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T™his Technical Bvaluation Report was prepared by Pranklin 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.
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1. INTRODUCTION

The capability of the boiling water reactor (BWR) Mark I containment
suppression chamber to withs:tand 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 1O0CFR50, 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 aie 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
Quad Cities Nuclear Generating Station Units 1 an« 2 plant-unique analysis
(PUA) report with regard to structural analysis. The audit was performed
using a moderately detailed audit procedure developea earlier (2] and attached
to this report as Appendix A. The key items of the audit procedure are
obtained from "Mark I Containment Program Structural Acceptance Criteria Plant
Unique Analysis Application Guide"™ (3], which meets the criteria of Reference
1.
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2. AUDIT FINDINGS

A detailed presentation of the audit for Quad Cities Units 1 and 2
provided in Appendix a, which contains information with regard to several key
items outlined in the audit procedure [(2). Based on this detailed audit, it
was concluded earlier that certain items in the Dresden Units 2 and 3 PUA
report (4] indicated noncompliance with the requirements of the criteria (3]
and that several aspects of the analysis required further information. Based
on this conclusion, the Licensee was requested to provide inforwation with
regard to the items contained in Appendix B of this report.

During the course of reviewing the analytical techniques for stress
calculations of the torus attached piping systems, Franklin Research Center
(PRC) staff raised concerns regarding the verification of the computer program
CMDOF (Coupling of Multiple Degrees of Freedom), which was used by the NUTECH

technical staff to qualify the Mark I torus attached piping systems in a
number of nuclear power plants. Meetings were held with NUTECH technical

staff and representatives of affected utilities to discuss and resolve
concerns associated with this program. In accordance with an FRC request for
additional study to verify the program, the Monticello plant used some
in-plant safety relief vaive tests performed in 1980 for verification
purposes, and the results of this study were found acceptable. This
assessment is alsoc applicable to Quad Cities Units 1 and 2, Appendix C of this
report provides the background and assessments relating to this program. The
Licensee has responded (5] to all the items contained in the request for
additional information (Appendix B); a brief review of each response is
provided below.

Request Iter 1

In this response, the Licensee indicated that the wetwell-to-drywell
vacuum breakers were modified and evaluated according to ASME Code Class 2
criteria and that an overview of this analysis has been submitted to the NRC.
Regarding safety relief valve (SRV) discharge line vacuum breakers, the
Licensee indicated that they were replaced with valves qualified in accordance

2=
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with the ASME Code Section III, Subsection NC, 1977, Since the criteria for
vacuum breaker modifications are not addressed in Reference 3, the vacuum
breaker evaluations are outside the scope of this technical evaluation report
(TER). This issue will still be examined as part of the Mark I Long-Term
Program and will be addressed in a separate TER.

Request Item 2

In this response, the Licensee showed that the AISC specification was
more conservative than the ASME Boiler and Pressure Vessel Code with respect
to the analysis of the SRV discharge line supports by providing a comparison
of allowable stresses derived from each. The comparison indicated that the
ASME Subsection NF allowable streses were 40% to 68% higher than the AISC

allowable stresses. The Licensee's response is satisfactory.

Request Item 3

In response to this item, the Licensee confirmed that all large bore and

small bore piping systems were classified as essential. Also, all active
pumps and valves were evaluated for operability and are considered operable.

The Licensee's response has resolved this concern.

Reguest Item 4

In this response, the Licensee provided a summary of the method for
applying the 10% rule that exempted some small bore pipes from analysis; the
summary is listed below.

© At the small bore piping attachment point, the stresses in the large
bore piping due to combined Mark I loads were calculated.

© The large bore piping stress combinations for Levels B, C, and D were
compared against 10% of the respective allowables. Stress
intensification factor values were also included where applicable.

© Any small bore piping connected to large bore piping that met the 10%
rule at the attachment point was then exempted from further Mark I
evaluation.



TER-C5506~-325

The Licensee has also provided a table showing the distance from the

torus along sach large bore line to the point at which the 108 rule comas into
effect. The Licensee's response indicates that sufficient calculations have
been made to ensure compliance with the 108 rule of Section 6.2d of the
criteria (3].

Request Item 5

In this response, the Licensee indicated that some equipaent at the Quad

Cities plant was qualified by the 10% rule of Section 6.24 of the criteria
[3]. A summary of the method for applying the 10% rule at equipment nozzles
was also provided: the summary is presented below:

© At the pipe-to-nozzle junction, the piping stress due to combined
Mark I loads was calculated.

o Stress combinations for Levels B, C, and D were compared against 10%
of the respective allowable. Stress intensification factor values
were also included in the stress combinations where applicable.

The Licensee's response has resolved this concern.

Request Item 6

In response to this item, the Licensee stated that the results of the
suppression chamber analysis for lateral asymmetric loads used in “ne Quad
Cities plant-unique analysis report envelop those that would have been
obtained using a 180° model of the torus. Bounding values of the lateral
lcads were developed using the maximum gpactral acceleration and maximum
dynamic load factors. The resulting loads wore added absolutely and were
assumed to be transferred by two of the four seismic restraints. Stresses in
the suppression chamber shell and column/saddle asseably caused by asymmetric
lateral loads are small compared with those caused by other major torus
loads. The Licensee's response is satisfactory.

