s an integral part of the overall
configuratior management program. The cbjectives of the program are to
provide an effective and reliable source of engineering design-bases infor-
mation; ensure the accuracy, reliability, consistency, and credibility of
the available piant calculations; ensure the availability of documentation
to support key design parameters; provide assurance that the Ticensing com-
mitments are reflected in the enhanced DBDs; and ensure that key engineering
requirements and assumptions critical to plant safety are identified in the
erhanced documents.

Severa®l types of documents have been researched as potential source docu-
ments for engineering design-bases information, including existing DBOs;
analysis-based documents; calculations and analyses; plant licensing bases;
N3SS vendor and A/E design criteria, standards, functional specifications
and des‘iqgn reports; s»ecial project reports; NSSS vendor and A/E correspon-
dence; plant modification packages; regulatory requirements and industyv
codes and standards; internal utility correspondence; design drawings; pro-
curement requirements, outlines, and specifications; select vendor corre-
spondence, drawings, manuals, and bulletins; pre-operational, startup and
post-modification test reports; and plant procedures.

The utility developed several unique tools for the development of input to
the enhanced DBDs. One of these tools 15 a set of logic trees that show
the flow from general design criteria to safety function to system parame-
ters and, finally, to component parameters for each safety function of the
system, The trees enable the DBD preparer to focus on the important aspects
of the system drsign and to determine the necessary information to support
the engineering design-bases requirements. Another tool is composite safety
function diagrams (success trees) that show the state (e.g., open, closed,
running) of active and passive components necessary to complete specific
system functions during various accident response modes.

The pilot program for two systems that the utility had completed showed
that the enhanced DBDs had a unique and user-friendly format. System-level
or componeit-level performance requirements that cover the spectrum of
plant operation from normal operation to emergency operation are addressed.
Automatic actuation and required operator actions also are addressed. The
design and performance margins availabie “or certain safety parameters are
included, as well as why the margins were provided and limitations of the
marg.ns. The reason for both system and component performante requirements
is given and the key source documents that contain the baiis for the per-
formance requirements are cocumented. The enhanced DBDs also contain
interface requirements for support systems (such as heating, ventilation,
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and air conditioning; electrical power; cooling water; and instrument air)
and indicate the system and component performance requirements that were
or were not considered in the accident analyses

The utility developed a program for the analysis-bases documents (ABDs) to
complement the DBD effort. The utility contracted an NSSS vendor to gen-
erate 18 ABDs that covered all FSAR accident analyses. The ABDs document
system and component operating parameters, briafly address analysis
techniques, and identify the gross effect on the analysis if a parameter
were Lo change. Since the reload analy:is for the plant was done by the
NS55 vendor, the document is most useful to the utility to conduct 10 CFR
50.59 evaluations. The ABDs also describe acci<ent scenarios and contain
assumptions made by the NS5SS vendor in the acciicat analyses. The assump-
tions made in the ABDs were verified during plan “‘vdowns, and key para-
meters were validated where possible hy reviewing -t .rtup test data (origi-
nal plant startup and refueling outage startups), surveillance test resuits,
and operating procedures. The field validations for the ABDs included
operator actions assumed in the accident analysis that were determined by
reference to emergency operating procedures. The ABDs were completed
except for field verification activities at the time of the team's visit.

Another utility with an older plant is in the process of preparing system
DBDs for all of the plant systems that are required for safe shutdown and
accident mitigation by (1) organizing, defining, and controlling the cur-
rent engineering design bases and calculations of record. (2) validating
the critical design parameters related to the plant procedures and hardware
against the regenerated or current engineering design bases, and (3) creat-
ing and maintaining an experienced knowledge base within the utility.

tach of tne 22 system DBDs will incorporate, either directly or by refer-
ence, the system's engineering design bases, the system calculations, anal-
yses of record, and the system-descriptive design documents. The utility
considers the system engineering design bases will be accumulated from the
NSSS-imposed system functiona)l requirements, the regulatory-imposed design
requirements, and the design codes and standards of record. The system
caiculations and analyses of record are contained in design documents such
as accident analyses, component sizing calculations, and piping stress
analyses. Examples of system-descriptive design documents are component
specifications, general arrangement drawings, flow diagrams, purchase orders
and other procurement documents, vendor manuals, FSAx, technical specifica-
tions, testing procedures, and installation procedures.

The system DBDs are intended to enable the utility's engineering group to
prepare design modifications to plant s/stems in a consistent and timely
fashion and to enable the plant system :ngineers to validate the perfor-
wcnce of each system with regard to the system's functional requirements
‘teiled in each DBD fhe design regquirements for the major components
within each system also wil) be specified

of a pilot progran The pilot program has discovered oily minor discrep-
ancies for the systems designed by the NSSS vendor Th2 utility antici-

The utility has generated and issutd three system DBDs (eveloped as part
od
\q




™

pates substantia)ly more giscrepancies w be discovered with the svsten
aesigned by the A/t and others because of the interface requirements and
the looser contr f quality records during the timeframe ir which the
prant was conLrytted

(% Fifth Approact
A fifth utility, which also has an older plant, has completed de ment
of DBDs for 18 | 8c” ;gent mitigation und support systems Two woouments
One on 8 system-ieve! bas‘s and the other on a component-leve) basis,
capture the besic functions, performance requirements, and interface

requirements for each system and component Several of the system=)eve
documents contain an adequate leve) of information for the functional bases
of the system that is w.i supported by reference t¢ supporting documents
and calculations For some systems, detailed flow, heat balance., or othev
calculations were pertormed to validate the capability of the systems t¢
meel design requirements beceuse of technical isrfues that arose auring the
reconstitution process

(6) Sixth Approach
Ine sixth utility, another o'der plant, 1s wel) under way in its DRD
reconstitution ,rogram and has defined 35 system-leve) DBDs to be developed
An interesting feacure of the program 1s the development of design-bases
documents for the aux‘liary building, the containment, the intake structure,
and the securit building The development of the DBDs are contro)led by
& writers’ guide and a detailed development guide

The selection process for the generation of system DBDs 1s based on the
importance of th: system to nuclear safety, the frequency of modifications
to the system, the complexity of the system, and the importance of the
system to sustained plant aperstion

The information contained in severa) of the DBDs was comprehensive and
useful without being overwhelming. The intention of this Vtility was to
make the DBDs a directory for easy access to detailed engineering design-
bases information It did not want the DBDs to become documents of only
academic interest or documents that are subject to constant change as modi-
fications are made to plant systems. The utility veed one DBD to resolve
confiicting information concerning the qualification level ¢of & component
several weaknesses were evident in the DDR programs of the utilities surveyed
One program tended to contain a significant amount of descriptive material
rather thun being focused on the design intent and providing references to s, e-
CiT1s engineering design-bases information Another program was inconsi tent
ih the format, type, and level of information contained in the documents &% @&
result of & writers guide that allowed too much flexibility in the devel”pment
0f the documents sections of the documents on desigr margin addressed only
FSAR~type marging and did not address design and performance margins available
N system and component designs Another program provided engineering design-
bases information that was derived fron procurement specifications rather thar
information that reflected the true engineering design-bases requirements ]
aadition, the information was not verified or validated. which made 1t suspect
The two major pregrammatic weaknesses were the lack of emphasis placed on th




verification and validation of DBDs and the lack of & methodology to assess the
nec, tity and timing to megenerate missing design documents.

the content and format of system-oriented DEDs varied in the leve! of detai)

and arrangement of information, but the Categories of informstion were similar.

A number of fundamental and notable attributes resulting from the survey team's

review of industry DBDs were fdentified that may be useful to utilities that

:;o planning a DBD program or are in the process of inftiuting one (see Appendix

Jeal Design-Bases Documents

A number of the utilities surveyed have developed or plan to develop generic
or topical documents for issues that are common to many plant systems and areas
and are important engineering design bases to consider in modificatinus and
maintenance of plant design. One utility included such topics as general design
criteria, seismic criteria, tornado missile criteria, pipe treak criteria, safe
shutdown criteria, electrica) separation criteria, external environmental cri-
teria, internal and external floodin criteria, contro) of heavy loads, single-
faflure criteria, fire protection cr teria, interna) missile criteria, regulatory
guidc compliance, and environmenta) qualification. Other utilities included in
heir generic documents such topics as site meteorology, welding, accident anal-
yses, emergency facilities, hardware and instrument installativn, personne)
protection, records retention, instrument classification, and seism’c events.
One utility included generic desfgn issues in subsections of their enhanced DBDs
and does not intend to develop separate generic documents for the topical issues.
The utilities did not intend to validate the implementation of design attributes
covered in topica)l DBDs.

The development of generic or topical documents would provide a concise and
comprehensive design guide for use by the contracting organizations developing
the major design modifications for the plant. These documents also would pro-
vide Lhe utiiit{'s corporate engineers with rapid and comprehensive access t-
detailed topical design informstion, to eaable spot checks of the design modi~
fication packages. 1In addition, a verification and validation process applied
to the attri. tes addressed by the generic topics would enhance DDR programs.

3.4 Level of Effort

The utflities with forma) DOR programs have expended a great dea) of staff and
financial resources on their prograns. Personnel from the utilities and in the
support organizations, such as NSSS vendors, A/Es, and other contractors, are
dedicated to the DOR task. These personnei retrieved plant design records from
archives, reviewed the documentation to find those dealing with engineering
design-bases information, compiled the information into the 0BDs, produced and
revieved the documents, and performed verification and field validation of the
information contained in the documents. One utility estimated that each
document of the ones planned would require 1500 staff hours to prepare and cost
approximately $300,000, including field validation and regeneratian of missing
calculutions required to validate key functiona) parameters.

A typical retrieval effort involves identifying, collecting, indexing and
organizing a1l applicable recoras needed for the input to NBDs. Records are
located in NSSS vendor and A/E files, various utility files, engineers personal
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files, and loca) warehouses Licensing correspondence and the original FSAR
and NRC safety evaluation reports also are & source of engineering design-bases
information. One utility's task was complicated since the original plant A/E
closed 1ts local office and later was absorbed by another company on & corporate
level. Other difficulties arose as a result of certain information being

desi nated as propriecary by the NSSS vendor or others. Over one million docu-
menis may be screened for ongincerin? design-bases information for a particular
plant, but the number of documents with pertinent information 1s usualiy sub-
stantially less. Documents obtained through the screening process are usually
loaded in & computer date base for later seai ' and retrieval efforts during
the DBD writing effort.

The organizations that prepare the DBDs are usually contractor organizations,
plant A/Es, or NS5S vendors. The utilities provide program management and
establish the writers' guide that delinestes the format and content of the DBDs
and the level of detai) to be contained in them. The utility control exercised
during this process varies from directly involved to program oversight. Mow-
ever, those vtilities exerzising tighter control and leadership in their DBD
reconstitution programs have the better and more useful documents.

The betver utiifty DDR programs include verification of the information contained
fn the DBDs with the source documents and other confirmatory documents. Most
programs also include field validation of the information to ensure consistency
between the DBDs and the physical configuration of the plant. The more a gres-
sive validation process often includes & safety system functiona) inspection
(S5F1) of severa) systems in addition to plant walkdowns and physical confirma-
tion of the system against the design basis. Onc utility intends to perform

an equivalent SSF1 on each of the systems included in 1ts program. This type

of engineering inspection is the way in which the NRC has checked the adequacy

of the results of design control and DDR programs.

3.5 Priority for Design-Document Regeneration

The DBDs generally are prepared in accordance with a priority that considers
the safety significance of the system, the frequency of modificaticns to the
s{ston. the com.lexity of the system, the inportance of the system to sustained
plant operation, the peisible effect of the system on safety-related systems,
the importance of the system to environmental qualification, and safety-related
topical design considerations. An overall 1ist of the systems, structures, and
topical DBDs that the utilities have prepared or plan to prepare is provided in
Appendix G. Several of the plant programs represent enhancements of previously
developed DBD-type documents. The number of DBDs to be issued ranged from 18
to 84. The programs reviewed by the team are scheduled for completion before
1993,

Some utilities had informal methods for determining t'.e nacess’sy and timeframe
for document regeneration. These determinations were in large mezsure made on
8 case-by-case basis, based on the ju“jment of the cognizant discipline lead
engineer. Other utilities just identified the documents as missing, delaying
evaluations and decisions on reconstitution until later in the program. Most
utilities are considering regenerating only missing des .y, documents that are
required to validate critical system or compunent functional attributes, espe-
cially 1f these resulted in a reportable item. Missing documents are usually
identified during the preparation and field validation of the DBDs.
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Prioritization for the regeneration of less critical but important design
documents 1s generally lacking. For example, whereas a mistin? calculation for
system net positive suction head may be regenerated, regeneration of missing
seismic qualification documents is not planned, particy arly if archived cor-
respondence indicates that such seismic qualification was originally performed,
As & conseguence, & number of System and component sefsmic qualification
requirements and atiributes mey not be confirmed.

