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n 1taODUCTION

This analysis has been performed to determne the stresses
in the veanel due to the nonsy...trio thermal loading a
pzescribed in the TVA specification for the Watts Bar
Containment Vessal.

The shell temperature transients have been specified in Ap
pendix C of the specification and represent average shell
temperatures adjacent to the three compartments as a function
of time after the design basis accident occurs.

The thermal. stress analysis of the containment vessel is made
using CBI conputer program 781 which performs a linear analysis
for any axisymmetric thin shell structure subjected to an
arbitrary nonsymetric | oading.

fte program considers that the distribution ol the anbient
tboperature through the thickness of the shell is a linear
variation. In this analysis it is assumed that no therma
gradient exists through the shell thickness.
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in our analysis it is assumed that the-ambient temperature
at which the vessel was fabricated represents the initial
condition. This reference temperaturd is taken as T - 700r.

At time t u 1000 sacs. after the design basis accident, the
change in the ambient temperature from T; (700,) to T2 (the
average shell temperature for different compartments) is com
pleted and it is assumed that this tepiperatuze xamains oanstaht.
There is, however, a temperature distribution which exists both
axially along the shell meridian at the elevation of the com
partment 'dividers' and circumferentially at boundaries

between the compartments.

The program cal cul ates stresses and deflections in the vessel
due to the nonsymmetric tenmperature variation around the shell.

DESCRI PTI ON OF COVPUTER MODEL

The vessel has been idealized as an axisymmetric thin shell.

The basic structural components are the vertical cylinder,
hemispherical dome and circumferential stiffener~s (Figure 1) .
The circumferential ring stiffener i s considered as a cylinder
of length Ot 0Oand thickness Cby, (Figure 2). The stiffness of
the ring out of its plane is assumed to be negligible.
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The vertical stringers are accounted for in the analysis by
use of an equivalent orthotropic layer described by an egVI

vaent stiffness in the merdional direction and zero circum
ferential stiffness. The lending stiffness of the modd is
made equal to that of the actual structure by equating the

stiffnesses ZX

Jad + d2 b d2

where,,
a modulus of elasticity of orthotr~pic |ayer

W molulus of elasticity of actual structure at
pertinent amabient temperature

a W average spacing of gussets
b = thickness of the vertical stringers
d - depth of vertical stringers
The hbove equation can be simplified to the form
I 1r

fte Model. consists of a total ofJit parts including/2lcircum
ferential stiffeners andf2chell panels.

Influence coefficients for the top crown region of the hemi
spherical head (as illustrated in Figure 3) which i s not con
sidered, in the model are defined in the form of spring matrices
at the end of the model. The stiffness matrices for the

various harmonics are shown on page 1
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For the purpose of this analysis, tk Veowe iodiVided Into
three rgions. The OLover Convortment R"gion* extends from
the embedmt (.lev. 702 9 3/80) to *loev 744" 6' which
corresponds approximately to the elevation of the top sur
face of the.vapor barrier between the Lee condenser compart
meat and lower compartment (refer Figure 4).

The *lc. Condenser Region" is the region along shell meridian.
from.lev. 744 6" to e€lev. 8051 O which is about 2' above
the top of the iee bed (Figure 4).

The 'Upper Compartment Region0 comprises the cylindrical shell
above *love 8050-.0 and sphociaal, segment of the top head up
to an angle equal to 400 from the spring line of the top head.

UOSAXISY)UIZTRIC THERVALOMD RNPRISMHATION

Ibe temperature of the shell adjam~nt4to the loo Condenser
Is 5301 at time t ip1000' seas. The temperature of the shell
adj aoont to the Upper and Lower compartment are 14001 and
2200 respectively at t a 1000 see. (Refer to Figure C-2
Appendi x Cof 2VA Specifioati'n).

BUNPBRS DISTRIBUTIONI IN LO EZR COMPARTI4ZN? UGION

Novesi nce the lover compartment zegion |S continuous around the
complete periphery of the vessel -fromenbednent to *loe. 708.0". 4
the circunferential tenperature distribution |staken as uniform
inthis region. The aggial distribution of temperature in this
region i ndetermned fromFigure 0-1 of the TVA Specification.

fte shell temperature is taken as QOF at embedmnt, Increasing

to 9401P ever a height of 31 9' (Zlev,7C166 6' ) Then a stepp

maps NVjUM®/3V , VI . | AhUN7
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Locationt 0&k 3we.  EMSthl

rise i ntenperature from940? to 22000F occurs over the next
180 (3lev. 7081 00).

Fromel evation 7081 to elevation 744" 6' the upper compartment
externds over an arc region of 600 whilst the lover comapartmnent
extends over the remaining shell region (Azimuth 300 to 3306)

Hence in this region the distribution of temperature in the
circumferential direction is nonsymmetric, 1400, from Azinuth
3300 to 300 and 2200? from Az. 300 to 3300. This nonsymretric
tenperature distribution i s represented inthe formof a Fourier
cosine series using 9 terms as shown in figure 5 on page: 13.
Fourier coefficients for the 9 harnonics used to depict this
temperature variation are shown on page 15.

fte tenperature distzibution along the shell meridian in

this region changes at two l|ocations; one, in the vicinity of
el evation 708" and the other is at the elevation where the Ice
condenser conpartnent barrier is situated (elev. 744160). The
tenperature change inthe meridional direction at 6lev. 708
from 2200F to 1400,P i s assumed to occur over a distance of 60.
The tenperature change in the axial direction ait the elevation
of the ice condenser barrier isassuned to take place over

a distance of 180 (fromelev. 743" to 74416")] from 22007?
inthe |ower conpartnent region to 53or inthe ice condenser
regi on.

TI MPERATUF I E DI STRIBUTION | N1CE CONDENSER REG ON

The tenperature distribution for the shell inthe ice conden
ser Cegion isalso nonsyiumetrice 1400, from Azinmuth 3300 to
300 and 5307 fromAzinuth 300 to 3300. This nonsyinnmetric tenp
erature distribution is also represented inthe formof Fourier
cosine series as shown inFigure 6 and the Fourier coefficients
umyl- M
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are as shown on page 15. This nonsyamstric tempeature distri-.
bution extends Into the Upper Cmrtetregion for a distance
of 61 up to elev. 811' which is about 8 above the top of ice
bed. The shell above elevation 811' is assumed to be at a uni
form tamperpturs of 1400? around the complete circumference.

TMe numerical results of the analysis are presented in the form
of plots. The plots are for the stresses and deformations
aong the shell meridian and also around the circumference

..... y

(Azimuth 09*- 1800) at several pertfinent | ocati ons.

The plots aong the shell meridian are for the Lovder Compartments
region (origin at embedment) up to elevation 744-611 plotted to

a vertical height of 90 and also for the Oice Condenser Regione
(originat elev. 7441-60) and extending to elevation S111-00
plotted also to avertical dinension of 90. Stresses are shown
along the shell neridian at Azimuiths 00, 300, 45P, 600 and 900.

Stresses are also shown around the circunference of the shell
(00 - 1800 plotted to a dUmesion of 1")' at several pertinent
locations. The locations considered are the embedment elevation
(702 - 9-3/10)0, 3lev. 7081# dlev. 7191-3-5/81 (centerline of
lower personnel lock)* elev. 743", elev. 7445 (elevation at
which ice condenser region starts),, elev, of centerline of upper
personnel lock (760" - 3-/8) elevation of centerline of equip
ienst door (764' - 7-1/20) and elevation 8051 (2' above top of

i ce bed).

Radial (normal to shel) displacement and longitudinal rotation
as well as In-plane displacements (meridional and circumferential)
are plotted for the two regions along the shell meridian for
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plotted around the shell circanference at embedment level, center%.

line of locks and equipment door and at the end of the ice con
denser region (elev. SQ05-00).