Request Item 7

In this response, the Licensee asserted that, despite the proximity of

cartain stress results to allowable limits, the margins of safety of the
-f-
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original design have been restored or increased. The following reasons were

given: the code allowable limits provide adequate factors of safety; stress

results represent peak values which occur over a tiny area of the structure;

loads are conservatively defined based on test results; and conservative load
combinations are used, in v ‘ch peak responses are arsumed to occur

simultaneously. This response is satisfactory.
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3. CONCLUSIONS

Based on the audit of the Quad Cities Units 1 and 2 plant-unique analysis
report, it was concluded earlier that certain aspects required additional
information. Based on the Licensee's responses (5] to the request for
additional information, it is concluded that the Licensee's structural
analyses with regard to major plant modifications and the torus-attached
piping conform to the criteria requirements. with reference to the
verification of the computer program CMODF used to gqvalify the torus attached
piping systems, the results of a verification study (based or _° Monticello
in-plant safety relief valve tests) performed by NUTECH technical staff were
found acceptable s documented in Appendix C of this report. The Licensze's
approach to the evaluation of piping fatigue conforms to the approach
recommended by the Mark I Owner's Group, which has been a:cepted by the NRC.
The evaluation criteria of the containment vacuum breaker modifications are
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.
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1. INTRODUCTION

The key items used to evaluate the Licensee's general compliance with the
requirements of NUREBG-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 audit
procedure is applicable to all Mark I containments, except the Brunswick

containments, which have a concrete torus.

Por 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 unconservative will be provided. A
column indicacing *Additional Information Required” will be used when the

information provided by the Licensee is inadequate to make an assessment.

A few remarks concerning Tables 2-1 and 2-2 will facilitate their future

use:

© A summary of the audit as detailed in Table 2-1 is provided in Table
2-2, highlighting major concerns. When deviations are identified,
reference to appropriate notes are listed in Table 2-1.

o Notes will be used exteasively in both tables 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
noncompliance will be given.
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Section Key tema Considersd Criteria | agan.
No. (2] in the Audit Mot | Info.
' Mot Mat | Regd

1.2 | All structural slements of

l the vent system and suppres-
sion chamber must be

considered in the review.

' The following pressure

i retaining elements (and
the ir supports) must be

considered in the review:

\

© Torus shell with associ~-
ated penetrations,
reinforcing rings, and
support attachments

© Torus shell supports to
the containment structure

© Vents between the drywell
and the vent ring header
(including penetrations
therein)

. 2

‘ © hegion of drywell local
to vent penstrations

' © Bellows between vants and
torus shell (internal or
external to torus)

© Vent ring beader and the
downcomers attached to it

¢ Vent ring header supports
I to the torus

A

ser ICENSEE S
\ © Vacuum breaker valves VEE PoNSE HAS

| attached to vent penetrs- / RESOLVED ™IS
tions within the torus ERN

(wvhere applicable)

I VACUUM BLERKER

© Vacuus breaker piping -,
systems, including vacuum X VA LVE MOLIFFKA o

breaker valves attached ARE OYTSILE THE
l to torus shell penetra- .;_gz,‘ oF THIS

T W P T, B
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Table 3-1. Audit Procedurs for Structural Acceptance Criteria of Mark | Containment Long-Term Program

LUicensee U
No. (2] In the Audit Not | info. | =—— NA Romerks
Met Met | Read. Conser- Unconser-
vative vative
1.2 |(Cont.)

tions and to vent
penetrations exteinal to
the torus (where
appliczble)

Piping systems, including
pumps and valves internal
to the torus, sttached to
the torus shell and/or
vent panetrations

All main steanm systea
safety relief valve

(SRV) piping

MApplicable portions ol
the following piping
systams:

= Active containment
systaa piping systams
(#.9., emergency core
cooling system (BCCS) and
other piping required to
maintain core cooling
aftar loss-of-coolant
accident (LOCA))

- Piping systems which
provide a drywell-to~
wetwell pressure dif-

ferential (to alleviates
pool swell effects)

- Other piping systems,
including vent drains

Supports of piping systems
mentioned in previous item

Vent header deflectors
including associated
hardware

v

V

e
i
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Koy tema Considered
in the Audht

Agdt.
info.
Reqd.

1.2

(Cont.)

Internal structural
elemsnts (e.9., monorails,
catwalks, their supports)
whose failure might impairc
the containment function

T™he structural
accepurance criteria
for existing Mark I
containment systems
are containad in the
American Socisty of
Mechanical Bngineers
(ASMB) Boiler and
Preasure Vessel
(B&PV) Code, Section
IXI, Division 1 (1977
Kition), with
addenda through the
Summer 1977 Addenda
[3] to be referred
herein as the Code. The
alternatives to this
¢xiteria provided in
rference 2 are also

acceptable.

When complete appli~
cation of the criteria
(item 1l.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 Muclear
Regulatory Commission.