One utility had an elaborate categorization program for open items found during
the DBD development program. Categories exist for missing or conflicting docu~
mentation or other concerns that are not reportable under NRC notification regu~
lations, but are important to the engineering dosi?n basis of the plant. while
reconstitution is in order for these ftems, the priority and timeframe for
reconstitution has not been estab)ished.

During the early stages of the DDR process, utilities found that many unanswered
technical questions arose fnvolving potentia) nuclear safety issues and devia-
tions from NRC requirements that could not be readily answered. These questions
arose because of undocumented design bases, calculations, and analyses; documen~
tation conflicts; or undocumented verification. The questions were dealt with
on & priority basis and, on severa) occasfons, led to a plant shutdown while the
16sue was resolved or to an extensive effort expended on @ priority basis to
demonstrate that the facility was being operated within its design bases. The
utilities cwon found that the number o questions outstripped the ceapability to
dddress each one on a priority basis. As a result, to privritize and resolve
questions based on the safety signi“icance of the question, severa) utilities
have used or are planning to use probabilistic risk assessment techniques.
Questions with high safety significance are ?1von priority evaluations, while
tho:e j:dgod to be ¢f moderate safety significance are given a more routine
evaluation,

Une utility employed a risk-based prioritization using standard reliability
technigues. Available date bases are used as a screening tool. The risk
screening process identifies the failure of concern, the conseguence of con-
cern, the time sequence of concern, the time sequence of events, and quantifies
the limiting scenarfo. Risk categoriis are developed based on the probability
of the scenario compared to risk values of core melt (1€-4) or severe r¢lease
(1E-6). The results are further screened apainst NRC requirements and the con-
tribution of the subject scenario to the cumulative risk of all assessed risk
ftems to come up with a resolution category. Thus, & scenario with a very low
risk, which made it a low priority “tem, could still result in a plant shutdown
categorization because of a violation of NRC requirements.

This utility realized the benefits of 1nto?rating design, operations, and risk
perspectives and onhancin? understanding of plant safety as an ordered approach
to resolution of technical issues. This utility had a unique approach for the
reconstitution of missing design analyses. Rather than regenerate individual
missing design calculations the utility developed detailed thermal=hydraulic
analytica) models of plant fluid systems to determine whether they would be able
to perform their intended design function. In developing these models, severa)
design concerns were discovered that were categorized as potential high=risk
Tssues. The utility recently extended the program to inc)ude any unconfirmed
technical issve that is identified for its nuclear plants,
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3.6 A/E und NSSS Vendor Involvement

The roles of the origina) plant A/E, the NSSS supplier, and other contracting
organizations in the preparation, review. and va)idation of plant DBDs vary
threughout the utilities. One utility has a we)l-developed in-house engineering
capability and is in the process of preparing its own DBDs. The wtility pur-
chased al) of the design records that the original plant A/E could access anc
interfaced with the A/E on a 1imited basis to interpret these design records.
The utility also contracted with the NS$SS supplier to prepare design-summary
documents (through the operationa)l licensing timeframe) for tha systems that
the NSSS supplier designed in who'e or in part. The utilit, incorpurated the
intormation from these design-summary documents into the system DBDs. Except
for these external interfaces, the utility's engineering and plant staff are
preparing, reviewing, and velidating all of the plant's DBUS.

Another utility was the A/E for its plant, but plans to use other A/Es and
tonsultants as necessary to assist in the preparation of enhanced DBD-type docu-
ments. This utility also retained the NSSS supplier to review and approve the
documents that have been prepared for the p'ant's NSSS systems. It has developed
& writers' guide for the enhancement program,

Another utility has accessed al) of the design records that the original plant
A/E had archived. However, since another A/E has prepared plant design modifi-
cations and performed design services for the utility over the past 12 years,
the utilfty chose the latter A/E to conduct the DOR effort because of its famil-
farity with the plant's design. The work effort and resultant product has been
tightly controlled because the A/E is working as an extensicn of the utility
under the utility's program procedures. To obtain NSSS design information, the
utiléty has joined with other utilities in an owners groun to collect and index
NSSS> gesign information from the NSSS supplier. This task 18 expected to be
completed in mig=1990. The NSSS supplier &lso is preparing several DBDs for
this utility's NSSS systems. The A/E has developed a comprehensive set of pro-
cedures to control tne DDR project in accordance with the utility's procedures
and program. Wiile the A/E 1s preparing the bulk of the remaining DBDs, the
utility has prepared several DBDs in-house.

Another utility continues to rely heavily on the original plant A/E, NSSS sup-
plier, and other contractin? organizations to perform dcsipn modifications to
its plant. These organizations maintain “ony of the plant's orgginal design
documents for the ulility. However, this ,tility has prepared DBDs in-house
and has used the plant A/E and the NSSS supplier primarily to provide the cal~
culations and other design documents that the utility required to prepare the
DBOs. To assist the utility in the preparation of the DBDs for the plant's NSSS
systems, the NSSS vendor has prepared nonproprietary versions of the design
information for each NSSS system, Supporting calculations and other design
documents are available in a proprietary Tibrary maintained by the vendor in &
1acal office near the utility headquarters.

The remaining utility continues to rely heavily on the original plant A/E, the
NSSS supplier, and other A/Es to pirform design modifications to its plant,
These organizations continue to ma ntain many of the plant's original design
documents for the utility. The ut' )ity had contracted with the plant A/E and
the NSSS suppiier to prepare and v.)idate the DBDs in accordance with the utile
ity's quality assurance programs 7ad writers' guide.
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The N5SS vendor Surveyed stated & concern that many utilities pérceive the N&SS
design interface package provided at commercial turnover to be design-bases
information when, in fact, it is predominantly design-configuration information.
The vendor's fmplicit definition of design documents are those documents that
ensure that the NSSS vendor can supply an identica)l or equivalent replacement
for any piece of equipment that hes been in the original NSSS scope of supply.
The bases for the configuration so described may not have been included in these
design documents. The vendor stated that much of the NSSS on?inooring design
bases are contiined in test program results raiher than in calculations. The
opposite situstion was generally true with A/E design information.

The NSS5S vendor noted that newer planis have as much need for engineering
design-bases documentation as older plants because the fundamenta) engineering
d¢si?n bases for important aspects of recent designs are often established in
Q:rl er design evolutions when documentation recuirements were much less
rigorous.

The vendor favors the early establishment of & DOR team consisting of the NS$SS
vendor, A/E, and the utflity. It favors boginning with DDR pilot pro?rnnc for
one or two systems and emrhasizes the ownership of the DBD by the utility. TYhe
vendor observed that ut!,ities with or?an1zntions that are strictly discipline-
oriented have more problems understand ng ong1noor1n? design-bases requirements
than utilities that have system engineers within their design organization.

The NSSS vendor has not encountered major problems with document retrieval for
the DBD programs it has supported to date. Design requirements at the start of
commercial operation are easily retrieved. Recovery of ennineering design-bases
information may consist of written documentation of the bases or a consensus
opinior of design personnel who were involved curin? the original design. 1If
the ~onsensus approach 1s used, the information would be documented and filed
for future reference,

The NS5S vendor estimated that preparation of a DBD for a system nriginally
within their scope of supply would require about 3 to 4 months of effort because
the number of senior people still actively empiloyed and available to support a
given NSSS system are limited. A utility DBD program having a 3- to S-year
duration generally can e supported. The vendor cautioned that the utilities
should act while the experienced engineers that were actively involved in the
projects during the design and construction are stil] available.

3.7 Verification and Configuration validation

3.7.1 Verification and Validation Overview

The scope of the process used by most of the utilities surveyed to ensure that
a DBD 1s correct and that the plant configuration conforms to the DBD is similar
to the following definition from ANSI N45.2.10:

Verification: An act of confirming, substantieting, and assuring that

an activity or condit.or has been implemented in conformance with the

specified requirements.

NUREG-1397 3-17



Other useful definitions for verification and validation have evolved in the
design practice for digita) systems. A distinction is made between verification
and validation (see Electric Power Research Institute document NSAC-39, “Verifi-
cation and Validation for Safety Parameter Display Systems,” and Instivute of
Electrical and Electronic Engineers [I1EEE) Std 725-1883, “"Software Engineering
Terminology" ):

Verification 1s the review of the requirements to assure the correct
problem s being solved, followed by review of the design to assure
the requirements are met. The verification activities apply to the
transiation of design information from one development phase to the
next, and involve document checking/review at each successive design
phase, with testing used as practical. Validation is the test and
evaluation of the integrated system to determine compliance to the
functional, performance, and interface requirements. Therefore, vali-
dation provides an overal) assurance that the capabilities specified
in the system requirements have been implemented in the design.

wWhile the ANS] N&5.2.11 definition of verification appears to encompass both
verification and vai‘4ation, for the purposes of this report the team preferred
to define the terms separateiy. 7That is, DBD verification is defined as the
process of checking that the information contained in DBDs has been correctly
and consistently translated from the source documents, Validation, or field
validation, 1s the process of onsurin? that the physical plant and the DBDs are
consistent and that system configuration and functionality is accurately
represented by the utility dcsi?n documents. Valideticn also includes checking
that the information contained in other plant documents, such as operations,
maintenance, and surveillance test procedures and vendor manuals, is consistent
with the information in the DBDs.

The use of these definitions does not imply that & rigorous check is required
of previously approved design documentation. A reasonable approach would be to
verify that the design documentation retrieved, particularly documentation that
was generated during the initial design phase, 1s consistent with the current
plant configuration. Review of existing calculations for technical adequacy,
accuracy, and degree of representation of the current as~built configuration is
not part of most of the utilities' DDR pro?raus except where SSFI techniques
are used in the validation process. Checking calculations would be appropriate
where requirements have changed or where essential missing information requires
regeneration of documents, Also, controis should be established to protect the
integrity of source dats and 1ts accurate translation into the DBD.

