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L, DU ABSTRACT

The strucitural integrity of the 173 in. I.D. Lndian
Point Reactor vessel - Univ Ne, 7 designed and
Labricated under contract to the Atomic Power Division
of the Westinghouse idlectric Gorporation is established
by the results of the detailed structural and theraal
analesis contained in Lhis repore. ~

Phirankl, BY

- st
—

“ T, .
Jaz L/,:,/.,,-. 24q
ll' I =

ettt e 1 Joowe Ly
ead Lt i oy a! Lead Hear Tras: oo
st : Loy e

SPTLOVLL 1

. e {,
VIl X! " > - -
O T -

. N

»

M. Vo o ern 4

L “r . . - ¥ N '

-u]g’l Voo, ' . :Jll‘\\ H .'::'\‘L l.":

.. o ... . _ )
UYL ol Gromp Loptide, Lo el Lo

vt be'ineg BY
GLERTIF YL L Niu.
HUATL JE Craiva bbb,




R RIVO00053A
Submitted: December 27, 2011

TABLE OF CONTENTS |
@

4000 ABSTRACT . vvvovneeranassoanannonnannnrnssnnersnces
{2,000 INTRODUCTION v euvusensnnnnennsnnensnnsaersenssns
2,010 SUBJEET. e nrenetnreeranrrn e
2.020 Purpose..;..;.......;.................;.....
A K L T T N T T PN
3 1000 DESIGN CRITERIA «...esveerenseenvenneennnnnnnnes
g & 000 GEOMETRY AND GENERAL CONFIGURATION. Peeeraeuas
5 000 SUMMARY OF RESULTS 1+ eevvvevvnunsneseeennnnsnnnsnns
| 5.010 Control Rod Housings .......
5.020 Closure Head Flange and Shell............... 9
5,030 Vessel Flange #nd Shell.ivivinesenneancannsas
5.040 Main‘closurebStuds...........;.......,......
5.050 Inlet Nozzle and Vessel Support.......c.....
5.060 Outlet Nozzle and Vessel Support ...........
5,070 Vessel Wall Transitfon eeeeveesrecerserers.
5.080 Core Barrel Support Pads ........co00viennne.
5.090 Bottom Head to Shell Juncture .....vcvvnn.ss
5,100 Bottom Head Instrumentation Penetrations ...
.L'V{ 6.000 DISCUSSION OF RESULTS AND METHOD OF ANALYSIS .....

6.010 Control Rod Housings ....cccevnucaann

6.020 Closure Head Flange and Shell ........00....
B0 Veauel “.“ﬂ}{(‘ and Shell Jereveernssensnnansns
6.040 Main Closure Studs ....iuiiarvecinnnnn

6.050 Inlet quzlo.and Vessel Support.




Submitted: December 27, 2013|

6.060 Outlet Nozzle and Vessel Support .....c.e..
6.070 Vessel Wall Transition .cvvvieeerececesnaenn,
6.080 Core Barrel Support Pads .....ccenerevsnsss
6.090 Bottom Head to Sﬁell Juncture .....

6.100 Bottom Head Instrumentation Penetrations ..

}7'000 REE‘ERENCES .""l.l...l'!‘."Cl?.tt.".tli‘.l\lll‘In

'$.000 APPENDICES

A, Detalled Structural Analysis Calcula:iéns...... Al - A34.
B‘ 11]01-“"‘1 Annlysis # ¢ 5 8 82 U9 S R TE PR SR RE LSS LSS Bl -~ 512&

C. Drawings - Combustion Engineering, Inc. ....... Cl - C13




2.020

2.030

%
.‘l ,
B

2.010 Subjegt ' - | .

"AVAVAWAN b

Submitted: December 27,,2011

The Indian Point Reactor Vessel - Unit No. >

is a 173 in. 1I.D. pressurized water reactor.

The vesgel is of cylindrical shape rerminating

in 8 hemispherical head at the bottom and a bolted
flange at the top. Four inlet and four ocutlet
nozzles are located in the cylindrical wall section.
The vessel is supported by four weld built-up pads
located on the underside of two inlet nozzles and
two outlet nozzles. The closure head is of the
hemispherical tvpe. The closure seal is of the
O-ring tvpe.

