TECHNICAL EVALUATION REPORT

AUDIT FOR MARK | CONTAINMENT
LONG-TERM PROGRAM — STRUCTURAL
ANALYSIS FOR OPERATING REACTORS
VERMONT YANKEE NUCLEAR POWER CORPORATIOY

VERMONT YANKEE NUCLEAR POWER STATION

NRC DOCKET NO. 50-271 FRC PROJECT C5506

NRC TACNO. 07950 FRC ASSIGNMENT 12

NRC CONTRACT NO. NRC-03-81-120 FRCTASK 320

Prepared by

Franklin Research Center Authorr N. Subramonian, A. K. Le
20th and Race Streets

Philadelphia. PA 19103 FRC Group Leader: N, Subramonian

Prepared for

Nuciear Regulatory Commission
Washington, D.C. 20555 Lead NRC Engineer: H. Shaw

September 27, 1983

This report was prepared as an account of work sponsored by an agency of tne United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty. expressed or implied. or assumes any legal liability or
resconsibility for any third party's use, or the results of such use. of any information, appa-
ratus, product or process disciosed in this report, or represents that its use by such thirg
party would not infringe privately owned rights

Prepared by Reviewed by: Approved by
/ | 1
LYV T N , f_ L [
j « J-‘? _A/Lml Y~
Principal Author Project Manager Depan}nemoarector (Acting)
|
Date - - ¥ Date L
927 ¢3 e 9.278> 2%

- -
\ S
\ —g,—b\
[ ] ] p——

‘\ - +° UUUL Franklin Research Center
S —— 20th and Race Streets, Phila.. Pa. 19103 (215) 448-1000



Section
1

2

.

INTRODUCTION

AUDIT FINDINGS

CONCLUSIONS.

REFERENCES .

APPENDIX A - AUDIT DETAILS

APPENDIX B - ORIGINAL REQUEST FOR INFORMATION

..o\ Franklin Research Center
A Dresior

o The Frankin insttute

144

TER-C5506-320

Page
o LD
vl 8
. . 10
v » BB



TER-C5506-320

FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Operating Reactors) for technical
assistance in support of NRC operating reactor licensing actions. The
technical evaluation was conducted in accordance with criteria established by
the NRC. Initial review of the plant-unique analysis (PUA) report for this
TER was performed by M. Darwish and T. C. Stilwell of the Franklin Research

Center.
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TER-C5506-320
1. TNTRODUCTION

The capability of the boiling water reactor (BWR) Mark I containment
suppression chamber to withstand hydrodynamic loads was not considered in the
original design of the structures. The resolution of this issue was divided

into a short-term program and a long-term program.

Based on the results of the short-term program, which verified that each
Mark I containment would maintain its integrity and functional capability when
subjected to the loads induced by a design-basis loss-of-coolant accident
(LOCA), the NRC staff granted an exemption relating to the structural factor
of safety requirements of 1l0CFRS0, 55(a).

The objective of the long-term program was to restore the margins of
safety in the Mark I containment structures to the originally intended
margins. The results of the long-term program are contained in NUREG-0661
(1), which describes the generic hydrodynamic load definition and structural
acceptance criteria consistent with the requirements of the applicable codes

and standards.

The objective of this report is to present the results of an audit of the
Vermont Yankee Nuclear Power Station plant-unique analysis (PUA) report with
regard to structural analysis. The audit was performed using a moderately
detailed audit procedure developed earlier (2] and attached to this report as
Appendix A. The key items of the auait proceduire are obtained from the "Mark
I Containment Program Structural Acceptance Criteria Plant Unique Analysis
Application Guide" (3], which meets the criteria of Reference 1.

J.uL Franklin Research Center
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2. AUDIT FINDINGS

A detailed presentation of the audit for the Vermont Yankee Nuclear Power
Station is provided in Appendix A, which contains information with regard to
several key items outlinea in the audit procedure (2]. Based on this detailed
audit, it was concluded earlier that certain items in the Vermont Yankee PUA
report (4] indicated noncompliance with the requirements of the criteria (3]
and several aspects of the analysis required further information. Based on
this conclusion, the Licensee was requested to provide additional information
on these aspects in ordet to indicate compliance with the criteria. The items
contained in the regquest for additional information are attached to this
report as Appendix B.

The Licensee responded (5] to ail of the items contained in the request
for additional information (Appendix B) except the items related to torus-
attached piping, which will be addressed by the Licensee in a supplementary
PUA report. After an initial review of these responses, a meeting was held
with the Licensee to clarify certain aspects of Reference 5 and to verify the
criteria and approach used by the Licersee for performing analysis of torus-
attached piping, supports, and torus genetrations. A brief review of the
Licensee's responses [5] and clarificition obtained during the meeting with

the Licensee is provided below.

Request Item 1

This request related to the Licenrsee's analysis of torus penetrations
such as vent pipe/torus penetration aid vacuum breaker line and reactor core
isolation cooling line (RCIC) torus p2netration. The Licensee's response
indicated that a summary of analyses of these items will be included in the
supplementary PUA report to be subm tted by September 1983. During the
teeting with the Licensee on August 3, 1983, the Licensee provided an outline
of the criteria/approach used in the analysis which provides reasonable
assurance that the Licensee's analysis conforms to the criteria requirements

{(3]. Hence, the concerns with regatd to this item are resolved subject toc a

-
-
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TER-C5506-320

Reguest Item 5

With regard to this item, the Licensee indicated that a summary of the
analysis technigues used, piping stresses, support loads, and required
modifications will be provided in a supplementary PUA report to be submitted
by September 1983. During the meeting with the Licensee on August 9, 1983,
the Licensee provided an outline of the criteria/approach used in the analysis
which provides reasonable assurance that the Licensee's analysis conforms to
the criteria reguirements [(3]. Hence, concerns with regard to this item are
resolved subject to a written report from the Licensee confirming that the

criteria/approach outlined were applied in the actual analysis.

Request Item 6

In response to this item, the Licensee provided details of the safety
relief valve (SRV) discharge line elbow support and an isometric drawing of
the SRV discharge line. The Licensee's response resolved the concern with

regard to this item.

Reguest Item 7

In response to this item, the Licensee indicated that the Vermont Yankee
vent header deflector is a continuous structure through the 16 torus bays.
The connection arrangement does not allow moment transfer at supports, and
therefore the analysis was performed assuming each span to be simply
supported. The non-vent bay analysis bounds that of the vent bay and was used
conservatively for both. The Licensee's response is technically adequate and

meets the criteria requirements.

Request Item 8

In response to this item, the [Licensee provided a set of catwalk

drawings. The Licensee's response resolved concerns with regard to this item,

-, e
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Reguest Item 9

In this response regarding catwalk supports, the Licensee indicated that
the new vertical support legs (4-in schedule 80 pipe) and the new diagonal
braces (4-in schedule 80 pipe) have ﬁarginl of safety against buckling of
13.35 and 4.07, respectively. The Licensee's response resolved concerns with

regard to these supports.

Reguest Item 10

In this response, the Licensee provided sufficient informati®i to assure
that the effect of neglecting the offset (4 in wide) between the ring girder
and mitre joirt in the computer model was technically justified. A qual "ative
study indicates that the maximum membrane stress in the torus cannot cccdr in
this offset region. There is no primary bending stress in the region (because
of gross structural discontinuity), and it follows that maximum primary local
plus bending stress in the region should be less than the maximum membrane
stress. Thus, the main significance of this region may be for the case of
fatigue, and hence the Licensee has conservatively used a stress-intensification
factor of 4 (maximum required by the code) for this case. The Licensee's

response adequately resolved the concerns with regard to this item.

