YAEC NO, 1710

NOVEMBER 1989

YANKEE NUCLEAR POWER STATION
PILOT EVALUATION REPORT
FOR
PLANT LICENSE RENEWAL

YANKEE ATOMIC ELECTRIC COMPANY
in cooperation with
THE ELECTRIC POWER RESEARCH INSTITUTE
THE U.S. DEPARTMENT OF ENERGY
and
SANDIA NATIONAL LABORATORIES

8912130438 891130
PDR  ADOCK 05000029
F PNU



8095R

YANKEE NUCLEAR POWER STATION
PILOT EVALUATION REPORT
for

PLANT LICENSE RENEWAL

Prepared by
YANKEE ATOMIC ELECTRIC COMPANY
580 Main Street
Bolton, Massachusetts 01740-1398

Project Director: John Haseltine
Assistant Project Manager: William Hinkle

In cooperation with

ELECTRIC POWER RESEARCH INSTITUTE
3412 Hillview Avenue
Palo Alto, California 94303

Program Manager: John Carey
Project Manager: Richard Burke

and

U.S DEPARTMENT OF ENERCY
Office of LWR Safety and Technology
19901 Germantown Road
Germantown, Maryland 20874

Program Manager: Dennis Harrison
Project Manager: Arthur DuCharme

YAEC No. 1710
November 1989



DISCLAIMER OF RESPONSIEILITY

This report was prepared by Yankee Atowic Electric Company (YAEC) as an
account of work sponsored by the Electric Power Rerearch Insiitute,
Inc. (EPRI), Department of Energy (DOE), and Sandia National
Laboratories (SNL). Neither EPRI, members of EPRI, DOE, SNL, YAEC, nor any
person acting on their behalf: (a) makes any warranty, express or implied,
with respect to the use of any information, apparatus, method, or process
disclosed in this report or that such use may not infringe privately owned
righte; or (b) assumes any liabilities with respect to the use of, or for
damages resulting from the use of, any information, apparatus, method, or
process disclosed in this report.
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B R O s T e T

ABSTRACT

The Yankee Pilot Evaluation Report provides the application of a
process for evaluating systems, structures, and components for license
renewal. The methodology and criteria used are based on the Nuclear
Management Resources Council (NUMARC) Nuclear Plant Life Extension (NUPLEX)
“Methodology to Evaluate Plant Equipment for License Renewal." The Pilot
Report was prepared as part of the Yankee Lead Plant License Renewal Project
which is co-sponsored by the U.S. Department of Energy, the Electric Power
Regsearch Institute, and Yankee Atomic Electric Company.

The key objectives of the Yankee Pilot Evaluation Report are to
demonstrate through a formalized piocess that:

o All systems, structures, and components requiring license renewal
evaluation are identified.

o Any potentially significant age-related degradation is recognized
and properly managed, as necessary.

As presented in the report, these objectives have been met. 0f the
total 78 systems and 46 structures at Yankee, 43 systems and 27 structures
were determined to require evaluation for license renewal. The potential for
significant age-related degradation and the methods of managing degradation
were assessed for the pilot systems and structures.

The components evaluated in the Filot Evaluation Report are all related
to the Safety Injection (SI) System. Included are SI fluid system and I&C
components, Emergency Electrical Power System (EEPS) components, and the
gtructural compe:=ut: of the Primary Auxiliary Building (PAB), Diesel
Generator Building (UGB), and Battery Room No. 3 Building (B3B).

The areas of the plant evaluated were generally found to be in good
condition with no signs of significant d:gradation. However, as indicated in
the report, several components will require further evaluation and some plant
programs will need enhancement to bette iddress degradation concerns for
license renewal.

The methodology, criteria, and techn’cal justification supporting the
evaluation process are provided, as well as examples of specific assessments,
checklists, and other supporting information to allow the NRC staff to
conclude that the process used is both thorough and technically justified.
Because the same evaluation process used for the components presented in the
Pilot Evaluation Report is being applied to the plant in general, it shculd
simplify future NRC license renewal reviews.

-iii-
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1.0 INTRODUCTION

The purpose of this document is to provide the resulte of a pilot
application of the Nuclear Management and Reso:rces Council (NUMARC) Nuclear
Plant Life Extension (NUPLEX) "Methodology to Evaluate Plant Equipment for
License Reneval."(l) to Yankee Nuclear Power Station (YNPS) systems,
structures, and selected components as part of the Yankee Lead Plant License
Renewal Project. This project is co-sponsored by the U.S. Department of
Energy, the Electric Power Research Institute, and Yankee Atomic Electric
Company. The general objective of the project is to develop, document, and
demonstrate the process of nuclear power plant license renewal and life
extension for use by other utilities. Yankee's specific goal in conjunction

with this objective is to obtain a 20-year renewal license.

YNPS is an 185 MWe, four-loop, Westinghouse-type pressurized water
reactor located in Rowe, Massachusetts. YNPS began operating in 1960 and is
the oldest operating commercial nuclear power plant. With almost 30 years of
operation, YNPS ranks as one of the best operating nuclear power plants,
achieving an average lifetime capacity factor of over 74%. The license to
operate YNPS expires on July 9, 2000. This makes YNPS the first commercial
nuclear power plant in the U.S. to require a license renewal for operation
beyond the year 2000. Because of YNPS's long-standing record for operating
safely and reliably, a license renewal evaluation is being made to support
plant operation beyond the expiration of the current license. A 20-year

license renewal period has been selected.

The first step in a license renewal evaluation is to determine the
systems, structures, and components susceptible to significant age-related
degradation. These systems, structures, and components are further evaluated
to determine if they can be safely operated throughout the license renewal
period. A component can be considered suitable for use during the renewal
period if its failure would not compromise plant safety; or if it is not

subject to significant age-related degradation; or if it is subject to

(1) "Methodology to Evaluate Plant Equipment for License Renewal," Nuclear
Management and Resources Council, Inc., U.S. Department of Energy/
Sandia National Laboratories, October 6, 1989.

&l
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periodic maintenance, refurbishment, or replacement which effectively manages
age-related degradation,

The methodology used to determine which systems, structures, and
components are susceptible to significant age-related degradation is based on
the '"Methodology to Evaluate Plant Equipment for License Renewal,'" developed
under NUMARC NUPLEX sponsorship. A report describing this plant evaluation
methodology was forwarded to the NRC in October 1989, The philosophy
underlying this methodology initially considers all plant systems, structures,
and components as significant and susceptible to age-related degradation.
Then, through a series of successive reviews, the number of plant systems,
structures, and components requiring further review is reduced. First, on the
system/structural level, the initial list of plant systems and structures is
reduced to those systems or structures for which degradation is determined
potentially significant. Then, on the component level, further review reduces
the list of components to those components necessary for the performance of a
significant system's or structure's safety function and which have identified
aging degradation mechanisms that are not being adequately managed. Such
components require further evaluation for operation during the license renewal

period.

The remainder of this report is divided into five sections. Section 2
presents a brief overview of the NUMARC NUPLEX methodology. Section 3
discusses the application of the methodology to Yankee plant systems,
structures, and components. Each plant system and structure is evaluated for
significance and results are presented. This is followed by a discussion of
Yankee-specific component evaluation methods. Section 4, "Pilot Application”
details the application of the component evaluation methods to components
associated with the Safety Injection (SI) System: SI fluid and I&C
components, selected Emergency Electrical Power System (EEPS) components,
Primary Auxiliary Building (PAB), Diesel Generator Building (DGB), and Battery
Room No. 3 Building (B3B) structural components. These components are
systematically reviewed for significance, for the ability of existing plant
programe to ensure significant component safety functions are properly
addressed, and for component susceptibility to age-related degradation,
Component evaluation results for each of these components' types are

presented. Section 5 presents the overall conclusions.
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2.0 METHODOLOCY

The NUMARC NUPLEX "Methodology to Evaluate Plant Equipment for License
Renewal" and associated criteria for evaluating systems, structures, and
components form the basis for this report. The methodology provides both
deterministic and probabilistic approaches to identifying plant systems and
structures which contribute to plant safety and, of those, identifying systems
and structures for which aging degradation is potentially significant to plant
safety. These systems and structures are established as the primary focue of
further evaluation, From this list of systems and structures, the methodology
describes how to: (1) identify the subset of components that are important to
a system's or structure's safety function; (2) identify those components which
currently are subject to established effective replacement, refurbishment, or
inspection programs; (3) review those remaining components to determine the
impacts, if any, . { potential age-related degradation. For those components
where age-related degradation is a concern, options for resolving such

degradation are identified,.

The NUMARC NUPLEX methodology consists of two major steps with a series
of substeps that progressively focuses the license renewal evaluation.
Figure 2.1 summarizes the methodology while Attachment A lists the generic
criteria developed by NUMARC NUPLEX as provided in Appendix A to the
"Methodology to Evaluate Equipment for License Renewal" report.

Step 1, "Evaluation of All Plant Systems and Structures," reviews all
plant systems and structures to determine those that require component-level
license renewal evaluation, First, Substep la develops a list of systems and
structures potentially requiring further license renewal evaluation based upon
the system or structure having a role, whether major or minor, in plant
safety. Second, Substep lb determines if degradation of the systems and
gtructures identified in Substep la could potentially affect plant safety.
Such systems and structures require component-level evaluation for license
renewal. The net result, after Substeps la and lb are completed, is the
development of a list of systems and structures requiring further

component-level evaluation for license renewal.

BO95R



Step 2, "Evaluation of Componen's Within Systems and Structures,"

addresses plant systems and structures that have been determined by Step 1 to
require component-~level evaluation for license renewal. Each such system and
structure is reviewed: Substep 2a identifies components that are important to
performance of the system's or structure's safety functionj of these,

Substep 2b identifies components that are not routinely replaced, refurbished,
or subject to detailed inspection; Substep 2c¢ determines if these remaining
components are susceptible to age-related degradation which may significantly
affect plant safety; and Substep 2d suggests options which can be used to
address potentially significant age-related degradation,

Application of this methodology results in a systematic evaluation of
all plant systems, structures, and components. The detail of the review
increases while progressing through the successive steps., At each step, some

equipment not requiring further detailed evaluation may be identified,

A plant-gpecific application of the NUMARC NUPLEX methodoleogy and

associated criteria is presented in Section 3, which follows.

ol
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3.0 EVALUATION QF PLANI SYSTEMS/STRUCTURES/COMPONENTS

All plant systems and structures are firet identified. Then, using the
NUMARC NUPLEX methodology deterministic criteria, these systems and structures
are evaluated to (1) determine if each contributes to plant safety, and (2) of
those, determine if their degradation is potentially significant to plant

safety and, therefore, require further component-level evaluation.

The systems and structures are initially evaluated using piant-specific
criteria to determine if they contribute to plant safety (Figure 2.1,
Substep la). These criteria are based upon safety classification, licensing
commitments, and role in plant Emergency Operating Procedures (EOPs). The
systems and structures, which were determined to contribute to plant safety,
are then further evaluated to determine if their degradation is potentially
significant to plant safety (Figure 2.1, Substep 1lb). Again, plant-specific
criteria based on radioactive release limits, Main Coolant System or
containment leakage limits, and performance or control of plant safety

functions are used.

I1f a system or structure met the requirements of the first set of
criteria (Substep la), it is passed to the second set for evaluation. If the
system or structure meets the second set of criteria (Substep 1b), which is
presented in an exclusionary format, it is dispositioned as not requiring
further review for license renewal. However, if the system or structure fails
the second set of criteria, further component-level evaluation (Step 2) is

required.

3.1 JIdentification of Systems and Structures

A comprehensive list of all plant systems and structures is provided in
Attachment B, This list represents the results of a detailed review of plant
documentation to ensure that every plant system and structure has been
identified an subjected to the plant evaluation process. Flant documents
reviewed included the following: FSAR, Systems Training Manual, Appendix R
Manual, Fire Hazards Summary Report, flow diagrams and other plant drawings,
I&C instrument tag list, and the plant component labeling procedure. A brief

description of each system and structure is also provided in Attachment B.

e
8095R



3.2 System and Structural Boundaries

System and structural boundaries are established for evaluation
purposes. The boundaries provide a clear demarcation between systems and
structures to ensure components are placed into systems or structures in a

consistent manner.

Systems are generally defined by plant dravwings: electrical one-lines,
flow diagrams, etc. Specific boundaries are established, and plant tagging
practices are used to establigh syetem components. For license renewal review
purposes, system components are categorized into fluid, electrical, and
instrument and centrol systems. Boundary definitions, associated with each

category, are used to define the appropriate system for each category.

Structures are defined as any plant building or structure from the
soil/structure interface to its external walls and roof, including concrete,
structural steel, unit masonry, fire penetration barriers, and cast-in-place
equipment anchorages. Lifting equipment, field-fabricated tanks, and supports
are also included within the structure review scope. The boundaries are
established to ensure that all componentg are included within either a system

or structure,

3.3 ldentification of Systems and Structures Which Contribute to Plant Safety

The initial evaluation of systems and structures is to determine if
they contribute to plant safety (Figure 2.1, Substep la). The evaluation is
based on plant-specific criteria developed from Substep la of the NUMARC
NUPLEX methodology. These criteria are discussed below:

3.3.1 BSafety-Related Systems and Structures

The Yankee Safety Clapsification of Systems Manual was reviewed to
identify safety-related systems or structures. If any system or structure
contains a component within the Safety Class (SC) boundary designated SC-1,
8C-2, 8C-3, SC or Requires Quality Assurance (RQA), the system or structure is

identified for license renewal review.
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3.3.2 Systems Relied Upon or Structures ldentified in a Licensing Basis
Safety Analysise or Evaluation

Those systems relied upon or structures identified in a licensing basis
safety analysis or evaluation are determined from a review of current
licensing basis-related documentation. This documentation falls into two
categories: controlled documents and submittals addressing regulatory
issues. The following five controlled documents were reviewed: FSAR,
Technical Specifications, Environmental Qualification (EQ) Manual, Appendix R
Manual, and the Fire Hazards Summary Report., Submittals addressing the
following nine regulatory issues were also reviewed: seismic, heavy loads,
internal and external flooding, rain/snow loads, tornado/wind loads, high
energy line breaks, permanent radiation shielding, and station blackout.
These controlled documents and submittals were chosen as being representative

of the plant's current licensing basis and encompassing the results of a wide

spectrum of safety analyses and evaluations. It should not be inferred that

these documents and submittals alone represent the plant's entire current
licensing basis. Rather, they collectively represent a significant portion of
the plant's current licensing basis to ensure the identification of any system
or structure which may have a role in plant safety. Details of this review of
current licensing basis documentation to identify systems relied upon or
structures identified in a licensing basis safety analysis or evaluation are

given below:

3.3.2.1 Final Safety Analysis Report (FSAR) Transient/Accident Analysis

The FSAR transient/accident analysis sections were reviewed to ideutify
every system which is intended to mitigate or negate a transient/accident or

any system whose failure or misoperation produces an undesirable affect.

3.3.2.2 Technical Specifications

The Technical Specifications were reviewed to identify any systems or
structures governed by one or more Technical Specification. If a single
component of a system or structure was identified in the Technical

Specifications, the system or structure was included.

-8B~
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3.3.2.3 Environmental Qualification (EQ)

The EQ Manual was reviewed to identify systems where one or more of its
components required evaluation. The system was included if it contains
components which were evaluated for either harsh or mild environments,

3.3.2.4 Appendix R

The Appendix R Manual was reviewed to identify systems and structures
governed by this program. Any system or structure with components relied on
to achieve an orderly plant shutdown following a fire as part of the

Appendix R evaluation was included,

3.3.2.5 Fire Protection

The Fire Hazards Summary Report was reviewed to identify any system or
structure with one or more components governed by a fire protection

requirement,

3.3.2.6 Seismic

The seismic NRC Safety Evaluation Report and related correspondence
were reviewed to identify any system or structure with one or more seismic

components .

3.3.2.7 lieavy Loads

The heavy loads correspondence were reviewed to identify plant hoists

and lifting equipment evaluated under the topic.

3.3.2.8 Internal Flooding
The internal flooding correspondence were reviewed to identify the

plant systems identified as sources of internal flooding or features which

mitigate the effects.
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3.3.2.9 External Flooding

The external flooding correspondence were reviewed to identify the
systems and structures uscd to mitigate the consequences of external flooding.

3.3.2.10 Rain/Spow

The rain/snow correspondence were reviewed to identify the structures

evaluated for rain and snuw loads.

3.3.2.11 JTornado/Wind

The tornado/wind correspondence were reviewed to identify systems and

structures used to mitigate the effects of tornadoes and high winds.

3.3.2.12 High Energy Line Breaks (HELB)

The HELB correspondence were reviewed to identify systems and

structures evaluated as a HELE source or which mitigate the effects.

3.3.2.13 Permanent Radiation Shielding

The FSAR and other documents were reviewed to identify systems and

structures used for permanent radiation shielding.

3.3.2.14 Station Blackout

The station blackout submittal were reviewed to identify any system
used to cope with a station blackout.

3.3.3 Systems Utilized in Plant EOPs

The plant Emergency Operating Procedures (EOPs) were reviewed to
identify systems used by the operator in dealing with plant transients and
accidents. The Yankee plant EOPs are based upon the Westinghouse Owners Group
Emergency Procedure Guidelines. Systems whose use is explicitly or implicitly

called for in the plant FEOPs are identified.