DBD attributes concerning system functional configuration, parformance, or
operation are generally selected for validation. In some instances, critica)
component functional parameters such as flow rate, heat transfer, response time,
and temperature also are selected for validation. Topica) DBDs covering design
considerations such as seismic design, missile protection, floodin?. and other
topical engineering design bases generally are not s2lected for validation.
Where these requirements have been addressed in other programs, such a5 the pro-
gram in response to IE Bulletin 79+14, "Seismic Analysis for As-Built Safety-

elated Piping Systems," further validation is sometimes not performed by
utilities.
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some level of validation of the plant configuration with the DBD 1s needed t
ensure Lthat modificetions have not created a condition bevond the design bases

'“ and 10 ensure Lhat correct design margins have been established for consigera-
" tion in future modifications A comprehensive validatior program typicelly wil)
I . address functional, verformance, and interface reqguirements established in the
D8( validation tools for achieving this purposs include reviews and walk-

throughs of contiguration drawings and documents: physical walkdowns of plant
nardware; reviews of existing calculations; performance of confirmatory
calculations; reviews of preoperational and surveillance test results: reviews
p of actual plant transient responses performance of confirmatory tests: refer-
- ences Lo existing confirmatory programs (e.g., Appendix R to 10 CFR Part 50,
NUREG-=0737, “Clarification of TMI Action Plan Requirements.," November 1980:
10 CFR 50.49; and Bulletin 79-14 projrams); reviews of modification packages
safety evaluations; sampling programs for generic topics (e.g., anchorage cal-
culations, electrical separation, and a-*'ificatior packages); and performance
of select interna) SS5F1s

As @& part of a validation program, 1t 1s generally recognized that certair
design documents and implementation of certain engineering design bases are more

‘ Ifkely to contain discrepancies than others However, the areas of emphasis tc
tome extent depend on the age of the facility and the effectiveness of previous
Utility design-control programs and practices By intelligently selecting a
sample of the engineering products for verification and/or validation, the util-
1ties could maximize the safety benefits obtained for the resources expended
For example, it may be beneficia) for early vintage plants to place additiona)
emphasis on the calculations and design documents that were performed before
the implementation of 10 CFR Part 50, Appendix B It also may be beneficial tc
place additional emphasis on validating the implementation of design bases such
as physical and electrice) separation These design requirements were imposed
by NRC at a time when the designs of some faciiities were in progress The
requirements to harden facilities against high-energy line break, natural phe =
homena (e.g., seiemic events and tornadoes), fire. and internally generated plant
migsiies may not have been as rigorously addressed in older facilities. In some
cases, the facility designs may have progressed to quite an advanced svage and
required innovative re-engineering or relocation of installed hardware and com-

. ponents. Further, it may be more cost effective for a utility to target systems
that have been modified many times by many organizations for an interna) SSFI
The NRC has used this technique to judge the effectiveness of DOR programs. Con-
versely, plants that have undergone fntegrated design inspections or independent
design verification programs as a part of the licensing process may decide that
less scrutiny 1s necessary for aspects of the facility that were previously
reviewed, particularly if they have not been modified Since design control has
'mproved over the past few years, it may also be peneficia) to scrutinize older
modifications, perhaps implemented under 1ess stringent design contro)l practices
y to ensure engineering design and licensing bases were not compromised

)

¢ Utility Verification and validation Programs

Most utilities appesred to verify DBD source documentation with the support of
the original NSSS vendor or the original A/E verification generally consists
of retrieval of hardcopy evidence of the design-basis information or a documented
consensus of available experts 1f existing documents are not ret, {evable

t or
evident The translation and compilation of these tource document requirements
r

into the DBD is 2 procedurally controlled proces:s




With one exception, the utilities surveyed appeared not to significantly chal-
lenge existing DBD source documentation. For example, most appesred to simply
accept the existence of a calculation rather than verify its assumptions or
methodology. One utility sppeared more aggressive in this regard, although the
utility did not have & large technica) staff, it appeared more effective in
assuring that the DBDs were accurate and complete. For example, the utility
used data from abhormal operating events, such as & Yightning=induced loss of
offsite power, to verify assumptions made in the DBD source~document analyses,

A1l of the utilities use design configuration validation too)s described previ-
ously. However, a wide range of difference was observed among the individua)
utilities' scope of validation and emphasis,

The utility that appeared to have the most aggressive DBD verification program
4160 appeared to have & very effective configuration validation program for
system design. The utility uses the fo1lov1n9 uideline to determine which
engineering design-bases attributes require field validation: a parameter that
requires validation is (1) derived from or basr on a Ticensing commitment, (2)
essential to the performance of the safety function or component, (3) a calcu~
lation assumption or specified in NSSS vendor or A/E correspondence and not
Tikely to be wel) known or understood by engineering or licensing personne),

and (4) significant as determined by operations or the PRA group. The utility
performed field validation of critica) calculations, which were based on the
assumptions of normal and accident conditions, to demons®rate that (1) the sys-
tems are capable of performing the safety functions required by their wngineering
design bases through appropriate physica walkdowns, (2) testing is adequate to
demonstrate thet the systems would perform all of the safety functions required,
(3) system maintenance (with emphasis on pumps and valves) 1s adequate to ensure
system operability under postulated accident conditions, (4) operstor and main-
tenance technician training is asdequate to ensure proper operations and mainten~
ance of the system, (5) huran factors considerstions relating to the selected
systems (e.g., accessibility and Tabeling of valves) and the systems supporting
procedures are adequate to ensure proper system operation.

However, some of the utilities surveyed have validation pro?rams that lack
sufficient attention Lo topica) DBD areas such as singlo failure, system inter-
action, seismic design and separation recuirementc. Others have inadequate
validation of component-ievel design requirements and information contained in
the DBDs, and other utilities focus on design-related weaknesses in plant
procedures rather than including design documentation.

3.8 Operability and Reportabiiity

Utilities were concerned about the questions of operability and reportabi)ity
that could arise from DOR programs. For example, utilities were unclear if sys=*
tems, structures, and components should be considered inoperable if documentation
that provided assurance that the plant was being operated within fts design bases
was unretrievable. Some plants had needlessly been shut down or had reduced
power a¢ a result of documentation problems. Ir addition, there was the poten
tial for generating a substantia) number of reportable events, many of which
would later be determined to have been unnecessary. (Additional 1nsights into
these questions can be found in the Nuclear Management and Resources Council's
(NUMARC's) "Design Basis Program Guidelines" document dated October 1990 )
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There fs a clear )inkage between operability and reportability determinations.
Once the determination has been made that the facility has been or is operating
outside its design bases or that systems, structures, and components tay be
incapable of performing their intended safety function requirements f¢r report-
ability as specified in 10 CFR 50.72 and 10 CFR 50.73 become operative and the
time clock starts for any affected action statements as defined fn the facility's
technical specifications. These operability and reportability Judgments are of
particular concern during the DDR phase for older plants designed before the
existence of Appendix B to 10 CFR Part 50 and NKC endorsement of ANS] Star.dards
N&5.2.11-1974 and N85.2.9-1974 as requirements for design documerts and record
retention. Design documentation practice for the older plants was not as
rigorous as more recent practice so that missing or incomplete documentation

1s not unusue) and is not necessarily an indication of an ihadequate design

or other immediate safety concern.
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4 CONCLUSIONS AND OBSERVATIONS

It is very difficult to charscterize the performance of nuclear utilities in

the area of design control and configuration managemert on the basis of a rather
limited survey of six licensees and one NSSS vendor. “he one thing the survey
team can conclude with a high do?roe of confidence is that each utility controls
design and approaches configuration management in a different manner. Certaiin-
ly, there are similarities in the programs of different utilities by virtue of
the fact that they are all, in their own way, trying to achieve many of the same
goals and objectives. However, differences in organizational structure and areas
of emphasis result in different approaches.

In developing fts conclusions, the team drew from the strengths and weaknesses
they perceived during the survey of the approaches and programs of the various
utilities. Utflity programs may have evolved since the survey was completed,
therefore, the team's conclusions should not be interpreted as being critica)
of, or an endorsement of, any current utility approach or program. Additionally,
for completeness, the survey team has drawn from its direct knowledge of program
strengths, weaknesses, and problems encountered by utilities that were not part
of the survey. Therefore, the conclusions ang observations given beiow should
be viewed as a global account of the organizational or programmatic attributes
that have been beneficial or have caused problems in design contro) or
design-document reconstitution.

4.1 Qverall Assessment of Utility Pesign Control
4.1.1 Engineering Capability

The utilities surveyed had adequate procedures and practices to contro) the
interface between the corporate and site engineering staffs. While each organi-
zational structure had its strengths and weaknesses, in most cases, where the
ong.noerin? organization had the responsibility to control the plant design,
configuration, and modifications, the design documentation was more complete and
there was less likelihood that temporary and permanent plant modifications
abrogated the plant's design and licensing bases.

The utilities with plants that had recently started up had larger design staffs
with more engineering disciplines and performed more fundamental design engi~
neering in-house. Utilities with plants that had started up in the early to
mid-1970's tended to have smaller staffs and relied more heavily on outside con-
tractor organizations for the more complex and involved dcsi?n activities while
overseeing these activities in a project management role. A though operating
in a project management role is one of several ways for the utilities to contro)
and implement plant modifications, it is stil) imperative that the project man-
agement staff be sufficiently knowledgeable to be able to ask the right ques-
tions of the organization or person performing the work. This 1s true even for
the more arcane tachnical specialties (e.g., seismic analysis or reactor core
thermal/hydraulic analysis) for which it may not be justifiable to retain
in-house capability. However, the team observed that project management staffs
were not always sufficiently knowledgeable. Aithough, of necessity, some per-
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centage of engineering work must be performed by contract organizations, it is
the 1icensee's responsibility to ensure that the work is done correctly and that
tne plant remains within its design bases. It is important for utilities who
have delegated design responsibilities to outside contractor organizations to
establish engineering assurance programs and to maintain active technical man-
agement involvement and control of the design process. This is necessary to
ensure consistency in the design contro) process and to maintain control of

the configuration management program.

The percentage of engineering work done in-house varied among the utilities
surveyed, The utilfties that retained a solid in-house engineering capability
tended to have a more thorough understanding of their engineering design bases
and current licensing bases and of the implementation of these bases. If a
significant portion (40 to 50 percent) of engineered ple~* modifications (com=
plex as well as simple modifications) were done in-house, the utility would
maintain a technically competent engineering staff that was in touch with the
current technology.

There was a lack of utility design procedures (in-house design guides and
procedures) and the utilities tended to rely heavily on industry consensus
standards to engineer modifications. Certainly consensus standards are neces-
sary and useful, however, they are typically broad-based documents that permit
multiple ways to achieve an acceptable design. The development and use of in-
house design guides would further refine and provide for a more consistent
design approach to the implementation of the guidance provided by consensus
documents. The use of in-house design guides would help to ensure that the
engineering design bases are considered in developing plant modifications.
These documents could also standardize, to the extent possible, the manner in
which commitments in the plant's design bases are implemented.

An important part of the design control, and also the design reconstitution
process, is the recognition (but not necessarily quantification) of where
design margins exist and their categorization as being controlled hy the design
organization or by the NRC,

It may be beneficial to quantify and control design margins when they are
referenced as the bases for acceptability of a design modification or a modifi-
cation to plant operating procedures. Ori?innl margins tend to be slowly ccn-
sumed during the life of a facility by various modifications. many Class 1E
electrical systems, for example. *iu excess capacity when the facili* _egan
commercial operation. Over che years, electrical loads were contin.. ly added
to the Class If system Ly designers, secure in the knowledge that ample margin
existed, only to realize one day that the margin they thought existed had been
consumed and, in fact, the diesel generators were unknowingly being reguired to
operate in a condition in excess of the manufacturers continuous=duty reting.

The identification, definition, categorization, and tracking of margins in the
original plant design and during the design change Lrocess was generally weak,

None of the utilities had thoroughly ke,* track of design margins, nor considered
how smal) incremental changes to systems could affect design margins. Many
utilities did not update controlled calculations to incorporate minor changes

or track these minor changes so that they could be assessed in aggregate to
determine the total effect on system or component performance. Utility engineers

NUREG-1397 4-2



relied on undocumented engineering judgment to assess the effect of small changes
on system performance. Although the use of properly documented engineering
Judgment 15 & valid way of assessing the effect of incremental changes, if the
incretenta) changes are not tracked and the decrease in available design margins
are notl documented, at least qualitatively, sooner or later the design margin
will be nonexistent and systems may no longer be able to perform their intended
safety functions. If utilities developed a.. implemented procedures and controls
to track incremental changes to design calculations, the control of design
margins would be enhanced.

In addition, elthough documented onqinooring Judgmenrt can be relied on to
determine the threshold for revising the calculations for consideration of the
aggregatc effect of the design changes, it is important that the related history
of a calculation remain with the analycis of record. There were instances where
the rationale for these engineering judgments was contained with the modifica~
tion packages and not with the ariginal calculations. Therefore, an engineer
subsequently modifying a systew would have to retrieve &1l the previous, related
modification packages to understand where mar ins may have been reduced from the
original design. It would be beneficial if all original design calculations and
design-change-related calculations--performed by efther the utility or by A/Es,
NSSS vendors, and other contractors for the utility--were logged and filed in
utility document-control systems independent of t e associated design-change
packages. In this manner, calculations would al) be recorded in a central loca-
tion and an engineer would be able to review & 1ist of calculations for a par-
ticular structure, system, or component to determine if reanalysis had been per-
formed and {f the original design analysis was stil) valid and remained the
analysis of record. Where calculations are restricted because of proprietary
considerations by outside companies, i1t would be useful {f utilities had
summaries and 1istings of such calculations in their files.

