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Enclosure 1

MFN 08-366

Response to Portion of NRC Request for
Additional Information Letter No. 102
Related to ESBWR Design Certification Application

Inservice Examination Methods and Access

RAI Number 5.2-62

Verified DCD changes associated with this RAl response are identified in the enclosed
DCD markups by enclosing the text within a black box. The marked-up pages may
contain unverified changes in addition to the verified changes resulting from this RAI
response. Other changes shown in the markup(s) may not be fully developed and
approved for inclusion in DCD Revision 5.
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NRC RAI 5.2-62:

This RAI supercedes RAIs 6.6-1, 6.6-2, 6.6-3, 6.6-4, 5.2-51, 5.2-53, 5.2- 54 5.2-57, and
5.2-58. The staff requests that the applicant modify the DCD (1) to specify the
inspection methods that are practical to use for inservice inspection (ISl) of welds in
ASME Boiler and Pressure Vessel (B&PV) Code Class 1 and 2 austenitic and dissimilar
metal welds, and (2) to add COL action items to Sections 5.2.4 and 6.6 for COL
applicants to ensure that a COL applicant referencing the ESBWR will provide a
detailed description of its plans to incorporate, during design and construction, access

to piping systems to enable nondestructive examinations (NDE) of such welds during
ISI. .

By way of background, the staff understands that materials selected for use in ESBWR
ASME B&PV Code Class 1 and 2 austenitic and dissimilar metal welds are not

" expected to encounter stress corrosion cracking or appreciable amounts of other forms
of degradation based on currently available information. However, the staff notes that
stress corrosion cracking was not expected. in previously built PWRs and BWRs based
on information that was available at the time of their licensing and construction. ‘
Accordingly, the staff considers that the design of components should include provisions
to enable NDE to detect future component degradation, such as stress corrosion
cracking. This is a critical attribute of any new reactor design.

The ASME B&PV Code, Section XI, as incorporated into 10 CFR 50.55a(g), currently
allows for either ultrasonic or radiographic examination of welds in Code Class 1 and 2
piping systems. Please modify the DCD in Tier 1 to state that one or.both of these
types of examination is practical for ISI of austenitic and dissimilar metal welds. The
staff notes that ultrasonic examination has advantages with respect to ALARA
considerations, and with this change to the DCD, any design certification rule that might
be issued for the ESBWR will preclude the granting of relief under 10 CFR 50.55a(g)(6)
for ISI of such welds. Please confirm that austenitic or dissimilar metal welds in Class 1
and 2 piping systems will be accessible for examination by either ultrasonic or
radiographic examination to satisfy § 50.55a(g)(3).

In support of these DCD changes, a COL applicant referencfng the ESBWR design

* certification application should inform the staff of how it plans to meet all access

requirements during construction and operation as required by 10 CFR 50.55a(g)(3)(i)
and (ii). The staff notes that the preservice inspection (PSI) requirements are known at
the time a component is ordered, and 10 CFR 50.55a(g) does not contain provisions for
consideration of relief requests for impractical examination during the construction
phases of the component. The COL action items requested above should reflect these
considerations. ‘ |

~

GEH Response:

According to the ASME B&PV Code, Section XI, either ultrasonic (UT) or radiographic
(RT) examination of austenitic and dissimilar metal (DM) welds in Code Class 1 and 2
piping systems may be conducted to fulfill inservice inspection (ISI) requirements. This
will be specified in DCD Tier 2, Subsection 5.2.4 for Class 1 and Section 6.6 for Class 2
components and piping systems. In addition, DCD- Tier 2, Subsection 5.2.4.3.2 for
Class 1 and Section 6.6.2 for Class 2, will be revised to describe the acceptable '
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methods for conducting austenitic and DM weld examinations for ASME Code,

Section 1ll, components and piping systems. The staff has requested that the DCD

Tier 1 information be modified to state that one or both of these types of examination is
practical for IS| of austenitic and dissimilar metal welds. In response to this RAI, and
with NRC involvement, these changes will be designated as DCD Tier 2* text. DCD
Tier 2* information cannot be changed without prior NRC approval, which is similar to
the controls for DCD Tier 1 information. DCD Tier 2* text will be |dent|f|ed in DCD Tier 2
as italic text with brackets(e.g., [example Tier 2* text]).