10
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3.3.4 Results - Listing of Systeme and Structures Which Contribute to Plant
Safety

The results of the evaluation to identify plant systemes and structures
which contribute to plant safety are provided in Attachment C. Documented in
Attachment C are the individual responses for each system and structure for
the criteria discussed in Sections 3.3.1, 3.3.2, and 3.3.3. Table 3.1
summarizes these results. These first level review (i.e., Substep la) results
show that 63 out of 78 systems and 33 of 46 structures were identified as
being contributors to plant safety. As such, these 63 systems and

33 gtructures paes on to Substep lb for further evaluation.

3.4 Jdentification of Systems and Structures for Which Degradation is
Potentially Significant to Plant Safety

A detailed evaluation of the systems and structures which contribute to
plant safety is made to determine the potential significance of age-related
degradation to plant safety (Figure 2.1, Substep 1b). Age-related degradation
of a system or structure is considered potentially significant to plant safety
if the failure of the system or structure contributes to increased

radiological health and safety risk to the public.

This second-level evaluation is based on criteria associated with
exceeding radioactivity release limits, main coolant system or containment
leakage limits, and performing or controlling plant safety functions. These
criteria represent a plant-specific application of Substep 1b of the NUMARC
NUPLEX methodology. Specific details of these criteria are discussed below.

3.4.1 Uncontrolled Radiocactive Release

Criterion 1lb.l.a of the NUMARC NUPLEX methodology requires that a
system or structure be evaluated further if its failure could directly result
in a radioactivity release exceeding FSAR or other off-site dose limits., In
order to implement this criterion, the Yankee Technical Specification limit
for radiological effluent release to the environment was selected as the

threshold with the following ground rules: (1) the system/structure in

T -
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question was assumed to be operating at the allowable Technical Specification
radioactivity limit, (2) the system or structural related failure causes a
release of its radioactive contents, (3) nov other accident or transient is in
progress. 1f Technical Specification radioactive release limits could be
exceeded upon system or structure failure, then the system or structure
requires component-level evaluation (Step 2). Examples of systems and
structures which could potentially cause Technical Specification radioactive
release limits to be exceeded are the Main Coolant System, Radioactive Waste
Disposal System, Primary Auxiliary Building, and Waste Disposal Building.

3.4.2 Main Covlant System or Containment Leakage

Any system or structure which could cause degradation and failure of
either the Main Coolant System or Vapor Container (containment) pressure
boundary is considered potentially significant to plant safety (NUMARC NUPLEX
Criterion 1b.1.b). Main Coolant System and Vapor Container Technical
Specification leakage limits are established as thresholds for YNPS. 1In
application, the potential to exceed the 1 gpm Main Coolant System leakage
limit and the potential to breech the containment boundary was assessed for
each system and structure contributing to plant safety. Of these, those
systems and structures which could cause these limits to be exceeded require
component-level review. The Main Coolant System and Vapor Container are
obvious examples of a system or a structure which meets this criterion. Other
examples of systeme meeting this criterion are the Charging and Volume Control
System, and the Component Cooling Water System which are included on the basis
of their Main Coolant System and Vapor Container penetrations. Other
structural examples are the Primary and Secondary Vent Stacks, which, upon

failure, could potentially impact upon the Vapor Container.

3.4.3 Performance or Control of Plant Safety Functione

The NUMARC NUPLEX methodology, in Criterion lb.l.c.1l, specifies a

generic set of plant safety functions. These are:
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1. Reactor Criticality

2. Main Coolant System Integrity

3. Main Coolant System Inventory

4, Main Coolant System Heat Removal
5. Containment Integrity

6. Containment Heat Removal

Any system or structure which is required for the performance of or
control of these safety functions require component-level evaluation unlees
its failure is detectable in & time frame which precludes manual or automatic
plant trip (Criterion 1b.l.c¢.2). For application to YNPS, the safety
functions used in the plant EOP status trees, which encompass the above safety

functions, are substituted:

1. Subcriticality (8)
2. Core Cooling (C)
3. Heat Sink (H)

4, Integrity (P)

5. Containment (V)

6. Inventory (1)

The status of the plant safety functions have been categorized to
define the level of challenge to a particular safety function. Any system
which fails to operate or maintain its integrity and causes a safety function
to deviate from its normal status or degrade to a less desirable state, or any
system required to monitor the status of a safety function and whose failure
results in the inability to determine the status of that safety function
requires component level review. The degradation of such systems is
considered potentially significant to plant safety. Examples of systems which
can cause one or more safety functions to deviate from normal or degrade to a
less desirable state are the Charging and Volume Control System, the Safety
Injection System, and the Boiler Feed System. The Charging and Volume Control
System and the Safety Injection System can both affect the subcriticality,
core cooling, integrity, and inventory safety functions through their ability
to add cold, borated water to the Main Coolant System. The Boiler Feed System
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directly affects the heat sink safety function (through steam generator
feedwater addition) and, to a lesser extent, the integrity and inventory
safety functions (through overcooling due to excess feedwater addition).

If the system's failure could result in a safety function status change
but the failure is detectable in a time frame which allows for plant shutdown
prior to requiring a manual or automatic plant trip, the system can be
excluded from the list of systems for which degradation is considered
gignificant to plant safety. Only two examples of such systems were
identified in our review. These are the Heating Stcam/Condensate System and
the Non-Return Valve (NRV) Enclosure Ventilation System. The first system is
used to maintain the 125,000 gallon SI tank temperature between 120°F and
130°F, as required by Technical Specificatione. The latter system is required
to maintain the NRV enclosure temperature above freezing to ensure proper
operation of NRV hydraulics. In either case, sufficient time is available to

detect failure in these systems to allow credit for corrective action,

3.4.4 Structures Housing Significant Systems

In lieu of applying the plant safety function related criteria
(Criteria 1b.l.c.1 and 1b.l.c.2) directly to structures, a separate criterion
was established. Structures which housed significant systems, as identified
by Criteria in l.b.l.a, 1.b.1.b, an¢ 1l.b.l.c were designated as potentially
significant to plunt safety and as requiring component level review. This was
done to avoid correlating a structure with a particular safety function or set

of safety functions.

3.4.5 PResults - Listing of Systems and Structures for which Degradation is.
Potentially Significant to Plant Safety

The results of the evaluations discussed in Sections 3.4.1 though 3.4.4
are documented in Attachment D for each system and structure identified as a
contributor to safety. Degradation of a system or structure is designated
potentially significant if any of the above evaluation categories are
applicable. Table 3.2 summarizes the results given in Attachment D. Of the

63 systems designated as contributors to plant safety, degradation of 43 are

—ll‘_
8095K



coigidered significant., Of the 33 structures designated as contributors to
plant safety, degradation of 27 are considered potentially significant to
plant safety. These systems and structures are subject to further

component-level (Step 2) review for license renewal,

It is recognized that other balance of plant systems warrant further
review, beyond the scope of license renewal, based on potential transient
initiation, personnel safety, or economic considerations. These areas are
being reviewed for potential age-related degradation concerns as part of
Yankee's overall plant life extension effort. Industry and plant-specific

risk studies are being used to focus the review.

For example, the following system and component reviews have been

completed or are in progress:

Station Transformers
Main Condenser
Water Treatment System

Turbine Generator

©O 0 0 © ©

Feedwater Heaters

3.5 Component Evaluation

The next step in the methodology is the evaluation of the components
within the systems and structures which were designated potentially
significant to plant safety in Section 3.4. This component-level evaluation
involves several steps. First, all components within the system or structure
are identified. For each of these components, subsequent steps address the

following questions:
© le the component important to system or structure safety function?

o Is the component subject to established effective replacement,

refurbishment, or inspection programs?

18
8095R



o 1s the component subject to potentially significant age-related

degradation?

Components that are important to the system or structure ssfety
function and are not subject to established effective replacement,
refurbishment, or inspection programs, and are subject to potentially
significant age-related degradation, require further evaluation for license
renewal. These evaluations, which will be component-specific, are beyond the

scope of this report,

Plant-specific criteria, based on the NUMARC NUPLEX methodology,
address the above guestions for each component in each of the systems and
structures requiring component level evaluation. These criteria are discussed

in subsequent sections below.

3.5.1 Components Important to System or Structure Safety Function

Components are designated important to the system or structure safety

function unless:

o The component is normally isolated and does not perform an accident

mitigating function.
OR

o Component failure would not result in either the failure of any
individual train within the system or the failure of the entire

system to perform its required safety function,
AND

o Component failure would not reduce the structural support of any
other component such that it would not perform its system safety

function,

AND
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© Component failure would not physically damage any other component
such that it would not perform its system safety function.

Components meeting the above criteria are not important to the system's
or structure's safety function, Components failing the above criteria are
important to the system's or structure's safety function and require further
eveluation as described in Section 3.5.2.

3.5.2 Components Subject to an Established, Effective, Replacement,
Refurbishment, or lnspection Program

Components important to the system or structure safety function that
are subject to an established effective replacement, refurbishment, or
inspection program are identified using the generic criteria given in Step 2b
of the NUMARC NUPLEX methodology. Restating the criteria, a component is

subject to an established effective replacement, or inspection program, if:

0o The program is documented, approved, and routinely implemented in

accordance with plant administrative procedures.

0o The program procedures ensure that all of the component's

significant safety functions are properly addressed.

© The program establishes specific criteria for determining the need
for corrective action and requires such action be taken if these

criteria are not met,.

A review of plant procedures, based on the above criteria, is used to
assess the effectiveness of maintenance/surveillance/inspection activities
covering the components being evaluated. Applicable procedures, inspection
methods used, inspection frequency, replacement frequency, and refurbishment

frequency called for by the procedures for each component are entered into a

data base.

Components designated important to the system or structure safety

function which are not covered by procedures are subject to further evaluation

o1 %e
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in Section 3.5.3. Components which are covered by procedures are further
reviewed as described below,

The specific safety-significant functions are established for each
component (or groups of similar components) designated important to the system
or structure safety function in Section 3.5.1 above. Examples of component
significent safety functions are pressure boundary, operability, etc., The
safety-significant functions may be component-gpecific or have generic
applicability.

Usiug the results of the plant procedures review and/or other
supporting information, the ability of the component's program(s) to properly
address the safety significant functional requirements identified above is
determined. If the component's safety significunt fun < 'onal requirements are
properly acdressed by existing programs, no further review is required. if

not, further evaluation, es described in Section 3.5.3, is required.

Generally, components are subject to the actione contained in several
procedures, many of which address more than one component. All procedures
associated with a component are reviewed to determine overall effectiveness.
It is the extent to which a component's applicable procedure set ensures its
salety functions are adequately maintained that determines whether or not the
component is subject to an "effective" overall program. FProcedures may only
partially address the component's identified safcty funciions (i.e.,
procedures may adequately address some, but not all, safety functions).
Additionally, certain "effective' programs, such as the EQ Program or &
defined, perivdic replacement program, have been designed to ensure
component 's continued operability. Components under such programs do not
require any further evaluation for license renewal because the basis for such
effective programs (e.g., EQ) is mandated by the plant's existing license.

Components with all identified significant safety functions (pressure
boundary, operability, etc.) covered by an effective program do not require
further evaluation., Conversely, components for which any significant safety
function is not adequately maintained by an effective program requires furthe:

evaluation as described in Section 3.5.3,
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Where & determination was mede that further license renewal evaluation
of a component ig¢ not required based on effective programe, the programs
credited will be further reviewed as a separate task to assure the validity of
the determination. This will involve a detailed review of the program's
attributes relative to the cafety functions and specific degradation

mechanisms involved.

The effective program conclusion is & judgement of that programs
ability of assuring continued functionality of the component during license
reneval considering the effects of potential degradation. A negative
conclusion does not necessarily infer the inadequacy of current programs, nor
does a positive conclusion preclude the necessity for program enhancements.

3.5.3 Components Subject to Potentially Significant Age-Related Degradation

Those components that are important to the system's or structure's
safety function and are not subject to an effective replacement/refurbishment/
inspection (RR1) program are now evaluated to determine if they are subject to
potentially significant age-related degradation.

A component is considered subject to age-related degradation unless it
is establishe and documented that potentially significant age-related
degradation will not occur during the license renewal period.

The potential for significant age-related degradation occurring is
assessed for each component that has been identified as necessary to the
system safety function and not subject to an effective RRI Program. Such
components are evaluated for age-related degradation mechanisms according to

their respective discipline area as follows:

Fluid Systems - Fluid system components are evaluated using a computer
based expert system, developed by Yankee, called CoDAT. CoDAT is used
to determine the degradation mechanisms which are potentially acting on
pressure retraining components based on materials and environmental
conditions. Further information on CoDAT is provided in Attachment G.

Active fluid components (pumps, motor-operated valves, etc.) are aleo
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evaluated separately for active degradation mechanisms (wear, galling,

etc.) in addition to being eveluated for passive degradation mechanisme
using CoDAT,

lostrumentation and Control (16C) Systems - 1&C components are reviewed
for the following!

Deterioration Shown by General Changes in Electrical Characteristics
Corrosion

Mechanical Wear

Radiation Damage

© © © ©°

Electrical Systems - Electrical components are reviewed for the
following:

Dielectric Breakdown
Mechanical Wear
Corrosion

© © o ©

Radiation Damage

Structural Components - Structural components are evaluated for
potentially significant degradation using generic degradation

assessments and a focused plant walkdown, Generic degradation
assessments are performed for concrete, steel, building protective
systemg, and equipment support components. The assessments determine
the plausible age-related degradation modes, the stressors, and
environment required for the degradation mode to be active and how the
degradation is manifested. FPlant design and construction features are
considered to determine the structural components potentially
susceptible to age-related degradation. A focused walkdown ig then
performed to assess actual material conditions and environments to
identify which structural componuents require further evaluation for

license renewal.
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Only components with identified potentially significant age-related
degradation mechanisms require further evaluation for license renewal. The
scope of these component evaluations can range from a simple examination to a
detailed analysis, depending upon the component and degradation mechanism
involved. Component repair, refurbishment, or replacement will be considered,
when applicable. These evaluations are beyond the scope of this report.

The discuseion presented in Sections 3.5.1, 3.5.2, and 3.5.3 gave an
overview of the plant-specific application of the generic plant evaluation
methodology for components. Section 4.0, which follows, focuees this overview
on & pilot applicaetion which consiste of an evaluation of SI related system
and structural components, Thie pilot application is intended to demonstrate
the use of the methodology and criterie for components within each plant
area. The method of implementation, technical bases, and results are provided.
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IABLE 3.1

Step la Review Results Summary
Systems/Structures Which Contribute to Flant Safety

Safety Licensing Used in Contributes to
Class Basis EOFs Plant Safety
JTotal (Yes/No) (Yes/No) (Yes/No) . fXes/No) .
Systems 78 40/38 61/17 45/33 63/15
Structures o 4742 33/13 N/A 33/13
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Systems

Structures

RO95R

Total

€3

33

Rad
Release
Limits
Exceeded
(Yes/No)

15/48

11/22

Structare
Significant
System
N/A

23/10

Step 1b Review Results Summary
Systems/Structures for Which Degradatiom is Potentially
Significant to Plant Safety
MCS or Req'd for
Containment Perf. of or Failure
Leakage Control of Not
Exceeded Safety Functions Detectable
(Yes/No) (Yes/No) _(Yes/No)
1B/45 36/27 36/2
8/25 N/A N/A
~33-

Degradation of
System/Structure
Potentially
Significant to
Plant Safety

__AYes/No)
43/20
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4.0 PRILOT APPLICATION

4.1 Purpose and Scope

The purpose of the pilot study is to demonstrate the application of the
component-level plant evaluation methodology for a wide spectrum of plant
components representing the four major plant discipline areas: fluid systems,
electrical, 14C, and structural., The 81 System, which was determined to
require coaponent-level evaluation in Section 3.4, is the focal point,

The component evaluation includes all 81 fluid system and SI I&C
components; selected EEPS components; and PAE, DGB, and B3B structural
components. The electrical and structural components included herein are
related to the S§1 System and are provided as a demonstration of the evaluation
process. However, it was not intended that all Sl-related components be
addressed in this report,

The EEPS provides the S System electrical loads with ac power. The
PAB, DGB, and B3P house most of the major 81 and EEPS components: high and

low head §1 pumps, accumulator tank, diesel generators, etc.

For each discipline area, the methods by which components are
identified and evaluated are presented along with a summary of the results.
Although the component-level plant evaluation methodology provides criteria
generically applicable to all components, the implementation of the
methodology will differ somewhat for each discipline area. This is necessary
to take full advantage of particular surveillance and aging aspects associated
with each group of components., For example, 16U components are most likely
dispositioned on the basis of plant procedures while structural components are
better dispositioned on the basis of generic assessments and plant walkdowns.
Fluid system and electrical system comments will most likely be dispositioned
on the basis of plant procedures and/or aging-degradation assessments.

Finally, a discussion of the use of generic evaluations for groups of
similar plant components is presented. In some instances, it may be

advantageous to group components for evaluation rather than treat them
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individually by system. This grouping may either be by component type or it
could be by issue. For example, thermal fatigue is best addressed globally as

an issue and then applied to individual components.

4.2 Safety Injection System Fluid Components

4.2.1 Jldentification of 81 Fluid Components

A simplified flow diagram of the S1 System is shown in Figure 4.1,
Attached to thie report is a detailed §1 System flow diagram, (FM-B3A - "Flow
Diagram -~ Low Pressure and High Pressure Safety Injection,”) which wae used in
developing the §1 System fluid component list and identifying S§1 Fluid System
boundaries. Each individual component on the flow diagram is identified by
tag number, description of component, line number, and other specific
information depending upon whether it ie & pipe, valve, instrument, pump,
motor, or other component. Three-hundred ninety-two (392) fluid system
components were identified and are listed in Attachment E along with

component-level review results.