A1l the utilities surveyed had adequate methods to identify and to contro) in-
progress modifications so that other engineers and designers would be aware of
planned but perhaps not yet implemented modifications that could affect the
modifica.ion on which they were working. However, all utilities should pay
particular attention to their design-change control procedures and implementa-
tion programs to ensure that controls are established to minimize the occurrence
of conflicts or adverse interactions between simultaneously ongoing modifica-
tions. It is important that procedures also ensure that partial implementation
of a modification does not result in a condition that lies outside the approve”
system design.

Most utilities have adopted the systems engineer concept. Tne adoption of the
systems engineer concept is indicative of a proactive utility organization
recognizing the need for this coordination/interface function. xtending this
concept to the design organization alss would be beneficia) because in many
instances there is no system ownership in the en ineering organization anag any
one of several individuals may prepare modifications for any given system.
Therefore, it is not likely that any one engineer in the design organization
fully understands the engineering design bases of » given system or what prompted
certain decisions to be made and why and how certain design considerations were
irplemented. Extending the concept of the systems engineer to the design organi~
zatic: would add greater depth of knowledge to the design organization as well

a5 create a single point of contact or design counterpart to the systems engi-
neer on site. It would alsc establish a cognizant individual for specific sys=

NUREN-13987 4-3



tem or topical DBDs that would be created by a utility DOR program. The systems
engineer in the design organization could have responsibility for maintaining
his/her assigned DBDs current and assuring that his/her assigned system remains
within its engineering design bases.

In severa) of the utilities surveyed, the responsibility for instrumentation

and control (I&C) was under the electrical power discipline, which appeared to
dilute the resources available to handle modifications in the 1&4C area. Con-
sidering the rapid change in technology in the 1&C discipline (e.g., the use of
digital instrumentation systems in place of analog systems, the increased use of
fiber optics, multiplexing, and computerized protection systems with safety-
related software), a dedicated organization to handle 1&4C modifications could be
beneficial. Additionally, having designated individuals controlling the pro-
babilistic risk assessment and the failure modes and effects analyses also s
worthy of consideration.

The computer-based, fully integrated, configuration management information
system under development at one utilit{ appeared to be a very capable and usefu)
too)l to retrieve design informution. In-house development of the software for
the system and the close uorkin? relationship between corporate computer pro=
?raumin? experts and configuration management personne) appeared to be a key
actor in the successful development of such a system. In the future, systems
such as this will help to ensure consistency of design inputs when design
changes are made,

4.1.2 Control of Plant Modifications

There appeared to be appropriate lines of communi‘ stion between engineering,
groups r:sponsiblc for implementing plant modifications, and operations
personnel.

The development of & facility modification is & complex process that requires
not only coordination of the various engineering design disciplines but also
coordination between the engineering and site personnel.

A comprehensive design considerations checklist, which identifies appropriate
design inputs, design attributes, design critevia, and desiqn documents, 1s a
useful tool for the design engineer. Further, multidiscipline walkdowns before
engineering the compiex modifications were beneficial to fdentify and perhaps
resolve questions regarding interferences, operat ona) problems, sequence of
installation, and other synergistic design considerations. Periodic multidisci=
pline meetings held before and during the implementation of complex modifica-
tions were beneficial for planning the work in advance, defining organizational
responsibilities, and resolving any problems that arise.

Utilities should encourage walkdowns before, during, and after a modification
is installed, particularly for complex modifications. The walkdowns would be
most beneficial if they were performed by & team comprised of design, construc+
tion, operations, maintenance, systems engineers, and health physics personne)
using & standard set of questions, Walkdown observations and iiscrepancies
could be jointly resolved by the participants. Following modification imple-
mentation, a formal walkdown involving the systems engineer, the design engi-
nier, and representatives of other organizations such as the installing organi-
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2ativ. operations, maintenance, and the QA/QC organizations should be held to
ensure p ‘oper implementation of modification cetails.

The procedura) requirements for system turnover of modifications were thorough
at most utilities. It is very important that drawings and procedures critical
to system operation, such as those identified below, are updated in the contro)
room before modification turnover to operations.

drawings such as P&1Ds, electrical single~1ine diagrams, schematics and
logic diagrams, and valve and instrument Tists

' technical manuals required by operetions
operating procedures

’ emergency operating procedures

' set point documents

. surveillance test procedures required for operability determinations of
the modified system or equipment

. electrical Toad 1ist for Class 1f busses

.2 Assessment of Uvility-Initiated Des ign-Document Reconstitution Proqrams
4.2.1 Development of Design-Bases Documents

>

Each utility surveyed hiad evaluated the need for & dos1?n-documont reconstitution
progrem and proceeded according to its needs. Each uti ity operates differently,
has a different or?aniznt!onai structure, and perhaps has facilities of differ-
ent ages with varying degrees of available documentation; therefore, each utility
must review its needs, establish the goals it wants to achieve, target the pri-
mary users of the products, and develop a program that fulfills its objectives.
Accordingly, 1t follows that each facility should have its own program. Even
within the same utility, where facilities of different vintages may exist, it is
not unreasonable to expect to have somewhat different programs for each facility.
It tollows that the format and content of the DBDs for each facility may be
uninue since they are driver by the predefined programmatic goals and objectives
and the needs of the end users. However, since most utilities have common
objectives, many DBDs may contain similar types of information. Appendix F
provides a 1isting of fundamental design-bases document attributes.

DBDs are beneficial because they can capture the current corporate memory of the
engineering design bases (including the NS¢3 scope), the design decisions that
were made, and the rationale behind these decisions. Experience has shown that
this information held in corporate memory fades over the years as & result of
staff turnover and attrition. DBDs also provide a user-friendly, central loca-
tion for the engineering design bases and current licensing bases and a directory
to supporting design documenis. DBDs, for exanple, can provide reference infore
mation to support 10 CFR 50.59 evaluations necessary for temporary modifications
or regularory waivers of compliance that may be required on an expedited basis
to keep a facility operating. Such situations regularly arise at inopportune
times, such as during weekends or on backshifts, when perhaps the individuals
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most knowltd?enble ot the specific design considerations in Question or design
margins available are not on site or readily reachable.

Utilities may find it a worthwhile exercise to evaluate their organizations to
determine the need for implementing some form of DDR program on the basis of the
following factors: (1) loss of engineering and design corporate memory (i.e.,
utility, NSSS vendor, A/E) through personnel attrition, (2) the normal evolution
of the utility organization from a design to an operating orientation with the
typical shift in priorities away from expending resources to maintain and update
design documents, (3) lack of a centralized desi?n engineering organization with
respensibility for design contro) and configuration management shifted to the
operating organization, (4) extensive reliance on contracted engineering services
with minimal Ticensee capability to provide technical oversight, (5) the availa-
bility of design bases and design analyses and calculations to support the as-
built plant, and (6) the ability to make timely operability determinations.
(Further self-assessment questions are addressed in Appendix H.) On the comple-
tion of such a self-assessment, utility management could judge whether a DDR
program would s!gnificnntIy enhance their level of knowledge of the plant dcsign
and the accessibility of information. 1If a decision was made to initiate a DO
program, the self-assessment could provide the bases for developing the goals
and objectives of the program.

If a utility decides to initiave a DDR program, it should recognize that implicit
in this decision is a commitment of the necessary personnel resources and manage~
ment ovcrsight to ensure management goals and objectives are met and that the
program will procuce documents that may be effectively used in design control,
configuration management, and plant operational programs.

However, the commitment of utility personnel to produce a usefu) set of quality
documents is an important ingredient to the success of a DDR program for severa)
reasons. First, the task of putting together a DBD will provide the individuale
involved with a wealth of information about and frsights into the systems engi-
neering design bases and with the reasons why certain design decisions were made.
It seems prudent to keep this knowledge in-house. This can be better accom-
plished if the DBDs are developud by utility personnel rather than contractors.
Second, utility participation provides a strong sense of ownership of the DBDs
and a greater appreciation and understanding of the information contained within
the documents and of the amount of effort necessary to compile the ‘nformation.

Strong perticipation of the utility staff in the development of the DBDs should
be encouraged by utility management to yield an iicreased appreciation of the
plant design bases and to result in a greater level of acceptance of the DBD
documents by the workin?-lovo1 utility staff. The best way to achieve an imme-
diate level of on?inoer ng involvement is to dedicate utility design engineers
and appropriate plant personne) to the DDR program and te maintain the DBDs as
living and useful docurients in the modification programs. However, it is neces-
sary for the utility to do more than assign or contract a group t~ aevelop, com-
pile, and distribute the DBDs to well-defined users. It is al,, necessary for
the utility to develop an awareness and understanding of “ne plant's design
bases and its importance within engineering and plant organizations. The DBDs
can be useful toward this end, but are not a substitute for utility engineering
involvement in the design of facility modifications.
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AL the conclus of a DDk program, most utilities have & thorough understand

ing of their engineering design bases, a sufficiently complete set of document:

that demonstrate how the engineering design bases were implemented, and a higt

ty configuration 1s consistent witt
15 Deing operated within 1ts design bases

level of confidence that the current facili
Lhe design documents and

The leve)l of involvement of the Utility's design organization in the DDR process
16 & major fac* = in the quality and usefulness of the DBDs. The utilities that
have exercis L control and leadership in their DDR programs have higher
quality and » eful documents In the long term, it would be beneficial

for utilities wo minimize their reliance on outside engineering organizaticns to
provide the understanding of a facility's engineering design bases and how they
were implemented The team recognized that a utility will always be dependent
Lo some degree on the NSSS vendor and the A/E of record and will certainly need
their assistance in developing DBDs. However, it would benefit the utilities

1T they abandoned the turnkey mentality of being solely plant operators and
thoroughly understood the engineering design bases of their facilities. The
first step in this transition may be for a utility to assume ownership and con-
trol of 1ts DBDs Heavy reliance on outside organizations to develop DBDs wil)
not bring within the utility a dees understanding or sense of ownership of DUBDs

Once created, the DBDs should be controlled end maintained as=built in a manner
similar to other drawings and design documents. Since DBDs by their nature con-
tain engineering design-bases information and configuration-specific descriptive
information, it may be necessary to update the DBDs after every modification.
Because it is unlikely that the engineering uesign pases will change frequently,
some utilities have tried to decouple the DBDs from the contiguration specifics,
for example, by including references to facility drawings by drawing number but
without the revision number This is an acceptable concept Since the drawing:s
are themselves controlled, an engineer requesting a drawing would be typically
given the latest revision, unless otherwise specified. It appeared unnecessarily
burdensome to have a change in one controlled document result in cascading revi-
sions of other controlled documents. However. when & plant modification results
'n & change to & DBD, the change shouid be processed as part of the modification
package completion, in the same manner that other affected documents are revised
Because of the important design information contained in the DBDs, 1t is impera-
tive that all DBD users are informed in a timely manner of DBD changes. Periodic

updates on a yearly basis, for example, wo'ild not make the DBDs a particularly
user-friendly document

4.2.2 ldentification of Missing Design Documentation

Utilities with older plants will generally find design document reconstitution
programs more challenging because they typically have not obtained design caicu~
lations from their A/E or NSSS vendor and design rec.r.'liation programs were,
at best, smaller in scope than those for the newer p “$

Most utilities did not have a systematic method to determine the engineering
design bases or system parameters for which calculations should have been per-
formed. Many of the utilities had not identified the parameters or design
atiributes that were necessary to demonstrate that structures, systems, and com-
ponents would perform their intended safety functions. Without this up~front
tdentification, it 1s difficult to determine what documents are missing when the
retrieval process is completed In other words, the utilities were not totally
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sure which calculations were missing because they did not define the design
attributes or controlling design parameters that are necessary to (1) establish
and define the functionality and operability requirements of structures, systems,
and components, (2) demonstrate the conformance of structures, systems, and com-
ponents to the design bases, and (3) demonstrate that structures, systems, and
components will perform their intended safety function, During the conduct of

@ DOR program, it is important to determine (1) which design attributes or con-
troll1ng design parameters lack documentation demonstrating proper implementa-
tion, (2) which documents need to be regenerated to demonstrate implementation
of the design basas, and (3) the priority in which the documents need to be
regenerated. A good approach to eccomplish this is to identify a template of
design documents before beginning a system or topical design-bases document, A
review would then be performed to establish the degree to which the available
design documents match the template. Appendix I is an example of typica) types
of d:sign attributes or controlling design parameters that may be included in a
template.