At the bottom of each page, the maximum value of each variable which
|s plotted on that page is printed. The plots on any page are
plotted t6- a scale based on making the max. value of the first
variable printed at the bottom of the page equal to a dimension of
40 from the base line. If for any other plot on that page, this
scale results in the maximum ordinate to exceed 40 then the scale
for that plot is adjusted so that the max. ordinate i n4s. Positive
(tensile) values of the vectors (stresses and deformations) are
plotted to the left of the base line while negative (compressive)
values are to the right.

The stresses are plotted at the midaurface of the vessel wall (iden
ti~ying symbol 0 on curve) and the inside (A) and outside surface

() of the shell. For the stress curves, the first, second and third
values at the bottom of the page represent the maximum values for

the Inside surface, nenbrane and outside surface stress respectively.

The maxi num | ongi tudi nal stress occurs i nthe region where the ice
condenser conpartmient *barrier* issituated just bel ow 3lev. 744'6".
The maximum values are 23175 psi (tension) cR Inside face and 22000
psi (camp.) on the outside face ~the maximum longitudinal stresses
at the embedment level are 17800 psi (tension) on outer surface

and 16350 on Inside surface.

The maxiutm circumferential stress also occurs i nthe ice condenser
compartment "barrierO region just above 3lev. 74310. The maximum
values are 15612 psi on inside and 14700 psi an outside, both com
pression. The maxiamm tensile circunferential stress occurs at about
2' above embedment. Its value | s about 15400 psi on Inside and

out si de face.
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| nthe Ica condenser region the stresses (both meridional and
circunferential) are rather mboimal. The maximum neridional stress
| sof the order of 15000 psi (tension) on the outside face. The
maxi mum circunferential stress 1 sof the order of 920G psi (tension)
on the Inside face and 5300 psi (compressionj on the outside face.
These stresses occur at Elevation 744666 which corresponds to the
el evation where the Ito condenser region starts.

Since the stresses due to tenprature are less than jig.Smthem the
stresses due to the combined loads will be less than the allowable
3 So.
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TENNESSEE VALLEY AUTHORITY
CHATTANOOGA. TENNESSEE 37401
400 Chestnut Street Tower 11

February 19, 1980

Director of Nuclear Reactor Regulation

Attention: Mr. L. S. Rubenstein, Acting Chief
Light Water Reactors Branch No. 4
Di vision of Project Mnagement

U S. Nuclear Regul atory Conmisuion

Washington, DC 20555

Dear M. Rubenstein:

I nthe Hatter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50- 391

On June 14-15, 1979, there was a meeting between TVA and the NRC
on the Matte Bar Nuclear Plant containment buckling criteria. At
this meeting with A. Mafia and R. Lapinski of the NRC and NRC con
sultants Dr. Seida and Dr. Weingarten, TVA employees discussed
additional requests for information which TVA received informally
on May 14, 1979.

Encl osed are 40 copies of TVA's response to the requests for addi
tional Information as a result of this meeting.

Very truly yours,

TUMNSSU VALLEY AUTHORITY

Nuclear Regulation and Safety

Enclosure (40)

An COWa OPPW-r Aty £nEWWW
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INTERNATIONAL. STRUC(TURAL.

Q D 1' 0a Bol 9893

April 9, 1979

Dr. A. Hafiz

U. S. Nuclear Regulatory Commission
of fice of Nuclear Regulation
Washington, D. C 20555

Re: Contract No. NRC 03-79-124

Dear Dr, Hafiz:

After a review of the supplied informtion, it
is apparent that nmore information is needed.
Enclosed is a detailed list of these questions,

Pl ease, as soon as possible supply us Wi th
the responses to these questions.

Sincerely,

Bengt A, Mossberg
Contract Adm nistrator
BM j k

Encl s.



Preliminary Review of

EVALUATIONI OF T711E DU'CKLING STRESS CRITERIA FOR
THE STML  CONIIAIIG4ENI OF WATTS CAR

NRC 20- 1~9- 03- 071
No. B-6S81

The buctl ing design Lriteria report (Apendix 3.88 and Section

3.8.?) of the Watts Bar/FrAR t.as been studied. |t was apparent from

the study that the re~port does not contain enough information for

proper evaluiation. 1t i stherefore requested that the follow ng

Information be stip~lied:

Description of the exact applied loads used in the buckling

analysuis. | f any ccanputer prograns were used to obtain these
| oads, a comiplete description of the computer program shoul d

be supplied. Tihis oescription should include a discussion of
the analytical and n~umerical method$ used in the program.

Descriptioni tf how the buckling curves contained i nthe report
were applied to the buckling of the containment vessel. The
description should include the application of these buckling
curves to asyuneurtric dynamic ‘oeds in the areas where pene
trations are present.

In-deloth desLription of all computer programs used in the
bucklinr analysis.

Description of what containment vessel modeling assunptions
were miade in ordei to use these programs.  This description
should include a discussion of any convergence and/or accuracy
checks that were made.

Crmplete step-by-step description of whiich and how the buckling
stress criteria wes applied.

Explain the justification of using lunped mass beam nodel
instead of a shell model for the dynamc seismic analysis.



Page 2

7. Explain the justification for using an axisymmetric geometry
computer program for the containment vessel.

8. Description of the buckling check, mass matrix formulation
and how the maximums at each time point were chosen in the
CBI containment shell analysis finite elemant model.

9. Explain in detail the :riteria and its Justification for
determining the interaction effezts between the containment
shell and attached couipment.

10.  Was a thermal buckling analysis conducted? If the answer is
ves, describe step-by-step the procedure that was followed.

The study of the buckling stress criteria will be completed after the
requested information is received.
During this study, additional, clarifying infoimation may be

requested.
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APPENDIX 3.8B BUCKXLING STRESS CRITERIA
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1. | nt roducti on.

The buckling design criteria inthis appendix is applicable tc
stiffened circular-cylindrical and spherical shells. Section 2
sets forth the buckl%lng design criteria for Shells Stiffened with
Circunferential Stiffener3. Because of existing penetrations,
Interfereflces, or large attached nesses, it may be expedient to
further analyze sone areas of the vessel as independent panels.
Section 3sets forth the criteria for shells stiffened wth a
conbi nation of circunferential and vertical stiffeners. Section
4 deals with the criteria for a spherical dome. The procedures
and data |ore_sent ed were ad%)t ed Brimarily from Chapter 3,

Shel | Analysis Manual, by E. H Baker, A ?. Cappelli, L.
Ko-val evsky, F. L. Rsand R M Verette, Nlational Aeronautics
and Space Adninistration, \ashington, D.C., Contractor Report
CR-.912, April 1968. The criteria given inthis Section covers
only the range of variables needed for the structural steel cor.
taj nment vessel for which these specifications were prepared.

The buckling criteria is specified internms of unit stresses and
and nenbrane rorces inthe shell. Stresses caused b rmltlgle

| oads nust be combined according to provisions of Table 3.88-1
for use inthis criteria. The values of the load factors and
factors of safety used in the buckling criteria are given In
Section 5. The method of applying the factors O safety to the
criteria isalso covered inthis appendiX.

2.0 SHELLS STIFFENED W TH Cl RCUMFERENTI AL STr| PPEERS

2.1 CGrcular Q/Iindricaal Shells Under Axial Conpression

The critical buckling stress for a cylinder under axial conpres
sion alone isdetermned by the equation

(1 aCcEt

for various ranges of cylinder-length deined by

Z.2 1v 2

The constant C i s determined fromFigure 3.88-1 for the
appropriate value of R/t.

3.8B-1
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The critical buckling stress in a cylinder under axia.&compres
sion and internal pressure is deternined by:

The constants C, and AC_are determined from Figures 3.8B-1 and
3.8B-2. respectivel % yhe constant ACc Ig)|ven | nFigure 3.8B-2
depends onl'y upon the Internal pressure Pand R Et.

2.2 CIRCULAR CYLIfIDRICAL SHELLS I N Cl RCUMFERENTI AL COMPRESSI ON
Acircular cylindrical shell under a critical external radial

or hydrostatic pressure will buckle incircunferential conpres
*lon. The critical circunferential conpressive stress i s(given

by: 2

for various values of Zgiven | nSection 2.1. Curves for de
termning the constank Kpfor both radial and hydrostatic pres
sure are given InFigure 3.8B-3.

