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This report was prepared by Yankee Atoutic Electr.ic Company (YAEC) as an I
'cccount of work sponsored by the Electric Power Rerearch Institute, i
Inc. (EPRI) Departmentlof Energy (DOE), and Sandia National
Laboratories (SNL). Neither EPRI, members of EPRI, DOE, SNL, YAEC, nor any j

. person acting on their behalf: (a) makes any warranty, express or implied. |
_ ith respect to the use of any information, apparatus, method, or process |w
' disclosed in this report or that such use may not infringe privately owned
rights; 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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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
Research-Institute, and Yankee Atomic Electric Company.

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

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

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

As presented in the report, these 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.

The components evsluated in the Pilot Evaluation Report are all related
to the Safety Injection (SI) System. Included are SI fluid system and ILC

components, Emergerey Electrical Power System (EEPS) components, and the
structural compecente of the Primary Auxiliary Building (PAB). Diesel
Generator Building (DGB), 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 degradation. However, as indicated in
the report, several components will require further evaluation and some plant!-

programs will need enhancement to bette sddress degradation concerns for
license renewal.

The methodology, criteria, and technf. cal justification supporting the
evaluation process are provided, as well as examples of specific assessments,
checklists, and other supporting information to allow the NRC staf f 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.
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1.0 INIRDDUCIl0N

The purpose of this document is to provide the results of a pilot
,

cpplication of the Nuclear Management and Resources Council (NUMARC) Nuclear
-Plant Life Extension (NUPLEX) " Methodology to Evaluate Plant Equipment for
License Renewal,"(l) to Yankee Nuclear Power Station (YNPS) systems,

structures, and selected components as part of the Yankee Lead Plant License

R:newal 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-
dImonstrate the process of nuclear power plant license renewal and life
cxtension for use by other utilities. Yankee's specific goal in conjunction
with this objective is to obtain a 20-year renewal license.

L

YNPS is an 185 MWe, four-loop, Westinghouse-type pressurized water
rsactor 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
cperate 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
bsyond 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

l 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
p3riod 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.

-1-
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-periodic maintenance, refurbishment, or replacement which effectively manages
cge-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,

cnd components as significant and susceptible to age-related degradation.
Then, through a series of successive reviews, the number of plant systems,

otructures, 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

cging 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

I Yankee-specific component evaluation methods. Section 4, " Pilot Application"

details the application of the component evaluation methods to components
.

cssociated with the Safety Injection (SI) System: SI fluid and I&C|
1

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

j systematically reviewed for significance, for the ability of existing plant

i programs 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.

|

-2-
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2.0 tiEIRQD0 LOGY

The NUMARC NUPLEX " Methodology to Evaluate Plant Equipment for License

R:newal" and associated criteria for evaluating systems, structures, and

components form the basis for this report. The methodology provides both

daterministic and probabilistic approaches to identifying plant systems and
structures which contribute to plant safety and, of those, identifying systems
cnd structures for which aging degradation is potentially significant to plant
s;fety. These systems and structures are established as the primary focus of
further evaluation. From this list of systems and structures, the methodology

dsscribes how tos (1) identify the subset of components that are important to
c system's or structure's safety f unction; (2) identify those components which
currently are subject to established effective replacement, refurbishment, or
inspection programs; (3) review those remaining components to determine the
inpacts, if any, c f 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
'Hethodology 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

otructures potentially requiring further license renewal evaluation based upon
the system or structure having a role, whether major or minor, in plant
szfety. Second, Substep lb determines if degradation of the systems and
structures identified in Substep la could potentially affect plant safety.

Such systems and structures require component-level evaluation for license
rsnewal. The net result, after Substeps la and Ib are completed, is the

dsvelopment of a list of systems and structures requiring further
component-level evaluation for license renewal.

-3-
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Step 2, " Evaluation of Components Within Systems and Structures,"
cddresses 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 function; 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
cffect plant safety; and Substep 2d suggests options which can be used to
cddress potentially significant age-related degradation.

Application of this methodology results in a systematic evaluation of

c11 plant ~ systems, structures, and components. The detail of the review

increases while progressing throuSh the successive steps. At each step, some
cquipment not requiring further detailed evaluation may be identified.

A plant-specific application of the NUMARC NUPLEX methodology and

essociated criteria is presented in Section 3, which follows.

|

|

1
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P All Plant Equipment
w >

cm=munmrceuwru.wn.: sse m am m m u s n u m m = = ==a=1- namasemammum=wm.cq
Step 1 - Evaluation of All Plant Systems and Structures

' '
'

,

1. Substep 1a
1 V r 3 4

No System or Structure Does
Does the Plant System or Structure.,

> Not Require further
>

:
-

Contribute to Plant Safety? License Renewal Review'

e >
.

Yes n )'[ Substep 1b y
*

' No

3 15 Degradation of the System or Structure ;m
"

'

Potentially Significant to Plant Safety? 3

;i .

:i Yes | !

baraurmerne:=:n ===ma=m h.arx::===mman::m=ntn=O
v

Systems and Structures Subject
to Component-level Evaluation

7:=:=r:n=n==;:====:::==::ur :=:rrt== . = ,) .oc1:=:==r=r
!.

{ Step 2 - Evaluation of Components within Systems and Structures ,

j Substep 2a y

is the Component important to
b;"j System or Structure Safety function? V

r ,

Yes Component Does Not ,i Substep 2b 3r ,'

1 % Require Further License
l is the Component Subject to Renewal Review 4

Yes
] Established, Effective (

"
1 Replacement, Refurbishment,
l or Inspection Programs? Substep 2d
; r ,

No Options to Resolve ij Substep 2c y
c; Potentially Significant

is the Component Subject to No4 Age-Related Degradation ,

Potentially-significant - < ;
4

} Age-related Degradation? I;"
F

| Yes k (!
t ti
Q17.II=r= rrr: nh . .a=: ;im=r::===rcrinT=:==r r=rrat = rr r '

FIGITRE 2.1

Methodology to Evaluate Plant Eauipment for Licenas_Reneral
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3.0 EVALUATION OF PLANT SYSTEMS / STRUCTURES / COMPONENTS 1

1

l

All plant systems and structures are first identified. Then,'using the
NUMARC NUPLEX methodology determlnistic criteria, these systems and structures
cre evaluated to (1) determine if each contributes to plant safety, and (2) of
those, determine if their degradation is potentially significant to plant
s:fety 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

.cystems and structures, which were determined to contribute to plant safety,
cre then further evaluated to determine if their degradation is potentially

significant to plant safety (Figure 2.1, Substep lb). Again, plant-specific
criteria based on radioactive release limits, Main Coolant System or

etntainment leakage limits, and performance or control of plant safety
-functions are used.

If 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 lb), 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
raquired.

3.1 Identification 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

1

documentation to ensure that every plant system and structure has been
| identified an subjected to the plant evaluation process. Plant documents

rcviewed included the following: FSAR, Systems Training Manual, Appendix R

M:nual, 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.

I -6-
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3.2 System _and Structatal 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. |

'

1
!

Systems are generally defined by plant drawingst electrical one-lines,

flow diagrams, etc. Specific boundaries are established, and plant tagging
practices are used to establish system components. For license renewal review |

kpurposes, systera components are categorized into fluid, cicetrical, 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

soll/ structure interface to its external walls and roof, including concrete,

structural steel, unit masonry, fire penetration barriers, and cast-in-place

equipment anchorages. Lif t!.ng equipment, field-f abricated tanks, and supports !
!

2re also included within the structure review scope. The boundaries are ;

setablished to ensure that all components are included within either a system

or structure.

3.3 Identification 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 Safety-Related Systems and Structntcs

The Yankee Safety Clansification 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,
SC-2, SC-3, SC or Requires Quality Assurance (RQA), the system or structure is
identified for license renewal review.

-7-
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3.3.2 Systems Relied Upon or Structutzg_ Identified in a Licensing' EREin
Safety Analysis or_ EvalualiDa

,

Those systems relied upon or structures identified in a licensing basis
c fety analysis or evaluation are determined from a review of current
licensing basis-related documentation. This documentation falls into two
c0tegories controlled documents and submittels addressing regulatory
issues. The following five controlled documents were reviewed: FSAR,

T chnical 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
cnergy 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

I

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 Finni Safety Analysis Report (FSAR) Transient / Accident Analysis

The FSAR transient / accident analysis sections were reviewed to identify ,

&very system which is intended to mitigate or negate a transient / accident or
cny system whose failure or misoperation produces an undesirable affect.

|
|

| 3.3.2.2 Technical Specifications

L
1

The Technical Specifications were reviewed to identify any systems or

j 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.

-8-
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-3.3.2.3 EnvironmenlaLQualification_(IQ1

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

i
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 Prolec110D

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

,

3.3.2.6 Seismis

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

3.3.2.7. lle&Yy_ Loads

The heavy loads correspondence were reviewed to identify plant hoists
and lifting equipment evaluated under the topic.

|

3.3.2.8 InternaLElooding

The internal flooding correspondence were reviewed to identify the
|

| plant systems identified as sources of internal flooding or features which
1'

|
mitigate the effects.

-9-
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'3.3.2.9 EKlcrnaLElcoding

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

'

3.3.2.10 Rain / snow

The rain / snow correspondence were reviewed to identify the structures |

cvaluated for rain and snow loads.

3.3.2.11 Tornado / 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 Hich Energy Line_.BIcaks (HELB)

The HELB correspondence were reviewed to identify systems and
structures evaluated as a HELD source or which mitigate the effects.

3.3.2.13 Permanent Radia_ tion Shielding

The FSAR and other documents were reviewed to identify systems and

structures used for permanent radiation shielding.

3.3.2.14 Station Alackmtt

The station blackout submittal were reviewed to identify any system

u:ed to cope with a station blackout.

3.3.3 Systems Utillzed in Plant E0h

| 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 E0Ps are based upon the Westinghouse Owners Group

Emergency Procedure Guidelines. Systems whose use is explicitly or implicitly
called for in the plant E0Ps are identified.

1
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3.3.4 Raaults - Liating oLSystems andltrutturssJhich_. Contribute _tn_Elant
Sately

.

The results of the evaluation to identify plant systems 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 structures pass on to Substep lb for further evaluation.

3.4 Idsntification of svaisms_and.Structur_es for Which Degradation _is
Eolentially Signitirant_to_ElantJinfety

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 lb). 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
cxceeding radioactivity release limits, main coolant system or containment
leakage limits, and performing or controlling plant safety functions. These
criteria represent a plant-specific applicat-lon of Substep lb of the NUMARC
NUPLEX methodology. Specific details of these criteria are discussed below.

3.4.1 Uncontrolled Radioactive Releass

|
Criterion 1b.1.a of the NUMARC NUPLEX methodology requires that a

system or structure be evaluated further if its failure could directly result
j 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

l threshold with the following ground rules: (1) the system / structure in
|
1
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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) no other accident or transient is in

;

progress. If 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 c olant Systam_or containment Leakaana _1

Any system or structure which could cause degradation and failure of
sither 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. In

cpplication, the potential to exceed the 1 gpm Main Coolant System leakage
limit and the potential to breech the containment boundary was assessed for
s:ch 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
cxamples of systems 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 Entformance or contr.ol._of_ Elan.t._ Safety Functionn

The NUMARC NUPLEX methodology, in Critorion 1b.1.c.1, specifies a

gtneric set of plant safety functions. These are:

-12-
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1. Reacto: 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 unless
its failure is detectable in a time frame which precludes manual or automatic
plant trip (Criterion 1b.1.c.2). For application to YNPS, the safety
functions used in the plant E0P status trees, which encompass the above safety
functions, are substituted:

1. Suberiticality (S)

2. Core Cooling (C)

3. Heat Sink (H)
4. Integrity (P)

5. Containment (V)
6. Inventory (I)

The status of the plant safety functions have been categorized to
dsfine the level of challenge to ma 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
rssults 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
1sss 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 suberiticality,
core cooling, integrity, and inventory safety functions through their ability

to add cold, borated water to the Main Coolant System. The Boiler Feed System

-13-
8095R



c,

:

directly affects the heat sink safety function (through steam generator
feedwater addition) and, to a lesser extent, the integrity and inventory

sifety 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
significant to plant safety. Only two examples of such systems were
identified in our review. These are the Heating Steam / Condensate System and
the Non-Return Valve (NRV) Enclosure Ventilation System. The first system is
u2ed to maintain the 125,000 gallon SI tank temperature between 120'F and
130'F, as required by Technical Specifications. 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 Sir.nclur_es Housing lignilitani_Syltems

In lieu of applying the plant safety function related criteria

(Criteria ib.1.c.1 and Ib.1.c.2) directly to structures, a separate criterion

wrs established. ' Structures which housed significant systems, as identified
by Criteria in ,1.b.1.a.1.b.1.b, and 1.b.1.c were designated as potentially
significant to plant safety and as requiring component level review. This was

i
done to avoid correlating a structure with a particular safety function or set
of safety functions.