4.2.3 Prioritization of Missing Design Documentation

Once the template has been defined, it is Tikely that some documentation wil)
be unretrievable. None of the utilities surveyed had a proceduralized, defined
prioritization scheme to fdentify the documents that they felt needed to be
regenerated nor a schedule for regeneration to better utilize existing engi-
neering resources. Document regeneration was typically done on a case-by-case
basis with relfance placed on the judgment of lead engineers from individua)
disciplines. 1In soms cases, little thought had been given to the need for docu-
ment reconstitution. A prioritization nothodolo$y should be employed when
missing or deficient documents are identified. The methodology should ensure
that resources are expeditiously focused on items in a timeframe dictated by
their perceived safety significance.

One way the survey team devised to rank the importance of design documents vis-
a-vis safety significance is presented in Appendix J. This method divides the
design documents into five categories on the basis of their position in the
hierarchy of safety systems, with design ducuments relating to systems covered
by the plant technical specifications being considered the most important and
placed in Category 1 while documentation to demonstrate the sefsmic capahility
of non-safety-related systems from creating a hazard to safety-related systems
was placed in Category 5. Utilities that have completed probabalistic risk
assessments have used these to quantify the safety significance of safety func-
tions by computing the increase in core-melt probability if, because of nissing
documentation, it is assumed that a given safety function may not be completed.
This also is a reasonable approach to prioritize resources.

4.2.4 Concept of Essential Design Documents

In performing a design document reconstitution program, it is likely that
certain design documents will be unretrievable or contain inconsistencies.

While the survey team did not see the need to regenerate the complete set of
design documents, it 1s important that ce tain design documents are available to
support plant operation. This set of design documents will be referred to as
"essential design documents." It 1s the opinion of the team that a)) essential
documents be accurate and those that are unretrievable need to be regenerated

in an expeditious manner. The team has defined essential design documents as
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those necessary to support or demonstrate the conservatism of technica) specifi~
cation values, e.¢., pump flow calculations and set point calculations and
design documents that are necessary both for engineering to support plant opera-
tions and for use by the operators to quickly respond to events. Examples of
essentiai documents include, but are not limited to, electrical load Tists, set
point 1ists, valve lists, instrument lists, fuse lists, breaker lists, Q-~1ists,
dissel generator load sequencing, P&IDs, flow diagrams, electrical single-1ine
diagrams and schematics and breaker and fuse coordination studies.

4.2.5 Document Regeneration

It would be beneficial to regenerate ali mitsing or inaccurate essentia)
documents in an expeditious manner. 1f a high leve! of confidence can be estab-
Tished that the system can fulfil) its safety functions through alternate mesns,
such as test data, it may be possible to schedule the regeneration of these doc~
uments in a timeframe commensurate with their perceived safety significance.

If other supporting information or test data is available to demonstrate that

& system, structure, or component can perform its intended safety function,
resources expended in the regeneration of missing documentation need to be
weighed against other priority safety items, such as those listed on tne inte-
grated living schedule for performing plant modifications. For example, 1t may
not be cost-beneficial to regenerate all missing pipe support calculations 1f,
based on reanalysis of a sufficient sample, it can be demonstrated that edequate
design margins exist. However, if a modification is proposed that would affect
a pipe support then good enginoorin? practice would dictate that 1t would have
to be reanalyzed, if a valid analysis did not exist. The new analysis would
then form a point of departure for the proposed modification and quantify the
design margin available follo.ing the installation of tie proposed modification,

4.2.6 Verification of Design-Bases Documents and Validation of Plant
Configuration

Many DOR programs did not contain adequate verification or validation of system
or topical DEDs. The utility programs were almost uniformly lacking in that DBD
source documentation was not technically challenged. The existence of & calcu-
lation was presumed sufficient to justify DBD information while the validity of
the calculation assumptions, methodology, results, or consistency with the cur-
rent plant configuration was nct vigorously reviewed. Calculations performed
before the NRC approval of Appendix B to 10 CFR Part 50 need greater scrutiny.
Although calculations performed under approved design verificaton programs may
not require as thorou?h & check, it would be appropriate and prudent to verify
that (1) the calculational assumptions are sti)) valid, (Z) that any physica)
data, dimensions, or other design inputs used in a calculation are sti) valid,
and (3) the calculationa) results appear reasonable on the basis of engineering

Judgment .

A strong DDR program would include a quality program that assured (1) the
retrieved DBD supporting design documents were verified to be valid, (2) any
regenerated documents were verified in accordance with existing design verifi-
cation procedures, (3) the information contained in the system or topical DBCs
was verified to have been correctly translated from the supporting design docu-
ments, (4) the current plant configuration was validated to be consistent with
its DBDs and supporting design documents, and (5) differences between the exist-
ing plant configuration and that specified in the DBDs and supporting design

NUREG=1387 4-9



documents were reconciled. The most important benefit that could be gained by
& utility from a DDR program is the knowledge that the plant 1s consistent with
its design documents and DBDs.

Some utilities have not consistently validated the plant configuration against
the system or topical DBDs. This was particularly true for plant-wide design
considerations addressed in topica) DBDs covering ftems such as single failure,
system interaction, seismic design, and separation requirements, and in valida-
tion of component-leve) design requirements.

It 1s important that utility verification and validation programs include

topical design aspects such as flooding, high=energy line break, seismic, fire
protection, and environmental qualification. Although previous utility programs
have validated significant portions of these aspects, these earlier programs may
not have completely verified al) aspects of the system design bases. While some
credit can be taken for the earlier efforts, assurance must be gained that pre-
vious validetion programs were correctly performed and that al) necessary aspects
of the topica) design erea have received the requisite validation.

4.3 QOperability and Reportability Determinations

The process of determining equipment operability and reportability of design-
bases inconsistencies must be a continuous process whereby conclusions regarding
operability and reportability are initially made and reevaluated as new or
additional information becomes available. This process should begin with the
working-level engineers who are involved in the collection, review, and cate-
gor1zntion of design-bases information and design documents. It is important
het the working=level engineers have sufficient experience to recognize gaps
in design documentation that may be indicative of potential operability or
reportability concerns and that these be brought ouickly to the attention of
nano*omont for further evaluation in a timeframe commensurate with their safety
sfgnificance.

4.3.1 Operability Determinations

One of the utility concerns was cycling the plant and . 'ing it through perhaps
unnecessary power or mode changes because insufficien: iesign documentation was

available to conciusively demonstrate that systems or components were operating

within \heir design bases and were therefore considered to be inoperable by the

plant technical specifications.

The existence or availability ¢f information to demonstrate that a structure,
system, or component is operating within its design bases is not necessarily
required to establish operability. Engineering judgment can be relied on to
make & preliminary determination of operability and reportability pending fur-
ther evaluation. The basis for engineering judgments may include operat ng
history, experience with similar structures, systems, and components; preopera-
tiona) test data; rcutinely conducted surveillance and t.st1n$ (to the extent
they simulate design-bases conditions); performance of simplified bounding anal-
yses; and other information. In some cases, it may be necessary to regenerate
missing 0051$n documents to demonstrate conformance with the design bases and to
validate engineering judgment.
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Implicit in this discussion is the premise of operability; that is, 1f the system
has been operable and meets its surveillance requirements and 1imiting conditions
of operation defined in the plant tecwnical srecifications and 1f there s a
reasonable expectation (based on ¢ngineering judgment) that the system can per-
form 1ts intended function, the system should not be immediately considered
inoperable solely on the basis of mi;sin? documentation. However, the process

is not open-ended and the period available to make engincering judgments, per-
form evaluations persuant to 10 CFR 50.59, or otherwise determine operability,
should be bounded by a time commensurate with the safety significance of the

open 1tem. It is anticipated that operability judgments will continually need

to be reevaluated on the basis of the availability of information. During these
periods of evolving information, 1t may be beneficial to contact the NRC to

keep 1t apprised of the current situation.

4.3.2 Reportability

Tne 10 CFR 50.2 definition of design bases is used in determining fmmediate
notification requirements under 10 CFR 50.72 and licensee event report require-
ments under 10 CFR 50.73. These regulations require the licensee to report any
event or condition that results in a nuclear power plait being outside its
design bases.

Some utilities believe that the number of 1icensee event reports (LERs) is
viewed by certain organizations as an indicator of poor licensee performance
without consideration of underlying reasons or the overal) benefits in safety
and efficiency accrued by performing a DOR program. A related concern was that
the potential for reportable items increases as the design bases are more pre-
cisely defined by the DBD. This would tend to raise the yearly number of
reportable items after the DDR programs are completed. Further, licensces were
concerned that the NRC would require reporting of deviations from information
contained in DBDs that was part of the commercially driven design constraints
but not part of the licensing bases of the facility. The increase in the number
cf LERs and other reports as required by 10 CFR 50,72 and 50.73 s considered by
the licensees as a disincentive for performing a DOR program.

Another concern expressed by )licensees related to the timing of roportin?
missing information that demonstrates confermance to the design bases. For
example, during the procest of gathering design-bases information it may be ini-
tially thou?ht that certain information is unavailable to demonstrate compliance
with a particular aspect of the plant's design bases. However, experience with
design document reconstitution pro?rlms has shown that often information pre-
viously thought to be missing is either retrieved or regenerated and it demon-
strates that the facility meets its design bases. Licensees warted to know at
what point in the information gathering process is the oreparation of a report
required pursuant to 10 CFR 50.72 or 10 CFR 50.73.

The rcportin? requirements specified in 10 CFR 50.9, 50.72, and 50.73 apply
equally to discrepancies discovered during DDR programs. Therefore, there is

no regulatory basis tu treat discrepancies discovered curing the conduct of a
DOR program differently than any other reportable item. Consequently, reporting
suspected but unsubstantiated discrepancies discovered during & DDR program
should be handled by the utility in the same manner as other potentially report-
able items. While it may be prudent for licensees to informally apprise the NRC
of potentially reportable items of high safety significance, formal reporting is
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by the existing regulat ons until the determing or ¢

( made by the
Qiscussed above, the operabl ity ar

€ reportat Ly evaluat
Iinked Therefore, the operability and reportabi 1ty Judgments for
open 1tem could be made in the same Timeframe and that timeframe should be
mensurate with the perceived safet, significance of the iten Generally,

sufficient informatior becomes available to meke the o
the reportat Ly determination should be straightforw

At

perabiiity determinati
ard

Utilities also have expressed a desire to combine rlosely related reportable
events in a single LER by supplementing existing LERs Again, LERs generated
during the conduct of a DDR program are no different from other LER: Guidance
has been provided this question by NUMARC in its “Design Basis Program Guide-
lines The subject of supplementa) LERs als0 has been discussed by the NRC ir
NUREG-1022, “Licensee Event Report System,” September 1983, and supplements
dated February 1984 and September 198°%

Although it 1s 1kely that during the course of performing a DDR program a
licensee will generate a larger number of reportable events, from the NRC's
standpoint, this will be viewed as & positive Indication that a licensee's pro-
gram 1s comprehensive Conversely, the generaticn of a smali number of LERs
does not necessarily connote a superficial program. The number - - ERe gener-
aled during a DOR program wil) probably be a strong function of e age of the
facility and the importance historically placed by the licensee on the avai)-
ability of design documentation However, &n aggress vely implemented design-
document reconstitution would be ar indication that & particular licensee has
recognized the need to have and maintair current certain essential plant design-
gocuments Although there are regulatory and financia) disincentives to con-
aucting an effective DODR program, both perceived and actual, the NRC has in the
past encouraged licensee-inftiated DDR programs and has, within the frameworh

of existing regulations and regulatory policy, taken certain actions to minimize
regulatory disincentives

The NRC staff recognize that decign-bases documents may contain commercially
driven design constraints imposed to provide operationa) flexibility, to facili-
tate construction, or to realize certain economic benefits Some of these gesign
constraints do not form the bases for the staff's safety judgment and do not

