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C.13. AGING MANAGEMENT PROGRAMS

C.13.1  Purpose

This chapter describes the aging management programs (4MPs) cre gfor managing |
each of the identified aging effects for the in-scope structures, syst€ms? and
components (SSCS) of the NUHOMS® related dry storage systefmsfaiftiie, Waste
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C.13.2  Methodology

The AMPs are based on the AMPs approved for the renewal of CoC 1004 [C.13-29
and C.13-30]. The structure of the AMPs is consistent with the 10 prograpa
described in NUREG-1927 [C.13-1], as follows: :

1. Scope of the program: The scope of the program includes thefspeeific SSCs and
subcomponents subject to the AMP and the 1ntended safetyflli

e
ﬂﬁ'@

| s) of in-scope SSCs and subcomponents
/ stnote means without significant disassembly

‘action will be evaluated, ensures that the SSC intended safety functions and the ]
approved design bases are maintained during the period of extended operations.
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7. Corrective actions: Corrective actions are the measures taken when the
acceptance criteria are not met. Timely corrective actions, including root cause
determination and prevention of recurrence for significant conditions adverse to
quality, are critical for maintaining the intended safety functlons of the
during the period of extended operations. ]

8. Confirmation process: This element verifies that preventive &

includes provisions to preclude repetition of signjf '
quality.

10. Operating experience: The operating expe

ately managed so that the
g the period of extended

SSC 1ntended safety functl s will be maintained
ov1des Justlﬁca 1
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C.13.3 DSC External Surfaces Aging Management Program

C.13.3.1 Scope of Program

This AMP applies to all DSCs except those where the AMP in Section
management for the effects of chloride-induced stress corrosion cra
applies. :

e  The upper surface of the cylindrical shell, wher nespheric particulates would
settle, -

e The top and bottom ends > owlin i ¢ooldr than the center,

4st susceptihy
et.fop cover pla y be limited during storage, but prior to

er is pulled into a transport cask.

environments:

e  Sheltered
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C.13.3.2

Aging Effects Requiring Management

The following aging effects associated with the DSC shell assembly components
require management:

e Loss of material due to crevice and pitting corrosion for stainlesg "!
components ‘

e Loss of material due to galvanic corrosion for the DSC she eEe g graphite
lubricant at the sliding rail surface ‘

operational history. The criterig} X
be justified and documented. Jug ‘

@’ gl Surfaces AMP consists of visual inspections to monitor for material
adation of &1‘, DSC shell assembly.

Aging Mechanism Parameter(s) Monitored
Crevice Corrosion Surface Condition
Pitting Corrosion Surface Condition
Loss of Material Galvanic Corrosion Surface Condition
Cracking Stress Corrosion Cracking Surface Condition, Cracks
Page C.13-5
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C.13.3.4 Detection of Aging Effects

A minimum of one DSC from each originating ISFSI, is selected for inspection. The
DSC(s) selected for inspection is based on the following considerations/cyiteria which
provide the basis for selection of a bounding DSC(s):

1. Time in service: Storage duration (time in service at originatifigfl

[ ) @}L“F" the vent openings face the prevalent wmd
¢ sidered fory ection particularly if the wind direction is

provided @,ﬁ? fg_agéx@’ tion plannmg and potent1al limited ava11ab111ty of vendor remote
§oon.destruc *"ﬂ@ X aminatlon (NDE) equipment The first examlnation will be

JsHe HSM cav1ty, certain surface areas of the DSC may be inaccessible for
qote camera. This program addresses detection of aging affects for inaccessible
eas by the inspection findings in accessible areas.

As much of the DSC surface as can be accessed is examined by VT-3 to ascertain its
general condition, including evidence of water stains, discoloration, and surface
deposits.|
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Areas subject to VT-1' examination are:
e the confinement boundary weld seams and their HAZ,

e the confinement boundary adjacent to the sliding rail surface that it

e the confinement boundary surfaces with water staining or with 9 i

ing and stains (cause
by leaking ralnwater) or dlscoloratlons are dogun ented, if apf@Appearance and
location of atmospheric deposits on the cani “’Q}' Sy faces atelrecorded.