2.3 CIRCULAR CYLINIDRICAL SHELLS UNDER TORSION

The shear buckling stress or the cylinder subject to torsional
| oads i sgiven by:

£3)aC3 Ry 4

The shear buckling stress of the cylinder subject to torsion an
Internal pressure i s deternined by

*1(3) (CB+ACS) t14

where constants Cs and ACs are deternined from Figures 3.8B-4~
and 3.8B-5. Values of AC are given for internal radial pressure
alone and internal pressure Bl us an external load equal to the
longi tudinal force produced by the internal pressure.

Figure 3.88-14 | s applicable for values of

2
za W ywio

3.85-2
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Not e t hat

N(n)p  +Ne ()2 000 (NM .. Kk()
no 0e (1 O (-2 W (n)(.

where N LB the conpressive or shear menbrane f'orce and Fmi s
the appPopriate [oad factor, g; ven 1 nSection 5. for individual
| oadi ng conponents | nany loading conbination. The superscri pt
nrefers to the particular type of |oading. Superscripts na

19 2, 3. and ~4represent respectively axial conpression, circum.
ferential conpression, torsion, and bending Ioads.

The following interaction equations were used I nthe desi gn of
the cylindrical shell.

a. - Axial Conpression and Gircunferential Conpression

m a k
NM()F
M0 Wer Cl

b. Axial Conpression and Bending

m,a k

RNV CLW o NM(OF

i, M_¢ O'r(m-
s  Axial Conpression and Torsion
41
a O M a0

3 854
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Axi al Conpression?, Bending, and Torsi~n

a2y - MI1E t. o+

M O * L0 M 0

Axi al Conpressions Circunferential Conpression, and Torsion

m K N ()m + mak ) NM 3FM

r t ‘e (2 tl'c

The |ongitudinal nenbrane stresses produced by the nonaxisyuuuetric
ressure |oads (NASPL) were considered as caused by bending |oads
nthe Interaction equations.

3.0

SHELLS STIFFENED W TH A COMVBI NATION OF CI RCUMFERENTI AL
AND VERTICA. STIFEN-EAS

3.1 The shell was provided with permanent circunferential and

3.2

vertical stiffeners. The circunferential stiffeners were
designed to have a spring stiffness at least great enough

to enforce nodes inthe vertical stiffeners so as to pre
clude a general ingtability node of buckling failure thus
ensuring that |f buckling occurs, It wll occur instiffened
panel s between the circunferential stiffener:. An accept
abl e procedure for determining the critical buckling stresses
I nthe vertical stiffeners and stiffened panels i s out

lined i nSection 3.4. Shell Ana'vysis Mnual, by E. H._Baker
A, P. Cappellis L. Koval esky# F. L. Kish, and" R M Verette,
National Aeronautics and Space Admini~tration, Washington,
D.C., Contractor Report CR-912, April 1968.

ddition for shells stiffened with a conbination of

rcunferential and vertical stiffeners under uonblned

n a

irc

ead, the criterion for buckling failure of the shell place
e
t

s expressed by an interaction equation of stress ratios

I
Cc
I
|
In the form

ith* Ry * 324

simlar to the Interaction equations of Section 2.5.

3.85-5
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The critical buckling stresses for the shell plates between *ihe
circunferential and vertical stiffeners were determined by the
fol l owi ng equations.

a. Curved Panel under Axial Conpression.

The critical buckling stress for a curved cylindrical panel
under axial conpression alone isdetermned by the equation

4 K wEY (t2
cr 12 (1- U 50

for various ranges of cylinder length given by

The constant Kc is determned from Figure 3.8B-8.
b. Curved Panel In Crcunferential Conpression
The critical buckljn? stress of a curved cylindrical panel
under circunferential’ conpression was detefmned by Section
a. Curved Panel Under Torsion

Th. shear buckling otress of a curved cylindrical panel
subjected to torsional loads isgiven by

akaVW E 2 a b
o 12 (- 2 -~

for values of

The coefficient K isgiven inFigure 3.88-9. For cylindrical

' h | ength b the shear buck
PRRG' Se el | GkReP RE B (e e Tens
*Ke \R_E a,

3.83B-6
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tor values orf~

Curves for determning K13 are given in Figure 3.8B-10.
d. Curved Panels Under Bending

The critical buckling stress for a curved panel i nbending
shall be conputed Using the equation for axial conpression
given in (a)or this section.

3.3 The critical burcling stress ina stiffened hem spherical
shell for tho dnalysis required inthe bid specification
| snot treefred inthe Shell Analysis Mnual, and except for
external p:-essure, was determned by the follow ng equation:

or a0.125Et

where t = thickness of shell
E a nmodul us of elasticity
R wradius of shell

11,0  SPHERI CAL SHELLS
41.1 The critical buckling stress inthe spherical donme, except

for external pressure, was determned by the follow ng
equat 1 on:

«we .0.125 E
Where t ashel‘ thiFkn SS . .
E a nodul us of elasticity
R a radius of shell
41.2 SPHERI CAL SHELL UNDER COWVBI NED LOADS

The criterion for buck3.~ failure of the done Is expressed by
an Interaction equation of the stress ratios inthe form

simlar to the Interaction equation of Section 2.5.

3.88B-7
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A set of interaction equations simlar to these in Section 2.5
was used inthe design except that the effects due to torsion
were consi dered.

5.0 FACTOR OF SAFETY

The buckling stress criteria was evaluated to determne the
factors of safet a?al nst buckling inherent inthe criteria.

hefactors which affect stability were determned and the
criteria was evaluated to account for these factors. The basis
used to evaluate the criteria to account for the factors were
(1) how wel | established are the effects of the factors on sta
bility of these shells (2)amount of supporting data inthe
literature and (3) margins marked by the critical stresses and
Interaction equations u~el-in the criteria. The buckling criteria
was found to be very co' nserv tive and judged to provide at |east
a factor O safetysot 2.0 ainst buckling for all [oading con
ditions for which tlirvslsels3 were designed.

Inaddition, a load factor o84 1 will be apﬁlied to load con
t

ditions which iznoludes the Safi Shutdown Earthquake (SSE). A
| oad factor of E2-5 will be Used with all other |oad conditions.

3.65h-6



TABLE 3.6.5-1

HLTILZ LOAD CONE! NATI ONS
VARIOUS PLANT CONDITIONS

Acci dent Accident Acci dent Acci dent

Condition Coast. Test Norma Mrn. (Dynamic) (Statbc) (Dynamic)  (static)
L oad oy ~Oep QQL.

Airlock X X |
Live Load

*Uonazisyme tri x pressure transienit loads o
663ee following page for allowable stress condition
©0*3e hydrostatic Toad,, Figure 1.81.2-1. _ _
&**Leave snow |oad off. Heridional stress from pressure is tension.
Snow load gives compressive meridional stress |n cylinder.
Construction load will control sphere.

Post
Acci dent

X

External
Pressure



TABLE 3.8.iB-2

ALLOMBLE STRESS | NTENSI Tl ES
PLUS BUCKLING LOAD FACTORS

Al | onabl e Stress Applivsf le ASM4E Code Buckl i ng Load
.oaogT_anK ~CAjO&|*|i—|OFIAU UUMS5Ib&J S5waAS W W& AL
. I accordance with
NB- 3221 SMCE yo d Section
\ﬁ I
NB- 3222 Load factor - 1.25
for both cylindrical
ortion an
emispherical head
NB- 3223 Load factor - 1.25
for both cylindrical
ortion an
em spherical head
NB-3224 Load factor - 1.1
for both cylindrical
ortion and
em spherical head
NB- 3226 NA

7 F NB-3224i
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INCREASE IN AXIAL-COMS31RESSIVE BUCKLINO.8?RESS
COZYNICIENT OF CYLINDERS DUE TO INTERNAL PRESSURE

4 00

a 4 612

FIGUR 3.83-2



SUCKICNG COEFFICIENTS FOR CIRCULAR CYLINDERS
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3.8.2 Steel Contai nnent System
3.8.2.1.1 Description of the Containment

The contai nment vessel for \Watts. Bar |s a | ow|eakage, free
standing steel structure consisting of a cylindrical wall, a
heni spherical dome, and a bottom liner plate encased in concrete.
Figure 3.8.2-1 shows the outline and configuration of the con

tai nment vessel

The structure consists of side walls neasuring 1141 feet 8-5/8
Inches In height fromthe liner on the base to the spring line

of the dome and has an inside dianeter of 115 feet. ~The bottom
liner plate is 1/4 inch thick, the cylinder varies from 1-3/8

Inch thickness at thie bottomto 1 1/2 inch thick at the springline,
and the dome varies from 1-3/8 inch thickness at the springline

to 15/16 inch thickness at the apex.