2Lt

LICENSEE S
PESPONSE HAS
RESOLVED THIS

FDOJCEQ r~
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L Tabie 2-1. Audit Procedure for Structural Acceptance Criteria of Mark | Containment Long-Term Program

Licensee Uses
Section Key ftoms Considersd Criteria_ | Agay. Alternate Approsch
No. (2] in the Auatt Not | Info. NA Remarks
Met | Reqa. |Coneer- Unconser-
A *
P .
2.1 | a. Identify the code

2.2

or other classification
of the structural elesent

b. Prepare specific
disensional boundary
definition for the
specific Mark I contain-
Bent systams (Mote:
Welds connecting piping
to a noszle are piping
walds, not Class MC
welds)

Guideliner for classification
of structural slesents and

boundary definition are as
follows:

(Refer to Table 2~3 and
Table 2-4 for non-piping and
pPiping structural elesents,
respectively, and to i{tam 5
in this table for row
designations used for
defining limits of
boundaries)

a. rus shell (Fow 1) -
The torus membrane
iz combination with
reinforcing rings,
penetration elements
within the NME~3334 [3)
limit of reinforce~
ment normal to the
torus shell, and
attachement welds to
the inner or outer
surface of the above
sesbers but not to
nozzles, is a
Class MC [3] vessel.

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

Licensee Uses
Section Koy nems Considensd Criteria | Aactl. | snemate
No. (2] n the Audit Not | Info. Alornete Apprens® | na Remarks
Mot Met | Reqd Conser- Unconser-
' vative e
l
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
attachsents to the
building structures
(excluding embedments);
and seisaic constraints
between the torus shell
and the building
structure are Class MC

[3] supports.

External vents and
vent-to~torus bellows
(how 1) = The external
vents (between the
attachment weld to the
drywell and the
attachment weld to the
bellows) including:
vent penetrations
within the MEB-3334 [3]
limit of reinforcement
pormal to the vent,
internal or external
attachmsent welds to the
external vent but not
to noszles, and the
vent-to-torus bellows
(including attachmsent
welds to the torus
shell and to the
external vents) are
Class MC [3] vessels.

L
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.

Key tems Considersd
in the Audht

Criteria

U

Licensee Uses

Not | info.
Reqd. Conaer-

vative  vative

| AR Agprenet

Unconser-

=

e I . O —— ...

2.2

(Cont.)

Drywell-vent connection
region (Fow 1) - Vent
welded connections to
the drywell (the drywell
and the drywell region
of interest for this
program is up to the
KE-3334 (3] limit of
reinforcement on the
drywell shell) are
Class NC [3] vessels.

Internal vents (Fows 2
and 3) - Are the
continuation of the
vents internal to the
torus shell from the
vent-ballows welds and
include: the
cylindrical shell, the
closure bead,
penetrations in the
cylindrical sbhell or
closure head within the
MB-3334 (3] limit of
reinforcement normal to
the vent, and attachment
wvelds to inner or outer
surface of the vent but
not to nozzles.

Vent ring header (Fows
4 and 5) and downcomers
(Row 6) - Vent ring
beader including the
downcomers and intarnal
or external attachmsent
welds to the ring
beader and the
attachment welds to the
downcomers are Class MC
[3] vessels.

4
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L Tabie 2-1  Audit Procedure for Structural Acceptance Criterie of Mark | Contament Long-Term Program

'
| —

Key ltems Considersd
In the Audht

Criterta

Adce
Info.
Reqc

Cene Uset

- | Arernate Approsc 1

Conser- Unconse™

|

2.2

(Cont.)

- The portion of the
downcomer within the
NE-3334 (3] limit of
reinforcemsent normal to
the vent ring header
and portion of the vent
ring beader within
ME-3334 limit of
reinforcesent arc
considered under Bow 5.

Vent ring header
supports (Row 7) =
Subsection ¥F (3)
supports, exclusive of
the attachment welds to
the vent ring beader
and to the torus shell,
are Clase MC (3]

supports.

Essential (Fows

10 and 11) and
non-essential (Bows
12 and 13) piding
systess -~ A p_ping
systam or a portion
of it is essential
if the systes is
necessary to assure
the integrity of
the reactor coolant
pressure boundary,
the capability to
shut down the
reactor and maintain
it in a shutdown
condition, or the
capability to
prevent or mitigate
the consequences of

7;/

»

!
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[ Tadie 2-1. Auch Procedure for Structural Acceptance Critenia of Mark | Containment Long-Term Program

m‘

Key toms Considensd
n the Audit

Licensee Uses
* | Alternate Approsch
Conser- Unconser-
" | vative vative

Criteria

Agat
nfo.
Met Met | Reqd

2.2

(Cont.)

accidents which

could result in
potential off site
exposures compsarable to
the guideline axposure
of JOCFRILD [4]. Piping
sbould be considered
easential if it
parforms & safety-
ralated role at a later
tisme during the event
combination being
congidered or during

any subsegquent svent
comb ination.

Active and lnactive
caomponent (Bows
10~13) = Akctive
component L8 & pusp
or valve in an
essential piping
systan which is
requized to parform
a sechanical motion
during the course
of accomplisting a
systes safety
function.