—
1 According to ASME Section XI IWA-2211, the VT-1 visual examination is conducted to detect discontinuities and
imperfections on the surface of components, including such conditions as cracks, wear, or corrosion. The VT-1
examination procedure is capable of resolving demonstration characters height of 1.1 mm in accordance with ASME
Section XI Table IWA-2211-1 “Visual Examinations.” Remote inspection camera resolution capability shall meet
VT-1 illumination, distance, and character height requirements for examination effectiveness.
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C.13.3.5

C.13.3.6

Qualification of other NDE personnel shall be in accordance with ASME XI,
IWA-2300. Personnel performing ultrasonic examinations shall also meet the
additional certification requirements of ASME XI Appendix VII. In addition, they
shall have a current certification for ASME X1, Appendix VIII, Supplemerit2, for
detection, depth sizing, and length sizing of intergranular stress corros' o1, O
(IGSCC) in austenitic materials. g

Monitoring and Trending

remote digital camera is baseg _@‘1 ASME
(ASME Section XI Table IWA xa@zi- 1

he results of the inspection, the DSC is determined to be free of any
of corrosion or other degradation that could lead to the loss of intended

-, ,{"mﬁ_@_ﬁﬁt , no further actions are necessary until the next inspection.
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If the DSC is determined to contain confirmed or suspected indications of corrosion or
degradation, additional engineering evaluations are performed to demonstrate that the
DSC will remain able to perform its design bases functions until the next inspection.
ASME Code Section XI provides specific rules for evaluating flaw indicatians that
may be detected during the inspections. If flaw indications are found, thE}fla

exten Andl depth of thy @g

drrosion would be determined by visual
ation for e gﬁg}' tion of minjzul

shell thickness in accordance with ASME
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C.13.3.7 Corrective Actions

Site quality assurance (QA) procedures, review and approval processes, and
administrative controls are implemented according to the requirements of

of the sample size to determine the extent of conditi
conﬁrmed locahzed corros1on or stress corr0s1on

determined from the selection criteria in Section C.13.3.4.
et .
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e Canisters that show evidence of localized corrosion or stress corrosion cracking
that exceeds the acceptance standards in IWB-3514.1 but meet the acceptance
criteria identified in IWB-3640 including the required evaluation per IWB-
3641(a) using the prescribed evaluation procedures are perrnitted togemai

Section C.13.3.4.
C.13.3.8 Confirmation Process

. A 32 B . .
Confirmatory actions, as needed, are implemenigdas pafoi”I N America’s corrective
action program. See also Section C.13.3.7. v,

C.13.3.9 Administrative Controls

appro “"zﬂ % Admi ative controls are
‘ “i’?‘TﬁvfiT Pmericas 10 CFR Part 72,
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In 2012, Calvert Cliffs performed an inspection of the interior of two NUHOMS®
HSMs, and the exterior of the DSCs as part of their license renewal application. The
first module examined was HSM-15, which was loaded in November 1996 and
contained the “lead canister” to meet NUREG-1927 [C.13-28] Appendix Fagui .
The second module inspected was HSM-1, which was loaded in Novepfbe?1993 (the
first loading) and represents one of the lowest heat load canisters eyefloaded
(estimated at 4.2 kW (as of the time of inspection)). The latter sygple %~ ental canister

The EPRI research effort included salt concentration msu : UpPst
of the DSC, collection of samples of the deposits on tlfe] upper shell of the D @;L_