It should be noted that, in most cases, UT examination is capable of meeting the Code
requirements for examination of these welds. While UT has advantages with respect to
ALARA considerations, it should also be noted that UT has limitations regarding
inspection sensitivity in DM welds and austenitic stainless steel. UT sensitivity is
impaired by a combination of course grains, equiaxed columnar or dendritic grains, and
various combinations and layers that also include small randomly oriented grains.
Typically, this results in a material that is anisotropic, highly attenuative, and with
excessive-noise levels. Therefore, it may be necessary to use the dptional RT method
in order to meet inspection requirements.

DCD Tier 2 specifies the plans to meet the access requirements during construction, as
required by 10 CFR 50.55a(g)(3)(i) and (ii). The requirement to ensure that the design
of the ESBWR provides access to all welds for proper preservice and inservice
examination programs is described in the DCD Tier 2, Subsection 5.2.4.2. The staff has
noted that the preservice inspection (PSI) requirements are known at the time a
component is ordered, and 10 CFR 50.55a(g) does not contain provisions for
consideration of relief requests for impractical examination during the construction
phases of the component. The process that is being used by GEH for the design of the
ESBWR is to require specific access requirements to support UT or RT examination in
the equipment procurement specifications that are in compliance with the ASME
Section X| Code. Additionally, the design procedural requirements for the 3D layout of
. the plant include acceptance criteria regarding access for inspection equipment and
personnel. Through these procedural requirements, no deviations in providing the
required access are expected, but this does not preclude design circumstances where
access may not be completely possible. Other factors may include the type of
inspection program that the COL Holder chooses to implement (e.g., risk-informed
versus ASME Section XI Code based), which can also affect whether 100% weld
accessibility can be achieved. Any access constraints will be fully documented in the
PSI/1SI program, which is one of the operational programs addressed in DCD Tler 2,
Section 13.4. : «

The requirement to ensure that the design of the ESBWR provides access to welds for
proper preservice and inservice examination programs is described in the DCD Tier 2,
Subsection 5.2.4.2 and Section 6.6.2. There are existing COL items in the DCD that
require an applicant to address their specific program plans for implementing the
preservice and inservice examination programs. They are identified as COL Item
numbers 5.2-1-A and 6.6-1-A. However, two new COL items, 5.2-3-A and 6.6-3-A, will
be added to address this RAI.
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DCD Impact:

DCD Tier 2, Subsection 5.2.4, Subsection 5.2.4.2, Subsection 5.2.4.3.2,
Subsection 5.2.6 (5.2-3-A), Section 6.6, Subsection 6.6.2, and Subsection 6.6.11
(6.6-3-A) will be revised as shown in the attached markups.
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» The welder performance qualification test assembly required by ASME Section I shall
be welded under simulated access conditions. An acceptable test azsembly will provide a
Section IX welder perfonnance qualification required by this Regulatory Guide.

» If the test assembly weld is to be judged by bend tests, a test specimen shall be removed
from the location least favorable for the welder. If this test specimen cannot be removed
from a Jocation prescribed by Sectton IX, an additional bend test specimen is required. If
the test assembly weld is to be judged by radiography or UT, the length of the weld to be
exammed shall mclede the location least favorable for the welder.

* Records of the results obtained in welder accessibility qualification shall be as certified
by the manufacturer or installer, shall be maintsined and shall be made accessible to
authonzed personnel.

» For accessibility, when restricted access conditions obscure the welder's line of sight, the
use of visual aids such as mirrors shall be used The qualification test assembly ghall be
welded under the more restricted access conditions using the visual aid required for
production welding.

» Surveillance of accessibility qualification requirements is performed along with normal
surveillance of ASME Section IX performance qualification requirements.