IMpact the health and safety of the the public Therefore, deficiencies that
are discovered relating to in~onsistencies in the application or implementatior
of such design constraints t.at are not part of the current licensing bases are
not considered reportable under 10 CFR 50,72 or 50.73 simply because the basis
of the discrepancy resides in a document the utiiity calls a DBD. The report-
ability determination should relate the discrepancy, through a tech ical ..valua-
tion, to the 10 C°R 50.2 definition In other words, the regulatory design
bases are defined in the FSAR and oOther docketed information not in the systenm
or topical DBDs. To apply an overly conservative reporting interpretation could
penalize some utilities that have included useful design information in their
DBDs that would not fall within the 10 CFR 50.2 definition of design bases
Conversely, omitting commercially driven gesign=bases information from DBDs wi®t
the thought of limiting reporting obligations wil)

unnecessarily lessen the
usefulness of the DBD:




4.4 Sumnary

After a plant begins commercial operation, there is a strong economic incentive
to shift the emphasis from maintaining engineering excellence to continued
operation and maintaining high availabiiity factors. It is important that both
are maintained. An internal conflict of interest exisis in al) utility organ-
izatfons between the competing interests of maximizing cporntin? revenues and
engineering excellence. It is the responsibility of senior utility executives
and managers to balance these convlting interes*s. Clearly, events of the
recent past have demonstrated that it is short- ..ghted to sacrifice engineering
excellence. Over the long term, striving for and attaining engineering excel-
lence will increase plant evailability and plant safety. Overal), the expense
of reconstituting the plant's engineering design bases and certain design docu-
ments will be justifiable on the basis of economics alone without considering
the obvious benefits to ~lant safety.
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The general survey questions that were provided to the six utilities and the
one nuclear supply system (NSSS) vendor are given below. The utility responses
were assessed, although not verified, during the surveys. The discipline dis~
cussion questions were used during individual meetings with the cognizant dis-
cipline personnel to gather information on the utility or NSSS vendor processes,

General Survey Questions

wWhich organizations prepare, aporove, and issue design documents, such as spe-
cifications and drawings, and design change documents, such as design change
requests and field change requests?

What are the requirements for 1ncorporct1n? approved design changes into a
design document? 1Is a design document revised and reissued at fixed intervals
or revised and reissued when a specified number of approved changes have been
issued against the design document?

What design documents are necessary for plant operations and maintained as-built
in the contro) room?

wWho determines which design documents are affected by design changes, and who
requires revision?

wWhat are the design documents, such as specifications, piping composites, and
electrical wiring diagrams, against which design change documents are written?

What methods are used to ensure that design documents are clearly linked to and
maintained consistent with safety analyses, licensing commitments, and the
design basis?

To what extent is a rigorous ANSI N45.2.11 design verification program employed
for modifications?

How are as-found conditions (documented in nonconformance reports, design
thange requests, and field change requests) that disagree with existing design
documeits properly identified and reconciled with the documented design basis?

How are minor or temporary modifications properly controlled and given adequate
safety evaluations and design verifications?

How 1s design information coordinated among the utility's operating and engi-
neering staff, the plant architect-engineer, the nuclear steam supplier, and
other significant vendors and contractors and consultants?

How do the programs for upkeep of technical procedures, such as operating,
maintenance, and testing procedures, incorporate design document requirements?

If a design document reconstitution program is ongoing, what is the level of

involvement of the plant architect-engineer and the nuclear steam supplier?
How does the the utility control this involvement? If a program is planned,
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what 15 the intended leve) of involvemant of the A/E and N5S3 supplier, and
how will this involvement be contro)led?

What discipline-specific types of corporate design procedures, guidelines,
standards, end practices are available for the use of design engineers during
the development of design changes?

wWhat portion of the engineering of mudifications is performed by the utility's
in-house technical staff vs. outside contractors?

How are cogt.izant technice)l staff made aware of the status and scope of modifi-
cations that are planned, or in process, that may interact with other planned
or in process modifications? How are these interactions controlled to avoid
conflicts between modifications?

Mow are the necessary and appropriate design documents made available to the
preparers of modifications?

What is the utility definition of a design document?

wWhat types of documents (e.g,, calcu’ations, drawings, purchase specifications,
vendor manuals) does your facility consider to be design documents?

Which design document {ypes does your facility maintain as controlled and which
are maintained as<built? How are design documents kept up to date with the
as-huilt plant?

Discipline Discussion Questions

How is design information from modifications integrated into operations and
maintenance procedures and training programs? Is this information provided to
these organizations in a timely faihion?

What do you believe is the overall effectiveness of the modification program,
and what improvements do you believe could be made to enhance the program?

How |s the coerdination of modifications/design changes between the various
involved orgenizations accomplished?

How is the design/engineering change process initiated?

For those items initiated at the plant level, is the up~front screening process
adequate and is 1t accomplished in a timely fashion?

What is the involvement of operations, maintenance, oncite engineering, and
other organizations outside the design organization in the review and implemen-
tation of modifications?

What is the backlog of change requests that require engineering action?

Is design documentation (e.g., drawings and calculations) found to be consist-

ent with the plant configuration or are substantisl walkdowns and consistency
checks required when designing modifications?
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What is the experience level of design engineers and reviewers, design managers
and safety reviewers? Are "old-timers" available for consultation or input on
original design decisions or on unde. lying reasons for earlier plant modifica-
tions? When reconstituting or recreating missing or inadequate design documen-
tation, how do you compensate (or plan to compensate) :or inadequacies in the
corporate memory?

11 changes have been made in the design control and configuration management
process over the life of the plant, what reviews have been performed to provide
assurance that the documentation, safety analysis, and design decisions for
earlier plant modifications are consistent with and adequately support the
plant design basis?

NUREG-1397 3 Appendix A



it APPENDIX B

l y MATRICES OF DESIGN ATTRIBUTES
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"“‘ ”




)k e

e g o s oo

The design-attributes matrices are not considered to be a complete list of important design attributes. The matrices were
used by the survey team 1o get a quick overview of (e degree of control, retnevability, accessibility, and fidelity of various
design attributes and design documents. The attributes include design inputs, design analyses and »aluations, an. design
outputs. The key to design attributes mutrices is given below.

A
B

Nut epplicable.

Not retrievable ~ The documents cannot be located in the utility's files or archives; or the documents can be located,
bul the information is suspe~t: or the utility does not recognize the need for such docur.ents.

Partially retrievable—~Sor ~ _uments can be located, but some of the information is suspect or must be supple-
mented,

Completely retrievable—. I documents can be located, and are valid.
Controlled~The documents are within the scope of the utility's document contre! system.

Accessible — Documents that are distributed or made accessible to engineering and plant personnel in a controlled
manner and are de'slopey (o be “user friendly” through format or training.

As-built—~Documents thet depict the installed plant corfiguration.

NUREG-1397 1 Appendix B



MECHANICAi. COMPONENTS DESIGN ATTRIBUTES MAT ¢

En:stc»: ATTRIBUTE CATEGORY A B |C (D |E F | G

@Mm Design Critera
al ety C‘lmli:cauons

Regulatory Guides
Bulletins

I NICS and Standards

/BOP lnterface Criteria

pRYSIETD Design Description

dystermn Functional ( 4 and Safety Classifications

Piping Design Specmcaun

Purch ication

Piping Geometry, Materials and Insulation Data

Equipment Design Sp cifications

Equipmert Purchase Specifications
Equipment Arrangement and Anchorage

Equipment Geometry and Materials

(Pipe Support Design Specifications

Pipe Sur "urchase Specifications

P Sugggn Oeometm, Materials and Location

ormado

arthguake

1004

Loss of Coolant Accident (LOCA)

igh Energy Line Break (HELE)

oderate Energy Line Break ‘MELB )

Environment

Missiles

f) .-/ £ S S
lbrat  _Transients

m Atepory 2/Category |

! Protection Pipe

Buried Pipe

Differential Building Settlements

endor Equipment Allowable Loads

endor Equipment Functional, Seismic and

5

Anvironniental N

endor Equipmer .asiallation and
14

ARTIALY ;:
endor Standar * Component Load Capacities
Rigorously Analyzed Piping and Supports

Generically Qualified Py UNg & 1d Supports

Iypical Support Details and Spacing Critena for
Field Routed Pipe

Supplementary Steel, Building Steel

0ad Tracking Program o
Equinment Anchorage Qualiicaiion
Anchor Bolt Load Capacities
‘onstruction Fabrication, Installation Inspection,

and Testing Critena

hange Documents

Madification Packages

NUREG-1197
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MECHANICAL/NUCLEAR DESIGN ATTRIBUTES MATRIX

DESIGN ATTRIBUTE CATEGORY

A

(\

D

3

esign Cycles for Equipment and Systems

Vibratic tal Data

system Resistance

Environmental Qualification

L)

Spectfications

[Vendor Manuals

E ocurement Documentation
Salety Classification

essure Ratinps

ilure Modes

vrator Action Requirements

Normal Operating Parameters

lhumwgmmmments
Support System Requirements

Post-Accident Accessibility

Equipment Rating

M. '-: M l \ U

elding, Fitup ificatio

L and Arrangement

solation Reguirements

Pump Suction and Discharge Prassure S
Ance 1 ests
pport Load
alve Data
alve Stroke Times
Pump NPSH

seismic Categories 2/1 Considerations

esting to Post aceident Conditions

NUREG-1397
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INSTRUMENTATION & CONTROL DESIGN ATTRIBUTES MATRIX

DESIGN ATTRIBUTE CATEGORY

A

(v

D

E

F G

epulatory Requirements (GDCs, Repulatory Guides, NUREGs)

tin otices, Circuiars

MAR
itments

es and Standards (1EEE, ISA, ANSI, ASTM, elc.)

mey Standards and Practices

TOCESS Sys'em __peciﬁauons

_mmmnmem Analyses

lyses

ATWS Analysis

Hazard Analyses

Equipment Qualification

| Thermal/Hydraulic

Radiation

Seismic (Categories I and 2/1)

Vibration

[Eunctional Requirements

Channel Purpose/Function

i__Interfacing Systems and Functions

Safety/Quality Class

Selection of Measured/Controlled Vanables

Control Mode/Stratepy

Range Requirements

Interlocks/Protection Requirements

Operator Interface Requirements

Controls

Displays

Alarms.

Trends/Records/Archives

Bypass Indication

" Post-Fivent Accessibility

Survivability Requirements

Normal Service Environment

Sewismic

LOCA/HELB

MELB

Loss of HVAC

Tormado

Missile

NUREG-1397

Appendix B



INSTRUMENTATION & CONTROL Continued

DESIGN ATTRIBUTE CATEGORY

A

C

D

Flood

T

L lotemal

Freeze

Fire/Safe Shutdown

Vibration

Local High Temperature

Normal Radiation

| Surge Withstand/ESD

Electromagnetic Compatibility

'erformance Requirements

Preferred Failure Modes

Relability/ Availability Goals

| Accuracy/Repeatability

| Lransient Response

Testability

Separation/Independence/Diversity Requirements

§of&mre Requirements Specifications

Design-Bases Document

System

Lopical

Failure Modes and Effects

[Rellability Analysis

T'rade-Off Evaluations

ture/ i ticn

Instrument Type Selection

j-Analog vs. DRigital

,§g§c Shutdown/Appendix R Analysis

| Shutdown Logic

EQ Analysis

| Component Evaluation

Aging Evaluation

Qualification Reports/Packages

'Thermal Form Factor

fInternal Heat Rise

Field Test Reports

Qualification Report ,

{[Electromagnetic Compatibility

Analysis

|..Grounding/Shielding Configuration

. Vendor Test Rezorts

Field Test Reports

Surge Withstand Capability

| Yendor Test Reports

Field Test Reports

[Control Room Design Review

NUREG-1397

Appendix B




INSTRUMENTATION & CONTROL Continued

DESIGN ATTRIBUTE CATEGORY A B - ] D | E I F | G

Task A 'ysis
Alum Lvahmu(m

ontrol Logic Dia

F ¢l Setting Diagrams
nstrument Installation Details

[Rack Internal Arrangement Drawings

E: .nel Arrangerent Drawings
ack Outline/Structural Drawings

Instruments/Devices
nels
Racks

Connectors

tware User/Maintenance Documents

nstrument Loop _& ~ AW)
Sehematic Connecaon Diagrams

NUREG-1297 0 Appendix B
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CECTRICAL DESIGN ATTRIBUTES MATRIX

DESIGN ATTRIBUTE CATEGORY

ommitmet
standards (IEEE, NEMA
syster Specificatior

Interface Criteria

rriacl
MALLAIS

M ¢
AXALQILS

Loxic Gas




e —

ELECTRICAL Continned

DESIGN ATTRIBUTE CATEGORY

A

Interna!