The shell of DS@E68¥as observed t ibegnte ood general condltlon The center
circumferepf f*\ cldtandilongitudina ds were examined and no rust spots or signs
of crackisfsvere notedlilile bottom sk 1d plug circumferential weld could not be
obseryEdibecause it waslopscured by *@{:ﬁ el sleeve of the HSM doorway opening. A
fe u@iﬁ 1 surface rugt @o were noted Gmﬁ e DSC shell base metal. Calvert Cliffs
beli “zf%u at the fegvismallfs @j’e lizhtrust on the shell were the result of
contamigation J?’(ﬂr shell with n during fabrication or handling prior to being
placed in Wﬁi@ ree 1ron contamination can oceur when carbon or low-alloy steel

guired to conclusively ascertain their nature, and then take appropriate corrective
action if their presence is determined to represent a potential challenge to the
confinement function of the DSC.
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The shell of DSC-11 (the lower heat load canister) was observed to be in good
condition, and no signs of the rust were noted on the base metal or welds. A linear
wear mark was noted running the length of the lower shell of DSC-11 near the inner
side of the west rail. This mark is believed to be from the demonstration Iz
Spent Fuel Storage Installation loading campaign that was conducted pifiom}o the start
of formal loading operations in 1993. During that demonstration, D

SEP was loaded
with dummy fuel assemblies (F As) and inserted into an HSM, a u,’ﬁ"{@ Wlthdrawn

(R
0

condition.

Learning AMP
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C.13.4 DSC Aging Management Program for the Effects of CISCC (Coastal Locations, Near
Salted Roads, or in the Path of Effluent Downwind from the Cooling Tower(s))

C.13.4.1 Scope of Program

This AMP is applicable to DSCs from ISFSIs that may have sufﬁc:le E*Ziy ospherlc
chlorides to initiate CISCC. )

ﬁk@i SC AMP for the Effects of CISCC comprises three distinct processes:

e ISFSI specific applicability evaluation to determine if this AMP is applicable to
the DSC

e DSC surface monitoring for chlorides, and

Page C.13-14
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e Remote visual inspection for aging effects

This program visually inspects and monitors the external surfaces of the DSC shéll
assemblies that may be subject to loss of material or CISCC. The programsscope

e Fabrication welds of the confinement boundary and the assoc'
zone (HAZ) ie., longltudlnal and (if any) 01rcumferent1al fsfi;x the

e  Outer top cover plate, welds and HAZs.

The last two areas are not part ghthe confinement bo T :_; but their condition must
be ascertamed prior to retriev@l er“é} A
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Aging Effects Requiring Management

The following aging effects associated with the DSC shell assembly components
require management:

e Loss of material due to crevice and pitting corrosion for stainlessg
components

and aggressive chemicals in a coastal location,
effluent downwind from the cooling tower(s

WSC surfaces, welds and HAZs, and crevice locations near the DSC support rails.

PFare visually inspected for discontinuities and imperfections.

Page C.13-16
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Parameters Monitored or Inspected for Identified Aging Effecfs

Aging Effect Aging Mechanism Parameter(s) Monitored
Loss of Material Crevice Corrosion Surface Condition
Loss of Material Pitting Corrosion Surface Condition

Loss of Material Galvanic Corrosion Surface Conditiop§

"Cracking Stress Corrosion Cracking Surface Condifi

C.13.4.4 Detection of Aging Effects

1. Time in service: Storage duration (tlme in W?&g&ﬁ@ 1ginating ISFST and WCS
: [ ] of contaminants The

ations: A review of the design drawings
med to further screen-m the DSC(s) from

B RaiSE? | year. The + 1 year is provided for inspection planning and potential limited
ayaitability of vendor remote non-destructive examination (NDE) equipment. The first
exammatlon will be performed on the selected DSC(s) prior to entering their period of -
extended operation. The same DSC(s) are used for each subsequent examination for

trending.
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Visual inspection, surface deposit sampling, and other NDE can be conducted
remotely by inserting the inspection and/or sampling devices through the HSM vents
or through the annular gap between the DSC and HSM front door opening. Visual
examinations follow procedures consistent with the ASME Code, SectiongXl, IWA-
2200 [C.13-3]. Yy

deposits.