The bottom liner plate serves as a |eak-tight membrane only

(not a pressure vessel). The liner plate is anchored to the
concrete by meldin% it continuously to steel plates enbedded In
and anchored into the base mat. The anchorage system of the

cy' .ndrical walls and the %uncture of the cylinder to the base
r’it are shown inFigure 3.3.2-2.

The contai nnment vessel dome, which Is provided with a circum
ferential stiffener just above the springline supports eight
penetrations and several attachnents. Two penetrations are for
the RHE spray system two penetrations are for the contai nnent
SEray system and the remaining four penetrations are spares
The hej or attachments to the dome consist of lighting fixture
supports, header supﬁonts for the RHR spray and contai nnent
spray systens, and the collector rail supports :or the polar
craney. ~Details of these penetrations and attachments are shown
in Figure 3.8.2-3.

The contai nment vessel is provided with both ec-r-iinferential
and vertical stiffeners on the exterior of the she'). These
stiffeners are required to satjsf¥ desi gn requirements for ex
ansion and contraction, seismc forces, and pressur'e transient
oads. The circunferential stiffeners were instP.-Aed on approxi
mately 10-foot centers during erection to insure stability and
al i gnment of the shell. Vertical stiffeners are s aced at 5
de%rees between the two lowest circunferential stiffeners.
O her locally stiffened areas are provided at tte equipment .
hatch and two personnel locks. Exterior pipe giides and restrain-~ts
for the RHR spray and containment spray system. are attached to
some of the circunferential stiffeners.

3.8.2-1
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3.8.2.1.2 Description of Penetrations

Most Penetratlon sl eeves were pre-assenbled Into the contai nnent
vessel shell plates and stress relieved ﬁnsor to Installation of
the plates Into the containmer'17 vessel shell. Those penetration
sl eeves which required field installation were provided with
Insert plates of the same thickness as the shell plates and
stress relieved as an assenbly.

Egui pnent  Hat ch

' The equi pment hatch i s composed of a cylindrical sleeve inthe
containment shell and a dished head 20.0 Feet indianmeter wth
mating bolted flanges. The flanged joint has double gasketed
seals with an annular space for pressurization and testing.

The equipment hatch was designed, fabricated, and tested in
accordlince with "Section |Il,, Subsection NE of the ASME Boil er
and Pressure Vessel Code."

Details of the equipnent hatch are shown on Figure 3.8.2-4.

Per sonnel Locks

Two personnel |ocks are provided for each unit. Each |ock has
doubl e doors with an interlocking systemto prevent both doors
bei ng opened sinul taneously. Remoté Indication is provided to
Indicate the position of the far door. Quck-a(_:tlng tYﬂe equal
i zing valves are used to equalize the pressure inside the Iock
when entering or leaving the Containment. Double seals are
provided on the doorl..

The personnel |ocks are conpletely prefabricated and assenbl ed
wel ded steel subassenblies designéd, fabricated, tested and
stanped i naccordance with "Section IIl, Subsection ME" of the
ASME Code.

Details of the personnel locks are shown on Figure 3.8.2-5.
Fuel Transfer Penetration

A 20-inch diameter fuel transfer penetration I|sprovided tar
transfer of fuel between the fuel pool and the containnent fuel
transfer canal.

Expansi on bel | ows were provided to acconmodate differential
movenment between the connecting buildings. Figure 3.8.2-6 shows
conceptual details of the fuel transfer penetration.

3.8.2-2
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Spare Penetrations

Spare penetrations were provided to accomodate future piping
an4 electrical penetrations. The spare penetrations consist of'
the penetration sleeve and h:ead.

Purge Penetrations

The purge penetrations havt~one ir-ericr and one exterior quick
acting tight-sealinlg Isolation valve. Details of the purge
penetrations are shown on Figure 3.8.2-7.

El ectrical Penetrations

Medi um vol tage el ectrical penetrations for reactor cool ant punp
power (shown on Figure 3.8.2-7) use sealed bushi ngs for conduct or
seals. The assemblies incorporate dua. seals along the axis of
each conductor,

Low vol tage power, control and instrumentation cables enter the
cont ai nment vessel throu?h penetration assenblies which are
deshgnﬁd to provide two Teak tight barriers Inseries with each
conduct or .

Al electrical penetrations are desi gned to maintain contai nnent
integrity for Design Ba-ils Accident conditions including Eressure,
temperature and radiation, Double barriers permit testink if

each assenbly as requ~ired to verify that containnent inte;, r'ity

| s mai nt ai ned.

Qualification tests which may be supplenented by analysis, have
been performed and docum-ented on all electrical penetration
assenbly types to verify that containment integrity will not be
violated by the assenblies inthe event of a desi gn basis accident.
Exi sting test data and analysis cn electrical penetratio n types
may be used for this verification if the particul ar enrivonnenta
ionditions of the test were equal to or exceeded those for the
Watts Bar Nuclear Plant.

Mechani cal Penetrations
Typi cal nechanical penetrations are shown on Figure 3.8.2-8.

Mechani cal penetration functional requirenents, code considera
tions, analysis and design criterta are defined In SEection 3.8.2.14.6.
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3.8.2.2 Applicable Codes, Standards and Specifications
3.8.2.2.1 Codes

The design of the containment vessel meets the requirenents of
the ASME Code, Section IIl, Subsection NE, Applicable Code cas,, s
include 11431, 1517, 1529 and 11493, (Wnter 1971 Addenda) .

The design of the bottom [iner Pl ates conforns to the requirenents
of the applicable subsections of the ASME Code, Section VIII,
Division 1, and Sertion IIl, Paragraph '& E-5-I20.

Nonpressure parts, such as supports, bracing, inspcection pl at forns,
wal kways, and |adders were designed in accordanc# - with the American
Institute of Steel Construction (AISC) "Specification for the
Design, Fabrication, and Erection of Structural Steel for Buildi ngs,
Seventh Edition.

n

The anchorage at the containment vessel neets the requirenents
of the ASME Code, Section Ill, with a nmaxinmumallowabl e stress
for the anchor bolts of 2 x Sm.

3.8.2.2.2 Design Specification Sunmary
Design Criteria

The containnent vessel, including access openings and penetra
tions, Isdesigned so that the |eakage of radioactive materials
from the contarnment structure under conditions of pressur~e and
tenperature resulting from the largest credible energy rel ease
following a |oss-or-cn6lant accident (LOCA), including the cal cu
lated energy from metal-water or other chemcal reactions that
could occur as a consequence of failure of any si ngle active com
ponent in any energency cooling system will not result in undue
risk to the health and safety of the public,-and. is designed to
limt below 10CFR100 values the |eakage of radioactive fission
products from the containnent under such (LOCA) conditi ons.

The basic structural elenents considered inthe design are the
vertical cylinder and done acting as one structure, and the
bottom liner plate acting as another. The bottom |iner plate

I nencased in concrete and is dzsigned as a leak tight nenbrane
only. The liner plate I's anchored to the concrete y wel di ng
It continuously to steel menmbers enbedded and anchored i n the
concrete base mat.