The above process for identifying fluid system components within the §i
system is typical of that used for the remaining fluid systems requiring
component level review,

4.2.2 BSafety Function Review

Each 81 fluid component is reviewed using plant-specific criteria based
on the NUMARC NUPLEX methodology to determine if the component is important to
the system safety function., For Yankee fluid components, the criteria
discussed irn Section 3.5.1 are augmented by an additional set of criteria
which esgentially are an interpretation for fluid system components. If any
of the following questions can be answered "yee" (assuming that no credit will
be taken for other systems which can perform the same safety function(s)),
then the component cannot be dispositioned on a functional basis and further
evaluation in Section 4.2.4 is reguired:
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© Can the component's failure prevent subcriticality from being

achieved following & scram?

¢ Can the component's failure prevent adequate core cooling?

© Can the component's failure affect the heat sink capabilities?

© Can the component's failure cause a loss of integrity of the system
pressure boundary?

o Can the component's failure cause a loss of containment integrity?

0o Can the component's failure affect reactor coolant inventory

control?

Of the 392 fluid components identified, only 15 were dispositioned in
Step 2a a# not being important to the §1 System pafety function. This rather
small number of components being dispositioned reflects the importance of the

S§1 System and the conservatism inherent to the criteria being applied.

4,2.3 Effective Program Review

The remaining 377 §1 fluid components were then evaluated to determine
which are subject to an established, effective replacement, refurbishment, or
inspection program. The approach outlined in Section 3.5.2 is used.
Fifty~three (53) procedures were identified which deal with §i components to
varying degrees. These procedures are listed in Attachment F. The two §I
safety system functions that these procedures must address are the pressure
boundary function (i.e., integrity of the §I System fluid pressure boundary)
and the operability function (i.e., flow path, flow capacity, operability,
etc.). Highlights of the effective program review are:

- The high and low pressure safety injection pumps undergo frequent

functional testing to demonstrate operability and to detect signs

of mechanical wear. Included in the testing are
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checks/measurements of motor amps, pump vibration, bearing
temperatures, proper lubrication, packing and sea! leskage, pump
performance, and 81 System leakage.

-~  Check valves in the plant were evaluated based on maintenance
history and operational requirements. A comprehensive program is
currently being implemented to address valves of concern in
response to INFO SOER 86-3. Thie program calls for periodic
disassembly and inspection. In addition, 8] System check valves
are periodically tested for operability during system functional
tests.

= Manual valves are routinely checked for external leakage by
monitoring for signe of boric acid crystale. This will preclude
significant degradation of support steel or adjacent components.

~ A commitment to perform motor-operated valve testing using "MOVATS"
on critical motor-operated valves will provide additional assurance

that the motor-operated valve operability function is maintained.

All pressure boundary function components were conservatively given a
degradation review. A review of the 53 procedures for operability function
determined that the operability function for 58 of the 70 active components
was adequately addressed by these procedures. However, because these

58 components also form part of the 8] pressure boundary they require further
evaluation. Thus, none of the 377 81 fluid components were dispositioned at
this point. As such, all 377 §1 fluid components pase on to Section 4.2.4 for
further evaluation of potential pressure boundary degradation.

4.2.4 Aging-Degradation Review

The age-related degradation review determines the potential aging
degradation mechanisms for a component., To determine the potential
degradation mechanisms which may be acting on a specific fluid component, the
operating conditions and component materials are compared against the

degradation mechanism controlling parameters and their acceptance criteria. A
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review of industry documents was performed to identify the specific mechanisms
applicable to the Yankee fluid systems. A rule-based computer expert system,
CoDAT (Component Degradation Assessment Tool), developed by Yankee, is used to
review fluid system pressure boundary components for 20 degradation mechanisme
organized into 14 groups. Fatigue is not covered by CoDAT but will be
evaluated separately. In some cases, component parts are evaluated; i.e.,
valve stems and disce. A more detailed discussion of CoDAT and the
degradation mechanisms that it addresses is given in Attachment G.

Based on the S1 System's materials of construction and infrequent
operation, significant degradation would not be expected. The results of the
review identified only eix components of the remaining 377 components as
potentially subject to age-related degradation. The potentially significant
degradation mechanisms identified by CoDAT are:

~ The 8] tank is constructed of aluminum which is susceptible to
general corrosion if the fluid pH is less than five or greater than

nine.

= Buried piping may experience crevice/pitting and Microbiological
Influenced Corrosion (MIC).

~ The carbun steel shell material of the S§1 accumulator may be

susceptible to general corrosion if not properly coated.

Potential degradation associated with fluld component operational
function are not covered by CoDAT but are evaluated separately. They include
general wear and mechanical degradation of pumps and motor-operated valves and
degradation specific to pump motors and valve operators.

This separate evaluation identified an additional 12 components as

requiring further evaluation (based on operability function), bringing the
total to 18 components.
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4.2.5 Summary - S1 Fluid Component Review ;

§1 System fluid components are subject to three reviews: dimportance to
system safety function, effective programs, and age-related degradation with
results provided in Attachment E, Of the 392 components of the §I System,

18 will require further evaluation to assure reliability of function during
the license renewal period.

4.3 S1 System J16C Components

Instrumentation and Controls (I&C) associated with the S§1 System fall
within generic 14C equipment groupinge, which include, but are not limited to,
the following component groups:

Process controllers, transmitters, sensors, switches, gauges
Control switches

Indicators and recorders

e © © ©

Electronic instrumentation

The §1 1&C componente for which evaluations have been completed are
discussed in this section to demonstrate the general process involved with the

evaluation of 1&C equipment.

4.3.1 Jldentification of 1&C Components

The 1&C components associated with the S1 System are listed in
Attachment H. One hundred cixty-eight (168) 81 I&C components have been
identified.

4.3.2 Sefety Function Review

Each component is reviewed to determine if it is significant to system
safety function using the NUMARC NUPLEX criteria, as applicable.
Ingtrumentation required for the following plant-specific requirements are

considered significant to system safety function:
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Regulatory Guide 1.97 (post-accident monitoring)
Technical Specifications

Safety Class Manual

EQ Program

Appendix R

Safe Shutdown System Instrumentation

O © © 0 © ©°

Of the 168 §1 1&C components, 97 components were determined significant
to system safety function. These components are further evaluated to
determine if they are subject to an effective program.

An example of S1 1&C components identified as significant to the system
safety function are the 81 hot leg and cold leg flow transmitters, SI-FT-5 and
81-FT-6. These instruments are required for post-accident monitoring because
they are relied upon in the EOPs to ensure that proper 81 flow rates are
established during the recirculation phase and the hot leg injection phase of
a large break LOCA., An example of S§1 1&C components determined not to be
gignificant to system operation are S! loop pressure transmitters and
indicators, SI-PT-1 through S1-PT-4 and SI1-PI-] through S1-PI-4, These
instruments provide ancillary information only and are not required for
post-accident monitoring.

4.3.3 Effective Program Review

Each of the significant 81 I1&C components evaluated is firet reviewed
to determine if it is included in the Yankee EQ Program. Four (4) 81 I&C
components are governed by the Yankee EQ Program. These components are
congidered subject to an effective program and do not require further

evaluation.

The remaining significant 92 I&C components evaiuated are further
reviewed to determine if they are otherwise subject to an effective program,
Specific functional requirements for §1 I1&C components differ according to
application. However, the prime function required of instrumentation and
control equipment is operability. In general, 81 1&C components have
verifiable attributes tied to distinct tolerances for operability. These
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tolerances are identified in test and calibration procedures. In addition to
the criteris given in Section 3.5.2, the attributes of an effective program to
assure continued I&C component operability, as applicable, include the
following:

Cleaning

Checking for worn parts

Observation

Visual inspection

Measurement using calibrated test equipment
Multipoint calibration

o 0 o © ©o ¢

0f the 93 significant 81 1&C components not covered by EQ, 50 were
determined to be covered by an effective program. Enhancements to existing

programs are being considered to increase emphasis on the following:

© Assessment of component general condition and signs of abnormal

operation.

© Data collection for trending.

An example of 81 1&C components subject to an effective program are the
hot and celd leg flow tranomitters, S1-FI-5 and S§1-FI-6., These instruments
are included in the EQ Program which is a formal program and was established
to ensure component operability., Furthermore, the EQ Program identifies all

replacements, refurbishments, and inspections required to maintain operability,

Similarly, SI actuation switches, SI-PS-0238 and §1-P§-0239, were also
determined to be subject to an effective program because they are maintained
in accordance with OP-4634. This procedure functionally checks and, if
necessary, adjusts the trip and reset points, It ig performed every 31 days.
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4.3.4 Aging-Degradation Review

0f the 97 gignificant S§I I&C components evaluated, 43 have not been
demonstrated as being subject to an effective program. These 43 §1 I&C
components may be subject to aging degradation and will be further evaluated.

4,3.5 Summary - Safety Injection 16C Component Review

One~hundred twenty-five (125) of the 168 §1 1&4C components eveluated
were found to not require further review for license renewal. Seventy-one
(71) were dispositioned on the basis of unimportance and fifty-four (54) were
dispositioned on the basis of being subject to an effective program.
Forty-~three (43) 81 1&4C components will require further evaluation.

4.4 Emergency Electrical Power System

The Emergency Electrical Power System (EEPS) consists of electrical
equipment, cabling, busses, breakers, etc., necessary to supply electrical
power to essentisl safeguard loads, including S1 equipment, and Safe Shutdown
System loads. The EEPS is one of the five electrical subsystems in the plant

and is shown in Figure 4.2,

4.4.1 Jdentification of Components

Identification of the electrical components in the EEPS is required
prior to the initiation of component level screening. The objective of this
identification process is to gather ali electrical components into a data base
which can then be used for evaluations., Electrical component identification
is based upon a review of plant electrical drawings. Electrical one-lines,
selected elementary drawings, and the plant's lighting and power panel manual
were used to develop an electrical component data base. This data base
includes both the loads (pump motors, valve operators, etc.) and the major
electrical components (busses, breakers, etc.) required to deliver power to

the loads.
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FEPS components identified in the electrical drawing review are
evaluated on either an individual or generic basis. A total of 100 EErS
components are evaluated on an individual basis and are listed in
Attachment 1. Other EEPS components, such as cables, penetrations, relays,
terminations, etc., as listed in Table 4.1, will be evaluated generically,
along with other such plant equipment. The electrical equipment types subject
to generic evaluation are indicated by an asterisk (%) on Table 4.1. The
corresponding generic evaluations will be documented in future reports.

4.4.2 BSaefety Function Review

The function of the EEPS is¢ to provide power to loads. Those EEPS
components which are necessary to the system safety function are now
identified. Such components require further review., Components are

designated necessary to the EEPS safety function unless:

0o The component ig normally isolated and does not perform &an accident

mitigating function.
OR

o Component failure would not result in either the failure of any
individual train within the system or the failure of the entire

system to perform ite required safety function,
AND

o Component failure would not reduce the structural support of any
other component such that it would not perform its system safety

function,
AND

o Component failure would not physically damage any other component

such that it would not perform its system safety function.
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The results of this review are shown in Attachment I, Columm 2A,
Components failing the above criteria are important to the system's safety
function and are designated by a "yes" in Column 2A. Components meeting the
above criteria are not important to the system's safety function (designated

by & "no" in Column 2A) and do not require further review for license renewal.

Components were identified as not necessary to the system safety
function for the following reasons:

Loads not important to system safety function.
Component normally disabled,
Component used only for maintenance.

® © © ©

Components used only during refueling.

For example, Diesel Generator Building (DGB) Unit Ventilator UVt was
determined not to require further evaluation because it supplies the normal
ventilation to the DGB, but is not relied upon in the event of an accident.
However, DGB Exhaust Funs S1-PRV~1 and S1-PRV-2 were determined to require
further evaluation because they are relied upon to supply DGB ventilation in
the event of an accident,

In total, twelve (12) out of the 100 EEPS components individually
evaluated do not require further evaluation on the basis of this safety

function review.

4.64.3 Effective Program Review

Components necessary to the system safety function that are subject to
an established effective replacement, refurbighment, or inspection program are
now identified. For electrical components, this includes components covered

either by the EQ Program or an effective plant program.

The EQ Program for electrical equipment is an ongoing NRC-required
program which, among other things, considers significant types of degradation
which can have an effect on the functional capability of equipment. For those

components under the EQ Program, aging is effectively managed and further

T
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review is not regquired. Those components are identified by a yes under

“Step 2B, EQ" of Attachment 1. For example, Manual Throwover Switches,
SW-T0-1 and SW-T0-2, both provide capability to change the power supply of an
emergency motor control center, and both were found to be necessary to the
system safety function under Section 4.4.2. However, since SW-TO-2 is located
in a potentially harsh environment and is under the EQ Program, it was
determined as being covered under an effective program and not to require
further evaluation. However, SW-TO-1, which ie located in a mild environment,
is not under the EQ Program and was determined to require further evaluation.
In total, twenty-three (23) EEPS components do not require further evaluation
on the basis of EQ.

In addition tc the EQ Program, electrical components may also be
subject to an effective replacement or inspection program. The plant
procedures applicable to each component were identified in Attachment 1 under
"Step 2B, Plant Procedures.'" The procedures are further identified in
Attachment J, These procedures were reviewed to determine if they were
effective. A component is subject to an established effective replacement or
inspection program if the applicable procedures, either individually or
collectively, meet the criteria given in Section 3.5.2.

Forty (40) EEPS components do not require further evaluation on the
basis of being subject to an effective program. These components, along with
those under the EQ program, are identified by a "no" under "Step 2B, Component
Not Subject to an Effective RRI Program."

A number of components were identified as covered adequately by
existing plant procedures. For example, important Motor-Operated Valves
(MOVs) are covered because they are subject to pericdic functional testing per
procedures. If an MOV does not meet its functional requirements (e.g., stroke
time), then the MOV must be refurbished (in accordance with a specific MOV
repair procedure) o that, when retested, it will meet its functional
requirements. To further assure MOV reliability, YNPS plans to implement a
testing program in accordance with NRC Generic letter 89-10 starting in 1990.
A Diagnostic Testing System will be used to verify the capability of critical

=35~
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plant MOVs to operate 'mnder design conditions. This testing program will
include the development of a signature analysis for each MOV. Follow-up
testing and trending will be performed as appropriate.

The LPS1 and HPS] pump motors are given as another example. These are
covered under the EQ Program which analyzes the aging and demonstrates that
the motors will be operable for their identified life. In addition, they are
functionally tested on & monthly basis.

The review of plant procedures indicated that critical components, in
general, are functionally tested on a schedule adequate to demonstrate
continued operability. Enhancemente to existing programs are being considered
to increase emphasis on the following:

© The use of predictive maintenance,
© Failure analysis,
0o Trending.

b4 4 Aging Degradation Keview

A component is considered subject to age-related degradation unless it
is established and documented that potentially significant age-rc¢lated

degradation will not occur during the license renewal period.

The potential for the occurrence of significant age-related degradation
ie assessed for each component that has been identified as necessary to the
system safety function and not subject to an effective RRI Program. These
components are now evaluated for the following age-related degradation

mechanisms

Dielectric breakdown.
Mechanical wear,

Corrosion.

o © o0 ©

Radiation damage.

-
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The results of this review are shown in Attachment 1, Step 2C. A yes
is indicated under each degradation mechanism for which the component is
potentially susceptible. All functionally important components not
demonstrated as being subject to program are potentially susceptible to at
least one of the aforementioned mechanisms. The rate of degradstion due to
the particular mechanism is determined by the environmental and service
factors, which have yet to be defined. Therefore, no components could be
eliminated from further evaluation. These components require further
evaluation.

4.4.5 Summary - EEPS Component Review

EEPS compouent review results are listed in Attachment 1. Of the 100
components listed, 75 do not require further evaluation on the basis of either
the safety function review (12) or the effective program review (63). The
remaining 25 components were all determined susceptible to age-related
degradation and require further evaluation., This evaluation is beyond the

scope of this report.

4.5 Primary Awxiliary Building/Diesel Cenerator Building/Battery Room No, 3
Building Structural Review

A majority of the S] System-related components are located either
within the PAB, the DGB, or Battery Room No. 3 Building (B3B). The low
pressure 81 pumps, the high head 81 pumps, accumulator, numerous manual and
motor-operated valves, and S1 piping are located in the DGB. 81 piping,
manual valves, and motor-operated valves are located within the PAB. §I
piping traverses the PAB enroute to the vapor container. Most EEPS components
are located within the DGB and B3B. The emergency diesel generators, DG-1,
DG-2, and DG-3; Emergency Buses 1, 2, and 3; Emergency Motor Control Center
(EMCC)-2; Manual Throwover Switch No. 2; conduit; vertical Sections A and B}
and cables are all located with the DGE, EMCC-3 and EMCC-4 are located in
B3B. EEPS cables supply loads within the PAB or traverses the PAB. The
following sections detail the highlights of the evaluations conducted for

these structures.

