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March 23,1984

Docket No. 50-423

B11088
Director of Nuclear Reactor Regulation
Mr. B. 3. Young'olood, Chief
Licensing Branch No.1
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

References: (1) B. 3. Youngbloc,d to W. G. Counsil, Request for Additional
Information for Millstone Nuclear Power Station, Unit No. 3,
dated December 5,1983.

(2) B. 3. Youngblood to W. G. Counsil, Draft Safety Evaluation
Report (DSER) for Millstone Nuclear Power Station, Unit No.
3, dated December 20,1983.

(3) E. L. Doolittle memorandum to B. 3. Youngblood, NRC
Structural Audit of Millstone 3 - Agenda, dated February 14,
1984.

Dear Mr. Youngblood:

Millstone Nuclear Power Station, Unit No. 3
Meeting Summary of NRC Structural Audit

Transmittal of Responses to Confirmatory Items

On February 27 - March 2,1984 the NRC conducted a structural design audit of
Millstone Unit No. 3. As defined in References (1), (2), and (3) and SRP Section
3.8.4, the structucal audit was performed by the NRC - Structural and
Geotechnical Engineering Branch (SGEB) as part of the Staff's review of the
operating license for Millstone Unit No. 3.

A tour of the site was conducted on February 27, 1984 to provide the SGEB
reviewers an overview of the structural design of the safety-related structures
within Unit 3. Representatives !. rom Northeast Nuclear Energy Company
(NNECO) and Stone & Webster conducted the tour. A list of Attendees is
provided in Enclosure 1. February 28 - March 2 meetings were held at Stone &
Webster offices in Boston. Enclosure 2 contains the audit agenda and list of
Attendees.

Enclosure 3 provides the list of discussion items developed during the audit and
the status of each item as discussed and agreed upon at the exit meeting,
March 2,1984. The status of each item is defined by one of the following three
categories:
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Closed - No further NNECO input or action needed.

' Confirmatory , NNECO to provide requested information on the Millstone.

Unit No. 3 docket, either by letter or FSAR amendment.

Open No resolution at this time, NNECO to address.-

Enclosure 4 'provides responses to open- items listed in the Draft Safety
Evaluation Report (Reference 2). The attached . responses -simply formalize
resolutions.or commitments given orally at the meeting.

Enclosure 5 to this letter contains written responses to items resolved during the
audit, but ' requiring submittal of written responses (i.e. Items designated

~

Confirmatory in Enclosure 3). - Responses to Items I, 2, 6, 7, 9, 10, 11, 12, 13, 16,
19,20,23,26,29,32, 33, and 39 are contained herein.

Responses to Confirmatory Items 14 and 15, and Open Items 3, 8, 17, 25, 27, 38,
and 42 will be provided by April 13,1984.

. A schedule for submittal of responses to Items 35 and 36 cannot be provided at
this time. Information will be provided as it becomes available..

A copy of the S' tone & Webster topical report on tornado missiles was forwarded
on March 6,-1984 to your Ms. E. L. Doolittle to be provided to Mr. David Jeng
and Mr. Nilesh Chokski for review, therefore, Item 41 (Questions 220.12,220.13,

.

and 220.15) requires no further response at this time.
'

:If- you have any concerns related to the information contained herein or any
questions.related to our responses, please contact our Licer. sing representative,~

, -Ms.'C.' 3. Shaffer at (203) 665-3285.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY, ET. Al'
~ By Northeast Nuclear Energy Company, Their Agent

Af,

W.' G. Counsil'
Senior Vice President
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STATE OF CONNECTICUT)
) ss. Berlin

COUNTY OF HARTFORD )

Then personally appeared before me W. G. Counsit, who being duly sworn, did
state that he is Senior Vice President of Northeast Nuclear Energy Company,
applicant herein, that he is authorized to execute and file the foregoing
information in the name and on behalf of the applicants herein and that the
statements contained in Jd information are true and correct to the best of his
knowledge and belief.

AhM/A - /
M6tary

cc: Ms. E. L. Doolittle My Commission Expires March 31,1983 - '.
Mr. David C. Jeng-SGEB '

Mr. Nilesh Chokshi - SGEB
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ENCLOSURE 1

NRC Structural Audit Site Tour -- February 27,1984
.

Name Organization

Nilesh Chokski- NRC-SGEB
David C. Jeng NRC-SGEB, Section Leader
Fred Wozniak SWEC - Lead Structural Engineer
K. Lakshmi SWEC - Structural Div., Principal Engineer

- Frank Vetere SWEC - Lead Geotech.
Dennis Hoisington NUSCO - Project Engineer
Walt Briggs - . . NUSCO - Generation Civil Engineering
W. R. Rotherforth NUSCO - Generation Civil Engineering

' Carol Shaffer NUSCO - Generation Facilities Licensing

.
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ENCLOSURE 2

- MILLSTONE NUCLEAR POWER STATION, UNIT NO. 3

- NRC STRUCTURAL DESIGN AUDIT AGENDA

- February 27 ~- March 2,1984 -
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MILLSTONE NUCLEAR POWER STATION - UNIT 3
AGENDA 0F SWEC PRESENTATION

FOR

NRC STRUCTURAL AUDIT
- FEBRUARY 27, 1984 TO MARCH 2, 1984

MONDAY 1. SITE VISIT
'2/27/84

TUESDAY 1. INTRODUCTION OF PROJECT GROUP WITH AN OVER- F. WOZNIAK
2/28/84 8:30 AM VIEW OF HOW IN GENERAL RESPONSIBLE ENGINEER'S W. EMERSON

INVOLVEMENT DURING THE AUDIT PERIOD. INFORM
NRC AUDITORS THAT OTHER DISCIPLINES WOULD
SUPPORT IN PROVIDING NECESSARY INFORMATION.

9:00 AM 2. OVERVIEW OF PLANT DESIGN F. WOZNIAK

a. CONSTRUCTION STATUS, PERCENT COMPLETION
OF CONCRETE / STEEL

b.. DESIGN STATUS, PERCENT COMPLETION OF
PRODUCTION DRAWINGS

c. HIGHLIGHTS OF SPECIAL DESIGN CRITERIA.

[
10CFR50.55 (E).

COMPLIANCE WITH CODES.

.

'

_-S.E.R. OUTSTANDING ITE45..

9:30 AM 3. REVIEW OF SEISMIC ANALYSIS K. LAKSRMI
o

a. SEISMIC ANALYSIS CRITERIA AND PROCEDURE
.

GROUND RESPONSE SPECTRA FOR SSE.

AND OBE CASE

SYNTHETIC TIME HISTORY RESPONSE.

] MATHDfATICAL MODEL. .

<

RESPONSES OF STRUCTURE AND ARS *.

PLOTS
.

SEISMIC INPUT.

3-D DESIGN OF STRUCTURE.

.

_

.
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10:30 AM b. SOIL STRUCTURE INTERACTION F. VETERE

(i) DESCRIFIION OF SUBGRADE UNDER
EACH CATEGORY I BUILDING

Bl.SIL TILL DEPTHS UNDER 'EGE'.

BUILDING AND HOW EVALUATED
-

SHEAR MODULUS.

STRAIN VS DAMPING.

USE OF SHAKE PROGRAMS.

DATA TRANSMITTAL TO STRUCTURAL.

GROUP

11:30 AM (ii) STRUCTURAL USE OF GEOTECHNICAL B.A. LAWION
DATA

PLAXLY COMPUTER PROGRM.

EGE BUILDING PLAXLY FINITE.

ELEMENT MODEL

E-U AND N-S DIRECTIONS.

OUTPUT OF TIME HISTORY PLOTS AT.

- _ FREE FIELD AND FOUNDATION LEVEL_

EGE BUILDING SEISMIC MODEL WITH.

PLAXLY e

BUILDING RESPONSES.

1:00 PM 4. CONTAINMENT DETAIL PRESENTATION K. LAKSHMI

a. SEISMIC ANALYSIS

BRIEF DESCRIFIION OF SEISMIC ANALY-.

. SIS AS TO SELECTION OF LUMPED
MASSES .

STIFFNESS PROPERTIES.

COMPUTER PROGRAMS USED FOR STRUC-.

TURAL RESPONSES AND ARS
.