Areas subject to VT-1% examination are
e the confinement boundary weld seams an@|

e the confinement boundary adjacent to the Bhs

oxe sensitive than VT-1 is recommended to quantify the degradation in
gicontinued service and to ensure the DSC will continue to perform

z According to ASME Section XI ITWA-2211, the VT-1 visual examination is conducted to detect discontinuities and
imperfections on the surface of components, including such conditions as cracks, wear, or corrosion. The VT-1
examination procedure is capable of resolving demonstration characters height of 1.1 mm in accordance with
ASME Section XI Table IWA-2211-1 “Visual Examinations.” Remote inspection camera resolution capability
shall meet VT-1 illumination, distance, and character height requirements for examination effectiveness.
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'of other NDE personnel shall be in accordance with ASME XI,
‘ Personnel performing ultrasonic examinations shall also meet the |

defection, depth sizing, and length sizing of IGSCC in austemtlc materials. Inspectlon |
procedures and personnel for surface sampling are qualified in accordance with site-
controlled procedures and processes, as prescrlbed in the TN Americas 10 CFR Part

72, Subpart G Program.
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C.13.4.5 Monitoring and Trending

A baseline inspection is performed as part of the monitoring and trending activities so
that the inspection results can be used for subsequent trending. Deficiencigs are

TN Americas 10 CFR Part 72, Subpart G Program.

C.13.4.6 Acceptance Criteria

n or other degradation that could lead to the loss of intended
ops are necessary until the next inspection.
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If the DSC is determined to contain confirmed or suspected indications of corrosion or
degradation, additional engineering evaluations are performed to demonstrate that the
DSC will remain able to perform its design bases functions until the next inspection.
ASME Code Section XI provides specific rules for evaluating flaw indicatigns that
may be detected during the inspections. If flaw indications are found tHEY g

e Surface-connected crack, ] "fa%é
examination, for evaluatl e w1th ASM]
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C.13.4.7 Corrective Actions

Site QA procedures, review and approval processes, and administrative controls are
implemented according to the requirements of the TN Americas 10 CFR Ea

evaluated to be acceptable for continued service through engi ,\g(a}«;,"r'% lysis, which
prov1des reasonable assurance that the 1ntended function is ggiptained¥ggnsi

35 iy

e mined from the selection criteria in Section C.13.4.4.
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e  Canisters that show evidence of localized corrosion or stress corrosion cracking
that exceeds the acceptance standards in IWB-3514.1 but meet the acceptance
criteria identified in IWB-3640, including the required evaluation per
IWB-3641(a), using the prescribed evaluation procedures, are permittéd to remain
in service and should be evaluated at 3-year intervals. Sample sizeghiguld be
increased to assess candidate canisters with similar susceptlbll' as Wessments as
determined from the selection criteria in Section C.13.4.4. 44

Section C.13.4.4.

C:13.4.8 Confirmation Process

C.13.4.9 Administrative Controls

\?’E}w appro "ﬂm~ Adm1 1strat1ve controls are |
{ efeH @TN Vvericas 10 CFR Part 72,

Whave occurred in austenitic stainless steel componerits that were exposed to
pheric conditions near saltwater bodies.
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In the fall of 2009, three examples of CISCC, which extended through-wall, were
discovered at a nuclear station in the weld HAZ of Type 304 stainless steel piping.
The piping included 24-inch, Schedule 10 emergency core cooling system (ECCS)
suction piping; 6-inch, schedule 10 alternate boration gravity feed to charging line
piping; and an ECCS mini flow return to refueling water storage tank. JUhile the
through-wall failures were attributed to CISCC, surface pitting wasglse¥observed on

typlcally used to fabrlcate DC em ca "#ﬁ@, ['c;im{s rical data have demonstrated

g @;m 04L stainless steel as
well as in Type 316L stainless ste QL/ ccgidipgly, all types of austenitic stainless
steels typicallygaseditapfabricate DESIsFstem canisters (304, 304L, 316, and 316L) are
susceptlbl @iﬂ“‘g” ""‘q!'bgma mechanismig