-37=
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4,5.1 Jdentification of Components

Except for componments with unique plant equipment identification tags
(i.e., tanks) and the structures predesignated for detailed evaluations (i.e.,
vapor container, reactor support structure, neutron shield tank/reactor
support ring, and fire-rated seals), structural components are evaluated
generically. Table 4.2 liste the generic structural components for the Yankee
plant,

4.5.2 Safety Function Review

Four generic categories of structural components which require
evaluation were defined: concrete, structural steel, architectural items, and
supports for plant equipment. Table 4.2 lists the generic structural
components considered in each of these categories. Table 4.2 also indicates
those generic components which are important to the structure's or to the
equipment ‘s safety function (i.e., if they were to fail, components within the
structure, or the integrity of the structure itself, vould be in jeopardy).
Some generic structural components were evaluated as not necessary to a
structure's safety function. These components are also indicated on Teble 4.2,

4.5.3 Effective Program Review

The generic structural components which were identified in Table 4.2 &s
important to safety are further evaluated to determine if each is subject to
an effective program as defined in Section 3.5.2 of this report. The
following generic structural components: (1) masonry walle, (2) fire doors,
and (3) i8] Program support components (snubbers) were determined to be
covered by effective programs. The foliowing discusseion provides the basis

for this dispositioning.

The Masonry Wall Survey Program presently provides for a detailed
inspection each refueling of selected masonry walle. This program is
implemented in accordance with plant procedures. Enhancemente to the Masonry
Wall Program (i.e., expanding the number of masonry walle covered) may be

necessary upon completion of the structural evaluation,.

.
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Fire doors, including jambs and hardware, are inspected each refueling
in accordance with plant procedures. The fire doors necessary to the
structure's safety function have been identified in the Yankee Fire Hazards
Survey and the Appendix R Manual. The associated plant procedures, with
minimal enhancements, constitute an effective program for fire doors.

The Yankee Atomic Inservice Inspection (I181) Program provides for
periodic detailed inspection of selected pipe and equipment support
components. The 181 Program, supplemented by supporting and implementing
plant procedures, provides an effective program for the generic component
“snubbars" identified in the 181 Program.

Based on the demonstrated effectiveness of these prograns, further
evaluation of the components covered by these programs is not required for
license renewal. The remaining structural components will be reviewed for
potential degradation as indicated in Table 4.2,

Various other plant procedures are in place to assess material
condition of structural components, as well as to take remedial actions when
required. These programs, however, did not fully meet the conservative
criteria for demonstrated effectiveness. For example, concrete components in
the Screenwell House and seal pit are inspected periodically in accordance
with plant procedures. It is anticipated that these procedures, with some
enhancement, will provide for an effective program for these concrece

components.

4.5.4 Aging-Degradation Review

The aging degradation review for structures is performed in two steps.
First, a generic assessment of the potential for age-related degradation .s
performed for each of the following struciural component groupings: (a)
concrete, (b) structural and miscellaneous steel, (c) architectural items, and
(d) support components, These generic assessments form the basis for

performing the focused plant walkdown oi structural componente.

-39~
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The generic assessments are based upon a 'iterature search of available
information to identify plausible age-related gradation modes and their
effects. ldentified degradation mechanisms are investigated to further
identify stressors, environment, manifestation, and witigating design features
and construction methods. All these factors are used to focus the plant
walkdown by identifying plant areas which mey be susceptible to potentially
siguificant age-related degradation. Attachment K provides the "Generic
Assessment of Concrete Structura! Components' as an example of the assessment

procese.

The plant walkdown of structural components was performed by a team of
four experienced structural engineers, one from Yankee, two from Stone &
Webster Engineering Corporation, and one from Bethtel. The Bechtel
representative is also a member of the Bechtel team preparing the industry
report on Class 1 structures. All structures requiring component level
screening identified in Attachment D were included in the walkdown.

Preparation for the walkdown was performed in accordance with detailed
work instructions., The preparation included review of plant drawinge and
development of walkdown checklists using the information obtained from the

generic assessments,

During the walkdown, focused inspections were performed based on
preperation guidance, as well as an overall assessment of material condition
and environmental conditions. Inaccessible areas were identified for
follow-up evaluation. Attachment L provides sampie data sheets used in the
walkdowns. Components showing signs of degradation or the potentisl for
degradation due to havsh environmental conditions are documented. These
components will be subject to further evaluation to determine the cause and

significance of the degradation and assess the need for corrective action.

Walkdown findings and follow-up evaluations will determine the need for
and schedule for additional inspection. The walkdown was documented on
videotape which can be used as the basis for trending material condition as

necessary.
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4.5.5 PAB/DGB/B3D Walkdown Reculle

The walkdown was recently completed, and data gathered is now
undergoing review, Preliminary findings for the PAE, DCB, and B3b are
discussed below.

At the time of the walkdown, the DGB and B3B roofs were being replaced
with a membrane-type roofing system, Portions of the PAR roof were also being
replaced with a membrane-type roefing system. The remaining portions of the
PAR roof, which are tar and gravel roofs, were determined to be in need of
replacement .

The DGE is in very good condition, No significant signs of degradation
to either DGB structural concrete or steel were observed, Base plates for two
columns were observed not to be fully grouted to foundation concrete,
Maintenance requests were initiated to perform the repairs. The initiation of
corrosion for some equipment support steel was observed., In particular,
support steel and saddles for the $1 nitrogen tanks located on the DGB roof
are experiencing localized corrosion which will need to be addressed.

The B3P is in excellent condition. No signs of degradation were

observed,

The PAB is in very good condition. However, several minor indications
of degradation were observed. These include minor cracking, with signe of
CaOH leaching, in the well below the door in south wall due to water
intrusion, the initiation of corrosion (minor surface rusting and minor
localized pitting) of embedded plates and steel, minor damage to grout for
base plate to two columng and one equipment support pedestal, very fine
pattern shrinkage cracks on & wall at two locations, and pattern cracking on a
portion of the concrete roof exposed to weather.

4.5.6 Summary - DCB/PAE/B3IB Structural Review

The focused structural walkdown, supported by the generic component
assessments, demonstrated that DGE, PAB, and B3E are not experiencing any

bl
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significant aging degradation. The results of the walkdown does show the need
to address the minor degradation identified. Specific actions being
considered for steel and equipment support are the repair of corrosion spots
and the improvement of plant maintenance practices regarding the restoration
of protective coatings following equipment installation or maintenance. The
need for monitoring tle observed cracking is .lso being assessed. The final
results of the structural evaluation will be completed in early 1990,
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TABLE 4,1
Electrical Component Croupings

e CaLRROLY TREDS FAISTRCELAE, T TN

Communications *Annunciators
*Phones
*Sirens/Horne

Conductore *Cable
*Penetrations
*Bus Duct

Control and Protection *Preakers
Capacitors
Control Board
*Fuse/Holders
*Grounding
Surge Protection
*ghunts
Switches
*Relays

DC Supply Generators Batteries
Diegels
*Heaters
Motors
Motor/Generator
*Solenoids

Power Conversion Chargers
Exciters
Inverters

Switchgear MCC
Metal Clad
ocB
Panels

Terminations *Lugs
*Splices
*Terminal Blocks

Transformers *Dry
Liquid Filled

Voltage Regulators

*These components will be generically evaluated.
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JTable 4.2
Generic Structural Components

Not
Important Subject to Reguires
To Safety Effective Further
A. Concrete (Including Reinforcing Steel)

1. Foundations (Footings, Beams, and Mats) Y Y y
2. Columms Y
3. Walls Y
4, Ground Floor Slabs and Equipment Pads Y
$. Elevated Floor Slabs Y
6. Roof Slabs Y
7. Cast-In-Place Anchors Y
8. Manholes Y
9. Duct Banks Y
10, Grout Y
11. Concrete Blocks (Shielding) Y
12, Precast Concrete Y
13. Fluid Retaining Walls and Slabs Y
14, Masonry Walls N
15, Post-Installed Anchors Y
(Expansion and Grouted Types)

B.  Structural Steel
(Including Bolts, Rivets, and Welds)
1. Base Plates Y
2. Columng ¥
3. Floor Framing Y
4, Roof Trusses Y

*Y = Yes

N = No

8095R
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5.
6.
7.
8.
9.
10.
11.
12.
13.
14,
15,
16.
17.
18.
19.
C.
1.
2.

8095R

Teble 4.2
(Continued)

Generic Structural Compeonents

Roof Framing

Vertical Bracing
Horigontal Brecing

Cirte

Platform Hangers
Galvanized Steel Frames
Roof Decking

Jet Impingement Barriers
Light Poles

Stainless Steel Liners
Light-Gage Metal Buildings
Floor Grating

Checkered Plate Flooring
Stairs and Ladders

Miscellaneous Irames and Lintels

Architectural ltems

Building Siding

Roofing (Built-Up or Elastometric,
Including Insulation, Ballast,

and Flashing)

Fire Doors, Jambs, and Hardware
Access Doors, Jambs, and Hardware

Windows

by

Not
Important Subject to  Requires
To Safety Effective Further

Fuoction _Program _ Evaluation

Y Y Y
Y Y ¥
Y Y Y
Y Y Y
Y Y Y
Y Y Y
Y Y Y
Y Y Y
N - N
Y Y Y
Y : 4 Y
N - N
N - N
N - N
N - N
N - N
Y Y Y
Y N N
N - N
N - N
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Table 4.2
(Continued)
Generic Structural Components
Not
Important Subject to Requires
To Safety Effective Further
; Function  _Program . Evaluatiop
6. Glass and Glazing N - N
7. Caulking and Sealants Y Y Y
8. Floor Finishes N - N
9. Coatings (Including Galvanizing) N - N
10. Partitions and Ceilings N - N
11, Furnishings N - N
D.  Equipment Supports
1. Structural Steel (Including Inlting, Y Y Y
Welds, and Baseplates)
2. Snubbers Y N N
3. Spring Supports Y Y Y
b, Pre-Engineered Pipe Support Items Y Y Y
5., Light-Gage Metal (i.e., Unistruts) Y Y Y
6. Post-Installed Anciiors (Expansion and Y Y Y
Grouted Type)

7. Grout Y Y Y
8. Solid Lubricants Y : § Y
9. Conduite Y Y Y
10. Electrical Boxes = Y Y
11. Raceways Y Y Y
12. Conduit Clamps Y : 4 Y
13, Instrument Racks Y : § Y
1%4. Instrument Panels Y ¥ Y

sl
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Table 4.2
(Continued)

Generic Struztural Components

Not
Important Subject to Requires
To Safety Effective Further
Function _Program = Evaluation

15. Power Panel Boxes Y Y Y
16, Concrete Pedestals Y Y Y
17. Coatinge (Including Galvanizing) N* - N

* Note: Vapor container coatings are being evaluated separately.

..l‘ 7-
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5.0 CONCLUSIONS

The key objectives of the Yankee Pilot Fvaluation Report were to

demonstrate through a formalized process that:

o All systems, structures, and components requiring license renewal

evaluation are identified.

© Assures that any potentially significant age-related degradation is

recognized and properly managed, as necessary.

As presented in the report, the objectives have been met. Of the total
78 systems and 46 structures at Yankee, 43 systems and 27 structures were
determined to require evaluation for license renewal. The potential for
significant age-related degradation and the methods of managing degradation
were assessed for the pilot systems and structures. In addition, areas

requiring further evaluation or special actions were identified.

The methodology, criteria, and technical justification supporting
plant-gpecific methods of implementing these objectives were provided. A
cross section of the plant was evaluated to show the differences in

implementation as applied to different discipline areas.

The areas of the plant evaluated were generally found to be in good
condition with no signs of significant degradation. However, as indicated in
the report, several components will require further evaluation and some plant
procedures will need enhancement to better address degradation concerns for

license renewal.

Examples of assessments, checklists, and other information supporting
the technical bases of the evaluations are provided to allow the NRC staff to
conclude that the process used is both thorough and technically justified.
Because the same evaluation process used for the components presented in the
Pilot Report is being applied to the plant in general, it should simplify

future NRC license renewal reviews.
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ATTACHMENT A

APPENDIX A
(CRITER1A)
to
NUMARC NUPLEX

"METHODOLOGY TO EVALUATE PLANT EQUIPMENT
FOR LICENSE RENEWAL"
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Step 1.  Evaluation of A1l Plant Systems and Structures

Substep la. Does the Plant System or Structure Contribute to Plant Safety?

Substep 1b.

la.].

la.2.

Ja.3.a

la.3.b

Systems or structures that are identified as being
safety-related in a licensing basis document.

OR
Systems relied upon or structures identified in a
licensing basis safety analysis or evaluation.

OR
Systems utilized in plant emergency operating
procedures.

or
Systems taken credit for in a risk assessment if a
plant unique risk assessment is available and used.

Is Degradation of the System or Structure Potentially
fignificant to Plant Safety?

Ib.1.a

1b.1.b

ih1.6.0

The system’s or structure’s failure could not directly
result in off-site releases exceeding FSAR or other
plant-specific off-site release limits.
and
The system’s or structure’s failure could not result
in reactor coolant pressure boundary or primary
containment leakage in excess of technical
specification limits.
and
The system or structure is not otherwise required
for the performance or control of:
(1) reactor criticality
(2) reactor coolant system integrity, inventory,
or heat removal
(3) containment integrity or heat removal
or



1b.1.c.2 Although the system or structure may be required for
these functions, the system’s or structure’s failure
is detectable in a time frame which would allow
shutdown prior to requiring a manual or automatic
plant trip.

OR

1b.2. A plant-unique risk assessment, if available and used,

demonstrates that:

1b.2.a The system’s or structure’s failure does not occur
in a sequence that has a core damage frequency greater
than or equal to 1 x 10°6 per year or in a sequence
that contributes 5% or more to the total estimated
core damage frequency.

and

1.b.2.b When the system or structure is assumed to fail due
to age-related degradation, the total estimated
core damage frequency will not increase by more
than a factor of 3 or will not exceed 1 X 1074 per
year.

Step 2. Evaluation of Components Within Systems and Structures

Substep 2a. Is the Component Important to System or Structure Safety
Function?

The component is important to system or structure safety
function unless:

2a.l. The component is normally isolated and does not
perform an accident mitigating function.
OR
2a.2.2 Component failure would not result in either the
failure of any individual train within the system
or the failure of the entire system to perform its
required safety function.

A -3



Substep 2b.

Substep 2c¢.

2a.2 b

2a.2.¢

2a.3.

and
Component failure would not reduce the structural
support of any other component such that it would
not perform its system safety function.

and
Component failure would not physically damage any
other component such that it would not perform its
system safety function,

OR
For components within the scope of a plant-unique risk
assessment, if available and used, the component is
not included in the risk assessment models.

Is the Component Subject to Established Effective Replacement,
Refurbishment, or Inspection Programs?

A component is considered to be subject to an established
effective replacement, refurbishment, or inspection program

i

eb.1.

2b.2.

2b.3.

The program is documented, approved, and routinely
implemented in accordance with plant administrative
procedures,

AND
The program procedures ensure that all of the
component’s significant safety functions are properly
addressed,

AND
The program establishes specific criteria for
determining the need for corrective action and
requires sucn action be taken if these criteria are
not met.

Is the Component Subject to Potertially Significant Age-Related

Degradation?



Substep 2d.

The component will be considered subject to potentially
significant age-related degracation unless:

2c.1 It is established and documented that potentially
significant age-related degradation will not occur
during the license renewal period.
OR
2¢c.2 A plant-unique risk assessment, if available and used,
demonstrates that:

2c.2.2 When the component is assumed to fail due to age-
related degradation, the total core estimated damage
frequency will not increase by more than a factor
of three or will not exceed 1 x 10°4 per year.

and

2c.2.b When an age-related common-cause failure mechanism
is postulated that may cause muitiple components to
fail (among those which have satisfied Criterion
2c.2.a), those components meet Criterion 2c.2.a
when their combined failures are considered as a
single event.

Options to Resolve Potentially Significant Age-Related
Degradation.

A variety of options to resolve potentially significant age-
related degradation may be appropriate depending upon the
component being addressed. Among the options are:

1. Replace the component on a replacement schedule which
precludes component age-related degradation from becoming
a problem.

2. Demonstrate, by detailed investigation, that age-related

degradation of the componert will not be significant
during the license renewal period.

A-5



Demonstrate, by a more rigorous analysis, that the
potential age-related degradation of the component is
not significant to safety.

Institute practices which manage component age-related
degradation by diagnosing the age-related degradation
processes and preventing or mitigating their effect.



ATTACHMENT B

PLANT SYSTEMS AND STRUCTURES LIST
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0142 ATTACHWERT B Page Ko, !
/48 YANKEE ATOMIC ELECTRIC COKPANY

TNFS LICENSE RENEWAL PROJECT

SYSTRN AND STRUCTURBS LIST

D ) D B B e L L

RD | SYSTEN | SYSTBN/STRUCTURE ; STSTEN/STRUCTURE

| CODE | TITLE ' DESCRIPTION
SR | ] ATR RENOVAL SYSTEM Piping, valves, pusps and other related equipment associated with removing

sir and non-condensible gases from the main condenser,

D sesssane B R arsmann SEEssssss e B

t 8 AUXILTARY STEAK SYSTBN Piping, vaives, and other related equipment associsted with the delivery ¢f
: steas to the following loads: turbine driven emergency boiler feed pun;
turbire, small hogger, large hogger, stean jet air ejector, gland steas ar¢
building heating stesm header and other aiscellancous stean loads.