_ﬁu./ﬁm.smm
‘ T
jYibration

Local High ‘Temperature

Normal Padiauon.
| Surge Withstand Capablity

T T—

Reliability/ Availability Goals

%em/ omponent Impedance
Load Duty Cycle

Load Electrical Characteristics

nsient Respon

estability

ISeparat on/Independence/Diversity Requirements

Duj&mﬁuu Document

System

Topical

[Faillure Modes And Effeets

Reliability Analysis

rade-Off Evaluations

—— ———

Configuration L
Safe Shutdown/Appendix R Asalysis
| Shutdown Logic

Fire Effects Evaluation
EQ Analysis

Component Evaluation

ing Evaluation

Qualification Reports/Packages

Thermal Form Factor

Field Test Reports

Qualification Reports

Surge Withstand Capability

Vendor Test Reports

Field 'Test Reporis

ﬁg Pa.nt Tolerance

Electric ' ©  Point Caleulations
Instrus 0 4

Circuit .- - nee Calculations
<
L

#’c_@mumuﬂmlatmn Analyses
r‘thning Protection Analyses

Emergency Lighting Calculations

Load Fiow Caleulations

whort Circuit Caleulations

IRLIRECG-1397
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ELECTRICAL Continued

DESIGN ATTRIBUTE CATEGORY

A

QMowr Starting Caleulations

Medwm Voliage ac

\?

120 Vac

5 Vdc

em Transient Analysis

ective Device Coordination

i Medium Voltage ac

__Low Voltage ac
fd20.Vac

125 Vde

Voltage Analysis

Station Blackout Analysis

Offsite/Gnsite Independence

Load Seg 2/Timing Calculations
Diesel Generator '-J.' alcula '_ S
Batt izing Calcu!stions

Battery H, Generaticn

iBattery Recharging Time

Charger Swzing Calculations

inverter Sizing Calculations

Teansformer Swing Calculations

use Rating Calculations

srounding Impedance Calculations

&

Load Katin 8

otor Accelecation Caleulations

otor Overload Sizing

culations

ble Pulling Calculations

Raceway Loading Calculations

ilectrical Penetration Calculations

anelboard Derating Calculations

| dculations

OV Actuator Sizing Caleulations

slectrical System Specifications

i Medium Voltage ac

Low Voltage ac

120 Vag

123 Vde

ne-Line Diagrams

Medium Voltage ac

Low Voltage ac

120 Vac

125 Vde

K ontrol lojw Dm&n&mc

ISchematic Connection Diagrams

Internal Wiring Diagrams

Three-Line Diagrams

NUREG-1397
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ELECTRICAL Continued

DESIGN ATTRIBUTE CATEGORY A B [~ D E F G

lectrical Arrangement Drawings

{Raceway Layout Drawings

[Enclosure lmer'.al Amggements

onduit/rray Dcmls

Ergunggng Plans/Details
ectrical Installation Details

Eﬂmxwmms
uipment Data Sheets

[Wire/Cable Specifications

ower Supply Specifications

Installation Specifications
Motor and Load Data/List

{__Medium Voltage ac

Low Voltage ac

120 Vac

123 V¢

[Transformer Tap Settings

Protective Device Scum&s

Medium Voltage ac

Low Voltage ac
120 Vac

125 Vde

‘use Characteristics and Ratings
Heat Dissipation Data

Q- Last
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APPENDIX C

DRAWING PRIORITIZATION METHODOLOGY
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Most utilities surveyed use a prioritization methodology to schedule drawing
revisions. Typical categories for prioritizing drawings are given below.

Priority 1: This category contains drawings defined by the operations organ-
Tzation as critical to plant operations. These drawings are updated ac part of
the turn~ver process and avaflable in the control room. This set of drawings
consists of piping and instrumentation diagrams (P&IDs), one-line electrical
diagrams, logic diagrams, valve index and circuit breaker 1ist diagrams.

Priority 2: This cateaory contains control room drawings defined by the opera-

ons organization as second-tier operating documents. These drawings are up-
dated and available in the control room within 30 days from the time a system
ha. become operational. This set of drawings consists of elementary wiring
diagrams and schematics, P&IDs (not included 1n Priority 1), and ins .rument
loop diagrams.

Priority 3: This category contains drawings and documents defined by the main~
tenance organization (not included 1in Priority 1 and 2 above) as critical to
piant maintenance. These drawings are updated within 60 days from the time
operaticns has accepted a system. However, these drawings are not available in
the cor rol room. This set of drawings consists of electrica connection dia-
grams, internal wiring diagrams, cable and raceway schedule, lghting and race-
way drawings, selected vendor drawings that contain waintenance information,
Q-1ist and EQ-1ist (equipment qualification 1ist of components), total equip-
ment data base, and pipe hanger drawings.

Priority 4: This cate,.ry contains drawings and documents defined by the engi-
neering organization (not included in Priority 1 through 3) as critical to
engineering. These drawings are updated within 90 days from the time opera-
tions accepts a system. This set of drawings consists of documents related to
Appendix R criteris, piping isometrics, welding procedures, security hardware,
eguipment 1ist, heat-balance diagram, yard pip ng, «nd spezifications.

Priority 5: This category contains the remaining drawings and documents that
are not Tdentified in Priorities 1 through 4. These documents are updated on
an as-requested basis within 180 days after the request is received. This set
of drawings consie*: of historical information on erection drawings, drawings
such as piping ~.i1an views :nd those drawings unlikely to be affected by a
design change such as coponent outlines, printed circuit card schematics,
foundations, and masonry,

Appendix C
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APPENDIX D

AVAILARILITY OF
INTERNAL DESIGN GUIDANCE DOCUMENTS

NUREG-1397



The six utilities surveyed summarized the availability of their design guidance
documents that were either maintained in-house or planned to be available in-

house,

Topics covered by utility design guides
below.

Mechanical/Nuclear

Hydraulic calculation methodology
Physical separation

Single-failure analysis

raterials selection

Convorent design specificatfons
Comyonent procurement specifications
Vclcin? and fitup specifications
Installation details and specifications

Electrical

System calculation methodology
Conductor sizing

Ovarload sizing

Protuctive device application
Electrical separation/isolation
Failure analysis

Reliability analysis

Append’ sompliance

Raceway aesign

Lightning protection

General procurement specifications
Installation details and specifications

Instrumentatior

Control strategy

Iustrument selection/application
Primary element sizing
Operator interface
Separation/isolation

Failure analysis

Reliability analysis
Equipment qualification
Electromagnetic compatibility
Surge withstand capability
Set point tolerance

NUPcl-1397

Documents maintained by contracted organizations were not 1ncluded.

, standards, or specifications are given

Software design verification and
validation

General procurement specifications

.rstallation details and specifications

Mechanica) Components

Piping design specifications

Piping procurement specifications
Equipmert design specifications
Equipment procurement specifications
Equipment arrangement/anchorage

Pipe support design specifications

Pipe support procurement specifications
Support details/installation

Appendix D



APPENDIX E

METHODOLOGY FOR DETERMINING IMPORTANT
SYSTEM, STRUCTURE, AND COMPONENT FUNCTIONS,
PARAMETERS, AND INTERFACES



Florida Power Corporation has given the NRC permission to include an example
of 1ts template approach to identifying the design attributes or controlling
design parameters of important structures, systems, and components to perform
iheir intended safety functions. System logic trees and design-bases
functional diagrams are used in this identification process.

The utility stated that*

¢ System logic trees serve as »» out)ine for the development of the design-

bases document (DBD) for their particulir system. For each safety function
of the system a tree is generate:d that diagrammatically depicts the re-
gulatory requirements for the function and the supporting system/component
requirements. The regulatory requirements (e.g., general design criteria
and standards) are the current licensing bases for the function identified
The system requirements (system parameters) are the activities the system
must perform to support the function and the component requirements
(component parameters) are the necessary cumponents and actions required

L0 support the system requirements. The DRD developer can then use the

logic trees for a particular system to identify the required system/component
parameters (1.e., numerical values) associated with the 1isted requirements,

The trees also help to identify the source documerts that will be needed for
the DBD.

shutdown logic diagrams (SLDs) graphically depict the plant responses at
the system level to those events postulated in a plant's final safaty
analysis report. Each SLD identifies those systems essential to safe
shutdown following an event, as credited in the plant's safety analysis
Each system appearing on an SLD Supputs one or more of the safety
functions necessary to achieve anc mafitain safe snutdown ollowing the
postulated event. System 'nterfacss anc the safety function supported by
each system also are identified en exch SLD

For each system identified on an SLD, » safety function diagram (SFD) is
then created. The SFDs presant in Yogic diagram format the complete set
of equipment that must function in order for the applicable system to
fulfill its decign-basis safety functions in support of safe shutdown.
The presentation of these diagrams comes in two parts, the composite and
the details,

On the SFD composite, all of the active components and significant
passive compinents required f~r the system to operate in response to an
analyied event, as shown on t.2 SLDs, are represented by appropriate
symbols Thus, the composite graphically portrays the minimum set of
equipment needed for the system to satisfy its satety desinn

Source Fiorida Power Corporation le
from K. B. Baker to Eugene V. Imbre

-
o
-
3>
-
~
&
N
=
o

ter (NEA 90-1224)

Appendix ¥



requirements. In addition, support requirements from interfacing
systems, such as cooling or lubrication systems, are shown within the
system composite.

For those system components that require supporting equipment for
operation (i.e., complex components), an SFD detail is developed to
display the role of the supporting/interfacing equipment. The detail
drawings display in logic diagram format the plant equipment needed to
support cperaticen of each of the essential system components identifi.c
on the system composite SFD. As such, the detai)l drawings also show the
interfaces that exist between systems and that are required for system
operability. For instance, instrumentation and control inputs, isolation
signals, and actuation signals that are provided by other systems are
identified on the details. This, the SFD details include transmitters,
limit switches, and other interfacing devices necessary for control of
equipment identified on the composites.

The SLUs and SFDs combined depict all systems and components necessary
for mitigation of the consequences of FSAR postulated accidents.

Examples of the logic trees and diagrams follow.

NUREG-1397 ‘ Appendix E
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APPENDIX F

DESIGN-BASES DOCUMENT ATTRIBUTES
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A list and description of fundamenta) design-bases document attributes determined
from documents provided to the survey team and review of other documents prepared
by various industry groups is provided below. Utilities that have not begun a
design-bases reconstitution program may find this 1ist helpful during the
planning phase of their program.

: List of System-Specific Regulatory Requirements and Exceptions

The regulatory requirements (e.g., general design criteria, Code of Federa)
Regulations, Title 10, and State, local, and other Federal agencies) appli-
cable to the facility design are defined and any exceptions to the require-
ments that are reflected in the current plant design are identified.

‘ List of System-Specific Licensing Commitments and Exceptions

The applicable industry codes and standards along with a reference to
where the commitmert was made are identified. Commitments to applicable
regulatory guides and programs also are identified. Any exceptions to or
interpretations of these requirements that are applicable to the current
facility design are provided.

List of Supporting References

Reference documentation that supports the parameters, functions, descrip-
tions, design bases, and configuration of the system are identified in
sufficient detail to enable retrieval of the document in its current or
applicable status from utility document control systems. References that
are subject to revision to reflect the current as-built plant condition
should not include revision identification. Examples of reference documents
are listed below,

drawings

calculations
procurement documents
correspondence

plant procedures
licensing documents
design change documents

¢ System Functional Description and Design Bases

The overall system functional and performance requirements are defined
along with the basis for each requirement. The various operating modes of
the system are identified and the safety classification of the system
(safety related and not safeoty related) is provided for each operating
mode. The physical boundaries and functiona) relationship to interfacing
systems are specified.
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. Component Descriptions

Major system components (i.e., those having impertant system functions)

are identified and described, including applicable codes and standards,
classifications, functions under applicable operating modes, and performance
rejuirements and their bases.