Calverta® ffs Nuclear Rosver Plant Expetience

Dat3 51s for J_@@lﬁi solle ed from the DSC surface has been

condudicafanCalferwCliffs m POIONgjie salt dep051ts collected on the actual canister
surface intheghi€ld also contain other inorganic multiple species together with chloride

JCa! -7 C. %&(ﬁ.’ 13- 9] The visual 1nspect10n on the DSC surfaces showed that the

Ricates complex. No visual indications of cracking were noted from the inspection.
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As demonstrated from the inspection results at the Calvert Cliffs ISFSI, the deposits
accumulated on the canister surfaces in particular for the upper horizontal surface area
contained multiple other soluble and non-soluble species together with chloride
content. These other types of anions and cations can affect chemistry of the,
deliquesced chloride salt solution. For example, the alkaline nature of ucrete
constituents such as calcium carbonates and aluminum hydroxide caffact to buffer the
acidic deliquesced salt brine to be more benign. This is consiste :\Aﬁ& the buffering

Alloy 22 in brine in geologic dep051tory studies. To some
as nitrate and sulfate and metal cations are also known :

canister to CISCC.

Learning AMP

THe tollgate schedule may be accelerated (i.e., the next tollgate is performed earlier)

whenever sufficient new information has accumulated that could warrant a change in
the AMP.
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C.13.5 HSM Aging Management Program for External and Internal Surfaces

C.13.5.1 Scope of Program

The scope of the HSM AMP for external and internal surfaces  prograry, i lerdes visual

e Reinforced concrete
e  Carbon steel

e Stainless steel

R are exposed to the following

Crackmg; loss of bond; and loss of material (spalling, scaling) due to corrosion of
" embedded steel for reinforced concrete,

e Cracking due to expansion from reaction with aggregates (alkali-silica reaction
(ASR)) for reinforced concrete,

Page C.13-26
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C.13.5.2

Preventive Actions

Increase in porosity and permeability; cracking; loss of material (spalling, scaling)
due to aggressive chemical attack for reinforced concrete,

Cracking due to increased stress levels from settlement for reinforced goncrete,

Loss of material due to general, pitting, and crevice corrosion _ﬁ(rﬁm’ steel
components,

Loss of material due to pitting and crevice corrosion for al
steel components and d

The program is a condition monitoring program thagd

actions.
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Carbon steel, stainless steel, and aluminum components are monitored for loss of
material due to general, pitting, galvanic corrosion, and crevice corrosion. Other
conditions such as loose or missing anchors, and missing or degraded grout are also
part of the inspection.

For coated HSM carbon steel subcomponents, this AMP manages NG ol
integrity due to blistering, cracking, flaking, peeling, or physical damay

C.13.5.4 Detection of Aging Effects

Q A ?pectlon findings in accessible areas.

Potential degradation of the below-grade portion of the concrete pad is assessed by
results of groundwater sampling at a minimum of three locations in the area of the
ISFSI at a frequency of five years.
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C.13.5.5 Monitoring and Trending

The first (baseline) inspection ascertains the condition of the HSMs at the beginning of
the period of extended operation. The conditions of the HSMs observed ingsubsequent
inspections are compared with the baseline conditions of the HSMs fordiending

purposes. ~

.3;@

ACI 349.3R [C.13-11] prescribes that crack maps should be :- 0 onltored

SR vorrosion stains on adjacent components and structures (loss of material),
e~ Surface cracks (cracking), or

e  Stains caused by leaking rainwater
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For carbon steel surfaces, one acceptable method for characterizing and quantifying
the amount of corrosion (rust) present on a painted steel surface is ASTM D610-08
[C.13-16]. This test method covers the evaluation of the degree of rusting (spot
rusting, general rusting, pinpoint rusting, and hybrid rusting) using visualgtandards

g @W ling less than

P’ Absence of corrosion staining of undefined source on concrete surfaces,

Page C.13-30
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e Passive settlements or deflections within the original design limits.