Purpose

This repdrt contains the detailed structural and
thermal analysis required to substantiate the
adequacy of the design of the 173 in. I.D. Indian

.Point Reactor Vessel.

seose L]
The detailed analytical work necessary to justify ' .
the reactor vessel and its associated parts included

~in the contract are contained in this report. All

vquations used are shown and intermediate answers
and final answers sre ususlly presented in tabular
form. , :
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APPENDIX A

DETAILED STRUCTURAL ANALYSIS

AB -ONTENTS  Prge
Conirol Rod Housing Stress Analysis and A2 - AZ4

" Fat ipgue tvaluation

Sy ructural Analysis of the Closure Head AZD = AT
and Jossel Assenbly

Falivae bealuation of dead Flange, Vessel Ay o= !
Plan e ane Clusure Studs

Barsle tnde Caleulations AlD% « ALLS

fhermal Stress Apalysis and Fatipue ALy - AlLJ7
gva bt ion af Inlet Nozzle :

Ther=al Stress Analysis and Fatigue COALIE = ADS2

CEvaluation of outlet Nozzle

Structural analysis of Inlet and Qutlet AZN3 - ALGE
Nozmles aund Vessel Supports under Pipe

Break loads

fat i e Bvaluation of Vossol Suppart Pads A2y ~ A7
Structural and Fatigue Analysis of the Al72 - A28D

Yussel Wall Transition
grractural Analysis of the Corc Support Pads A293 - AlLS

straesural Analvsis of Vessel and Bottom A0« A3
Hi ad Jungture ’

Fatiyue Lealuation of Bottom Head to Shell AJ32 - A3
Junciure

>
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siructural and l'atirue Analysis of Bottom Al4LS ~
Head Iustrumentation Penetrations
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fThe designws all ﬁin ccordance with_the ASME Boiler ,
~and Pressure. VesseliCode Seccion III,.Nuclear Vessels )
“and Special CaSe aulmngs in effect on the dace‘o,
_purchase order. T R S o

"The design paramecers used ‘were

-'Design Pressure............................. 2500 psia’
- Normal Operating Pressure .......vecseoreene 2235 psiz
Design Temperature es.sscessscsvacsesscsnines 650 ¥
Normal Operating Inlet Water Temp.....c.vs.. 5537°F
Normal Operating Outlet Water Temp.......... bll.?or
‘Design Life ..;.............................. 40 years

Transicent Conditibﬁ Occurrences Re[. Flg. in
Ref. 19

Plant heatup at 100°F/ut 200 S hb
Plant cooldown at 100° F/Hr. 200 4obod
Plant loading at 5% of - 14,500 4.4.2
full power per min. : ’
_Plant unloading at 5% 14,500 _ G402
- of full power per min. : ' '

" Step load increase 10% 2,000 ‘ A b3
of full power - not to :

exceed full power

Step load decrease of 2,000 - L/
10% frowm 50% power i

Step load decrecase of 200 bbb
50% of full power ' ' ,

" Reactor trip o ' 400 4.4.5
Hydro test 3125 psia T - AL 6
Hydro test 2500 psia - 5 , 4.4.7
Steady state [luctuations 100 " HNone
Loss of flow, one pump 80 G.4.8
Loss of load . . 80 AR
Steam bhreak . 5 - »

Material Allowables  Sm @ 70°F Sm @ 550°F
SA-240 Typ., 316 ~ 20.0 KSI - 17.6 KS1.
SA-302B ‘ 26.7 26.7
SA-336 : S 26,7 26.7
ASTM=AS40=B24 . - L8343 S U368
Inconel - . 233 123,33
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[=configuration and'rela:ive 10cations

. of component parts.
~ shown 18 used consistently through-
. - out this report.
. drauings of component parts. see -

For: deteiled

'Appendix C.

1. Control Rod E-234-0)51
Mechanism Housing
Details :
2. Control Rod E-234-052
: Penetration‘ne:ails
. 3. Closure Head Form- E~234-066
-ing & Welding
4, Closure Head E-234-047
Machining
5. Stud, Nut & E~234-049
Washer Detull
6. Pressure Vesiel E=234=-042
Forming & Welding
7. Pressure Vbssei E«23 =044
Final Machining
8. Nozzle Details E~23.-045
9. Miscellaneous E-23.-050
Attachments ‘
10, Miscellaneous g-z3a-o§§
Details . .
11. Bottom Head E-234 -043
Forming & Welding
12. Instmntatiovn_“ E-23~;~-056

‘Penet. Asgsembly. &
Details - Bottom
Read

The: nomenclature
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_Results of the detailed structural analysis presented
"~ in Appendix A are: summarirzed on: Pages 7 l:hrough l7 g
;-for locati.ons of major interest:.f- ; N

locasion =1

Stresses Due to Opefating"PgeSSure of 2.25 KS1

- . Srress Smess MwreosiTy
AR .

S e I Va-2n | K07 |8 2dc |
Ivsive | 227 4.20 [ -276 { -393 262 | 645
Corwoe § 3.7 RZE | o /49 5.7 | £25

The maximum stress intensity for operhting
pressure is 0 - o= 6 45 KSI on the inside -
surface.

s Lavasve F

“The overall usage factor for fatigue was U = 0.

— LAt 2 « .
, - S g
_-Loaom3 . Stresses Due-to Operating Pressure of 2.5 KSI
o — o - and Design Temperature of 650" F
e é Fow SA-182 Tvpe 30455 fFimwcs
) .y ; R . *.v -~ -

‘>",'}/ gmr&o} ‘- 5’#‘“ - - ite. vw_{:_t.{ﬁ__d

W ' Cx d; o J; f;n S~ | a2,
f( EYF: L TL L N SN L‘“‘“‘“T
Pz /:4&405 2.2/ 20,47 -2 5 /:?66 < Z::_“L_"{_é_'? )

. orsioe § 1.27 |=-0167 ] © 234 727 |-

Fom SE/6T /Nowe. Tops
Socsor | 227 | 2908 | -2.6 | -re93| =7/ | 22
| Qursioe | 227 s | 0 VII-:/, ). 427 Lzese

‘/14/..5..

\I ,“ .’N“‘ . o

5 The maximum stress intensicy t‘or design ptessure of 2.5 KSI and
| the design temperature of 650°F {s "o = % » 25.6 KSI and was
located on the inside aurface of the i.nconel tube material.

: i The overall usage factor for fatlgue was U . 0.
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Sortissceress 0003 ShEssies 2O N lureepowesns v 2008 Doessyen s 2,750

< Sreery | - Evesss Snasry ﬂ C Srees. . SrrEnT lenre ey
Lx L‘ag L e AN 2 ﬂr"a} e | g7 |45 | o7or 4oy ]
Y

2135 \-/935| | 407012735 |-rass| /497 | =503 -225 | /290 ) 122 |-2 u'
i l-2rastacor | o | 340 brasslasallrotlzge | o | 140 |-12.09|13.49
. e rE RS 0D LUFCELOF T O st ersemus v < TN T
B “AOEB| /22|28 |2l T i0 25| 16 ST

bat o g —— —

szrel22e6| ¢ |-Zooltice |272e

e

0
2 1 ol 2| ¢

. »
L'} (:" —') o

- max Lmum Astress‘ ,in}ten‘s:i'ty:is "y ;nng.'a-loé.? KS1 and _dccurs,
/the condition of maximum. interference and zero internal
s'sure. This stress intensicy is on the insi.de surface.

ma:r.tmum range of stress is. SS 3 KSI and occurs on the
mside surface. SR : L v

Th maximum stress 1ntensicy for the J-weld is o - 0 = 42.2
KSI ‘and occurs on the inside surface. The maximum range of
;szress i.ntens!.ty is 42 8 at the same locat:i.on.

‘t:he outside sur face.




l"‘ 6, d:

b2 N7 |25 ) e
2. |sse | zg |l o } 25 224 29
o  Boey-the Aoz EEE.
4useu/fa«=s- 9Ju«7

-

~2z | 6s |25 |-rm3|-76 | 96
2 5.8 | Mo | © Iz%! J5.8 | Mo

The highest range of stress intensity for the head flange to
closure head juncture was located on the inside surface
Location - 1). The value of this range of stress intensity
8.50.4 KSI and compares favorably with the allowable of 80 KSI.

The. following overall usage factors were cal.culated at the t:wo
ubove ‘locations:

4Lo‘ca‘tion -1 U =0.004

“Locatiou -2 ‘U = 0.015

u\aximum allowableuuge factor is 1 0.

v

EEF DL EE N (P I SIS AE



The highest range of stress intensity for the vessel flange to

-vessel shell junc:’ute was located on the inside surface

" (Location = L ). The value of this range of stress intensity
10 45.4 KSI and compares favorably with the ‘allowable of 80 KSI.

'me follwing overall usage fuctors were calculated at the two
g Above locations: -

- Location - 1 U= 0.005
" Location - 2. U = 0.00002

. The max imum allowable usage factor is 1.0.




-

R —
E

- (Location - 3).

N

o . o - — —

}and occurred at the point where it enters the vessel flange
This usage factor compares favorably with the
;allowable of 1.0, A S

e The maximum bearins stress between ‘the closure ‘stud:washer; and

i closure head flange was 39.8 KSI and compares: with: the lllouable-g
- . i of 40 KSI for the flange material. This value occurred during
. S _the heatup cycle of the 2500 psl hydrontctic tel:. B

iThe avercgé bolt stres: telulting

from the:design pressure flow off : ; 'f?%

1. load ‘plus O-ring seating lead was .
5. (346 KSI: The

fallouable acress ia

- “The mikiﬁdmhdvérage bolt aef#ice'<
-stress for the bolt-up condition
‘was 36.8 KSI.compared to the allowable

of 86.6 KSI.. Por the bolt-up plus-
operating pressure condition, this
stress was 39.6 KSI compared to the

| " allovable of 73.5 KSI.
- I

The. maximum bolt service stress was

. 95.9 KSI and occurred at Location - 3.

" This stress occurred during the heat-
up cycle of the 2500 psi hydrostatic
‘test. This stress. compares fauorably
with che allow.ble of: 116 4 KSI.




he-maximum average primary. membrane stress intensity for the
?inlet nozzle was at the Junc:ure of the nozzles to the vessel
‘wall on the lungitudinal axis. The value of this stress
intensity was 21.1 KS1 and compares favorably with the allow~
‘able of 26.7 KSI.

The same location gave the highest value of average primary
plus local primary stress. . The wvalue of this stress intensity
‘was 32.3 KSI and compares favorahly with the aIIOWable of -

}l 5 Sm = &0 KSI._~

ldﬁgitudinal direction. ' The value of this range of stress
inCenslty was 45.5 KSI and comparee favorably with the allow-
able of 80 KSI.

;fBeﬁfing stress on the’undersidexof,thelsdppdrt pad .for dead
welght and thermal pipe reactions only was 3.0 KSI. This stress”
was not to exceed 5.0 KSI for Chis condition. L e

The maximum overall usage Eactor for the inlec-no:zle was e
U » 0.042 and occurred at the nozzle-vessel wall juncture on. '
Jthe outside surface i{n the circumferential direction._ Thta value
,c0mpnros (avurably with the nllowahle of l 0. -




iy Membrane Stress Intensit

The max Lmum average primary membrane stress intensity for the -
outlet nozzle was at the juncture of the nozzle to the vessel
wall on the longitudinal axis. The value of this stress
intensity was 21.1 KSI and compares favorably wich the allow-
able of 26.7 KSL. ... S

_?The same Location gave the highest value of average primary
plus local primary stress. The value of this stress intensity
was 32.3 KSI and- compares favorably wtth the allowable of -
1.5 Sm = 40 KSI. '

&BKL of Stress Inten ;E'.I..:, 3"!‘1.,.-« .

. The highest range of stress intensity occurred at the juncture
"of the nozzle to vessel wall on the outside surface in the

longitudinal direction.. The value of this range of stress

. intensity was 45.5 KSI and compares favorably with. the allow-
" able of 80 KSL. - o

. o OP

The bearing stress on the underside of the support pad for dead
.. weight and thermal pipe reactions only was 3.6 KSI. .This stress
-was not to exceed 5.0 KSI for this condition. R

The maximum overall usage factor for the outlet: nozzle was' .
U ~ 0,022 and occurred at the nozzleevtsselujuncture on the
inside surface in the longitudinal dixection. . This value '

- compares favorably with the lllowsble‘of U -1, 0.-




' The maximum average primary membrane
‘stress intensity for the vessel wall
- trangition occurs in the thin portion
- of the vessel wall. The value of this

-2 “stress intensity was 26.3 KSI and
/ - compares. favorably with the allowable
-4 - stress intensity of 26.7 KsSI.

tEel
;highest range of stress 1ntenaicy occurred at location - 1 as
< The value of this range of stress Lntensity was 37.9

’maximum overall usage factor for the vessel wall transition was
= 0.002 and occurredat Location - 2 as shown above. This value
pares favorably with the allowable of U - 1.0.
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‘with the allowable of 35 KSI.;
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‘I»;The unximun s:re:s intenliw
.ty during insertion of’ :he

. core occurred at. Location:
C= 1.7 The value of this Lo

stress intensity was 10.7

KS1I and compares’ favorably
with the allowable of 35 .

. KSI. The . maximum shear .
- stress. occurs at Location -

2 and is 10.4 KSI which
compares favorably with ,
the allowable of 18.6 KSI.

oad and steady 125 KIP vertical load (due to thermal growth)
ioceurred at the vessel wall (Location - Y as shown above). The
value of this stress intensity was 31.1 KSI and compares fnvorably

The highest range of stress intensity occured at Location = C
‘as shown above. The value of this range of stress intensity was
'40.8 KSI and compares favorably with the allowable of 69.9 KSI.

The fatigue evaluation discloaed that the highest overall usage
' factor for the pads was 0.02 and occurred at the upper corner
vof the pad at the pad-to-vessel juncture Location - A. This
‘value compares favorably with the allowable of U = 1.0.
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3OTTOM HE. HELL JUNCIURE

,me mximm average primu'y memhrane
. stress intensity for the bottom head
2 . to shell juncture occurs inthe
o cylindrical shell portion of the
juncture. . The value of this stress
intensity was 26.3 KSI and compares
favorably with the allowable of

.The ighest range of stress intensity occurred at Location - 3
25t ’ag 'shown above. The value of this range of stress intensity was 4 &
31; 1:KSI and compares favorably to the allowable range of stress .. :

: facfor for the bottom head to shell juncture was 0.003 and
bccurred at Location - 3 as shown above. This value compares
‘ vorubly with t:he allowable of U - 1 0.




The highest range of str
%l gurface of the tube = Location - 1 as shown above. The value

of this range of stress intensity is 35.2 KSI and compares favorably
with the allowable of 69.9 KSI. ~ - -

The fatigue evaluation disclosed that the highest overall usage
factor for the bottom head instrumentation was 0.l4 and occurred
on the outside surface of the tube - location - 2 as shown above.
The value compares favorably with the allowable of U = 1.0.

IOIIETRITTRTRIN

“

=" The waximum average primary: . = . -
" membrane stress {ntensity occurs =
"'in the bottom head when taking '
into consideration the ligament
efficiency. The value of the
strese intensity is 26.5 KSI
. and compares favorably with.
. " the allowable of 26.7 KSI.

~

ess 1nteﬁsitﬁ( occurred on the inside




The maximum average primsry
membrane stress intensity occurs

" 'into consideration the ligament.

" "efficiency. The.value of the: -
‘stress intensity is 26.5 KSI. & =
"and compares favorably with:

“the allowable of 26.7 XSI.

S NN

f\

{fhe highest range16f §crcss:inténlicy{aécurred on the inside
surface of the tube - Location - 1 as shown above. The value ,
‘of this range of stress intensity is $5.2 KSI and compares favorably

By with the allowable of 69.9 KSI. -

‘The fatigue evaluation disclosed that the highest overall usage.
.factor for the bottom head instrumentation was 0.l4 and occurred
‘on the outside surface of the tube - Location - 2 as shown above.
‘The value compares favorably with the allowable of U = 1.0.. _

" in.the bottom head when taking . . -

I



”‘or the juncture of the CRanflange to’ tube, the unxinpm_

tress intensity for design pressure is 7.2 KSI and

~occurs on the inside surface. The allowable for the

,306 stainless steel at the deaign temporature is 1.5 5m =

For the 304 stainless steel at the bi-metallic weld, the
maximum primary plus secondary stress intensity was 13.7
KSI on the inside surface. This stress intensity occurred
"for the design temperature and pressure. 'For the operating
conditions, the maximum range of stress inteaslty was 1l.1

»RSI and cowpares favorably with the allowlble of 3 Sy =

?For the inconel portion of the tube. the maximum stress

.intensity for the design conditions occurred on the inside
surface. The value of this stress intensity was 25.6 KSI.
For the operating transients, the maximum range of stress

intensity was 21.8 KSI and compares favorably with the

.allowable of 3 Sm = 69.9 KSI..

At the point where the CRIM housing enters the closure
"head, stresses are induced in the tube at zero pressure
due to the interference fit. The stress intensity at the
maximum interference and zero pressure is 46.7 KSI1. For
.-the operating transients, the maximum range of stress
. intensity was 55.3 KSI and cowpares Eavorably with :he
allouable of 3 Sy = 69 9 KsI.

The fatigue evaluation revealed"that':heAhighekt cumulative
usage factor was 0.0003 for the inside surface. This com-
parves favorably wttb the lllowlble of 1. 0.§,~+ N

[




the closure head’ by ‘the': J-ueld. ‘the; unxinuu‘range of .
stress intensity 1s742.8 KSI and compares: favorably-

with the allowable of 3 Sp = 69.9 KSI.. This range -

of stress intensity occurs on . che inside surface.

From the st;ndpoint of fhtigue. the nost critical
location will be’on the outside portion of the tube.
where a stress concentration factor of four was used.

nf_The cunulacive usage factor at this location was 0.06

and compares favorably with the allowable of 1.0.

Method of Analysis.

‘ - ,‘

An 1nteractioh>annlysis wna.performed‘at cut omne assuming
the CRDM housing flange to be a ring and the tube a long

| cylinderx.

Location - 2

‘An interaction analysis was performed at cut two taking

into consideration that elements 2 and 3 are long cylindeis
having differeat values of Young's Modulus of Elasticity
and coefficients of thermal explnsion.

mm;.z '

An interaction analysis was performed at cut three by
taking the housing as a cylinder and setting its deflection
equal to the deflection of the radius of the head pene-
tration and comservatively assuming its rotation equal

to the local flexibility as if it were solidly attached.

It was assumed that the forces exerted on the head by the
tube have negligible effect on the head.

location - 4

An interaction analysis was perfnrmed by dtviding the
actual structure into the following analytical model: the
closure hoad was treatad as a perforated spharical shell’
with modified elastic constants and the CRDM housing as a

long cylinder. The effects of the redundants on the closure.

head were assumed to be local only. It was assumed that

JF ig 4 ‘,‘v f’.‘k*@« iy e gl Bdsd sk
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or nny condttlon where there 13 intcrference botween s
"the tube and head, no. bcnding at the weld can exist.
‘Using mechanical and thermal stresseé from this: nnalysis,
fatigue evaluation vas mnde for the J-ueld.:;,hfz,

:Discussion of Resulca

,The max imum primary streac intensicy at the closure heud
flange to shell juncture was 35.8 KSI for the bolt-up-
‘plus design pressure condition. This stress occurs on
the outside surface of the juncture of the head to flange
‘and compares favorably with the allauuble of 1.5 Sy =

40 KSI. o }_ | o 1

The highest range of stress intensity for thin juncture was

:-50.4 KSI on the inside surface and compares favorably uich

.the allowable of 3 5y = 80 KSI. : .

The fatigue evaluation revealed that the highest cumulative ' .
usage factor was 0.015 and occurred for the outside surface. -
This value compares favornbly with the ollowable of 1.0, .

B. Method of Analyais

The closure head, closure head flnnge, vessel £lange.
vessel shell, and closure studs were all evaluated in the
| same analysis. The actual structure was divided into the.
. following elements: the closure head dome was treated as
-8 long sphere, the closure head flange was treated as a
ring, the vessel flange and studs were combined as one
- element with the flange treated as a ring and the studs

as cantilever beams fixed to the flange, and the vessel
- shell was treated as a long cylindet. :

Using the above described qnalytical model an interaction
. analysis was performed to determine the stresses due to
"~ the mechanical and thermal loadings for the heatup and

cooldown eycle. For the remaining transients, the con-
servative skin stress method was used for determining
thermal stresses. These stresses were evaluated in- 1£5hc
of the strength and fatigue requirements of the ASME
Boiler and Presaure Vessel Code, Section III. :




A

Dtscusston of lasult“

The nlxinuu prinary atress 1ntens£ty at: the vesael
flange to vessel shell juncture was 28.8 XSI for the
boltup plus design pressure condition. This stress
occurred on.the outside surface of the juncture =
flange to vessel shell and compares favorably £o the,
allowable of 1.5 Sy ~ 40 KSI. : .

The highest range of utress intenuity for :ﬁis juncture :
was 45.4 KSI on the inside surface and: compares favorably
with the allowable of 3 Sy = 80 KSI.

The fatigue evaluation tevc;led thct the highest cumula-
tive usage factor was 0.005 and occurred for the inside
surface. This value compares favorably with the allowable
0£ 100. : . : ‘l

B. Method of Analysis
See Section 6.020-B, Method of Analysis, Closure Head
Flange and Shell. <
. ' o

Discuseion of Results

The mlximum average bolt service stress for :he cold
boltup condition was 36.8 KSI and compares favorably -
with the allowable of 2 Sm = 86.6 KSI. For the boltup
plus operating pressure, the average bolt service stress

is 39.6 KSI and compares favorably with the allouable of
2 5m = 73.5 RSI at temperature. _

The maximum bolc service stress was 95. 9 KSI and occurred
on the inside surface of the stud where it enters the

vessel flange. This stress occurred during the heatup :
cycle of the 2500 PSI hydrostatic. test and compares L
favorably with the lllowable ot 3 Sm - 116 a KSI. )

A fatigue ev:luncion ﬂll performed on che atuda using
the method outlined in Para. N=416.2.0f the ASME Boiler
and Pressure Vessel Code, Section I1I. The maximum
cumulative usage factor for the atuds was 0.313 on the
inside surface of the stud where it enters the vosael
flange. The ullounble ulnge fnctor is 1 O‘_i
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The maximum bearing stresa betueen :he closure;stud
washers and closure head. flange was 39.8 KSI.  This
tress occurred during: the heatup: cycle ‘'of .the 12500 ..

' The maximum average primary membrane stress intensity for
- the inlet nozzle occurred at the juncture of the nozzle
.to the vessel wall on the longitudinal axis. The value
'of this stress intensity was 21.1 KSI and compares favor=
“ably with the allowable of 26.7 KSI.

;The same location 'gave the highest vulue of average primary
“plus local primary stress. The value of this stress inten-
sity was 32.3 KSI and compares favorably with the allowable»
'Of 1.5 Sy = 40 KSI. ‘ o v '

The highest range of s:ress intensity for the operatxng

- transients occurred at the juncture of the nozzle to vessel
“wall on the outside surface in the longitudinal direction.

- The value of this range of stress intensity was 45.5 KSI1

. and compares favorably with the allowable of 80 KSI.

: The bearing stress on the underside of the support pad for
dead weight and the thermal pipe reactions only was 3.0 KSI.
This stress was to be limited to 5 0 K5I under this condition.

The fatigue evaluation revealed that the highest cumulative
‘usage factor was 0.042 and occurred at the nozzle to vessel
.wall juncture on the outside surface in the cixcumferential
direction. This value compares favorably with the allow-
able of 1.0. The cumulative usage factor through the
nozzle wall and weld built-up support pad was fOund to bde
0.007 on the outside surface of the pad. :

; B. Method of Analysis
| For the analysis of the nozzle and nozzle to she11~junécure,

the loads considered were internal pressure, operating tran-
sients, thermally induced and seismic pipe reactions, static
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weight of vessel,. earthquake 1oad1ng, and expansion |
. and conttlction. ' :

The stresses resulcing from all extetnal loads were
determined in the nozzle by the use of the standard
formula for direct stress plus bending stress ina
beam. At the juncture of the nozzle to vessel wall,
these stresses were determined by the methods presented
in references 19, 20. and 21.__: ' . .

The pressure stresses were de:ermined in the nozzle by

of the nozzle was treated as a cylinder, the tapered portion
was treated as a tapered cylinder, the reinforcement portion
was treated as a cylinder, and the vessel was treated by
idealizing it as a spherical segment of the same thickness
as the vessel and with a mid-radius 1. 5 times the actual
radius of the vessel. .

The thermal stresses for the operating transients were
determined by performing an interaction with the above
analytical model.

For the fa:igue evaluation, pressure stresses were determin-
ed by the stress index method set forth in Article I-6 of
the ASME Boiler and Pressure Vessel Code, Section III.

Peak stresses resulting from the external loads and the
thermal transients were determined by concentrating the

. stresses as determined by the above described methods.
Combining these stresses enabled the fatigue evaluation

to be performed. _

OUTLET NOZZLE AND VESSEL SUPP
‘Discussion of Résﬁlts

The maximum average primary membrane stress intensity for
the outlet nozzle occurred at the juncture of the nozzle

to the vessel wall on the longitudinal axis. The value

of this stress intensity was 21.1 KSI and compares favor- .
ably with the allowable of 26. 7 KSI. : . -

The same locatfon gave the highenc value ot nvurcgo
primary plus local primary stress. The value of this
stress intensity was 32.3 KSI and compares favornblv
with the allowable of l 5 Sm - 40 KSI.

performing an interaction analysis. .The actual sttuc;ure;g‘v”f
was divided into the following elements: - the thin portion .

FRR



%L highesc range of stress inuensi:yhfor the operating
ransients occurred at the juncture of:the nozzle to. vessel
all on the outside surface in the longitudinal direction.‘a
The value of this range of stress intensity was'. 54,1 KSI'

‘liyand compares favorably with the’ allowable of -80: KSI.E.gg}

the dead weight and the thermal pipe reactions only was
3.6 KSI. This stress. was to: be 1tmited to 5.0 KSI under
:hts condition. R DR L :

4‘)»~ o

The fatigue evaluacion revealed thac the highent cumulative
usage factor was 0.022 and occurred at the nozzle to v@ssel
wall juncture on the inside surface in the longitudinal
direction. This value compares favorably with the ‘allowable
tof 1.0. The cumulative usage factor through the nozzle
‘wall and the weld built-up support pad was found to be

0.011 on the outside surface of the pad. :

Méthod of Analysis

See Section 6.050, Method of Analysis, Inlet Nozzle and
Vessel Supports for the method of analysis..

;The maximum average- primary stress incensicy for thé vessel
wall transition occurs in the thin portion of the vessel
wall. The value of this stress intensity is 26.3 KSI and
'compares favorably with che Sm value of- 26 7 KSI. i

e highest rauge of stress intenatty for - the operating
.transients occurred on inside surface at the large end of
the taper. The value of this range of stress intensity
was 137.9 KSI and compares favorably with the allowable of

53 Sm = 80 XSI.

The fatigue evaluation revealed chat the highest cumulative.
usage factor was 0.002 and occurred on the outside surface
‘at the large end of the taper. This value is well below .
“the allowable of 1.0, . . .. . -~ o o

B. Method of Analysis

”; of a standard Interaction analysis. For the purpose of
“this analysis, the actual structure was divided Lnto

TheAbearing stress on the understde of the suppor: pad far4[» 

Stresscs due to internal preasurevuefe determlnéd'bﬁ méaﬁé

.'