3.4.5 Results - Listing of Systems _and Structures for Whish Degradation is

| Ententially Significant to PlanLSaf_cly

The results of the evaluations discussed in Sections 3.4.1 though 3.4.4

cre 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. Tabic 3.2 summarizes the results given in Attachment D. Of the

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

l' -component-level (Step 2) review for license renewal. ;
j

It is recognized that other balance of plant systems warrant further
r; view, beyond the scope of license renewal, based on potential transient
initiation, personnel safety, or economic considerations. These areas are
b31ng reviewed for potential age-related degradation concerns as part of

,

Y:nkee'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

c:mpleted or are in progress:

o Station Transformers
o Main Condenser

i

o Water Treatment System

o Turbine Generator
o 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
,

1

cre identified. For each of these components, subsequent steps address the
1

L following questions:

Is the component important to system or structure safety function?o

o Is the component subject to established effective replacement,
refurbishment, or inspection programs?

-15-
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o Is the component subject to potentially significant age-related
-

|
degradation?

Components that are important to the system or structure safety
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, .

!

cddress the above questions for each component in each of the systems and j

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
Ifunction unless:

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

mitigating function.

OR

!

I Component failure would not result in either the failure of anyo

individual train within the system or the failure of the entire

system to perform its required safety function,

AND

Component failure would not reduce the structural support of anyo

other component such that it would not perform its system safety
f unction ,

AND J
|
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o' . Component failure would not physically damage any other component
I ~ such that it would'not perform its system safety function.

Components meeting the above criteria are not important to the system's
er structure's safety function. Components failing the above criteria are

,

irportant to the system's or structure's safety function and require further

cvaluation as described in Section 3.5.2.

3.5.2 CQmponents Subjent to an Estahlighed. Effective. ReplatemenL

Refurbishment. or Inspection Program

Components important to the system or structure safety function that-
.cre subject to an established ef fective 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:

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

o The program procedures ensure that all of the component's
significant safety functions are properly addressed.

o 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 ef fectiveness of maintenance / surveillance / inspection activities
|

L covering the components being evaluated. Applicable procedures, inspection

| m3thods 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

-17-
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il Section 3.5.3. Compon:nts which are covsrcd by pr:c:duras cra 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
cr structure safety function in Section 3.5.1 above. Examples of component

significant safety functions are pressure boundary, operability, etc. The
s;fety-significant functione may be component-specific or have generic
cpplicability. ,

Using the results of the plant procedures review and/or other
supporting information, the ability of the component's program (s) to properly
cddress the safety significant functional requirements identified above is
d:termined. If the component's safety significant fun".'.onal requirements are
properly addressed by existing programs, no further review is required. If

not, f urther evaluation, ar. described in Section 3.5.3, is required.

Generally, components are subject to the actions contained in several
procedures, many of which address more than one component. All procedures
cssociated with a component are reviewed to determine overall effectiveness.
It is the extent to which a component's applicable procedure set ensures its
s lety functions are adequately maintained that determines whether or not the
component is subject to an "ef fective" overall program. Procedures may only
partially address the component's identified safety functions (i.e.,
procedures may adequately address some, but not all, safety functions).
Additionally, certain " effective" programs, such as the EQ Program or a
d: fined, periodic replacement program, have been designed to ensure
component's continued operability. Components under such programs do not
r; quire any further evaluation for license renewal because the basis for such
cffective programs (e.g., EQ) is mandated by the plant's existing license.

Components with all identified significant safety functions (pressure
b;undary, operability, etc.) covered by an ef fective program do not require
further evaluation. Conversely, components for which any significant safety

| function is not adequately maintained by an effective program requires further

| cvaluation as described in Section 3.5.3.
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Where a determination was made that further license renewal evaluation
cf a component is not required based on ef fective programs, 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

cttributes relative to the cafety functions and specific degradation
'

mechanisms involved.

i

The ef fective program conclusion is a judgement of that programs
cbility of assuring continued f unctionality of the component during license
renewal considering the ef f ects 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 Subjeet t o P o t eat.in11y_S i en i f i e nat_ Age-lcla tcLDcgradat.Lon

Those components that are important to the system's or structure's
s;fety f unction and are not subject to an ef f ective replacement / refurbishment /
inspection (RRI) program are now evaluated to determine if they are subject to
p;tentially significant age-related degradation.

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

The potential for significant age-related degradation occurring is
casessed for each component that has been identified as necessary to the
system safety f unction and not subject to an ef fective RRI Program. Such

,

1
components are evaluated for age-related degradation mechanisms according tol

f their respective discipline area as follows:

Eluid 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 also
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evaluated separately for active degradation mechanisms (wear, galling,
etc.) in addition to being evaluated for passive degradation mechanisms
using CoDAT.

.lottrumentalion_ and Control (IkC.LSysimma - I&C components are reviewed

for the followingt

o Deterioration Shown by General Changes in Electrical Characteristics
o Corrosion
o Mechanical Wear

o Radiation Damage

Elet.trica LSyAtems - Electrical components are reviewed for the
followings

o Dielectric Breakdown
o Mechanical Wear

o 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
systems, and equipment support components. The assessments detemine !

the plausible age-related degradation modes, the stressors, and
environment required for the degradation mode to be active and how the
degradation is manifested. Plant design and construction features are

considered to determine the structural components potentially
susceptible to age-related degradation. A focused walkdown is then

! performed to assess actual material conditions and environments to
identify which structural components require further evaluation for

license renewal.

|
|
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I

Only compon:nts with id:ntificd pot;nticily significtnt cgs-r:1st d |
-d: gradation mechanisms require further evaluation for license renewal. The

.

scope of these component evaluations can range from a simple examination to a |
d: tailed analysis, depending upon the component and degradation mechanism ;

involved. Component repair, refurbishment, or replacement will be considered, j

when applicable. These evaluations are beyond the scope of this report. !

The discussion 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, focuses this overview
on a pilot application which consists of an evaluation of $1 related system
cnd structural components. This pilot application is intended to demonstrate
the use of the methodology and criteria for components within each plant t

crea. The method of implementation, technical bases, and results are provided. '

!

!

,

t
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21&LE 3.1 ;

t

SitP_la ltYity At8ultt_Smasary |

SyalamalSirutturas Which Contributt_to_flant Safety i

?

Results 1

'
Safety Licensing Used~in Contributes to

*

Class Basis _ E0Ps Plant Safety
InLAl 1Yes/No) (Yes/Nol (Yea /No) .. (Yes/Nd- ;-

i
P

systems 78 40/38 61/17 45/33 63/15
:

' Structures 46- 4/42 33/13 N/A '33/13 |

!

i

?

5

I

!

,

;

i

:

!

<

(

*
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IARLE 3.2 ~

Step lb Review Results SummaKE
' Systems / Structures for Which Digtadation is Potentially

Significant_to Plan 1_ Safety

-Degradation of
Rad MCS or Req'd for Structure System / Structure.

Release Containment Perf. of or Failure Houses Fotentially
,

i

Limits . Leakage Control of Not Significant -Significant to
Exceeded Exceeded ~ Safety Functions Detectable System Flant Safety

Io_tal Urs/No) IIe.s/No) '(Yes/No) _(.11slJh21 _UtslNo) _ (Yesljo)

Systems 63 15/48 18/45 36/27 36/2 N/A 43/20

Structures 33 11/22 8/25 N/A N/A 23/10 27/6

1

1

.

|
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4.0 PILOT APPLICATION
,

4.1 Eurposc_and_ Scope

t

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 areast fluid systems,

clectrical, I&C, and structural. The SI System, which was determined to
require component-level evaluation in Section 3.4, is the focal point.

The component evaluation includes all SI fluid system and SI I&C
components; selected EEPS components; and PAB DGB, and B3B structural

components. The electrical and structural components included herein are
r31sted to the SI System and are provided as a demonstration of the evaluation
process. However, it was not intended that all SI-related components be
cddressed in this report.

The EEPS provides the SI System electrical loads with ac power. The
PAB, DGB, and B3B house most of the major SI and EEPS components: high and

low head SI 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
g:nerically 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 I&C components are most likely

dispositioned on the basis of plant procedures while structural components are
| b tter dispositioned on the basis of generic assessments and plant walkdowns.

Fluid system and electrical system comments will most likely be dispositioned .

1

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

cdvantageous 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 SAf e t v In j e s1102L AYLlenLEluid_ Components
.

4.2.1 Identification of S1 Fluid _CDEP0acn16

A simplified flow diagram of the SI System is shown in Figure 4.1.
Attached to this report is a detailed SI System flow diagram, (FM-83A " Flow

Diagram - Low Pressure and liigh Pressure Safety Injection,") which was used in
developing the SI System fluid component list and identifying SI 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 is a 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 SI
system is typical of that used for the remaining fluid systems requirin6
component level review.

4.2.2 Safety Function Review

Each SI 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
i discussed in section 3.5.1 are augmented by an additional set of criteria

which essentially are an interpretation for fluid system components. If any

cf the following questions can be answered "yes" (assuming that no credit will
b2 taken for other systems which can perform the same safety function (s)),
then the component cannot be dispositioned on a functional basis and further
cvaluation in Section 4.2.4 is required:
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o can the component's f ailure prevent suberiticality from being
'achieved following a scram?

o can the component's failure prevent adequate core cooling?

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

o 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?

o Can the component's failure affect reactor coolant inventory
control?

Of the 392 fluid components identified, only 15 were dispositioned in
Step 2a as not being important to the S1 System safety function. This rather
cmall number of components being dispositioned reflects the importance of the
SI System and the conservatism inherent to the criteria being applied.

4.2.3 Eifeetive_ErograntRexiew

The remaining 377 SI 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 SI components to
v rying degrees. These procedures are listed in Attachment F. The two SI

s fety system functions that these procedures must address are the pressure
btundary function (i.e., integrity of the SI System fluid pressure boundary)
cnd the operability function (i.e., flow path, flow capacity, operability,

:ste.). 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 seat leakage, pump
performance, and SI System leakage. 1

Check valves in the plant were evaluated based on maintenante-

history and operational requirements. A comprehensive program is
currently being implemented to address valves of concern in

'

response to INPO SOER 86-3. This program calls for periodic

disassembly and inspection. In addition, SI System check valves
are periodically tested for operability during system functional
tests.

Manual valves are routinely checked for external leakage by-

monitoring for signs of boric acid crystals. 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. Ilowever, because these
58 components also form part of the SI pressure boundary they require further
evaluation. Thus, none of the 377 SI fluid components were dispositioned at
this point. As such, all 377 SI fluid components pass on to Section 4.2.4 for
further evaluation of potential pressure boundary degredation.

4.2.4 Aging:Detradat. ion Revity

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
cperating conditions and component materials are compared against the
degradation mechanism controlling parameters and their acceptance criteria. A

| -27-
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r; view 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 mechanisms

crganized into 14 groups. Fatigue is not covered by CoDAT but will be
,

evaluated separately. In some cases, component parts are evaluatedt i.e.,

valve stems and discs. A more detailed discussion of CoDAT and the
d: gradation mechanisms that it addresses is given in Attachment G.

Based on the S1 System's materials of construction and infrequent
tperation, significant degradation would not be expected. The results of the
review identified only six components of the remaining 377 components as
patentially subject to age-related degradation. The potentially significant

d: gradation mechanisms identified by CoDAT are:

The SI tank is constructed of aluminum which is susceptible to-

general corrosion if the fluid pH is less than five or greater than

nine.
i

Buried piping may experience crevice / pitting and Microbiological-

Influenced Corrosion (MIC).

The carbcn steci shell material of the SI accumulator may be-

susceptible to general corrosion if net properly coated.

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

|
This separate evaluation identified an additional 12 components as

rsquiring further evaluation (based on operability function), bringing the
i

total to 18 components.
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'4.2.5 Summarv - SLEluid_ComponenLReview .-

SI System fluid components are subject to three reviews: importance to

system safety function, effective programs, and age-related degradation with
results provided in Attachment E. Of the 392 components of the SI System.

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

4.3 - SI_Syainm_lkLComSonents

Instrumentation and Controls (I&C) associated with the SI System fall

within generic I&C equipment groupings, which include, but are not limited to,
the following component groupst

o Process controllers, transmitters, sonsors, switches, gauges

o Control switches
o Indicators and recorders
o Electronic instrumentation

The SI I&C components for which evaluations have been completed are
discussed in this section to demonstrate the general process involved with the
svaluation of I&C equipment.

4.3.1 Identification _oLikC_ Components

The I&C components associated with the SI System are listed in
Attachment H. One hundred t.ixty-eight (168) SI I&C components have been

identifled.

|

| 4.3.2 Saiety_func. tion _ Review
|

|
Each component is reviewed to determine if it is significant to system

safety function using the NUMARC NUPLEX criteria, as applicable.
Instrumentation required for the following plant-specific requirements are
considered significant to system safety function:

I -29-
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o Regulatrry Guide 1.97 (post- ccid:nt monitcring)
o Technical Specifications
o Safety Class Manual

o EQ Program

o Appendix R

o Safe Shutdown System Instrumentation

Of the 168 SI 160 components, 97 components were determined significant
to system safety function. These components are further evaluated to
determine if they are subject to an ef f ective program.