Containessnt vacuum
breakers (Bow ) -
Vacuus breakers valves
sounted on the veal
internal to the torus
ot on piping assoclated
with the zorus are
Class 2 (3] components.

wih

(CENSEE -
AMSE HAS

CONC RN

LICENSEE S
RES PONSE HAS

RESOLVED THIS
o
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Tabie 2-1. Audit Procedure for Structural Acceptanca Criteria of kark | Containment Long-Term Program

Section Key iteme Considersd Criteria | Acct. | Anermate
No. (2] n the Audh Not | info. ApTan AR 1w Renarks
Mot Met | Regd. Conser- Unconser-
varve vative

2.2 l(cont.)

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

- Piping external to v
and penetrating the
torus or the external
vents, including the
attachaent weld to the
torus or vent noszle is
Class 2 (3] piping. The
other terminal end of
such external piping
should be determined
based on its function
and isclation capability.

- Subsection NP [3) v
support for such
external piping
including welded or
mschanical attachsent to
structure; excluding any
attachaent welds to the
piping or other pressure

tetaining component are

Class 2 [3] supports. / w “w\sMs
. 1 pipd ser RESFONSE
1 .um.t:pnml wZ." RESOLVED TS
10-13) - Are Class 2 or corcern
Class 3 piping and
Class 2 or Class 3
component supports.

®. Internal structures \/
(how 8) -~ Noo-safety-
related elements which
are not pressure
retaining, exclusive of
attachment welds to any
pressuce retaining
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f w
Saction Key homa Conardersd | coeris | pgan. m"""“"em"'"' [
No. (2] " the Audit Not | Wio LI nematks
{ |
2.2 {{(Cont.)
' sembar (8.4.,

——

3.2

3.3

I 4.3

sonotaile. ladders,
catwalks, and their
supports) .

Veat deflectocs (low 9)
« Vent header flow
deflectors and
associated hardwere (DOt
including sattacshment
welds to Class I
vessels) are intazasl
structures.

losd terminology used
sbould be based on Plaal
Safety Analysis Bmeport
(P8AR) for the anit or toe
losd Definition Meport
(LIR) [5]. 1In case of
conflict, the LDR loade
shall be used.

Consideration of all loud
compinations defined in
Section 3 of the LOR (5]
shall be provided.

® reevaluation for
limits set for design
pressure and design
tamperature values is
needed for present
structural elements.

Design limit
requirements used for
initial construction
following normal
practice with respect
to load definition and
sllowable stress shall
be used for systems or




Ll : ‘ | & lerrit He M- Weied
Frankin Resewrch Conter ’ '.'""“m’m

' A Unmon of The Franalr, kwnus
l 100 and Focy Sesvn. Phuia  Pa 19103 (215 443 (000

mcr-:n 323

mantiame Guad C.mEs UniTs /€2

|

Tabie 2-'. Audit Procaoure for Structursl Accapance Crtena o Mark | Contsinment Loeng-Term Program

Lconeed Usen
Lactcn Koy llpma Conskisnes Sritens | Adt. | pnermate
No. (2) r the Aunt Not | info. L
Mot Mot | Regd. Conger-  Unconser-

4.1 (Cont.)

|
' 1
l port ions of systeas l
that are replaced and
’ for pev syetons. I
[ .4 Service liwitws and )
) besigo Procedurer sball
‘ be based o2 the
BaPV Coda, Section bé S
Divisioo 1 including \
| sddenda up to Summer 1977
Mdenda (1], specifically: {

; a. Class

: containment

‘ vassals: Article
! ER-3000 (3)

' b. Linear-type
coupoosnt (Claxs 2 z
l’ and 3) suppalrt ~
vith thred¢
modifications %o
l the Code:
|

= Por bolted \ 1
connsctions, the
requisesants of
Service Limits A ‘
! and 8 stall be (

applied to Service
Limite C and O
vithevut increase in
| the allcwables l
Abcve those
applicable 2o
I Service lavals A
and 3

l « Wr-3211.) f(a)
(3] is for primary

plus secondary

l otress ranger

Ses definition
for Sezvice
Liaits in
Section 4 of
Befarence 2.

LICENSEE S
RES ONSE HAS
PESCILVED THIS
COrNCERMN
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l
|

Section
Mo. (2]

Key terms Considensd
in the Auah

Criterta

Agat
info.
Mot Met | Reqd

Licenses Uies
g L

Consar-  Unconaer-
| vative ey

e

s.,

= All increases in
ellowable strass
pernitted by Subsecticn
NF (3] are linmited by
IVII-2110(D)
[3] when Duckling is a
consideration.

¢. Class 2 and 3 piping,
pumps, valves, and
internal structures
(also Class NC)

The components, coaponent
loadings, and service level
assignments for Clase NC
(3] compunents and internal
stzuctures shall be as
defined in Table 51 of

B feroance 2.

Te compunents, cComponent
Loadinge, and service level
assignaents for Class 2 and
Clans 3 piping systams
shall be defined in Table
5+21 of Feference 2.

the definition of
operability is the ability
to perform required
aechianical motion and
fumctionality is the
ability to pass rated flow.

#. Active components
shall be prowven
operable. Active
components shall be
considered operabla
if Service Limits
A ar B or more
conservative limita
(Af the oviginal
design criteria
toquired At) are mwi.