-RESULTS.

' PROGRAM FOR DISTRIBUTION OF RESULTS.

CONTROL OF ARS:- - .

.

B4-12179-7537
'
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2:00 PM b. ULTIMATE CAPACITY ANALYSIS K. LAKSHMI

PRESENTATION OF WORK DONE IN CONTAINMENT
FAILURE MODE ANALYSIS

METHODOLOGY.

USE OF COMPUTER PROGRAM,

MODEL AND RESULTS.

3:00 PM c. LINER PLATE ANALYSIS K. LAKSHMI

LOADING CRITERIA; FSAR AND ASME.III.

' SUBSECTION NE; CLASS MC USED AS A
GUIDE

'

BRIEF DESCRIPIION GENERAL LINER.
'

STRESSES, "KALNIN'S" COMPUTER PROGRAM
USAGE AND RESULTS

KNUCKLE PLATE (WALL / MAT) ANALYSIS.

AND RESULTS

DISCONTINUITY AT HATCH / RING AREA.

INSERT PADS FOR PIPE SUPPORTS7 .

- - .

,. ..

O
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WEDNESDAY
,

1. CONTAINMENT DESIGN K. LAKSHMI
2/29/84 8:30 AM

a. CYLINDER AND DOME

LOADS AND LOADING CalB..

USE OF COMPUTER PROGRAM.

FORCES IN CYLINDER.

REBAR REQUIREMENTS.

b. UNBALANCED FORCES AT DOME / CYLINDER
JUNCTION

MERIDIONAL REBAR CUT-OFF IN.

DGIE SEG1ENT AND DISCONTINUITY-

FORCES

c. HATCHES - ANALYSIS PHILOSOPHY
DESIGN AND REINFORCEMENT CRITERIA

d. MAT DESIGN AND MAT FORCES

9:30 AM 2. INTERIOR STRUCTURE K. LAKSHMI

a. DESIGN PHILOSOPHY / METHOD OF SUPERPOSI-
-b~ TION OF SEGMENTAL ANALYSIS

LOADS DESCRIPIION, .

JET LOADS-
.

PRESSURES.

TEMPERATURES.

LOAD COMBINATIONS
'

'.

b. STRUCTURAL ANALYSIS AND MODELING

FRAME ANALYSIS.

FINITE ELDIENT ANALYSIS OF.

(i) STEAM GENERATOR CUBICLES

- (ii) 51'-4" SLAB

(iii) CRANE WALL ABOVE 51'-4"

(iv) PIPE RUPTURE EFFECT

(v) CRANE IMPACT.,

ANALYSIS OF PRIMARY SHIELD WALL.

COLGINS, COLQiN FOR STEAM
^ GENERATOR

s~

.

B4-12179-7537 4
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c. SEISMIC DESIGN
-

GENERATION OF SEISMIC FORCES.-

LOAD PATH OF SHEAR AND TENSION
'

.

EFFECT OF SEISMIC ON CRANE WALL.

COLUMNS

PRIMARY SHIELD WALL TRANSFER.

OF REACTOR VESSEL INLET /0UTLET,

N0ZZLE BREAK LOADS

GROUT INTERFACE BEIVEEN PRIMARY.

SHIELD WALL'AND NEUTRON SHIELD
TANK'

1:00 PM 3. OTHER CATEGORY I STRUCTURES

FUEL BUILDING - P. MARTIN
FUEL POOL - M. KIRMANI
MAIN STEAM VALVE BUILDING - P. SMITH
EMERGENCY GENERATOR ENCLOSURE - B. LAbT0N

~ [ BRIEF DESIGN SUMMARY OF THE FOLLOWING:.

a. LOADS AND LOADING CQ4BINATION

~

b. TREA1 MENT OF SEISMIC FORCES

c. BEARING CAPACITY EVALUATION, .-
'

STABILITY AND ANALYSIS

e. RESULTS

THURSDAY 1. CONTAINMENT / FUEL BUILDING CRANES P.F. MARTIN /N. KENNEDY
3/1/84 8:30'AM

STRESS REPORT REVIEW.

'

CRANE RAIL - ANCHORING SYSTEM.

DRAWINGS REVIEW.
,

9:30.AM 2. WIND AND TORNADOS, MISSILE PROTECTION P.F. MARTIN

REVIEW 0F DESIGN PHILOSOPHY.

PRESSURE DROP (3 PSI).

.

MISSILE SPECTRUM.

i BRIEF DESCRIFIION OF SWEC REPORT J. STEER /.

P. F. MARTIN,

B4-12179-7537 5
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1:00 PM 3. TANKS N. KENNEDY

a. SEISMIC DE31GN,-MODELLING OF TANKS,

2.00 PM 4. ' CABLE TRAY SUPPORT 3, CONDUITS F. WOZNIAK

E. AUXILIARY / CONTROL BUILDING TUNNEL.

b. UNDERGROUND DUCT BANKS, F. VETERE
PIPE ENCASEMENTS

'

c. DISCHARGE TUNNEL R. CURRIER

d. SEA WALL R. CURRIER

3: 00 PM 5. FUEL RACK ANALYSIS N. KENNEDY

f

e

T _-

'o

.
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Millstone Nuclear Power Station, Unit No. 3

NRC Structural Audit -- Stone & Webster, Boston
February 28 -- 13 arch 2,198t#

Name Organization'

David C. Jeng NRC-SGEB, Section Leader
Nilesh Chokski NRC-SGEB
E. L. Doolittle NRC - Project Manager
Walt Briggs NUSCO - Generation Civil Engineering
W. R. Rotherf orth NUSCO - Generation Civil Engineering -
Drina Beauregard NUSCO - Generation Civil Engineering
Dennis Hoisington NUSCO - Project Engineer
Carol Shaffer NUSCO - Generation Facilities Licensing
Fred Wozniak SWEC - Lead Structural Engineer
K. Lakshmi SWEC - Structural Div., Principal Engineer
John A. Curtain SWEC - Structural Div., Supervisor
Owen Lowe SWEC- Assistant Project Engineer
Frank Vetere SWEC - Lead Geotech.
Brian Lawton - SWEC - Structural Division
W. F. Emerson SWEC - Lead Licensing
Donna 3. Theodossiou SWEC - Licensing

.
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- ENCLOSURE 3

STATUS OF STRUCTURAL AUDIT DISCUSSION ITEMS
-

INCLUDING DSER OPEN ITEMS -

AND 220 SERIES QUESTIONS

(determined at audit exit meeting March 2,1984)
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- ENCLOSURE 3

MILLSTONE UNIT 3 - STRUCTURAL AUDIT
DISCUSSION ITEMS - FEBRUARY 28,1984

.

Status.

Item 1 'An example of seismic design of discharge tunnel Confirmatory,

- should be provided for review. The example was
. reviewed and the item resolved.

Item 2 ' . Justify.the use of 5 percent damping for bolted Confirmatory
steel structures instead of 4 percent when subject
to OBE loading. For bolted steel structures compare
. the actual stress level to the associated stress
limi'ts in the FSAR damping table.

Item 3 - SEB-09,10 and 11 refer to differences between codes Open
used in plant design and staff acceptance criteria.
Demonstrate that, the Applicant meets at least the
intent of the SRP in these issues. (See attached
questions)

Item 4 Provide an example on how changes in loads are Closed
- handled in design procedures.' Two load change examples
were reviewed to indicate this procedure and the issue
was resolved.

Item 5 Discuss how artificial time history is generated using Closed .

SIMQKE program.

. Item 6 Provide an example of the results of composite modal Confirmatory
damping for review. One example of the main steam
valve building was presented and the, issue was
resolved. - The Applicant will provide this response.

.

Item 7 Provide velocity and displacement time history Confirmatory
-profiles for the input ground motions to demonstrate
that appropriate baseline correction was implemented..~

Item 8 : Provide justification for not considering uncracked Open
sections on containment internals in seismic analysis.

. Item 9 Provide comparison of development of torsional Confirmatory.
constants using computer program SECPROP versus
classical shell theory for crane wall.

: Item 10 Consider the effect of embedment of Category I Confirmatory
structures on the seismic response.

,

&-

4m-+.
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Status.