An example of SI I&C components identified as significant to the system
cafety function are the SI hot leg and cold leg flow transmitters, SI-FT-5 and
SI-PT-6. These instruments are required for post-accident monitoring because
they are relied upon in the E0Ps to ensure that proper SI flow rates are
catablished during the recirculation phase and the hot leg injection phase of
c large break LOCA. An example of SI I&C components determined not to be
significant to system operation are SI loop pressure transmitters and
indicators, SI-PT-1 through SI-PT-4 and SI-PI-1 through SI-PI-4. These

instruments provide ancillary information only and are not required for
post-accident monitoring.

4.3.3 Effective Program Revity

Each of the significant SI I&C components evaluated is first reviewed
to determine if it is included in the Yankee EQ Program. Four (4) SI I&C
components are governed by the Yankee EQ Program. These components are

ernsidered subject to an effective program and do not require further
cvaluation.

The remaining significant 93 I&C components evaluated are further
rsviewed to determine if they are otherwise subject to an effective program.
Specific functional requirements for SI I&C components differ according to I

cpplication. However, the prime function required of instrumentation and
control equipment is operability. In general, SI I&C components have
verifiable attributes tied to distinct tolerances for operability. These

t
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tolerances are identified in test and calibration procedures. In' addition to
the criteria given in Section 3.5.2, the attributes of an effective program to
cssure continued I&C component operability, as applicable, include the

i fc11owings

'

o Cleaning

o Checking for worn parts

o Observation

o Visual inspection

o Measurement using calibrated test equipment.
o Multipoint calibration

Of the 93 significant SI I&C components not covered by EQ, 50 were
datermined to be covered by an effective program. Enhancements to existing
programs are being considered to increase emphasis on the followings

o Assessment of component general condition and signs of abnormal

operation.

o Data collection for trending.

An example of SI I&C components subject to an effective program are the
hst and cold leg flow trancmitters, SI-FT-5 and SI-FT-6. These instruments

cre included in the EQ Program which is a formal program and was established
to ensure component operability. Furthermore, the EQ Program identifies all
rsplacements, refurbishments, and inspections required to maintain operability.

Similarly, SI actuation switches SI-PS-0238 and SI-PS-0239, were also
datermined to be subject to an effective program because they are maintained
in accordance with OP-4634. This procedure functionally checks and, if

n:cessary, adjusts the trip and reset points. It is performed every 31 days.

|

i

|

[
[

|

|
'

-31-
- 8095R

l
1

L j



4.3.4 Aging-Degradaljpn Review

of the 97 significant SI I&C components evaluated. 43 have not been

demonstrated as being subject to an effective program. These 43 SI I&C
components may be subject to aging degradation and will be further evaluated.

4.3.5 Suunnaty_ _.Sately_ Injection _IkC_ Component _Reylew

One-hundred twenty-five (125) of the 168 SI I&C components evaluated
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) SI I&C components will require further evaluation.

4.4 DDergency Electrieni Power System

The Emergency Electrical Power System (EEPS) consists of electrical
cquipment, cabling, busses, breakers, etc., necessary to supply electrical
power to essential safeguard loads, including SI equipment, and Safe Shutdown
System loads. The EEPS is one of the five electrical subsystems in the plant
cnd is shown in Figure 4.2.

4.4.1 Identification of Compsnenia

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 all electrical components into a data base
which can then be used for evaluations. Electrical component identification

i is based upon a review of plant electrical drawings. Electrical one-lines,
s31ected elementary drawings, and the plant's lighting and power panel manual
w;re used to develop an electrical component data base. This data base
includes both the loads (pump motors, valve operators, etc.) and the major
slectrical components (busses, breakers, etc.) required to deliver power to ,

the loads.
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' EEPS components identified in the electrical drawing review are
evaluated on either an individual or generic basis. A total of 100 EEPS

,

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.
clong 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 Saletv FunttlpfLReyicw

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

The component is 'normally isolated and does not perform an accidento

mitigating function.

OR ;

i
!

o componcnt 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, i

|

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 f unction.
|
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The results of this review are shown in' Attachment I, Column 2A.

~ Components failing the above criteria are important to the system's safety
f unction and are designated by a "yes" in Column 2A. Components meeting the

cbove criteria are not important to the system's safety function (designated

by a "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 reasonst

o Loads not important to system safety function.
o Component normally disabled.

o Component used only for maintenance.

o Components used only during refueling.

For example, Diesel Generator Building (DGB) Unit Ventilator UV-6 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 Fans SI-PRV-1 and SI-PRV-2 were determined to require

further evaluation because they are retied upon to supply DGB ventilation in

the event of an accident.

In total, twelve (12) out of the 100 EEPS components individually

Gvaluated do not require further evaluation on the basis of this safety

function review.

4.4.3 Effective Program Review

Components necessary to the system safety function that are subject to
cn established effective replacement, refurbishment, or inspection program are

now identified. For electrical components, this includes components covered

01ther 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

-34-
8095R

,



p
.

review is not required. Those components are identified by a yes 'under

" Step 2B, EQ" of Attachment I. For example, Manual Throwover Switches,

SW-TO-1 and SW-TO-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 f unction 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
datermined as being covered under an ef fective program and not to require
f:rther evaluation. However, SW-TO-1, which is 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 to the EQ Program, electrical componento may also be
subject to an effective replacement or inspection program. The plant

procedures applicable to each component were identified in Attachment I 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
esilectively, meet the criteria given in Section 3.5.2.

Forty (40) EEPS components do not require further evaluation on the
b; sis 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
N:t Subject to an Ef fective RRI Program."

A number of components were identified as covered adequately by
! cxisting plant procedures. For example, important Motor-Operated Valves
i (MOVs) are covered because they are subject to periodic 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
r: pair procedure) so that, when retested, it will meet its functional

rsquirements. 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
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plant MOVs to operate under design conditions. This testing progr'am will
include the development of a signature analysis for each MOV. Follow-up
testing and trending will be performed as appropriate.

t

The LPSI and HPS1 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 a monthly basis.

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

to increase emphasis on the followings

o The use of predictive maintenance,
o Failure analysis,

o Trending.

4.4.4 AginLDegradation_Reylex

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

d: gradation will not occur during the license renewal period.

The potential for the occurrence of significant age-related degradation
is assessed for each component that has been identified as necessary to the
system safety function and not subject to an ef fective RRI Program. These

components are now evaluated for the following age-related degradation
mechanisms:

|
;

| o Dielectric breakdown.
L

o Mechanical wear.

o Corrosion.
o Radiation damage.
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The results of this review are shown in Attachment I, Step 20. 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 degradation 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

Gvaluation.

4.4.5 Summary - EEIS._ Component Review

EEPS component review results are listed in Attachment I. 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
d: gradation and require further evaluation. This evaluation is beyond the
scope of this report.

4.5 Primary AuxiUAry_ Budding /l!LeicLGentIALQI_Atuding/lAttery_Reomlo.u3
Buildine Structur.gl Review

A majority of the SI System-related components are located either
within the PAB, the DGB, or Battery Room No. 3 Building (B3B). The low
pressure SI pumps, the high head SI pumps, accumulator, numerous manual and
motor-operated valves, and SI piping are located in the DGB. SI piping,

manual valves, and motor-operated valves are located within the PAB. SI
piping traverses the PAB enroute to the vapor centainer. 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;

cnd cables are all located with the DGB. 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.

|
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4.5.1 Identification of Compantatl !
!

I

Except for components with unique plant equipment identification tags
.J

(i.e., tanks) and the structures predesignated for detailed evaluations (i.e.. I
l

vapor container, reactor support structure, neutron shield tank / reactor
support ring, and fire-rated seals), structural components are evaluated |
generically. Table 4.2 lists the generic structural components for the Yankee
plant.

i

4.5.2 Safety Function Review

Four generic categories of structural components which require j

cvaluation were defined: concrete, structural steel, architectural items, and

supports for plant equipment. Table 4.2 lists the generic structura'.
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
cquipment's safety function (i.e., if they were to fail, components within the
structure, or the integrity of the structure itself, could be in jeopardy).

,

Some generic structural components vere evaluated as not necessary to a
structure's safety function. These components are also indicated on Table 4.2.

4.5.3 Effective ProgInm Review

The generic structural components which were identified in Table 4.2 es
important to safety are further evaluated to detemine if each is subject to
cn effective program as defined in Section 3.5.2 of this report. The

following generic structural cemponents: (1) masonry walls, (2) fire doors,
cnd (3) ISI Program support components (snubbers) were determined to be
covered by effective programs. The following discussion provides the basis
for this dispositioning.

The Masonry Wall Survey Program presently provides for a detailed
inspection each refueling of selected masonry walls. This program is

j implemented in accordance with plant procedures. Enhancements to the Masonry

Wall Program (i.e., expanding the number of masonry walls covered) may be
necessary upon completion of the structural evaluation.
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Fire doors, including jambs and hardwara, cro inspected 0 ch r fueling
in accordance with plant procedures. The fire doors necessary to the
structure's safety function have been identified in the Yankee Fire Hazards

e
Survey and the Appendix R Manual. The associated plant procedures, with
cinimal enhancements, constitute an effective program for fire doors.

The Yankee Atomic Inservice Inspection (ISI) Program provides for

periodic detailed inspection of selected pipe and equipment support
components. The ISI Program, supplemented by supporting and implementing
plant procedures, provides an effective program for the generic component
"snubbirs" identified in the ISI Program.

Based on the demonstrated effectiveness of these programs, 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
rsquired. 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
cnhancement, will provide for an effective program for these concrete
components.

4.5.4 Aging-Degtadation Review

The aging degradation review for structures is performed in two steps.
First, a generic assessment of the potential for age-related degradation is
performed for each of the following structural component groupingst (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 of structural components.
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The generic assessments are based upon a literature search'of available
information to identify plausible age-related e;radation modes and their

effects. Identified degradation mechanisms are investigated to further
identify stressors, environment, manifestation, and mitigating design features
and construction methods. All these factors are used to focus the plant

walkdown by identifying plant areas which may be susceptible to potentially
significant age-related degradation. Attachment K provides the " Generic
Assessment of Concrete Structural Components" as an example of the assessment

process.

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 Bechtel. The Bechtel
representative is also a member of the 1\echtel team preparing the industry
report on Class I structures. All structures requiring component level
screening identified in Attachment D vere included in the walkdown.

1' reparation for the walkdown was performed in accordance with detailed
work instructions. The preparation included review of plant drawings and
development of walkdown checklists using the information obtained from the
generic assessments.

During the walkdown, focused inspections were performed based on
preparation guidance, as well as an overall assessment of material condition
cnd environmental conditions. Inaccessible areas were identified for
follow-up evaluation. Attachment L provides sample data sheets used in the
walkdowns. Components showing signs of degradation or the potential for

ldegradation due to harsh 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.

i
1

Walkdown findings and follow-up evaluations will determine the need for
cnd 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 FABlMR/131dalkdortLResu11s

The walkdown was recently completed, and data gathered is now

undergoing review. Preliminary iindings for the PAB. DGB, 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 PAB roof were also being

r placed with a membrane-type roofing system. The remaining portions of the
PAB roof, which are tar and gravel roofs, were determined to be in need of
r; placement.

|

The DGB is in very good condition. No significant signs of degradation |
1ta either DGB structural concrete or steel were observed. Base plates for two

columns were observed not to be fully grouted to foundation concrete.
M31ntenance requests were initiated to perform the repaire. The initiation of
c rrosion for some equipment support steel was observed. In particular,

support steel and saddles for the S1 nitrogen tanks located on the DGB roof
cre experiencing localized corrosion which will need to be addressed.

The B3B is in excellent condition. No signs of degradation were

tbserved.

The PAB is in very good condition. Ilowever, several minor indications
cf degradation were observed. These include minor cracking, with signs of
Ca0li 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 columns and one equipment support pedestal, very fine
pattern shrinkage cracks on a wall at two locations, and pattern cracking on a
portion of the concrete roof exposed to weather.

4.5.6 Summarv - MB/PAB/B3BErutistal_.Rcylcy

The focused structural walkdown, supported by the generic component
cssessments, demonstrated that DGB, PAB, and B315 are not experiencing any

1,1 -
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significant aging degradation. The r:sults cf th) w:1kdown does show the nasd
t3 address the minor degradation identified. Specific actions being
considered for steel and equipment support are the repair of corrosion spotsU

and the improvement of plant maintenance practices regarding the restoration
cf protective coatings following equipment installation or maintenance. The
coed for monitoring tt,e observed cracking is c.lso being assessed. The finalo

!' r;sults of the structural. evaluation will be completed in early 1990.
i

!-

[

. . '

'

..