Wil

e

LICENSEE'S
™S
CON A RN
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Section Key tams Considersd Criterla | aga. m" o
Ne. (2] n the Audit Not | info. Sty Appreeee Remara
Met Met | Regd. Conaer- Unconser-
e attve
5.5 j(Cont.) L
l b. Piping components shall ‘/
be proven functional in
& Ranner consistent
l with the original
' design criteria.
| 6.1 Malysis guidelines

-

a.

provided herein shall

apply to all structural
elements identified in
item 1.2 of this table.

All loadings defined in
subsection 3.2 of

e ference 2 shall be
consideced.

A sussary technical
feport on the analysis
shall be submitted to
the MRC.

The following general

guidelines shall be applied
to all structural elements
analysed:

Perform analysis
according to guideline
defined herein for all
loads defined in LOR
[5]. (Por loads
considered in original
design, but not

redaf ined by LDR,
previous analyses or
new analyses say be
ased. )

Only limiting load
comtination events need

be considered.

~ad

A

See Section 3.3
of this table.

LICENSEE S
RE s PONSE HAS
PrsolVED ™IS
CONCERN
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Secuor Koy homs Connigensd Critenia | Agan. m“"‘"‘?m“"'
‘ No. (2] n the Aush Mot | info. Remarks
Met Met | Regd. Conser- Unconser
6.2 |(Cont.) ’
L /CNLEL S
l ¢. Patigus effects of all v APRORCAS OIS
operational cycles 7z %aﬂﬁufﬁ
shall be considared. r«:df \
| - e seE s
d. Mo further evaluation " RESPONSE MAS
of structursl elements 4 5 RESOLVED
| for wnich comdined ' ONCERN S

effect of loads defined

in LDR [5) producss

| stresses less than 100
of allowable is

regquired. Calculations

I demons tzating
conformance with the

10% rule shall be

I provided.

' e. Damping values used in
dynamic analyses sball
| be in accordance with
HRC Begulatory Guide
| 1.61 [6].

Joads resulting from the

I combination of two dynamic
phancmena shall be cotained

in the following mannes:

'I 6.3 | Structural responses for

| a. Absolute sum of stress
components, or

| b. Cumulative distzibution
function method {f
absolute sum of stress
| components does not

satisfy the acceptance
criteria.

l 6.4 Torus analysis shall
consist of:

i il
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No. (2] v e Audn Not | info. - Remarks
. B Met Met | Reod. W‘. “"‘""'"*
I
6.4 |(Cont.) LicENSEE'S

Finite element analysis
for ydrodynamic loads
(time history analysis)
and pormal and other
loads (static analysis)
saking up the load
combinations shall be
performed for the most
highly loaded segment
of the torus, including
the shell, f‘»no
girdars, and support.

Bvaluation of overall
slfects of seismic and
Othear nonsysmetric
loads shall be provided
using beam models (of
at least 180°* of the
torus including columns
and seismic restraints)
by use of either
dynamic load factors or
time 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
colusns due to upward
phase of loading.

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

SEE
NoTE
7

Q\Sts

LICENSEE S
EES POWSE HAS
RESOLSED TS
CONCERN
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Ucensay Uses
Section Koy teme Consiiernd Criteria | Aaa. Antvnate Aporoach
No. (2] n the Audht Not | Info. u NA Remarks
Mot Met | Rega. [Conser- Unconser-
. vetive  vative
|
6.4 |(Cont.)

applicable for any

nozzle, finite element

I analysis shall be
performed .

6.5 In analysis of the vent
| systea (including vent
penetration in drywell,
vent pipes, ring bheader,
I Gowncomer s and their
intersections, vent column
supports, vent-torus
' bellows, vacuum breaker

penetration, and the vent

deflectors), the following
guidelines shall be
followed:

a. Pinite element model v
shall represant the
most highly loaded
portion of ring header
shell in the "noo-vent®
bay with the downcomers
attached.

b. Pinite element analysis p\/
shall be performed to
evaluate local effects
in the ring header
shell and downcomer

intersections. Use

| time history analysis

for pool swell

transient and

| equivalent static

analysis for downcomar

lateral loads.
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'm
No. [2)

Key items Considersd
in the Audht

Criteria Licensee Uses

AQdt. | Anternate Approach
Net| wie. Conser- Uncaaser-
Reqd.

r

6.5 [(Cont.)

I 6.6 a.

Bvaluation of overall
effects of seisaic and
other nonsymmsetrical
loads shall be provided
using beam modals (of
at least 180° of the
vent system including
vent pipes, ring bheader
and column supports) Ly
the use of either
dynamic load factors or
time history analysis.

Use beam models in
analysis of vent
deflectors.

Consider appropriate
superposition of
reactions from the vent
deflectors and ring
headers in evaluating
the vent support
columns for pool swell.

Analysis of torus
internals shall incluie
the catwalks with
supports, sonorails,
and miscellaneous
internal piping.

It shall be based on
band calculationas or
simple beam models and
dynamic load factors
and equivalent static
analysis.