Item 11 . How do the shear moduli obtained by artificial time Confirmatory '

history compare with shear moduli from real earth-
. quakes. Shake results for the artificial time history !
were provide by F. Vetere and the issue was resolved.
The Applicant will provide this response.

. Item 12 Show how the 2 degrees of freedom Plaxly soil Confirmatory
element is transferred into a rotational input ior
the lumped mass structural model. Demonstrate how . '

. the control building was consider ed in the soil model.
Provide description similar to EGE building for control
building showing soll structure interaction. Provide
-description on the modified halfspace analysis. :

Item 13 ' . Indicate how the effect of the NSSS systems were Confirmatory
accounted for in the seismic evaluation, of internal

,

; structures.

'

. Item '14 - Provide a detailed discussion on how the CM and CR Confirmatory
are considered in development of stiffness matrix.*

Item 15 - With respect to ultimate capacity of containment- Confirmatory

'o Were elements that yielded prior to final
yielding, continuously checked to insure that '

x_
they were within acceptable ~ ductility limits?

o. Provide justification to indicate why the cal-
culated ultimate pressure is the median of the

iprobability distribution.

o Review the basic shell/ mat junction and demonstrate
that compressive failure modes were adequately -
considered.;

,

!

Item resolved pending the review of report and additional'

information.-
i

; Item 16 Provide examples on how the 3 components of the Confirmatory-
earthquake are combined to comply with Regulatory

. Guide 1.92..,

.

. Item 17.. Provide justification as to why vertical flexibility Open
# '

of floor slabs is not considered in generation of -
| floor response spectra. :

.

-

.
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MILLSTONE UNIT 3 - STRUCTURAL AUDIT
ACTIONS ITEMS - FEBRUARY 29,1984

Status

Item 18 How does the applicant obtain subgrade modules Closed
(k) for the rock in the design of containment mat.
Explanation was provided and considered to be
resolved.

Item 19 Provide a comparison of results in internal structure Confirmatory
from Finite Element analysis and STRUDL Resolved.
Lakshmi will provide sketches and documentation.

Item 20 Perform simplified assessment of basemat design to Confirmatory
demonstrate that equations 7 and 9 from FSAR Page
3.8-13 do not govern. In case of some exceedance
in allowable stresses for the two conditions, the
as-built material strength can be used to show that
at least the intent is met.

Item 21 Provide actual re-bar calculations for the base mat. Closed

Item 22 Show how the wall tangential shear and overturning Closed
moment is handled.

Item 23 Provide design follow-up including load definitions Confirmatory
through re-bar quantity determination of steam
generator cubicle barrier wall (central radial wall).
Also consider the three component combination aspects
in the earthquake analysis.

Item 24 Copy from microfilm the results from STRUDL Closed
analysis for element 341. (Equipment hatch)

Item 25 Provide a verification example for RIG No. 4 Open
computer program.

Item 26 With respect to the EGE Seismic Analysis, please Confirmatory
i assess the effect of combining 2 directional response

versus that of the 3 component combination as
|- required in the staff position.

Item 27 Provide justification for generation of ARS based Open
upon one component of input motion.

Item 28 -Method of Peak Broadening has to be reviewed. Closed
Method was reviewed creating another item (38) to
remain open.

|- Item 29 Provide the Finite Element-Frame Analysis Confirmatory
; comparisons for the Spent Fuel Pool Analysis.
i

Item 30 Provide design calculations of pipe support R7L. Closed

|

- -

_ . _ _
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Status
'

Item 31 Provide the technical basis for how the fluid Closed
sloshing effects are modeled in the fuel pool
seismic analysis.'.

MILLSTONE UNIT 3- STRUCTURAL AUDIT
ACTION ITEMS - MARCH 1,1984

Mis'sile Barrier Status

item 32 Discuss how venting was considered for internal Confirmatory
cubicle pressurization (Sec. FSAR 3.3.3). Item
resolved if a sentence to reflect actual venting
is included in FSAR, i.e., that all structures
except for f uel building were designed for nonventing
situation.

Item 33 Justification of unity DLF of pressure drop provided Confirmatory
description and results as presented. Resolved.

Cranes

. Item 34 Fuel' building crane required for review, look at Closed
stress report shear checks, bolts.

Item 35 Demonstrate that the applicant complies with SRP Open
3.8.4, Appendix D in the design of fuel racks.
Refer to NRC Question 220.6.

Item 36 Provide assessment of Cat. I tanks to include Open
consideration of flexibility and demonstrate

1:- that theintent of NRC is met. For those tanks
-which are judged not to require assessment, provide
basic reasons for not doing so.4

Item. 37f Provide calculations on retaining wall designs. Closed
Resolved.

- Item - 38 Justify the peak broadening procedure in relation Open ;
.to Reg. Guide 1.122.

. Item 39 A review of accidental torsion SEB Item 08 should Confirmatory
be performed. Reviewed and fomd acceptable.
Resolved.

' Item 40 Provide discussion of containment liner designs to Closed
;. show that the intent of ASME Ill Division 2 is met.

- This item'will be included in item 3.
'Item 41 Questions 220.12,13, and 15 deal with SWEC topical Open

report on tornado missiles. .. This item will be ;

- resolved pending confirmation of this report.

g
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Status

Item 42 Question 220.9 concerns the ability of structural Open
steel frames to withstand tornado pressure prior
to siding blowout,

item 43 Question 220.8 concerns the capability of Closed
fomdations to transfer Stress. Information was
reviewed and found acceptable.

.
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RESOLUTION STATUS OF 220 SERIES QUESTIONS '-

j

Questions Status
'

.

220.5 -. Closed
'

,. ,

220.6'
'

,

'

Closed '
,

, s . .

220.7 ^~[ Closed '
'"

.

-n
~ ,

. . . - ,
~

''220.3 Closed /, .
-

e.

220.9 . / Open (Item 42) ~,,m ,

: .

l'&jp 4, #
'

,

220.10- '%

. ," r Closed /
'

~

,s* *., ! -

220.11' .' '/*[' 7 f clos'ed , . . f.
,

w . - :s . . ,

220.12, 13 & l'5 .Opbn (Item 41)' '
''

,

_ v," s y_~.

220.14 r / Confirmatory, ,.,

m ,,4 ta, ,
#220.16 Closed, GSB open item *

'l' i

220.17' Closed -
' '

, z '. .:"
,

220.15 .

i

Confirmatory (Item 2)
< /; nr' ,,. / -r

,

220.19 Confirmatory (Item 12)<.,
. u- w

g e . ,

/ Open (Item 8)r220.20 y c.- -

Confirmatorp Otem 39)'220.21. ./
,' '' -:.. ,

220.22 " . Clos,ed
- 'M '' ''"

,

220.23' #E ' 'I Closed ('' '
~

o
'

~

'
.. , c 1

220.24 ," Closed '

y' -, .
; ,

220.25 | . / Closed
'

' '
: ..' '

, , .
._' #

|- 220.26-720.~29 Open,(Item 3)
1-

,,

220.30 C,losed
-

-, . . _-? n g
'220.31 Closed

'

+ -
,

220.fl7, " Open (Item 3) / r

'''k .I. f
220.33-220.35 /;~

.

,
-

, ,

~/
' c, I ~ Closed
r/r '~.,'t -, ..

- .. , ,
, e,- i. . ,

,

, 1 ,Open, (Item 3) - - . . , '

.

220.36-220.37 7; j ,

.. y,
''

220.38 a osed 4
'

,

., / . ' .c _ -.'

k

* .
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ENCLOSURE 4

STRUCTURAL AND GEOTECHNICAL ENGINEERING BRANCH

RESPONSES TO DRAFT SAFETY EVALUATION REPORT OPEN ITEMS

SEB-01 Barrier Design Procedures (Draf t SER Section 3.5.3)

SEB-02 Design Response Spectra - Reg. Guide 1.60 (Draf t SER Section 3.7.1)

SEB-03 Accidentdforsion (Draf t SER Section 3.7.3)

SEB-12 ' 5% of Critical Damping for Bolted Steel Structures (Draft SER
Section 3.7.1)

,

9
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Millstone Nuclear Power Station, Unit No. 3

Open items

Structural and Geotechnical Engineering Branch
n

SEB-01 Barrier Design Procedures (Draft SER Section 3.5.3)
,e

Structural Audit Item

The staff concludes thai the barrier design is acceptable for local effects such as
penetration and meets the recommendations of SRP Section 3.5.3. However, the
staff had identified a need for additional information in several areas related to
-the overall structural response of a barrier when impacted by a missile. The
applicant has submitted additional information in Amendment 3 to the FSAR.
This information is currently under review by the staff and the staff findings will
be reported in the SER. It is expected that this issue also will be discussed in
detall in the forthcoming structural audit in January 1984 (tentative).