Reguest Item 11

In response to this item, the Licensee indicated that the torus structure
and major components were evaluated at a temperature of 200°F, which conserva-
tively bounds the maximum temperature obtained from the plant-unigue load
definition. Wwith regard to materials, the Licensee indicated that AS516 Gr 70
was used for torus shell, support columns, ring girder, saddle support,
earthquake restraints, vent pipe, vent header, and downcoaets; that A333 Gr 1
was used for vent header support columns; and that A333 Gr 6 was used for the

vent header deflector. The Licensee's response is satisfactory.

-

——

.... Frankiin Research Center
A Dnaion of The Frankin insutute



TER-C5506-320

Request Item 12

in cosponse to this item, the Licensee stated that all torus-attached
piping systems at the Vermont Yankee plant have been classified as essential
Class 2 piping systeas and that all components associated with these systems
are considered active for the purpose of these analyses and evaluations. The

Licensee's response is technically adequate.

Request Item 13

In response to this item, the Licensee provided justification for
neglecting post-chugging load on torus shell, pool swell drag LOCA jet forces
on the vent header support columns, submerged structure drag for vent header
support columns, drag forces on vent header support columns and intermediate
break accident (IBA) condensation oscillation load on the vent header system.
The Licensee's response is technically adequate. During the meeting with the
Licensee on August 9, 1983, the Licensee indicated the approach used for
considering the reaction load from attached piping on the torus shell. The

Licensee's approach meets the intent of the criteria.

Request Item 14

This item relates to completion of the proposed modifications and a
summacry of relevant analyses. The Licensee indicated that, with regard to
modified items pertaining to torus-attached piping, a summary will be incliudndg
in the supplementary PiUA report to be submitted by September 1983. With
regard to catwalk modilications, the Licensee has outlined the modifications
and provided the calcu.ated stress values, which are well below the respective
allowables. During the meeting with the Licensee on August 9, 1983, the
Licensee provided an outline of the approach/criteria used for modifications
related to torus-attached piping and indicated the expected date for submittal
of the PUA report to be September 1983. Tﬁe Licensee's responses have
adequately resolved the concerns with regard to this item subject to submittal

of the pertinent PUA report.

JuUlU Franklin Research Center
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Reguest Item 15 .

In response to this item, the Licensee indicated that the conclusions of
the Mark I Owners' Group generic study on piping fatigue are applicable to the
Vermcnt Yankee piping analysis, which implies that no plant-specific piping
fatigue analysis is warranted. The licensee's approach is technically

adequate.

Reguest Item 16

In response to this item, the Licensee provided a summary of analysis for

miscellaneous internal piping and indicated that, in each case, the maximum
stress in this piping is less than the respective criteria allowable. The

Licensee's response resolved the concern with regard to this item.

In response to this item, the Licensee confirmed that the fatigue
analysis of the torus shell incorporated corrections in stress-range
amplitudes and associated numbers of cycles to account for the interspersion
of stress cycles of unlike character. Fatigue analysis of the torus-attached
piping penetrations will be reported in a supplementary PUA report to be
submitted by September 1983. During the meeting with the Licensee on August
9, 1983, the L.ceasze 3utlined the approach/criteria used for torus-attached
piping penetrations and indicated that the supplementary PUA report will be
submitted by September 1983. The Licensee's response to this item is
satisfactory and meets the intent of the criteria subject to a written summary
confirming the approach used for the torus-attached piping penetrations.

Request Item 18

In this response, the Licensee provided justifications for not

Reguest Item 17
considering certain asymmetric modes in the analytical model for torus. The
|

Licensee indicated that the horizontal earthquake loads are considered using

loads need to be addressed with regard to this concern. Although these loads

g
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are not uniform, they always produce pressures that are in-phase in adjacent
bays; therefore, their dynamic respohses will be primarily controlled by
symmetric modes. The Licensee's justification is technically adequate and the

torus analytical model meets the intent of the criteria.

Reguest Item 19

In this response, the Licensee indicated that all combinations of
structural responses due to separate dynamic loads have been analyzed using
the absolute sum method. This approach is conservative and satisfies th?
criteria requirements.

Request Item 20

In this response, the Licensee indicated that the analysis of the SRV
discharge line has been done in two separate parts. Analysis of the
quenchers, quencher supports, and piping in the torus ir reported in Reference
4, and the analysis 6t the vent pipe penetration and all upstream piping and
supports will be reported in a supplementary PUA report. During the meeting
with the Licensee on August 9, 1983, the Licensee cutlined the approach/
criteria used for the analysis of the vent pipe penetration and all upstream
piping and supports and indicated that the supplementary PUA report containing
this information will be submitted by September 1983. The Licensee's approach
and criteria for this item are technically adequate subject to a written
submittal confirming that the approach outlined was used in the actual

analysis.,

Request Item 21

In this response, the Licensee indicated that the vacuum breaker piping
and penetration analysis for the torus and vent pipe penetrations will be
presented in the supplementary PUA report. During the meeting with the
Licensee on August 9, 1983, the Licensee outlined the technical approach/
criteria used for this analysis and indicatad that the supplementary PUA

report containing a summary of this analysis will be submitted by Septemer

-
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1983. The Licensee's response is technically adequate subject to a written

submittal confirming that the approach outlined was used in the actual

analysis.

Reguest Item 22

In response to this item, the Licensee indicated that the 45° segment
model of the vent header and downcomer used in the analysis is conservative
compared to a 180° segment vent system beam model. The combined seismic and
chugging stresses of the 180° segment model are less than the combined stress
cf the 45° segment model because of the conservative assumptions used to apply
antisymmetric chugging load on the 45° segment model. The Licensee's analysis

is technically adequate and meets the intent of the criteria.

Request Item Gl

In this response, the Licensee provided more details on the procedures
used in the PUA report for fatigue evaluation., The Licensee indicated that
the fatigue analysis of the torus was completed using the procedures outlined
in Section NE-3221.5 of the ASME Code. The fatigue evaluations of torus-
attached piping penetrations will be addressed in a supplementary PUA report
to be submitted by the Licensee by September 1983. During the meeting with
the Licensee on August 9, 1983, the Licensee outlined the approach/criteria
used in the fatigue analysis of the torus-attached piping penetrations. The-
Licensee's approach is judged to be technically adequate based on information

obtained during the meeting and subsequent clarifications,

Request Item G2

In response tc this item, the Licensee indicated that, using the criteria
recommended by Section NE-3221.5, it was determined that the thermal fluctua-
tions during LOCA are not significant for fatigue analysis. The Licensee's

response resolved the concern on this item.

/‘\*
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3. CONCLUSIONS

Based on the audit of the Vermont Yankee Nuclear Power Station Plant
Unique Anaiysis Report, it was concluded earlier that certain aspects required
additional information. The Licensee's response (5] to the request for
additional information and subsequent clarifications obtained during a meeting
with the Licensee indicate that the Licensee's structural analysis with regard
to major modifications is in general conformance to the criteria requiremencs
(3]. The Licensee's analytical approach and criteria used for penetrations
and associated equipment and components (as outlined during the meeting on
August 9, 1983) conform to the requirements of the criteria. However, the
approach outlined should be confirmed through the supplementary PUA report.

If any deviations from the criteria are identified in the supplementary PUA
report on torus-attached piping and penetrations, these will be resolved on a
plant-specific basis. The Licensee's approach to evaluation of piping fatigue
conforms to the approach recommended by the Mark I Owner's Group, which has
been accepted by the NRC. The evaluation criteria of the containment vacuum
breaker modificatiors i.re not addressed in Reference 3 and are therefore
outside the scope of this TER; however, this issue will still be examined as

part of the Mark I long=-term program.

-10-
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1. INTRODUCTION

The key items used to evaluate the Licensee's general compliance with the
requirements of NUREG-0661 (1) and specific compliance with the requirements
of "Mark I Containment Program Structural Acceptance Criteria Plant Unique
Analysis Application Guide® (2] are contained in Table 2-1. This wudit
procedure is applicable to Mark 1 containments except Brunswick Units 1 and 2
which have a concrete torus.

For each requirement listed in Table 2-1, several options are possible.
Ideally, the requirement is met by the Licensee, but if the requirement is not
met, an alternative approach could have been used., This alternative approach
will be reviewed and compared with the audit requirement. An explanation of
why the approach was found conservative or uncorservative will be provided. A
column indicating "Additional Information Required®” will be used when the
information provided by the Licensee is ilnadequate to make an assessment,

A few remarks mizmm Tables 2=l and 2-2 will fecilitate their future
use:
A summary of the audit as detailad in Table 2-1 is provided in Table

2=2, highlighting major concerns. When deviations are identified,
reference to approptiate notes ace listed in Table 2-1,

© Notes will be used extensively in both tablesx under the various
columns when the actual audits are conducted, to provide a reference
that explains the reasons behind the decision, Where the criterion is
satisfied, a check mark will be used to indicate compliance.

¢ When a particular requirement is not met, the specific reasons for
noncomplience will be given.

© Where the Licensee's response to the request for additional
information provided satisfactory evidence for compliance with the
criteria, an appropriate remark is made and the original audit finding
i provided only for the sake of completeness,

. wle
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Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containmaent Long-Term Program

Section Key tems Considered .__c"""‘ Adatl. Al::’nmA e n
No. m Inthg Aygit Not | Info. A NA Remarks
Met Met | Reqd. Conser- Unconser-
vative vative
L.2 | ALl structural elements of
the vent system and suppres-
sion chamber must be
considered in the ceview.
The following pressuce
retaining elements (and
the ir supports) must be
considered in the ceview:
Torus shell with = || see B by sand Il ot
Q us w assoc i~ by Qi
ated penetrations, o TEY s 1oy il od
teinforcing cings, and 40
suppocLt attachments
o Torus shell supports to v
the containment structure
0 Vents between the drywell |7
and the vent ring header
(ineluding penetrations
thecrein)
o Region of deywell local set T bicenmass apirne
to‘mc m{uncnc n NoTER s sl ed My coniirm
9 Bellows between vents and see P L
torus lltll (tﬂ‘"n‘l ar g M" [N ”.o'ch'h Canvirn
extecnal to torus)
o Vent ring header and the e s o ey "0 e
downcomers attached to i @14al [ S
@ Vent ring header supports o
O the torua
0 Vacuum breaker valves v e P bitimmans MEup o
attached to vent penetra- aTe e rouile el Mom €vinann
tions within the torus Bl
(where applicable)
Too boawnt v N Pd e
@ Vacuum breaker piping W seE | e s ety dib e Shasiond
systens, including vacuunm Mot
breaker valves attachad 4
9 torus shell panetra~
*: e ————— — — —  c—
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Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

Licensee Uses
Section Key Items Considered SIia | Ad. | susemate Ansrosch
No. (2] in the Audit Not | Info. NA Remarks
Met Met | Reqd. Conser- Unconser-
b vative vative
1.2 {(Cont.)
tions and to vent
penetrations external to
the tcrus (where
applicable)
Piping systems, including v SEE Tha b1cemmes :r;'":
pumps and valves internal NOTE has reasived s
to the torus, attached to S
the torus shell and/or : b
: o 3 L b INnac
vent penetrations > ,;‘:,L,,::;:ﬁ s Besin v
F TWE
All main steam system v e ;::“:c‘: .:;ouwcuee
safety relief valve - o wcLuDED W THE
(SRV) piping : € PolkT (SEE NOTES
Applicable portions of v 5‘5_ < 4 20)
the following piping “% . o Thu Li <ty FEapinme
- Active containment ‘
system piping systems
(e.g., energency core
cooling system (ECCS) and
other piping reguired to
maintain core cooling
after loss-of-coolant
accident (LOCA))
- Piping systeme which
provide a drywell-to-
wetwell pressure dif-
ferential (to alleviate
pool swell effects)
- Other piping systems,
including vent drains
Supports of piping systems |V~ | st E‘L‘u 'N' ‘wﬁ:\:'uu
mentioned in previous item ' Wel€ 5 | el
3
© Vent neader deflectors v SEE { e bck s i bt |
including associated Ng}"i f s resvlied Pas Cvniond
hardware "
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Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

-

b.

acceptance criteria
for existing Mark I
containment systems
are contained in the
American Society of
Mechanical Engineers

(ASME) Boiler and
Pressure Vessel
(B&PV) Code, Section
III, Division 1 (1977
Edition), with
addenda through the
Summer 1977 Addenda
[3] to be referred
nerein as the Code.
alternatives to this
criteria provided in
Reference 2 are also
acceptable.

The

When complete appli-
cation of the criteria
(item l.3a) results

in hardships or
unusual difficulties
without a compensa-
ting increase in level
of quality and safety,
other structural
acceptance criteria
may be used after
approval by the Nuclsar
Regulatory Commission.

Criteri Licensee Uses |
Section Key items Considered fiteria_ | Adat. | Apernate Approach |
No. (2] in the Audit Not | Info. NA Remarks
Met Met | Reqd. Conser- Unconser-
vative vative
1.2 |{Cont.)
Tha anlvm:' FEs)59 nnd
o Internai structural v 3::55 " ,v,“y<3la..teﬂu"-
elements (e.g., monorails, 849
catwalks, their supports)
whose failure might impair
the containment function
ha Licomses MpPim<
1.3 | a. T™he structural hone Pz lrvel FRns Concired

E XCEPTICUS ARE
c\TeD W REF, 8§
APPEU DI\CES,
APPENTIY A2
CVTES ACCEP ThBLE

EVIDEWJUCE |
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Tabie 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

Licensee Uses

Section Key Items Considered Criterla | Adatl. | Aternate Approach
No. (2] in the Audit Not | Info. . NA Remarks
Met Met | Reqd. Conser- Unconser-
vative vative
2.1 | a. Identify the code v’
or cther classification
of the structural element
N SeE woTE M

b. TIrepare specific
dimensional boundary
definition for the
specific Mark I contain-
ment systems (Nota:
Welds connecting piping
to a nozzle are piping
welds, not Class MC
welds)

2.2 | Guidelines for classification
| of structural elements and

boundary definition are as |
follows: |

(Refer to Table 4i-3 and i
Table 2-4 for non-piping and
piping struciurzl elements,
respectively, and to item 5
in this table for row
designations used for
defining limits of
boundaries)

a. Torus shell (Row 1) = v
The torus membrane
in combination with
reinforcing rings,
penetration elements
within the NE-3334 (3]
limit of reinforce~-
ment normal to the
torus shell, and
attachment welds to ]
the inner or outer ’ ’ |
surface of the above i
members but not to l
I
!
{

nozzles, is a
Class MC [3] vessel.
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Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

Licensee Uses
Section Key items Considered Critéria | agati. Allornate Aparossh

- in the Audit Not | Info. NA Remarks
Met Met | Reqq. | Conser- Unconser-

vative vative

2.2 |[(Cont.)

b. Torus shell supports /
(Row 1) = Subsection NF
(3] support structures
between the torus shell
and the building
structure, exclusive
of the attachment welds
to the torus shell;
welded or mechanical
attachments to the
building structures
(excluding embedments);
and seismic constraints
between the torus shell
and the building
structure are Class MC !
[3] supports.

|c. External vents and | i
vant-to=torus bellows
(Row 1) = The external
vents (betwean the
attachment weld to the '
drywell and the
attachment weld to the
bellows) including:
vent penetrations
within the NE=3334 (3]
limit of reinforcement
normal to the vent,
internal or external
attachment welds to the
external vent but not
to nozzles, and the
vent-to-torus bellows
(including attachment
welds to the torus
shell and to the |
external vents) are |
Class MC (3] vessels. '
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- : Licensee Uses
Section Key ltems Considered riteria_ | Adatl. | Apernate Approach | A
‘ . . emarks
No. (2] inthe Audit Not | Info Conser- Unconser-

Met Met | Reqd. vative vative

2.2 |(Cont.)

d. Drywell-vent connection YV
region (Row 1) - Vent
welded connections to
the drywell (the drywell
and the drywell region
of interest for this
program is up to the
NE-3334 [3] limit of
reinforcement on the

: drywell shell) are

Class MC [3] vessels.

| e. Internal vents (Rows 2 > I . ‘

and 3) - Are the
continuation of the
vents internal to the |
torus shell from the |
vart-bellows welds and 7
include: the !
cylindrical shell, the | !
ciosure “zad,
penetrations in the
cylindrical shell or |
closure head within the
NE-3334 [3] limit of
reinforcement normal to
the vent, and attachment
walés to inner or outer
surface of the vent but
not to nozzles.

—— e e—

f. Vent ring header (Rows >
4 and 5) and downcomers
(Row 6) - Vent ring
header including the
downcomers and internal
or external attachment
welds to the ring
header and the i
attachment welds to the
downcomers are Class MC
[3] vessels.
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Licensee Uses

—

Saction Key iterns Considarad Criteria | aqqtl. e
No. (2] in the Audit Not | info. il R
Met Mat | Reqd Conser- Unconser-
| vative vative
2 - 2 (COﬂt . )

- The purtion of the
downcomer within the
NE-3334 (3] limit of
reinforcement normal to
the vent ring header
and portion of the vent
ring header within
NE-3334 limit of
reinforcement are
considered under Row 5.

vVent ring headger
supports (Fow 7) =
Subsectior NP (3]
supports, exclusive of
the attachment welds to
the vent ring header
and to the tcorus 3hell,
are Class MC (3}
supports.

Zssential (Rows

10 and 11) and
non-essential (Rows
12 and 13) piping
systems - A piping
system or a portion
of it is essential
if the systenm is
necessary to assure
the integrity of
the reactor coolant
pressure boundary,
the capability to
saut down the
reacter and maintain
it in a shutdown
condition, or the
capability to
prevent or mitigate
the consegquences of

4SEE

-

NOTES

S 4
12

e —

Licen acis T8 po Yo

Ans hairch Pao Co

e~

i s




P NRC Contract No. NRC-03-81-130
|Li! Frankiin Research Center FRC Project No. CS506
A Division of The Franklin institute FRC Assignment No. 12
20th and Race Streets. Phila.. Pa. 19103 (215) 448- 10 FRC Task No. 320
| PlantName VERnMouUT YAWKEE

Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

r

|

| S ‘ Criteria | | Licensee Uses
| t s 14 - i !
| Section Key Items Considered ! Addtl. | Airernate Approach

No. (2] | in the Audit | Not ,MO';C ’ - KA i
Met Met | Reqq. |“ONser- uncons

vative vative

2.2 |(Cont.)

accidents which

could result in
potential off site
exposures comparable to
the guideline exposure
of 10CFR100 [4]. Piping
should be considered
essential if it
performs a safety-
related role at a later
time during the event
combination bein
considered or during
any subsegquent event
combination.

dctive and inactive

conponent (Rows

10-13) = Active

coiponent is a pump

Oor valve in an

essential piping

sy<tem which is

reguired to perform

a mechanical motion

during the course

of accomplishing a

system safety

function.

Containment vacuum (v j aT e
oreakers (Row 2) = | , sy reouiiegd IRae Comer
Vacuum breakers valves |

mounted on *he vent

e, b v

to the torus
.P1ng associated
torus are
(3] ccmponents.
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Section
No. (2]

Key Items Considered
inthe Audit

Criteria

Not
Met Met

Addtl,
Info.
Reqgd.

|

Licensee Uses iv

Altarnate Approach |

NA |
Conser- Unconser-
vative vative

Remarks

2.2

(Cont.)

K.

1.

External piping and
supports (Rows 10-13):
- No Class 1 piping

- Piping external to
and penetrating the
torus or the external
vents, including the
sttachment weld to the
torus or vent nor . : is
Class 2 (3] piping. The
cther terminal end of
such external piping
should be determined
based on its function
and isolation capability.

- Subsection NP (3]
support for such
external piping
including welded or
mechanical attachment to
structure; excluding any
attachment welds to the
piping or other pressure
retaining component are
Class 2 [3] supports.

Internal piping and
supports (Rows

10-13) = Are Class 2 or
Clar s 3 piping and
Class 2 or Class 3
ccomponent supports.

Internal structures
(Row 8) =~ Non-safety=-
related elements which
are not pressure
retaining, exclusive of
attachment welds to any
pressure retaining

SEE
NoT

5412

SEE
NOTES

S 4
2

’,
Licianddar Mapst
neas ".a.hr() |} S

LiCem vis Fep v
iz A el e,
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T T

1 ; | Licensee Uses
Section | Key Items Considered | Criteria | Aqqy). |

L ‘ | Alternate Approach
No. (2] | in the Audit | Not | Info. |
1

| Met _Met | Read. |Conser- Unconser- |

: | | vative vative

Remarks

member (e.g.,
moncrails. ladders,
catwalks, and their
supports) .

Vent deflectors (Row 9)
- Vent headesr flow
deflectors and
associated hardware (not
including attachment
welds to Class MC
vesse.s) are internal
structures.

Load terminolocy used
should be based on Final
3 Ahralysis Report
for the unit or the
ODefinition Report
(5]. In case of
t, the LCR loads
be used.

Consideration 2f all locad
cowbinations c2tined in
Section 3 of the LDR [5]
shall be provided.

a. No reevaluation for
limits set for design
pressure and design
temperature values 1is
needed for present
estructural elements.

limit
rements used for
construction

ith respect

© load definition and

allowable stress shall
be used for systems or
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Saction
No. (2]

Key Items Considered
inthe Audit

l Criteria

Met Mat

Licensee Uses |
Alternate Approach |
Conser- Unconser-

vative vative

Addtl.
Info.
Reqd.

Not

Remarks

4.3

4.4

(Cont.)

portions of systems
that are replaced and
for new systems.

Service Limits and

Design Procedures shall
be based on the

B&PV Code, Section III,
Divigion 1 including
addenda 1p to Summer 1377
Adcenda (3], specifically:

a. <Class MC
containment
vessels: Article
NE-3000 ([3!

b. Linear-type
component (Class 2
and 3) support =
with three
modifications to
the Code:

- Por bolted
connections, the
requirements of
Service Limits A
and B shall be
applied to Service
Limits C and D
without increase in
the allowables
above those
applicable to
Service lLevels A
and 3;

- NP-3231.1 (a)
[3] is for primary
plus secondary
stress range;

SEE
NoTE

\

p— —m —m—

See definition
for Service
Limits in
Section 4 of
Reference 2.

SEE wNoTE Y\

SEE noOTE i

| ﬁ”‘r"m
s repvived (Ao

- NC v
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Table 2-1. Audit Procedure for Structural Acceptance Ciiteria of Mark | Containment Long-Term Program

Section Key Items Considered Criteria | Agdti. A,gf::,:‘:pl;::ch
No. (2] in the Audit Not | Info. NA Remarks
Met Met | Reqd. C;:‘r;'s\;r- U"\:‘:&:"’

- All increases in Vv SEE g L'“".:T,.&P;T(,N
allowable stress NoTE g g
permitted by Subsection 9
NP [3] are limited by
Appendix XVII-2110(b)

[3] when buckling is a
consideration.

T Logf—o‘-‘"' ""f’"'""
¢c. Class 2 and 3 piping, v’ SEE . reas bvtd 1R Co tor~
pumps, valves, and NoTE

internal structures =
(also Class MCQC)

~ w.’ e bo s
5.3 | The components, compenent o SEE P et ' -
loadings, and service level i ;"‘“’16 Aoy VRASELL Cemiirm
assignments for Class MC i 3
] [3] components and internal '
structures shall be as i
! defined in Table 5-1 of , i
Re ference I. |
i as 1 | | b G il P e
5.4 | The components, component | : v R
loadings,. and service level doe o TRV VES e
assignaents for Class 2 and S "
Class 3 piping systems
shall be defined in Table
5-2 of Reference 2. |
5.5 | The definition of SEE
operability is the ability v HoTE
to perform required
mechanical motion and 5
functionality is the |
ability to pass rated flow. '
a. Active components l

shall be proven
operable. Active )
components shall be ,
considered operable ;

‘£ Service Limits !

A or B or more |
conservative limits :

(1f the original
design criteria T
required it) are met. ;
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Table 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Terin Program

Licensee Uses T

Section Key items Considered Criteria | Aqqtl. Pl im0
No. (2] in the Audit ot | Infe. 3 . . L pe
Met Met | Reqd. |“onser nconser-
vative vative
5 . 5 (mnt . )

b. Piping components shall
be proven functional in
a manner consistent
with the original
design criteria.

6.1 Analysis guidelines
provided herein shall
apply to all structural
elements identified in
item 1.2 of this table.

a. All loadings defined in
| subsection 3.2 of
Re ference 2 shall be
' considered.

b. A summary technical
report on the analysis
shall be submitted to
the NRC.

6.2 | The following general
quidelines shall be applied

to all structural elements
analyzed:

a. Perform analysis
according to guideline
defined herein for all
loads defined in LDR
(S]. (For loads
considered in original

, design, but not

‘ redefined by LDR,

previous analyses or

new analyses may be
used.)

b. Only limiting load
combination events need

be considered.

v SEE

v’ | SEE

NOTE :

3 l
|
|
|

|5e€ !
NoTE‘Si
L3 41

3 )

%94
14

NoTE
2

Thu L g mtes misfrar

(g f!)-i\"((’ (R

e e

See Section 3.3
of this table.

T’\-a L|;4~s—4—'- ”-""’-' _

oA f‘ﬂ-'»".‘ |:'v'

— e TR,

TM Lagim.,"wri'm
i Mza lvea |2
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Table 2-1. Audit Procedure ror Structural Acceptance Criteria of Mark | Containment Long-Term Program

c. Patigue effects of all
operationai cycles
shall be considered.

d. No further evaluation
of structural elements
for which combined
effect of loads defined
in LDR [5] produces
stresses less than 10%
of allowable is
required. Calculations

: demons trating

' conformance with tha

10% rule shall be

provided.

e. Damping values used in
dynamic analyses shall
be in accordance with
NRC Regqulatory Guide
1.61 [6].

6.2 | Structural responses for
loads resulting from the
combination of two dynamic
phenomena shall be obtained
in the following manner:

a. Absoclute sum of str-ess
components, or

b. Cumulative distribution
function method if
absolute sum of stress

| components does nct

satisfy the acceptance
criteria.

6.4 | Torus analysis shall
consist of:

Licensee Uses
Section Key Items Considered Criterla | Addtl. | Anernate ASSreseh
- No. (2] in the Audit Not | Info. NA Remarks
Met Met | Reqd. Conser- Unconser-
- vative vative
6.2 {(Cont.)

V| |ses

NOTES
Gi{, S
1547
v
|
l !
' I
|
v i , | sSEE |
nNoTE '
14
v SEE
NOTE
9

Tru Licem aca s ’“f""‘*
I ) ﬁ-\'.-lv(sl c“""

N v

107 BULE NoT

sPEC \EIcALLY N KED
ALTHMoU&GH So™ME LOADS
ARE O™\ (TTED AS
NEGLIGIBLE

i

| T bt Cimotan M ponan |

ho» Ty hve t‘ I~ -

Syl res

T’b\.‘ Li<z:mncin N'?”‘"‘A\

s
han rsibved Ras
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s Licensee Uses
Section Key Items Considered Criteria | aqgtl. Alternate AGsrassh
No. (2] in the Audit Not | Info. NA Remarks
Met Met | Read. Conser- Unconser-
vative vative
6.4 |(Cont.)

C.

Pinite element analysis
for hydrodynamic loads
(time history analysis)
and normal and other
loads (static analysis)
making up the laoad
combinations shall be
performed [or the most
highly loaded segment
of the torus, including
the shell, ring,
gicders, and supnort.

Evaluaticn of overall
effects of seismic and
othel nonsymmetric
loads shall be provided
Jsing beam models (of
at least 180° of the
torus including columns
and seismic restraints)
by use of either
dvnamic load factors or
tiwe history analysis.

Provide a non-linear
time history analysis,
using a spring mass
model of torus and
support if net tensile
forces are produced in
columns due to upward
phase of loading.

Bijlaard formulas shall
be used in analyzing
each torus nozzle for
effect of reactions
produced by attached
piping. If Bijlaard
formulas are not

v~ see
NCTES
10

418

v
. i
| j
i
l'
| |
|
>
v SEE
wMoTE

T-\‘ L| L("“-‘I r““t’"—’"

'
e rie b 1B

v s s

P bisin dces f'-n,\)m
e reasbve | IR,

C Gnvtmivrm
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Licensee Uses
Section Key Items Consicered Criteria | aggtl. Alternate Approach

T e Not | Info. s
Met Met | Reqd. | Conser- Unconser-

vative vative

Remarks

6.4 |(Cont.)

applicable for any
nozzle, finite element
analysis shall be
performed.

cn e pd
6.5 | In analysis of the vent v SEE T;* i :H‘” |R£;
system (including vent NeTE how reashred
penetration in drywell, 24
vent pipes, ring header,
downcomers and their
intersections, vent column
Supports, vent-torus
bellows, vacuum breaker
penetration, and the vent '
deflectors), the following ‘
| guidelines shall be
followed: '

-
S unndvn.

a. Pinite element model
shall represent the
most highly loaded
portion of ring header
shell in the "non-vent"”
bay with the downcomers
attached.

Thi bt € m Sess Mot
’W’f!o.,\_ft.l [} S

vl

b. Finite element analysis v SEC
shall be performed to NoTE
evaluate local effects 23
in the ring header
shell and downcomer
intersections. Use
time history analysis
for pool swell
transient and
equivalent static :
analysis for downcomer

l lateral loads.
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Section Key Items Considered Critdria | agat. A,:’,‘f:;:’:p%:::cn ” .
No. (2] in the Audit Lo ::: F:T:d e e emarks
| vative vative
I
6.5 |(Cont.)
| p
¢. Bvaluation of overall v’ SEE et Sungad MiEpeOS
affects of seismic and NoTE howm Mogiml Po
other nonsymmetrical 22 G o CV P
loads shall be provided
using beam models (of
at least 130° of the
vent system including
vent pipes, ring header
and column supports) by
! the use of either |
dymamic load factors »r ‘
time history analysis. i
! d. Use beam models in v SEE Ths “"“"”?“’.MF'M
' analysis of vent NeTE ! | hove TEaoivey e
| deflectors. ' 7 F Lumcere-
e. Consgider appropriate l i '
superposition of v
reactions from the vent
deflectors and ring
headers in evaluating
the vent support
columns for pool swell.

6.6 a. Analysis of torus Y szg Tha L';*"M"‘""t‘""""
internals shall include NOTE [ N T R L
the catwalks with \G LameLrm
supports, monorails,
and miscellaneocus
internal piping.

b. It shall be based on v
hand calculations or
simple beam mof2ls and '
dynamic load fuctors
and equivalent static i
analysis. |
: ? I ’ ;
!
; |
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_ : i Licensee Uses
Section Key Items Considered Criteria | AddY. | Anernate Approseh
No. (2] in the Audit Not | info. , NA Remarks
Met -Met | Read. Conser- 'Jnconser-
vative vative
6.6 [(Cont.)
¢. It shall consider o
Service Level D or E
when specified by the
structural acceptance
criteria using a
simplified nonlinear
analysis technigue
(e.g., Bigg's Method).
| T |k rratan (TPt
6.7 | Analysis of tne torus v’ SEE_ | I A W R
| attached piping shall be ' NOTE } As Teseivey
performed as fcllows: > ‘ ! CGngwme

a. Designate in the
summary technical
report submitted all

. piping syscems as

essential or

non-essential for each
load combination.

b. Analytical model shall
represent piping and
supports from torus to
first rigid anchor (or
where effect of torus
motion is
insignificant).

¢c. Use response spectrum
or time history
analysis for dynaxzic
effect of torus motion
at the attachment
point, except for
piping systems less
than 6" in diameter,
for which equivalent
static analysis (using
appropriate
amplification factor)
may be performed.




[

o
LU.U Franklin Research Center
A Division of The Frankiin institute

20th and Race Streets. Phiia . Pa 19103 (215) 448-1000

NRC Contract No. NRC-03-81-130

FRC Project No. C5506
FRC Assignment No. 12
FRCTaskNo. 320
PiantName VE2wmou T YAUKEE

Page

20

Tabie 2-1. Audit Procedure for Structural Acceptance Critaria of Mark | Containment Long-Term Program

Section
No. (2]

Key Items Considered
in the Audit

Criteria

Not
Met Met

Adatl.
Info.
Reqd.

Licensesa Uses
Alternata Approach

Conser- Unconser-
va ve vative

NA

Remarks

6.7

6.8

{Cont.)

d.

Ef fect of anchor
displacement due to
torus motion may be
neglected from Equation
9 of NC or ND-3652.2 (3]
if considered in
Equations 10 and 11 of
NC or ND-3652.3 (3].

Safery relief valve
discharge piping skall be
analyzed as follows:

a.

Mnalyze each discharge
line.

Model shall represent
piping and supperts,
from nozzle a: main
steam iine to discharge
in suppression pool,
and include discharge
device and its supports.

Por discharge thrust
loads, use time history
analysis.

Use spectrum analysis
or dynamic load factors
for other dynamic loads.

e ————————eaeeeee

et e ——

NOTE =

LICEMSEE W DI\CATES
THAT Mo DEL of
SRV LINE TE@miNATES
AT THE DRYWELL

JET DEFLECTOR.
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R ogsgglr#lents Analysis Requirements
! |
" Structural Element & _._2 § o.§= Remarks
7‘,8 @ 338 ig"% S gié %
35| 8 |3E|5_3/285/ 28 (383 2
333 8 | 835(8:5/335 55 |28 e
a. Torus shell with associated vIiYV|vVIviv |V v |V
Penetrations, reinforcing
rings, and support
attachments
v |
b. Torus shell supports to W wil VI ¥ vV
the building structure
C. Vents between the dr well './ v iivivivI|iv ]| v
and the vent ring header
(including penetratiors
therein)
’ \/',
d. Region of drywell local to |y | v |V |V |V |V |V
vent penetrations J
araid
e. Bellows betweer vents and v | ¥ |V |Y o
torus shell (internal or
external to torus)
£. Vent ring header and the v v IVvVIv v | vV il
downcomers attacned to it
. : v v |V
- Vent ring header supports v |V v v |V
to the torus shell
o
h. Vacuum breaker valves v |V v |V v v Y
attached to vent penetra-
tions within the torus
(where applicable)
v v L | The evadeahen @
i. Vacuum breaker piping i &k Lt Sl C bascd o~ ha Licenie
systems, including vacuum presatekivm and
breaker valves attached 1 ,.,,_*j'.w‘ct. P
to torus shell penetrations nbmi el A -
and to vent penetrations C o redi v rmenkis v FERUTE
externel to tne torus - on*‘ = - P
(where applicaple)
J. Piping systems, including v i A Lt 9 o ”
Pumps and valves internal
Lo the torus, attached to
the torus shell and/or vent
penetrations
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Re(;’t?i'::glents Analysis Requirements
o 3 -Do
Structural Element . alE 3 2 35a| Remarks
EEREHEE 235 3
- - D
833 3 |38|5.%3355: 358 &
v’ Lankivi =
k. ALl main steam system safety v/ |V | v |V [V [V | VY ::;""‘Lm L'Q ;
relief valve (SRV) pipin o ren
i bMJ~-L!..~ and =
1. Applicable portions of the by ek G IR
following piping systems: o i A «t_ P
. < rmdr oy rEparl
(1) Active containment ‘+ 2 "
system piping systems
(¢.g., emergency core v | v o 22
cooling system (ECCS) Viv]ivIiv| Vv
suction piping and
other piping required
to maintain core
cooling after
loss-of-coolant
accident (LOCA))
v’
(2) Piping systems which prf BB R WL ) W 2
provide a drywell-to~-
wetwell pressure dif-
ferential (to alleviate
pool swell effects)
25
(3) Other piping systems, v |V | V¥V v | v | v | v v ,
including vent drains
m. Supports of piping systenms v vl ¥ viv|v | v v 2)
mentioned in previous item
n. Vent header deflectors v v v|lv | |
including associated
hardware
0. Internal structural o | v
elements (e.g., monorails, wlwviw | i
catwalks, their supports)
whose failure might impair
the containment function
}
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Table 2-3. Non-Piping Structural Elements

STRUCTURAL ELEMENT ROW

External Class MC

Torus, Bellows, 1
External Vent Pipe,

Drywell (at Vent),

Attachment Welds,

Torus Supports,

Seismic Restraints

Internals Vent Pipe

General and 2
Attachment Welds

At Penetration 3
(e.g., Header)

Vent Ring Header

General and <
Attachment welds

At Penetrations 5
(e.g., Downcomers)

Downcomer s

General and €
Attachment Welds

Internals Supports 7

Internals Stiuctures

General 8

Vent Deflector 9

P .
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Table 2-4. Piping Structural Elements

STRUCTURAL ELEMENT ROW

Essential Piping Systems

With IBA/DBA 10
Wwith SBA b b

Nonessential Piping

Systems

with IBA/DBA 13

With SBA 13
@g -24-
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NOTES RELATED TO TABLES 2-1 AND 2-2

Note l: Results for the following penetrations were not found:
© Vent pipe torus intersection

(Note: This penetration is connected through a bellows that will
reduce penetration loading. Further, on page 97, the Licensee
states that there is heavy shell reinforcement in that area.)

© Vacuum breaker line and RCIC torus penetrations

However, page 1, para. 1.0 states that analysis and results for
piping attached to the torus... will be presented in a separate
piping report.

(The Licensee's response [10] resolved this concern.)

Note 2: The Licensee states (page 66) that seismic and thermal responses of
the drywell were not available and therefore have not been included.
(The Licensee's response [l0] resolved this concern.)

Note 3: Para. NE 33€5.2e of Section III of the ASME B&PV Code reguires
demonstration of the fatigue acceptability of the bellows, which wes

not reported in Reference 8. (The Licensee's response [10] resolved
this concern,)

Note 4: The Licensee has not provided information on the analysis of the
vacuum breaker valves and has not indicated that these are Class 2
components. (The Licensee's response [l0] resolved this concern.)

Note 5: Except for the submerged portion of the SRV line and its tee
quencher, analyses of piping systems are not included within this
report. The Licensee intends to provide them in a separate report,
TR-5319-2. (The Licensee's response [l0] resolved this concern.)

Note 6: In the model, shown on Figure 6-1 of Reference 8 used for the
analysis of the vent pipe and tee quencher, it appears that the line
is supported at its elbow by a structure within the tcrus. This
elbow support does not appear in any of the illustrations in the
report nor is its presence mentioned in any of the descriptive text.
(The Licensee's response (1l0] resolved this concern.)

Note 7: The Licensee has not indicated the end conditions ussurec oz the
beam model of the vent header deflector shown in Figure 4-5 of
Reference 8. These end conditions strongly affect the results and
should therefore be described. (The Licensee's response [10]
resolved this concern.)

-
P i
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Note 8:

Note 9:

Note 10:

Note 11:

TER-C5506-320

Figure 2-15 of Reference 8 represents an artist's sketch of a typical
section of the catwalk and handrails, including the newly added
2-inch diameter steel pipe,-~diagonal braces, and their attachments to
the catwalk. This sketch appears to indicat2 a rather poor design
for the brace-to-catwalk attachment. (The Licensee's response [10]
resolved this concern.)

Section 7.1.3 (stress results and evaluation for catwalk components)
of Reference 8 does not exhibit the margin of safety against buckling
for either the 4-inch diameter Schedule 80 pipe supports or the
2-inch pipe brace. (The Licensee's response (1l0] resolved this
concern. )

It is not unreasonable to accept results as accurate when obtained
for regions remote from locations where a structure is modeled with
slight alterations made for anaiytical convenience, as was done for
prediction of torus shell stresses in its unstiffened region using
the model of Figure 3-1 of Reference 8. It is also not unreasonanle
to cite a detailed analysis of another structucre as providing
engineering evidence of the general behavior of &« second similar
structure of comparable dimensions.

However, tne region of the miter joint (which incorporates two
discontinuities--an offset ring and an abrupt angular change) is a
prime candidate for maximum shell stresses. The prediction of
stresses here as the sum of those generated from two medels, neither
of which represents the actual structure, requ.res fuller
justification than the report provides.

This structure is redundant and the stress state 1s controlled by the
relative stiffness of adjoining members--not necessarily by the
thickness of any given member. Moreover, the justification provided
(which relies on the Vermont Yankee shell thickness being less than
that of the structure actually modeled) does not hold even for simple
geometries, such as a tube between fixed suports under gravity-load.
(The Licensee's response (l1l0] resolved this concern.)

The PUA report does not include a discussion, together with an
accompanying list of components (and component interfaces), showing
how code jurisdictional boundaries apply to the portions of the
Vermont Yankee plant to be analyzed. However, the fact that Tables
2-3 and 2-4 are invoked as the basis of all analyses exhibits
evidence of the Licensee's intent to apply the acceptance criteria of
the relevant sections of the code.

In all stress evaluations, the nunerical value of the stress limit
actually used is given. Although this numerically stated limit
should provide evidence that the proper criteria (code section and
service limit) were used, traceability is lost because (in almost all

w2~
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cases) the ASTM designation of the component material is not provided
nor is the metal temperature given. (The Licensee's respcnse [10]
resolved this concern.)

Note 12: The Licensee has not provided information indicating whether the
torus attached piping and its supports have been classified as Class
2 or Class 3 piping, essential or non-essential piping systems, and
whether a pump or valve associated with the piping mentioned above is
an active or inactive component, and is considered operable. (The
Licensee's response [l0] resolved this concern.)

Note 13: With reference to Table 1 of Appendix B (enclosed), the Licensee
should indicate if all loads have been considered in the analysis
and/or provide justification if any load has been neglected. (The
Licensee's response (10] resolved this concern.)

Wote 1l4: Analysis of a number of the new modifications has yet to be provided,
including Items 5, 6, 10, 12, and 15 of the key for Figures 2-3 and
2-4 of Reference 8. 1In addition, per page 9, final configuration of
the catwalk is still under consiceration. (The Licensee's response
[10]) resolved this concern.)

Note 15: The Licensee has not provided information on fatigue analysis for
piping systems.

For the case of piping fatigue analysis, the NRC staff has requested
the conclusions of a study presented at the NRC meeting [9] to be
documented and submitted for NRC approval. If these conclusions are
acceptable to the NRC, each PUA report will be required to indicate
that the fatigue usage factors for the SRV piping system and the
torus attached piping are sufficiently small that a plant-unigue
fatigue analysis of these piping systems is not warranted. (The
Licensee's response [l0] resolved this concern.)

Note 16: Compliance with the criteria, as shown in Section 6.6.a of Reference
8, is for items other than the miscellaneocus internal piping yet to
be furnished. (The Licensee's response [1l0] rescolved this concern.)

Note 17: The Licensee has not indicated the procedures used for computing
fatigue usage when a member is subjected to cyclic louadings of random
occurrence, such as might be generated by excitations from more than
one type of event (SSE and SRV discharge, for example). (The
Licensee's response [1l0) resolved this concern.)

Note 18: With reference to the computer model for the 1/32 segment of the
torus shown in Figure 3-1 of Reference 8 and the analysis performed
using only symmetric boundary conditions, the Licensee has not
Justified the reasons for not considering skew symmetric boundary
conditions in order to evaluate the effect of the resulting modes.
(The Licensee's response [(l0] resolved this concern.)

«27=
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Note 19: The report seems to imply use of the method of summations of absolute

Note

NoLée

Note

Note

Note

20:

21:

23:

24:

values when stresses from two or more simultanecus dynamic events
contribute to the total stress, but nowhere specifically states
this.

Specific comments addressing the method of summation used and its
compliance with the probability of non-exceedance (PNE) criteria cf
84% stated in para. 6.3b of Reference 2 should be incorporated into
the text. (The Licensee's response [l0] resolved this concern.)

The Licensee has analyzed one SRV discharge line, but has not
indicated that all such discharge lines are identical in
configuration to the model or, alternatively, that the model
investigatsd conservatively represents all lines. (The Licensee's
response [(10] resolved this concern.)

Compliance with the criteria as shown in Section 6.5 of Reference 8
is for items other than the vacuum breaker penetration yet to be
furnished. (The Licensee's response (l0] resolved this concern.)

The Licensee should justify that the 45° model of the vent header ana
downcomer used is adequate to meet the intent of the criteria which
requires modeling not less than 180° of the header ring. (The
Licensee's response (l0] resolved this concern.)

Additional information (GE Report NEDE 21968) has been requested on
this item through the NRC channel's. (The Licensee's response [(l0]
resolved this concern.)

Page 2 of the TES report indicates that 2% of the critical damping
was generally used throughout the analysis unless stated otherwise.
We note that the use of 2% critical damping for service conditions C
ana D is conservative, since in such cases damping of 4% is
acceptable under Regulatory Guide l1.61. (The Licensee's response
(10) resolved this concern.)

JUﬂﬁ fmldin Research Center
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Note Gl:

Note G2:

it .
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GENERAL NOTES

From the description provided on pages 36 and 67 of Reference &, it
appears that the Licensee did not follow standard ASME Code
procedures when computing cumulative fatigue usage. For example,
the text seems to imply that (although a critical point evaluation
is made) the critical point was selected, the critical transient
times determined, and the stress range computed--all without benefit
of the formation of any load combinations. Moreover, the text
rafers (on peges 63 and 68, for example) to "controlling loads"™ for
fatigue, and presents (on page 39) a table listing “"cumulative usage
factors" independently specified for several events, but unsummed.
All cepartures from standard code procedures should be fully
documented and their effect: on computed margins of safety

cssessed, (The Licensee's Lesponse (10] resolved this concern.)

The report contains little ceference to thermal stresses and thermal
transients., In Section 4.3.6 of Reference 8, however, it is stated
that vent system thermal stresses were assumed equal to those
corresponding tc sto-dy state application of maximum ven: system
tamperature. (The Licensee's response (l0] resolved this concern.)

=39
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REQUEST FOR INFORMATION

TORUS, VENT SYSTEM, AND PIPING SYSTEM

Item 1l: Provide a summary of the an‘lysis and the results for the following
penetrations:

© vent pipe torus intersection
© vacuum breaker line and RCIC torus penetration.

Item 2: Comment on the effect of the neglected loads indicated on page 66 of
Reference 4 on the stress results for the drywell-to-vent penetration.

Item 3: Provide evidence that the fatigue criteria for the bellows as

required by para. NE-3365-2, Section III of the ASME B&PV code are
met.

Item 4: Provide a summary of the analysis with regard to the vacuum breaker

valves; indicate whether they are consiadered Class 2 components as
required by the criteria [1].

Item 5: Provide analyses of the piping systems not included within the report.

Item 6: Provide details of the construction of the SRV line as it exists in
the Vermont Yankee plant, specifically in the region of the elbow
support (if any).

Item 7: Describe the end conditions assumed for the beam model of the vent
header deflector shown in page 4-5, how these were derived, and the
sensitivity of maximum calculated stresses to boundary assumptions.

Item 8: Provide a detailed sketch of the actual diagonal brace-catwalk
attachment, together with its stress analysis results.

Item 9: Provide the results of the buckling analysis including the margin of
safety for the catwalk components, i.e., the 4-inch diameter Schedule
80 pipe supports and the 2-inch pipe brace.

Item 10: Provide full justification for the stress values shown as representa-
tive of those that may occur in the containment shell miter joint.
Establish limits of maximum possible error.

Item 11l: Provide a list of the component materials and their corresponding
metal temperatures used for the stress limit selection.

Item 12: Indicate whether each torus attached piping and its supports have
been classified as Class 2 or Class 3 piping, Class 2 or Class 3
component supports, anc essential or non-essential piping systems.

oY
4(;25:
..Ul Franklin Research Center

A Drvision of The Frankin insttute



TER-C5506-320

Also, indicate whether a pump or valve associated with the piping
mentioned above is an active or inactive component, and is considered
operable. -

Item 13: With reference to Table 1 of Appendix B, indicate whether all loaas
have been considered in the analysis and/or provide justification if
any load has been neglected.

Item l4: Provide a summary of the analyses for the new modifications yet to be
supplied; these include Items 5, 6, 10, 12, and 15 of the key for
Figures 2.3 and 2.4 cf Reference 4. In addition, if the final
configuration of the catwalk is to be changed, update the analysis
accordingly.

Item 15: Provide details of fatigue analysis for piping systems.

Indicate whether the fatigue usage factors for the SRV piping and the
torus attached piping are sufficiently small that a plant-unique
fatigue analysis is not warranted for piping. The NRC is expected to
review the conclusions of a generic presentation [5] and determine
whether it is sufficient for each plant-unique analysis to establish
that the expected usage factors for piping are small enough to
obviate a plant-unique fatigue analysis of the piping.

Item 16: Submit a suﬁmary of the analysis for the miscellaneous internal
piping.

Item 17: The ASME Code provides an acceptable prccedure for computing fatigue
usage when a member is subject to cyclic loadings of random
occurrence, such as might be generated by excitations from more than
one .type of event (SSE and SRV discharge, for example). This
procedure requires correction of the stress-range amplitudes
considered and the asscciated number of cycles in order to account
for the interspersion of stress cycles of unlike character. State
whether or not the reported usages reflect use of this method. If
not, indicate the effect on reported results.

Item 18: Justify the reason for not considering skew symmetric boundary
conditions in the analysis of the torus shown in Figqure 3.l.
Evaluate the effect of the thus-neglected modes.

Item 19: Specific comments addressing the method of summation used and its
compliance with t“e probability of non-exceedance (PNE) criteria of
84% stated in para. 6.3b of Reference 1 should be incorporated into
the text.

Item 20: Provide justification for analyzing only one SRV discharge line, as
shown in Section 6.0 of Reference 4. Indicate whether all discharge
lines are identical in configuration to the one modeled, and whether
the model investigated is conservative enough to represent all lines.

o -
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Item 21: Submit a summary of the analysis for the vacuum breaker and its
penetration.

Item 22: Justify that the 45° model of the vent header and downcomer used in
the analysis is adequate to meet the intent of the criteria which
requires at least 180°.

Justify the reasons for not considering skew symmetric boundary
conditions to evaluate the effect of the resulting modes.

/\\
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GENLRAL

Item Gl: Describe fully the procedures used to assess cumulative fatigue
damage. In particular, address:

1. Wwhere departures from standard code procedurs were introduced.

2. How critical points were selected and how stress (or stress
intensity) ranges were computed.

3. Wwhich cyclic loads were omitted, if any, in these computations.
For example, were thermal transients given consideration?

4. Whether cyclic amplitudes and the associated number of cycles
were adjusted to account for the interspersion of cycles of
unlike character.

5. :9w th2 cumulative usage factor was computed.

6. What impact departures from code procedures have on the margins
of safety shown for each component for which cumulative usage
was computed.

Item G2: Is the method described in Section 4.3.6 of Reference 4 for
assessing thermal stress typical of all evaluations made in the
report?

Please discuss tiie tacit assumption that either:

1. Thermal equilibrium is achieved before other significant
mechanical loads are experienced by the structure.

or

2. Maximum transient thermal stresses are conservatively bounded by
the assumptions made.

s
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Table 1. Structurai Loading (from Reference )

Loads

Structures

Other Wetwell
intenor
Structures

Torus Shell
Torus Support System
Main Vents

Vent Header

Downcomers

SRV Piping

Below

Above Norm Water
Level

Above Bottom of Down-|
Norm Wa (er Level
Below Bottom ol
Downcomers

comers and

2. Vent System Thrust Loads

3. Pool Swell
3.1 Torus Net Verticai Loads
3.2 Torus Shell Pressure Histories
3.3 Vent System Impact and Drag

3.5 Froth Impingement
3.6 Pool Fallback
3.7 LOCA Jet
3.8 LOCA Bubble Drag
4. Conagensation Oscillation
4.1 Torus Shell Loads
4.2 Load on Submerged Structures
4.3 Lateral Loads on Downcomers
4.4 Vent System Loads
§. Chugging
5.1 Torus Shell Loads

5.3 Lateral Loads on Downcomers
5.4 Vent System Loads
6. T-Quencher Loads
6.1 Discharge Line Ciearing
6.2 Torus Shell Pressures

6.5 Air Bubble Drag
7. Ramshead Loacs
7.1 Discharge Line Ciearing

7.2 Torus Shell Pressures

7.5 Air Bubble Drag

@ Not applicabie.

1. Containment Pressure and Temperature

3.4 Impact and Drag on Other Structures

5.2 Loads on Submerged Structures

6.4 JetLoads on Submerged Structures

6.6 Thrust Loads on T-Quencher Arms
6.7 S/RVDL Environmental Temperature

7.4 JetLoads on Submerged Structures

7.6 S/RVDL Environmental Temperature

Loads required by NUREG-0661(,:) and included in PUA repor.

>
x
> X
xX X

X X

x

XX XXX

>

BBBE XX MK X

.2 X
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