/V

VENT DEFLECTOR
1S WICLUDED N

. MODE
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N
No. (2]

Koy items Considersd
In the Augit

Licensee Uses
* | Alternate
_WUW

Adati
Not | info.
vative vative

| 6.7

(Cont. )

c. It shall consider
Service level Dor E
vhen specified by the
structural acceptance
criteria using a
simplified nonlinear
analysis technique
(e.g., Bigg's Method) .

Analysis of the torus
attached piping shall be
pecrformed as follows:

a. Designate in the
summary technical
report submitted all
piping systems an»
essantial or
non-essential for each
load combination.

b. Acalytical msodel shall
represent piping and
supports from torus to
first rigid anchor (or
vbhere effect of torus
motion is
insignificant).

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

7| |seE

MeoTE
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{ Met Mot | Read. Conser- Unconser-
: vative vative
6.7 {(Cont.)

d.

Bt fect of anchor
displacement due to
totus motion may be
neglecred froe Bguation
9 of IC or ND-3652.2 [3]
if considered in
Bguations 10 and 11 of
B or ND-3652.3 [3].

Safety realief valve
discharge piping shall be
analyzed as follows:

Analyze sach discharge
line.

Model shall represent
piping and supports,
from noszle at main
steam line to divcharge
in suppression pool.

and include discharge
device and iis supports.

Por dischargs thrust
loads, use time history
analysis.

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

SEF \
NOTE LICENSEET S
2 RESPONSE HAS
RESOLVED THIS
" . orCER N
v
-
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Tabie 2-2. Audit Summary for Structural Acceptance Criteria of Mark | Containment Long-Term Program

mtﬁ Analysis Requirements

el il

Torus shell with associated
penetrations, reinforcing
rings, and support
attachments

Torus shell supports to
the building structure

Vents between the drywell
and the vent ring beader
(including penetrations
therein)

Pegion of drywell local to
vent penetrations

Bellows between vents and
torus shell (internal or
external to torus)

Vent ring header and the
downcomers attached to it

Vent ring header supports
to the torus shell

Vacuus breakaer valves
attached to vent penetra-
tions within the torus
(vhere applicable)

Vacuum breaker piping
systems, including vacuum
breaker valves attached

to torus shell penetrations
and to vent psnetrations
external to the torus
(vhere applicable)

Piping systeams, including
pumps and velves internal
to the torus, attached to
the torus shell and/or vent
penetrations
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General

HilH

.,;!.,......u......

k'

1.

.

<.

All main steam system safety
relief valve (SRV) piping

Applicable portions of the
following piping systems:

(L

(2)

(3)

Active cuntainment
system piping systems
(e.g., emergency core
cooling system (ECCS)
suction piping and
other piping required
to maintain cora
cocling after
loss-of-coolant
accident (LOCA))

Piping systems which
provide a drywell-to~
vetwell pressure 4if-
ferential (to alleviate
pool swell effects)

Other piping systems,
including vent drains

Supports of piping systems
msentioned in previous item

Vent header deflectors
including associated

hardware

Internal structural
elersnts (e.g., monorails,
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,

External Vent Fipe,
Drywell (at Vent),
Attachment Welds,

Torus Supports,
Seismic Restrai

nts

Internals Vent Pipe

General and

Attachment Walds

At Penetration
(e.¢., Header)

Vent Ring Header

General and

Attachment welds

At Penetrations
(e.g9., Downcome

Downcomer s

General and
Attachmei.t Weld

rs)

Internals Supports 7

Internals Structures

General

Vent Deflector

w23~
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Table 2-4. Piping Structural Elements

STRUCTURAL ELEMENT ROW

ntial Pipi Syst

With IBA/DBA 10
With SBA 11
Nonessential Piping

Systems

With IBA/DBA 12
With SBA 13
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Note

Note

Note
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NOTES RELATED TO TABLES 2-1 AND 2-2

The Licensee has not provided a summary of the analysis of the vacuum
breaker valves and has not indicated that they are Class 2 components
as required by the criteria [2]. (The Licensee's response has
resolved this concern.)

With respect to Sections 5-3.3 and 5-4.3 of the PUA report (7], the
Licensee has used the AISC code in place of ASME, Section III,
Division 1, Subsection NF for Class 2 or 3 SRVDL vent line supports.
(The Licensee's response has resolved this concern.)

The Licensee has not designated any torus attached piping systems as
essential or nonessential and has not indicated whether active pumps
or valves are considered operable. (The Licensee's response has
resolved this concern.)

Sections 6-3.1 and 7-3.1 of the PUA report (7] state that some small
bore piping was excluded from the analysis on the basis of the 10%
rule; however, no calculations demonstrating conformance to this rule
have been provided as required by Section 6.2d of the PUAAG [2].

(The Licensee's response has resolved this concern.)

Sections 6-5.3.1 and 7-5.3.1 of the PUA report (7] state that the 10%
rule was a criterion for the qualification of equipment; however, no
calculations demonstrating conformance to this rule have been
provided as required by Section 6.2d of the PUAAG (2]. (The
Licensee's response has resolved this concern.)

The Licensee should justify the reasons for not considering a 180°
beam model of the torus including columns, saddles, and seismic
restraints in order to determine the effects of nonsymmetric loads
such as SRV and chugging for Quad Cities Units 1 and 2. (The
Licensee's response has resolved this concern.)