ResDonse ~ '

Stone and Webster Topical Report on tornado missiles was transmitted to E. L.
Doolittle, Project Manager, Licensing Branch No.1 on March 6,1984 to Resolve
Structural Audit Item 41 and Questions 220.12, .13 and .15.

' This report addresses the design of barriers to resist missile impact based upon
the overall structural response.

NUSCO ~ considers the above Draft SER Open Item (SEB-01), Structural item 41
and Questions 220.12, .13, and .15 to be resolved pending the staff's review of
the Stone & Webster Topical Report.

a
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Millstone Nuclear Power Station, Unit No. 3

Open Items

Structural and Geotechnical Engineering Branch

SEB-02 Seismic Input (Draf t SER Section 3.7.1)
,.

Design Response Spectra - Regulatory Guide 1.60

Structural Audit Item
|

The horizontal peak acceleration value of the safe shutdown earthquake (SSE),
chosen for the rock level, is 0.17g. The corresponding peak acceleration for the
operating basis earthquake (OBE) is 0.09g. . The horizontal design response
spectra are smooth spectra anchored to the above accelerations. The vertical

. design response spectra are taken to be 'two-thirds of the horizontal design
spectra. These spectra do not comply witn the recommendations of Regulatory
Guide 1.60. The staff is currently reviewing the adequacy of these spectra and
the conclusions reported in this.section are dependent upon the outcome of this
review.

Response .

The applicant's proposed resolution to SEB-0715 that the applicable Design
'

Response Spectrum will be resolved by NRC/Geosciences as related to Draft
SER Item 2.5.2.6 Safe Shutdown Earthquake, this closes Question 220.16.

This resolution was discussed at the Structural Audit and NRC structural
reviewers concurred. .

t .
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Millstone Nuclear Power Station, Unit No. 3

Open Items

Structural ana Geotechnical Engineering Branch

SEB-03 Selsmic System and Subsystem Analysis -
Accidental Torsion (Draf t SER Section 3.7.3)

Structural Audit Item

The system and subsystem anal' ts were performed by the applicant on an
elastic and linear basis. Mor .. response spectrum multidegree-of-freedom
methods form the bases for , ; analyses of all major Category I structures,
systems, and components.' It applying the modal response spectrum method,
governing response' parameters fere combined in conformance with one position

, of Regulatory Guide 1.92. The absolute sum of the modal responses was used for
.

~ modes with closely spaced frequencies. The square root of the sum of the
squares (SRSS) of the maximum element results provided more severe results
than the half-space representation. The staff plans to review these studies in
detall during the forthcoming structural audit and will report its findings in the

' final SER.

; The current staff position requires .that an additional eccentricity effect based
-

_ on a consideration of 15% of the maximum building dimension at the level under
- consideration shall be assumed to account for accidental torsion. The applicant's
-analyses of Category I structures do not account for the accidental torsional
effects. In a response to a staff question on the above issue, the applicant noted
that the Millstone Unit 3 design .was finalized before the development of the

; above. staff position. . The applicant has provided no information to assess the
: effects on the plant structures that might result from the implementation of the
staff . position. The staff plans to examine this issue in detall during' the
structural. audit. Therefore, the following conclusions are subject to resolution
of unresolved items.

-

Resoonse

Thls' item was closed at the Structural Audit and is listed under Items No.16 and
39 of the Structural Audit Meeting Summary.

; LAn example of the distribution of the seismic load to the crane wall columns of
the internal structure was reviewed showing how-three components of the SSE
are combined to comply with Regulatory Guide 1.92.

The effects of accidental torsion were evaluated for the fuel building, control
building containment structure Internals, and the containment structure shell.

<
- ? Calculations - performed for these buildings - Indicate that all are .able to

'

- - accommodate 5 percent accidental torsion.'

'

,
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Mil'Istone Nuclear Power Station, Unit No. 3

Open Items

Structural and Geotechnical Engineering Branch

' SEB-12.5% of Critical Damping for Bolted
Steel Structures vs. Restulatory Guide 1.61 (Draf t SER Section 3.7.1)

- . Structural Audit Item

The specific percentage of critical damping values used in the seismic analysis of
Category I structures, systems, and components,'in general, is more conservative

- than that specified in Regulatory Guide 1.61. The only exception is the value
used for the bolted steel structures. The applicant.has used 5% of critical
damping for bolted steel structures when the stresses are limited to 0.5 yield
stress. For this situation Regulatory Guide 1,61 specifies 4% of critical,

damping. This issue will be further discussed with the applicant in the
- forthcoming structural audit and the findings will be reported in the final SEP.

ResDonse

This item was resolved at the Structural Audit and is listed as Item 2 of the
. Structural Audit Meeting Summary.' This also closes out Question 220.18. A*

review was performed of structural dynamic analysis for all structures; the only
. structures which were.. determined to have used 5 percent damping for bolted
steel members for the OBE-were the Turbine Building and .the Containment-'

Structure Enclosure. The overall impact of this was evaluated by developing an
OBE; design response . spectra based on 4 percent damping which produced
spectral accelerations no more than 10 percent greater than the spectral
accelerations from 5 percent damping. The resulting increase in stress levels
from .the OBE structural responses produces stress levels which remain within
;the allowable.

.
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ENCLOSURE 5

ShuCTURAL AND GEOTECHNICAL ENGINEERING BRANCH

WRITTEN RESPONSES TO CLOSE

CONFIRMATORY ITEMS -

ITEMS 1, 2, 6, 7, 9, 10, 11, 12,-13, 16, 19, 20, 23, 26,
29, 32, 33, and 39.
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ITEM 1 An example of seismic design of the discharge tunnel should be
provided .for review. The example was reviewed and the item~

resolved.

.The example provided described why relative motion and the
transmission of seismic waves were not considered in the design ofthe discharge tunnel. The Applicant will provide this reponse.

Response:

'The effects of seismic wave transmission and relative motion were not
controlling factors in the design of the disch'arge tunnel because of the -
small resulting axial strains that will be applied to the structure. The
discharge tunnel is . approximately 1700 ft in length, and is founded mainly
on bedrock, with the exception of two relatively short sections that arefounded on till. Because of the . shallow depth to bedrock at the site, the*

. seismic waves propagate as shear waves through the bedrock.

The axial strain induced by seismic wave propagation is conservativelycalculated from the equation:

'*#*'" * ** #
Axial strain = Seismic wave propagatiot velocity

The particle . velocity in the above equation is assumed equal to .17 times
the particle velocity for a.13 earthquake, which is conservatively assumed.
to be equal to 48 in./sec. The seismic wave velocity, equal to the shear
wave velocity of the bedrock at the Millstone site, has been deter.sinei to
be 6500 fps. The resulting axial strain is consequently very small.

The design of the discharge tunnel does not include any - external anchor
-

poiLis along the length of the tunnel or at the turning points. Therefore,
no. large concentration of loads is expected to be induced by relative
motions as a result of seissiic wave transmission.

Differential movements are not expected between rock founded and soilfounded portions of the tunnel. The high shear wave velocity of the rock
with respect to the soil results in the bedrock wave propagation controllingthe displacements of the tunnel.

.

t

.
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ITEM 2 Justify the use of 5 percent sampling for bolted steel structures
instead of 4 percent when subject to OBE loading. For boltedsteelf~ structures, compare the actual stress level to the
associated stress limits in the FSAR damping table. The affects
of this criteria on. the Turbine Building were presented and the
issue was resolved. The Applicant will provide this response.

Response: '

.

By inspection of structural dynamic analyses for all structures, the only
' structures which were determined to have used 5 percent damping for bolted
steel members for OBE loading were the Turbine Building and the Containment
Structure Enclosure.