5.2.3.43 Nondestruetive Examination of Tubular Produets
For discussion of nondestructive examination of tubular products, refer to Subsection 5.2.3.3.3.
5.2.4 Preservice and Inservice Inspection and Testing of Reactor Coolant Pressure

This subsection describes the preservice and inservice inspection and system pressure fest |
programs for NRC Quality Group A, ASME B&PV Code, Class 1 items. Tt describes these
programs implementing the requirements of Subsection IWB of the ASME B&PV Code

Section X1}

A ing to the ASME B&PV Code. Section XI. either ultrazonic or radto, hic (RT

examimation are practical to use for inservice ingpection (IST) of welds in ASME Boiler and

Pressure Vessel (B&PV) Code Class 1 and 2 awstenitic and dissimilar metal (DM) welds. The

COL Applicant is responsible for developing a plan and providing a full description of it’s use RAI
g constructi ervice i ion._inservice i ion_and during design activities for|| 2262

components that are not inchaded in the referenced certifted desipn to preserve accessibility to

piping systems to ensble nondestructive examinations (NDE) of ASME Code Class 1 austenitic
and DM welds during IS (see Section 5.2.6. COL Item 5.2-3-A for COL information).

10 CFR 50.55a prescribes Section XI Editions and Addenda applicable to inservice inspection
programs, subject to limitations and modifications found tkerein. Additionally, 10 CFR 50.55a
provides an allowance to request altematives to or relief from Code requirements. Section XI

! Items as used in this subsection are products constructed under a certificate of authorization
(NCA-3120) and matertal (NCA-1220). See Section IN[, NCA-1000, footmote 2.

52-22
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3.2.4.2 Accessibility

All jtems within the Class 1 bourdary are designed to provide access for the examinations
required by ASME Section XI, IWB-2500. Additional, considerations for accessibility are
defined in TWA-1500 of Section XI Items such as nozzle-to-vessel welds often may bave
inberent access restrictions when vessel internals are installed  Therefore, preservice
exammation shall be performed as necessary to achieve the required examination volume on
these items prior to instaliation of internals, which would interfere with examination. Access is
suffictent for the mservice exammation of the volume described in Code Case N-613-1.

[The process that is being used by GEH in the certified dasign of the ESBWR_ is to require

ific_access requiremenis to rt_the arved UT or optional RT examination in the
equipment procurement specifications thaf are in compliance with the ASME Section XI Code
Additionaily. the design procedural requirements for the 3D layout of the plant include|

acceptance criteria regarding access for inspection equipment and parsonnsl] Through these
procedural requirements, no deviations in providing the required access are expected. However
any desipn activities for components that are not included i the referenced ESBWR certified
desigm. it is the responsibility of the COL Applicant to preserve accessibility to piping systemns to
enable nondestructive examinations (NDE) of ASME Code Class 1 austenitic and DM welds

durmg ISI (see Section 5.2.6. COL Item 5.2-3-A for COL imformation).

52-62

Reactor Pressnre Vessel Access

Access for examinations of the seacior-pressuse-vesselRPV} is incorporated into the design of |
the vessel, brological shield wall and vessel insulation as follows:

RPV Welds - The shield wall and vessel insulation behind the shield wall are spaced away from
the RPV outside surface to provide zccess for remotely operated ulirasonic examination devices
as described m Subsection 5.2.4.3. Access for the insertion of automated devices is provided
through. removable insulation panels and at shield wall hatches in the upper drywell area.
Platforms are attached to the biological shield wall to provide access for installation of remotely
operated examination devices.

RPV Head, RPV Stads, Nuts and Washers - The RPV head is dry stored on the refueling floor
durmg refueling operations. Removable insulation is designed to provide access for manual
ultrasopic examinations of RPV head welds. RPV mutfs and washers are dry stored and are
accessible for visual (VT-1) examination. RPV stads may be volumetrically examined in place
of when removed.