F BC'LEI FEED SYSTEM Pumps, piping, valves, hest exchangers and other related equipment
' associated with taking water fros the condenser hot well, raising its
pressure and temperatute, and delivering it to each of the sleas
gencrators,

, W | BREATEING AIR SYSTEX A self-contained compressed ir systen designed to provide breathing air
during plant shutdown conditions for work imside the vaper container.

§ CK CRARGING AND VOLUNE CONTROL SYSTEM Piping, puaps, valves, heat exchangers, tanks and other related equipment
associated with controlling mein coolant ipvertory and main coclant
cheaistry.

6 CF CRRKICAL FEEV SYSTEN System provided to help mivimize corresion in secondary piping and

equipaent through the addition of hydrazine and/or morpholine during plant
cperation. These chemicals are injected downstreas of th: boiler feed

[ pusps.

108 CHBMICAL SHUTDOWN SYSTEM Piping, valves, tanks, and related equipment associated with supplying
borated water to the uPST, or charging pusps for chemical reactivity
control.

§ Cv CIRCULATING WATER SYSTRNM Fiping, puaps, valves, heat exchangers and other reiated equipent

associsted with taking water from Shersan Pond, passing it through the
condenser, and veturning it to Sherman Pond; inciudes the vacuum priming
sub-systen.

§ CC CO!POIBN? COOLING WATER SYSTEM Piping, valves, pumps, heat exchangerr and other related equipment
associated with removing heat fros various nuclear plant cooling loads
(which may contain radicactive fluids) and transferring that heat to the
gervice water gysten

It Ca COMPRESSED AIR SYSTEM Piping, valves, compressors, filters, receivers, dryers and other related
equipaent asscciated with gejivering ccapressed air L& conpirc: ahd gef
41! i0aQs



ATTACHNENT B Page No. ¢
YANEEE ATONIC RLECTRIC CONPANY
INPS LICENSE RENEWAL PROJECY
STSTBN AND STRUCTURES LIST

L e R LR bl el il b i IR R L R R Rl L

| BYSTRN | SYSTRN STRUCTURE ; SYSTEN/STRUCTURE
k| CODE | TITLE H DESCRIPYION
P L L L L T T L s T T .-.-o.---------.do.. ......... B T T LT
o0 CORROSION CONTROL SYSTRM Functions to minimize main coolant systea corrosion rates by reducing

dissclved cxygen to & ninimus value through the addition of hydrarine wher
the reactor is subcritical and helding this valve during power opersticr bj
saintaining & hydrogen tover gas in the low pressure surge tank.

1w DEKINERALIZED WATER SYSTEN Piping, valves, tanks, deaineraliver and other related equipsent associate!
vith suppling bigh quality, demineralized water to the primary and
pecondary systeas,

B L L B L L seaseanaen B e

13 BBF BMBRCENTY BOILER FEED STSTEM Piping, pumps, valves, tanks and other related equipment associsted wit!
previding emergency feedwater to the steas generators via normal and
alternate feed f{lov paths.

M B BXTRACTION STEAM SYSTEM Piping, valves, heat exchangers and relsted equipaent associated with
taking steamn fron the high pressure and lov pressutre turbines (extractict
points and exhaust) and delivering it to the feedwater heaters, and
subsequently draining and cooling the resulting condensate back te the
condenser

B L L L L T e

15 B FIRE DETECTION AND §U PPRFS ON SYSTEM Bquipmert related to fire detection and suppression, including firevater,
halon, and carber dicxide suppression gub-gystens.

16 M PLOOR DRAINAGE JYSTEN Piping systea which provides floor deainage flow paths for numerous
equipaent drains throughout the plant.

11 K FUBL OIL SYSTEN Piping, valves, puaps, storage tanks and related equipsent associsted with
gupplying fuel oll to the emergency diesel generatore and the auxiliary
boilers.

18 66 GIISIATOI 0AS Piping, valves, blowers, heat exchangers, gas storage bottles and related
equipment associated with containing, circulating and cooling hydrogen gas
within the main generator.

19 50 GENERATOR SEAL OIL SYSTEM Piping, valves, pumps, tanks, heat exchangers aesociated with suppling
sealing oil to the main generator labyrinth seals.

a0 ¢l HEAT!HG STI/COKDEN:A" Piping, puape, valves, tanks and related equipment associated with
gupplying heating steam and returning condensate for various plant lcads
galety injection tank heaters, diese] generator building, alternate stesn
supply to EBF turbine driven pump and space heating loads threughout the
plant
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B B ) ARsArssss s s E B e

U W RYDROGEN VENTING SYSTRN Piping, valves, analyzers and related equipment necessary to soritor and

control the post-acccident hydrogen concentration within the vaper
container.

@ I INBRT GAS SYSTRN Provide nitrogen cover gas to be used primarily during layup to ainimize
corrosion and for systems using {lammable [luids; lubricating c¢il systeas,
etc.,

| LUBIICATIH‘ OIL SYSTRN Piping, valves, pusps, tanks, purifiere, coolers and related equipaent

tnso-xuted with supplying lubricating oil to the turbine, generstor and
xciter bearings.

U K KAIN COOLANT SYSTEN Pipiug, pumps, valves, stesn generstors and relsted equipment agsociated
with circulating pressurized water through the treactor core and
transfersing the sensible heat gained to the secoudary systea [or
conversion to steam.

A KAIN STEAM SYSTEM Piping, valves and related equipsent agsociated with conveying stesn
produced in ihe steam generastors up through the high pressure turkine
throttie valves.

{ S KITROGEN SYSTEM Piping, valves, nitrogen supply boitles and related equipment associsted
with the ST accusulator nitrogen charging systes,

| B POTABLE WATER SYSTIV & well water gystes which serves water closets, lavatories, drinking and
wash fountains, showers and sinks throughout the plant, this systes can

’ alsc be cross-connected to the turbine Jube cil coolers.
l
r.-...----. .................................................................... T L L

1 S PRESSURE CONTRUL AND RELIEF SYSTEM Piping, valves, pressuriger, pressuriger heaters, pressurizer sprays, auc
related equipment associated with controlling main coolant systea
pressute,

L ghE ) PURIFICATION SYSTEN Piping, valves, puaps, coolers/ion exchangers and related equipment
associated with cooling and purifying sain coolant in the lov pressure
gurge tank and removing soluble and insoluble impurities.

30 W RADIOACTIVE WASTE DISPOSAL SYSTEM Piping, valves, pumps, tanks, coclers, evaporators and related OQu ;|= !

associated with receiving, containing, treating and disposing of
radicactive waste other than separately handled secondary p.ant lov leve
radioactive wastes
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3‘ k¥ REFUBLINS SYSTEN Piping, valves, punps and other related equipment associated with refuelir;
opetations.
L L L Nl R e Ml i
I | SAFE SHUTDOWN SYSTEN Piping, valves, punps, tanks and related equipnent snsociated with

providing borated orimary make up water to the melt coolant systes and
feedwater to the stean generators in the event other normal and emergerc:
syetems are not avallsble,

L e R L L L LR ) BEsrR s s srn e, R

| S SAPETY INJECTION SYSTEN Piping, valves, puaps, tanks, accusuiators and other related equipment
agsociated with restoring main-coclar’ inventory following a loss of
coolant accident,

B L B L

<L B | SANPLE SYSTEK Piping, valves, coclers and related equipsent associated with primary and
secondary systen sanpling.

| R | SERVICE WATER SYSTEK Piping, pumps, valves, tanks, heat exchangers and cther related equipsent
associated with providing Sherman Pond water for cooling nuserous primary
and secondary plant equipaent.

| (R 14 SRIELD TANK CAVITY PURIFICATION SYSTEK Bquipeent, puaps, ion exchange tesin beds, [ilters, valves, piping etc.,
necessary to remove iapurities from the main coolant systea during shuldows
in order to reduce main coolant radioactivity levels and fouling ¢! heat
trangfer surfaces,

| I SHUTDOWN COOLING SYSTEM Piping, valves, pumps, heat exchangers and related equipnent used to remove
decay heat from the msin coolant systea during extended shutdown periods.
Used when main coclant systea conditions are below 330 F and J0T FFIG

L Ll L T T e L R PR

| S 14 SPENT PUEL SYSTEM Pusps, oiping, valves, coolers, and related equipsent associated with gpe:
fuel pit, and transfer of fuel between the fuel vault, spent fuel pit, ame
the reactor vessel,

B i B T

% 1 TURBINE GENERATOR SYSTEM Turbine/generator assembly and supporting equipaent,
41 VENT AND DRAIN SYSTEM Piping, valves, tanks and relatea eguipment asscciated with primary an!

gecondary vents and drains, including the steam generator blowdown gystes

| S | NATER TREATMERT SY3TEN Equipment, deaineralizers, storage tanks, anc relsled equipment necessar)
to ciarify, filter, and deaineralize water and tc aix &nd pusj
water-conditicning chemicals to the prisary and gecondary piante; thus
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PORD | STSTEN | STSTRN/STRUCTURE | SYSTRN/STRUCTURE
BBk | CODE | TITLE : DESCRIPTION

providing resctor grade makeup water to the prisaty plant and condensate
grade nakeup water to ihe secondary plant.

4 Bes ADNINISTRATION BLDG VENTILATION §Y§ Provides air conditioning and ventilation for the adaininistration
building.
"o AIR DISPOSAL (FILTERED EXRAUST) SYSTEN Ductwork, fans, filters, dempers and related equipment associates with

exhausting petentially contaminated air through the prisary vent stack;
includes the vapor container ventilation and purge sub-systea (used during
refueling operations ',

B L R L

46 BCI0 BATTERY ROOK KOS VENTILATION STRTEM Fans, ductwork, leuvers and related equipaent associated with Battery Koo
Ko.3 ventilators,

e P L L L L L R L L L L e

6 Hi0 BATTERY ROOM: [48 VENTILATION SYSTIN Provides for hydrogen gas removal duting battery charging cperaiions,
congists ¢f a single exhaust fan taking suction from each battery reos and
digcharying to outside air through & common exhaust duct.

{1 RS CONTROL ROOK VENTILATION SYSTEM Byuipment associated with heating or cooling or filtering the contrel roca
ataosphere; includes the control room emergency air cleaning ejsten
{CREACS |,

& ROl EDG BUTLDING VENTILATION SYSTEM Fans, dampers, ductwork and related equipment associsted with ventilating
the diesel generator building.

48 ACE GAS STORAGE ROON VENTILATION SYSTEM Natural draft ventilation systes consisting of {loor vents, windows and
roof louvers.

0 K! NRY ENCLOSURE VENTILATION STSTEK Exhaust fans, steaa unit heaters and relsted equipment associated with

hesting/cooling the aain stean non-return valve enclosure,

R B R L P LR L

§1  HCl PAE NON-FILTBRED VENTILATION SYITEX Provides upper level PAE with susser ventilation; consists of & rocf-type
exhaust {an with supply air entering through window and door openinge.

B B L L D

§2  HCiZ SAPETY INJBCTION BLDG VENTILATION S§Y§ Exheust fans, motor operated louver and related equipment which fumcticn t¢
saintain the safety injection building temperature within acceptable

limits.

§ e SCREENWELL PUMPHOUSE VENTILATION SYSTEM  Ventilation system consisting of two ceatrifugal fans and associates
ductwork which cen provide oulside ait, or recirculate puaphouse air, as
necessary Lo maintain acceptable pumphouse temperatures without having te
rescrt to steas heating
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Bk SERVICE BLDG VENTILATION SYSTRK ALl equipment, sir conditioning units, ventilators etc, necessary te supply
ventilation air and heated air to the service building.

£ 1 R (V] TUIBIIR BLDC VRNT.LAT!Ok SYSTRN Natural draft ventilation systes consisting of continous roof ventilstors
and vindow cpenings which provide the necessary air changes to maintain
tutbine building temperature at scceptable levels.

B e B B B

66 VCHCR VC RBATING, COOLING, AIR RECIRCULATION Fans, dempere, coclers, heaters, ductwork and related equipment which
operate to saintain vapor container atsosphere below limits during norss!
operation; includes vapor container post-accident air recirculation
sub-systen.

B R T rmen B Y B

) ¢ ¢ D!STRIBUT‘"A ﬁ“’EN Bquipaent, batteries, battery choargers, cabling, and related equipment
necessary to supply dc electrical power to plart dec electrical loads.

D i LR R L D R

8 DO DIBSEL GENERATOK SYSTEM Bnergency diesel generators and relaved equipment necessary for supplying
eBSrgency AC power to the emergency power gystes in the event of Joss of
noraal ac poser,

§9  BEPS EMERGENCY FOWER $Y° "3 Equipaent, cabling, busses, breakers, etc., necessary to supply electrical
power and contrel te essentisl safeguard loads.
60  BOTS GENERATION AND TRANSKISSION SYRTEM Equipsent necessary to generate and deliver station electrical eutput to

the 118 kv power grid.

6!  BSSS STATION SERVICE SYSTRM Blectrical equipaent, cabies, breakers, transforeers, busses, relayr, etc,
| .

necesgary to distribute noraal ac electrical power snd control to station
loags, the safe shutdown systen and the emergency pewer sysies.

D B

£t . 0l CONTAINMENT [SOLATION SYSTEM Bquipment necessaty to isolate “he vapor container (VC) if ¥C pressure
equals or exceeds § PSIG; includes isolation actuation circuitey, chesi
valves, sutomatic trip valves, manual valves, and blank flanges, etc.,

T L L s s e

63 F¥ FEEDWATER CONTROL SYSTEM (IAC) Instrusentation and circuitry associated with main feedwater control
64 FIDS FIXBD INCORE DETECTION STSTEM Bquipaent, detectors, cabling, etc., necessary to measure and record

neutren flux signals at fixed core positions.

65 LK LEAE MOKITORING SYSTEM [nstrusentation and equipsent necessaty to perfors vapotr containet
integrated leak rate testing

......... D Lk T T L L
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66 NIDS MOVABLE INCORE D!TEC?XON SYSTRY Bquipaent, detectors, cabling, drive units, travsfer devices etc.,
necessary to operate the moveable incore detectors which functior te
accunulate nevtron flux data at varying core heights for fixed redisl cor
positich.
67 NRV NONKETURN VALVE SYSTEM Instrusentation and circuitry sssociated with Nain Steam non-returr valves

and valve isolation logic.

D D SEsAssEERsR s e R s E . Srrsssnr s B LR R

68 NI IUCLEAR INSTRUMENTATION SYSTEM Bzcore equipaent, excore detectors, cabling, counters, analyrers power
supplies, etc., necessary to provide indication of reactor power level {ron
¢cld shutdosn to fullpower; provides inputs to the reacter protectiocn
systen.

B D B Fesss s s D

68 PRK PROCESS RADTATION NONITORING SYSTEM Bguipeent, detectors, cabling, etc., necessary te monitor redicactivity
levels in plant process [luids and effluents.

M R RADIATION MONITORING SYSTEN Atea radiation monitoring systes consisting of numercus radiation detectore
located throughout the plant.
¢ R () REACTOR CONTROL SY TEy Control rod drive mechanisas, contrel circuitry. position indication

instrusentation and related equipaent necessary to ecve control rods i
order to control reactivity.

% RPS REA"CE PROTECTION SYSTEK Equipaent, circuit breakers, instrument chanuels, bi-stavles, control
circuitry and related equipaent necessury to initiate & reactor scram (and
turthine teip) on unsafe conditions which could cause damage to Lhe reacter
core or main coclant pressure boundsry.

1 SPOS SAFETY PARAMBYER DISPLAY SYSTEM Bquipaent, computers, hardware und software, etc., necessary to take
digital/analog plant process parameters and display thes in varying foras
on sonitors located in the msin control room.

" s SECURITY SYSTEM Plant security systea.

1% 86 §G BLDK [4C SYSTRH Miscellaneous instrumentation and related equipment associated with stesn
generator blowdown,

1% v VAPOR CONTAINER MONITORING SYSTEM Bquipment, instrumentation and related equipment recessary to moniter |
teaperature, pressure and humidity.

1 EN ENVIROMMENTAL SYSTEM Ketecre ‘fg.:a'. astrusentation and related equipaent prizarily mount

the aeteorological tower
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8¢ TBCIIICAL 80??0!1 CENTER SYSTBI Blectronic equipment servicing the Tecbnxctl Support Center
W on AUKIRISTRATION lP.Lthu Steel-franed masonry building located inside the owner controlled ares

vhich houses offices for plant stall.

e B s anen B Basssssnnsnacnsnnnnnn Shsemnnn e

0 b BATTERY ROON uo 3§ BUILDING Reinferced masonry wall structure which houses Battery No.! and esergency
sotor control centers.

e L R e Sressene R R

8 CLP CANERA AND LIGHETING POLES Yard lighting and security camers utility poles,

I e SeErmasen e e Gessenew L

82 b CONPACTOR BUILDING Nssonry structure which houses the low level vadioastive waste compaitor.

D L R

8 DER DBCONTAI.IATILN ROONS Kedioactive decontomination facility located within service buxidxn

8 DGk DIESEL GENERATOR BUILDING Stee) frame and sasonty wall structure which houses the Emergency [iese)
Generators.

IR 1 E."'Plfh‘ KND PIPE SUPPORTS Generic category consisting of equipsent ant {iping supports

86 FAG PIlCE AND GATES Provides physical barrier for the owner contro)led area.

87 TAMK FISLB FABEICATID TANES Generic category consisting of vanks fabricated on site.

8 FIRE WATER PUMPHOUSE Pre-fabricated aetal bullding acjacent = **» fire water storage tank whict
houses the diesel driven fire punp.