The OBE structural response of the CSE was produced by a dynamic model which
included the concrete Reactor Containment superstructure. The modal
dampings utilized in.che analysis were based on 2 percent structural damping
for concrete members and 5 percent structural damping for steel members.
The modal dampings which resulted for all significant modes were less than
4 percent.

The OBE structural response of the Turbine Building was produced by a
dynamic model which utilized a " constant 5 percent modal damping for all
modes. An OBE design response spectra based on 4 percent damping produces
spectral accelerations no more than 10 percent greater than the spectral
accelerations from 5 percent damping. The resulting increase in OBE
structural responses for the building prod 3ces stress levels which remain
within the allowables.

.
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ITEM 6 Provide an example of the results of composite modal damping for
review. One example of the main steam valve building was
presented and the issue was resolved. The Applicant will provide
this response.

Response:

The method used to calculate equivalent (composite) modal damping is
explained in Section 3.7B.2.15 of the FSAR and is summarized below:

Damping and Strain Energy Methods

An important factor in determining structural response is the damping
phenomenon. Two types of damping are generally recognized: v,,cous (in
which the energy dissipated per cycle is proportional to fre y. .sacy) and
hysteretic (in which no frequency dependence is sean). Most structural
elements display hysteretic behavior, while ' supporting soils appear to
combine both hysteretic and viscous damping mechanisms.

For certain applications (e.g., pipe breaks) in which foundation motion can
be neglected, only hysteretic damping need be considered. Whitman's (1973)
analysis of Biggs' formula gives a useful approximation for the damping of
each mode when material damping varies from element to element. His
expression for the equivalent viscous modal damping is obtained by a strain-
energy weighting of element damping:

N

j ii
B = i=1eqv (3.7B-5)

N .

IE3
i=1

where:

d Equivalen't viscous damping ratio (fractica of critical)B =
'9# for structure vibrating in mode J.

N = Number of elements.

D = Hysteretic damping ratio for element i.g

JE = Strain energy in element i when deflected into mode
shape J.

In particular, when damping is uniform (i.e. , Dt = D) then B = D for all
modes. When damping is not uniform, modal damping is weighte0"toward those
elements which make the largest contribution to the energy of each mode. In
other applications (e.g., earthquakes) in which foundation motion is
significant, viscous damping also must be considered. Current practice
treats the soil damping as viscous for translational motion, and hysteretic

B4-12179-7817
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for rotational motion. Roesset et al (1973) extended Biggs' formula to
' include the viscous damping contributions of the soil:

d hB EI DE +
d ~

B = i=1 k=1 W (3.7B-6)eqv k

d dE'E +
' i=1 i=1

where:

N = Number of hysteretically camped elements,H
~

N = Number of viscously damped elements,y

h = Frequency of structure mode j (radians per second),

I Wg = Frequency of element k (radians per second),

B = Critical damping ratio of element k at frequency k.K

The square of the natural frequency w2 of the soil element, is equal to the
ratio of the soil spring stiffness to total mass of the structure plus
foundation.

This formula reflects the fact that the energy dissipation per cycle by the
viscous mechanism is propotioaal to frequency of motion. Any element which
displays both hysteretic and viscous damping appears in both summations of
the numerator, but is not depeated in the dnominator.

Each element strain energy is evaluated from the element stiffness matrix i

and the displacement of the element's boundary joints. After comparing thec

Biggs and Roesset modal damping- ratios calculated from Equations 3.7B-5 and
3.7B-6, the lower value for each node is selected for use in the dynamic
analysis, thus assuring that the composite modal damping value never exceeds

| the hysteretic damping value. In no case do modal damping values exceed
10. percent.

~

As an example, the results of the Main Steam Valve Building equivalent modal
!. damping is presented on the following pages. It is evident by reviewing the

| resulting equivalent modal dampings, that for the significant modes of

| vibration (Mode 9 frequency = 34.3 Hz), the resulting damping is very close
L to - the assigned structural damping of 5 percent and 2 percent for SSE and
: 1/2 SSE respectively.
t

This indicates that for rock founded structures where half space springs
were used 'n the seismic response analysis, the effective damping used wasi.

| - essentially structural damping. (i.e. little effect of the subgrade damping

| of 10 percent translational and 5 percent rotational).
|

'

:

|
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ITEM 7 Provide velocity and displacement time history profiles for the
input ground motions to demonstrate that appropriate baseline
correction was implemented. Profiles were presented and the issue *

was resolved. The Applicant will provide this response.

Response:

Attached are acceleration, velocity, and displacement time history plots of
the Millstone 3 artificial earthquake used in the time history analysis of
Categrory I buildings for the generation of building floor response spectra.
These plots demonstrate that the artificial' time history has been base line
corrected.
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ITEM 9 Provide comparison of development of torsional constants using
computer program SECPROP versus ~ classical shell theory for
crane wall. This issue was resolved. Applicant will provide this
response.

Response:

A -comparison was made between the torsional constants developed using
Secprop 3 vs classical shell theory for the members of the dynamic model of
the containment structure representing the internal structure. This
comparison is presented in Table 1. Since a large difference is evident.

between the two methods for members 7 and 8, the containment dynamic model
rerun with revised torsional stiffness for members 4 through 8 based onwas

the torsional constants developed from shell theory. A comparison of
resulting frequencies and responses for the original and revised model are
presented in . Tables 2 and 3. It is clear from this comparison that no
significant change in response resulted due to the ' change in torsional
stiffness, therefore demonstrating that the original containment dynamic
model is an adequate representation of the actual building.

.

9

9
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ITEM 10
Consider the effect of embedment of Category I structures on the !

'

seismic response.
An effective embedment was determined for !

Category I buildings of concern that demonstrated that embedment

would have little effect on response. The issue was resolved.
The Applicant will provide this reponse.

Response:

Embedmen't of Category I buil. dings are generally limited to one or two sides

dependent upon the location with respect to adjacent buildings (i.e. a

minimum I inch shake space is provided between all Category I buildings).

To assess the effect of embedment on the seismic response of Category I

buildings where half-space springs were used, an effective embedment was

calculated based on the actual wall area of embedeent divided by the
perimeter of the building.

These values are -presented in the following

table for the Category I buildings of concern and compared against a value

of 15 percent of the least base dimension of the building. This comparison

indicates that the embedment is very small and would have negligible effect
on the response. In addition, since the founding rock is very stiff (i.e.
shear wave velocity 6,000 fps), building displacements are small and=

embedments of this degree would not change the response of the buildings.

;

.
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TABLE 1
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SUMMARY OF EFFECTIVE BUILDING EMBEDMENTS

BUILDING EFFECTlVE ENBEDMENTS 15f OF LEAST BLDG DIMEi
-

FUEL BUILDNG 6.5 F T 14.4 FT

E S F BUILDING 8.2 FT 9.6 FT
~

,
,

,

MAINSTEAM VALVE BLDG 6.3 FT 8.1 FT ;

AUXILIARY BLDG 7.3 FT 15.3 FT
'

-

HYDROGEN RECCNERY 2,7 FT 6.4 FT
-

.

S
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ITEM 11 How do the shear moduli obtained by ariticial time history compare

with shear moduli from real earthquakes. Shake results for the

artificial time history were provided by F. Vetere and the issue
1

was resolved. The Applicant will provide this response.

Response:
.

Real time histories from accelerograms recorded on bedrock sites were used

to provide a statistical match to predict site ground motions in the~

free-field adjacent to the EGE. Three strong motion records were selected

to model the Millstone site. The atrain-corrected values of Shear Modulus

and Damping were averaged and this mean value is used for input to the
PLAXLY model.

A comparison of the soil properties obtained by SHAKE from the three real

time histories with the Millstone artificial earthquake is made below for

Shear Modulus (G) in ksf and Damping (D):

LAYER TAFT PARKFIELD PACOIMA ART.E.Q.
G D G D G D G D

1 613 .087 457 .140 576 .101 492 .127
2 778 .104 825 .116 697 .120 638 .135
3 18800 .014 18715 .014 17968 .019 17704 .021
4 17850 .018 17249 .022 16913 .024 16258 .027
5 16981 .022 16077 .025 15470 .029 14946 .031
6 BEDROCK '

In general, soil properties obtained from the artificial earthquake analysis

in close agreement with values obtained from real earthquake analyses.are

Shear modulus values for the artificial earthquake fall within the lower

range of values, indicating that strain levels for the artificial earthquake

B4-12179-7873
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are likely to be higher than for real earthquakes. However, the use of real

time histories represents a sufficiently wide range of seismic input values
to justify their use in design calculations.
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ITEM 12 Show how the 2 degree-of-freedom Plaxly soil element is
transferred into a rotational input for the lumped mass structural
model. Demonstrate how the control building was considered in the
soil model. Provide a description similar to EGE building for
control building showing soil structure interaction. Provide a
description on the modified halfspace analysis. A discussion of
the above items was presented and the issue was resolved. The
Applicant will provide this response.