Bottorn Head Welds - Access to the bottom head to shell welds is provided from the lower
drywell area through shield wall hatches and removable msulation panels around the cylindrical
lower portion of the vessel. This design provides access for mammal or automated ultrasomic
examination equipment. Sufficient access is provided for partial penetration nozzle welds (ie.,
CRD penetration and instrumentation nozzle welds) for perfmmance of the msual VT | and
VT 3 ex.amlnatloﬂs A ] 2 eyl SR pFeFadtathe ‘- Hedf) )
welds are also accmsible topufonntheCodemuuedVl'2 exammaﬁonsdm:ggg& RAI
leakage testing as required by ASME Code Section X1 TWB-2500-1. 5268

5225
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examination of valve body and pump casing internal surfaces (B-L-2 and B-M-2 exammatmns
categories, respectively) and the visual VT-2 examinations for category B-P.

£.2.4.3.2 Examinstion Methods
Ultrasonic Examination of the Reactor Vessel

Ultrasonic examination for the RPV is conducted im 2ccordance with the ASME Code
Section XL Accordmg to the ASME B&PV Code 1 1
radiographic (RT) exammation are practical to use for inservice mspection (IST) of welds in
ASME Boiler and Pressure Veszel (B&PV) Code Class | per DCD Chapter 5, and Class 2 per
DCD Chapter 6, anstenitic and disgimilar metal welds. U'I‘xsihe@enfedllspedlonmexhod
because of it’s ALARA adv:mt peg

5262

on the reactor vessel is based on the requnements of the ASME Code Section X1, specified in
Table 1.9-22. For the required preservice examinations, the reactor vessel meets the acceptance
standards of Section XI, IWB-3510. The RPV shell welds are designed for 100% accessibility
for both preservice and inservice inspection. RPV shell welds may be examined from the inside
or outside diameter surfaces (or a combination of those techniques) using automated ultrasonic
exammation equipment. The RPV nozzle-to-shell welds are 100% accessible for preservice
msped]on but might have limited areas d:at may not be acoessxble fmm the outer smfac:e for
mservice aiammanontechmques [f-aee o RGpaction B

In most cases, inner radius examinations are performed from the outside of the nozzle using
several compound angle tramsducer wedges to obtain complete coverage of the requred
examination volume. Alternatively, nozzle inmer radins examinations may be performed using
enhanced vizual techniques, as allowed by 10 CFR 50.552(b)(2)(xxi).

Vizual Examination

Visuzl examination methods VT-1, VT-2 and VT-3 are be conducted in accordance with ASME
Section XTI, IWA-2210. In addition, VT-2 examinations meet the requirements of IWA-5240.

Where direct visnal VT-1 examinations are conducted without the use of mirrors or with other
viewing aids, clearance (of at least 610 mm (24 in ) of clear space) is provided where feasible for
the head and shoulders of 2 man within a working arm's length (508 mm (20 in.)) of the surface
to be examined.

At locations where leakages are normally expected and leakage collection systems are located
(eg., valve stems and pump seals), the visual VT-2 examination verifies that the leakage
collection system is operative.

Plpmgnmsshaﬂbecleaﬂyldennﬁedandlmdoutsudlthatmsmnondamage leaks and
structural distress are evident to a trained visual examiner.

Surface Examination

Magnetic particle and liquid penetrant examination techniques are performed in accordance with
ASME Secton XI, IWA-2221 and IWA-2222, respectively. Direct examination access for

52-27
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5.2.6 COL Information
35.2-1-AH Preservice and Inservice Inspection Program PlanDescription

The COL heldesApplicant is responsible for p_romd_mg a full descriptionithe-develepment of the
preservice amd inservice inspection programs-pless and sugmented inspection proprams. by
supplementing, sz nacessary, the information in Subsection 5.3 4, and to provide milestones for | EAI

their implementation  The requirements are described in Subsections 5.2.4.1 through 5.2.4.10 | 5.2-64
andshat are based on the ASME Code, Section XI (DCD Subsection 32.4.4211).

3.2-2-H Leak Detection Monitoring

The COL Hiolder is responsible for the development of a procedure to convert different |
parameter indications for identified and unidentified leakage into comumon leak rate eqmvalents
and leak rate rate-of-change values.

The COL Haolder is responsible for the development of procedures for monitoring, recording, |
trending, deternuning the source(s) of leakage, and evaluating potential corrective action plans.
(DCD Subsection 5.2.5.9)

3.2.3-4  Preservice and Inservice Inspection NDE Accessibl'{igg Plar Descripiion
The COL Applicant is re sible for developing a plan and a full description of it's

use during construction, preservice mcﬂ% ingervice inspection and duning design activities

for oon_lpcm;mts that are not included in the yeferenced cerfified design to preserve sccessibility 5.2-62
to stems to enable nondestructive examimations of ASME Code Class 1
austenitic and DM weldz during ISI (DCD Section 5.2.4).

5.2.7 References

52-1 D. A Hale, “The Effect of BWR Startup Environments on Crack Growth m Structural
Alloys,” Trans. of ASME, Vol. 108, January 1986.

522 F.P. Ford and M. J. Povich, “The Effect of Oxygen/Temperature Combinations on the
Stress Comrosion Susceptibility of Sensitized T-304 Stainless Steel in High Purity Water,”
Paper 94 presented at Corrosion 79, Atlanta, GA, March 1979.

5.23 Electric Power Research Institute, “BWR Water Chemistry Guidelmes - 2004 Revision,”
EPRI TR-1008192, October 2004.

324 B. M. Gordon, “The Effect of Chloride and Oxygen on the Stress Cormrosion Cracking of
Stainless Steels: Review of Literature,” Material Performance, NACE, Vol. 19, No. 4,

April 1980.

5241
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6.6 PRESERVICE AND INSERVICE INSPECTION AND TESTING OF CLASS 2 AND
3 COMPONENTS AND PIFING

The ESBWR meets requirements for periodic inspection and testing of Class 2 and 3 systems in
GDC 36, 37, 39, 40, 42, 43, 45 and 46, as specified m part in 10 CFR Section 50552, and as
detatled in Section XI of the ASME Code. Compliance with the preservice and inservice
examinations of 10 CFR 50.53a, as detailed in Section XI of the Code, satisfies in part the
requirements of GDC 36, 37, 39, 40, 42, 43, 45 and 46. ESBWR meets SRP 6.6, Revision 1
acoeptance criteria by meeting the IS requirements of these GDC and 10 CFR 50.55a for the
areas of review described in Subsection I of the SRP.

This subsection describes the preservice and inservice mspection and system pressure test
programs for Quality Groups B and C, that is, ASME Code Class 2 and 3 items, respectively, as
defined in Table 32-3. This section describes those programs implementing the requirements of
ASME Boiler and Pressure Vessel (B&PV) Code, Section XI, Subsections TWC and IWD.

AocordmgtotheASMEB&PVCode SecuonXI enhernltrasomc(UT)orradlgg;phlc

Pressure Vessel (B&PV) Code cm L and 2 austenitic and disgimilar me:tal “welds The 001.

hcant 18 onsible fur devel & lan and ovi a full of it’s use | RAI
: i 3 I i - ( 52-62

cogpommts that are not mc}uded in the referemed cemﬁed dﬁlen. to umaeme acoessiblhtv to
mg wtems to enable nondestm:‘tme exxnnnxhons (NDE) of ASME Code Class 2 austeqitic

A preservice and mservice inspection program for Class 2 and 3 components and piping is based
on the ASME code, Section X1, Edition and Addenda specified in accordance with 10 CFR
50.53a subject to limitations and modifications found theren Additionally, 10 CFR 50.55a
prowdes an allowance to request aiwmahves to or rehef from ASME Sectlon XI Code )

equirements. g - Y
responsibility of the COL Holder, aznd shall be based on ﬂxe ASME Code S-ectmn XI. Edmm $72.63
and addenda gmmved m 10 CFR 50553(@! 12 months beﬁoxe imtial fuel load The COL T

inspection programs for Class 2 and 3 mmnmg;m_dmpﬂgﬂmw 52-64
the mfuumnon m Sectmn 6.6. The COL A]Jphcaut wﬂl alsu movlde uulestonﬁ for theu'

6.6.1 Class 2 and 3 System Boundaries

The Class 2 and 3 system boundaries for both preservice and inservice inspection programs and
the system pressure test program item boundaries mchede all or part of the followmg:

= Nuclear Boiler System (NBS)
o Isolation Condenser System (ICS})

6.6-1
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operate durimng any mode of normal operation and cammot be tested adequately, however,
are included with the Class 2 portion of the system.

» Cooling water and seal water systems or portions of these systems that are designed to
maintain functioning of safety-related components and systems.

e Systems or portions of systems that are commected to the reactor coolant pressure
boundary and are capable of being isolated from that boundary during all modes of
normal reactor operation by two valves each of which is normally closed or capable of
automatic closure.

» Systems, other than radioactive waste management systems, not covered by the above
three paragraphs, that contain or may comtain radicactive material and whose postnlated
failure would result in conservatively calculated potential offsite doses (reference
Regulatory Guide 1.183), that exceed 0.5 rem to the whole body or itz equivalent to any

part of the body.
6.62 Accessibility

Al items within the Class2 and 3 boundaries are designed to provide access for the
examinations required by IWC-2500 and TWD-2500.

[The process that is being used by GEH in the certified design of the ESBWR, &5 fo raquire
specific access requirements to support the prefarred UT or optional RT gxamination in the
aquipment procurement specifications that are in compliance with the ASMFE Section XI Cods.
Additionally, the design procedural requirements for the 3D layout of the plant include RAL
MM criteria regarding access for inspection equipment and personnel | Through these 5267

no deviations in iding the e | access are ted. However .
any desipn ax:lnrmes for components that are not mcluded i the referenced ESBWR certified
design it is the responsibility of the COL Applicant to preserve accessibility to piping systems to
enable nondestructive examinations (NDE) of ASME Code Class 2 austenitic and DM welds
during ISI (see Section 6.6.11, COL Ttem 6.6-3-A for COL mfommation}.

Class 2 and Class 3 Piping, Pumps, Valves and Sapports

The desipn and pBhysical amangement of piping pumps, esd-valves, and supports provide |
personnel access to each weld location for performance of volhmmetric and surface (magnetic

particle or liquid pereirant) examinattons (Class 2 only), and sufficient access to supports for [ grag
performance of visual VI-1 and VT-3 examinations m accordance with Subsection IWF. The | 39.179

design of the nuclear power plant stry : ems, and co 2 ides access for the
performance of mservice testing (IST) and incervice imspection (ISI) as required by the

applicable ASME Code. Working plaiforms are provlded in some areas to facilitate servicing of
pumps and valves. Removable thermal insulation is provided on welds and components, which
Tegquire frequent access for examination or are located in high radiation areas. Welds are located
to permit 100% volumetric examination from at least one side, but where comporent geometry
permits, access from both sides is provided.

Restrictions: For piping systems and portions of piping systems subject to vohmnetric
examination, the following pipmg designs are generally not used:

6.6-3
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6.6.11 COL Information
66-1-4 PSIAST Program Description

The COL Applicant w3 responsible for providinge a full description of the PSIASI progmms |

and augmented inspection programs for Class 2 and 3 components and piping by supplementing | RAI
as pecessary, the information m Section 6.6. The COL Applicant will also provide milestoneg | 5.2-64

for full-pregramtheir implementation (DCD Section 6.6). |

662-H ASME Code Description

The COL Holder will define the applicable ededition and adderda of the ASME Code in the
plant specific ISI program (Subsection 6.6.10.2).

6.6-3-A _PSIISI NDE Accessibility Plan Description

TheCOLA hcant is iblefor ing a lanand ovi' a full iption of it’s
constractio desipn activities|| RAT
ibr oon_lm that are not mcluded in the referenced czmﬁed de_ﬂgl_l, to preserve accessibihity|l 5.2-62

to piping systems to enable nondestructive exammations (NDE) of ASME Code Class 2
austenitic and dizsimilar metal welds during ISI (DCD Section 6.6).

6.6.12 References

None.

6.6-9