88 FIN FOUNDATIONS FOR OUTDOOR TANRSASTACES Generic category consisting of foundaticns fer outdocr stacks end tanks.

90 ROTE FUBL OIL TlAISFSI PUNF ROUSE Structure which houses fuel oil transfer puap.

81 PICS FUEL TEAKSFSR CAUTE STRUCTURE Reinfcrced concrete structure which houses the stainless steel iuel
teansfer chute.

82 Gk GA?BBOUSE Nasonry and concrete structure which functions as the security peint
through which all persons entering the owner controlled ares must pass,

93 HBVS HEATING BOILER VENT STACK Vents hesting boller exhaust gas to atmosphere.

4 IBP ION EXCHANGE PIT Reinforced concrete structure which houses ion exchangers used in the
punh ation gystes,

{ I 1 LIFTING AND HOISTING BQUIPNENT Generic categery for lifting and hoisting equipaent, includes all wajor

“n':If:ﬂ dev ces

T L Ll T T T Tt I L
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% N KETBOROLOGICAL TOWER Steel tower which supports meteorclogical senitoring equipaert,

§1 NIV III PUBL VAULY Reinforced concrete and masonry structure used for storage of new fuel.

9 NEUR IOI BSSENTIAL UPS BUILDING Nasonry structure which houses the mon-essential urinterrupiable power
luvvlv

8 PGl FCA STORAGE BUILDING NO. | Steel frame masonry vall structure used primarily to store low-level

radioactive ssterials prior to shipping.

00 PCA2 PCa SYORAGE BUILDING NO. § Steel frame building used primarily for the storege of contamizated too.s
and equipment.
01 PCAN PCA WAREROUSE Steel frame building used for the storsge of low level radicactive waste,

vasle containers, and contamioated equipaent

B R B L R B Fresmnann e

02 PG PLART NODULAR OFFICE BUILDING Nodular office building housing piant support personnel; located inside
owner contrelled area.

L L L T e

01 POLE BARN Utiiity storage building located inside owner controiled area,

B L R L R B T L EEE B D

(4 PAB PRINARY AUZTLIARY BUILDING Reinforced concrete and steel [rame structure which houses numerous prisar’)
related equipaent: charging pumps, component cooling pusps and heat
exchangers, shutdown cooling pusps and heat exchanger, putificaticn syster

e

| AN 4 PRINARY VSR' TACE Steel stack (5 diameter, 130" high) used to vent the exhaust of the
filtered ventilation gysten to atmosphere.

06  RSS REACTOR SUPPCRT STRUCTURE Reinforced concrete structure and steel-encased concrete coluans whith

supporis Lhe nuclear stean supply €ystem (reactor vessel, biclegi a!
shield, stesa generators, etc.) and the polar crane,

107  SLEE §.L.E DIESEu GENERATOR BUlquNu Masonry structure sdjecent the gatehouse which houses the security ligntin;
esergency diesel generator,

108 §88B SAFE SHUTDOHN SYSTEN BUILDING Reinforced concrete structure which houses the safe shutdown pusps and
associated equipaent,

103 S SCREENWELL HOUSE Reinforced conceete gub-mtructure and steel {rase superstructure which

houses circulating vater pumps, setvice wate! pumps, motor driven [ire
pul;, traveliing screens, sluice gates and othet related equipee

il §F SEAL FIT Reinforved concrete gtructure that receives circulating waler [rom the
condense:r and discharges it to Shersan Popd.
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j11  8PVS SECONUAKY PLANT VENT STAPI Vent stack which is used to discharge secondary jlant gaseous effluents,
1.6, gland stean exhaust, to ateogphere.

112§k ilIVlCi BUILDING fiouses water treatnert plant, prisary and secordary side machine ghops,
decontanination rooss, locker rooms and other fecilities.

12 §#P SPIIT FURL PIY Reinforced concrete structure that provides for undervater storage of spernt
fuel, spent contrel rods, and fuel transfer equipaent,

R 4 STEAN AND FEEDWATER SUPPORT STRUCTURE Stee) frame structure supporting main stean and feedwater piping betveer
the vapor container and the turbine building.

15 81 STORES WARBKOUSE Kouses plant inventory of spare parts, materials, elc..
1§ SRIE SUPPORTS FOR BLECT/I+C EQUIPKEM! Generic category for electrical and IAC supports.
[N ) SNITCH YARD SYRUCTURE Galvaniged steel structure which supports oil circuit breakers,

digconnects, and provides support for the power lines to Harriman and Cabe
Stations.

18 4B TRAINING AREA BUILDINGS One sagonry building and one modular-type office building which house the
plant training facilities; located cutside the uwner contro!ied ares,

19 TRANSFORMER AREA STRUCTURE Reinforced concrete and stee! frame structure which supports the main
transforaer, the three stalion service transforaers, and agsocialed
electrical equipment.

20 T TURBINE BUILLING Steel frame gtructure which houses most secondary plant equipeent,
including turbine gemerator, condenser, condensate pusps, toiler feed
pusps, heat exchangers, etc.. The contrel room and switchfeat rooms are
located within the turbine building.

{0 [ YAPOR CONTAINER A nominal 125<foot dismeter, vapor tight, steel sphere that houses, but
does not support, the reactor support structure and nuclest steam supply
systen.

i VB VC BLBVATOR ENCLOSURE Structure which houses elevator tc vapor container personnel sccegs hatch.

2 Wb WASTE DISPOSAL BUILDING Steel frame building used for processing low level radicactive waste.

M VACS YARD AREA CRANE SLPPORY STRUCTURE $iee] {raae structure which supperts the yard crane.

-------- T Ll I N T T T e e e T LT e e L L LR
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ATTACHMENT C

Brief Description of Component Degradation Assessment Tool (CoDAT)

1.0

ANTRODUCTION

To automate the degradation mechaniem review process, Yankee developed i
an expert system which ig used to review fluid system pressure boundary ﬁ
components. The expert system ig called CoDAT (Component Degradation I
Assessment Tool) and performs a detailed evaluation of Yankee plant fluid

system pressure boundary components,

Information from other operating plants experience and industry reports {
related to age degradation of fluid components were used to form the basis for )
CoDAT.

2.0 DEGRADATION MECHANISMS |

Eighteen groups (28 specific) of degradation mechanisms were identified

that could cause fluid components to degrade. The 28 degradation mechanisms ;

do not include abnormal stressors from su-h initiators as improper welding i

techniques, torquing, cleaning, maintenance, etc.

The degradation m-chanisms that could affect fluid systems were

selected from an EFRI report titled, Component Life Estimation: LWR
Structural Materials Degradation Mechanisms, NP-5461 and from operating plant

experiences. Not all of the mechanisms listed in the EPRI report were

applicable to the Yaunkee operating environment.

Of the 18 degradation mechanism groups applicable to Yankee, the

14 groups evaluated by CoDAT are .isted in Table 1.



ATTACHMENT G
(Cont inued)

3.0 INFORMATION SOURCES

After determivins, the degradation mechanisms which could be applicable
to the Yankee environment, a search was performed to gain further knowledge
related to the controlling parameters of each, The search produced a list of
information sources which were found to be helpful in predicting degradation
of a fluid component. This information was used to develop the rules employed
by CoDAT for asseseing the 14 degradation mechanism groups mentioned above.

4.0 DEGRADATION MECHANISMS AND CONTROLLING PARAMETERS

EPR1 Report NP-5461 describes the possible degradation mechanisms for
fluid systems. Most of the degradation mechanisms have controlling parameters
which are effective in predicting fluid component degradation. Approximately
50 controlling parameters were determined to be effective in predicting fluid

component degradation.

4.1 General or Uniform Corrosion

General or uniform corrosion occurs to some extent in all metals.
However, recent studies done for EPRI (reference EPRI Report No. NP-5461)
indicate that certain material groups are not significantly affected by
general corrosion for the extension period. The materials that may be

affected are listed below:

Carbon Steel

Ferritic Stainless Steels
Martensitic Stainless Steels
Inconel (Wastage)

Cast Iron

Low Alloy Steels

Aluminum

BO95R
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(Continued)

General or uniform corrosion is characterized by the uniform thinning
of a pressure boundary wall to the point where the component's material
allowable stress level is exceeded. However, unlike all other forms of
corrosion, its rate of progress can be predicted so that exceeding a
component's allowable stress is rarely encountered. General corrosion can
lead to other forms of corrosion which are not uniform in nature. One such

mechanism is erosion/corrosion.

4.2 Erosion/Corrosion

Erosion/corrosion is an increase in metal loss due to the relative
movement between the process fluid and the metal surface. It is influenced by
the rate of general corrosion of the metal surface and is characterized in
appearance by grooves, gullies, rounded holes, and valleys and usually

exhibits a directional pattern.

4.3 JIwo-Phase Erosion

Two-phase erosion, like erosion/corrosion, is the result of relative
motion between the component material and the process fluid. However, in
two-phase erosion, the liquid portion of the process fluid is often
accelerated to very high velocities by the vapor portion and therefore causes

more severe deterioration of the material,

4.4 Microbiclogically-Influenced Corrosion

The corrogion rate of a material can be accelerated by microbiological
activity due to the severely corrosive environment produced by their waste
products. The most common bacteria associated with Microbiologically-

Influenced Corrogion (MIC) are sulfate reducers, sulfur, iron, and manganese

G~3
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(Continued)

oxidizers. Although stagnant areas are most susceptible (for sulfate
reducers), components and piping experiencing bulk fluid velocities exceeding
10 ft/sec have experienced MIC because of localized low flow areas.

Although MIC is usually restricted to systems which contain river,
lake, potable, or seawater, MIC has been found in fluid systems which are
normally filled with demineralized or distilled water because of contamination
during pressure testing of the system or inappropriate alignments with

contaminated systems.

4.5 Intergranular Stress Corrosion Cracking

Intergranular Stress Corrosion Cracking (Iw3CC) occurs in austenitic
stainless steels when carbide molecules are formed through the combination of
chromium and carbon atoms near the grain boundary. The formation of these
molecules depletes the chromium concentration around the grain boundary and
reduces the material's resistance to localized corrosive attack. The cracking
process, as the name implies, proceeds along the material grain boundaries.
Improper welding and/or cooling can produce 1GSCC. Corrosive environments,

such as process fluids containing halogens, can accelerate IGSCC.

4.6 Transgranular Stress Corrosion Cracking

Transgranular Stress Corrosion Cracking (TGSCC) is caused by the
aggressive attack of halogens on a sensitized austenitic stainless steel
component. TGSCC results in cracking that proceeds across the material grain
boundaries through slip planes. Another form of TGSCC occurs when copper
alloys are exposed to an environment containing ammonia. This type of TGSCC
can produce cracking, pitting, and/or grooving, and is prevalent in feedwater

heaters containing admiralty brass tubes.

8095R
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4.7 Irradistion Assisted Stress Corrosion Cracking

Irradiation Asegisted Stress Corrosion Cracking (IASCC) is very similar
to 1GSCC, except that all that is necessary to result in IASCC is a high
neutron fluence in an oxygenated water environment. Austenitic stainless

steel i the only material which is susceptible to I1ASCC.
4.8 Intergranular Attack

Intergranular attack results in a localized corrosion near o: adjacent
to the grain boundaries. Knifeline attack, which is one form of intergranula:
attack, is caused by impurities in the component material or a concentration
or depletion of alloyinp elements near the material grain boundaries. This
degradation mechanism usually only attacks stabilized, austenitic stainless
steels. Another form of intergranular attack is called weld decay. This
mechanism is very similar to knifeline attack except that any cracking

experienced is located in the weld.
4.9 Crevice and Pitting Corrosion

Crevice or pitting corrosion results in extreme localized corrosion in
stagnant or low flow areas. Crevice corrosion, ag the name implies, occurs in
tight crevices, such as those formed between a flange face and a gasket.
Pitting corrosion, on the other hand, is caused by an impurity concentration
which sets up small galvanic cells and produces a harsh environment that

otherwise may not be severe. The impurity concentration may be caused by

alternate wetting and drying on the component's surface or by precipitation of

a chemical species.
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(Continged)

4,10 Thermal Embrittlement

Thermal embrittlement of materiale results in a significant reduction
of the material's notch toughness. For metals, there are several types of
thermal embrittlement: B885°F embrittlement of cast austenitic stainless
steels, temper embrittlement, strain aging enbrittlement, quench-age
embrittlement, and blue brittleness. The type of embrittlement which may be
experienced is dependent upon the material, special conditioning of the
material, fabrication methods, and the operating temperatures experienced by

the component,

4,11 Jlrradiation Embrittlement

Irradiation embrittlement occurs because of long-term exposure to
neutron radiation. This embrittlement process also causes a decrease in the

material's toughness.

4,12 Hydrogen Embrittlement

Hydrogen embrittlement occurs as a result of atomic hydrogen (produced
during any corrosion process) becoming trapped within a material's lattice
structure. The trapped hydrogen prevents plane slippage and, thereby,

decreases the toughness of the material.

4.13 Selective lLeaching

Selective leaching is the result of one element of an alloy being
removed by a corrosion process. The most common forms of selective leaching

are graphitization and dezincification.

B095K
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(Continued)

Graphitization occurse when the iron matrix from a component fabricated
from gray cast iron is removed during a corrosion process. This leaching
process removes the iron leaving behind the insoluble graphite wvhich has
essentially no strength. This process usually takes several decades.
However, under certain conditions (i.e., buried piping under severe soil

conditions), it can occur much more rapidly.

Dezincification describes & process whereby zinc is selectively removed
from brass components. It occurs most often in copper alloys which contain

over 20% zinc.
4.14 Galvanic Corrosion

In a general way, all corrosion depends upon galvanic action. However,
this review will be limited to the galvanic action that takes place when small
differentials exist between the solution potential of adjacent materials.
Galvanic corrosion can happen rapidly in process fluids which have a high
conductivity, such as seawater. In higher quality water, where the
conductivity is much lower, the process may still occur, but it will affect a

much smaller area and take longer to occur.
5.0 DATA BASE REQUIREMENTS

The identified controlling parameters form the basis for a component

data base which CoDAT accesses to identify degradation mechanisms which may be

present. Each fluid system evaluated is broken into components (piece parts,

if necessary), and appropriate data entered for the parameters identified.
6.0 CoDAT RESULTS
Once CoDAT accesses and analyzes a fluid component's operating and

environmental characteristice, a list of potential aging degradation

mechanisms is output for each component or part being evaluated.

BOOS}
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(Continued)

CoDAT is presently undergoing a verification and validation process
which is scheduled to be completed early in 1990. The results must,
therefore, be considered preliminary. Calculations forming the bases of the

degradation review, however, have been completed.

G-8
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TABLE 1
Fluid Component Degradation Mechanisms Evaluated By CODAT

General or Uniform Corrosion
Erogion/Corrosion
Two Phase Erosion
Microbiologically~Influenced Corrosion
Intergranular Stress Corrosion Cracking
Transgranular Stress Corrosion Cracking
Irradiation-Assisted Stress Corrosion Cracking
Intergranular Attack

Knifeline Attack

Weld Decay

Crevice/Pitting Corrosion
Thermal Embrittlement
885°F Embrittlement
Strain Age Embrittlement
Blue Brittleness
Temper Brittlement
Quench Age Embrittlement

Irradiation Embrittliement

Hydrogen Embrittlement

Selective Leaching
Dezincification
Graphitization

Galvanic Corrosion

G-9
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SAFETY INJECTION SYSTEM
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ABSTRACT

This study evaluates the plausible modes of degradation of concrete and
anchorages to concrete and evaluates the potential significance of the
degradation modes for the structures at Yankee Nuclear FPower Station (YNPS).

The results of this study are that there are no Jocations that are susceptible
to the following degradation modes for concrete and reinfercing steel:

1. Fatigue

2, Chemical reactions of agpregates
3. Drying and carbonation shrinkage
b, Thermal effects

5. Microbiological-Induced Corrosion (MIC)

The following modes of degradation may be eignificant for some, but not all,
of the concrete structures:

s {9 Corrosion of embedded metals
2. Freeze~thaw damage
3. Exposure to aggressive chemicals

4, Leaching of calcium hydroxide
5. Abrasion
6. Degradation of anchorages to concrete due to the following!:

o Corrosion
Deterioration of adjacent concrete
o Vibratory loadings

c

An inspection program in accordance with the American Concrete Ingtitute
guides and practices (ACI 201.1R, 207.3R, and 224.1R) will provide assurance
that the above six potentially significant degradation modes are monitored and
controlled.

The only locations where radiation exposure may be significant are the Spent
Fuel Pit (SFP) and the Reactor Support Structure (RS§) concrete adjacent to
the Neutron Shield Tank (NST). The potential and significance of this
degradation mode will be evaluated in future reports.

The potential for degradation of concrete at YNPS from exposure to groundwater
or river water is insignificant. Chemistry tests of these waters performed
¢uring construction and again in 1988 and 1989 show only negligible
concentrations of chlorides and sulfates.

~iii~-
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1.0 INIRODUCTION

This document provides & generic assessment of the plausible modes of
degradation of concrete, including embedded metals, and anchorages to concrete
for structures at the Yankee Nuclear Power Station (YNPS).