3.8.2-1*
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On the exterior at approximately 20-root centers the contai nment
shell is provided with circular” inspection pl atforns which also
are designed as permanent circunferential L.tiffeners. Addi tiona
circunferential stiff'eners are provided at personnel and equip
ment hatches and at other large attached masses, along wth
vertical stiffeners for some distance above and bel ow these
attachnments. Still additional permanent circunferential stiffeners
are required for stability as discussed in Section 3.8.2.4.4.
Tenporary stiffening was not required to neet tol erance _require
ments specified by TVA Inthe erection of the vesSel. The design
provides for nmovements of the vessel and supports due to expansion
and contraction, pressure transient |oads, and seismc notion.

No al l owance i s nmade for corrosion in determning the materi.al

thi ckness of' the vessel shell.

The following pressure and tenperatures were used inthe design
of the vessel

Overpressure test (1) 16 . 9 psig

Maxi mum i nternal pre..,sure (2) (3) (4 15.0 psig at 2200F
Design internal pressure (3) 13.5 psig at 2200F
Leakage rate test pressure 15.0 psig

Design external pressure 2.0 Psig

Lowest service netal tenperature 300F

Operating anbient tenperature 1200F

Qperating internal tenperature 1200F

Design tenperature 2500 F

1. hE?gsééhes design internal pressure as required by ASME Code,
2. S.-t Paragraph~NE-3312(b) of Section IIl of thei ASME Code

which states that the "design internal pressure" of the
vessel may differ from the "maxi num contai nnent pressure"

but in no case shall the design internal pressure be less
than 90 percent of the maxinmum containnment internal pressure.

3. TKpicaI pressure transient curves are presented i n Chapter 6.
These curves show the transient pressure buildup inthe

3.8.2-5
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congartnents after a "loss-of-coolant accident o LOCA)" or
"DeSign Basis Accident (DBA)" before a_steady-j%ate pressure
or 15.0 psig | sreached

4. Shell tenperature transient curves are presented | n Appendi x
3.8A  These curves show the shell tenperature at the |ower
compartment wall, upper conpartnent wall, and ice condenser
wal | .

| norder to ensure the integrity of the containment, an anal ysi s
of the Mssile and jet forces due to pipe rupture was considered.
This problemwas elininated by providing barriers to protect
the contai nment vessel. Typical barriefs are the main operating
floor (Elevation 756.63) anu the crune sup ort wall. An exanple
of a special barrier isthe guard prpe enclosing the nain steam
and feedwater pipes between the Shieli Bui I ding and the crane
wal | .

Al'lowabl e Stress Criteria

Allowabl e stress criteria for the contai nment vessel are shown
InTaple 3.8.2-1.  The response of the contal nment vessel to
selimc and pressure transient |oadings results i n a condition

| nwhich buc I|n?_of the steel shell naY.occur. Since the ASME
Code does not define the allowable buck Ing stresses for this
type of |oading condition, an acceptable buckling criteria with
appropriate factors O safety isgiven i nAppendix 3.8B

3.8.2.2.3 NEC Regul atory Gui des

Appl i cabl e NRC Re%ulaoery Quides are shown bel ow. These guides
Pere used as the basis for design of a nunber of safety oriented
eat ures.

Regul atory Guide 1.4 Assunptions used for evaluating the
potential radjol ogical 6onsequences Of
a | oss-of-cool ant “accident for pressurized
wat er reactors.

Adynam c analysis of the containnent vessel was made for the
pressure transient |oadings. The containment vessel penetra
tions were designed to withstand the maximum |nternal pressure
that could occur due to a |oss-of-coolant accident and the jet
forces associated with the flow from the postul ated pi pe rupture.

Regul atory Cuide 1.7 Control of combustible gas concentrations
| ncontainment followng a | oss-of-cool an
acci dent.

3.8.2-6
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A hydrogen recombiner is provided ihside the containment to
contaol the hydrogen buildup following a |oss-of-coolant
acci dent.

Regul atory Quide 1.28: %yallty assurance program requirenments
desi gn and construction).

A Qualit) Assurance Plan for the Watts Bar Nuclear Plant was

devel oped as a conprehensive plan_for the design and construction
of the Watts Bar Nuclear Plant. The Quality Assurance Plan of

t he VéstinPhouse Electric Corporation, the ‘supplier of the Nuclear
Steam Supply System is also contained therein.

The plans were prepared to assure that the control of quality
was performed and documented for each phase of design, materia
selection, L. :ication,, installation, and/or erection in accor
dance with f$ eapproved specifications and drawings. The plans
relate prirqdipally to the reactor coolant and safet¥ system
the containment and other conponents necessary for the safety
of the nuclear portion of the plant.

The plan assures that:

1. Final design requirenents and final detailed designs are
in accordance with applicable regulatory requirenents and
desi gn bases.

2. Conponents and systems to which this plan applies are iden
tified and that the final design takes Into account the
varying degrees or inportance of conmponents and systems as
eV|9enFed y the possible safety consequences or nalfunction
or failure.

3. Purchased material and conponents rabrica-ted in vendor
shops conform to the final design requirements.

4. Conponents and systems are assenbled, constructed, erected,
and tested in accordance with the final design requirenents
and to requirenments specified in Safety Analysis Reports
for the plant.

5. The as-constructed plant can be operated and maintained In.
%fcordance with requirements specified inthe Safety Analysis
eports.

Regul atory Guide 1.57: Design linmts and |oading conbinations

for metal primry reactor containment
syst em conponents.

3.8.2-7
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The loadingsa for the containment vessel were conbinedl as in
Section 3.8.2.3.2. The allowablu stress criteria are shown In
Table 3.8.2-1.

3.8.2.3 Loads and Loadi ng Conbi nations
3.8.2.3.1 Design Loads

The followi ng |oads are used Inthe design of the containnent
vessel and appurtenances.

Dead Loads

These |oads consist of the weight of the steel containment vessel
penetration s|eeves, equipnent and personnel access hatches,
and attachnents supported by the vessel

Li ve Loads

Penetration |oads as applicable (includinC seisnic). Typi ca
penetration |oads are shown In Appendix 3.8D.

Floor load of 100 pat or 1000 pounds ct,.-centrated movi ng | oads
applied to the passage area of the personnel air |ocks.

Construction and snow |oads~at 50 pat but not si nul t aneousl y.

Floor Toad of 50 psf plus 225 pounds per liner foot for wal kways.

Thermal Stresses Durl ml Desi gn Basi s Acci dent ( DBA)

The containnent vessel |s designed to contain all the effluent
which wiould be released by a hypothetical |oss-of-cool ant acci dent,
This accident assunes a sudden rupture of the reactor cool ant
system which would result ina release of steam and a steamair
mxture In the vessel. It is calculated that this mixture woul d
c'yuse a |ower conpartment tenperature of 2500F and an upper
compartment tenperature of 1900F. both occurring essentially

I nstantaneously.  After the accident, an internal spray system
Wl comence spraying In the upper conpartment only. The spray
wi Il discharge water on the interior of the upper cornpartment.
For shell tenperature transients refer to Appendix 3.8BA

Hydrostatic Loads
The contai nment vessel is designed for three separate flood

conditions. Hydrostatic load, Case IB, accounts for the flooded
condition due to ice melt from the Ice condenser after the DBA.

3.8.2-8
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After all the ice has nelted the containment will be- flooded to
T191-3". Also considered is the loading condition durin% mel t
down (hydrostatic load, Case IA). \ater will rise to a epth
of 2 feet on the floor of the ice condenser. At this tinme, the
?ﬁpth of water'on the containment cylindrical s, zell will be

3"

Hydrostatic |oad, Case Il, accounts for the post-accidient fuel
recoverv condition. Inorder to renove fuel from the containment
after the DBA the containment vessel is designed ror an Interna
hydrostatic head of L471-.3".

For hydrostatic load cases refer to Figure 3.8.2-1.

|ce Condenser Duct Panel Loads

The outer duct ﬁanels of the ice condenser are attached to the
contai nment with threaded studs. These panels inpart small
horizoltal and vertical forces on the containnment shell under
seismic conditions. The distribution of these loads to t he
shell is shown In Figure 3.8.2-1.

Equi prent  Loads

Equi pnent |oads are those specified on drawi ngs supplied by
manuf actur~ers of the equi pnent.

Overpressure Test,

To test the structural integrity of the vessel an overpressure
tesh_ﬁf 125 percent of design pressur-e |s applied under controlled
condi tions.

E-.ternal Pressure Load

I't i snecessary that pressure be equalized between. the contai nment
vessel and the annulus between Shield Building and contal nment
vessel durinFC nornmal plant operation to ensure that contal nnent
external design pressures are not exceeded. The contai nment
vessel is stiffened and designed to withstand an external pressure
or 2.0 psig.
Sei smic Loads
Seismic loads are conputed using the follow ng:
1. Operating Basis Earthquake maxinmum ground accel erations

hori zontal 0.09 ¢

vertical 0.06 g

3.8.2-9
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2. Safe Shutdown Earthquake maxi mum ground accel erations
horizontal 0.18 ¢
vertical 0.12 g

Response spectra are shown in Section 2.5,

Gassifications of structures and equipment are shown I n Section
3.2.1. = See Section 3.7 for a detailed description of the seisnic
analysis. Danping ratios are shown in Section 3.7.1.

W nd Loads

The containment vessel and its penetrations are conpletely enclosed
by the shield building, and are therefore not subject to the
effects of wind and tornadoes.

However, during construction, the vessel dome is exposed to the
elements for a short duration. For this'construction condi tion,
a wind load of 30 psf on thz projected area of the vessel dome

| s consi der ed.

Non- Axi synmmetric Transient Pressure Loads

The division of the containment into conpartments is described
I n Chapter 6 and in Section 3.8.2. 4. 14.

Pressure transient |oads are considered for occurrence of the
desi gn break accident (double-ended rupture of the reactor cool ant
System inall 6 lowq conpartnment volumes. The curves presented
| nChapter 6 represent the containnent pressure transients for
break location 1 through 6 fO( each of the 49 containment el enent,.
IP~ oressures and differential pressures shown on these figures
have no margin. The initial containnment pressure was assumed

to be 0.3 osig. This allows for an initial containment pressure
before containment venting is required. The Mbst severe con
tainment pressure differences occur during the first 0.9 second

of the bl owdown.

For structural design purposes the pressures represented by the
curves are Increased by 14 percent. This allows for changes in
such factors as equipnent configuration and openi ngs bet ween
conpartnents, which can Influence the flow characteristics of
the containnent space; the effects of noisture entrainnent; and
tolerances Inthe analytical constraints used inthe code

(The effects of noisture entrainnent, investigated by TVA and

3.8.2-10
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Chi cago Bridge and Iron Conpany (CB&), do not control the design
at the containment vessel for any loading condition).

3.8.2.3,2 Loading Conditions

The following |oading conditions are Used in the design of the
contai nment Vessel :

1.

Nor mal Design Condition

Dead |oad of Containment Vessel and appurtenances
Lateral and vertical load due to one-half Safe Shutdown
Eart hquake

Personnel access lock floor live Ioad

Penetration |oads

Design Internal Pressure or Design External Pressure
Desi gn tenperature

Normal Operation Condition - Operating Basis Earthquake
Dead | oad of Containment Vessel and appurtenances
Lateral and vertical load due to Qperating Ba3si

Eart hquake

Penetration |oads

Spray header and lighting fixture live load-s

Val kway |ive |oads

Personnel access lock floor live Ioad

Internal tenperature range 60 to 1200F

. Upset Condition - Design Basis Accident and Qperatinr~ Basis

Eart hquake

Dead | oad of Containment Vessel and appurtenances

Design internal pressure Or pressure transi ent |oads

3.8.2-11
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Lateral and vertical |oad due to Qperating Basis

Eart hquake

Penetration |oads

Thermal stress |oads including shell tem-perature transients
Hydrostatic |oad Case | Aor | B

Internal tenperature range 80 to 2500F

Ener gency Condition . Design Basis Accident and Saf e
SIM@%n  arthquakce

Dead load of Containnent Vessel and appurt enances
Design internal pressure or pressure transient |oads
Lateral and vertical |oad due to Sate Shutdown Eart hquake
Penetration |oads

Thermal stress |oads including shell tenperature transients
Hydrostatic |oad Case | Aor | B

Internal tenperature range 80 to 250CF

ConstructionCond~t ~i onat Anbi ent Tenperature

Dead |oad of Containnent Vessel and appurt enances

Snow |oad at 20 psf

Lateral |oad due to wind

Tenporary construction |ive |oads on catwal ks, pl at f or s,
and heni spherical head including support of the fjrst pour
of the concrete shield buil di ng done

Test Condi ti o~nat Anbi ent Tenper at ur e

Dead load of' Containment Vessel and appurt enances

Internal test pressure

The weight or' contained ajr

3.8.2-12
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7. Post-Accident Fuel Recovery Condition with Flooded Vessel
Dead |oad (ifContainnent Vessel and appurtenances
Hydrostatic |oad Case Il

3.8.2.4 Design and Analysis Procedures

3.8.2.4.1 Introduction

The design, fabrication, and erection of the steel containment
vessel s were contracted to Chicago Bridge and lron Conpany (CB&l),
Cakbrook, Illinois. The design of the vessels was reported by
CB& in an eleven volume stress report from which the follow ng
design and analysis procedures were taken. —TVA revi ened the
stress report as required by ASME Code Sectjon NA-3260. Fur t her nor e,
TVA performed a conplete design review of CB& work to insure

the adequacy of the design. As part of the design review, In
dependent anal yses were performed for seismc, ! ermal arnd pres
sure transient |oading conditions, and, in addition, fe~r @ com

pl ete buckling analysis.

Conpr essi ve stresses inthe containnent vessel s are produced by
dead, live, seismic, and pressure transient | pads. But pressure
transient |oads are by far the Mst significant “loads to the
stability of the vessels. Therefore, uckling i s addressed

onlv in Section 3.8.2.4.4, Non-Axisymmetric Pressure Loading

Anal yses.

3.8.2.4.2 Static Stress Analysis

A detailed stress analysi's of all major structural conmponents
was prepared insufficient detail to show that each of the stress
limtations of the ASME Boiler and Pressure Vessel Code, Section
|11, Section NE-3000 was satisfied when the vessel IS s~bj ect ed
to the |oading combinations enumerated inthis Section.

Details of the juncture of the cylinder to the base mt, are
shown in Figure 3.8.2-2. Inthe analysis, the junctur! Vas
consi dered fo be a point of infinite rigidity. The cylinder at
this point cannot expand or rot&e under the internal pressure
and tenperature load conditions; hence, shear and nmonent are
Introduced Into the cylinder wall.

At the point the knuckle is welded to the vessel a backup stiffener
|'s used. This stiffener gives added rigidity at the point of

the weld, Additional ~protection of the knuckle 1s acconpl i shed

bY encasing the knuckle in "Fiberglas" before floor concrete

pl acenent .

3.8.2-13
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The enbedded knuckl e was designed to take interior pressure
plus Internal or external hydfostatic loads. It was assumed
that cracks can occur I nthe concrete al | owi ng pressure |oads
on the embedded knuckle. Anchor bolts were post-tersioned to
rrevent any cracking of the concrete. Thermal and pressure

Iscontinuity stresSes inthe contai nment occur one foot above
the last weld of the knuckle.

The stresses due to dead |oads Internal, and snow | oads were
determned at a sufficient number of locations to define the
state of stress Inthe vessel under these | oadi ngs.  Wnd, snow
and external support |oads on the dome occurred during construc
tion. ~Stresses due to dead |oads, internal and external pressure
were determned by hand cal culations using classical strength

of materials theory. Detail stresses inithe enbedment reglon
at the base of the vessel were determned from a shell nodel of
the vessel using CB& computer Program 781 described | n Appendix
3.8C.  The circunferential stiffeners on the empedment regi on
were model ed as horizontal elements and the effect of vertioca
stiffeners was consi dered by nodeling the shell plate as an
orthrotropic material. Forces and bending noments due to the
various |oads merelplven by CB& conputer " program 781, wher eas
the resulting detailed stress distribution was Cal cul ated Using
actual geonetry of the Vessel and stiffening inthis region

Desi gn of spherical and cylindrical vessels for internal and
external pressure I's explicitly treated inSection NE of t he
ASME Boi | er and Pressure Vessel Code. The vessels as designed
are infull conpliance with the Code requirenent for |nterna
and external pressureand provisions applicable to other |oad
condi tions.

3.8.2."4.3 Dynanmic Seisnic Analysis

The contai nment vessel dynamic seisnic anal yses *ere perforned
using a lunped mass beam nodel. Structural ~and equi pnent passes
vwere Included, and structural properties were conputed by hand
calculations. The beam nodel and Its properties are shown In
Figure 3.8.2-9.

Dox| num overturning nonents, shears, deflections, and shell
stresses were conputed by the response spectrum nmethod.  The
Site seismc design response specira for 1 percent danping
described inSections 2.5.2.6 and 2.5.2.7 were utilized. -The
anal yses were perforned by CB& proprietary conputer program
1017 described” | nAppend~ix 3.8C. " Total response was conput ed

by taking the absolute sum of the modal responses.
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/\tlﬂE-hIStOfY anal ysis at the sanme beam nodel was performed In
order to develop response spectra for equipment attached to the
contai nment vessel. Four artificial earthquakes, each having

an averaged response spectrum greater than the design response
spectrumprovided the seismc input. Using each of "the artificia
earthquakes individually, the beam nodel was anal yzed and histories
of acceleration were generated. Par each of the acceleration
histories, response spectra for various mass points and val ues

of assumed equi pment danping were generated. The design spectra
were the envel opes of the spectra generated frcm the four earth
quakes. These cal culations were performed by CB& conputer
prograns 1017, 1044, and 1668, all of which are described in

Appendi x 3. 8c.
3.8.2.14.14  Non-Axi symmetric Pressure Loading Analysis

The non-axisymretric pressure loading (NASPL) results from an
assumed sudden rupture I nthe reactor coolant system The asso
ciated pressure loads are dynamic innature and vary with tine

i nboth the circunferential “and neridianal directions inthe
vessels.  The loads are non-arisynimetric for a short period
culmnating I nuniform internal "pressure throughout the contain
ment. Par analysis purposes, the containment was subdivided

into forty-nine volumes and pressure-tinme histories deternined

for each volume for the postulated rupture, |.e., each break in
the reactor coolant system The pressure histories for each of
the volumes were conputed by the Westinghouse Electric Corporation
using the TMD code network docunented inSection 6.2.1-3.  Figures
3.8.2-10 and 3.8.2-11 shows the volumes used to characterize

the pressure i nthe containnent.

Dynam ¢ anal yses were mide for twelve breaks inthe reactor

cool ant piping, six hot leg and six coId_Ie? breaks. Two separate
and distinct analysi~s nmethods were used inthe design process.
The overal| vessel response was determined by a dynanic analysis
treating the vessel as a |unped mass cantilever beam and by 3
dynam ¢ shell analysis which considered the effects of |obar

vi bration nodes.

1. Beam Analysis

| nthe CB& |unped mass beam anal ysis, each nmass represented
the mass or the vessel stiffeners and attached masses.

The cantilever beam nodel was loaded with the forces from
the NASPL. The forces were resolved into X and Y conponents
and applied as mass point loads I nthe north-south and
east-west directions.
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The response of the nodel to non-axisymmetric pressure
transients was calculated by CB& program 1642 descri bed

| n Appendi x 3.8C. |t enploys the nethod of nunerical inte
gration and solves for natural frequencies, accelerations,
overturning nonents, and shears.

2. Shell Analyses

| ndependent dynamic_shell anal yses of the containment were

perfornmed by both CB& and TVA' The shell nodel used by

CB& I'sshown InFigure 3.8.2-12. The nmethod of anal ysi’s
Invol ves a numerical integration technique operating on

the governing differential” equations. Linear behavi or and

axi symetric geonetry were assuned. The total transient
response was cal cul ated by the sumof the harmonic responses

W th the input loads being represented by Fourier Series.

Afull explanation of the method |s given I nreference [1].

A nunber of CB& p.-oprietary prograns, all described in

Appendi x 3.8C. were enployed to arrive at the final shell ,

responses. Figure 3.8.2-13 isa flow diagram of the analysis
rocess with abrief description of the function acconpl i Shed
y each conPuter program  CB& program 1624 (also i n Appendix

3-80) cal cul ated accel eration respo~nse spectra at various

el evations and azimuths fromthe accel eration histori es.

TVA performed an independent shell analysis of the transient
pressure response. Afinite element nodel was used and

the solution calculated by nunerical integration. The
aﬁreenent with the CB&l analysis Was good. Since the TVA
shel | analysis was nerely a check on the CB&l anal ysi s,

full docuwientatiton of the process and the programs used

are not Included herein.

The pressures were factored by 1.415 for conmputing responses
to be used to ensure conpliance with the buckling cri eria
| n Appendi x 3.8B. Afactor of 1.80 was used Inthe desi gn
of the anchorage (See Section 3.8.2.4.8).

3.8.2.11.5 Thernal - Anal yasi

A thermal analysis was performed on the contai nment for a

| 0ss-of -cool ant accident. The shell tenperature transients due
to adouble end rupture of a reactor coolant pipe are described

| n Appendi x 3.8A  The tolerable tenperature rise for the steel
containnent i s well above the tenperatuares shown, as the steel
shell was designed for the basic stross limts of Section NB-3221
and Section NB-3222.2 of the ASME Boiler and Pressure Vessel

Code, Section IIl, for ASME SA-516, grade 70 steel at 300*F.
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Al'so, as seen by these curves, the containnment shell wll exper
ence an unbal anced tenperature loading for the three conpartnents-.
The tenperature difference between any two adjacent BOIn S on
tﬂe vegsel i sheld within the limts of Section NB-3222.4$of
the code.

3.8.2.~4.6 Penetrations Analysis

The vessel manufacturer isresponsible for the design of the
steel containment including the reinforcenent required at the
penetrations. The specifiCations required the manufacturer to
submit all prelimnary design calculations for TVA's review
before any material was detailed or fabricated

Al'so, TVA perforned an independent analysis of the steel contain
nent, including the reinforcenent required at penetrations.

Secondary and |ocal st:'esses at penetrations. subgected to applied
| oads were analyzed by CB& prograns 1027 and 1036 which are
described i nAppendix” 3.8C. These Prograns enpl oy the methods

of the Welding Research Council Bulletin No. 107 71 nthe analysis
of the containnment shell.

Penetrations not subjected to applied loads were designed in
accordance with Section NE-3332 of Section IIl, ASME Code.

Mbst penetrations were preassenbled into the containment vessel
shel | plates and stress relieved prior to installation of the
plate into the containnent vessel shell. Al other penetrations
were installed ininsert plates of the same thickness as the
shell plates and stress relieved as assenblies. As a result

no reinforcement i s provided inexcess of that available inthe
shel| and neck. Large ponetrations, such as the large equipnent
Patch anF personnel acdess |ocks, require s~tiffeners for rein

or cenent .

The penetrations subjected to external |oads are supplied wth
pipe of sufficient wall thickness to resist these loads. Where
one or nore externally loaded penetrations are | nclose proximty
to another externally |oaded penetration, the shell was analyzed
for the Interactive effects of these |oaded penetrations.

The external |oads were assumed to be reversible and the naxinum
stress conbination was deternmined. Seismic |oads were provided
for penetrations that do not require bellows. Seismc I|oads

for penetrations reqU|r|n? bel  ows and nonprocess penetrations
were assumed to be equal To the dead loads. Since pressure
affects the design of the penetrations, a pressure equal to the

| nt ernal deS|gn.Pressure.| s considered to act i n conjunction
with the externally applied |oads
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figure 3.8,2-16 shows the stresses assumed to be present inthe
anal ysis of the shell inthe vicinity of the penetrations.

These assunmed stresses, which are due to Internal contai nment
pressure, are added to the stresses resulting fromthe externally
applied |oads before determining the stress intensities. The
assumed stresses are enployed as shown inFigure 3.8.2-16 for
most of the penetrations. " However, it ispermssible to reduce
these initial stresses when the penetration is provided with
greater reinforcenent than isrequired by Section IIl. A the
point of intersection of the shell and penetration, a factor
equal to the ratio of the area required for reinforcement within
the two-thirds limt to the area available for reinforcenent

may be used to reduce the assumed initial stresses. At poi nts

i nthe shell away from this intersection, the factor becomes

the ratio of required shell thickness to actual shell thickness.
This reduction method was used on penetrations which were
over-stressed when the assumed initial stresses used were as
shown InFigure 3.8.2-1~4. Wile the factor for all penetrations
using this method was less than 0.5, the nininum factor used in
the analysis was O0.5.

The neck of the penetration was ana%%zed using CB& program
1392, described | n Appendix 3.8C. IS program conputes the
stresses | nthe neck at two~points. The first point is |ocated
at adistance from the shell that isoutside the normal limts
for area replacenent. ~The stresses at this point are due to.
the external loads_and to the containment design pressure acting
within the pipe. The second point islocated within the area
considered for area replacement. Inaddition to the stresses
due to external loads aid containment pressure, an assumed stress
| Salso Included. This assuned stress isas outlined above at
the point of intersection of the shell and penetration and may
be nodified as discussed above. Permanent caps for spare pene
trations are designed inaccordance with ASME rules.  Flanged
penetrations are provided with double gasket details whjch
Bern1t the testing of the gaskets by pressurizing the air space
etween the gaskets.

3.8-2-4.7 Interaction of Containnent and Attached Equi prent

Some |tens rieidly attached to the containnment respond ina
non-rliid manner due to the local flexibility of the contai nment.
This effect was analyzed for a nunber or penetrations and ot her
attachnents, but was found to be significant only for the equi p
ment hatch and the two personnel |ocks.
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The follow ng procedure was followed inthe analyses:

1. Linear and rotational mass monents olf inertia were calcu
lated inthe radial, circunferential, and |ongitudina
directions. (The rotational degrees-of-freedomwere con
si dered because the centers of mass did not lie Inthe
pl ane of the containnent shell).

2. The local stiffnesses of the hatch and |ocks were cal cul ated
for the above degrees-of-freedom A nethod devel oped by
Bijlaard, (2], was used.

3. The periods of vibration were calculated for motions in
the radial (Push-pull) direction, and inthe circunferential
and Iong|tud10 1 wnging) directions by the equation:

T a2wx O

where | and Kare the mass noments O inertia and
stiffneises, respectively.

4.* The response accelerations for seismc excitation and the
Pressure transients were taken from the spectra described
n Sections 3.8.2.14.2 and 3.8.2.143.3 respectively.

5.The total structural response was found by the stim of the
FffSCtS of the seismc, pressure transient, and dead weight
oads.

All of the above calculations were perforned by hand.  The periods
of vibration of the equipment hatch' and the personnel locks in
the three principal directions were all greater than 0.03 seconds,
mhhchtjs used as the demarcation between rigid and non-rigid
vibration.

3.8.2.14.8 Anchorage

The contai nment vessel anchorage system consists of anchor bolts,
an embedded anchor plate, and an anchor bolt bearing ring which
attaches to the first shell ring. Details of the anchorage are
shown inFigure 3.8.2-2.

Two rows of 3-1/2 Inch anchor bolts are provided with one row
on the Qutside ef the shell and one row on the Inside of the
shell. The bolts ineach row are spaced at two degrees and
located I npairs on radial |ines. he rows are located at equa
di stances from the center line of the shell.
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The anchor bolts are enbedded inthe concrete to the maximum
depth avajlable. The mjority of the bolts are enbedded to a
depth such that the lowest point on the bolts isslightly above
El evation 687,0. The remainder of the anchor bolts, located in
the area of the pi Pe sl eeves which extend from the penetration
for the contai nment sunp, are embedded with their |owest points
at Elevation 689.3 being sllghtly ab~ve the sleeves. An enbedded
anchor plate at the lower end of the_bolts jsp~rovided to trans
fer the bolt load to the concrete. The design of the bolt is
based on Using an allowable stress of 2 x Sm Al lowable stresses
i nthe concrete are based on an ultimte str'ength of 5000 Psi.

Loads considered inthe design consist of dead |oads, seisnic
| oads, and NASPL |oads. The NASPL |oads have been increased by
80 percent for the design of the anchorage.

The anchor bolts were pretensioned during construction-to assure
fixity of the base during an operating accident. Since the
concrete issubject to creep over a period of tine, the effects
of creep_were calculated and bolt preload was increased accord
|nag1|y.0| The Initial bolt strain was calculated based on this

prel oad.

The enbedded anchor plate isaring designed to transfer the
bolt loads to the concrete. The design assuned that the ring

| s discontinuous at points mdway between bolts. This approach
permts the butts Inthe ring to be unwel ded.

The tensile loads inthe shell are greater than the conpressive
loads. Since the bolts are preloaded, the effect isthat the
anchorage |'splaced inc~npression. As aresult, the anchorage
S sltlem| 3 designed for4 the bolt preload Plus the conpressive
she oad.

3.8.2.5 Structural Acceptance Criteria
3.8.25.1 Magin ot Safety

“Acertified stress report was prepared by CBI for the vessel in
accordance with the requirenents of the ASME Code. Thi's report
Cﬁ_n'[ ains stevleral hundred pages and therefore isnot Included in
this report.

Design val ues for transient pressure loads were determned by
mul tiplying the calculated values by 1.~45 as described in Section
3.8.2.3.1. = The buckling criteria, 1n Section 5 of endi x

3.8B. requires a load factor of 1.25 inaddition to this.
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Nonprebsure parts such as wal kways, handrail, |adders, etc.,
ver e designed i naccordance with AISC "Minual of Steel Con
struction," seventh edition, so that the stress Inthe nmenbers
and wel ds do not exceed the allowable stress criteria _as. set
forth i nthe February 1969, AISC "Specifications for Design
Fabrication, and Erection of Structural Steel for Buildings."
The factor of safety or these allowable stresses with respect
to specified mninmumyield points of the material used are as
defined i nSection 1,5 of "Commentary on the Specifications for
Ehelge&gn,} Fabrication, and Erection of Structural Steel for
ui I di ngs.

Local areas, such as the personnel and equipnent hatch areas,
were checked for deformations to avoid a resonant condition
The vessel as a whole was not designed to deformation limts.

Sk~utdowns and startups do not occur with a frequency to require
a design for fatigue failure. The nunber of load cycles wll
not affect the containnent vessel service life

The stability of the containment vessel was evaluated by the
criteria of Appendix 3.8B. This criteria isapplicable to
stiffened circular and spherical shells and independent panels.
A factor of safety was used inthe design related to buckling.
Loadi ng conditions which Included Safe Shutdown Earthquake uied
a factor of safety of 1.1. The factor of safety for externa
pressure was provided by the ASME Code. The factor O safety
for all other |oading conditions was 1.25.

3.8.2.6.1 Muterials - General

Materials for the contai'bmnt vessels, Including equipment access
hat ches, personnel access |ocks, penetrations, attachnents, and
aPpurtenances_neet the requirenents of the follow ng specifications
of the Issue i neffect on the date of Invitation for bids.

| npact test requirements were as specified inthe.ASVE Boiler

and Pressure Vessel Code, Section IIl for maxinum test neta
tenperature of 00F. Charpy V-notch specinmens, SA-370, type A,
were used for inpact testing materials of all product foinms in
accordance with the requirements of the ASME Boiler and Pressure
Vessel Code, Section Ill. Inorder to provide for |oss of Inpact
proEertles during fabrication, all materials were either furnished
with an adequate test tenperature nargin bel ow the m ni mum NDT
tenperature, or the specitied mninumvalues were effectively
restored by heat treatnent inaccordance with ASME Code require
nents.

Mat erial Designations
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