The acceptance criteria for the groundwater chemistry sampling program are:
e pH>55

e  Chlorides < 500 ppm
e  Sulfates <1500 ppm

These criteria are consistent with guidance provided in N
would demonstrate that the ISFSI concrete pad is not e3

coat ”u};(go aint) preViously applied

Peeli g B¥separation of one or more coats or layers of a coating from the substrate

Delafifation - separation of one coat or layer from another coat or layer or from

T

thefSubstrate

Q" isting - corrosion that occurs when the applied coating thickness is insufficient
to completely or adequately cover steel surfaces

e  Physical Damage - removal or reduction of thickness of coating by mechanical
damage
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Repair, rehabilitation, or corrective action of an unacceptable condition should be
performed in accordance with an applicable rehabilitation standard such as ACI
224.1R [C.13-20], ACI 364.1R [C.13-21] or ACI 562-13 [C.13-22].

C.13.5.7 Corrective Actions

Page C.13-32
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C.13.5.10 Operating Experience

The HSM AMP for external and internal surfaces is modeled after the regulatory
philosophy of 10 CFR 50.65 [C. 13 -10] structures monitoring program. St !

Structures and Components from Env1ronmental ' e > describes OE on
NUHOMS® HSMs installed at the .

5 eezing temperatures and promoted
ot been taken, this accelerated aging process

) g& 2 Calvert Cliffs performed an inspection of the interior of two NUHOMS®
s, and the exterior of the DSCs as part of their license renewal application
[C.13-4]. The visual inspection was conducted by remote and direct means with a
remote controlled high definition PTZ camera system.
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The accessible surfaces of the HSM concrete walls, roof, and floor all appeared to be
in good condition with little to no signs of spalling or cracking. There was additional
evidence of localized water intrusion to the interior of the module in the form of a few
concrete stalactites. These stalactites were seen only near the rear outlet yent, which
suggests that the source of the water intrusion is the outlet vent stack. Biioken stalactite
debris was observed on the surface of the heat shields beneath the cgiling. Stalactites
are formed when water leaches calcium hydroxide out of the conegfetesceiling, which
precipitates as calcium carbonate on contact with carbon dioxjdE] gl A Water was
observed to flow inward along concrete surface cracks, thoug '

cracks.

A condition report was initiated to evaluate whether their presgnce could have
1mphcat10ns for performance of the 1ntend ctlons of t ,3']" St

'- of general surface
e function of the DSC

Page C.13-34

This section is newly added.



WCS Consolidated Interim Storage Facility Safety Analysis Report Revision 3 Interim

TMI-2 at Idaho National Laboratory Experience

The Three Mile Island Nuclear Generating Station, Unit 2 ISFSI uses NUHOMS-12T
HSMs. In 2000, the licensee Department of Energy Idaho National Laboratory (INL),

well as 1ncreased efﬂorescence on the HSM surfaces. The efﬂoree was a solid,

strength, and long-term durabilityan
'@@?ﬁﬁlﬁu& on the roof 0

mng” AMP. This means that this AMP will be updated as necessary, to
1ncorporate new information on degradation due to aging effects identified from
site-specific inspection findings, related industry OE, and related industry research.
Site-specific and industry OE is captured through ISP’s OE review process.
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The ongoing review of both site-specific and industry OE will continue through the
period of extended operation to ensure that the program continues to be effective in
managing the identified aging effects. Reviews of OE by the licensee in the future may
identify areas where AMPs should be enhanced or new programs develo pe c‘
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Table C.13-1
DSC AMP for the Effects of CISCC Tollgates

Tollgate Year Assessment

1 prior to T,
2 T,+5 Evaluate information from the following sources angds
(note 1) j

won-nuclear OE.
alfperformance monitoring
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