The plausible modes of degradation were identified from a review of the
literature. Each of the plausible modes of degradation is evaluated on @&
generic basis to identify the stressors and environment required for the
degradation to be active, how the degradation is manifested, and the design
features and construction methods used at Yankee Nuclear Power Station (YNPS)
to mitigate the potential for significant age-related degradation. The areas
of the plant potentially susceptible to age-related degradation are then
jdentified. Finally, the requirements of an effective inspection program are

identified.

ale
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2.0 PESCRIFTION OF COMPONENIS

The generic concrete structural components necessary to the function of
the structures ot YNPS consist of the lollowing. Concrete includes the
reinforcing steel, as well as the cement, aggregate, end mixing water,

o Foundations (Footings, Beams, and Mats)

o Colume

o Walls

o Ground Floor Slabs and Equipment Pads

o FElevated Floor Slabs

o Roof Slabs

o Precast Concrete Beams and 8labs

0 Manholes

o Duct Banks

o Fluid Retaining Walls and Slabs

o Masonry Walls

5  Concrete Blocks (Shielding)

© Grout

o Cast-in-Place Anchors

o Post-Installed Anchors (Expansion and Grouted Types)
o Embedded Metals (Castings, Weldments, Pipes, and Conduit)
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3.0 EVALUATION OF PLAVSIELE MODLS

The plausible age-related modes of degradation of concrete components
for structures were identified from a review of the litersture (see
Section 6.0, References) and are as follows!:

Fatigue

Corrosion of Embedded Metals
Irradiation Exposure

Exposure to Elevated Temperatures
Abrasion, Including Erosion
leaching of Calcium Hydroxide
Exposure to Aggressive Chemicals
Freeze~Thaw Damage

Chemical Reactions of Aggregates
Thermal Effects

Drying and Carbonation Shrinkage
Microbiological~Induced Corrosion
Vibratory loading on Anchorages to Concrete

O O o © 9 ¢ © 9 o 9 o ¢ 9

3.1 [Fatigue

3.1.1 Description

Fatigue is a process of progressive permanent internal structural
change in a material subjected to repetitive cycles of stress. Fatigue
strength of concrete has received considerable attention due to the adoption
of ultimate strength design procedures and the use of higher strength
material. The effects of fatigue and the considerations for design are

discussed in Reference (n).

The fatigue strength of concrete is essentially the same whether the
mode of loading is tension, compression, or Ilexure, and is roughly about 55%
of static strength for 107 cycles. For design, a conservative modified
Goodman diagram is used. Use of this design method is discussed, in detail,

in Reference (n).
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3.1.2 Siguificance to Structures

Fatigue of reinforcing steel is not a significant degradation mode at
the stress levels (24 kei maximum), stress range (stress fluctuation), and
stress cycling to which it 4s subjected. The lowest stress range known to
have ceused failure was associated with 1,25 x 10“ cycles of loading and &
stress range of 21 kei (from 17.5 kei to 38.5 kei), Reference (h).

Reinforced concrete at YNPS wae designed in accordance with ACI 318-56
and American Standard Building Code AS8,1-1955, Reference (o). The design
codes limit the maximum permissible stress levels such that fatigue is
ingignificant for concrete and embedded metals.

3.2 Corresion of Embedded Metals

3.2.1 Description

Corrosion of embedded metal has been studied in considerable detail and

depth. References (j) and (k) provide a summary of the studies.

The majority of the embedded metal is the reinforcing steel, Other
embedded metals include carbon and stainless steel piping, structural
embedments (plates, anchor bolts, and strap anchors), conduit for electrical
cables, and grounding (copper) cables. Corrosion of reinforcing steel due to
stray electrical currents has been identified as a degradation mechanism.

Corrosion of carbon sieel, reinforcement and embedded items, not only
affect the ability of the steel to carry load, but also causes deterioration
of the concrete due to severe expansion stresses imposed as & result of

volumetric changes.

Concrete's high alkalinity (pH >12.5) provides an environment which
serves to protect the steel from corrosion., Corrosion occurs when aggressive
ions, most notably chloride, cause a reduction in pH to below 10 and diesolved
oxygen is available for the electrochemical reaction., lons of sulfate and
carbonate can also be aggressive. However, these have low solubility in the

high calcium environment and, thus, have a low availsbility to reduce the pH.

ol
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Therefore, this degradation mechanism requires the presence of
aggressive ions, the presence of oxygen, and the presence of cracks or
permeable concrete with intermittent wetting and drying.

3.2.2 Manifestation

The corrceion products produced have a volume approximately eight times
that of the original metal. The development of these corrosion products
subject the concrete to tensile stress, eventually leading to hairline
cracking, followed in time by rust staining, spalling, and more severe
cracking. These actions will expose more reinforcing steel and concrete to
further deterioration. A loss of bond between the concrete and reinforcing
steel will occur along with a reduction in bar cross-section. The degradation
associated with reinforcing steel corrosion is most prominently displayed in
concrete bridge decks and parking facilities, given the abundant use of

deicing salts.

3.2.3 Bignificance to Structurcs

Corrosion of reinforcing steel due to stray electrical currents has
been identified as a potential degradation mechanism, References (e)y (§)s
and (u). However, thig mechanism is not significant at YNFS since the
reinforcing steel is not used for grounding uf plant equipment or for
lightning protection. Steel structures and plant equipment are grounded by
means of direct connections to the station grounding grid. The potential for
corrogion of embedded metal due to induced currents in electrical duct banks
is also not eignificant, This mechanism requires both a direct current and a
sodium or calcium chloride electrolyte, Reference (§). As discussed below, it
is very unlikely that the necessary electrolyte, significant concentrations of

chlorides in solution, exist in the concrete for duct banks.

It ie very unlikely that a significant concentration of chlorides is
present in the concrete due to mixing water. Chloride concentrations of less
than 500 ppm are considered not gignificant, Reference (z). An analyeis of
the Sherman Pond water, used as the mixing water, performed in the 1950's,

=S
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Reference (h), showed only 2 ppm to 8 ppm chlorides as NaCl. Thie
concentration is insignificant. In addition, the only admixture permitted in
the Specification, Reference (f), was Darex AEA,

Corrosion of embedded metals from exposure to groundwater or river
water is algo insignificant. This is based on the results of water chemistry
analyses performed in December 1988 and August 1989, References (&) and (aa).
The maximum chloride concentration was only 11 ppm.

Corrosion of carbon steel, reinforcement, and embedded items can occur
from epills or leakage of acidic fluids. Corrosion of embedded metale
requires permeable concrete or the presence of cracks and the presence of both
oxygen and aggreseive dons. Aggressive ions may be introduced from spills or
leakage of acidic process fluids. Aggressive ions may also be introduced from
leakage of acid rainwaters through damaged roofing systems., This mechanism is
gignificant to structural integrity only if left unchecked. Good housekeeping
practices to assure that epills and leakages are cleaned up in a timely
manner, that joints are tight and properly caulked and sealed, and that cracks
in fluid containment areas are sealed will mitigate the potential for this
mechanism. Maintenance of the roofing systems, roof drains, and yard drainage

will mitigate the potential for damage due to acid rain,

The corrosion potential of embedded copper materials is considered
extremely low and of no significance unless they are exposed to ammonia,
Reference (j). Only in the water treatment area are sufficient amounts of

ammonia handled such that, in the event of a spill, this mechanisem could occur.

The corrosion potential of embedded stainless steel materiale is
considered very low and of no significance unless they are exposed to
chlorides, Reference (§). With good housekeeping practices, there are no
areas of the plant subject to this degradation mode. The chloride
concentrations in plant system fluide are kept very low to minimize corrosion
of piping and equipment. Therefore, if spills are cleaned up in a timely
manner, this mechanism is not significant.
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Extreme Eovitonments
Exposure Lo Elevated Temperatures
Description

Exposure of concrete to elevated temperatures can result in reduced
compressive strength, modulus of elasticity, and shielding ability. The
effects of elevated temperature exposure have been reported in the literature,
References (a), (b)), (¢, and (d).

of studies and experiments show the following!

rature ex ¥, w 150°F, degradation of concrele,

perties is not significant,

and 212°F, degradati

properties shoul 1%, and degradatio

roperties wili ingignificant unless the tLime
}

16 many years.

At very high vemperatures, surface scaling and cracking may be
exhibited. Otherwise, there are no observabl chatracteristice due to exposure

to elevated temperatures.
Slgullicance Lo Struclures
Generally, the concrete at YNPS is not exposed to temperatures above
150°F. By design, all hot pipes are installed in sleeve penetrations to 1imit

temperature exposure. Therefore, hot pipe penetrations are not signiticant,

The concrete at the Turbine~Generator (T<(G) pedestal-to-turbine

interface is not normally subjected to temperatures above 150°F. The machine

{s insulated and is supported such that an air gap exists to provide the

necessary cooling, The T-C pedestal is a massive structure, subject
very low stress levele, The compressive BLress was limited to 4OO psi,

keference (0). Therefore, this mechanism is not eignificant for the pedestal,




The only location that may be of concern is the concrete immediately
sdjacent to the neutron shield tank due to the potential for gamma heating,
which will be evaluated in a separate report.

3.3.2 lrrediation Exposure

3.3.2.1 Description

Concrete can undergo changes in properties if exposure to neutron
and/or gamme rediation exceede certain levels. The effects of neutron
irradietion are documented in the literature, References (a), (b), (¢), (d),
and (g). The effect of gamma irradiation was reported by Hilsdorf, Kroop, end
Koch (Reference (g)).

Existing experimental date related to the effects of radiation on the
mechanical properties of concrete allow some general statements. Compressive
strength and modulus of elasticity of concrete do not begin to experience
reductions until exposure exceeds & neutron fluence of 10" 2. Thie
reduction is believed to be primarily due to radiation exposure, with some
small part due to the temperature rise associated with exposure. Reductions

n/em

in tensile strength occur &t the same exposure level, but are more pronounced
than the reductions in compressive strength as exposure increases. Reductions
in tensile strength are relevant concerns because of implied reductions in
cross-section shear capacity, not because there is a need for tensile capacity
directly to resist tensile section forces. Typically, reinforcing steel is
provided to resist all tensile crose-section force, with no reliance on
concrete tengile strength., Reductions in teneile strength may also affect the
pullout strength of anchors. Reduction in compressive and tensile strength of
concrete exposed to gamma radiation up to 1010 rads is practically nil,

Reference (g).

3.3.2,2 Significance to Structures

Rediation damage to concrete is not readily observable. YNPE was
designed to minimize exposure of concrete to neutron and gamma irradiation.
The reactor pressure vessel is surrounded (radially and at the bottom) by the

-8~
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neutron shield tank. The only concrete components for which this mechanism
may be significant are those exposed to gamma radiation above 1010 rads orv

neutron radiantion ebove loan/cmz.

3.4 Aggressive bovironments
3.4.1 Freere-Thav Damage

3.4.1.1 Description

The repeated action of freere-thaw cycles can cause damage to hardened
concrete. Thie damage is characterized by scaling, cracking, and spalling.
Freeze~thaw damage has been extensively studied and ie discussed in
References (b), (c¢), and (3).

Freeze-thaw can affect both the cement paste and the aggregates causing
expanei .~ forces. The cement paste can fail when the concrete is critically
saturated (when greater than 91% of the water accessible voids are filled with
water, Reference (j)) and exposed to ambient temperatures below 28°F. If
sbeorptive asggregates are used, and the concrete i¢ in a continuously wet
environment, the concrete may fail if the coarse aggregate becomes saturated.

This mechanism i not significant unless both of the following
environmental conditions exist:

o Exposure to temperatures of 28°F or less.

o Exposure to sufficient water so that the concrete can become nearly
saturated,

3.4.1.2 Bignificance to Structures

This mechanism ie¢ significant to the structural integrity only if left
unchecked, Freeze-thaw damage is significant to structures in that it is
progressive and can result in corrosion of reinforcement or undermining of

supports for structuree or equipment, Concrete that containeg air entrainment

ohs
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16 less susceptible to this mechanism, Reference (j). Good housekeeping
practices to assure timely removal of ice, snow, and rainwater will mitigate

the potential for this mechanism,

Foundations are generally not susceptible to freeze-thaw damage. If
water i¢ allowed to pond and freeze at grade beams, damage could occur,
However, the potential for thie is mitigated by site grading which provides

for a positive slope to drain the water away from foundating grade beam.
3.4.2 Exposure to Aggressive Chemicals
Description

Concrete being highly alkaline (pH »12.5) is degraded by acids.
Sulfates of potassium, sodium, and magnesium may attack concrete depending on
the concentration present in soils and/or groundwater. Spills or leakage fron
the plant process systems also may be pufficiently acidic as to cause concrete

degradation,

Sulfate attack can produce significant expansive stresses within the
concrete leading to cracking, spelling, and strength loss., Once established,
these conditions allow further exposure to aggreesive solutions. Acid rain
can be a source for sulfate attack, Areas adjacent to industrial plants which
contribute to the sulfur-based acid rain phenomenon are more susceptible to

this form of chemical attack,

Acid attack can increase porosity and permeability of concrete, reduce

ite alkaline nature at the surface of the attack, reduce strength, and rende:

the concrete subject to further deterioration. Acid attack is characterized

initially by efflorescence, deposite of salts formed on a surface, and later

by scaling.




Significance to Structures

It is very unlikely that sulfates are present in the concrete due t¢
mixing water. Analyses of Sherman FPond water, used ag the mixing water,

performed in the 1950's, Reference (h), showed only & trece (i.e., less than

10 ppm) of sulfates (ppm as S0, ). This concentration i¢ congidered
“

negligible as it relates to attack on contrele, Reference (e).

Degradation of concrete from exposure to groundwater or river water i¢
insignificant., This is based on the resulte of water chemistry analyses
performed in December 1988 and August 1989, References (s) and (ea). The
maximum sulfate concentration wae only 18 ppm. Sulfate concentrations below

150 ppm are considered negligible, Reference (e).

Exposure to aggressive chemicals may be a potential degradation
mechanism for concrete components which are subject to acidic o3 alkaline
spille or leakage from plant process systems. Exposure to agpressive
chemicals is eignificant to structural integrity only if left unchecked., Good
housekeeping practices to assure that epills and leakages are ¢leaned up in &
timely manner, that joints are tight and properly caulked and sealed, and that

cracke in fluid containment areas are sealed will mitigate the potential for

this mechanism.

Acid rainwaters can cause degradation of concrete. If these waters are
allowed to accumulate, the aggressive ions, sulfates, can concentrate in
cracke or improperly prepared joints. Acid rain is not significant to walls
gince the flushing action of the rain will prevent concentration of the
uggressive dons. Only & thin surface layer would be affected and this is not
significant to the function of the concrete components. The potential for
this mechanism is mitigated by good housekeeping practices to assure that
roofing is kept in good condition and that cracks, if any, in containment

areas are sealed.

Boric acid generally has only negligible effects on concrete,
Reference (r). However, it can make the concrete more susceptible to

erosion. The only area of the plant potentially susceptible to erosion fron




boric acid leakage, which cannnt be readily observed, is the reactor support
] Pl
structure concrete adjacent to the neutron shield tank. This will be

evaluated in a separate report,
3.4.3 Lleaching of Calcium Hydroxide
3.4.3.1 Description

In concrete structures containing cracks, improperly treated
construction joints or areas of porous concrete, water may enter and pase

through. As water passes through the concrete, it dissolves (leaches) some of

the calcium hydroxide (lime).

When most of the calcium hydroxide hag been leached away, other:
cementitious constituents become exposed to chemical decomposition, eventually
leaving behind silica and alumina gels with little or no strength. The
water's aggressiveness or ability to leach calcium hydroxide depends on ite
dissolved salt content and its temperature., Water, either from rain or
melting snow, can leach lime from concrete. This leaching action of the wate:
must be that of water passing through the concrete, since water that merely
passes over it will not cause significant leaching, Reference (d).

Leaching of calcium hydroxide is evidenced on concrete that i¢
alternatively wetted and dried. The white salt deposits that are left on the
surface of the concrete are a solution of water, free lime from the concrete,
and carbon dioxide that has been absorbed from the air., The leachate from the
concrete is nearly colorless until the carbon dioxide is absorbed and the

material dries as a white deposit,

Leaching of calcium hydroxide does, however, have a beneficial effect

in healing of hairline cracks formed during conetruction. This process is

known a& "autogenous healing' and is discussed in detail in Reference (u). In

the presence of moisture and absence of tensile stress, it closes dormant
cracks.




Healing occurs through the carbonation of calcium hydroxide in the

cement paste by carbon dioxide, which is present in the surrounding air and
water. Calcium carbonate and calcium hydroxide crystals precipitate,
sccumulate, and grow within the cracks. The crystals interlace and twine,
producing @ mechanical bonding effect, which is supplemented by a chemical
bonding between adjacent trystals and between the crystals and the surfaces of
the paste and the aggregote. As o result, some of the tensile strength of the
concrete is restored across the cracked section, and the crack may become
sealed,

3.4.3.2 Siguificance to Structures

Leaching of calcium hydroxide is significant only if left unchecked.
This mechanism requires both the presence of cracke or porous concrete and an
aggressive fluid flowing through the concrete. As discussed in Sections 3.2.3
and 3.4.2.2, the ground and viver waters at YNFS are not agpressive.
Therefore, this mechanisem is not significant for below grade concrete. Fov
above grade concrete, good housekeeping practices to monitor cracke to assure
that they are dormant and sealed or if active are properly caulked and sealed

sgainst water intrusion will mitigate the potential for this mechanism.
3.4.4 Abrasion

3.4.4,1 DPescriplion

Abrasion is the surface wear of concrete by rubbing and friction.
Abrasion of floors and pavements results from traffic or the movement of
equipment directly on the concrete surfaces. Abrasion (erosion) can also

occur from the impact from a flowing stream of water.