According to Table 2-2.5-3 of the PUA report (7], certain suppression
chamber stresses are close to the allowables. The Licensee should
indicate conservatisms in the analysie to show that these calculated
stresses would not be exceeded if a different analytical approach
were to be used. (The Licensee's response has resolved this concern.)
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3. REFERENCES FOR APPENDIX A

NUREG-0661

"Safety Evaluation Report, Mark I Containment Long-Term Program
Resolution of Generic Technical Activity A-7"

Office of Nuclear Reactor Regulation

USNRC

July 1980

NEDO-24583~1

"Mark I Containment F ogram Scructural Acceptance Criteria Plant Unique
Analysis Application Guide"

General Electric Co., San Jose, CA

October 1979

American Society of Mechanical Engineers

Boiler and Pressure Vessel Code, Section III, Division 1
*Nuclear Power Plant Components”

New York: 1977 Edition and Addenda up to Summer 1977

Title 10 of the Code of Pederal Regulations

NEDO-21888 Revision 2

"Mark I Containment Program Load Definition Report"
General Rlectric Co., San Jose, CA

November 1981

NRC

“Damping Values for Seismic Design of Nuclear Power Plants®
Regulatory Guide 1.61

October 1973

Quad Cities Nuclear Generating Station Units 1 and 2
Plant Unigque Analysis Report

Revision 0

Commonwealth Bdison Company

Nutech Engineers, Inc.

May 1983
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T FOR_INFORMAT ION

Provide a summary of the analysis of the vacuum breaker valves and
indicate whether they are Class 2 components as required by the
criteria [1]. Also indicate whether any vacuum breaker valves are
attached to torus shell penetrations.

With respect to Sections 5-3.3 and 5-4.3 of the PUA report (2], show
that SRVDL support stresses due to extreme environmental and
emergency conditions do not exceed the Service Level C and D Limits
specified in the ASME B&PV Code, Section III, Division 1, Subsection
NF for Class 2 or 3 linear supports.

Designate which torus attached piping systems are essential and which
are nonessential as required by the PUAAG (1], Section 6.7a. Also
indicate whether all active pumps or valves associated with the
piping are considered operable.

With respect to Sections 6-3.1 and 7-3.1 of the PUA report (2],
provide calculations demonstrating conformance to the 10% rule of
Section 6.2d (1] that exempted piping systems at Quad Cities Units 1
and 2 from analysis.

With respect to Sections 6-5.3.1 and 7-5.3.1 of the PUA report (2],
indicate whether any equipment was qualified by the 10% rule of
Section 6.2d [1] and, if so, provide calculations demonstrating
conformance to this rule.

Provide and justify the reasons for not considering a 180° beam model
of the torus including columns, saddles, and seismic restraints in
order to determine the effects of nonsymmetric loads such as SRV and
chugging for Quad Cities Units 1 and 2.

Table 2-2.5-3 of the PUA report [2] indicates that the calculated
values of certain stresses are close to respective allowables.
Indicate conservatisms in the analysis to show that these calculated
values would not be exceeded if a different analytical approach were
to be used.
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1. Background Information

The purpose of this report is to provide assessments and to document
activities associated with the computer program CMDOF (Coupling of Multiple
Degrees of Freedom) which was used by the NUTECH technical staff to qualify
the Mark I torus attached piping systems in a number of nuclear power plants.
This program was originally developed by Dr. R. P. Kennedy [l] of Structural
Mechanics Associates and modified by NUTECH technical staff to establish the
stress level of the torus attached piping under various hydrodynamic loading
conditions associated with the Mark I structural evaluation program. In the
course of reviewing the analytical procedures for stress calculations of the
torus attached piping systems, Franklin Research Center (FRC) staff raised
concerns associated with the verification of this program, which will be
summarized in the next section of this report. A meeting was held with the
NUTECH technical sta.f and a number of affected utilities on August 9 and 10,
1984 to discuss a number of technical issues related to this program. As a
result of this meeting, a number of action items were requested from the
affected utilities, to which the NUTECH technical staff responded (2]. The
reviews of NUTECH responses indicated that the main coricern, which is the

validation of the program, remained unresolved. A report was then prepared
and submitted to the NRC by FRC (3] to provide the review status of this

program and highlight areas of concern associated with the use of this
program.

A subseguent meeting was held on January 4, 1985 with the NUTECH
technical staff, Dr. R. P. Kennedy of Structural Mechanics Associates, and
representatives of the Mark I owner group and a number of utility companies.
In this meeting, Dr. Kennedy provided an overview of the technical background
of this program. It was also learned that the Bechtel Power Corporation
attempted to verify the program by comparing the results obtained by the
program with those obtained from a combined torus/piping model. However, due
to numerical instabilities of the combined torus/piping model, this attempt
was not successful. At the end of this meeting, it was obvious that FPRC's
concerns were not resolved and the affected licensees expressed their
opposition to perform further investigations regarding the program

c-1



W— R —

verification., However, it was learned later that the Monticello plant
selected some in-plant test data (SRV in-plant test data) to verify the
program. The results of this study were submitted for review (4). FRC review
of this latest document is given in Section 4 of this report.