. Description of System and Component Testing Requirements

Test requirements for systems and components to demonstrate their accept-
able performance are identified and reference to applicable regulatory or
industry codes, standards, or commitments is made. Test restrictions under
certain plant operating conditions or unusual configurations required to
accomplish acceptable test results also are identified.

. Description of the Functional Requirements for Support Systems

The functional requirements for interfacing systems in support of the sub-
ject system are identified. Interiaces between the system and structures
(foundations, walls) are included and requirements defined. Contro) logic,
interlocks and sensors, and instrumentation in other systems that affect
system operatiun also are identified.

Description of System Instrumentation and Control Requirements

The requirements for instrumentation and controls to ensure proper function
and performance of the system are specified. Requirements may arise from
application of industry design practices, engineering judgment, reliability,
or other factors in addition to regulatory or code requirements.

During the review of utility design-bases document programs, certain notable
attributes were observed by the team that enhanced the preparation of the docu-
ments, the correspondence of the documents to source documents or requirements,
or the usefulness of the documents to the defined primary users., While most of
the attributes were unique to one utility or another, a few were found at severa)
utilities. A list and description of these attributes is provided below.

Description of System and Component Design Limitations

System and component functional descriptions were enhanced by describing
additional limitations imposed by materials and chemistry considerations,
or operational considerations or restrictions.

. Historical Summary of System Modifications and Why They Were Made

A short summary description was included of each modification made to the
system since the plant operating license was received and the reason for
the modification. .

Description of How Regulatory and Design Bases Were Met

The listing of the regulatory and design bases and requirements was
elaborated and information provided on how each one was met by the system
design.
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. List of Open Items

An attachment to the DBD included a 1ist of open items, such as document
conflicts, missing or inadequate documentation, unresolved issues of a
plant~specific ¢~ generic nature, and discrepancies found during plant
walkdowns or verivication/validation activities during the development of
the DBD. If a categorization or prioritization program to resolve the
items was developed, this information was included.

Description of System and Component Design Parameters and Reasons for
electing lhem

For each design parameter associated with the overall system and the
individual components of the system a basis was stated for selection of
the parameters (e.g., regulatory requirement, commitment, or good practice).

¢ System-Based Function Diagrams for Each System Characteristic

Composite diagrams (success trees) were developed that show the state
(e.g., open, closed, running) of active and passive components necessary
to complete specific system functions during varicus accident response
modes (e.g., provide low-pressure injection with the makeup pumps in the
piggyback mode, achieve containment isolation on u high-high containment
pressure signal). See Appendix E to this report for examples.

sttem~gased Logic Trees for Each Operating Mode Showing How Regulatory/
esign Reguirements are Met

Logic trees for each system operating mode were developed that show the
flow from top-level general design criteria to the safety function of the
system mode to the system parameters for the mode and finally to component
parameters for the mode. See Appendix E to this report for examples.

¢ Design-Bases Documents for Safety-Related Structures

Design-bases documents were developed for safety-related structures, such
as the containment, auxiliary building, intake structure, and contro)
room, that define the requirements and bases for those structures that
house key safety-related systems and components.

Design-Bases Documents for Chapter 15 Analyses

System and component operating parameters were documented, analysis tech-
niques were addressed, and the gross effect on the analysis if a parameter
were to change was identified. Accident scenarios were identified and
described along with assumptions made by the NSSS vendor in performing the
accident analyses. The parameters and assumptions were validated by
comparison to plant data and configuration.

. Operational Conditions Matrix

A matrix was developed sh~wing the required system and system component
operating states and operating conditions for each mode of normal
operation and transient, abnormal and accident conditions.
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System-Specific Responses to Plant Transients and Accidents

The specific response of each system during a plant transient or accident
was defined.

Specification of Design Margins

The margins available for each system and component parameter were
defined and these margins separated into design margins and performance
margins.

%ystem-Spccific Response to Postulated Failures During Different Plant
perating Modes

Failures during different plant operating modes were postulated and the
system-specific responses expected during these failures were identified
to ensure that the design bases encompassed the system responses
identified.

Reasons for System Specific Alarms and Set Points

The bases and reasoning behind the specification of system and component
set points and alarm settings were provided.

Calculation Summaries

Summaries of major system ca'-ulations were provided along with the basic
assumptions, the relationship to other or previous calculations, and the
general conclusions of the caizula ions,.
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Hazardous waste system

Electrica) cable termination and raceway

Miscellaneous electrical devices
(motors, etc.)

Lighting, 120-Vac general use, boric
acid heat trace and cathodic
protection systems

Communications, security systems

Seismic monitoring system

Safety parameter display system

Nuclear monitoring system

Simulator

Multisystem interface (panels)

Seismic design

Intake structure

Tornado

Tsunami

Reactor vessel level instrumentation system
Welding
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APPENDIX H

SELF-ASSESSMENT QUESTIONS FOR
DESIGN-BASES DOCUMENT AND DESIGN CHANGE CONTROL PROGRAMS
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. How useful and .ccurate are Lhe system descriptions for the plant? Do
tiey adequately describe the bases for design decisions in addition to
describine the design configuration?

The following questions are provided to assist utilities in performing an
assessment of their design control programs to determine the need for changes
or enhancements,

Do your corporate and plant engineering groups maintain a comprehensive set
of design specifications, guidelines, and standards for the design change
process? Assess the coverage these documents provide for the design
attributes presented in Appendix A to 10 CFR Part 50,

¢ Do you prepare most signiiicant design modifications to your plant as
opposed to relying on the original plant architect-engineer and other
contracting organizations?

’ If you contract most significant design modifications to the original plant
architect-engineer and other contracting organizations, do you require them
to prepare them to your own design specifications and standards as opposed
to relying on their individual specifications and standards?

. If you contract most design modifications to the original plant architect-
engineer and other contracting organizations, do you perform engineering
assurance checks of the design modification packages these organizations
prepare?

. Do you maintain your own files of design ~)cuments, drawings and calcula-
tions, as opposed to letting the original plant architect-engineer and
other contracting organizations naintain them?

Do you maintain in-house comput: programs to perform structural analysis
and piping analysis?

. Does the technical competency within your corporate and plant engineering
groups reside with employee rather than contracted engineers?

. Do you maintain as-built flow diagrams and piping physicals drawings for
all safety-related piping systems for your plant?

¢ Does your drawing program provide revised, as-built drawings to the control
room files at modification turnover?

. Does your design change control program adequately identify and control
incremental changes to design calculations?

. Is supporting documentation for past plant modifications (e.g., calculations
and analyses, and safety evaluations) available and adequate?

. Do you have a formal program for turnover of modifications to operations?
when preparing design modifications, do engineering personnel use a com-
prehensive checklist of design attributes as a tool for making design
decisions? How are the design attributes, such as those addressed in
Appendix A to 10 CFR Part 50, addressed during the modification process?
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J Do you maintain as-built control logic diagrams for other than instru-
mentation and control personnel to determine interlock and control
requirements?

’ Do you maintain as-built instrument loop diagrams?

‘ Have you assigned systems engineer responsibilities in both the plant and
the corporate design engineering organizations?
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APPENDIX 1

TYPICAL DESIGN ATTRIBUTES AND CONTROLLING DESIGN PARAMETERS
TO FORM THE BASIS OF A TEMPLATE
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The following is a 1ist of typical design attributes and controlling design
parameters that could form the basis for & template:

Electrical

Diesel generator sizing

Safety-related power cable sizing

Safety-related cystem voltage protile

Safety-related system short circuit analysis

Dissel generator performance

Safety-related bus .rensfer analysis

480~V MCC and switchgear protection and coordination
Class 1E battery sizing

Uninterruptable power supply cizing

Low voltage and dc cable sizing

Class 2E ac/dc system protecticn and coordination
Safety-relsted instrument set point, and accuracy calculations
vontrol loop response time calculations

Electrica) separation analysis

Raceway fi11 and loading

Nuc lear

NUREG-1397

Conurol room toxic gas

Turnado loadings and external missiles

External flooding effects

Pipe break effects (i.e., pressure, temperature, flooding, rupture)

Equipment environmental qualification (harsh and mild environment)

Systems required to mitigate design-bases accidents (DBAs)

Radiation source terms for DBAs

Containment analytical mode)

Post-accident conditions

Offsite duse analysis for normal operetion and DBAs

Control room shielding and operator doses

Personnel radiation doses during DBA recovery activities

Airborne radioactivity transport from a fuel handling DeA

Loss of spent fue) pool cooling

Ultimate heat sink capacity analysis

Control room habitability during blackout (air temperature)

Anticipated transient without scram events

Pipe break discharge flow

Secondary containment air pressure contro)l analysis

Heat load determination analysis

Heating, ventilation, and air conditioning (HVAC) system faiiure modes and
effects analysis

HVAC instrumentation set points

Control room enclosure air inti'tracion

Battery compartment hydrogen accumulatic.

HVAC design analysis

Reactor transient analytical models
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Reactor coolant system transient analysis

Pipe flow hydrodynamic loads analysis

Piping netwerk dynamic flow analysis

Valve opecability analysis

ASME Code of record calculations

‘omputer code certification documents

Thermal analysis of components, supports, and structures
Component minimum wall thickness calculations

Category 1 reinforced concrete structures analysis

Category | steel structures analysis

Civil structure dynamic/earthquake analysis

Dynamic/stress analysis of substructures

Dynamic/stress analysis of containment, nozzles, etc.

Tornado analysis of structures

Category 1 weld evaluations

Category 1 structure block walls

Component seismic/structural qualification

Pipe rupture restraints

Bolt anchorage in Category 1 structures

Probable maximum flood analysis

Platform steel, cranes, monorails, doors, ladders

Heavy loads analysis

Category 1 piping analysis

Seismic analysis of electrical conduit

Instrument 1ine analysis

Category 1 supports analysis (pipe, duct, conduit, tray and
instrumentation, and NESS supports)

Penetration qualification

Earthquake ground motions

Category 1 foundatio. analysis

Mechanica)

Piping minimum wa'' thickness

Pump net positive suction

Pump total syitem head

Valve pressure drops (Cv)

Tank nozzle/branch line reinforcement

Heat transfer (sizing Mx, condensers, heaters etc.)
Pump/system performance

Pressure/vacuum relief valve sizing

Sump capacity

Cooling water flow rates

Equipment perfu-mance calculations
Corrosion/erosion allowances

Tanks (volume, wal)l thickness, etc.)

Pipe sizing/flow

System design/operating pressures and temperatures
Pump brake-horsepower requirements

Valve actuation times and check valve closure
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APPENDIX )

TYPICAL CATEGORIZATION OF DESIGN DOCUMENTS
BY ORDER OF SAFETY SIGNIFICANCE
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Use of a prioritization methodology in considering whether to regenerate missing
or deficient documents can ensure that the )icensee focuses resources on he
more safety-significant items in & timely manner. An initia) screening process
would enable the Ticensee to determine the significance, effect on plant oper-
ability, and reportability requirements related to the missing or Ynadequate
documentation,

One way the survey team used to rank the importance of design documents «ccord-
ing to safety significance 1s given below,

Category 1 = Design documentation that supports or defines technica) speci
fication safety Yimits, limiting conditions for ogcrat1on. Timiting safety
system set points or surveillance requirement.. These documents demcnstrate
that the systems, structures, and components (SSC) addressed by technica)
specifications will perform their active safety functions.

Category & « Design documentation that defines controlling parameters or
demonstrates the active functionality of safety-related $SC that are not
explicitly addressed by the technical specifications, but that s port the
S50 addressed by technical specifications, such as hesting, ventf ating,
and air conditioning systems.

Category 3 - Design documentation that defines controlling parameters or
demcnstrates active functionality of safety-related SSC not included in
categories 1 or 2 above.

Category 4 - Dcsign documentation that defines controlling paraneters or
demonstrates the functionality of safety-related SSC with regard to passive
considerations (e.g., seismic considerations).

Category 5 ~ Design decumentation that demonstrates the design of non-
safety SS5C 1s such that its failure would not impair the functionalit¥ of
safety-related S5C (e.g., seismic considerations related to sefsmic classi-
fication Categories 1 and 11).
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