Response:

A group of elements representing the building within the finite element grid
are given properties of a very rigid and massless body. (SeeFigure 3.7B-11). The lumped mass model of the structure containing3 degrees-of-freedom per lumped mass (i.e., horizontal, vertical and
rotational) is .then coupled to the finite element grid at the nodal point
representing the contact area center between the building and subgrade.
Since the mat is modeled as a rigid body, vertical displacements along this
interface line between the subgrade and mat are transferred into a rotation
about the contact center representing the first lumped mass of the -

structure. The result is a rotational response of the lumped mass which is ..

transmitted . up into the lumped mass stick model of the structure. (See'

Figure 2).

The effect of the control building in the seismic response analysis of the
emerg.ency generator enclosure was considered as follows. An equivalent soil
mass was calculated to represent the control building (elements 41, 42 and
43 of FSAR Figure 3.7B-11). An equivalent density based on the total mass
of the building divided by the displaced volume of soil was calculated and
used for these elements. Based on the fundamental frequency of the building
and the depth of soil displaced by the structure, an equivalent shear
modulus was calculated and used for these elements, as indicated on the
following pages.

To demonstrate that the results for the plaxly analysis of the control
building are comparable to those from a half-space analysis, an alternate
dynamic model was developed. For this case a six degree-of-freedom lumped
mass model was developed to represent the structure. To represent the
subgrade, half-space springs were calculated based on rock properties. This
was c>nsidered reasonable since the structure is founded on rock on the east
end of the building and an average of 9 ft of dense basil till on the west
end of the building (see FSAR Figure 2.5.4-54). A modal analysis was then
performed for the half-space model for three independent directions of input
motion and the resulting response components were combined by the square-
root-sum-of-the-squares method to obtain the total response in each of the
three orthogonal directions (i.e., N-S, E-W, Vert). A comparison was then
made between the fundamental frequencies, seismic response accelerations and
finally the total base shears and axial load resulting from the plaxly model
and the half-space model. These results are given in Tables 1 through 3,which follow. The results are in extremely good agreement assuring that
either method of analysis adequately represents the actual buildingresponse.

B4-12179-7818
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To demonstrate that the results from the plaxly analysis of the emergency
generator enclosure an alternate dynamic model was developed. For this
case a six-degree-of-freedom lumped mass :nodel was developed to represent
the structure. To represent the subgrade modified half-space springs were
calculated based on the depth of basil till between the founding elevation
of the structure and bedrock elevation. Several cases were considered based
on recommended equations from reference 1 and 2. In addition, an analogy of
a column of soil between the structure and bedrock was made utilizing shear
beam theory as described on the following pages. Based on these results and
.the recommendations of the fore mentioned references, spring constants were
selected that represented the actual conditions.

A modal time history analysis was then performed for the modified half-space
model. A 5 percent (SSE) constant model damping was used conservatively for
all modes (i.e., no consideration of higher damping due to subgrade). The
same input time history. used in the plaxly analysis scaled to 0.21 g's was
used. This acceleration level was determined to be appropriate based on a
study conducted to determine the free field amplification effects of the
basil till. A comparison between resulting fundamental frequencies and
seismic response accelerations are presented in Table 4 and 5 for the plaxly
and modified half-space model. The results are in very close agreement thus
demonstrating that 'either method of analysis adequately predicts the actual
building response.

References:

1. Forced Vibrations of Circular Foundations on Iayered Media, by
E. Kausel, M.I.T. Department of Civil Engineering, Research Report
No. R74-11, January 1974.

,

- 2. Vertical and Torsional Stiffness of Cylindrical Footings, E. Kausel and
R. Uskijima, M.I.T. Department of Civil Engineering, Publication
No. R79-6, February 1979. '

,
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ITEM 13 Indicate how the effect of the NSSS systems were accounted for inthe seismic evaluation of internal structures. Item resolved ipending receipt of documentation.

Response:

The- internal structure . seismic model (Figure 3.7B-9, Building Model) is
combined with the 4-loop retetor coolant system (RCS) model as shown in the. attached Figure 1. In this model, the numbers in circles and triangles
, represent the building stick model springs and mass points. Node
Numbers 73, 74, 75, and 76 represent the RCS model's connectivity tobuilding model mass points.

The two models are connected through very stiff members representing the
steam generator's (SG) support floor at el 3 ft, steam generator and reactor
coolant pump's snubbers at el 24 ft-5 in. , and the operating floor at el50.852. These members connect the various major equipment support points
and the mass points of the building model.

The seismic response of the combined model was obtained using input motion
histories (6 degree of freedom) at top of the containment mat (Node 71)
obtained from output of the building model seismic analysis with rock
springs and ground motion history (.17 g).

In both models, the common spring is No. I and represents primary shield
wall (psw), instrumentation tunnel, and the portion of crane wall. This

. member represents a major structural element which ' transfers seismic forces
~ into the mat and has been selected to compare the forces (at bottom support)
-as evaluated both from the building model and the RCS combined model.

Table I shows the results are comparable and the model used in the seismic
analysis of the structure adequately predicts the structural response toseismic motion.
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;,l 13 -TABLE 1
# ~

-

.

1

i SPRING *1 AT BOTTOM OF SUPPORT

E-W DIRECTlON N-S DIRECTlON SRSS

) SHEAR MOMENT SHEAR MOMENT SHEAR MOMENT-

1 KlPS IN KlPS KlPS IN KIPS -

6 6 0
INTERIOR STRUCTURE 14131 11.606 x 10 16,467 6,775 x 10 21,699 13,439 x 10j ,

STICK MODEL
]

,

.

Il
[ COMBINED MODEL 6 6 6
1 WITH BUILT-IN RC 11,200, 12.536x10 14,050 5.509x10 17,970 13,692 x 10
:
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ITEM 16 Provide examples on how the three components of the earthquake are #

combined to comply with Regulatory Guide 1.92. An example of the
' crane wall columns of the internal structure was presented and the-

issue -was resolved. The Applicant will provide this reponse.
-Response:

As an example of how three components of an earthquake are combined to
comply with Regulatory Guide 1.92, the following example is given:

The distribution of seismic load to the crane wall columns of the internal
strucutre- is reviewed. To distribute the resulting seismic shear,
overturning moment, and torsion, a stiffness model was developed
representing the crane wall columns and primary shield wall / instrumentation
tunnel between el (-)27 ft-3 in. and el 3 ft-8 in. (Figures 1 and 2). Rigid
members were used (repres:enting the el 3 ft-8 in. slab) to connect the
center of mass and the center of rigidity of the actual members. Shear and
bending. deformations were considered in developing the stiffness of each
member. The resulting acceleration profiles from the seismic response
- analysis were used to develop static story forces based on the associated
mass of the internal structure (Tables 1 and 2). The.se forces were then
carried down to the el 3 ft-8 in. slab. The resulting forces and moments
were then applied to the stiffness model and distributed to the individual
elements based on their relative stiffness (sse Figure 3). As an example,
the force distribution due to the N-S shear is presented in Table 3.
Similarly, the remaining forces were distributed to the individual elements.
These resulting element forces were then combined by SRSSing the components
due to N-S, E-W, and vertical except the torsion contribution was added

! directly as indicated in Table 4.
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ITEM 19 Provide a comparison of results in internal structure from Finite
Element analysis and STRUDL. An example of the results of
comparison was presented and the item was resolved. The Applicant,

will provide sketches and documentation.

Response:

There are four RCS loops and four steam generator cubicles. Each cubicle
houses one Reactor Coolant Loop System (RCS). All four cubicles are similar
in-configuration and are subjected to the same forces.

Figure I shows the plan view of cubicle "B" at el 3 ft-8 in. Steam
generator supports Ss, Se e S , Ss, and RC pump supports P , Ps, and Ps. are7 4
shown in relation to hot leg bumper, cross over bumpers I and II, and steam
generator column below el-3 ft-8 in. slab. For the frame analysis of slab
at el 3' ft-8 in. , walls of the cubicle and the slab is divided into frame
sections. Frame sections I, II, and III have be selected and are shown on
Figure 1. For stiffness analysis of the frame, STRUDL II computer program

; is used.

As a verification to frame analysis, a finite element analysis has been
performed using bending and stretching elements. STRUDL II was used to
analyze the model.

For the comparison of results, loading combination l'0 D + 1.0 L + 1.5 Pa +.

1.0 RA+ .0 T ** **" "**A

Figures 2 through 5 show the graphical representation of member forces,
moments, and shears on frame section III due to frame as well as finite
element analysis.

In the design, forces obtained due to frame analysis were used as they
governed the design.

_
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ITEM 20 Perform . simplified assessment of basemat design to demonstrate
that equations from FSAR Page 3.8-13 do not govern. In case of
some Exceedence in allowable stresses for the two conditions, the
as-built material strength can be used to show that at least the
intent is niet . Item resolved pending the documentation of the
governing load condition. <

Response:

The enclosed table indicates that Equations 9 and 10 do not govern basemat
design.

.

&

$ 0
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ITEM 23 Provide design follow-up including load definitions through re-bar
quantity determination of Steam Generator cubicle barrier wall
(central radial wall). Also consider the three component
combination aspects in the earthquake analysis. Analysis of the
cubicle barrier wall was presented and .the issue was resolved.
The Applicant will provide the design follow up for documentation.

-Response:

The following load combinations governed the design of the Steam Generator
cubicle barrier wall (central radial wall).

.

Reference FSAR Section 3.8-3.

1. U = D + L + Ta + Ra + 1.5 Pa.

2. U = D + L + Ta + Ra + 1.25 Pa + 1.0 (Yr + YJ + Ym) + 1.25Eo

3. U = D + L + Ta + Ra + 1.0 Pa + 1.0 (Yr + Yj + Ym) + 1.0E
s

Design of the radial wall is done in two sections.

.

9

4
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SECTION 1 - ITEM 25

PAGES 2 THROUGH 6

LOADING COMBINATION - 1

!
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'
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th 36.0>

man 354.0J
*
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98

CtElf STRENGS OF t-mr-writ w = 0.50000 04 (PSI)
STEEL YZIED STEENGZI .= 0.4000D 05 (PSI).

.

SECTICE DEPTE = 36.000 (II) ,,.
b SECTICE WZDTE = 12.000 (ZE)

NEE. STRAZ5 IN CON GETE = 0.4278D-03
MRE. STRESS ZR CONCIEEE, _a ..OM1.QR .QA (PSZ1 . _ _ . . .

CouCIETE. "r**m LENGTE = 0.8925D 01 (IN)

. STEEL AREE DISTRECE STS&ZE STRESS FCECE
B0 (SQ 25) (ZN) (ESI) (EZPS)

1 3.120 2.700 0.1165D-02 35.051 "109.360
4 2 1.560 5.500 0.10340-02 31.025 48.399

3 1.540 30.500 -0.1642D-03 -4.525 -7.883
4 3.120 33.300 -0.29840-43 -8.351 -27.928.

A -

PORCE.IN CONCIEEE = 0.S6148D 02 (EZPS1, .
. _ .. ..

% - -- - FORCE = 26.000 (EZ23) APPLIED FORCE 26.000=

~

NN'''en MDMENT = 354.000 (IIP-fT) APPLIED MOMENT = 354.000s
.......................... ......................e
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CENTRAL RADIAL WALL

Summary *

Sesinic shear forces at various elevations on the internal containment were
obtained from a lumped mass analysis due to three components of earthquake

-

on the structure. Seismic shear forces are to be resisted by the system of
walls.

For the purpose of these calculations, the geometry is described in an X-Y
coordinate system with the X-axis coinciding with the " Called North" on the
drawings. Each system of walls is divided into rectangular and circular
segments. Each end of the segment is assigned a node number so that each
segment can be identified by the coordinates of its end points and its nodal
incidence. Segment properties are calculated based on the geometry and the
appropriate formulas for first moments of area about the neutral. axis of the
system of walls.

Calculations are tabulated and the values of "Q" in the formula ( = /It
are computed according to the connectivity of the segments comprising the
system of walls. For cases where closed-cells occur in the overall cross-
section, the problem becomes indetrainate, and the redundant shear flows are
calculated by setting Qds = 0 for each closed cell.

Finally, the values of the shear stress is found from the formula ( = /It
where the values of V are obtained from the lumped-mass seismic analysis, I
is the moment of intertia for the entire cross-section, and t is the
thickness of the wall at the point under investigation.

I

*
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' ITEM 26 With respect.to the EGE Seismic Analysis, please assess the effect
of combining 2 directional response versus that of the 3 componentcombination as required in the staff position. A summary ofeigenvectors from the half-space model was presented,
demonstrating a negigible coupling effect between the N-S and E-W
direction, The issue was resolved. The Applicant will providethis response.

.

Response:

.The seismic response analysis of the Emergency Generator Enclosure utilized
2 planar models (i.e. N-S and E-W direction), with no coupling between these
two orthogonal directions. However, the planar model was subjected to avertical as well as horizontal input motion. The resulting component,

responses were then absolutely summed to obtain the total response of the
structure in the horizontal and vertical direction. To demonstrate the i

acceptability of this 2 direction response combination with respect to a
3 component combination as required by Regulatory Guide 1.92, the results of
the modified half-space model (reference SEB audit notes Item No. 12) which
considered all six degrees of freedom is presented. The attached Table 1
gives a susmary of eigenvectors for the significant modes of vibrations for' the structure. It is clear from a review of this table that no significant
coupling occurs between the X and :: direction (i.e. N-S and E-Wrespectively). Furthermore the method used to combine the components for
the horizontal and vertical response (absolute sum) is more conservative
than that specified by Regulatory Guide 1.92.

.
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ITEM 29 Provide the Finite Element-Frame Analysis comparisons for the
Spent Fuel Pool Analysis. An example of the results of comparison
was presented and the issue was resolved. The Applicant will
provide the documentation.

Response:

'

Spent Fuel Pool Analysis

Results of space frame model were verified by the use of a finite element
model. In both models, the same geometry and loadings were used.

Documentation for comparison of results of Finite Element Analysis and Space
Frame Analysis for Node 276 on the East wall of the pool are provided in the
attached sheets.

Page 2 - Finite element model element and node identification numbers
in circle are the member numbers in the space frame model.

Page 3 - Tabulation of stresses for the finite element model (Syy and
Sxx).

Stresses due to space frame analysis are shown in the'
parenthesis.

Page 4 - Sign convention for finite element and space frame analysis.
Page 5 - Graphic representation of the stresses for both methods.

Pages 6&7 - Excerpt from the computer output of the space frame analysis.
Node 276 is the common joint for members 451 and 452.

Pages 8&9 - Excerpt from the computer output for the finite element analysis
(stresses at Node 276 are underlined on Page W.
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' 39e Mott ett SIN G.e817968 Se STY 4.30e8648 90 SNY 0.1940708 0119e MODE 900 3xN 0.8992478 Se STY 0.574400t et SxT 0.1370048 01399 84DE 271 SEX 8.3048898 01 SYT 0.0141794 et SXf .$.9421744 00390 84DE 270 SMR 0.10970et 01 STY =0.6477112 41 SNY =0.155*028 01
391 MWE 904 Set 0.74157et te STY 0.4491308 Se SNT 4.9445244 to191 test 901 Sun 0.se93098 Se SYT 4.7734428 80 8x? 0.StSetit et

.

391 tett 908 SxN 4.1721498 01 STY 0.9839748 Se SEY 0.444!03t et391 MODE til 3xx 0.1493438 el STY 0.787eeSt se 3a7 4.4749eet to
398 past tol San 0.10:4933 et SVT 3.4474578 Se Suv 4.140747t to392 8408 908 SEE 0.9931978 Se STY 0.4174848 90 SNT 4.14993S8 01392 past 272 Sax 0.1484115 et STY 0.72e3318 Se SET 0.lt09ttt 90398 NODE 9e8 SNK 0.1447048 01 STY 0.9103448 Se 337 4.2014478 et
395 McDe tot Sus 0.1390078 01 STY 0.6400578 90 Sur 0.915113t.01393 teDt 903 SME 0.114830E 01 STY 4.294752E $4 SET 4.3713938 00393 MODE 273 SMN 0.1489438 01 STY 4.1940498 Se SEY e.(3e43tt.41393 sett !?t SEE 0.1034200 01 STY 0.7947400 Se SET 4.214440E 00
394 MDet 240 SIN 0.3314598 01 STY 0 1199t28 et SEY .e.33100tt te394 MCOE 904 SEE 0.3042738 01 377 4.3G47338 Se SET 4.640044t.41394 MCSS 904 SME 0.44412M 01 STT 4.1453398 ee 3XY 0.10tteet 01394 feDE 274 SEE 0.4293115 el STY 0.1348438 01 SXT 0.12095tt 01
395 Meet 944 SNK 0.2440418 01 ST' 4.4444448 Se 327 0.1203 Set 01395 MODE E70 SMR 4.24e4e4t el STY 4.4043448 08 Suv 0.900:218 00395 MODR 278 SXM 0.3940608 01 STY 0.2239448 es SEY 0.900040s et395 IWet 904 SEE 0.3844434 et STY .e.2243788 et SNT .e.1:43358 el

".194
Met 270 SNK 0.let*998 01 STY 4.5188148 Se Sxt 0.1349792 01394 feDE 271 SME 0.1902S98 01 STY .e.3434978 01 SRf 0.971093t 04Mo0E 274 'Sxx 0.ree+0u 01 Sn 0.139eeer to SsY 0.n?0aet ce =G--"1 EWE 7?T" m s.6. m ys sa STY 0.a m ies as SxY 0 111450E 01
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| 597 feet 171 Sun 0.1Stan St STY 0.97074=t.01 Sx7 0.04S905E to197 MO0t 945 SIX 9.140102t 01 STY 0.2474704 00 3xv 0.e949 set 60397 9458 907 SIX 9.250293t 01 Sff 0.354153E et SXY 0.347041E 00| J3L MQSt 176 SEM 4.2412842 01 177 8.M40aef=01 Suf
0.7347778 CO -[394 MODE 995 SMR 0.134e23t $1 SYT 0.2020408 et SXT 0.3143922 to39e PERE 272 SX3 0.1547338 01 STY 0.19449*t 90 3x? 0.1135471 00390 143t !?? 312 0.1303908 01 377 8.319712t 80 3x? 0.1390042 00390 stat 9e7 Srx 0.330447t 01 STY 0.335079 Se Sx7 0.3tastet ocl

190 MCSS 272 SMR 0.17494tt 01 STY 0.22710M 00 SKY 0.:510 Set 00399 NC3E 173 SME 0.10nt ut 01 STY 0.SgS03Sg to Sxv 0.4440548 01399 MS3R 274 3xx 0.Ste37*t 01 STY 0.41949et 90 *IT 0.7274:St.01399 143E 177 SEX 9.2190498 el STY 0.3007598 80 Sx? 0.1310918 00
000 MODE 274 SXE 0.431733t el STY 0.1987448 e1 $47 0.e301135 00400 MC01 9M SX2 9.411977E 01 STY 0.3:e47tt 60 3x? 0. 0:*03t 90set M|*"I 908 SEX 9.3104398 01 STY 0.1444438 et SMT 0.41070:t 90400 H03t 179 SIX 9.33e1945 O! STY 0.13S145E 01 SET 0.3744478 00
441 NC3R 904 SWR 0.34471 t et SYT 0.2497488 80 SIT 4.!S70fet.014H MC*t !?S SRx e.3563948 01 STY 0.2S46205 00 347 .e.20011*t 90est PSOE 200 Sxt 0.313*eet 01 3" 0.3FOSeSt 80 SXf 0.ee.e:et 40een M::t 944 SNX 9.3314:08 On STf 0.173779t te SAT 0.3:3217f 60
ett MCet 27S SNK 0.200S07t 01 SYT 4.3479292 40 SET 4.9165444 004* #C3t 176 3%A 0.!90149t 01 SYT 0.*4341?f et Si? 4.41:3872 00 -es: f:"*t"757 .44 v..waa m 01 sTT .d.gamas sa Sxf 0.3fte39t ce ~ott t':34 200 SEE 0.2094048 01 Svy 4.34443t et SXY 0.3413948 C0
e tet ??e SNW 9.230 49t 01 377 0.390092t Se SEY 0.el:$50t 40 -
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t ITEM 32 Discuss how venting' was considered for internal cubiclepressurization (Sec. FSAR 3.3.3). Item resolved if a sentence to'

reflect actual venting is included in FSAR, i.e., that all
structures except for fuel building were designed for nonventing
situation. The Applicant will provide this response.,

!

Response:

Revise the MNPS-3 FSAR p. 3.3-3 as follows:

Tornado Differential Pressure Load (W )p

For all reinforced concrete structures with the exception of the Fuel
Building sad the Emergency Generator Enclosure, the exterior walls and roofs
were designed for nonvented conditions (full 3 psi pressure drop).

For the Fuel Building, the section of metal roof at elevation 55 ft-3 in.
and between column lines 6.5 and 4 is capable of venting the building.
Those sections of interior walls and floors which _could be affected by this
condition have been designed for the full 3 psi pressure drop. In addition,
it is_ assumed that this roof does not vent the building and those portions
of the exterior walls and roofs which would be affected are designed for the,

full pressure drop (3 psi).
:

For the Emergency Generator Enclosure, the diesel generator muffler cubicle
above , elevation 51 ft-0 in. is capable of venting. The portions of the
interior walls and floors which could be affected by this condition are
designed for the full pressure drop (3 psi). In addition, it is assumed
that this cubicle does not vent and the portions of exterior walls and the
roof affected are designed for the full 3 psi pressure drop.
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ITEM 33 Justification of unity DLF of pressure drop provided description
and results as presented. Resolved. The Applicant will provide,

the response.

Response:

The MNPS-3 FSAR will be revised to add the following:

A dynamic load factor of 1.0 is applied tc the pressure drop since all
wall and floor panels subject to pressure drop have frequencies greater
than. 4 Hz as shown in Table 3.3.1. Figure 3.3.1 presents the
calculated dynamic load factor curve for the pressure drop. Comparing
the two it is evident that the Millstone III structural elements
experience no dynamic amplification during the pressure drop condition.
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TABLE 3.3.1
-

Thick- Fundamental
Size ness Frequency

Panel (Ft) (Ft) (Hz) Remarks

MSVB North 36x73 2 6,5 Simple supports
Wall

Aux. Blds 49.5x63 2 4.6 Simple supports
Roof

.

Aux. Blds 126.5x26.5 2 9.0 Simple supported beam
Roof

Fuel Bldg 59.5x66.5 2 4.0 Simple supports
Roof

Control Blds 57.5x102 2 4.2 Partial fixity
Roof

.
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ITEM 39 A review of accidental torsion SEB Item 08 should be performed. A
review was performed and the issue was resolved. The Applicant
will provide this response.

Response:
.

The effects of accidental torsion have been evaluated for the fuel building,
control building, containment structure internals, and containment structure
shell.
.

Calculations performed for these buildings indicate that they are able to
accommodate the 5 percent additional torsion. Reinforcing steel
requirements. for critical wall sections in these structures are summarized
below:

Reinf Required
| (Including 5 Percent

Building Wall /Elev Additional Torsion) Reinf Provided ;

Fuel G/52 ft-4 in. 2.89 in.2/ foot 4.16 in.2/ foot
s

Control E-1/4 ft-6 in. 2.09 in.2/ foot 3.74 in.2/ foot ;

' Containment Shell/(-)27 ft- 2.37 in.2/ foot 3.23 in.2jgoot
Structure 3 in.

Containment Cranewall Column / 25 - #18 28 - #18 j'-
Structure (-)27 ft-3 in.

1

.

b
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