2. Technical Background of the CMDOF Program

The standard practice for performing dynamic analysis of the torus and
attached piping systems is to perform independent uncoupled dynamic analysis
of the torus and of the attached piping. First, the torus model is developed
and a dynamic analysis of the torus subjected to the postulated hydrodynamic
load is performed using this uncoupled model. The response time history at
the penetration point of the attached piping is obtained. Then this response -
time history is used in conjunction with the uncoupled dynamic model of the
attached piping to calculate piping responses. This approach is known as an
uncoupled analysis because the dynamic model of the torus and the attached
piping are never directly coupled. 1t has been recognized that this approach
results in a conservative estimate of the piping responses.

The other acceptable approach is to carry out a coupled analysis in which
the torus and associated piping are combined in a single coupled model. The
model is fairly complicated and also results in high computational cost,
especially when a significant number of loading time histories have to be
considered. Therefore, this coupled analysis does not represent an attractive
alternative. In fact, none of the Mark 1 facility resorts to this approach.

The CMDOF program was developed to take into account the coupling effects
without carrying out the coupled analysis described above. Essentially, this
program is used to modify the response time history obtained from the
uncoupled torus model at the penetration point of the attached piping and this
modified time history is then used to obtain the piping response of the
uncoupled piping model. In order to use this program, the modal response
characteristics of the torus and attached piping have to be established first
by appiying an unit force at the attachment location. These modal response
characteristics along with the uncoupled response time history of the torus at
the penetration point will be input into the CMDOF program, which will produce



a modified response time history to be used in obtaining the piping response.
This program, in principle, is supposed to remove the conservatism associated

with the uncoupled analysis.

3. A wi t

Based on the review of pipe stresses obtained via this program and other
information relating to this program, PRC staff raised a number of questions
in connection with the validation of this program (3]. A program of this
nature requires a substantial validation effort in order to use it in a
production mode. Also, this program is relatively new and the originator of
the program cautioned:

"It has been carefully programmed and checked against a number of test

cases by comparing its results for coupled response with those obtained

from coupled structure and equipment analyses. However, it has not been

used to date (April, 1980) by other than the authors. It is not a

production program which can be used as a "black box". Users should

independently verify their own use of the program and understand its
basis and applicability before using it in a production mode." (1)

FPRC's concerns are briefly summarized below:
© The verification problems provided were extremely simple compared
with the problem of the torus and attached piping., Basically, the

verification problem consists of a spring-mass system with a few
degrees of freedom.

© The parameters (mass anc stiffness) given in the verification
problems did not resemble a wide range of values (mass and stiffness)
encountered in the actual problem.

© Based on some study by NUTECH (4], it was observed that the CMDOF
could reduce the input loading to the attached piping by as much as 3
or 4 times when compared with a standard uncoupled analysis.

o Calculated stresses of the affected piping systems in a number of
plants in some cases were closed or equal to the stress allowables.
4. w C F v

In-plant SRV tests performed at the Monticello plant in 1980 were used as
a basis for verification of the CMDOF program. Test data from five tests were
selected for comparison. Specifically, data from strain gauges located on the



RCIC turbine exhaust line (RS3-8 in~HE) approximately 1 foot and 20 feet from
the torus penetration, as shown in Figure 1, were used for comparison. The
tests were conducted by actuating one safety relief valve under cold pipe and
normal water leg conditions with a reactor power level of 80%. Plots of
strain time histories were recorded during each test and were compared
directly with the predicted values obtained by the CMODF program.

With regard %o load development, two programs (GE computer codes RVFORO4
and QBUBSO3) were used to develop the SRV torus shell pressure time histories
corresponding to the test case conditions (i.e., cold pipe, normal water leg,
reactor at 808 rated power). With respect to the torus and piping structural
models, the Licensee indicated that these models were developed to reflect the
as-tested condition.

The CMDOF program was used in conjunction with the modal characteristics
of the torus and attached piping to obtain the modified responses at the
attachment location to the test SRV loadings. Displacement, velocity, and
acceleration responses were developed at all pipirq degrees of freedom coupled
to the torus. From these responses, a modal superposition was employed in
conjunction with transfer junction methodology to obtain stress time histories
at the strain gauge locations of interest for comparison with the test results.

The Monticellc SRV test strain gauge data (converted to stress) were
compared with the predicted stresses obtained by the CMDO® program. The
responses on the time domain and frequency domain (by Fourier transformation)
at strain gauge locations were compared with those obtained by the analysis.
In addition, the maximum stress values were used in the comparison. The
results indicated that a factor of conservatism is excess of J was observed in

the analysis.

Based on FRC's review of various stress time histories and the maximum
stress level of the test data and analysis, it is observed that there is
conservatism associated with the analytical procedures. This conservatism
could be attributed to the following sources: methodology by which loads were
generated, low damping values used in the analysis, possible nonlinearity
tesulting from pipe supports. The comparison between the test and predicted
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values indicated that there is conservatism associated with the analytical

procedures, which provides a basis for alleviating the concerrs related to
’ some calculated stress values presented in the Licensee's original submittals,
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