-42-
8095R

__ -
I



L 3

t
,

IAML.bl
;

Electrical Compontat_.Graupings |

Cattgory Cr.nup !,

!

Communications * Annunciators ,, ,

* Phones 1

* Sirens / Horns
;

Conductors * Cable
'

* Penetrations i

* Bus Duct |
t

Control and Protection * Breakers
capacitors *

Control Board ;

* Fuse / Holders |
*G ounding' f

'

Surge Protection
* Shunts
Switches

* Relays
L

DC Supply Generators Batteries
Diesels

* Heaters v

Motors !
Motor / Generator ,

* Solenoids |

Power Conversion Chargers
.'

Exciters
Inverters

Switchgear MCC [
Metal Clad i
00B
Panels

,

Terminations * Lugs !

'* Splices
* Terminal Blocks

Transfor:ners * Dry
Liquid Filled
Voltage Regulators :

i

*These components will be generically evaluated.
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[ Imble 4.2 .

i ~ Generic _ Structural components
-

Not
Important Subject to Requires i

Yo Safety Effective Further |t

Function Proarma__ EYAluation 1
|

: A. Conttelt.(Including Reinforcing Steel)

1. Foundations (Footings, Beams, and Mats) Y .Y Y
;

2. Columns Y Y Y

3. Walls Y Y- Y |
!

4. Ground Floor Slabs and Equipment Pads Y Y Y |

5. Elevated Floor Slabs Y Y Y

6. Roof Slabs Y Y Y f

7. Cast-In-Place Anchors Y Y 'Y -

8. Manholes Y Y Y

9. Duct Banks Y Y Y
,

10. Grout Y Y Y

11. Concrete Blocks (Shielding) Y Y Y t

12. Precast Concrete Y Y Y
,

13. Fluid Retaining Walls and Slabs Y Y Y !

L 14 Masonry Walls Y N N

15. Post-Installed Anchors Y Y Y

(Expansion and Grouted Types)

B. S.truttural_1ttti
(Including Bolts, Rivets, and Welds)

1. Base Plates Y Y Y

2. Columns Y Y Y

3. Floor Framing Y Y Y

4. Roof Trusses Y Y Y-

- oY = Yes
N = No
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Inble 4.2
(Continued)

Generic Structural Components

Not
Important Subject to Requires
To Safety Effective Further
Fun c t lon._ _ Program EYaluation

5. Roof Framing Y Y Y

6. Vertical Bracing Y Y Y

7. Horizontal Bracing Y Y Y

8. Girts Y Y Y

9. Platform Hangers Y Y Y

10. Galvanized Steel Frames Y Y Y

11. Roof Decking Y Y Y

12. Jet Impingement Barriers Y Y Y

N13. Light Poles N -

14. Stainless Steel Liners Y Y Y

15. Light-Gage Metal Buildings Y Y Y

N16. Floor Grating N -

N17. Checkered Plate Flooring N -

N18. Stairs and Ladders N -

N19. Miscellaneous frames and Lintels N -

00 Architectural items

N1. Building Siding N -

2. Roofing (Built-Up or Elastometric, Y Y Y

Including Insulation, Ballast,
and Flashing)

3. Fire Doors, Jambs, and Hardware Y N N

l
N' 4. Access Doors, Janibs, and Hardware N -

N5. Windows N -
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Inble_L2,

(Continued)

Generic _Struc.turaLComponents

Not
Important Subject to Requires
To Safety Effective Further

.- Functlon Program EvaluntiGD*

'
N6. Glass and Glazing. N -

7. Caulking and Sealants Y Y Y

N.8. Floor Finishes N -

9. _ Coatings (Including Galvanizing) N N-

10. ' Partitions and Ceilings N - N

N11. Furnishings. N -

' D. Equipment Supports

-1.- Structural Steel (Including b iting, Y Y Y

Welds, and Baseplates)

2. Snubbers- Y N N

3. Spring Supports Y Y Y

4. Pre-Engineered Pipe Support Items Y Y Y

5. Light-Gage Metal (i.e., Unistruts) Y Y Y

6.- Post-Installed Anchors (Expansion and Y Y Y

Grouted Type)
'

7. Grout Y Y Y

8. Solid Lubricants Y Y Y

9. Conduits Y Y Y

| 10. Electrical Boxes Y Y Y

11. Raceways Y Y Y

12. Conduit Clamps Y Y Y

13. Instrument Racks Y Y Y

L
14. Instrument Panels Y Y Y
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-(Continued)
' - 9entric Etru:1utal_ Components .;

: ,

-[
:;s

t

Not
. .

;

iit Important Subject.to' Requires. *

To Safety Effective- Further
f.unt11on. ~ Pron tanL_. EYAluation -

'
'

i#
-15. Power Panel Boxes,- Y Y Y

-16. Concrete'Pedestais Y Y- Y- ,

,,
t
'

r:_
N- !i 17. Coatings (Including Galvanizing) N* -

i

!

,

F

'f

f
;
r

~!

g.

). .[

s

P

1

..

,.

7
1|-

~

p-

i

.

,

* Notes Vapor container coatings are being evaluated separately.

(.
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I ELECTRIC STATION SERVICE SYSTEM i

L__________________________________________J
Iu- u o o

BTIB B12B BT3B
O O O O j

f

480V NCC S$$ 480V ENERGENCY BUS 1 480V EMERGENCY BUS 2 480V EMERGENCY BUS 3

ou o u u o u o u o o u u u o o u o

O/ Of O/ O/ Of O/ O/ Of Of Of Of Of O/ O/ Of of O/ of

000 000 00@ 00@ ;

P B1 P 82 DG LPSI HPSI EDO 1 LPSI HPS] EDG 2 LPS) HPSI EDG 3 1

SSS P-46 F 49 P-48 P 19 P 40 P-49 |
-1 1 -2 2 3 3 |

" "
480V EMCC3 ' 480V EMCC4

NO.2

EERGENCY NORMAL,

O O |

480V EMCO2

NANUAL THROWOVER
NO.1

480V EMCCS NORMAL EMERGENCY 480V EMCCS,
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FIGURE 4.2
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5.0 CONCLUSIONS

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

o All systems, structures, and components requiring license rent:wal
evaluation are identified,

o 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-specific 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.

-50-
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Step 1. Evaluation of All Plant Systems and Structures

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

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

OR

la.2. Systems relied upon or structures identified in a
! licensing basis safety analysis or evaluation.

OR

la.3.a Systems utilized in plant emergency operating
| ,

procedures,

or

la.3.b Systems taken credit for in a risk assessment if a
plant unique risk assessment is available and used.

Substep lb. ls Degradation of the System or Structure Potentially
.

Fignificant to Plant Safety?

lb.l.a 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

Ib.l.b 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

Ib.l.c.1 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

A-2
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lb.l.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

lb.2. A plant-unique risk assessment, if available and used,
demonstrates that:

lb.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 Sr. 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 10-4 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:

1 2a.1. The component is normally isolated and does not
perform an accident mitigating function.

OR

2a.2.a 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.

i
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and

2a.2.b Component failure would not reduce the structural
support of any other component such that it would
not perform its system safety-function.

and
,

2a.2.c- Component failure would not physically damage any

other component such that it would not perform its
system safety function.

OR

2a.3. 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.

.

Substep 2b. 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
if:

2b.l. The program is documented, approved, and routinely
implemented in accordance with plant administrative
procedures,

AND

2b.2. The program procedures ensure that all of the
component's significant safety functions are properly
addressed,

AND

2b.3. The program establishes specific criteria for
determining the need for corrective action and

,

requires such action be taken if these criteria are
not met.

Substep 2c. Is the Component Subject to Potentially Significant Age-Related
Degradation?

A-4
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The component will be considered subject to potentially
significant age-related degradation unless:

'

2c.1 It is established and documented that potentially
significant age-related degradation will not occur-
during the license renewal period.

ORo

2c.2 A plant-unique risk assessment, if available and used,
demonstrates that:

2c.2.a 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 multiple 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.

i Substep 2d. 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 component will not be significant
during the license renewal period.

A-5
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3. Demonstrate, by a more rigorous analysis, that the
potential age related degradation of the component is
not significant to safety,

f

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

|
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'1HW TANEES ATONIC ELECTRIC CONFANT

TEFSLICENSERENEWALFROJECT

SYSTEN AND STRUCTURES LIST
4s. ......................................................................................... .................................... .

:0RD| SYSTEM | SYSTEM / STRUCTURE | SYSTEN/STRUCil:RE

iEER [ CODE 'l TITLE ! DESCRIFt10N
,s.,..................................................................................................................................

1 AR AIR REMOVAL SYSTEM Pipitg, valves, paps and other related equipment assceiated with rescrir.;
air atd non-cendensible gases free the sain condenser.

.,.... .............................................................................................................................. <

2' AS HI!LTARY STEAt SYSTEN Fipitg, valves,andetherrelatedequipmentassociatedwiththedeliveryci
steas to the folleving leads: turbine driven energency boiler feed ps;
tuttite,smallbegger,largebegger,stensjetairejector,glandstetasta
building heating steam header and etter aiscellaneous steas leah.

_ .................................................................................................................................

3 - BF BOILERFEIDSYSTEM Pusps, piping, valves, test exchangers and other related equipsent
associated with taking water frca the condenser het well, raising its
pressure and tesperature, and delivering it te each cf the steat
generators,

.,,....................................................................................................................................

4 BA EREA!EIN3AIRSYSTEM A self ccatained cespressed air systes desigted tc provide treathing air
during platt shutdeva conditions fer work inside the vap r ccatainer,

e.....................................................................................................................................

5- CH . -CEA131NG ANI VOLUME CONTROL !! STEM Fipits, p aps, valves, heat exchangers, tants and other related equipment
associated with centrolling sain coolant invettery and sait ecclar.t
chesistry.

......................................................................................................................................

6 CF CEEhlCAL FEED SYSTEM Systes provided te help sitimise cortesica in seccadary piritt and
equipment through the additica of hydrazine and/cr sorpheline during platt
operatica. Thesecheelcalsareinjecteddownstressofth:teilerfeed
papa,

e.........................................................................,,..........................................................

7 CS CHEMICAL SETDCVN SYSTEk Fiping, valves, tants, and related equipsett asscciated with supplyits
horated water to the i,PST, or charging psis for chesical reactivity
centrol.

e.................................................................................................................................- ..

8 CV - CIRCULATING VATER SYSTEM Firing, pusps, valves, heat exchangers and other related equipsent
ansceitted with taking water fres Shersan Fcad, passing it thrcugh the
condenser,andreturningittoShersanPend;includesthevacuusprising
sub systen,

c.....................................................................................................................................

9 CC COMPONENTCOOLINGVATERSYSTEN Piping, valves, p eps, heat exchangerr and other related equipment
associated with reseving heat fres varicus nuclear plant ecolitt leads
(vbich say contain radioactive fluids) atd transferring that heat to the
service water systes,

c.....................................................................................................................................

$0 CA COMPRESSED AIR SY!TEF Fiping, valves, cespressers, filters, receivers, dryers and ether related
epipsent asscciated with deliverirg ccapressed air u contrel and senice
airleads,
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| SYSTEh AND STRUCil'RES LIST

g . _ ..........................................................................................................................

|0 D | SYSTEN | SilfEN/STRUCil'RE | SYSTEh/ STRUCTURE

nER| CODE | | 11tLE ! DESCRIFi!0N

r.~.......................................................................................t......... ...... ...................

;ba..,se....................................................................................................................... .....

'll 00 . CORDSION CONTR01, SYSTEN Futetiets to sinisite sait coolant sptes corrosion rates t; reducitg
dissolvedexigentoasinitusvaluethroughtheadditionofhydratinewhen
the reseter is suberitical and holding this value during peer cu ratier ty
saintaining a hidrogen cover gas in the Icv pressure surge tatt,

m _ ..............................................................................................................................

!!J IV- DEXINERALIZEDVATERSYSTEN Piping, valves, tanks, desineraliter and other related equipent associated
with sunling high qualitr, desineralised water to the pleary and
secondary s ptess,

m .................................................................................................................................

13 EBF EXER 3ENCY BOILER FEED SYSTER Pipitg pop, valves, tanks and other related equipett associated with
,

pcViding energer.cy feedvater te the stete generators via neraal and
alternate feed ficv pths,

e,.......................................... .........................................................................................

14- Ei EITRACTION STEAN SYSTEM Fiping, valves,heatexchangersandrelatedequipentassociatedwith
taking steam free the high p essure and low pressure tuttines (extractiet
pintsandexhaust)anddeliverittittothefeedvaterheaters,arni
subsequently draining and ecclitg the resulting condensate hack to the
condenser.

......................................................................................................................................

15 FS FIRE CETECTICN AND SUFFRESS!0N SYSTEX Equipentrelatedtofiredetectionandsunressiet,includingfirevater,
halet, and carber, dictide suppensten sub antess,

m ......................................................................................... .........................................

16 FD Fl00RtRAINAGESi! TEN Firiti systes which pcVides floor drainage flev pthe fer nuterous
equipent drain thrcughout the plant,

n....................................................................................................................................

11 F0~ Fl!EL OIL SYSTEN Piping, valves, pap, storage tanks and related equipent associated with
su nlring fuel oil to the energener diesel generaters and the auxiliar;
boilers,

c.....................................................................................................................................

!!8 GG GENERATORCAS Fiping, valves, ticvers, heat exchangers, gas storage bottles and related
equipent associated with containing, circulating and cooling hydregen pt
within the sain generator.

,w....................................................................................................................................

|19 30 GENERATORSEAi,01LSYSTEM Piping, valves, pop, tanks, heat exchangers associated with sunling
sealingoiltothesaingeneratorlabninthseals.

m ...................................................................................................................................

50 B01 EEATINGStW/ CONDENSATE Piping, pap. valves, tanks and related equipent associated with
supplying heatitg steas and returning condensate for varicus plant lcads;
safety injectict tatt heaters, diesel generatcr tuilding, alternate steu
suply to EBF turbine driven pop atj spee heating leads thrcughout the
plast.

......................................................................................................................................
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43.-n................................. . . . . . . . . . . . . . . . . . ............................................................................ s

n.XStSTEN P .SYSTEN/ STRUCTURE. | StSTEW/ STRUCTURE !

h"EtiCODE.|!
TITLE '. DESCRIFi!0N

.....................................................................................................................................

I' l EY_ EfDROGEN VENTING SYSTEM Piping, valves,stal;tersandrelatedequipmentnecessarytoaceiterandl
controlthepostacccidenthydrogenconcentrationwithit-thevapor
container,

%a..................................................................................................................................

:22 > IG .INERTGASSYSTEN. Providenitrogenecvergastobeusedprimarilyduringlayuptosinisite
b corrosionandforsystemsusingflassablefluids;lutricatingcilsystems,

etc..

p.t..n................................................................................................................................

23 '10, LUBRICat!NSOILSYSTEM Piping, valves, pumps,-tanks, purifiers,coolersandrelatedequipment
associatedwithsupplyinglubtleatingoiltothetuttine,generatorand i

esciterbearings.

'I
p.....................................................................................................................................

'24 NO WAIN 000LA57 SYSTER- Pipir.g,pueps, valves,steasgeneratersandrelatedequipeentassociated
withcirculatingpressurizedwaterthroughthereactercereand
transferritgthesensibletestgainedtotheseccadarysystesfor
conversientosteas,

i.....;................................................................................................................................

.AINSTEAkSYSTER firing, valves and related equipser,t associated with conveying steas;15 - MS W

,

produced in the stean generators up through the high pressure tuttite<

throttlevalves.

3......................................................................................................................................

:llf 'NS. NITROGEN STSTEM Firing, valves,nitregensupplybottlesandrelatedequittentassociated
-viththe$1accusulatornitrogenchargingsystes,

f...................................................................................................................................... _;

21 TV POTABLEVATERSTSTEM A vell water systes which serves water closets, lavatcries, drinkitg and |
vashfountains,showersandsinksthroughouttheplant;thissystescan ,

alsobecrossconnectedtotheturbinelubeoilcoolers. j
,

I

h.~..................................................................................................................................... f
18 FR FRESS3 E CONTROL AN* RELIEF SYSTEN Piping, valves,pressuriser,pressuriserheaters,pressuritersprays,atd

related equipment associated with controlling uln coolant systea
,

pressure.
;

!

j.....................................................................................................................................
e

|29 PU FURIFICATION SYSTEM Piping, valves, pumps, coolers /loneschangersandrelatedequipsent ;

associated with cooling and purifying nain coolant in the low pressure *

surge tank and resoving soluble and insolsble ispurities.
,

~)
.. ,

|30 VD RAD 10A0tIVE VASTE 0!SPOSAL SYSTEh Pipitg, valves, pumps, tanks, coolers, evaporators and related equipne.t
associated with receiving, centaining, treating and disposing of all
radicactive vaste other than separately handled secondary plat.t icy level

i

j radicactive vastes. .
I

h......................................................................................................................................
1:
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. SYSTENANDSilD0fl!LESLISt
u.g.o. m.............................................................................................................................

.

3114 STSIEk O Si$1EN/S1100tVil Sf51EN/Sti!TTERE''

Dell . title | [ESCE!Fi!05

b.C0DE ? T................................................................................................................................

$O LF REFUELIE Sf$ TEN Fipiti, valves, pap and other related epipent associated with refuelitt

s -
..operatiets,

I
'

him...............................................................................................................................
30 <SS$ ;SAFESHUtDOWNSYSTEN Piping, valves, p a p , tanks and related e pipent associated with-
W providing borated primar; aske 'up water to the niin coolant afstes and -

feedvatertothesteasgeneratorsin-theeventothernotaalandenergeter.>

4.o
sptensarenotavailable.

['' f'

m ................................................................................................................................ ;

IV ' $1 SAFEt!INJE0tl0NSYSTER- 'Fiping, valves,. psp,tants,acecaulatorsandotherrelatedequipent
associatedwithrestoringaaincoclattinventoryfollevingalessof.

,

0 i coolantaccident. .

j....o...................................................................~............................................................

W .SA' SAMPLESYSTEN Piping, valves, ccolers and related epipett associated with plaar; and '[
-

P . secondary sptes eastlitg.

.....................................................................................................................................

& ' SAN!TARYDISPOSALSYSTEN Flattsepticsystes,
k...|S0$'

?SVL
~

.;.................................................................................................................................

[61 . FELYlCEWATERSYSTIk Piping, pan, valves, tants, heat exchangers and ether related epipert
'

associated with providing Sheraan Fond water for cooling raserous primar!-
''

,
'

and secondar; plant epipent.
4

1.,....................................................................................................................................

$1 SF ~ SHIEI,0 TANI CAVlti FUR!FICAt!0E SYSTEk 6pinent, pop, ion exchange resin beds filters, valves, piping etci,
" necessar; to remove imprities free the sale coolant systea during shutdevn- ,

~ '

in order to reduce sain coolant radioactivity levels and fouling cf heat
transfetsurfaces.- ;

p.....................................................................................................................................
[8 SC SHUTDOWN C00LI M SYSTEN Pipinge valves, pa n , heat excharigers and related equipent used to remove

decay heat from the sala coolant sp tes during extended shutdown p riods.
Usedwhenaalncoolantsyntesconditionsarehelev330.Fand300FSIC,

,

0....'.................................................................................................................................

$9' SF . ' STENT FUEL SYSTEN Pusps, piping, valves, coolers,andrelatedequipentassociatedwithspra 4

.fuelpit,andtransferoffuelbetweenthefuelvault,spentfuelpit,ano
the reactor vessel.

w ....,...............................................................................................................................
'

M 70 - TURBINEGENERATORSYSTEN turbine /generatorassembl;andsupportingequipent.

%.....................................................................................................................................

dl VD VENTANDDRAINSYSTEN Piping, valves, tants and related e p ipent associated with priaat; and
secondar; vents and drains, including the stets generator blevdown spten,

s.....................................................................................................................................

41- .TV VATER iLEAthEN* SiitEh Epipaent, desineralizers, stcrage tanks, ar4d related epiper.t necessar)
te clarif), filter, and dealteralite bater and tc sit and War
water cctditict.itg chtaicals to the primary and serendary plants; thn

m ;

|
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ps.m..,...........................................................................................................................
ptD1SfSIEWt STStik/STRUCTUpE i FiSTEW/STRU0f0RE

Q TITLE | DESCRIFt10E-

Y ..! CODE 1.................................................................................................................................

providittreactergradesakeupwatet_totheprimat7plantandcondensate~
gradeaateupwatertothesecondaryplant,'

p.d.....a....................................................................~......................................................
431 809 ADMINISTRAT10NBLDGVENt!LATIONSTS Provides air conditioning shd ventilation for the adalrdtistration

- - - -

tvilding,

w .w.................................................................................................................................
F
44 AD - AIRDISPOSAL(FILTEREDEIRAUST)SYSTEK Ductuork, fans, filters, daspers and related equipetat associated with'

exhaustir.g potentiall; contasinated air through the priear; vent stack;''

6 includesthevaporcentainerventilationandpurgesub.srites(useddurir.g
i refuelingoperations),

m .. ................................................................................................................................

45, 8010_ .IAttERT R00N NO3 VEKtILATION SYSTEM Fans,ductverk,louversandrelatedequipiertassociatedwithBatter)Roet
h.3 ventilatcrs.

....c.................................................................................................................................

46J HlCA BAttERT ROCWi 161 VENilLATION SY!!!h Frovidesfcrhydregengasrenovalduringbatterichargittcreraticas;
censists cf a single exhaust fan taking suction free each tattery rces atd
dischargitt te outside air through a cessen' exhaust duct.

3s....................................................................................................................................

4f- 605 CONTROL E00H VEhilLAt!0N SYSTEN Epitser.t associated with heating or ecoling er filtering the contrcl reca -
atssphere;includesthecontrolroceenergencyaircleanings;stes
(CREACS).

')$.....................................................................................................................................

08 9011 EDGBUILLINGVENTILATIONSYSTEM fans,daspers,ductvorkandrelatedequiteentassociatedwithventilating
thedieselgeneraterbuilding. ]

......................................................................................................................................

09 BCS GAS STORAGE R00W VENTILATION SYSTIN Naturaldraftventilationsintesconsistingoffloorvents,vindowsand
rooflouvers.

S,.e........................................................................................................................ .........

20 ' E01 - NRY ENOLOSURE VENTILATICW SYSTEK Exhaustfans,stetsunitheatersandrelatedequipeentassociatedwith
heating /coolingthesainsteasnonreturnvalveenclosure. |

w ...................................................................................................................................

% -8014 PABNONFILTEREDVENt!LATIONSY? TEM ProvidesupperlevelFABwithsuseerventilation;constatsofaroof. type y

exhaust fan with suppl; air entering through window and deer openings. ]

% .............................................................................................. ....................................

$2 licit: SAFEffINJECt10WBLDGVENTILAt!0NSTS Exhaust fans, actor operated Icover and related equipeent which functica te !
saintainthesafet;injectionbuildingtesperaturewithinacceptable !

lielts,

w.....................................................................................................................................

@3 : B013. SCREENVELLFUMPOUSEVENTILATIONSYSTEM Ventilation systes consisting of two centrifugal fans and associated
ductverk which can previde outside air, or reeirculate puerhouse air, as |

necessary to saintain acceptable pusphouse tesperatures without having to
re ert to steas heating.

1 ....e'.....~......................................................................... .................................................,0

:
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SYSTEN AND STRUCTURES LIST ;
m ... o............................................................................................................................. .

I

p H |'STSTEN |- SYSTEN/ STRUCTURE | . SYSTEN/ STRUCTURE i

p...! CODE :
6ER !. title L DESCRIPt!0K

a...............................................................................................................................
.

,

it : 308 ; SERVICEBLDGVENTILATIONSYSTEW , Allequipsert.airconditioningunits,ventilatersetc,necessarytesupply- [
'

ventilation air and tested air to the service building.

;.>....................................................................................................................................

55; 1104 ,TURINEBLD0VEXt!LAt!0NSYSTEK Naturaldraftventilationsystesconsistingofccatincusroofvettilaters

c and vindev cretirgs which provide the necessary air changes to maintain |
; turbinebuildingtesperatureatacceptablelevels.
>......................................................................................................................................

56: . VCHOR . VCBEATIEG, COOLING,AIRRECIRCULAT10E Fats,daspers, coolers, betters,ductverkandrelatedequiteentwhich
operate to maintain vapor container atsosphere belev liaits during normal >

,

eperation;includesvaporcentainerpostaccidentattrecirculation
sub systen.

[...................................................................................................................................... >

5? DC. .DCDISTRIBUTIONST! TEN Equipsent,' batteries,hatterychargers,cablitt,$ndrelatedequipeent
tecessary to supply de electrical pcver te platt de electrical lcads. 3

w.....................................................................................................................................

$1: PG DIESEL GEEERATOR SYSTEN Isergency diesel generaters and related equirser.t necessary for supplying
energency se power to the energency power systen in the event of loss cf
neraalacpcner.

,
.

p.....................................................................................................................................
.59 EEFS- 'ENERGEXCTF0VER!T''Ek . Equipment, cabling, busses, breakers,etc.,necessarytosupplyelectrical. -

pcverandcontrclteesser.tialsafeguardloads.4

j......................................................................................................................................
60 ;EGfi: GENERAll0h AND TRANSNISSICN SYSTEM Equirient necessary te generate and deliver statica electrical c:;trut to

the115kvpcvergrid.

;......................................................................................................................................
i

61 .ESSS. STATION SERVICE SYSTEM Electrical equipaent, cables, breakers, transfer ers, busses, relayr, etc.,
necessarytodistributenotaalacelectricalpowerandcentroltostation
loads,thesafeshutdownsystesandtheenergencypcversystes.

....................................................................................................................... ..............

!61- CI CONTAINNENTISOLATIONSYSTEN Equipmentnecessarytoisolatethevaporcontainer(VC)ifVCpressure ,

equals or esceeds 5 PSIG; includes isolation actuation circuitry, check
valves,autcoatietripvalves,sanualvalves,andblankflanges,etc.,

..................................................... ................................................................................

|6) FW ' FEEtVATERCONTROLSYSTEN(IAC) Instrusentatin and circuitry associated with sain feedvater control.

......................................................................................................................................

:64 ' FIDS: FI1EDINCCRECETECt!CKSYSTEN Equirsent, detectors, cabling,etc.,cecessarytoseasureandrecord
neuttet fluz signals at fised core positions.

................................... ................................................................... .......... ...................

|65' LN LEARNON!tCRINGST! TEM Instrumentatien and equipsent necessary to periore vapor container
integrated leak rate testing.g

......................................................................................................................................

1
1
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.i.....................................................................................................................................
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4.....................................................................................................................................
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.......................................................................................................................................
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transferchute.. .

......................................................................................................................................
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r.+.a.................................................................................................................................
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m ...................................................................................................................................
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e.....................................................................................................................................
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;y m ..............................................................................................................................
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% ..................................................................................................................................
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g.....................................................................................................................................
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W ...................................................................................................................................
[0i St,E3 'S.L.E.O!ESELGENERATORBUILDIG Hasurystructureadjacentthegatehousewhichhousesthesecuritylightit;

energene;dieselgenerater.
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c. m ,............................................................................................................................
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- ........ ......................................................................................................................

Il? SFF SFENTFUELF11 Reinforced concrete structure that provides for underwater storage of spr.t
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. n . ..............................................................................................................................
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the vap r ccttainer and the turbine building,

g.m...................................................................................................................................
116 SM STORES VAREHOUSE Houses plant inventer; cf spare prts, saterials, etc.,
l, -
p.m.................................................................................................................................

16 SEIE SUFFORT?FORELECf/I+CFRUlrHEh! Gereric categer; for electrical and !!C so;p rts.
a....................................................................................................................................
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discennects, and provides suncrt fcr the power lines to L'arrisar. atd Cab
Statiets.
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18 ~ TAB TRAININ3 AREA BUILDIN33 One sasonry builditg and one sedular typ effice building which house the
plant training facilities; located outside the c>ner controlled area.

c.....................................................................................................................................

)19 7A$ TRAX!TCRMER AREA St HCTURE Reinforced ceterete and steel frase structure which supprts the sain
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......................................................................................................................................
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psps, heat exchatters, etc.. Thecontrolroceandswitchgeartocasatt
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s.....................................................................................................................................
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sn,...................................................................................................................................
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3......................................................................................................................................
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s.. ...................................................................................................................................
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AIIA021ENI_G

Hrief Description of Component Degradation Assessment Tool (CoDAll

1.0 INIRODUCIl0N

.To automate the degradation mechanism review process, Yankee developed

an expert system which is used to review fluid system pressure boundary
components. The expert system is called CoDAT (Component Degradation
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 DIGRADATION 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 steh initiators as improper velding

techniques, torquing, cleaning, maintenance, etc.

The degradation wrchanisms that could affect fluid systems were
selected from an'EPRI report titled, Component Life Estimation: LWR
Structural MainrialE_ Degradation Mechanisma, NP-5461 and from operating plant

experiences. . Not all of the mechanisms listed in the EPRI report were
applicable to the Yat.kee operating environment.

Of the 18 degradation mechanism groups applicable to Yankee, the
14 groups evaluated by CoDAT are listed in Table 1.

G-1
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AIIACllMENI_0
(Continued)

3.0 INE0lMIl0H SOURCES

After determu.!ng the degradation mechanisms which could be applicable j

to the Yankee environment, a search was perf ormed 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 assessing the 14 degradation mechanism groups mentioned above.

)
4.0 DEGRADAILOR_ MECHANISMS AND c0NIRQLLING PARAMETERS

EPRI 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 GeneraLDr.llniforntSorrosion

General or uniform corrosion occurs to some extent in all metals.
Ilowever, 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

,

| c- 2
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AIIACHMELG
(Continued)

General or uniform corrosion is characterized by the uniform thinning

cf a pressure boundary wall to the point where the component's material
cllowable stress level is exceeded. Ilowever, 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 !

1

the rate of general corrosion of the metal surface and is characterized in !

sppearance by grooves, gullies, rounded holes, and valleys and usually
exhibits a directional pattern.

4.3 Iwn-Ehage ErosiDD

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 ,

!

tore severe deterioration of the material.

I
4.4 Microhiplnginally-Influenced corrosion

The corrosion rate of a material can be accelerated by microbiological

cetivity due to the severely corrosive environment produced by their waste
products. The most common bacteria associated with Microbiological 1y-
Influenced Corrosion (MIC) are sulfate reducers, sulfur, iron, and manganese
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oxidizers. Although stagnant areas are most susceptible (for sulfate
reducers), components and piping experiencing bulk fluid velocities exceeding
10 f t/see 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 Int.crgranular_Sitess corrosion Cracking

Intergranular Stress Corrosion Cracking (16300) occurs in austenitic
stainless steels when carbide molecules are formed through the combination of |

r

chromium and carbon atoms near the grain boundary. The formation of these
~

colecules 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 IGSCC. Corrosive environments,

such as process fluids containing halogens, can accelerate IGSCC.

4.6 Iranagranular Strana_COIIpsion Cracking
i

Transgranular Stress Corrosion Cracking (TGSCC) is caused by the
cggressive attack of halogens on a sensitized austenitic stainless steel

icomponent. TGSCC results in cracking that proceeds across the material grain

|
boundaries through slip planes. Another form of TGSCC occurs when copper
elloys 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.

!

,
'
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4.7 Irradiation Assisted Str.ess Corrosion Cracking

Irradiation Assisted Stress Corrosion Cracking (IASCC) is very similar

to IGSCO, except that all that is necessary to result in IASCC is a high
neutron fluence in an oxygenated water environment. Austenitic stainless
steel is the only material which is susceptible to IASCO.

4.8 Intergranular_ Attack

Intergranular attack results in a localized corrosion near or adjacent
to the grain boundaries. Knifeline attack, which is one form of intergranular
attack, is caused by impurities in the component material or a concentration
or depletion of alloying 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, as 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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4.10 Ibermal_Embriltlement

Thermal embrittlement of materials results in a significant reduction

si the material's notch toughness. For metals, there are several types of

thermal embrittlement: 885'F embrittlement of cast austenitic stainless
steels, temper embrittlement, strain aging ernbrittlement, quench-age
embrittlement, and blue brittleness. The type of embrittlement which may be
cxperienced is dependent upon the material, special conditioning of the
material, fabrication methods, and the operating temperatures experienced by
the component.

4.11 Irradiation _ 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 liystrogen_Embrlit.lement

flydrogen 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 Selentire._ Leaching

Selective leaching is the result of one element of an alloy being

L removed by a corrosion process. The most common forms of selective leaching

are graphitization and dezincification.

|

..

|
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Graphitization occurs 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 which has
essentially no strength. This process usually takes'several decades.
Ilowever, under certain conditions (i.e., buried piping under severe soil
conditions), it can occur much more rapidly.

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

over 20% zinc.

4.14 galyAnir.__Corrasion

In a general way, all corrosion depends upon galvanic action. Iloweve r ,
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 REOUIREM MIS

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 CODAI_EESULIS

Once CoDAT accesses and analyzes a fluid component's operating and

environmental characteristics, a list of potential aging degradation

mechanisms is output for each component or part being evaluated.
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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.
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TABLE 1

Fluid Component Degradation Mechanisms Evaluated By CoDAI

General or; Uniform Corrosion

Erosion / Corrosion
Two Phase Erosion-
Microbiological 1y-Influenced Corrosion
Intergranular Stress Corrosion Cracking
Transgranular Stress Corrosion-Cracking
Irradiation-Assisted Stress Corrosion Cracking
LIntergranular Attack

Knifeline Attack
Weld Decay

Crevice / Pitting Corrosion
Thermal Embrittlement

885'F Embrittlement
Strain Age Embrittlement
Blue Brittleness
Temper Brittlement

-Quench Age Embrittlement

Irradiation Embrittlement
Hydrogen Embrittlement
-Selective Leaching

Dezincification
Graphitization

Galvanic Corrosion

!
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SAFETY InXtTION SYSTEn IEC Cor0wei MVIts eESULTS

: STEP 2n : STEP 20 : STEP 2C 'I

!

: COMP 0eENT : COMPeuf4T 1 CSFSNENT P9fEWilet . i sagensTS : ~
IMPORTAuf : SutXCT TO KFUps : net t 46E K0eseeTIts : tuRTNEW

: TO SMTER : KPLEEENT OR : SWIECT T8 : IEtune!SMS : EveLUnilm I
: SAFETT : l#SPEtflou (FED : as EFFECit?E : IKnTIFIED : :

FUNCT104 : PROSPM : tel P900PAM : (STEP 2CD :

COMP 0nENT : (STEP 24) : (STEP 28) : 1

SYSTER

T22 NO. CODE DESCf!PTION Class LCOP GPOUP CODE : : Es : PtaWT PROC | :

St-PS-4128 SI St0 LB N2 SUPPtv 10 ST 0828 PSN PS VES NO OP4476 NO - -- , .

SAFETY VALVE MIGH

PRESStNIE SulTCH

SI-PS-8829 St SIS LB N2 $UPPtf TO ST $829 PSs PS WS no 0P4476 NO - -

SAFETV valve LOM PfESSURE

SWITCH

St-PS-ten S! m2 LEat ateRM for no 0918 PS N3 NO OP4476 - - -

SI-TV-8688 PRESS SulTCH

(218 INCREASING
PRESSURE)

SI-PS-4238 St HIGH PRESSUE SI SCT 8228 PSW PS vtS ND DP-4634 NO - -

ACTUATION

$1-PS-129 $1 SI KTUATION SulTCH SCT 62J9 PSE PS VES NO CP-4634 #6 - -

SI-PT-8011 SI LOOP tl $1 PRESSURE NO 6801 PT NO NO OP4%7 - - -

St-PT-8912 St LOOP 02 St PRESSURE to 0162 PT mo NO OP4467 - - -

SI-PT-Stt3 St LOOP 03 PfES$URE NO 6807 PT NO ND 8P4467 - - -

TRM$n!TTER

$1-PT4t34 SI LOOP 84 St PRESSURE no 1984 PT N0 no eP4467 - - -

TteNSMITTER

$1-PT-38tS St $1 ACCURt|L2T0t PRESSUE ST 8805 PTE PT YES NO OP4464 NO - -

TRMSRITTER

S -PT-4806 SI LPSI PtiMP PPESSURE NO 9086 PT ND wo OP4%2 - - -

TRANSMITTER

SI-PT-4Gl? $1 HPSI PRES $'JRE TRANSMITTER SP 9007 PTE PT YES 20 CP-6461 to - -

$1-5094545 St CL8SES S1-T9-86t8 LOW 6 084S VALVE SOU YES NO 07-4615 VES YES VES

ACCUMULATOR [[UEL

$1-50V-8846 SI itIPS 6 9046 V4VE !DV YES #9 OP-46% YE! YES TES

$1-T9-4614,86t5,8686 m2

ACCUnULATOR

SI-SOV-4047 SI N2 TO ACCLMUL ATOR G I447 VALVE SS* YES NO DP 4636 TES YES VES

SI-TV404,685,686

ST/AMet $1 crCtsnitafor S AFtTy VatVE ST f!56 cat tT SPV vf! W) 07-4615 YEi VES YES

. . _ . .
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DIECLAIMER OF RESPONSIBILITY

; This report has not been reviewed to determine whether it contains patentablel

subject matter, nor has the accuracy of its information or conclusions been!

evaluated. Accordingly, the report is not to be considered a published report
Cnd is not available for general distribution; its distribution is limited to
employees and advisors of EFRI, SANDIA, DOE, and Yankee Atomic Electric
Company for the sole purpose of evaluating the progress and future course of
the project described in the report. Until the report has been reviewed and
evaluated by ETRI SANDIA. DOE, and Yankee Atomic Electric Company it should

I. bo neither disclosed to others nor reproduced, wholly or partially, without
Critten consent of the parties.
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This study evaluates the plausibic modes of degradation of concrete and ,

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

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

!1. Fatigue
2. Chemical reactions of aggregates
3. Drying and carbonation shrinkage
4. Thermal effects
5. Microbiological-Induced corrosion (MIC)

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

1. 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 _
o Deterioration of adjacent concrete
o Vibratory loadings

An inspection program in accordance with the American Concrete Institute
-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 (RSS) 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
during construction and again in 1988 and 1989 show only negligible
concentrations of chlorides and sulfates.

|

|

|

.

|

|
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1.0 INTRODUCTION

This document provides a 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 a

>

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
identified. Finally, the requirements of an effective inspection program are

identified.

;

|

|

.
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' 2.0 RESCRIPTION_OF COMEQNERIS !

The generic concrete structural components necessary to the function of |'

|
' the structures at. YNPS consist of the following. Concrete includes the

' ' r;inforcing steel, as well as the cement, aggregate, and mixing water.
t

L. -!

; - o Foundations (Footings Beams, and Mats)
f

o Columns
'

o Walls

it o Cround Floor Slabs and Equipment Pads

o Elevated Floor Slabs +

+

o Roof Slabs

if
~

Precast Concrete Beams and Slabso
*

i o Manholes

o Duet Banks

o fluid Retaining Walls and Slabs
-

o Masonry Walls

0 Concrete Blocks (Shielding)
s

o Grout

o Cast-in-Place Anchors
Post-Installed Anchors (Expansion and Grouted Types) 4

o.
Embedded Metals (Castings, Weldments, Pipes, and Conduit)o

,

P

k

t

l-
L 1

I
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3.0 [R LMTION OF FLAUfitLE MODES

The plausible age-related modes of degradation of concrete components

fCr structures were identified from a review of the literature (see
Section 6.0, References) and are as follows:

o Fatigue

o Corrosion of Embedded Metals

o Irradiation Exposure

! Exposure to Elevated Temperatureso

o Abrasion. Including Erosion

o Leaching of Calcium Hydroxide

Exposure to Aggressive Chemicalso

o Freteze-Thaw Damage

o Chemical Reactions of Aggregates

o Thermal Effects
o Drying and Carbonation Shrinkage

Microbiological-Induced Corrosiono

Vibratory Loading on Anchorages to Concreteo

3.1 fatigue

3.1.1 Dessriplinn

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 considerabic attention due to the adoption
cf 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 f atigue strength of concrete is essentially the same othether theI

mode of loading is tension, compression, or flexure, and is roughly about 55%
7cf static strength for 10 cycles. For design, a conservative modified

Goodman diagram is used. Use of this design method is discussed. In detail,

in Reference (n).

I

-3-
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| -3.1.2 Eignificance to Struetures

Fatigue of reinforcing steel is not a significant degradation mode at
the stress levels (24 ksi maximum), stress range (stress fluctuation), and <

stress cycling to which it is subjected. The lowest stress range known to
6have caused failure was associated with 1.25 x 10 cycles of loading and a

stress range of 21 kai (from 17.5 ksi to 38.5 kri), Reference (h).

Reinforced concrete at YNTS was designed in accordance with ACI 318-56
'

cnd American Standard Building Code A59.1-1955 Reference (o). The design
cIdes limit the maximum permissible stress levels such that f atigue is '

insignificant for concrete and embedded metals.

(
3.2 CoIIcElon_o1_fahcIldedJicials

3.2.1 Dessrlplion *

Corrosion of embedded metal has been studied in considerable detail and
d:pth. Ref erences (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
c bedments (plates, anchor bolts, and strap anchors), conduit for electrical
c;bles, and grounding (copper) cables. Corrosion of reinforcing steel due to
stray electrical currents has been identified as a degradation mechanism.

Corrosion of carbon steel, reinforcement and embedded items, not only
effect the ability of the steel to carry load, but also causes deterioration
cf the concrete due to severe expansion stresses imposed as a result of
volumetric changes.

Concrete's high alkalinity (pl! >12.5) provides an environment which
s:rves to protect the steel from corrosion. Corrosion occurs when aggressive
ions, most notably chloride, cause a reduction in pH to below 10 and dissolved
cxygen is availabic for the electrochemical reaction. Ions of sulfate and
c rbonate can also be aggressive. However, these have low solubility in the
high calcium environment and, thus, have a low availability to reduce the pH.

|
1
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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.

l

3.2.2 tianiltalation

The corrosion 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
cssociated with reinforcing steel corrosion is most prominently displayed in
concrete bridge decks and parking f acilities, given the abundant use of

d3 icing salts.

3.2.3 Sign 111tance__to structures

Corrosion of reinforcing steel due to stray electrical currents has
been identified as a potential degradation mechanism, References (c), (j),
cnd (u). Ilowever, this mechanism is not significant at YNPS since the
reinforcing steel is not used for grounding of 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

corrosion of embedded metal due to induced currents in electrical duct banks
is also not significant. This mechanism requires both a direct current and a
sodium or calcium chloride electrolyte, Reference (j). 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 is 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 significant, Reference (z). An analysis of
the Sherman Pond water, used as the mixing water, performed in the 1950's,

_3
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Reference (h), showed only 2 ppm to 8 ppm chlorides as NaC1. This
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 also insignificant. This is based on the results of water chemistry
cnolyses performed in December 1988 and August 1989, References (s) and (aa).
The maximum chloride concentration was only 11 ppm.

Corrosion of carbon steel, reinforcement, and embedded items can occur

from spills or leakage of acidic fluids. Corrosion of embedded metals
requires permeable concrete or the presence of cracks and the presence of both
cxygen and aggressive ions. Aggressive ions may be introduced from spills or
acakage of acidic process fluids. Aggressive ions may also be introduced from
leakage of acid rainwaters through damaged roofing systems. This mechanism is

significant to structural integrity only if left unchecked. Good housekeeping

practices to assure that spills 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 scaled 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
cxtremely low and of no significance unless they are exposed to ammonia,
Reference (j). Only in the water treatment area are suf ficient amounts of
ammonia handled such that, in the event of a spill, this mechanism could occur.

The corrosion potential of embedded stainless steel materials is
considered very low and of no significance unless they are exposed to

| chlorides, Reference (j). With good housekeeping practices, there are no
creas of the plant subject to this degradation mode. The chloride
concentrations in plant system fluids are kept very low to minimize corrosion
cf piping and equipment. Therefore, if spills are cleaned up in a timely
manner, this mechanism is not significant.

-6-
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3.3 Extreme _Enritonments

3.3.1 Expo s u r e _t o_Iler at e d_Te mpe r a t ur e s

3.3.1.1 Descript.ica -

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

The results of studies and experiments show the followingt

At temperatute exposures below 150'F degradation of concrete,o

mechanical, and shielding properties is not significant.

At teciperature exposures between 180'r and 212't, degradation ofo

snechanical properties should not exceed 15%, and degradation of
shiciding properties will be insignificant unless the tirne of
exposure is many years.

At very high temperatures, surface scaling and cracking may be
exhibited. Otherwise, there are no observable characteristics due to exposure
to elevated tesnperatures.

3.3.1.2 Sigullicance_to_Structurcs

Generally, the ec,ncrete at YNPS is not exposed to temperatures above

150'F. By design, all hot pipes are installed in sleeve penetrations to limit
temperature exposure. Therefore, hot pipe penetrations are not significant.

The concrete at the Turbine-Generator (T-0) pedestal-to-turbine
interface is not normally 6ubjected to temperatures above 150'F. The machine
is insulated and is supported such that an air gap exists to provide the
necessary cooling. The T-G pedestal is a massive structure, subject to only
very low stress levels. The compressive stress was limited to 400 psi,
Reference (o). Theref ore, this inechanism is not s1 nificant f or the pedestal.E

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

3.3.2 Irradiation Expngnte

i

3.3.2.1 Descriplion |

i
1

Concrete can undergo changes in properties if exposure to neutron |
cnd/or gamma radiation exceeds certain levels. The effects of neutron
irradiation are documented in the literature, References (a), (b), (c), (d),
cnd (g). The ef f ect of gamma irradiation was reported by llilsdorf, Kroop, and
Koch (Reference (g)).

Existing experimental data 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 |

This )2reductions until exposure exceeds a neutron fluence of 10 " n/cm .
reduction is believed to be primarily due to radiation exposure, with some
small part due to the temperature rise associated with exposure. Reductions
in tensile strength occur at 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 cross-section force, with no reliance on
concrete tensile strength. Reductions in tensile strength may also affect the
pullout strength of anchors. Reduction in compressive and tensile strength of

10concrete exposed to gamma radiation up to 10 rads is practically nil,

| Reference (6).

| 3.3.2.2 Signilirance to structures

Radiation damage to concrete is not readily observable. YNPS was
designed to minimir.e exposure of concrete to neutron and gamma irradiation.

| The reactor pressure vessel is surrounded (radially and at the bottom) by the
i

!
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ceutron shield tank. The only concrete components f or which this mechanism
10

may be significant are those exposed to gamma radiation above 10 reds or

ceutron radiation above 10 'n/cm ,1 2

'3.4 Aggtcssire.ltLYironments

!

3.4.1 Irmete.Thur_Damagt

3.4.1.1 Des.criplion

The repeated action of frecre-thaw cycles can cause damage to hardened
concrete. This damage is characterized by scaling, cracking, and spalling.
Frecre-thaw damage has been extensively studied and is discussed in
References (b), (c), and (j).

Freeze-thaw can affect both the cement paste and the aggregates causing

cxpansi'r7 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

cbsorptive aggregates are used, and the concrete is in a continuously wet
cnvironment, the concrete may fail if the coarse aggregate becomes saturated.

This mechanism is not significant unless both of the following

cnvironmental conditions exists

o Exposure to temperatures of 28'F or less.

Exposure to sufficient water so that the concrete can become nearlyo

saturated.

3.4.1.2 Significance _Lo_Siruclurls

This mechanism is 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 structures or equipment. Concrete that contains air entrainment

9
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is 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 f reeze-thaw damage. If

water is allowed to pond and f reeze at grade beams, damage could occur.
However, the potential for this is mitigated by site grading which provides
for a positive slope to drain the water away f rom foundating grade beam.

3.4.2 Execture_to_Aggtnsive Chemicals

3.4.2.1 Dessilplion

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 nolls and/or groundwater. Spills or leakage from
the plant process systems also may be sufficiently acidic as to cause concrete
degradation.

Sulfate attack can produce significant expansive stresses within the
concrete leading to cracking, spalling, and strength loss. Once established,

these conditions allow further exposure to aggressive 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
its alkaline nature at the surface of the attack, reduce strength, and render
the concrete subject to further deterioration. Acid attack is characterized

initially by efflorescence, deposits of salts formed on a surface, and later
by scaling.

-10-
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3.4.2.2 Significance to_ struclurts

It is very unlikely that sulfates are present in the concrete due to
cixing water. Analyses of Sherman Fond water, used as the mixing water,
performed in the 1950's, Reference (h), showed only a trace (i.e., less than
10 ppm) of sulfates (ppm as SO ). This concentration is considered

4

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

Degradation of concrete from exposure to groundwater or river water is
insignificant. This is based on the results of water chemistry analyses
performed in December 1988 and August 1989, References (s) and (aa). The
caximum sulf ate concentration was only 18 ppm. Sulfate concentrations below

150 ppm are considered negligible Reference (e).

Exposure to aggressive chemicals may be a potential degradation
rechanism for concrete components which are subject to acidic or alkaline

spills or leakage from plant process systems. Exposure to aggressive

chemicals is significant to structural integrity only if left unchecked. Good
housekeeping practices to assure that spills 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 vill 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
cracks or improperly prepared joints. Acid rain is not significant to valls
since the flushing action of the rain will prevent concentration of the
aggressive ions. Only a 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.

r

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 from

-11-
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boric acid leakage, which cannot be readily observed, is the reactor support
structure concrete adjacent to the neutron shield tank. This will be
Ovaluated in a separate report.

3.4.3 LeathinLcLCalcium_Ily.dtrxide

3.4.3.1 Dess11rlica

In concrete structures containing cracks, improperly treated
construction joints or areas of porous concrete, water may enter and pass
through. As water passes through the concrete, it dissolves (leaches) some of
the calcium hydroxide (lime).

When most of the calcium hydroxide has 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 its
dissolved salt content and its temperature. Water, either f rom rain or
melting snow, can Icach lime from concrete. This leaching action of the water
must be that of water passing through the concrete, since water that merely
passes over it will not cause significant 1 caching, Reference (d).

Leaching of calcium hydroxide is evidenced on concrete that is
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 construction. This process is
known as " autogenous healing" and is discussed in detail in Reference (u). In

the presence of moisture and absence of tensile stress, it closes dormant
cracks.
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llealing occurs through the carbonation of calcium hydroxide in thei

cement paste by carbon dioxide, which is present in the surrounding air and
water. Calcium carbonate and calcium hydroxide crystals precipitate,

| cecumulate, and grow within the cracks. The crystals interlace and twine. |

producing a mechanical bonding effect, which is supplemented by a chemical j

bonding between adjacent trystals and between the crystala and the surfaces of
the paste and the aggregate. As a result, some of the tensile strength of the ,

concrete is restored across the cracked section, and the crack may become ,

scaled.

3.4.3.2 Eisnificance to Structures-

Leaching of calcium hydroxide is significant only if left unchecked.
This mechanism requires both the presence of cracks or porous concrete and an
cggressive fluid flowing through the concrete. As discussed in Sections 3.2.3
cnd 3.4.2.2, the ground and river waters at YNPS are not aggressive.
Therefore, this mechanism is not significant for below grade concrete. For
cbove grade concrete, good housekeeping practices to monitor cracks to assure
that they are dormant and sealed or if active are properly caulked and sealed
cgainst water intrusion will mitigate the potential for this mechanism.

3.4.4 Ablaslon

3.4.4.1 Descrintion

Abrasion is the surface wear of concrete by rubbing and friction.
Abrasion of floors and pavements results from traffic or the movement of

cquipment directly on the concrete surfaces. Abrasion (erosion) can also
| cccur from the impact from a flowing stream of water.
|

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

cs 25 f ps at abrupt changes in slope or curvature.
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Abrasion resulting from traffic or the transport of solids (silt, sand,
Erosion from thecnd gravel) is characterited by a worn surf ace appearance.

impact of a flowing stream of water is characterized initially by peeling (the
breaking away of the thin flakes of mortar) and in the latter stages by
scaling (loss of mortar and exposure of coarse aggregate).

3.4.4.2 Signitirance_lolituctuten

The ef f ects of abrasion are significant only if lef t unchecked. The
of f ects of this mechanism are readily observable and repairs can be made.

Good work practices mitigate the potential for abrasion to floors and
pavements. These include assuring that equipment is not dragged across
floors, and that heavy equipment is moved on rollers or pneumatic tires.

The potential for erosion due to the impact of water streams is
mitigated by piping equipment drains to floor drainage systems and flashing of
scuppers to direct the fluids away from the concrete.

The potential for abrasjon in hydraulic structures will be evaluated in
a separate report. The significance of this mechanism will be determined
considering geometric arrangement, flow velocities, and inspection procedures.

3.5 Chemicallcac11.cattoLAggregates

3.5.1 Descrinkion

A number of deleterious chemical reactions can produce concrete

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

o Alkali-silica reaction. Also known as alkali-aggregate reaction.

o Cement-aggregate reaction.

Expansive alkali-carbonate reaction.o

The deterioration mechanisms and the locations (sources) of the problem

aggregates are discussed in References (b), (c), (d), and (j).
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3,$.1.1 Mhali-Silien Reacki.cn

The alkali-silica reaction can cause expansion and cracking of concrete
structures. Active silica in the presence of potassium or sodium hydroxide
f;rms an alkali-silica complex which can expand by the imbibition of water.
When the alkali concentration is low, calcium hydroxide, derived from the
c: ment, forms a nonexpansive calcium-alkali-silica complex. When the
concentration is high, an expansive alkali-silica complex is formed.

In the United States, the problem aggregates generally occur in the
W: stern half (Reference (j)) and the reaction occurs in the early life of the
structure.

Alkall-silica reaction is characterized by map cracking. Fetrographic

cxamination would usually show a zone depleted in or free of calcium hydroxide
surrounding the aggregate, Reference (v).

3.5.1.2 Csmeni-Argregni.c_Acadien

The cement-aggregate reaction requires a reactive aggregate containing
siliceous minerals, a concentration of alkalles in the cement that produce a
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 a net
cigration of alkali to the surface of the concrete. This environmental
condition does not exist at YNPS. This mechanism is, therefore, not

significant to YNPS.

3.5.1.3 Expanalve Alkn11-CathQnde_EcaC11Cn

|

The expansive alkali-carbonate reaction occurs between some dolomitic
limestone aggregate containing clay minerals and the alkalles in the cement.
Where the concrete has a constantly renewable supply of moisture,

|
dedolomization can occur, leading to exposure of the clay minerals and their

swelling.

..
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Concrete affected by this mechanism is characterited by map cracking
and the general absence of silica gel exudations at cracks. Additional signs

.

cf the severity of the reaction are closed expansion joints and crushing of
| -the adjacent concrete. Petrographic examination would show rim growth on the

aggregate and a highly carbonated paste adjoining the aggregate Reference (v).
1

3.5.2 Eignificanct_in_Siturlutu

The alkali-silica reaction and the expansive alk;.li-carbonate reaction
require susceptible aggregates and the presence of water.

An inspection of the Screenwell was performed in 197$, Reference (w).
The concrete was found to be in excellent condition both above and below
w ter. No evidence of spalling was found even after 15 years of operation.
An inspection of the concrete moat for Tanks TK-31 and TK-32 was performed in
1989. This moat collects rainwater and normally contains 4 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, Ref erence (x).

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

3.6 Drving anLCath.onation_Shrinkagc
!

The effects of drying and carbonation shrinkage occur early in the life
cf 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

W ter-Cement (W/C) ratio and cement content. A low W/C and a lean mix are

| d3sirable. A review of Ref erence (f) shows that mixes having low W/C and

b31ng slightly rich were specified for YNPS.

-16-
7811R

L



- _. -

<

!

A review of Reference (1) shows that the concrete was to be protected
to as to prevent loss of moisture for at least seven days. Thus, the factors ;

l cffecting shrinkage were considered in the design. The specified mixes have a
f low W/C ratio, and a long curing time was specified to account for the

slightly rich mixture. Therefore, this mechanism is not significant.
'

.

i

3.7 IbernmLLLittis
:

The thermal ef f ects as related to cement hydration occur very e.arly 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 ;

irom cement hydration are primarily of concern with massive concrete
structures.

With proper placing and curing procedures, the thermal effects of
c: ment hydration are not significant. At YNPS, this potential was considered
in the design. A review of Reference (i) shows that protection from rapid
cooldown of the outer surf aces was provided by specifying that concrete
surf aces be prevented f rom 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 Anchorage _to_Concicic

3.8.1 Dcstription

Steel embedments are used to transmit loads from steel structures and
cquipment to the reinforced concrete.

The types of embedments or anchors are as follows:

1.- Pre-installed anchors such as bolys, studs, and straps.
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2. Port-installed e.nchors such as expansion shell, wedge, undercut,

and grouted 6ype' anchors.

Anchorage to concrete has been studied by ACI Committee 355 and
others. Reference (p) discusses this subject in considerable detail. The
three factors 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
which it is embedded.

Post-installed anchors, except for the undercut type, are subject to
sge-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 loading 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*O*2 Significance to Sjtugingy

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 portions 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 anchorages is characterized by

cracking and spalling. The effects of this mechanism can be evaluated by a

visual inspection. Soundings taken from light blows of a hammer can be used

to further evaluate the effects of this mechanism.
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b 23.8.2.3; EihrAttry Loading.
L

| The effect of vibratory loading is significant only for expansion shell
'

ccnd grouted-type anchors. The initial effect_of this mechanism is loss of
prestress and then loosening of the anchor. Loss 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. In compliance with this

bulletin, YNPS in 1979 performed inspections (J.O. No. 79-107) of supports for
;

'

safety class piping. As a 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 t

tost.

3.9 tilcrc.hl o lo g ic a l -ln d u cx d_Corro sian

3.9.1 Deteriplion

Microbiological-Induced Corrosion (MIC) is caused by corrosive '

secretions of micro-organisms. The MIC mechanism begins with the fermentation
of raw sewage which generates methane and H S gases. These react with water

2

to produce. acids which then condense above the water line. This process
lowers the pH of the concrete to levels favorable to growth of bacteria.

-Th2se bacteria, in turn, secrete sulfuric and carbonic acids, which further
attack the concrete. This results in deep pitting and spalling of the
concrete.

,

3.9.2 Significanse_to._Situtt_utes

This mechanism requires water contaminated with sewage and elevated
tcmperatures necessary to promote fermentation. Since this environment is not
prssent for any structure at YNPS, this mechanism is not significant.
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; Ac0 SUSCEPTIBLE PLANT AREAS

.4.1 Potentially Significants Degradation Mades

The potentially significant age-related degradation modes are as ,

follows:

o Corrosion of embedded metals

o Exposure to elevated temperatures
'l

o Irradiation exposure

o Freeze-thaw damage

Exposure to aggressive chemicalso

Leaching of calcium hydroxideo

o Abrasion

o Degradation of anchorages to concrete

4.2 Irradiation Exposqte

Degradation due to irradiation requires gamma exposure above
10 19 2

~10 rads or neutron exposure above 10 n 6 , see Section 2.3.2. The
10

only concrete which may be exposed to gamma irradiation above 10 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
10 'n/cm is 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.

1

4.3 Exposure to Elevated Temperatures

Degradation due to elevated temperature requires Icog-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 :C ESS concrete will be evaluated in a separate report.
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4.4 Ab1aEinn

Abrasion is the result of mechanical wear from traffic or the impact of
c flowing stream of water or erosien 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 slabs in most of the structures may be subject to degradation due-
to traffic or the impact of a flowing stream of water. However, the effects
of abrasion due to mechanical wear are readily observable long before they
bscome significant. Good material handling and housekeeping practices are all
that is required to mitigate the potential for this mechanism.

4.5 Exp.paure_LoJ ggressive Chemicals

Exposure to aggressive chemicals is significant 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
clso 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
cnd the SFP are lined with stainless steel and, thus, are not susceptible to
this 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 susceptibic to

this mechanism due to leakage of shield tank cavity water.
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4.6 Freeze-Tiaw Damaget

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:

o Piers located ou*. side buildings

o Horizontal projections from walls where water and ice can accumulate
o Roof slabs, if roofing has deteriorated, or they.are not protected

o Wall areas near scuppers or where water overflows
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
rsin, snow, and ice. The following areas of the plant are susceptible to this
m3chanism if the concrete is cracked:

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

o The Screenwell and the seal pit

o The containment moat for TK-31 and TK-32

o 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
mschanism:

.

o All areas susceptible to freeze-thaw damage
Floors and sumps that come into conduct with aggressive chemicalso

o The ion exchange pit

o The Screenwell and the seal pit
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o The containment moat for TK-31 and TK-32

o Manholes

4.9 Degradation of Anchorages to Concrete

4.9.1 CQIIDE10D

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

advanced stage.

- 4.9.3 Vibration 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
platf orms that vibrate during plant operations.
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5.0 INSPECTION

5.1 ins.pection Procrm

!
|

The purpose of an inspection program is to identify-any changes in the
condition of the concrete or concrete properties which may affect the
inteErity 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),
References (q), (t), and (u). Frequency of inspections is to be based on
safety significance and rates of identified likely modes of degradation.

Guidelines for inspection of water-control structures associated with

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

5.2 Sienificance to structures |

. An inspection program which provides for a condition survey in j
cecordance with Reference (t) and evaluations in accordance with ]
References (q) and (u) will provide assurance that the potential for
significant-degradation _due to the following modes is monitored:

!
o Corrosion of embedded metals
o Freeze-thaw damage

|
t

o F.xposure to aggressive chemicals '

o Leaching of calcium hydroxide |
o Abrasion j
o Deterioration of anchorages to concrete |

2
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SAMPLE STRUCTURAL WALKDOWN DATA SHEETS
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Procedure: YR-WI-37
Revision: 2

Page: 1 of 1

ATTACHMENT A

Plant Structure Description Form

DGBD1ESEL GENERATOR BUILDING Code: ___gg:

c
.

Steel frame single story building which houses dieselDescrictlDn:
generators, 480V switchgear, high pressure and low

pressure safety injection system. Nitrogen storage tanks

_ supported on steel framing above roof. Accumulator tank

enc 1. is situated at one corner of the building.

r-

Machine Location - 9699-FM-81AArrancement DrawinEE.
Plans & Elevations / Cross Sections - 9699-FA-19A, 20A, 21A

Foundation Plans & Dets, Sht. 1, 2 & 3 - 9699-FC-63A, 63B, 63C

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

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

Safety Injection Water Piping - 9699-FP-46E, 46F, 46G

gaiss: New Roof - EDCR-86-308

Buildinc is in excellent condition with on1v minnr dorrnantinn f annti fied.
Some grout is not up tight under 2 column base plates and some rusting _

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

supports at ceiling of accumulator tank enclosure.

Ergparer: P. F. McIlale Date: 10/18/89

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

1243p
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Procedure: YR-WI-37
R'evision: 2

Page: 1 of I

l

AIIACILMI_B

Walkdoyn Data _Shett

""" "" "
1. Structure:

Concrete
2. Component Group:

Ground ficor slabs and equip. foundations
3. Component Type:

i

NO X YES
4. Potentially Significant Age-Related Degradation?

5. Indications of Degradation? NO X YES

Describe: Some minor cracking in varinus_locatinna-

can- e"hi"1*c -Some minor crackins' in sinbn within dinnal

-6. Harsh Environment? NO YES

Describe: -

Equip. pads ok.
7. Remarks:

Cracks of shrinkage type and of no structural significance.

P. F. McHale Dnie: 10/23/89
Er.cparer:

1243p