Abrasion in hydraulic structures is caused by cavitation or the
transport of solide along the surface (Reference (m)). Cavitation abrasion is
characterized by pitting and is not common at velocities of less than 40 fps.
However, for closed conduits, cavitation damage can occur at velocities as low

as 25 fps at abrupt changes in slope or curvature.

olle
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Abrasion resulting from traffic or the transport of solide (silt, sand,
and gravel) is characterized by a worn surface appearance. Erosion from the
impact of & flowing stream of water 16 characterized initially by peeling (Lhe
breaking away of che thin flakes of mortar) and in the latter stages by

scaling (loss of mortar and exposure of coarse agpregate).
Significance Lo Siruciurcs

The effects of abragion are significant only if left unchecked. The

effecte of this mechanism are readily observable and repairs can be made.

Good work practices mitigate the potent ial for abrasien to floors and
pavements. These include assuring that equipment is not dragged across

floors, and thet heavy equipment is moved on rollers or pneumatic tires.

The potential for erosion due i« the impact of water streams 1
mitigated by piping equipment drains to floor drainage systems and flashis

scuppers to direct the {luids away from the co

The potential for abrasinn in hvdraulic structures will be evaiuated in
a separate report. The pigniticance of this mechanism will be determined

congidering geometric arrangement, flow velocities, and inspection procedures.
Chemical Reactions of Aggregates
Description

A number of deleterious chemical reactions can produce concrete

cracking. These are generally related to the concrete aggregates, and in

the following:

Alkali-gilica reaction. Also known as alkali-aggregate reaction,
Cement-aggregate reaction.
Expansive alkali-carbonate reaction,

The deterioration mechaniems and e locationg (&

agpregaies are discussed in References (b), (¢), (d), and




3.5.1.1 Alkali-Silice Reacticn

The alkali-silica reaction can cause expansion and cracking of concrete
structures. Active silica in the presence of potessium or sodium hydroxide
forms an alkali-gilica complex which can expand by the imbibition of water.
When the alkali concentration is low, calcium hydroxide, derived from the
cement, forme & nonexpansive calcium-alkali-silica complex. When the
concentration is high, an expaneive alkali-silica complex is formed,

In the United States, the problem aggregates generally occur in the
Western half (Reference (§)) and the reaction occurs in the early life of the

structure.

Alkali-silica reaction is characterized by map cracking. Fetrographic
examination would usually show a zone depleted in or free of calcium hydroxide

surrounding the aggregate, Reference (v).

3.5.1.2 QCement-Aggregate Reaction

The cement-aggregate reaction requires a reactive aggregate containing
siliceous minerals, a concentration of alkalies in the cement that produce &
high pH and abundant hydroxyl, and the presence of an environment that causes
severe drying conditions. The aggregates susceptible to this mechanism
generally come from the Nebraska, Kansas, and Wyoming areas, Reference (j).
This mechanism also requires severe drying condition, such as to cause & net
migration of alkali to the surface of the concrete. Thise environmental
condition does not exist at YNPS. This mechanism is, therefore, not
significant to YNPS.

3.5.1.3 Expansive Alkali-Carbonate Reaction

The expansive alkali-carbonate reaction occurs between some dolomitic
limestone aggregate containing clay minerals and the alkalies in the cement.
Where the concrete hae a constantly renewable supply of moisture,
dedolomization can occur, leading to exposure of the clay minerals and their

swelling.

ol8e
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Concrete affected by this mechanism is characterized by map cracking
and the general absence of gilica gel exudations at crecks. Additional signs
of the severity of the reaction are closed expansion jointe and crushing of

the adjacent concrete. Petrographic examination would show rim growth on the
aggregate and @ highly carbonated paste adjoining the aggregate, Reference (v).

3.5.2 Bigunificance to Structures

The alkali-silica reaction and the expansive alkuli-carbonate reaction
require susceptible aggregates and the presence of water,

An inspection of the Screenwell was performed in 1975, Reference (w),
The concrete wae found to be in excellent condition both above and below
water. No evidence of spalling was found even after 15 years of operation,
An inspection of the concrete moat for Tanks TK-3] and TK-32 was performed in
198%. This moat collects rainwater and normally containg & to 12 inches of
water. The grade slab was in very good condition with no evidence of cracking

or distress at the joints abutting the piers or walls, Reference (x).

After 30 years of service without any indication of degradation due to
this mechaniem, it is concluded that the structures at YNPS are not subject to
significant age-related degradation due to chemical reactions of aggregates.

3.6 Drying and Cerbonation Shrinkage

The effects of drying and carbonation shrinkage occur early in the life
of the concrete due to loss of moisture, With proper mix design and curing
procedures, this mechanism is not significant,

The two factors in mix design which affect shrinkage are the
Water-Cement (W/C) ratio and cement content. A low W/C and a lean mix are
desirable. A review of Reference (f) shows that mixes having low W/C and
being slightly rich were specified for YNPS,

16~
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A review of Reference (i) shows that the concrete was to be protected
80 a6 to prevent loss of moisture for at least seven days. Thus, the factors
affecting shrinkage were considered in the design. The specified mixes have a
low W/C ratio, and & long curing time was specified to account for the
slightly rich mixture. Therefore, this mechanism is not significant.

3.7 Thermal Lffects

The thermal effects as related to cement hydration occur very early in
the life of the concrete. Buildup of heat occurs in the first few days while
the concrete is relatively plastic. The degradation occurs after the concrete
has obtained a certain amount of rigidity and the cooling process tends to set
up tensile stressed at the cooler outer surfaces. Thermal effect resulting
from cement hydration are primarily of concern with magsive concrete

structures.

With proper placing end curing procedures, the thermal effects of
cement hydration are not gignificant, At YNPS, this potential was congidered
in the design. A review of Reference (i) shows that protection from rapid
cooldown of the outer surfaces was provided by specifying that concrete
surfaces be prevented from going below 50°F, and that concrete be placed only
when the concrete temperature was between 50°F and 90°F. Thus, the thermal
effect of cement hydration was considered in the construction of the plant and

does not need to be re-evaluated for life extension,

3.8 Anclorsge to Concrele

3.8.1 Description

Steel embedments are used to transmit loads from steel structures and

equipment to the reinforced concrete,
The types of embedments or anchors are ae follows:
1. Pre-ingtalled anchore such as Polvs, studs, and straps.

] -
7811R



2. Port-installed enchors such as expansion ehell, wedge, undercut,

and grouted .ype anchors.

Anchorage tu concrete hae been studied by ACI Committee 355 and
othere. Reference (p) discusses this subject in considerable detail. The
three factore which affect the performance of the anchorage embedments are

improper installation, the presence of vibratory loading, and the anchor type.

Pre-installed anchors have excellent survivability to vibratory
loading, Reference (p). The only degradation mechanisms which affect
pre-installed anchors are corrosion and deterioration of the concrete within
whiclt it is embedded.

Post-installec anchors, except for the undercut type, are subject to
age-related degradation from vibratory loading. Expansion shell and
grouted-type anchors are particularly susceptible to this mechanism.
Wedge-type anchors generally perform well under vibratory loadings. The
initial effect of vibratory ioading on post-installed anchors is a loss of
prestress. Corrosion and deterioration of the concrete within which the

post-installed anchors are embedded are the two other degradation mechanisms.

3.8.2 Significance to Structures

3.8.2.1 Corrosion

Corrosion of anchorages to concrete is significant only if left
unchecked. The high alkalinity (pH >12.5) of the concrete provides an
environment which serves to protect the embedded portions of the anchors.
Corrosion of projecting portiones of anchors is readily observable and any

corrosion can be mitigated by cleaning and painting.

3.8.2.2 Deterioration of Adjacent Concrete

Deterioration of concrete adjacent to anchoragee is characterized by
cracking and spalling. The effects of this mechanism can be evaluated by &
visual inspection. Soundings taken from light blows of a hammer can be used

to further evaluate the effects of this mechanism.

-18-
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3.8.2.3 Vibratory Loading

The effect of vibratory loading is significant only for expansion ghell
end grouted-type anchore. The initial effect of this mechanism is loss of
prestress and then loosening of the anchor. Logs of prestress can be
determined from a bolt torque test. The installation of expansion anchors on
pipe supports was the topic of IE Bulletin No, 79-02. 1In compliance with this
bulletin, YNPS in 1979 performed inspectione (J).0. No, 79-107) of supports for
safety class piping., As & result of these inspections, many expansion shell
(Red Head) anchors were replaced with wedge-type (Hilti) anchors.

Grouted-type anchors were found to be acceptable when subjected to bolt torque

test.
3.9 Micrebiological-Induced Corrosion

3.9.1 Description

Microbiological-Induced Corrosion (MIC) is caused by corrosive
gecretions of micro-organisms. The MIC mechanism begine with the fermentation
of raw sewage which generates methane and NES gases. These react with wate:
to produre acids which then condense above the water line. This process
lowers the pH of the concrete to levels favorable to growth of bacteria.

These bacteria, in turn, secrete sulfuric and carbonic acids, which further

attack the concrete. Thie results in deep pitting and spalling of the

concrete.

3.9.2 Slgnificance to Structures

Thie mechaniem requires water contaminated with sewage and elevated
temperatures necessary to promote fermentation. Since this environment is not
present for any structure at YNPS, this mechanism is not significant,

=™
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4,0 SUSCEPTIBLE PLANT AREAS

4.1 Potentially Significants Degradation Modes

The potentially significent age-related degradation modes are as
follows:

Corrosion of embedded metals
Exposure to elevated temperatures
Irradiation exposure

Freeze~-thaw damage

Exposure to aggressive chemicals
Leaching of calcium hydroxide

Abrasion

S 9 9 o & v OO

Degradation of anchorages to concrete

4.2 JIrradiation Exposure

Degradation due to irradiation requires gamma exposure above

a9
10 rads or neutron exposure above 1019n/cm“. see Section 2.3.2. The

10
1

only concrete which may be exposed to gamma irradiation above 10‘0 rads is

the interior surface of the SFP and the RSS concrete immediately adjacent to

the NST. The only concrete which may be exposed to neutron irradiation above

1019n/cm2 ie the RSS concrete immediately adjacent to the NST.

The potential significance of irradiation to the RSS and SFP concrete

will be evaluated in separate reports.

4.3 Exposure to Elevated Temperatures

Degradation due to elevated temperature requires lcag-term exposure to
temperatures above 150°F. As discussed in Section 2.3.1, the only location
that may be of concern is the concrete immediately adjacent to the NST due to
the potential for gamma heating. The potential and significance of gamma

heating -7 088 concrete will be evaluated in a eeparate report.

-20-
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4.4 Abrasion

Abrasion is the result of mechanical wear from traffic or the impact of
e flowing stream of water or erosion due to cavitation of hydraulic
structures. The only structures which may be subject to significant

degradation due to erosion are the Screenwell and the seal pit.

Floor slabe in most of the structures may be subject to degradation due
to traffic or the impact of & flowing stream of water. However, the effects
of abrasion due to mechanical wear are readily observable long before they
become gignificant., Good material handling and housekeeping practices are all
that is required to mitigate the potential for this mechanism.

4.5 Exposure to Aggressive Chemicals

Exposure to aggressive chemicals is gignificant to structural integrity
only if left unchecked. The areas of the plant susceptible to this mechanism
are certain concrete floors and sumps since these may come into contact with

acidic or alkaline process fluids from spills or leakage.

Concrete roof slabs may be susceptible to degradation due to acid rain
if the roofing system is allowed to degrade, thereby subjecting the roof slabs
to these acidic waters. Concrete basins which collect and store rainwater may

also be susceptible to degradation if cracks are not properly sealed.

The ion exchange pit may also be susceptible to this mechanism, since
it contains water for shielding. The shield tank cavity portion of the RSS
and the SFP are lined with stainless steel and, thus, are not susceptible to
thie mechanism. The potential for degradation of the stainless steel liners

is evaluated in a separate report.

The RSS concrete immediately adjacent to the NST may be susceptible to

thie mechanism due to leakage of shield tank cavity water.

slile
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4.6 [Ereeze-Thaw Damage

Degradation due to freezing and thawing requires exposure temperatures
below 28°F and saturated concrete or the presence of cracks exposed to water.

The plant areas susceptible to this mechanism are as follows:

Piers located ou’side buildings
Horizontal projections from walle where water and ice can accumulate
Roof slabs, if roofing has deteriorated, or they are not protected

Wall areas near scuppers or where water overflows

O O 0 O ©°

Duct banks at grade level

4.7 Leaching of Calcium Hydroxide

Degradation due to leaching of calcium hydroxide requires cracks and
water passing through the concrete. The water may come from process fluids or
rain, snow, and ice. The following areas of the plant are susceptible to this

mechanism if the concrete is cracked:

All areas susceptible to freeze-thaw damage
The ion exchange pit

The Screenwell and the seal pit

The containment moat for TK-31 and TK-32

o O 9 © ©

Sumps and manholes

4,8 Corrosion of Embedded Metals

Degradation due to corrosion of embedded metals requires permeable
concrete or the presence of cracks and the presence of both oxygen and

aggressive ions. The following areas of the plant are susceptible to this

mechanism:
o All areas susceptible to freeze-thaw damage
o Floors and sumps that come into conduct with aggressive chemicals
o The ion exchange pit
o The Screenwell and the seal pit

«2Dw
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The containment moat for TK-31 and TK-32

lanholes
4.9 Degradation of Anchorages to Concrete
4.9.1 Corrosion
All anchorages to concrete are subject to corrosion. However, since

concrete has a high pH, corrosion will first occur at the interface of the

anchor to the grout or steel attachments. The effects of this mechanism can

be evaluated by a visual inspection of the anchor and the surrounding concrete.

4.9.2 Deterioration of Adjacent Concrete

Degradation of anchors to concrete due to this mechanism results fron
overstressing or damage to concrete from corrosion of embedded metals,
freeze-thaw damage, exposure to aggressive chemicals, or leaching of calciun
hydroxide. Expansion shell and wedge-type anchors are susceptible to this
mechanism., (ost-in-place, undercut, and grouted-type aunchors are susceptible
to this mechanism only when overloaded or when concrete degradation is in an

advanced stage.
4.9.3 VYibration loading
Wedge-type anchors (Red Head and Star Slug-in) are susceptible to this

mechanism only when they are used for support of piping, equipment, or

platforms that vibrate during plant operations.




5.0 INSPECTION

5.1 lnspection Program

The purpose of an inspection program is to identify any changes in the
condition of the concrete or concrete properties which may affect the
integrity of the structure and its future serviceability. Any changes can
then be evaluated, and corrective actions can then be made if required.
Guidance for evaluation of concrete in existing structures for service
conditions has been developed by the American Concrete Institute (ACI),
Referen-es (q), (t), and (u). Frequency of inspections is to be based con
safety sigrificance and rates of identified likely modez of degradation.

Guidelines for inspection of water-control structures associated with

nuclear power plants are contained in Regulatory Guide 1.176, Reference (y).

5.2 Bignificance to Structures

An inspection program which provides for a condition survey in
accordance with Reference (t) and evaluations in accordance with
References (gq) and (u) will provide assurance that the potential for

significant degradation due to the following modes is monitored:

Corrosion of embedded metals
Freeze-thaw damage

Exposure to aggressive chemicals
Leaching of calcium hydroxide

Abrasion

QO O e -9

Deterioration of anchorages to concrete
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Procedure: YR-WI-37
Revigion: ¢
Page: 1 of 1

ATTACHMENT A

Plant Structure Description Form

Title: . EREa e Code: ... DGB

Description: _Steel frame single s tory building which houses diesel

generators, 480V switchgear, h?gbwpre§§urgland>pr

pressure safety injection system. Nitrogen storage tanks

supported on steel framing above roof. Accumulator tank

encl. is situated at one corner of the building.

Arrangement Drawings: . Machine Location - 9699-FM-81A

)lans & Elevations/Cross Sections = 9699-FA-19A, 20A, 2

Foundation Plans & Dets, Sht. 1, 2 & 3 -AQvaf{i-pbA.

Plan & Detail, Sht. 1, 2 = 9699-FS-25A, 258

Conduit Drawings = 9699-FE-58A, 58B, 58BA 58BB, 58C

A6F, 466

New Roof = EDCR

Building is in excellent condition with aonly minor degradation ddentified.

Some grout i{s not up tight under 2 column base plates and some rustling

was evident on the nitrogen storage support structure on roof and on conduit

supports at celling of accumulator tank enclosure.

Preparer: F. F. McHale 8

B

Walkdown By: N. Labrecque, P. McHale and H. Chander 10/18/89




Procedure:
Revigion:
Page
ATTACHMENT B

Walkdown Data Shect

(45) DG s] Ge - 3 ding
Btructure! 4 DGB Diesel Generator Building

\ . Concrete
Component Group! INCEOL

Componenc Type: Ground fleor slabs and equip. foundations

Potentially Significant Age-Related Degradation?

Indications of Degradation? NO X__ YES
Describe: _Some minor cracking im varlous locatlans.

‘Some minor cracking in slabs within diesel gen. cublcles.

6. Harsh Environment?

Describe:

Remarkes: Equip. pads ok.

Cracks of shrinkage type and of no structural significance.

Preparer:




