UNITED STATES
Y (\\lf\'\,‘l\’.-&"‘.




Meeting Summary “ 2~

NUMARC asked for clarification of the process of preparing a draft SFR. The
staff stated that NUMARC would not have an opportunity to review and comment
on draft SERs before they are made available to the public. The process for
IR review axd approval will be the same as for any topical report. Specifi-
caliy, the staff will follow existing NRC procedures and practices. In
eneral, the process has three phases. The first includes staff review of an
R and resolution of the applicable technical issues and the preparation of a
draft SER. 1The second includes appropriate internal NRC review, and
publication of the draft SER for public and industry comment. The third
includes comment resoluticn and furtker revision of the SER as appropriste,
followed by internz] review and publicatiun of the final SER.

Additionally, the staff discussed the types of findings to be contained in the
SERs. The findinys related to the IRs involve a determination of whether or
not the IR provided the basis for a conclusion in evaluating age-related
degradations. The staff further commented that the revised IR was deficient
in that: (1) it is not consistent with the Part 54 final rule, (2) the ASME
Sertion XI containment . inservice inspection provisions have not been endorsed
by the staff; therefore, the IR sheuld provide technical descriptions
independent of these proposed ASME subsections, 73) the IR should not
reference the EPRI reports which are n.. available to the public, and (4) the
term "safety function" is not interchangeable with "required function” which,
in accordance with the rule, would have much breoader definitiun. NUMARC
stated that the IRs were ceveloped based upon tha concept of safety functien
or safety-related function. As a result, the discussion in each IR has a
scope which is significant)y less than \he scope required by the license
renewal rule.

The staff also noted that the IR was vague in concidering the second license
renewal principle of, "maintenance of CLB" as the acceptance criteria for
evaluating age-related degradation. The discussicn of this concept in the IR
is ambiguous. NUMARC stated that they had diff.culty making statements on CLB
maintenance in the IR as they had not reviewed the CLB for any plant for the i
purpose of preparing the IRs, To this end, both the staff and NUMARC
considered standardized language as a positive step but alse recognized that
the IR will need Lo be revised. b1

With vespect to future schedules, the staff noted that the schedule for the
final SERs would be tied to completion of the steps discussed above. The [Rs
should be coniistent with the Part 54 final rule in addressing technical
issues and the AIP items. There was no def’nitive estimate of the schedule
for issuing the final SER, which would deperd on the effort required to
resolve public commerts to the draft SER. NUMARC stated that they needed to
work out details to estimate the amount of time reguired to respond to staff’s
actions. Fuither IR revisions would require approximately 90 days for the
participating utilities to reach consensus on major issues.

NUMARC proposed a 1isi of dates for future meetings with the staff to discuss
IR issues and related policies. The staff ayreed tu 1Cok into the firgt
available date of March 12, 1992, for a meeting to discuss in detail the PWRK
Containment Structures IR mark-ups. Additionally, issues concerning schedules
and milestores for the IR review process were liscussad. The need to review
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each IR and define =ilestones and schedules was noted. The staff stated that

the entire IR process, originally scheduled to be completed in 1991, was being
reevaluated in light of other priority activities. A meeting to discuss each

IR and schedules will be held with NUMARC 2t a future date.

-
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However, as indicated in Section 1.4.2, accessible areas of concrete containment
liners and free-standing steel containment shells are not subject to potentially
significant age-related corrosion degradation. Below-grade and other regions
that are not readily accessible require additiona! consideration (Section 6.2).

SETTLEMENT (Section 5.5) can be identified and mitigative measures taken
before settiement of the following PWR containment structures becomes
significant using effectiv t iton jques:

1. Concrete basemat

Ice-Condenser

1. Concrete basemat

FATIGUE OF HOT PENETRATIONS WITHOUT BELLOWS AND PENETRATION
BELLOWS ASSEMBLIES (Se.tion 5.6) Effective examination and fatigue
evaluation procedures are available that can be used to evaluaie the fatigue
design basis for penetrations and bellows assemblies to determine the
sigruficance of continued cyclic Joading bevond the initial license term, thereby
providing & means of conmrolling fatigue degradation of the following
companents:

Common Componenis

1. Penerration sleeves
2. Penetration bellows

Potentially Significant ComponenyVDegradation Mechanism Combinations
Requiring Plant-Specific Management

There is a final set of PWR containment component/degradation mechanism combinations
which has been found to be potentially significan’, and for whick eftective programs do not
manage the degradation. Applicants for license renewal must perform a plant-specific
evaluation for these component/degradat > - echanism combinations. Recommendations
for aging management options for these i .« ‘re provided in the Section 6 subsections
indicated below.

® AGGRESSIVE CHEMICALS (Section 6.1) can cause potentially significan:

degradation of below-grade portions of concrete containments; CORROSION of
rebar or embedded steel in below-grade concrete components that are in contact
with the soil may also experience potentially significamt degradarion. Aging
managemen! options for addressing these comr onent/degradation mechanism

-
-
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com. nations include monitoring of groundwate. levels and chemical, analysis
of grour gter and soll. The following components require plant-specific aging
maragement resolutior for these degradstion mechanisms:

Re!

1. Concrele containment wall below grade

2. Concrete hasemat

3. Comainment wall reinforcing steel below grade
4. Basemat reinforcing steel

1. Concrete basemat
2. Basema: reinforcing steel

¢ C_RROSION OF INACCESSIBLE OF BELOW GRADE REGIONS OF STEEL [ _’7
LINERS OR FREE-STANDING CONTAIN. NT SHELLS (Section 6.2) - The
-~ corrosion of those poriions of steel liner steel free-standing containment
Mﬁmmwmmn ha. . been identified as a plant-specific
age-related degradation mechanism which cannot be shown 0 be adequately

j;_gnmm for the extended license term by ' m%"a)
77&9,,, 47.,[ 9 A inspection program is described in the report as an option for maraging this

© issue. Plant-specific evaluations are necessary for the following components:

1. Containment liner below grade exterior surface
2. Bareniat liner exterior surface
3. Liner anchors below grade

Condenzer
1. Embedded shell region
2. Basemat liner
3. Liner anchors
1.5 CONCLUSI" s FOR PWR CONTAIN*"NT STRUCTURES
Age-releted degradation of PWR contal ~:c * structural components is limited and

manageable. [nservice inspection, surveiliunce, testing, and analytical assessment are
capable of managing the effects of potentially significant degradation for many of these
components. Aging management of potentially significant degradatin/component issues

that are not_controlled by effective programs will be developed on an as-needed, plant-

specific basis. / Table 1.1 provides a summary of the age velated degradation

nwm;d» |
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applic' dle issues are resolved are indicated in the table.
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it - port does not consider penetrations of concrete containments as unique elements of
tie containment, but rather as subcomponents of the liner that provide an interface for
electrical and pipinz systems passing through the structure. Structural components
specifically addressed are listed in Table 2-1.

24  AGE-RELATED DEGRADATION MECHANISMS

The age-related degradation mechanisms covered ir this report, and the PWR containment
components they affect are listed below

Concrete Liner
® Freeze-thaw ¢ Corrosion
® Leaching of Calcium hydroxide ¢ Elevated temperature
® Aggressive chemicals ® [rradiation
® Reactions with aggregates
¢ Corrosion of embedded steel Miscellaneous Age-Related
¢ Eievated temperature Degradation Mechanisms
® [rradiation ¢ Faugue
® Concrete interaction with
Reinforcing Steel aluminum
¢ Corrosion e Settlement
¢ Elevated temperarure
¢ I[rradiation Free-Standing Steel Containment
Degradation Mechanisms
Prestres' ‘g System ¢ Strain aging

® Corrosion ¢ Corrosion
e [levated temperature

¢ Irradiation

® Prest: ssing losses

These mechanisms were identified from a review of nuclear power plant operating
experiénce, relevant laboratory data, and related experience in other industries.

2.5 FVALUATION APPROACH

The PWR containmen! components st are within the scope of this report are evaluated
with respect to the listed age-related degradation mechanisms in a four-step process. Firs:,
the evaluation basis is defined in Section 3 of this report by describing the component
design fearures (Section 3.1), their design basis (Section 3.2), and their operational history

22



. Table 2:1
PWR CO!ITAINMENT COMPONENTS

Congcrete Containment

iBeinforced or Prestressed.

® Concrete dome Eree Standing Cvlinurick! and Spherical

® Concrete containment wall above Steel Containgnents with Elliptical Bottom
grade

® Concrete containment wall below Conainment shell interior surtace

.
grade ¢ Containment shell exterior surface
¢ Concrete basemal ® Embedded shell region
¢ Containment liner intenor surface ® Sand pocket region

¢ Containment limer above grade

exterior surface Free-Standing Steel Containment with
¢ Containment liner below grade Flat Bontom and an ice-Condenser

exterior surface

® Basemat liner interior surface ¢ Dome shell interior surface
¢ Basemat liner extenor surface ¢ Dome shell exterior surface
¢ Liner anchors above grade ¢ Cylindrical shell interior surface
® Liner anchors below grade ¢ Cylindrical shell exterior surface
® Dome reinforcing steel ¢ Embedded shell region
¢ Containment wall reinforcing steel ® Basemat liner
above grade ¢ Liner anchors
¢ Containment wall reinfurcing steel ¢ Concrete basemat
belo’ grade ¢ Basemat reinforciig steel ) .
¢ Basemat reinforcing steel ‘ 4
Common. Components "
Prestressed Concre' : Containment / 0
¢ Penetration sleeves
® Presiressin, tendons and ducts ¢ Dissimilar metal welds
® Penetration bellows
¢ Personnel airlock
¢ Equipment hatches
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SECTION 3
COMPONENT EVALUATION BASIS

This section of the report provides the sge-related degradation evaluation basis for PWI
containmient structure components to support issuance of a renewed license. This
evaluition basis consists of the design features of the components (Section 3.1), including
desigy function, material specifications, and different approaches used by the architect
engineers responsible for the designs; the codes, stan dards, and regulations that govern the
construction and operations of the components (Section 3.2); and relevant frems related
to the operating history of PWR containment components (Section 3.3).

3.1 DESIGN FEATURES

3.1.1 Design Evelution

The coniainment consists of those eleraests required to maintain the integiity of the
pressure boundery following a postulated design basis event.

Prior 10 1965, containments for plants between 56 MWe and 400 MWe contisted of stee)
vessels, either (1) free-standing steel cvlinders with hemispherical domes and elliptical or
flat bortome (Figures 3.1 and 3-2) (1), or (2) steel spheres (Figure 3-3) (2). Table 31
identifies the plants with free-standing srec] containments; the type of design, that is,
eylindsical or spherical; and the fype of pressure suppression.

As plant size increased 10 around 800 MWe, the increased meta) thickness and the need
for post-weld heat treatment began 1o influence the design of steel containments. Thus,
in the mid-1960s, some designs changed to composite, sieel lined, reinforced concrete
containments [1]. These typically consisted of 10 &t thick base mats, 4 fi-6 in. thick
eylindrical walls and 2 f1-6 in. to 3 f1-6 in. thick hemispherical domes, wi

~ifiainng capabilty provided by o stee’ liner of varying thickness (1/4 10 1/2 in.).

Corcrete design strength varied between 3000 and 5000 psi with reinforcing stee) having
yield strengths of 40,000, 50,000 and 60,000 psi. (See Figures 34 and 3.5.)

Prestressed containment: came into being in the late 1960s. Two of these (Ginna and
Robinson 2) were presuressed in only the vertical direction. Fully prestressed containments
developed in three phases, these are depicted in Figure 3.6,
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Table 31
FREE-STANDING STEEL CONTAINMENTS
Plani Resign Suppression
San Onofre 1 Ephere Spray
Yankee Rowe Sphere Passive
St. Lucie 1 & 2 Cylinder Spray
Waterford 3 Cylinder Spray
Prairie Island 1 & 2 Cylinder Spray
Davis Besse Cylinder Spray
WP 3 Cylinder Spray
Kewaunee Cylinder Spray
Sequovah 1 & 2 Cviinder Vapor/Spray
Watts Bar 1 & 2 Cylinder Vapor/Spray
McGuire ] & 2 Cylinder Vapor/Spray
Cetawba 1 & 2 Cylinder Vapor/Spray

35
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The initial phase for prestressed containments consisted of 2 fi-6 in thick ellipsoidal
dornes, & flat base mat generally berween & and 10 fi thick and & 3 £t-6 in. thick cylindrica)
wall with a large ring girder (Figure 3.7) at the junction of the wall top and the dome (1),
Prestressing was provided vertically from the underside of the base ma: extending through
the cylindrical wall with anchorage at the top of the ring girder. Hoop prestressing was
accomplished using a six buttress configuration with individual hoop tendons anchored
between 120° segments or at every second buttress (Figure 3.8). Dome prestressing was
provided by three-directional placement of tendons at 120° intervals. Tendons consisted
of essemblies having 90-1/4 in. diameter wires. Reinforcing steel of 40,000 and 60,000
psi yield strength was also used, along with concrete design strengths between 4,000 and
5,500 psi.

Due to the large number of tendons involved and the normal evolutionary growth in plant
size, a second phase of prestressed containment evolved. The number of buttresses was
reduced from 6 ‘0 3, with hoop tendons anchored at 240" intervals. Tendon capacity also
doubled with the use of assemblies having 180.1/4 in. diameter wires or $5-1/2 in
diamerter seven.wire strand

In the third stage of development, the ellipsoidal dome was replaced by the hemispherical
dome. Insteaa of vertical tendons being anchored at the top of the ning girder, one
sontinuous tendon was placed up one side of the wall, across the hemispherical dome and
down the vpposite side. This U-shaped vertical tendon concept resulted in two groups of
teadons onented 90° apar and eliminated the ring girder. Hoop tendons remained in the
3 buttress configuration.

31.2 General Design Features

There are three types of PWR containment suppression systems: passive suppression, spray
suppressiun, or vapor suppression. These containment rypes are designed to resist the
pressure resulting from the energy released during a postulated loss of coolant accident.
Passive suppression containments provide for reducing the accident pressure and
temperature by convection to and conduction through the containment wall and by the
heat sink of the internal reinforced concrete structures. Some passive suppression
containments operate at subatmospheric pressure to reduce the resultant pressure after a
postulated accident. Spray suppression containments provide 8 spray system that reduces
the accident pressure and temperature by spraying water into the containment
environment, thus providing a condensing action. Vapor suppression containments provide
a passive rneans to reduce the accident pressure by first passing the escaped steam through

39
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ice Klled compartments (Figure 3-9). Vapor supg -ession containments have approximately
one-half of the free volume of a typical dry (passive suppression) contalament.

3.1.3 Reinforeed Concrete Contrinment Desizgn Fearures

The reinforeed concrete containment consists of & vertical cylinder, a hemispherical dome,

and o flat base slab with bonded reinforcing steel. Pressure retaining capability is provided
e that is anchored to the concrete with shear connectors (studs) or

other rolled shapes (angles or tees). The liner plate resists structural loads, but is not
considered to reduce the containment’s reinforeing requirements for any of the design
loads, even though it does contribute to the ultimate containment capadity.

3.1.4 Prestressed Concrete Containment Design Features

A prestressed containment is similar to @ reinforced contalnment with vertical cylinder, flat
base slab, and convex dome. The dome can be hemispherical, torispherical, or ellipsoidal.
The vertical cylinder and dome are prestressed; the base slab employs bonded reinforcing
steel and is incidentally prestressed only in the area where wall tendons pass through the
mat (Figure 3.10). Prestressed containments also contain bonded reinforving steel 10
control cracking and accommodate bending, sheasr, and temperature stresses. As in @
reirforced conurte containment, the steel liner provides the pressure boundarv,

3.1.5 Free-Stending Steel Containment Design Features

The free.standing steel containments consist of continuously welded steel plates that have
the confgurations shown in Figwes 3.1, 3.2, and 3.3, The steel plates provide the
pressure boundary and structural capability to withstand both the accident conditions and
the strucraral loads imposed by equipment, piping systems, and supports. The cylindrical
stee] containgments (i igures 3.1 and 3.2) are supported by reinforced concrete mats,
whereas the spherical containment muy bs supported by steel columns aitached at the mid-
height of the sphere (Figure 3.3) or may be set into the ground on a concrete foundation
with sand fill.

The cylindrical contalnments have & missile shield bullding which protects the free standing
stee] from external environmental conditions. The spherical containment may be exposed
to exterral environmental conditions, which are included in the design considerations.

The cencrete shield structure is not directly linked to the free-standing steel containment,
except at piping penetration areas. The piping penetrations are provided with bellows to

312
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(Source. See Reference 2)
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codes and editions of codes being applied, due in particular 1o the evolution of nuclear
codes and st~ndards duning the 1960s and early 1970s. o
— ki

The earliest PWR concrete containments were designed in aceordance with existing
building codss such - * American Concrete Instituze (ACIH) Sm@ 318, "Building Code
Kequirements for Reinorced Concrete” (4). The earliest PWR freestanding stee!
containment structures complied with the rules of the ASME Boller and Pressure Vessel
Code [§), Section VIII, "Unfired Pressure Vessels *

In 1965, ASME Section I11, "Nuclear Vessels," became the applicable code for containments.
Under Section 111, vessel classification was required, with the containment defined as a
Class 2 vessel initially and & Class B vessel later. In 1971, & new Section ili code was
issued, titled "Nuclear Power Plant Components.” Since 1971, containment structures have
been classified in the ASME Code as CC (concrete containments) ¢t MC (metal
containments)

Even though the codes and standards that explicitly address nuclear power plant

containment structures were developed over a number of years, materials, fabrication, and

construction practices did not change dramatically, but were formalized as standards

applicable to nuclear power plants. The bigges changes were made in analytical design

technigues, where more sophisticated finite element shell analyses methods were adopted,
nd in the introduction of more rigerous quality assurance requirements

In addition 1o AC! 318 and later, the ASME code, @ variety of other industry standards "
were often used in the design of nuclear power plant containment structures. Some
examples includg ACI 301, "Specification for Structural Concrete for Buildings,” (£) which
provides general guidance for the design, selection of materials, and construction of
concrete structures. Guidance for design and construction techniques to minimize cracking
of concrete struciures is provided in ACI 224R, “Control of Cracking in Concrete Structures”
(Z). Aggregate selection is addressed in ANSIVANS 6.4, "Guidelines on the Nuclear
Analysis and Design of Concrete Radiation Shielding for Nuclear Power Plants,” [8) and the
ASME Boiler and Pressure Vessel Code, Section 111, Division 2 [9) Selection of concrete
and construction methods fo minimize the effects of freeze-thaw are addressed by ASTM

€260, -Specification for Air Entraining Admixture for Concrete” [10) md,&_lnﬁ__T

"Recommended Practice for Cold Weather Concreting” (11).

Standards that provide guidance for inspection and monitoring during service include ACI
201 1R, "Guide for Making a Condition Survey of Concrete in Service' [12); AC! 224 1R,
‘Causes, Evaluation and Repair of Cracks in Concrete Structures” [13); and ACl 207.3R,

336
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compared. The prestressing loss predictions. should ke reviewed for consistency, and
recalculated, as necessary, in order to reflect the license renewal term

3.3 OPERATING HISTORY

A key method of iden:ify.ng and assessing potential age-related degradation m ~chanisms
for containmet structures is to review the operating and maintenance history. Since maay
of the PWR containment structures have been in operation for twenty years or more, data
relevant to age-related degradation currently exists. This subsection describes the
operanung and maintenance histery of concrete and free-standing stee] PWR containinent
structures

3.3.1 Historical Performance of Cosicrete Siructures

Concrete structures have demunstrated excel'snt resistance to age-related degradation.
Pontland cement has been in use since the early 1800's. A series of tests were conducted
ar the Universin' of Wisconsin beginning in 1923, for which 50-year data were
reported (20]. ALl concrete in these tests exhibit=d good we: . rering qualities.

Naus [3] reports that t the Savannah River Plant were
in-pecred after approximately 25 years of operation to determine suitability tor an -
zdditional 20 1o 30 year: of operation. WW
were found to be in sa'icfactory conditions. Serviceabiliry projections beyond 45-55 years

were not made.

The good Jerfonmance rezard of containment concrete is attributable to high qualiry desi (

standards and construction practices, supplemented byM

construction. A _review of PWR conlainment performance identified only a few isolated } @
-

instances of problems: over 90% of the containents fully met design, construction and
quality standards. In each insiance of deficiencies, the rigorous inspections conducted
during construction identified the problems, all of which were corrected. The high qualiry
of design and conszructicn of PWR concrete containments provides assurance of good
performance.

@® (lovws wrndy
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ducts except that, in one containment, a sigrificant amount of water was found
in several ducts. Corrosion was found to be minor, demonstrating the
effectiveness of corrosion nhubitors . Otherwise, 8 few s
instances of vure corrosion heve been tvponted, but wire breaks did not generally
1 35ult and corrosion was so minor that complete replacement was not required.
It was generally concluded that corrosion occurred prior to filling the ducts with
ccrosion inhibiior. Incidents of incomplete duct filling have been reported along
with improper tendon stressing, and although correcied, b

' : jes, Observation o] missing buttonheads have Seen made on some
wires, but the number of non-effecuve wires permitted under design assumptions
was not exceeded.

/

® There have been some other isolatcd instances of prestressing system problems
at US. nuclear plants. At Bellefonte, failures of 8 iop anchor heads of rock
anchor tendons occurred prior to 8 mo-sugq,mmsr‘ﬁﬂrm—@
tendons also had 23 of its 170 wires fail. Stress corrosion cracking was
identified as the cause of these failures. At Byron, 4 anchor heads failed berween
1 and 64 dayvs after presiressing tendons in the Unit 1 containment, with failure
atnbuted 1o temper embrittlement. Anchor head failures at Farley 1 (6 failures)
and 2 (21 failures) nccurred anproximately 8 years after prestressing, with stress
corrosion cracking identified as the cause

_— @

® In France, presrressed conrainmen's use grouted tendoyéx&pt for 4 verical
tendons of the first uait built ar a site) Thiough 1982, ten leakage and
structural precsur. tests had been performed, and leakage rates were within
prescribed lindts and containment response was elastic and consistent with
design

® In Sweden, 6 prestressed containments were in operation through 1982, § of
them using ungrouted tendons. Reported inspecticns indicated that broken
wires, russ,ng buttonheads, or serious corrosion have not occurred. Small
amounts of water bave been found in a few grease caps, but tests show that the
grease was 1n good conditior, and that tensile and bending tezts of wires yielded
good results. Steel properties have not been affected with time and prestressing
losses were generally less than expected.

® The performance of prestressing systems in the United Kingdom _prestressed (2 )

for vessels has been good and no problems have been encountere
with loss of tendon load. A swall number of cases have been identified where
buttonheads were missing.

® The major percentage of [tendon) corrosion occurred during construcuon,
although it was not considered serious enough to warrant tendon replacement.
In France, performance has been satisfactory. [n two instances, extensive
corrosion was detected but subsequent corrosion was arrested by changing the
enduit air sweeping system from pencogic 10 continuous operation 1o control
humidity, In the U.S. (Fumt St. Vrain), date available from 1971 through 1 784

3:21
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show the performance to be good. Corroding wires and broken tendons were
identified in 1v84, with failures attributed to general corrosion and stress
the grease. An analysis which included the effects of the degraded tendons foun
the vessel able to withstand operating pressures. A proposa! has been made to

fill the ducts with a nitrogen blanket as a means to stop the corrosion and to

4

increase the frequency of visual inspection and lift-off tests.

res in reinforcing and prestressing systems
for containment and teuctnr vessel strucruceé provide confidence that such systems have

3.3.4 Historical Performance of Liners

A survey of prestressed concrete pressure vessel and containment incervice inspection
expenence (23] ‘ncluded a review of 100 Licensee Event Aeports. In only one instance was
» Type A tes; failure caused by leakage other than through penetrations or valves. ln this
one instance, twe holes had inadvertently been drilled through the liner. Consequently,
past history supports that liner degradation sufficient to compromise containment integnty
has not occurted

3.3.% Stec! Containment Performance Testing

Steel containment siructures also are gesigned with substantial margins 1o perform their
intended function of providing a leakage barrier to the release of fission products. As with
the concrete vortainment structures discussed in Section 3.3.2, this_margin provides

crobiological atiack on

gdditional confidence that while some age-related degradation may occur, the existing
masa more than offseis any decradation effects The sdequacy of this des‘ig:) margin has
been demonstrated, both by analyses to identify the ultimate pressure capability of free
standing steel containment structures and by scale-model tests.

ot

s ’ % 3 . o
Owners of ice-condenser free standing stee! containments have performed studies to

determine the Qluimate pra<sure cagabiliry of their containments as part of their response
tc new regulatory requirements for degraded core hydrogen control (1€ CFR Part 50.44).

Analyses have been compieted for the Tennessee Valley Authority’s Sequoyah Nuclear
Power Plant and Warts Bar Nuclear Power Plant, Indiana tichigan Power's D. C. Cook
Nuclear Power Pian:, and Duke Power Company’s Catawba Nuclear Plant and M.:Guire
Nuzlear Plant. These analyses have shown that the ultimate pressure capacity of the
containment structures is aignificantly higher than the design pressure.

-
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The technical evaluation of a particulaf age-related degradation mechanism and its effects

on the continued.safeny pesfammance of a particular PWR containment component leads to
one of rwo conclusions: (1) the effects of the mechanism are potentially sig: ificant to that

component, and further evaluation is required in Section § relative to the Sapability of

Llfective programs to manage the effects Lhe age-related degradation; or (2) the effects
of the age-related degradation ars n cant to the adility of that comporer: to

perform its intended safery functionthroughout the license renewal (erm. For the lutiar
case, specific criteria and corresponding justificacion are provided in this section that :an
be used as the basis for generic resolution of the age-related degradation
mechanism/component issue.

License renewal applicants intending to reference these generic conclusions are responsible
for a review/evaluation of plant specific features, including appropriate CLB
documents/information, 1n order to assure that zhere are no deviations from the
assumptions and criteria used in the repon This jew should compare the design basis
for particular components with the ' ‘ ctions 3.1 aud

=it € COMponent operating history ShOUlu aiso be compared t2 the generic perfo-mance
~eRaZamelers Sescribed in Section 3.3 Finally, the specific assumptions and criteria used in
M

this section should be examined to assure that they Wﬂm 2pply to the
component under consideration (—Teletz

4.1 CONCRETE

Detnrioration of hardened concrete can be caused by aggressive environmental factors such
as exposure to chemicals, corrosion of embedded steel, chemical reactions with aggregates,
and/or extreme environmental conditions. Other rypes ¢f degradation, such as cracking,
occur very early in the life of a concrete member, while the concrete is in either the plastic
or hardening state. Plastic concrete, that is, that which has not achieved its final set, can
exhibit cracking due to:

@ excessive water loss resulting in random craze cracks,

® creep and plastic shrinkage caused by rapid drylrg and the subsequent voiume
change that occurs when concrete at the surface is resuained by the concrete
below the embedded reinforcing steel,

® inadequately prepared subgrades.

Cracking of this type does not usually provide a diminished structural capability, unless
such cracking leads to the entry of constituents creating an agg.essive environment

®
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Hardened concrete may crack early in its life due to (1) volume changes caused by drying,
(2) expansion and contraction due to differences in temperature, and/or (3) resistance 10
load. The following subsections focus on the time-related degradation mechanisms that
may cause & PWR containment structure to deteriorate and thus can be described as age-
re'ated phenomena. -

4.1.1 Freeze Thaw

4.1.1.1 Mechanism Description

Repeated freezing and thawing is a mechanism known to be capabie ¢! causing severe
deterioraticn ‘n both the mechanical properties and physical form of concretes that are
susceptible to such action. To make concrete immune to the effects of freezing and
thawing, Mather (1) has summarized three factors which must be considered in the design
and placement of concrete to provide immuniry to freeze-thaw effects:

A. the cement paste must have an entrained air system with an appropriate void
spacing facter,

B. the aggregute must be of a sufficiently high quality to resist scaling,

C. the in-place concrete must be allowed to mature sufficient!, before being exposed
to cyclic freezing and thawing.

Congcrete used in PWR containnient structures contains an air entrained admiszure which
meets ASTM C260-77 [2] requirements. In addition, the quantity of admixture contained
in the concrete should result in an adequare percentage of air. Regarding maturity, it van
te stated that the more complete the chemical reactions are in the concrete prior to the
first freeze-thaw exposure, the more Likely that it will ba resistant to freezs-thaw action.

Figure 4-1 shows the effect of air content on durability. Optimal concrete durability is
achieved by ensuring the air content percentages are within the ranges specified in ACI
301-84 [3]. The optimal air conient is based on the normuna! maximum size of coarse
aggregate, but is generally berween 3 and 6%,

Concrete lacking a suitable entrained air system is susceptible to degradation by the action
of repeated freeze-thaw cycles on hardened cement paste, and on certain types of
aggregates used. The couse of this phenomena is water freezing within the pores of the
concrete, creating hydraulic pressure. This pressure produces either an increase in the size
of the cavity, due 1o the volumetric increase associated with ice formation, or forces sume

4.3
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number of freezing cycle days and the average annual winter rainfall. The weathering
index is in excess of 500 day-inches for the “severe" region, between 100 and 500
day-inches for the "moderate” region, and less than 100 day-inches for the "negligible"
region [7].

4.1.1.2 Significance to License Renewal

Surfaces exposed to the weather that can become saturated with water and freeze are
vulnerable to freeze-thaw degradation. For PWR containments, the flat or near-flat
surfaces of the dome, and the ring girder of post-tensioned containments are arcas which
could be susceptible to freeie-thaw degradation. Those structures in "moderate” and
"severe” weathering regions have the greatest potential for freeze-thaw degradation. PWR
containment structures in regions exposed to "negligible” weathering ere not subject to
freeze-thaw degradation. !n addition, because of the design and construction standards
used for concrete PWR conteinment structures, freeze-thaw degradation of extenior walls
in "moderate to severs" weathering regions will not be significant. For some PWR
containment structures, the use of coatings on containment dome surfaces and the sloping
surfaces of ring girders provides further protection from freeze-thaw degradation.

Concrete used for containment structures is produced using sound principles of concrete
constituent material selection and mix design. Containmer concrete contains an
appropriate amount of entrained air (3-6%) necessary for freeze-thaw resistance, and an
amount of cement (hat both enables the achievement of the desired concrete design
strength and a2 water-to-cement ratio conducive to reduced permeabiliry. On some
containments, coat.ngs have been provided on dome surfaces and the sloping surfaces of
prestressed containunent ring girders, which will further minimize the penetration of water.
Because of these preventive measures, freeze-thaw degradation is highly unlikely to occur
on & wide scale or over substantially large areas of @ PWR containment.

There have been localized degradation incidents at units located in geographic regions with

severe weather conditions. These incidents have served to identify the limited susceptible
set and have resulted in the implementation of remedial actions and planned inspections.

These incidents of freeze-thaw damags to containment domes are attributed to oniginal )(

Sonstruction defects rather than age-related degradation, and are plantspecific. Damage ’(,

observed to date has resulted in the implementation of appropriale ramedial actions ] i
therehy preveniing potentially significant degradation.

4.6
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4113 Summary of Freeze Thaw

If PWR containment concrete components are not exposed to the weather in such a way
that thuy can become saturated with water, then they are not vulnerable to freeze-thaw
damage.

If PWR containment structures are located in a geographic region subject to “negligible”
weathering conditions, i.e., a weathering ind« « of less than 100 day-inches per yea: [2],
then freeze-thaw damage is not a significant age-related degradation mechanism for the
containment concrete, and requires no further evaluation.

If PWR contzinment structures are located in a geographic region subject to "severe”
(weathering index greater than 500 day-inches per year) or “moderate’ (weathering index
berween 100 and 500 day-inches per year) weathering conditicns, but if the concrese mix /ﬂ
design meets the air content and water-to-cenient ratio requirements of ASTM C260 (2] .
(or, equivalently, the ASME Code requirements of Section Ill, Division 2, Paragraph CC-
2231.7.1 [8]), then freeze-thaw damage is not a significant age-related degradation
mechanism for the containment concrete, and requires no further evaluation,

This conclusion applies to all PWR containment concrete components:

l H crete b
Concrete dome

Concrete containment wall above grade
Concrete containment wall below grade
Concrete basemat

i o 8-

1. Concrete basemat

A license renewal applicant intending to take credit for these conclusions is responsible for
the review/evaluation of plant-specific features, including appropriate CLB
documents/information, in order to assure that the weathering index or concrete mix
design satisfy the above assumptions and criteria.
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412 Leaching of Caldum Hydroxide

4.1.2.1 Mechanism Description

Water passing through cracks, inadequately prepared construction joints, or areas that were
inadequately consolidated during placing can dissolve some calcium-containing products
in the concrete. The most readily soluble of these is 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 [4). Water, either from rain or melting snow, that contains small
amounts of calcium ions can readlly leach lime from concrete. The water's aggressiveness
or ability to leach calcium hydroxide depends on its dissolved salt content and its
temperatire. This leaching acrion of the water can only occur if the water passes through
the concrete. Water that merely passes over the surface will not cause significant leaching.

Leaching of calcium hydroxide is observed on concrete that is alternately wetted and dried.
The white deposits that are left on the surface of the concrete are a soluticn 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 25 a white deposit.

Leaching over long pericds increases the porosity and permeability of concrete, making it
more susceptible to other forms of aggressive aitack, and reducing its strength. Leaching
also lowers the pH of the concrete and threatens the integrity of the prorective oxide film
around the rebar.

Problems relaiing to the dissolving and leaching action of percolating water are tied
directly to permeability. Resistance to leaching and efflorescence is thus related to
ensuring the use of concrete with low permeability. A dense concrete with a suitable
cement content that is well cured will have low absorption and be less susceptidle to the
calcium hydroxide dissolving action of rain or groundwater. Although many concrete
containment basemats are constructed with waterproofing membranes, no credit is taken
for their remaining effectiveness,

Any factor that tends to improve the compressive strength of the concrete will have a
beneficial effect on water tightness. Therefore, the better the quality of the constituent
materials, the less permeable the concrete. ACI 201.2R-77 [2] provides guidance to assure
a dense well-cured concrete, Low water-to-cement ratio, smaller coarse aggregate, long
curing periods, entrained air. and thorough consolidation all contribute to water tightness.

48



Figures 4.2 and 4-3 show the relationships berween permeability, water-to-cement ratio,
. *gregate size and curing time.

4122 §ignificance to License Renewal

Concrete PWR containment structures that are exposed to rainwater or groundwater may
be susceptible to leaching of calcium hydroxide. Cracks and improperly prepared
construction joints provide the easiest mechanisms for entry of water, and are likely areas
for leaching. PWR containments are constructed of a dense, well-cured concrete with an
amount of cement suitable for strength deveiopmzat, and achievement of a
water-to-cement ratio which is characteristic of concrete having low permeability. In
addition, to cause leaching, the water must be flowing, rather than just filling a crack or
void. Such water flow is unlikely, even if the ground water is of chemical makeup that
could leach lime from concrete. Cracks may be more numerous in reinforced concrete
containments than in post-tensioned containments, but should be sufficiently tight to
prevent the free flow of water necessary for dissolution of free lime to occur.

4.1.2.3 Summary of Leaching of Calcium Hydroxide

.

If the containment structure is not exposed to flowing water, then leaching of calcium
hydroxide is not a significant age-related degradation mechanism for concrete components,
and requires no further evaluation.

If the concrete containment structure is exposed to flowing water, but if the structure was
constructed using a dense, well-cured concrete assuring low permeability, consistent with
the guidance provided in ACI 201.2R-77 (2], then degradation caused by the leaching of
calcium hydroxide is not significant, and requires no further evaluation.

This conclusion applies to all PWR containment concrete components:

Concrete dome

Concrete containment wall above grade
Concrete containment wall below grade
Concrete basemat

Free-Standing Steel Containment with Flat Bottom and an Ice-Condenser

1. Concrete basemat
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A license renewal applicant intending to take credit for this conclusion is responsible for
the review/evaiuation of plant-specific features, including appropriste CLB
documents/information, in order to assure that the site conditions relating to flowing water
and the concrete mix design satisfy the above assumptions and critena.

4.1.3 Aggressive Chemicals

4.1.3.1 Mechanism Description

Concrete, being highly alkaline (pH > 12.5), is degraded by acids [§]). Portland cement
concrete is not truly acid-resistant, although varying degrees of resistance can be obtained
depending upon the materials used and the care takern in placing, consolidating and curing.
Acid attack can increase porosity and permeability of concrete, reduce its alkaline nature
at the surface of the artach, reduce strength, and render the concrete subject to furthe:
deterioration. No Portland cement concrete, regardless of its composition, will withstand
exposure to highly acidic water for long periods. A dense, concrete with low permeability
and low warei-to-cement ratio may provide an accepiable degree of protection against mild
acid attack (9]

Sulfates of potassium, sodium, and magnesium may attack concrete, depending u; °n the
concentration present in scils and/or groundwater. Sulfate attack, generally more
prevalent in the western half of the U.S. [10), can be szvere when the concrete is saturated
and is more likely when alternating saturation and drying conditions are encountered (4]
In additior, the exposed surfaces of containment siructures located near industrial plants
which contribute to the sulfur-based acid rain phenomenon could be subject to
deterioration. 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. Use of adequate cement content, low
water-to-cement ratio, and thorough consolidation and curing contribute to low
permeabiliry and provide effective protection against sulfate attack. Use of the appropriate
cement type (e.g., ASTM C150, Type II) and pozzolan (e.g., fly ash) also increase suliate
resistance [10].

4.1.3.2 Significance to License Renewal

Acid attack may occur where concrete is exposed to aggressive aqueous solutions. The
environment inside containment does not include exposure of concrete to aggressive
chemicals. Because of irs properties, concrete used in PWR containment structures is not

4.12
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significantly affected by acid rain. Thus, internal concrete and external concrete above
grade are not subjected to the conditions necessary to cause potentially significant
degradation due to aggressive chemucals. Therefore, only below grade portions of the
cortainment which may be exposed to sullate beasing soils or groundv - ter are susceptible
to degradation due 10 aggressive chemicals. The potendal for degradation depends upon
the composition of the soil/groundwater, the level of the groundwater in relation to below
grade portions of the containment, and the presence or lack of a waterproof membrane.

For resistance to chlorides aind/or sulfates, a high cement content, low water-to-cement
ratio, and thorough consolidation and curing conisibute to Jow permeability and provide
the best protection. Cement type also is significant in sulfate resistance {e.g., ASTM C150,
Type I1 {11], a cement type commonly used in containmert const-uction, possesses
moderate sulfate resistance). Containments are ganerally construcied with concrete
Dossessing these attributes. In addition, the soil or groundwater chemustry must be
aggressive (pH < 5.5 or chemical concentrations above the threshold limits of SO0 ppm
chlorides L;_Z_‘ 1500 ppm sulfates [13]) and the exposure conditions must allow contact
for chemucal attack to occur. These factors collectively lessen the likelihood that chloride
r sulfate artack of PWR containment structures will be significant.

4.1.7 3 Summan of Aggressive Chemicals

if PWR containment structures sre not exposed to an aggressive chemical environment
(< 5.5 pH), or to chloride/sulfate sclutions beyond defined limits (> 500 ppm chlorides

J113] and 1500 ppm sulfates [131), then degradation caused by aggressive chemical attack
18 not significant for containment concrete, and requires no further evaluation. The
fullowing PWR containment concrete components are not exposed to aggressive
groundwater:

RBeinforced and Prestressed Concrete Containments

1. Concrete dome
2. Concrete containment wall above grade

A license renewal applicant intending to take credit for these conclusions is responsible for
the review/evaluation of planispecific features, including appropriate CLB
documents/information, in order to assure that the assumptions and environmental
exposure limit criteria given above, or their justified equivalent, are met.

If PWR containment concrete components are exposed to groundwater that exceeds the pH,
chloride, or sulfate limits defined above (aggressive groundwater), but if this exposure is

4.13
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~Tor intermittent periods only, then degradation caused by aggressive chemicals is not

significant.

If PWR containme .t structures are exposed to aggressive groundwater for gx
then the degradation caused by aggressive groundwater atiack is potentially significant.
This i¢ limited to the below grade concrete structural comjponents listed below. Further
evaluation of these PWR containment structures that may be exposed to aggressive
groundwater for extended periods is provide in Section 5.1 of this report.

Reinforced and Prestressed Concrete Containments

1. Concrete containment wall below grade
2. Concrete basemat

Eree-Standing Steel Containment with Flat Bottom and an lce-Condenser

1. Concrete basemat

4.1.4 Reactions with Aggregates

4.1.4.1 Mechanism Description

Chemical rezctions are possible berween certain aggregates and alkalies [14). These
alkalies are predomunantly introduced by cement, but also may come from admixtures, salt-
contaminated aggregates, and penctration by seawater or solutions of deicing salt. Three
rypes of reactions may occur depending upon the composition of the aggregates. They are
alkali-aggregate reaction, cement.aggregate reaction, and expansive alkali-carbonate
reaction.

Alksali-aggregate reaction, more properly designated as alkali-silica reaction, involves
aggregates which contain silica and alkaline solutions. All silica minerals have the
porential to react with alkaline solutions, but the degree of reaction and ultimate
degradarion incurred can vary significantly. Alkali-silica reactions can cause expansion and
severe cracking of concrete structures. Reactive material in the presence of potassium,
sodium, and calcium oxides derived from the cement reacts to form solids which can
expand upon exposure to water. Expansion due to alkali-aggregate reaction was
recognized as early as 1940 by T.E. Stanlon, "Expansion of Concrete Through Reaction
Between Cement and Aggregate,” Proceedings ASCE V.66 Dec. 1940 [15] and was also
reported in 1958 by William Leech "Chemical Peactions,"” Special Technical Publication No.
169, 1958, [16] American Sociery for Testing Materials, Philadelphia. A map and data
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showing geographic areas known to yield natural aggregates suspected

capable of alkali-silica reaction are included in AC1 201.2 [9] The map and the data were
published in 1966 and as early as 1941, respectively. A 1960 report by ACI Commmittee
201 indicated that the rocks which may induce rapid alkali-silica reactions are found
predominantly in the western half of the United States. Alkali-silica reactive rocks which
are characterized by slow reaction rates were recognized as early as 1941. The reactivity
of such aggregates might not be recognized until the structures were over 20 vears old,
even if used in combination with high alkali cement. These rocks include grarute gneiss..,
metamorphosed subgraywackes, and some quartz and quarnzite gravels.

Cement.aggregate reaction is a seco..d rype of reaction berween the aikalies in cement and
some siliceous constituents of the aggregates, which is complicated by environmental
conditions that produce high concrete shrinkage and alkali concentrations on the surface
due to drying. Sand-gravel aggregates in the Kansas, Nebraska and Wyoming areas have
been subject to this rype of reaction.

A third type of reaction can occur between certain carbonate aggregates and alkalies, which
in some instances produces expansion and cracking Certain limestone aggregates have
been reporied as reactive, these being from Ontano, Canada, and from [llinois, Indiana,
lowa, Michigan, Missourl, New York, Soutn Dakota, Virginia and Wisconsin in the United
States

Aggregates which react with alkalies can cause expansion of varying severiry, even to the
extent of producing cracking of the concrete and resulting loss of strength and durability
if the expansion is severe. The cracking is irregular and has been referred to as "map
cracking.’

Aggregates used in containment concrete are specifically investigated, tesred, and
petrographically examined to determine the potential for reactivity with alkalies.
Generally, nonreactive aggregates have been used. However, this may not always have
been possible due to the unavailability of nonreactive aggregates. In these cases,
potentially reactive aggregates may have been used under the provisions of ACI 201.2R-77
[2], which include the following:

® Some percentage of the aggregate is replaced by non-reactive aggregates.

® A cement h=.ing a low alkali content is used, preferably as low as practical, but
nre in sacess of 0.6 percent.
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® A pozzolan is used that has hbaen shown 1o be effective in preventing excessive
expansion at the prescribed quantity.

e Both low alkali cement and an effective pozzolan are used in combination,

® Total alkalies in the concrete from all sources are limi'ed to 3 0 !:'/m’ (3. g : )

4.1.4.2 Significance to License Renewal

Moisture must be available for chemical reactions berween aggregates and alkalies to oceur.
Consequently, areas that are either consistently wet or alternatively wet and dry are
susceptible 1o detenioration given the presence of potentially reactive aggregates. Such
areas would include unprotected portions of the containment basemat and shell in contact
with groundwater, and areas of the dome and ring girder concrete

Operating history does not indicate that structural integrity is significantly affected by
alkali-aggregate reactions. Aggregates used in containment concrete are investigated,
tested, and petrographically examined in accordance with ASME Section [I] Division 2 Class

( 2-) CC [ﬁ] ASTM €295 (17] and ASTM C227 (18] to determine the potential for reactivity

“With alkalies. o most nuclear plant construction, non-reactive aggregates were used.
However, where aggregate reactivity was considered a possibility, a limitation was imposed
on cement alkalies throughout containment construction, and/or an effective pozzolan was
used in combination with the cement

Chemical reactions of aggregates with both fast and slow reaction rates were recogrnized
as early as 1940. The petrographic method to identify the reactive constituents in concrete
aggregates was first published in the 1948 ASTM Proceedings [19] In 1961, Title No. 58-
24 Selection and Use of Aggregates for Concrete” was approved and published by ACI
Committee 621. Subsequently, in 1962, Title No. 59-57 "Durability of Concrete in Service"
was approved and published by ACI Committee 201. Both documents provide guidance in
selection of aggregates and cements to avoid alkali- lggreglte reactions. The requirements
and guidelines addressed in the AC! Manual

design and construction. Although some highway pavements and bridges have exhibited
aggregate reaction degradation, there is no evidence of degradation due to reactive
aggregates in PWR concrete containment components.

4.1.43 Summary of Reactions with Aggregates

If the aggregate used for PWR containment construction was taken from geographic regions
cther than those known to yield aggregates suspected of or known to cause aikal-
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aggregate reactions, Or was inves ated, @:ifé, and subject to a petrographic

examination conducted in accordance with ASME Section I1I, Division 2 Class CC (8),

/ ASTM C which showed that the sggregate used in

containment construction is non-reactive, thea reactions with aggregates is not a significant

Oj age-related degradation mechanism for PWR containment concrete components, and no
further evaluation is required.

If the aggregate was examined and found to be potentially reactive, but if the provisions
of ACI 201.2R-77 (8] or their justified equivalent were adhered to, then reactions with

aggregates is not a significant age-related degradation mechanism, and no further
evaluation is required

These conclusions apply to all PWR containment concrete components;

Reinforced and Prestressed Concrete Containments

Concrete dome
cnerete containment wall above grade
oncrete containment wall below grade
Concrete basemat

bW

Eree-Standing Steel Containment with Flat Bottom and an Ice-Condenser

1. Concrete basemat

A license renewal applicant intending to take credit for this conclusion is responsible for
the review/evaluation of plant-specific features, including appropriate CLB
documents ‘information, in order to assure that the assumptions and criteria for non-
reactive aggregate, and the restrictions on the use of potentially reactive aggregate are met.

4.1.5 Corrosion of Embedded Steel

4.1.5.1 Mechanism Description

Concrete’s high alkalinity (pH > 12.5) provides an environment around embedded and
reinforcing steel which protects it from corrosion. However, if the pH is reduced (pH <
11.5) by the intrusion of aggressive ions [e.g., chlorides > 500 ppm), corrosion can occur
(4]. A reduction in pH could be caused by the leaching of alkaline products through
@-——"&{ks, entry of acidic matenals, or carbonation. Chlorides could be present in constituent
matenals of the original concrete mix (i.e., cement, aggregates, admixtures and water), or
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to the steel through existing cracks in the concrete. MHowever, these above yround

locations are exposed to an aggressive environment only_intermintently; telow grade
exterior surfaces, especially in the zone of fluctuating water level, could be exposed to

aggressive groundwater on 3 morg or less continuous basis. Qnly those-exteriorvomerere
components that are exposed to an aggressive environment on an ongoing basis are
susceptible to embedded steel corrosion.

41.5.3 Summary of Corrosion of Embedded Steel

If PWR containment structure embedded steel components are not exposed to an aggressive
environment (D < 118 or > 500 ppm chlorides with oxygen available (4]), then age-
related degradation due to corrosion of embedded steel will not be signuficant. No further
evaluation is required for the following concrete components that are not exposed to
groundwater:

Reinforced and Presiressed Concrete Co nlainments

1. Ceoncrete dome
2. Concrete containment wali above grade

A license renewal applicant intending to take sredit for this conclusion is responsible for
the review/evaluation of plant-specific fearures, including appropriate CLB
doc sments/information, in order to assure that the assumptions and cntenia given above
are met

If the groundwater is not aggressive as defined above, then below grade concrete
components will not be subject to significant degradation due to corrosion of embedded
steel.

If an aggressive environment as defined above is present but the containment structure

concrete is zelatively high strength (4000 psi), has a low water-to-cement ratio (0.35 tc

0.45), and adequate air entrainment (3 to 6 percent), it will have low permeability god (2D

if the containment structure was designed in accordance with ACI 318 (J2] or ASME
Section Ill Division 2 (8], the reinforcement distribution will minimize crack development
and the concrete cover over embedded steel components will effectively prohibit exposure
of embedded steel components to the corrosive environment, thereby preventing significant
age-related degradation of the embedded steel components due to embedded steel
corrosion.
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Figure 4.4

Effect of Temperature Exposure on Compressive
Strength of Concrete (Hot Testing)
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® The reduction modulus of elasticity is more pronounccd than that of
compressive strength, in wne temperature raige of roncern {r this report.
Co

Llastisity Thus, the reduction in moduus of elasticity is not significant.

¢ Thermal cycling of tempergture cause, a greater strangth loss than exposure to
@ single rise to the same temperatur. level. Containment concrete is subjected
o thermal cycling. Therefore, this fact has a ncgative influence on the
containment structure during the license ren<wal term.

® Finely crystalline aggregates are more durable from & thermal standpoint than
coarse-grained spgregates The grain structure of PWR containment concrete
aggregate is plant-specific. Therefore, the conclusion for this factor is plant.
specific.

® Concrete age affects the magnitude of strength loss due to exposure 1o elevated
temperatures; the older the concrete, the lower the strength loss. This will have
a posiave influence on containment performance duning the license renewal term.

As @ resut of leng 1rrm exposure to high temperatures (> 300F), surface scaling and

cracking may be exhibited. Otherwise, there is no visible physical manifesration of
concrete de jradation due to elevated temperatures.

4162 Significance to License Renewal _@)

b

Cr.nainment concrete generally does not expemz temperatures Figher than 120 to 1SOF
duning normal operation. At tempemures Ads range, design standards for concrete
structures (eg, ACI 318 349 [21) do not require any special considerations.
Section CC-3440 of the ASML Bmler and Pressure Vessel Code, Section [I1, Division 2 [8)
indicates that as long as concrete teriperatures do not exceed 150F, aging due to elevated
temperature exposure will not be signuficant. Whereas PWR containment concrete does not
evperience bulk temgeratures higher than 150F .uring norma’/ operation, concrete near
penetrazions cuuld be exposed to higher temperatures, depaiding upon the effecti

of penetration design and the use of cooling coils and/or insulation. ACI 349 (21T allows
local area remperatures to reach 200F before special provisions are required. If
containment terrperatures do not exceed these code values, elevated temperature is not 8
significant age-related degradation mechanism for PWR containment concrete. Where
containment concrete is subject to lucalized temperatures in excess of 200F, provisions are
included in the design to accommodate these conditions. Where such provisions have been
made (e.g., the use of high temperature concrete around hot pipes that penetrate the
containment wall), the elevated temperature will not cause significant age-related
degradation duning the license renewal term.

4.24
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4163 Summary of Elevated Temperature

If PWR contanment normal bulk operating temperatures are maintained below the
thresheld degradation remperature of 150F [8) and local area temperatures are maintsined
below the limit of 200F (2]1), exposure of PWR containment concrete to elevered
temperatures is not a significant age-related degradation mechanism, and requires no

further evaluation. f5y

Furt er ¥ the above temperasure limits are exceeded, but plant-specific justification is
prov. e Li terms of containment concrete strength properties at elevated temperature or

temperatures will not cause significant age-related degradetion. This conclusion applies
to all PWR containment concrete components:

% ﬂ-\va J

oniainments

1. Concrete dome

4. Concrete containment wa!' above grade
3. Concrete containment wa'l below grade
4. Concrete basernat

Eree.ftancing Steel Containment with flat Bottom ard an Ice-Condenser

1. Concrete basemat
A license renewal applicant intending to take credit for thess conclusions is responsible for
the review/evaluation of plant-specific features, including  approprivie CLB

documents/informarion, in order t> assure that either the above temperature Limit

assumptions and criteria are met, or, if the temperature limits are exceeded, appropriate
and justified spacial provisions have been made.

4.1.7 ULradiation

4.1.7.1 Mechanism Description

Concrete can undergo changes in proparties if exposure to neutron and/sr gamma radiation
exceeds centain levels. The following conclusions relevant to containment concrete have
been made in the literarure [22):

4.25

!

s the result of the application of other special provisions described by ACI 349 (21]), er—<
%www then exposure of PWR containment concrete 1o elevated
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Figure 4.7
Compressive Strength of Concrete Exposed to
Neutron Radiation f, Related to Strength of
Untreated Concrete f,
(Source: See Reference 22)
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exceed the Wmmof 10" neutrons/em’ [22) and 10" rads [12),
respectively, then irradiation is not a significant age-related degradation mechanism for
PWR containment concrete and requires no further evaluation for all PWR containment
concrete components:

Reinforced and Prestressed Con.zetx Containments

Concrete dome

Concrete containruent wall above grade
Corn:rete containment wall below grade
Concrete basemat

1. Concrete basemat

- ok ok g o

A license renewal applicant intending to take credit for this conclusion is responsible for
the review/evaluation of plantspecific  features, including appropriste CLB
documents/information, in order to assure that these assumptions and criteria are met.

4.2 REINTORCING STEFL (REBAR)

Reinforcing steel (rebar) is designed 1o resist both tensile and compressive forces in
concrete containment structures. The rebar i provided to supplement the concrete
compressive strength as required by the design loading. The inability of concrete to resist
tensile loads requires that rebar be prcaded to resist the tersile forces. The following
subiections focrus on the age-related degradation mechan.sms that may affect PWR
contaiiument reinforeing steel.

4.2.1 Corrusion

4.2.1.) Mechanism Description

Protection of reinforcing steel is depradent upon the quality of the concrete and its ability
to erclude environmental factors that promote corrosion. Oxygen, moisture, and aggressive
ions, most notably chlorides, must be present for electrochemical corrosion to occur. Other
factors which may affect the rate of corrosion are: lack of uniformity in the cuncrete and
steel; the pH of the powr water, carbonation of the Portland cement paste; cracks in the
concrete; and galvanic effects due to contact between dissimilar metais. Design features
such as mix proportions, depth of cover over reinforcing steel, crack control measures, and
implementation of moasures designed specifically for corresion protection, play an

4.3)
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important role in preventing the onset and/or controlling the rate of rebar corrosion [23).
Refer to Subsection 4.1.5 for additional discussion of currosion.

Deterioration of concrete from hairline eracking, rust spalling, and more severe cracking
may be the result of rebar corrosion. In time, structural distress may occur as & result of
either the loss of bond between the stee and concrete or because of a reduction in rebar
cross section. These conditions can lead to impairment of structural integrity.

As discussed in Subsection 4.1.5, the quality of concrete and continuity of concrete cover
over the reinforcing steel play important roles in preventing rebar corrosion. Pretection
of rebar from stray electrical currents, isolation of rebar from dissimilar metals, application
of coatings, and prevention of exposure 1o moisture are some other techniques used to
prevent rebar corrosion.

4212 Significance 1o License Renewal

As discussed in Subsection 4.1, PWR containment concrete is sound and durable. While
some cracks could exist, the distribution of reinforcing steel in the containment structure
is designed to control the width of these cracks, thereby minimizing the reinforcing stee!

[12

corrosion potential, Containment structures designed in accordance with ACI 318 n“/ -

have sufficient concrete cover over rebars to provide adequate corrosion protection. In
addition, the concrete and ingredient material properties of PWR containment structures
conform to ACI and ASTM standards, thereby assuring good quality, well consolidated, and
properly cured concrete, reducing the potential for corrasion. Further, industry star.dards
such 8s ACl 318 assure that cracking is controlled through reliance on reinforcement

distribution.
[l

The primary areas of susceptibility to rebar corrosion are on the extedgsSurfaces of the
containment stracture, wirere moisture, oxygen, and aggressive ions hifve potential access
to the rebar. Chloride in groundwater in excess of 500 ppm (11)“can make rebar in the
groundwater fluctuation zone susceptible to comsiommm. insufficient oxygen
is present and above this zone, insufficient water is available for this mechanism to be
active.

4.21.3 Symmary of Corrosion

If reinforcing steel is not exposed to aggressive ions in solution (< 500 ppm chlorides

(1)), then age-related degradation due to corrosion of the reinforcing steel wall not be
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significant, and no further evaluation is required. The following PWR containment

components are not exposed to aggressive ions in solution (aggressive groundwater):

Beinfarsed and Presuressed Cozcrele Containments

1. Dome reinforcing steel
2. Containment wall reinforcing steel above grade

A license renewa) applicant intending to take credit for this conclusion is responsible for
Le review/evaluation of plantspecific features, including appropriate CLB
douments/information, in order to assure that this criterion is met.

If PWR containment zoncrete is sub'ect to an aggressive environment W_,/CD

basis, but the containment structure concrete conforms to industry standard ACI
318 or its equivalent, thereby ensuring a dense, well.cured concrete

Tendorcement distribution designed to control cracking, then corrosion of the reinforcing
stee] will not be a significant age-related degradation mechanusm. D

s

If the PWR concrete containment structure is exposed to \itéﬁunt concentrations of
aggressive ions in solution (i.e., » 500 ppm chionides “w on & sustained basis and has @
a ready supply of oxygen, corrosion of the reinforcing steel is a potentially significant
degradation mechanism and must be evaluated further. For PWHK containment structures,

the areas of susceptibility are limited to below grade exter.or walls and the basemat.
Further discussion of reinforcing steel corrosion is provided in Section 5.1 for the following
components:

A B 14!

1. Containment wall reinforcing steel below grade
2. Basemat reinforcing steel

1. Basemat reinforcing steel
4.2.2 Elevated Temperature

4.2.21 Mechanism Description

Hot rolled reinforcing bars exhibit a reduction in yield strength and modulus of elasticiry
at elevated temperaiures. At 700F, the reduction is limited to 15%. Above this

4.13
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1. Basemat reinforcing steel

A license renewal applicant intending to take credit for this conclusion is respornsible for
the review/evaluation of plant-specific features, including appropriate CLB
documents/information, in order to assure that these assumptions and criteria for
cumulative reinforcing steel fluence are met.

4.3 PRESTRESSING SYSTEM

431 _Coirosion (1)

4.3.1.1 Mechanism Description

When corrosion of prestressing tendons occurs, it is generally in the form of localized
corrosion. Most corrosion-related failures of prestressing tendons have been attributed to
pitting, stress corrosion, hydrogen embrittlement, or some combination of these [27).
Pitting is a highly localized form: of corrosion. The primary parameter affecting its
occurrence and rate is the environment surrounding the metal. The presen-: of halide
ions, particularly chloride icns, is associated with pitting corrosion.

Stress corrosion results from the simultaneous presence of a conducive environment, a
susceptible material, and tensile stress. The environmental factors known to contribute to
stress corrosion cracking (SCC) in carbon steels are hydrogen sulfide, ammonia, nitrate
solutions, and seawater. Prestressing tendon anchor heads which are constructed of a high
strength, low alloy steel bolting meterial, are subject to SCC,

Hydrogen embrittlement (technically not a form of corrosion) occurs when hydrogen
atorns, produced by corrosion or excessive cathodic protection potential, enter the metal
lattice. Hydroger produced by corrorion is not usually sufficient to result in hydrogen
embrittlement of carbon steel. Cathodic polarization is the usual method by which this
hydrogen i¢ produced. The interaction between the dissolved hydrogen atoms and the
me:al aioms results in a loss of ductility manifesied as brittle fracture.

Corrosion of prestressing wires causes cracking or a reduction in wire cross sertionai area.

In either case, \ne prestressing forces applied to the concrete ar2 reduced. If the prestress
forces are reduced below the design level, a reduction in design margin would result.

437
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43.1.2 Significanrce to License Renewal

The occurrence of corrosion-related failures of prestressing tendons in containment
structures has been limited (22). The evolution of petroleum-based grease products for use
in the tendon ducts has substantially reduced the possitility of tendon corrosion.

Prestressed concrete tenion ducts are lined with steel to prevent interaction between the
concrete and the corrosion-inhiditing grease. Potential grease leakage could occur, and
would be most likely at the tendon anchorage, with a small potential for leakage through
the tendon ducts. Regulatory Guide stwo‘“ identify conditions of

leakage before long-term exposure occurs.

Containment concrete members are several feet thick and any grease penetration into the /@
goncrete would be minor (a few inches) The greases used are petroleum-based products.
According to the “Concrete Construction Handbook” (28], petroleum-based products have

no effect on cured concrete, Therefore, age-related degradation due to grease leakage is
net plausible

The potential does, however, exist for significant age-related degradation of tendons and
anchor heads due 10 corrosion.

4313 Summary of Corrosion

Corrosion of PWR contairument prestressing system tendons and anchor heads is potentially
significant and requires further evaluatiun. Effective programs for managing this
degradation are discussed in Section 5.2.

432 Elevated Temperature

4.3.2.1 Mechanism Description

“ae effects of exposure of heat-treated and drawn prestressing wire to elevated
temperatures are similar to those resulting from the annealing process. There is a loss in
tensile (yield and ultimate) strength, and an increase in relaxation and creep losses. These
changes in material behavior are due to alterations in the crystal structure of the metal and
do not reverse upon cooling. Exposure to temperatures up to 400F reduces the tensile
strength of the prestressing wire by approximately 10% [28). Figure 4-12 illustrates the
efiects of elevated temperatures on the relaxation properties of prestressing wire. Exposure
to @ temperature of 140F for 50 years causes a 300% increase in relaxation (percent of

4.38
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Figure 4.12
Relaxation Properties of Prestressing Wires
At Various Temperatures
(Source: See Reference 25)
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initial tension) over wire tested at room temperature (68F) for the same period. The
effects of elevated temperatures on prestressing tendons are not readily observable.

4.3.22 Significance to License Renewal

PWR containment prestressing tendons that are subjected to temperatures less than 140°F
will not experience significant loss of tensile strength. Further, the effect of elevated
temperatures on the relaxation and creep properties of containment tendons is considered
during design, in calculating the prestress losses. Prestress losses are evaluated in
Section 4.3 4.

4.3.23 Summary of Elevated Temperature

If the temperatures to which PWR containment prestressing tendons are subjected are
below 140F, significant degradation due 1o elevated temperature exposure will not oceur,
and no further evaluation is required. A license renewal apslicent intending to take credit
for this conclusion is responsible for the review/evaluation of plant-specific features,
including appropriate CLB documents/information, in order to assure that _these

assumptions and satera

—

4.3.3.1 Mechanism Description

433 Urradiation

Irradiation affects the mechanical properties of steel by dislodging #toms from the metal
lattice, creating vacancies and interstitial atoms. This increases the tensile strength of the
metal, but reduces the ductility. For prestressing wires and strands, high levels of radiation
exposure could cause a decrease in the expected relaxation levels. Studies have shown that
expusure of prestressing wire to a neutron fluence of 4 x 10" neutrons/em’ has a negligible
effect on the mechanical properties of the wire (21).

High levels of gamma irradiation could cause a loss of viscosity in the grease used in the
tendon ducts. Tests of corrosion inhibitors specifically formulated to protect prestressing
tendons indicated no changes ir physical properties outside the original material
specification range when irradiated 10 10" rads (25).
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4.3.3.2 Significance 1o License Rerewal

PWR containment tendons and corrosion inhibitors will not receive enough radiation
exposure during normal operation to incur age-related degradation and off-normal
exposures do not add to this exposure significantly. Radiation exposure levels are well
below the 10" neutrons/cm’ level that is typical for the containmen' wall, and also well

below the degradation theeshold, . ——(7)
4333 Summary of radiation

If the cumulative PWR containment prestressing tendon radiation exposure is less thas
4 x 10" neutrons/cm’, which has been shown to produce negligible degradation [21), then
irradis. 'on of tendons will not cause significant degradation during the license renewa
period and requires no further evaluation. A license renewal applicant intending to take
credit for this conclusion is responsib'e for the review/evaluation of plant-specific features,
including appropnate CLB documents/information, in order to assure that these
assumptions and criteria are met

4.3.4 Prestressing Losses

4341 Mechanism Description

After the prestressing tendons are tensioned during construction, there is @ tendency for
the resulting stress to reduce over time. This reduction in stress, termed prestress loss, can
be caused by several factors. These are:

stress relaxation (f the prestressing wire,

shrinkage creep, or elastic deformation of the concrete,
anchorage seating losses,

tendon friction, and

reduction in wire cross section due to corrosion.

With the exception of corrosion.induced wire cross sectional loss (discussed in
Subsection 4.3.1), these losses are calculated and considered in the design process.

Prestressing losses are not readily cbservable.

4.4
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4342 §Significance to License Runewal

Prestressing losses result in a reduction of the compressive forces applied to the concrete

during initial tensioning. 1f the losses were to exceed those considered in the design, the

result would be a reduction in the design margin.  Presivessing losses are presently
monjtored as part of the Inservice Inspection Program. by periodic liftoff tests as described

in Regulatory Guide 1,35 (29), and the ASME Code Section X1, §ubsection WL.2520 (301 _.A])
These inspection and evaluation programs are described in Sections 5.2.1 and 5.3.1. If

losses are greater than expected, the tendons are retensioned or replaced.

z
Prestress losses are calculated and considered in the )(Lm()of prestressed concrete
containments. The methods for calculating the losgés are wall established, and are
conservative ig the absencs olunyusual clrcumstances. However, the existing calculations
consider a service life of 40 years. Therefore, it cannot be demonstrated that the losses
that will occur in the extended license penod will not exceed the design values.

4.3.43 Summary of Prestressing Losses

Prestressing losses in the tendon systems for PWR prestressed concrete containments were

considered in t!:t design and are periodically monitored as part of the [nservice Inspection "@
LIEam duning the initial license period. These inspection and surveillance programs,

which will be continued throughout the license renewal period, are discussed further in
Section 5.3,

44 LINER

This subsection provides evaluations of age-related degradation mechanisms that are
applicable 10 PWR concrete containment liners. The evaluations of the effects of elevated
temperature and irradiation, and the conclusions drawn also apply to free-standing steel
containments, as indicated in the summary paragraphs.

44,1 Corrosion

44.1.1 Mechanism Descripdon

Liner corrosion could be either galvanic corrosion, stress corrosion cracking, or
electrochemical corrosion resulting from exposure to aggressive aqueous solutions as
described in Section 4.2.1.

4.47
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Calvanic corrosion occurs when the electrical potential difference between dissimilar
metals, placed in contact with each other, results in the flow of electrons between them.
The less resistant metal becomes the anode in this couple, and is subject to corrosion, while
the more resistant metal becomes the cathode and corrodes very little, if at all [31]. The
rate of galvanic corrosion is a function of the potential difference berween the metals, the
environment in which they are located, polarization behavior of the metals, and the
geometric relationship of the metals. Galvanic corrosion reduces the thickness of the anode
metal.

The phenonienon of stress corrosion cracking (SCC) may result in fracture of the metal.
It is defined as cracking under combined action of corrosion and tensile stresses. The
stresses may be either applied (external) or residual (intermal). The stress corrosion cracks
themselves may be either transgranular or intergranular, depending upon the metal and the
corrosive agent. As is normal in all cracking, the cracks are perpendicular to the tensile
stress. Usually there is little or no obvious visual evidence of corrosion.

The three principal factors necessary to initiate stress corrosion cracking are:

@ tensile stresses
® corrosive environment
® susceptible matenal

The tensile stresses necessary to cause SCC must be at or near the material's yield noint.
This is faclitated when the material is substantially cold worked, contains residual stress
from welding, or is subjected to significant applied loads. Corrosive environments which
induce SCC are highly material-dependent. For auvstenitic stainless steels, such as SA-240
1ype 304 or 308, halogens (i.e, chlorides) and acids promote SCC. With respect to
material suscept.bility austenitic stainless steels are prone to SCC, particularly when
sensitization is present (such as in heat affected zones) and at creviced geometries.

Corrosion of the liner is possible under certain contributing conditions. This may be true,

articel s Jor the fNnor liner plate beneath the interior concrete bortom floor slab.
P

Spii , . tions of plant operation, humidity, the presence of aggressive fluids, and
ms: . practices are involved in determining the degree to which the floor liner plate

may be . -eptible to corresion. Corrosion of the liner from the con:rete side due to acid
rain, sajt-containing atmospheres, and groundwater is highly improbable. Cracks which
may exist in the concrete will be sufficiently tight to minimize penetration of moisture,
oxygen, and chlorides to the degree that could cause significant degradation.
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Liner corrosion resulting from exposure to aggressive aqueous solutions which occurs on
the side of the liner in contact with the concrete wouid not produce noticeable distress.
Because of liner ductility, the strain produced by expansive forces generated by the creation
of corrosion products would be spread over @ large area with rather small, localized
displacement of the 'ner. This displacement would be undetectable. Areas of the dome
and cylindrical wall u.er plate would respond in this manner.

Likewise, camasion of the floor liner plate would not be easily detected, Corrosion that
might occur either on the top or bottom (underside) of the floor liner plete would be D,

BWE degigns.

On exposed surfaces of the liner, protective coatings could Jose the ability to adhere to the
corroding steel surface and coating degradation would be apparent.

441.2 Significance 10 License Renewal

Since the containmen liner is constructed from a series of individual steel plates welded
together to form a continuous pressure boundary, both the plate matesial and the welds
are subject 10 the same potential degradation mechanisms. The significance of potential
degradation of the liner is considered to apply equally to the plate material and the welds.

Liner corrosion results in a reduction of liner plate thickness. Excessive reductions in
thickness could compromise the pressure boundary provided by the liner.

Stress corrosion cracking is an age-related degradation mechanism that affects stainless ‘
steels. The PWR containmentli ' bean ’f(@
induced strains in the liner plate result from conformation to the concrete containment’s
deformation which qply i , : it -
due to dead load and prestress load (for prestressed concrete containments). The -
environment inside the containment structure is dry under normal operating conditions,

and therefore the liner plate is not exposed to corrosive environmental conditions.

Therefore, the conditions for SCC to oceur do not exist for the PWR containment liner
Zlate, and age-related degradation due to SCC will not be significant.

The floor liner plate is susceptible to corrosion from Sure to aggressive fluids.
Grouadwater which has in excess of 500 ppm chlorides i - 1ld cause liner corrosion.
The primary paths of ingress for these fluids are the construction and expansion/
contraction joints in the concrete floor slab which covers e bottom floor liner plate, and
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Reinforced and Prestressed Concrete Containments

1. Containment liner interior surface

2. Containment liner sbove grade extenor surface
3. Busemat liner interior surface

4. Liner anchors above grade

Cemmon Components

1. Penetration sleeves
2. Dissimilar metal welds
3. Personnel airlock
4. Equipment hatches

A license renewal applicant intending to take credit for this ronclusion is responsible for
the review/evaluation of plant-specific features, including eappropriate CLB
docu:nents/information, in order to assure that the above assumptions and criteria are met.

If aggressive groundwater (chlorides > 500 ppm) [11] is present, then corrosion of the
liner plate is potentially significant for the PWR containment components listed below,
Effective programs to manage this degradation are described in Section §.4.

Reinforeed and ¢ { ¢ ——

1. Containment liner below grade exterior surface
2. Basemat liner exterior surface
3. Liner anchors below grade

1. Basemat liner
2. liner anchors

44.2 Elevated Temperature

4.4.21 Mechunism Description

The effects of elevated temperatures on concrete PWR contairunent liners and free-standing
steel rontainment shells sre the same as those discussed in Subsection 4.2.2 for reinforcing
steel with regard to the effect on yield strength and modulus of elasticity. Relatively high
temperatures (700F) must be reached before even small reductions (15 percent) are
reflected in these properties.
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Temperatures sufficient to cause changes in tensile properties would likely cause detectable
discoloration and failure of the coating system, and distortion of the liner o, free standing
steel shell.

4422 Significance 1o License Repews)

Normal operati~g tem .ratures inside containments (120 to 150F) are significantly below
those associated with reductions in the tensile properties of the liner or free-standing steel
shell. Although hisher temperatures might oceur locally around penetrations, unless they
exceed 700F, they would not alter the properties of the steel. The stresses developed from
elevated temperature exposure are expected to be sufficiently low to prevent degradation
by low cycle fatigue.

There is evidence that containments have experienced localized bulging of liners near
penetrations. This is believed to be the result of thermal loads. This phexomena is o
normal operating occurrence that is dependent upon penetration design and the need for
or use of penetration cooling. Where this has occurred, mitigative actions have been taken
to ensure continued containment integnty

44.23 Summary of Elevated Temperature

If PWR containment liner and free-standing steel shell operating temperatures are below

Z the MW{ TO0F, then elevated temperature will not cause significant
age-related degradation during the license renewal term, and no further evaluation is

required. This conclusion applies to the following PWR containment components:
imfepa '

Centainment liner interior surface
Containment liner above grade exterior surface
Containment liner below grade exterior surface
Basemat liner interior surface

Basemat liner extericr surface

Liner anchors above grade

Liner anchors below grade

kool ot of o4 od
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1. Containment shell interior surface
2. Containment shell exterior surface
3. Embedded siiell region

4. Sand pocket region

Eree Standing Containments with FL 1 Bottom and an Ice-Condenser

Dome shell interior surface
Dome shell exterior surface
Cylindrical shell interior surface
Cylindrica! shell exterior surface
Embedded shell region

Basemat liner

Liner anchors

Sommen Comp Jenis

1. Penetration sleeves

il o b o

A license renewa! applicant intending to take credit fo. this conclusion is responsible for
the review/evaluation of plant-specific features, including @}, opriate CLB
documents/information, in order to assure that these assumptions and criterion are met.

443 lrmadiation

4431 Mechanism Description

The effects of irradiation on steel liners are similar to those described for reinforcing steel
in Subsection 4.2.3. (rradiation causes an increase in the brittle-to-ductile transition
temperature, beginning at a neutron fluence of 2 x 10" neurrons/cm’ (> 1 MeV) [32)
(Figure 4-14).

For the level of peutron fluence under consideration. no visible evidence of degradation is

expected.

4432 Significance to License Renewal

The fluence and flux to which the containment liner will be subjected during the license
renewal term are far below ghe levels which could cause a change in liner physical

properties. \_@
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(Source: See Reference 32)
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4433 § a2 mary of impdiation
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If the cumulative radiation exposure that wit! be experienced by cencrete PWR cuntainment
Liners or free-standing stee! contaipsient shells throughout the license renewal term is

below the degradation threshald (2 x 10" neutrons/cm? (> 1 MeV)), then no further
evaluation of irradiation is required This conclusion applies to the PWR containment
components lisied below:

I ta:

Containment liner iiterior surface
Containment liner above grade exterior surface
Conrainment liner below grade exterior surface
Basemat liner intenior surface

Basemat liner extenor sutface

Liner anchors above grade

Liner anchors below grade

Free-Mtanding Cvlindrical and Spherical Containments with Elliptica! Bottom

‘ontainment shell \nterior surface
y. ontainment shell exteror surface
4 ‘nbedded sheli region

-and pocker region

PUERER 5 b

Dome shell interior surface
Dome shell extenor surface
Cviindnical shell intenior surface
Cylindrical shell exterior surface
Embedded shell region

Basemat liner

Liner anchors

MO AW e

&

ne

Penetration sleeves
Penetration bellows
Personnel airlock

Equipment hatches
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A license renewal applicant intending to take credit for this conclusion is responsible for
the review/evaluation of plant-specific  features, including eppropriate CLB
documents/information, in order to assure that these sssumptions and criterion are met.

4.5 MISCFLLANEOUS AGE-RELATED LEGRADATION MFCHANISMS

Three additional are-related degradation mechanisms fall into a miscellaneous category,
either because of specificity with respect to & parucular containment elemont or because
of commonulity of discussion for al' containment elements.

4.5.1 Fatigue

4.5.1.1 Mechanism Description

Faugue damage can be ¢ problem ir materials subjected 1o tyclic loadings. Fatigue is the
progressive degradation produced by the cyclic application of loadings which are less than
the maximum aliowable static loading Repeated or cyclic loading can ultimately cause
fatigue failure.

For concrete components, the effects of fatigus Joading initiate as internal microcracking
within the hardened concrete paste and at reinforcing steel boundaries. If stress 1epetitions
are great enough, microcracks may extand to the external surface, causing possible fracture
of the cover concrete. This fracture may not cause fallure of the structure (as compared
to brittle fracture in metals), but may promote further debilitation of the exposed
reinforcing stee! or internal crack propagation. The physical manifestations of f: tigue
damage to reinforcing steel will be undetectable on the concrete surface.

For steel components, fatigue degradation is not detectable until cracks initiate and grow
10 detectable size on the surface of the matenial.

45.12 §Significance to License Renewal

Both concrere and steel PWR containment components can be subjected to cyclic loadings,
and therefore are subject to fatigue degradation. Containment concrete, rehﬁmw
and free-standing steel containment shells have £o.: fatigue suength properties for
hundreds of thousands to millions of cycles of below-yield load application. Low cycle
fatigu=, whirh implies high stresses (at or above yield for steels and a high percentage of
static strength for concrete) and a relatively few cycles of load applicadon (less than 100),
may be more limiting. Review of the joading that ¢rntainments experienze during normal
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4522 Significance to License Renewal

The rendency to achieve less strength, if it occurred to 2 significant magnitude, would have

been identifiable as an abnormality ipthe-overad sesponse-afthe contupment SLOUCtUre

during the initial stryctural acceptance test at 115 percent OLM.WE&’E‘_\MT;__@

containment having concrete plac:d through aluminum pipelines which success
completed its acceptance tests was not adversely affected by this placing condition.

4.5.2.3 Summary of Concrete Interaction with Aluminun

If, during construction of a concrete PWR container ent, aluminum pipelines were not used
for concrete placement, then concrete interaction with aluminum requires no further
evaluation

The effects of concrete interaction with aluminum are exhibited soon after placement. If
alurminum pipelinec were used for concrete placement, the adverse effects would have been
identified during the initial structural acceptance test, prior to initial operation
Accordingly, if no degradation of concrete strength was noted during the initial structural
testing, then concrete inreraction with aiuminum is not a significant age-related
degradation mechanism for the concrete containment components, and requires no further
evaluation for the following:

s r t Ontaln

Concrete dome

Concrete containment wall above grade
Concrete containment wall below grade
Concrete basemat

1. Concrete hasemat

& BN Ry ¢4

A license renewal applicant intending 1o take credit for this conclusion is responsible for
the review/evaluation of plant-specific features, including appropriate CLB
documents/information, in order to assure that the abo'~ assumptions and criteria are met.

4.55
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4.6 FREL-STANDING STEEL CONTAINMENT - DEGRADATION MECHANISMS

Those portions of free-standing steel containments that are backed by or embedded in
concrete may be exposed to the same degradation mechanisms identified for the concrete,
reinforcing steel, and embedded steel liners of the concrete containmenss. Those portions
of the steel shell that are either embedded in concrete or adjacent to that embedment, as
shown in Figure 4.15, are addressed in Subsections 4.1.5 and 4.4. This subsection
identifies the applicable degradation mechanisms for those portions of free-standing stee!
containments that are not backed by or embedded in concrete, and asses.es their potential
to cause significant degradation of those components during the licerse renewal period.

4.6.1 Strain Aging

4.6.1.1 Mechanism Description

Strain aging is associated with the redistnbution of carbon and nitrogen atoms in
cold-worked carbon steels. These atoms migrate to the dislocations (one-dimensional
defects of the crystal siructure), locking them. Strain aging results in higher yield strength,
higher ultimate tensile strength, lower notch toughness, and reduced ductility. As the
concentration of the free carbon and rnutrogen atoms is decreased, strain aging effects are
reduved. Carbon-related strain aging at temperatures below 200F is negligible, due to the
ow solubiliry of carbon in this temperature range.

There are rwo rypes of strain aging. static strain aging, which occurs after the material has

been ceformed; and dynamic strain aging, which occurs during plastic straining. Dynamic

§ain aging is not expected in the carbon steel components of free-standing steel

containments during their service life, since the strains sssociated with the design service /Q
Joads are below the elastic mit of the material Static strain aging is possible in the

cardon steel plates of free-standing steel containments, which are cold formed during

construction with free nitrogen present. At ambient temperatures, static strain aging can

result in substantial property changes within two to three years after the material is cold

worked. Static strain aging is ac:eierated with an increase in temperature.

Strain aging degradation is not readily cbservable.

4.6.1.2 Significance 1o License Renewal

Materials most susceptible to the phenomenon of strain age embnirtlement are low carbon
rimmed or capped steels which are severely cold worked during forming processes [34].

~®
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The PWR free.stunding steel containment is made from SA-516 Grade 70 or SA.212

Grade 70 plaie steel, which is a low-carbon steel (0.27 to 0.30% C), and which has been
normalized or stress relisved or both, following plate rolling. Cold working is minimal

rally less J 10 achieve the desired containment geomerry. Strain aging

ey / requires stressing of the material to above its yield stress, and aging at temperatures above
\J/  200F (ambient temperature strain agitg occurs shortly after cold working). The PWR
containment has a maximum temperature during norma. operation of approximatelv © SOF,

and loading conditions do rot produce service stresses in the range of the mateii! Aeld
stength

4.6.1.3 Summary of Strain Aging

There are rwo rypes of strain aging, static strain aging and dynamic strain aging. If the
design philosophy of the containment structure does not allow loads 1o exceed the elastic
limit of the material, then dynamic strain aging will not cause significant age-related

degradation of free.standing «teel containment structures, and requires no further
evaluaticn

-

For static strain aging, if the stee) used in free-standing steel containment construction was
~not sgverely cold worked dunng the forming process, then .tatic strain aging will not a¥fect

@ the continued safety functinn performance of free-standing stee! containment structures,
and requires no further evalugnon

( 1} If severe cold workin § of the steel was used in the forming process, bu: the plates are
normalized, or stress relieved or boih after furming with minirial (< 5%) subsequent co)
working, then static sirain aging will not affect the continuegd zafery function performance
of free-standing steel containment structures, and requires no further evaluation.

A license renewal applicant intending to rake credit for this conclusion is responsible for
the review/evaluation of plant-specific features, inciuding appropriate CLb
information/documents, in orde:r 10 assure that the above assumptions and criteria are met
for the following components:

d Spherica! Steel Containments with Elliptical Bottom

Containment shell interior surface
Containment shell exterior surface
Embedded shell region

Sand pocket region

.l o g o
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Free-Standing Steel Containment with Flat Bottom and an Ice-Condenser

Dome shell interior surface
Dome shell exterior surface
Cylindrical shell interior surface
Cylindrical shell exterior surface

- o oo

|

Penetration sleeves
Penetration bellows
Persorine! airlock

Zquipment hatches

ol

4.6.2 Corrosion

46.21 Mechanism Description

The types of corrosion applicable to free-standing steel containments are general corrosion,
galvanic corrosion, and stress corrosion cracking. These degradation mechanisms are
described in this subsection

General corrosion can take place when steel is exposed o oxygen and moisture. Ceneral
corrosion of an exposed surface results in uniform wal! thinning.

Galvanic corvosion occurs when the electrical potential difference between dissimilar
metals, placed in contact with each other, results in the flow of electrons betweer. then:.
The less resistant metal becomes the anode, and is subject to corrosion, while the more
resistant metal becomes the cathode and corrodes very little, if at all [31). The rate of
galvanic corrosion is a functior. of the potential difference berween the metals, the
environment in which they are located, polarization behavior of the metals, and the
geometric relazionship of the metals. Galvanic corrosion may reduce the thickness of the
bellows wall or sleeve. This mechanism is @ concern if moisture is present at the junction
of the dissimilar materials.

The phenomenon of stress corrosion cracking (SCC) may result in fracture of the metal.
It is defined as cracking under combined action of corrosion and tensile stresses. The
stresses may be either applied (external) or residual (internal). The stress corrosion cracks
themselves may be either transgranular or intergranular, depending upon the metal and the
corrosive agent. As is normal in all cracking, the cracks are perpendicular to the tensile
stress. The three principal factors necessary to in tiate stress corrosion cracking are:

4.60



e tensile stresses
® Corrosive environment
® susceptible matenal,

The tensile stresses necessary to cause SCC must be at or near the material's yield point.
This is facilitated when the material is substantially cold worked, contains residual stress
from welding, or is subjected to significant applied loads. Corrosive environments which
induce SCC are highly material-dependent. For austenitic stainless steels, such as SA-240
Type 304 or 308, halogens (ie., chlorides), and acids promote SCC. With respect to
material susceptibility, austenitic stainless steels are prone to SCC, particularly when
sensitization is present (such as in heat affected zones) and at creviced geometries. Stress
corrosion cracking is difficult to detect visually, because lirtle or no macrosconic plastic
deformation occurs as the crack propagates
Gamosionininaccessible areasmay be dndicated by staioing, or the collection of corrosion
products in areas adjacem to the affected area. Use of thickness measurements to identify
localized corrosion will be less effective than for general corrosion, due to uncertainty in
identifying affected areas.

4.6.2.2 Significance to License Renewal

The four areas unique to PWR free.standing sieel containments, in terms of corrosion
potential, are the outside surface of the containment (Figure 4-16), where condensation
could form due to high humiditv and the proximiry of the ice condenser; the steel
shell/concrete interface (Figure 4-14), where hydrophilic nonmetallic materials may collect
moisture; the spherical shell exposed to environmental conditions (Figure 3-3); and the
inside surface o” expansion bellows in the piping penetration assembly (Figure 4-17),
where condensztion may form.

The outside surface and steel <hell-to-concrete basemat interface is susceptible to corrosion
promoted by the presence of moisture. However, much of this portion >f the containment
is readily accessible for inspection, where any deterioratior can be detected, the
consequences evaluated, and mitigative actions tak:n. Effective programs for monitoring
this mechanism are described in Section 5.4.

The penetration bellows in metal containments are potential sites for galvanic corrosion.
The bellows are stainless steel, while the rest of the vent lines or pipe sleeves are carbon
steel. Based on their relative positions on the galvanic chart, the carbon steel would be
susceptible to galvanic corrosion. The beliows, however, are protected by shields to
prevent continued presence of moisture, thereby preventing the onset of galvanic corrosion

461



TYWRCAL
HOMN IO RY AL

ETWIRAR =

ic8
COMDERBER ~~

Figure 4-16

’ 3 ¢ auon il s Ciaal O~ % A h
Free-Standing Steel Containment
Ice Condenser/Stiffener Area



,‘ —, W
h--—-- CONTAINMENT |in L]

FORGYD
ull"mn‘o

7 ’NCI.. Lol

,”
,.‘

Figure 4.17(a)
Concrete Containment Hot Penetration
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In addition, the carbon steel surfaces have a coating which provides additional galvanic
corrosion protection.

The bellows are also susceptible to degradation by pitting and/or crevice corrosion. The
expansion bellows' potential for corrosion may be exacerbated by the presence of foreign
materials in the convolutions, such as grinding particles, sand blast grit, and so forth. The
guerd pipe shown in Figure 4-17(b) can prevent the direct visual examination of potential
corrosion sites. Another complicating factor for some steel containments is the inability
to visually inspect the containment shell interior near the ice condenser, such that spot
ultrasonic examination may be needed to verify wall thickness.

Stress corrosion cracking degradation is only plausible for austenitic stainless steel
components, which are imited to bellows assemblies in free standing steel containments.
In addition to the tensile stresses and susceptible matenal, a corrosive environment must
be presen: for SCC to occur. The beliows assembly is welded 1o a carbon steel containment
penetration sleeve, center spool (where provided), and the penetration flued head. The
attachment welds are dissimilar metal welds and are of a creviced gesometry, thereby
creating the potential for stress corrosion cracking. However, the attachment design
minimizes any operational stresses from cycling or pressure testing. The environment is
not corrosive vth respect to chlonides or acids. Therefore, SCC will not cause significant
degradation of the containment bellows during the license renewal term

4.6.2.3 Summary of Corrosion

I dissimilar metals were not used in the construction of a PWR free-standing steel
containment, then degradation by galvanic corrosion will not be/s?dsﬁcam,
/

Similarly, if austerutic srainless steels were not used, or if, ag4h the case of stainless steel
beliows assemblies, the materials are protected from corrosive environments, then SCC will
not affect the continued safery function performance of any PWR free standing steel
containment component during the license renewal term, and requires no further
evaluation. These conclusions apply to the following free-standing steel containment
components:

1. Containment shell interior surface
2. Containmment shell exterior surface
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1. Dome shell interior surface
2. Dome shcll exterior surface
3. Cylindrical shell interior gurface
4. Cylindncal shell exterior surface

Common Components

1. Peneqration bellows

A license renewal applicant intending to take credit for these conclusions is responsible for
the review/evaluation of plantspecific features, including appropriate CLB
documents/information, in order to assure that these assumptions and criteria are met.

Where tree standing steel containment compoiients are exposed to oxygen and moisture,
general corrosion is potentially significant. Further, where dissimilar metals were used,
then galvanic corrosion degradation is potentially significant. Effective programs to
manage corrosion degradation of the following components are described in Section 5.4
of the report:

1. Embedded shell region
2. Sand pocket region

Ezee-Standing Steel Containments With Flat

-

1. Embedded shell region

4.7 SUMMARY

In Subsections 4.1 through 4.6, the age-reldted degradation mechanisms that could affect
PWR containment components were /a{::bed and their potential significance to the
continued safety function performance of these components throughout the license renewal
term was evaluated. Specific assumptions and criteria were provided to enable the license
renewa! applicant to determine whether a particular age-related degradation
mechanism/component combination requires further evaluation (is potentially significant),
or whether 2 review of appropriate CLB docurnents/information would confirm that the
degradation mechanism will not affect the compunent’s capability to perform its intended

~safery function throughout the license renewal term.

N\
o TR
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Table 4-1 summarizes the results of these generic component/age-related degradation
mechanism evaluations for each PWR containment type. Component/degradation
mechanism combinations that were determined to be nonsignificant are identified by the
Subsection in which the imechanism is evaluated. Those component/degradation
mechanism combinations that were determined to require further evaluation are indicated
with an "X", and are evaluated further in Section §.
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SECTION 5
EFFECITVE PROGRAMS FOR POTENTIALLY
SIGNIFICANT AGE-RELATED DEGRADATION
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The significance of each of these age-related degradation mechanisms was evaluated for
the components of each rype of PWR containment structure.

In this section those combinations of age-related degradation mechanismns and components
that require further e 'aluation are re-examined in terms of the mmwm_/@
programs for maintenance, inservice inspection, surveillance, testing and analytical
assessment to manage the effects of the potentially significant degradation. Combinations
of mechanisms and components for which generic program elements effectively manage the

age-related degradation are considered to be adequately a&M

A license renewal applicant intending to take credit for an effective program is zrespopsible

forshe zeview/evaluation fappropriate plantspecific features, including appropriate CLB

documents/information, ir order to assure that the program elements required 1o manage
e seffesis of potentially significant age-related degradation, OW

ceulinue being used at their plant. Plant-specific evaluations are required for any age- 0”“
related degradation/component issues for which the license renewal applicant is unable to
demonstrate that the _Lencnc stipulated program elements are committed for use, or the

basis for the conclusions are applicable, at their plant. Recommendations for plant-specific
aging management options for these issues are provided in Section 6 of this repor, if
required

An age-related degradation mechanism is defined to be significant for a component if, when
allowed to continue without an effective program, the capability of the component to
perform its intended safery function throughour the license renewal term would be
compromised. The W of an age-related degradation mechanism was
determir.ed in Secticn 4 by examining the component design features (Section 3.1), the
component design basis (Section 3.2), its operating history (Section 3.3), and its
susceptibility to the degradation mechanism being considered. If it could be shown that
the component is either not suscepnble or is susceptible to such a small degree that the
\ponent’s safery ion is mai ice ewal term, then the "'é
componemx degradation mechanism combination is not significant.

For PWR containment structures, the following age-related degradation
mechanism/component combir ations --..e determined in Section 4 to be potentially
significant. These specific issues are examined further in this section in terms of the
capabilirv of effective programs to manage the effects of potentially significant age-related
degradation.

w
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Aggressive Chemicals
Reinforced and Prestressed Concrete Containments

1. Concrete containment wall be! >w grade
2. Concrete basemat

1. Concrete basemat
Corrosion of Embedded Steel
Reinforced and Prestressed Concrete Containments

1. Concrete containment wall below grade
2. Concrete basemat

) ; i
1. Concrete basemat

Corrosion of Reinforcing Steel
Beinforced and Prestressed Concrete Containments

1. Containment wall reinforcing steel below grade
2. Basemat reinforcing steel

1. Basemat reinforcing steel

Corrosion
1. Prestressing tendons and anchor heads
Prestressing Losses

1. Prestressing tendons

5.3
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CONTAINMENT LINER/FREE-STANDING STEEL SHELL DEGRADATION
Corrosion
Rainfarcad and 3 i ¢ Contai
1. Containment liner below grade exterior surface

2. Basemat liner exterior surface
3. Liner anchors below grade

T VOPE W RCIIPE SUTNCE W s o Ellissical
Botom

1. Embedded shel region
2. Sand pocket region

1. Embedded shell region

2. Basemat liner
3. Liner archors

1. DPenetration slesves
2. Penetration bellows

Sertdement
Reinf { and 1 Y : ‘
1. Concrete basemat
Em:.sllndmz Svg:] cﬁnninmgm !ﬁ!b EI“ BQan .nd an “:.cs nd‘nﬂﬂx
1. Concrete basemat

S.1 CONCRETE DEGRADATION: AGGRESSIVE CHEMICALS AND CORROSION OF
REBAR AND EMBEDDED STEEL

Aggressive chemical attack of below grade exterior PWR containment concretc by
aggressive groundwater was identified in Section 4.1.3 as a source of potentially significant
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lxe-rela:ﬁ degradation. Under the same groundwater conditions, corrosion of embedded
stee! and reinforcing steel in exterior below grade concrete were also identified as
potentiallysignificant degradationmechanism/structural componentcombinations (Sections
4.15 and 4.2.1, respectively). Only below grade containment concrete exposed to
flucruating groundwater is affected. To mitigate groundwater attack, most plants utilize
waterproof membranes underneath the basemat and outside the lower portions of the
reactor building wall Although this provides & measure of protection, the integrity of the
membrane cannot easily be verified, and therefore, no credit is taken in these evaluations
for the continued performance of the waterproof membrane

The following concrete containment inspection and surveillance =~rograms apply to
accessible surfaces, which were determined in Section 4 not to be supject to potentially
significant age related degradauon. Aging management options for inaccessible portions
of concrete containments are provided in Section 6.1

5.1.1 Inspection and Surveillance Programs

Accessible concrete surfaces of reinforced and prestressed coacrete containments are subject
1o periodic examinations as a part of the Type A integrated leak rate tests performed under

@ LAppendix Jof IOCFRS0[1). T same examination requirements are now codified in

&

ASME Section XI, Subsection WL (2], as ination Cetegory L-A. The schedule for

these visual examinations is given in IWL.24 /ith the exception of the initial five-year

e e

A«W.

period of operation, examination is required every five yeapss The visual examination 1s E

conducted in accordance with the provisions of TWL-2513=which refers t

(Guide for Making & Condition Survey of Concrete in Service) for the definition of relevant
conditions that are indicative of damage or degradation. Such relevant conditions incluce:
(1) excessive cracking of the concrete, such as that accompanying the accumulation of
corrosion products; (2) spalling or related loss of concrete; (3) discoloration er staining of
the concrete surface, such as that which might accompany migration of corrosion products

Portions of the concrete that are covered by the liner, foundation material, .~ backfill, or
that are otherwise obstructed by adjacent structures, components, parts, or appurtenances
are exempt from these examination requirements, in accordance with TWL-1220.
accessible surfaces, included coated areas, are subject to the examination requirements.

In addition to the general concrete surface, both Regulatory Guide 1.35 [3) and IWL-2524

require a visual (VT-1) examination of the concrete areas around tendon anchorage areas,
extending ourward a distance of rwo feet from the bearing plate. Relevant conditions
include concrete cracking with widths greater tha» 0.01 inches.
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Corrosic > of Rebar and “mbedded Stecl

If concrete surfazes subjec( to aggressive chemuco’ attack are accessivle, and '/ they are ’@
periodically examined in accordance with the procedures thal accompany.Type A niegrated -
leak rate tests, or in accordance with the requirements of ASME Section X1, Subsection |

/M. Anide Il 2512 then potentially significan! concrete degradation from aggressive

chemical attack and corrosion of reinforcement or smbedded steel is managed effectively.

A license renewa) applicant intending to take credit for these effective programs is
responsible for the review/evalustion of plant-specific features, including appropriate CLB
docniments/informaticn ‘n order 1o assure that the program elements required 1o manage
the effects of potentially significant aggressive chemical attack of concrete or corrosion of

embedded steel or rebe: “Ww (@
/

If the concrete surfaces have not been periodically examined in accordance with these |
provisions and requirements, due 1o inaccessibility, then degradation of concrete surfaces

and corrosion of reinforcement or embedded steel caused by aggressive chemical attack is
significant, and further evaluation is required. Aging management options for ¢ /}7,;(;,
the effects of aggressive chemical attack of inaccessible areas guch us the beiow grade,

exterior PWR containment ¢; mponents listed below from sulfate-bearing soils or uzrem'V!\
groundwater are given in Section 6.1 of this repont (9

1. Concrete containment wall below grade

2. Concrete basemat

3. Containment wall reinforcing st=el below grade
4. Basemat reinforcing sieel

1. Concrete basemat
2. Basemat reinforcing steel

5.2 CORKUSION OF P ESTRESSING TENDONS AND ANCHORS

Comosion, including stress-corrnsion cracking, of prestressing tendons and associated
anchorage hurdware was identified as a potentially significant age-related degradation
mechanism for prestressed concrete ~ontainments in Section 4.3.1. Such degradation is
considered during design, construction, and operation, through the use of tendon duct filler

@) Lovarwrola ; Lo spigf e
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material that protects the presivessing wire  Putroleum -bused grease products help to
prevent ingress of moisture that might attack the wire.
$.2.1 Inspection ( 1d Surveillance Programs
Regulatory Guide 1.35 and ASME Section X,

managing WMM For example, Regulatory Position § from
Regulatory Guide 1.35 quire examination and testing of a previously

~§iressed tendon wire or strand from one tendcn of each tendon group. The examinations

cover the entire length of the sample 10 detect evidenice of corrosion or other damage. In
addition, tensile testing is .equired for these samples (one ot each end of the wire and one
at mid-length), in crder to obtain yield strength, ultimate strength and elongation data to

N— PN .,

\
l

visions fot —£7)

compare with the original properties. Acceptance criteria are listed in IWL.322..2, /
including abeence of physical damage, corrosion within phm-»petm ¢ LLrmits, and meteria)

properiies ~eeting minimum specified values

Further protection from corrosion is provided by examinatiors of the corresion protection
medium (e g, gremse) and any free watar, as requirey by IW!.2525 Samiples of the

corrosion pretection medium woe removed from each end of the tendon cxﬂ?ﬁﬁ\r@)

with an) free water ir sufficient quanti*v, and tested for alkalinity, watrr tontent,
aggressive ions, and pH. Liiuts are fiven in Table TWL.2525-1

Visual exam =ation (VT-1) is required for the tendon anchorage hasdware including bearing
plutes, anchor heads, wedges, buttonheads, shims, and the concrete extending ovtward &
distance of two feet from the Learing plate. Reportable conditions include: (1) concrete
cracks having widihs greater than 0.01 inches; (2) corrosion, broken or protruding wires,
missing buttonhead., broken strands, aiid cracks in tendon anchorage hardware; and
(3) bzcken wires or strands, protruding wires or detached burtonheads following
retenzioning of tendons whyi » have been detensioned. Of purticular importance is any
evidence of corrosion or cracks in the tendor anchorage hardware. Repair ¢~ veplacement

is required for conditions exceeding the acceptance criteria Of Wl 32213,

f
~

&

D

{eakage o1 depletion of the corrosion protection medium is monitored through the |
provisions of Regulatory Guide 1.35 and A"ME Section Xi, Subsection TWL. Regulatory ‘Q)

Guide 1.35 stipulates that "the amount of sheathing filler grease remevad and replaced
should be compared to assess grease Jeakage within the structure” Article TWL.
provides codification of this requirement, including documentation of any differences.
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Appendix A, Technical Specification” (4). The reportable conditions A:M_Lf)
wat-specific

Regulatory Guide 1.35 are similar to those outlined ln Arucle IWh2a2d,

action may be necessary 1o determine the cause of pervasive losses of prestressing force
exceeding the limits of Regulatory Guide 1.35 0 [W1 3221, & and 10 establish the necessary
corrective actions. """"""@

§.3.2 Summary of Prestressing Losses

If prestressing losses are pei: >dically monitured in accordance with the tendon Uft-off test
provisions of Regulatory Guide 1.35 or the tendon fcrce measurerrient requirements of
ASME Section XI, Subsection WL, Article IWL:2522, and compared satisf

predictions of prestressing loss valid for the license ren erm, then potentially
significant degradation c~used by prestressing loss is managed effectively.

A license renewal applicant intending to take credit for these effective programs is
responsible for reviewing their related plant-specific features, including appropriate CLB
documents/information, in order to assure that the program elements required 1o manuge

the effects of potent . lly signicant prestressing losses, Qrihair instified sauivalen! are

committed for use at . eir plant, \ :

5.4 LINER/FREE-STANDING STEEL SHELL CORROSION

Galvanic corrosion at dissimilar meta) joints, stress corrosion cracking, and corrosion due
to aggressive chemicels were identified as potentially significant age-releic. degradation
mechanisms for specific areas of steel liners of concrete containments in Se:.ion 4.4.1, as
well as portions of free-standing steel containments in Section 4.6.2. The areas of concern
are as follows:

Raiieend <ok s i ¢ Contai

1. Containment Liner below grade exterior surface
2. Basemat liner exterior surface
3. Liner anchors below grade

pese.Biaodins Otisgiont oot Skl Suaal Dol b Elliosiesl 8

1. Embedded shell region
2. Sand pocket region
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removed down to the base or weld metal surface, examined, and the areas repainted or
recoated.

(f} B2l lenuliesthose base metal areas that are suspect in terms of potential corrosive

@

attack, such as those with either no or minimal corrosion allowance, or areas where there
has been a loss or absence of protective coatings. Typical locations are those exposed 10
standing water, repeated wetting and drying, persistent leakage, and those with geometries
that permit water accumulation, condensation, and microbiological attack. Such areas may
include surfaces wetted during refueling, concrete-tosteel shell or liner interfaces,
embedment zones, leak chase channels, drain areas, or sump liners.

~ dbacsessllemeasare oxemprfromithes AU 0 e <o examination requirements.

54.2 Condition Monitoring / \/

Supplementary examination methods for condition monitering of free-standing ;(cel shells
or concrete containment metallic Jiners include the confirmation of minimum géguired wall
thickness. Standard procedures are available, using ultrasonic (UT) mrasurement of
suspect areas, provided that at least one surface is azcessible for transmissioh and detection
of the UT signal. "Practice for Measuring Thickness by Manual Pulse/Echo Ultrasonic
Contact Method,” ASTM E 707 (ASME SE.797, see ASME Code Section[S) [§) provides a

T R T T

pulse-echo procedure for measuring the ha!f transit time through the material, given a
calibration for the sound velocity in the material.

Other monitoring techniques for free-standing steel shells or concrete containment metallic
liners include observation of water leaking, dripping, or pooling in containment areas
where such evidence is not normal or expected. Vapor condensation on interior or exterior
surfaces, and the flow path of the condensate, also provide indications of potentially
suspect areas.

543 Midgaticn

Once identified, areas of free-standing stee! containments or concrete containment metallic
liners affected by local corrosion require & detailed technical evaluation to verify pressure
boundary performance and structural integrity. Criteria for the evaluation are provided in
Section 1l of the ASME Code {§]. Alternatively, repair or replacement of the deficient shell
portion needs 1o be performed in accordance with the methods and procedures given in the

ASME Section X1, Sybsections IWE-4000 202 200002), ~®
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544 Summary of Liner/Free Standing Stee] Shell Corrosion

If accessible areus of freestanding steel containment shells and liners of concrete
containments are periodically examined and/or monitored in actordance with the
requirements of ASME Section XI, Subsection Exami D EF, and
_EP ther, potentially significant degradation caused by corrosion is managed efiectively.
Ty sisas eaemal from periodic senvice examination are monitored 5o #s to maintain

/eqmred wall thickness mirimums, through e program of ultrasonic
@ measurements carried out in accordance with ggus__:: mndudsg tially significant

degradation caused by corrosion is deemed to be

®

A license renewa! applicant intending to take credit for these effective programs is
responsible for reviewing their related plant-specific features, including appropriate CLB
drcuments. ‘nformation, in order to assure that the program elements required 10 manage

the effecte .. potentially significant liner/free standing steel shell corrosion, '
just' ued equivalent, are i place. Dl

Free-standing steel containment shell and coicrete containment liner areas for which the
program elements of Sections $.4.1 and 5 4.2 are either not applicadble, or are not in place,
may be subject 1o potentially significant age-related corrosion degradation. Aging
management options are given in Section 6.2 of this report for the following components:

1. Containment liner below grade exterior surface
2. Basemat liner exterior surface
3. Liner anchors below grade

Free Standing Cylindrica! cal

1. Embedded shell region
2. Sand pocket region

Free-Standing Stesl Conta
1. Embedded shell region

2. Basema! liner
3. Liner anchors

@ épw‘v‘w’« showdd bi /‘U‘érw-'/




— (2) Z;;]:;EE":;;;i;:E:EZ;Z 3 é?f’C?lJ;a;JA 7’“W47’£i£, Sﬂ;;;;ﬁf;ihﬁ(
@,Sudlnu'f"&/m,\r,gm(mmmd

55 SETTLEMENT

In Section 4.5.3, it was concluded that differential settlement is & potentially significant
sge-relited degradation mechanism for PWR containment structures. Structure settlement
monitoring is initiated during the construction phase, and is only continued throughout
plant operation if the plant site has soil conditions and/or groundwater conditions that
indicate a likelihood of significant long-ierm se tlement.

§.5.1 Sertlement Monitoring

Structure settlement occurs within the first few years of load applicution, and settlement
after the start of operati-n is generally minor. Settlement (absolute and differential) is
detected through visual observation and, more accurately, with elevation survey data. A

number of plants are currently monitoring settiementysing sidel ascepted methods (7]

that provide early indication of potentially significant settleinent. When settiement

spproaches the design or acceptance eniteria, re.gvaluauon of the containment js g standard

grlctice_

552 Summary of Sertlement

In Section 4.5.3 of this report 1t was determuned that Guferential settlement can be a
potentially significant age-related degradation mechanism for PWR containment structures.
Established effective settlement monitoring methods provide adequate management of
settlement for PWR containment structures, as follows:

1e basemat

b
(D,

k 1. Concrete basemat

S
A license renewal applicant interding to take credit for these effective programs is
responsible for reviewing their related plant-specific features, including éppropriate CLE
dovuments/information, in order 1o assure that the program elements required to manage
the effects of potentially significant settlement, or their | {valent, are commirtted

R L e e
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for use at their plant. M
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56 FATIGUE OF HOT PENETRATIONS WITHOUT BELLOWS \CONCRETE

CONTAINMENT) AND PENETRATION BELLOWS ASSEMBLIES (FREE-STANDING
STEEL CONTAINMENT)

Fatigue damage of hot penetrations without bellows for PWR conciete containments and
penetration bellows assemblies of PWR free standing stee! containments was identified as
a potentially significant age-reiated degradation mechanism in Section 4.5.1. In beth cases,
the issue is thurma) expansion cycling caused by startups and shutdowns. In general, these
thermal expansion stresses do not cause fatigue damage, unless the localized temperatures
at the peneirations are excessive

56.1 Tests and Inspections /(D
ASME Code Section XI, ' f v inati equirements for class MC

prescure retaining components and their integral attachments, and for metallic shell and
penerration liners of class CC pressure retaining components and their integral sttachments,
Examination - T ‘ visual (VT-1) examination of comlwneni_(p
penetrations welds, including any flued head and bellows sez) circunderential welds joined
to the penetration The examination requirement is limited to chose welds subject to eyclic
loads and thermal strese during normal plant operation, e.g., hot penetrations. It should
be pointed out, however, 1hat ASME Nuclear Code Case N-196-1 (£ provides for an
exemption from examination for the Class 1 & 2 piping weldments of the penetrations.

This exemption does not apply to the penetration sle:u;:;jbdlom.
z
As an alternative to the Subsection IWE inspection, the penetration can be analyzed 1o

assure that tne fatigue usage factor is less than uniry for the license renewal term in
accordance with procedures of NE-3221.5 (€). If this alternative is chosen, the therma!
loading cycles that represent the farigue design transients must be shown to envelope the
@Tﬁm ope-alng transients” Lo general, the expected fatigue usage factor for 80 years ~f
peration would be less than unity. Monitoring of penetration temperatures may be
necessary 1o establish the magnitude and frequency of the operatirg transients.

5.6.2 Summary of Fatigue
In Section 4.5.1 of this report it was determined that fatigue is a potentially significant age-
related degradation mechanism for PWR containment components that are projected to

have relatively high fatigue usage factors at some point during the license renewal term.
Compenents identified as having relatively high projected fatigue usage factors wer2 hot

014
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penetrations without bellows assemblies (concrete contairuments) and penetration bellows
assemblies (free standing steel containments).

Q7 Liecune prograsne-olbempeesrenmiver, conducted in accordance with the ASME Code

| Section 111, Subsection NB, are able to show that the fatigue usage factors for these
components can be maintained below unity throughout the license rens ~al term. Effective
pregrams of inservice inspection, conducted in accordance with ASME Code Section XI,
Subsection IWE, are able to ensure that component integriry is maintained throughout the
license renewal term in the presence of known or suspected fatigue damage, including the
continued service of a component with an otherwise zgiectable flaw, as justified by an

engineering evaluation. Ny @

A license renewal applicant intending to take cridit for these effective programs is
| responsible for reviewing their related plant-specific features, including appropriate CLB
| documents/information, in order to assure that the program elements required to manage

the effects of potentially significant fatigue damage accumulation or fatigue crack growth,

Womumd for use at their plant,

5.7 SUMMARY OF SECTION 5 CONCLUSIONS

Section 5 demonstrates that several potentially significant age-related degradation
mechanisms that may affect PWR containments during the license renvwal term can be
effectively managed through currently accepied methods

Potentially Significant Age-Related Degradation Mechanisms |
Managed by Effectve Programs

Prestressing System
¢ Corrosion |
® Prestressing losses

Miscellaneous Age-Related Degradation Mechanisms
¢ Sertement
® Farigue

On the basis of these gffective programs, these issues need not be evaluated further for
license renewal, beyond assurance by the applicant thet no plant.specific features exist
which would preclude the applicant from verifying these conclusions, and that the
programs elements required to manage the effects of potentially significant degradation,

or their justified equivalent, are committed for use at their piant.
518
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SECTION 6
MANAGEMENT OPTIONS FOR
SIGNIFICANT AGE-RELATED DEGRADATION

In the previous section of this repont, effective programs of inservice inspection, tesing,
surveillance, and analytical assessment were cvaluated with respect to their capability to
man.ge the effects of potentially significant age-related degradation. If the elements of an
effective program are determined to be capable of managing the effects of potentially

significant age-related degradation for a particular component so that its intended Safery

Sfunction is not compromised during the license renewal term, then that combination of
component and degradation mechanism was deemed 1o be adequately addressed.

A license renewal applicant intending to take credit for the effective program is responsible
for the review/evaluation of their related , iant-specific features, including appropriate CLB
documents/information, in order to assure that the program elements used to manage the

effects of potentially significant age-related degradation, or their eguivukm! are commirted

for use at their plant,

Age related degradation/component issues for which effective program elements cannot be
shown 10 adequately manage the effects of potentially significant age-related degradation,
or for which license renewal applicants are unable to demonstrate that the stipulated
program elements are in place, require plant-specific evaluation.

For PWR containment structures, the following age-related degradation
mechanism/component combinations were determined in Section 4 to be potentially
significant, and were beyond the scope of the effective programs examined in Section §.
These mechanism/component combinations must be evaluated by license renewal
applicants on a plant-specific basis. Options for aging management programs for these
potentially significant age-related degradation mechanism/component combinations are
provided in this section.

CONCRETE DEGRADATION
Aggressive Chemicals
Reinforced and Prestressed Concrete Containments

Concrete containment wall below grade
Concrete basemat

D+
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1. Concrete basemat

Corrosion of Embedded Steel
Reinforced and Prestressed Concrete Containments

1. Concrete containment wall below grade
2. Concrete basemat

1. Concrete basemat

Corrosion of Reinforcing Steel
Reinforced and Prestressed Concrete Containments

1. Containment wall below grade reinforcing steel
2. Basemat reinforcing steel

1. Basemat reinforcing steel
Corrosion
Reinforced gud B Xe Contal

1. Containment liner below grade exterior surface
2. Basemat liner exterior surface
3. Liner anchors below grade

Em:.sllnm‘nz c¥h'ndn£.| .nd snbgn'"l SR" cmninmgnn with Elh'minl
Botiom

1. Embedded shell region
2. Sand pocket region

5 » 3
33 et

1. Embedded shel region
2. Basemat liner
3. Liner anchors
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If the pH of the groundwater is > 5.5 and the chloride and sulfate concentration is less
than 500 and 1500 ppm, respectively, the groundwater will not adversely affect the
concrete, and no further action is required.

Phase Il Inspection and Testing

Inspection and testing is performed in cases where the groundwater that is in dir ¢t contact
with the containment concrete foundation and exterior walls below grade was determined
in Phase | 1o have a pH < 5.5 or a chloride or sulfate concentration greater than 500 or
1500 ppm, respectively.

Inspection and Testing of Concrete

In cases where the chloride and/or sulfate concentrations exceed the above limits, it is
suggested that . applicant y jcpect the accessible areas of exterior walls below
the groundwater table and evaluate the condition of the concrete in accordance wit
srovisions of AC! 207.3R-79, "Practices for Evaluation of Concrete in Existing Massive
Structures for Service Conditions” [§). The critical zone of an exterior sub.grade wall to
be inspected is in the zone of fluctuating groundwater table, as depicted in the following
configuration:

D

ey b

ﬂw‘ lW
CGroundwater Table
Zope to be lnipected
] Bl Fluctuation Region

—

Accepted methods to obtain the necessary information and accepted methods to implement
corrective actions are detailed in ACI 207.3R-79.
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Where effective repairs cannot be implemented or when it may be more economically
attractive due to the extent of structural repair required, groundwater management as
outlined below should be considered as #n alternative.

Phase Il Management of Groundwates

Management of groundwater may be required in cases where (1) the Phase | groundwater
evaluation indicates 8 pH < 5.5 or chloride or sulfate concentrations are greater thas 500
or 1500 ppm, respectively, and (2) the testing and evaluation performed in Phase II
indicate significant concrete degradation or embedded steel or reinforcing steel corrosion.

The following options should be considered:

1. Lowening of groundwater table by subsurfuce drainage consisting of a piping
system which drains down the water table using pumps.

2. Installation of & barrier system to muinimize the aggressive groundwater in
contact with concrete structure of the containment building.
/
6.2 Management of Below Grade or Lnaccessible Steel Structures

The general management approach for stee] liners or free standing steel containment shells
consists of a detailed evaluation to identify corrosion that, if left undetected, could lead to
structure deterioration.

Potentially significant degradation of structure steel components in accessible areas is
bounded by effective programs as discussed in Section 5. The susceptible locatons for steel
corrosion which cannot be detected by routine incspections include inaccessible areas such
as below grade portions of steel liners or containment shells and those portions of steel
liners where accessibility is limited.

The inspection of structural steel components is performed using a phased inspection
program similar to that described for concrete structures in Section 6.1.

((;hnelincluden’ inspecti ' ts in
SUWMW i ) i Ww 1 i 15l

indications of degradation. If the protective medium is scund, then no further evaluation
is required. If the protective concrete and joints, the protective sealant: and caulking, or

6°



other water proofing barriers are all sound, the environment necessary for corrcsion to
occur will not exist. If no significant degradation is found in Phase [, Phase Il and IlI
testing and evaluation is not required.

Phase [l is only implemented for structural steel components when the results of Phase |
indicate significant deterioration. Phase 1l techniques may include radiographic testing,
magnetic particle testing, and/or liquid penetrant testing in accordance with ASTM E94.77
(2], ASTM E709-80 [8), and ASTM E165-80 (£, respectively, for detection of cracking in
welds, heat-affected zones, and the base metal. The extent of corrosion can be determined
using impressions. Phase [Il testing is only implemented in cases where the Phase I
inspection and testing does not provide conclusive results tha. enable the licensee to
control the effects of the identified degradation

Phase Il of the aging degradation management program for steel liners or free-standing
containment structures consists of destructive testing, including cutting samples from the
structural steel for chemical analysis; metallurgical evaluatio=: and embrittlement, stress
corrosion, and tensile testing in order to determine the extent of embrittlement, cracking,
and corrosion

Any repair that may be initiated as a result of Phase 11 or lIl inspection and testing should
be performed in accordance with written procedures.
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