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2000 INTRODUCTION
2.010 Subject

The Indian Point Reactor Vessel - Unit No. 2

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

The vessel is of cylindrical shape terminating

in a hemispherical head at the bottom and a bolted
flange at the top. Four inlet and four outlet
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 type. The closure seal is of the
O-ring type.

Puxpose

This report contains the detailed structural and
thermal analysis required to substantjate the
adequacy of the design of the 173 in. I.D. Indian
Point Reactor Vessel.

Scope

The detailed analytical work necessary to justify
the reactor vessel and its associated parts included
in the contract are contained in this report. All
equations used are shown and intermediate answers
and final answers are usually presented in tabular
form.

IPEC00069615
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3,900 DESIGN CRITERIA
The design shall be in accordance with the ASME Boiler
and Pressure Vessel Code Section III, Nuclear Vessels

and Special Case Rulings in effect on the date of
purchase order.

The design parameters used were

Design Pressure...cceceescocsncessns
Normal Operating Pressure .....

Design Temperature ...eeeessesncacs
Normal Operating Inlet Water Temp.....
Normal Operating Outlet Water Temp
Design Life .......

Transient Condition Occurrences

Plant heatup at 100°F/Hr, 200
Plant cooldown at 100°F/Hr. 200
Plant loading at 5% of 14,500
full power per min.

Plant unloading at 5% 14,500
of full power per min.

Step load increase 10% 2,000
of full power - not to

exceed full power

Step load decrease of 2,000
10% from 507 power

Step load decrease of 200
50% of full power

Reactor trip 400
Hydro test 3125 psia 5
Hydro test 2500 psia 5
Steady state fluctuations 108
Loss of flow, one pump 80
Loss of load 80
Steam break 5

Material Allowables Sm @ 70°F S <
SA-240 Typ. 316 20.0 Ks1 -

SA-302B 26.7 —
SA-336 26.7
ASTM-A540-B24 43.3
Inconel <. - 23.3
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NERAL CON

This sketch shows the general
configuration and relative locations
of component parts. The|nomenclature
shown is used consistently through-
out this report. For detailed
drawings of component parts, see
Appendix C.

Reference Drawings
Ticle \2] No.
1. Control Rod 232-051

Mechanism Housing
Details

Control Rod 232-052
Penetration Details -

. Closure Head Form-~ 232-046
ing & Welding

0zziE

. Closure Head : 232-047
Machining

Stud, Nut & 232~-049
Washer Detail

Pressure Vessel 232-042
Forming & Welding

. Pressure Vessel 32-044
Final Machining

Nozzle Details 232-045

Come Baezes Miscellaneous 232-050
SummerT FR0 Attachments

Miscellaneous £32-055
Details

Bottom Head 232-043

INSTEVMEN TRTION Forming & Welding
PUENE TRATIOV

. Instrumentation 32-056
Penet. Assembly &
Details - Bottom
Head
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SUMMARY OF RESULTS

Results of the detailed structural analysis presented
in Appendix A are summarized on Pages 7 through|/7
for locations of major interest.

CONTROL ROD HOUSINGS

location - 1

‘Stresses Due to Operating Pressure|of 2.25 KSI

Semce Srress Soress | yrsusiry

o | s | & &g | Ko (/502
Isice | 227 J 420 ~3.93 sz | 645
Curseoe § 276 525 o - /49 376 | 5725

The maximum stress intensity for operating
pressure is Gg - o.= 6.45 KSI on thHe inside
surface.

The overall usage factor for fatigue was U = 0.

Location - 2

Stresses Due to Operating Pressure |of 2.5 KSI
and Design Temperature of 650°F

Fow S4-182 Tvee 30455 fimnTE
Sreess Srezss | S resiry

Ox I 7 - | Ny | da-J-
fuswos | 320 |-mq7| 25 | 568 | dw |-797
Corsros | 1,27 | <1107 | @ 234 | Hz7 |-#o7
ok SEB~/67 IvtonEL ToBs
e | 22) | 2.0 | —26 | <1993 | 5 25.64
Ly rénoe 127 | 22.5¢ 7 -2,27| le7 | 2254

SveracE

The maximum stress intensity for design pressure of 2.5 KSI and
the design temperature of 650°F is fq = Op = 25,6 KSI and| was
located on the ingide surface of the inconel tube material.

The overall usage factor for fatigue was U = 0.
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Location - 3

Stresses Due to Operating Pressure of 2.25 KSI and Maxi
Minimum Interference Fit with Closure Head

Arersreres * 2003 ARESSUIE O INTERFEREME S 003  leassies s 2. 754

Semcs Sresss Sreass STy Sreess Sreess JTEns7yY

Ix 5 Ol | Sr-tp | B-br] Fx | Jo | v |0-d | &-dp | B-d)
lusiog | 2735 |-1935| © | 47012735 |~/935|| #4.87 |-503|-225 | /290 ) /702 | -2 78 |
Dorsipe 2735 |35 75 840 |-z735 3575 || /2001399 | © | 140 |-12.09 |43 45
W TE BFERCEUCE Aerssoes = O MIEREERSE = O Aesss |k &= 228 us

s |2 e g g O |-ze8| 1#32|-2r5|-26.59~azs| 1657
el O P Vi o o /] /Lze | 22z & | -Zoe|lore |222¢ |

The maximum stress intemsity is ny -on = 46.7 KSI and od
for the condition of maximum interference and zero intexn
pressure. This stress intensity is on the inside surfad

The maximum range of stress is 55.3 KSI and occurs on th
ingide surface.

The overall usage factor for fatigue was U = 0.0003.

Location = 4

The maximum stress intensity for the J-weld is o_- O = 42.2
KSI and occurs on the inside surface. The maximum range| of
stress intensity is 42.8 at the same location.

The overall usage factor for fatigue was U = 0.06 and octurred
on the outside surface.
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5.020 CLOSURE_HEAD FLANGE AND SHELL

Primary Stress Intensities

Bolt Up Condition

Sresss Somess Sy

o 3 Ir | oxve

ZeIr | I

=7 | &5 o +9.2

2.7 |25

724 | B9 | o 75

754 |39

Lory-ddo Aus:
DESIGN floEss. = 258

-2z | é/ 2% [|-/83

758 | Ho & LE

Range of Stress Intensity
The highest range of stress intensity for the head flangd
closure head juncture was located on the inside surface

(Location - 1). The value of this range of stress inten
is 50.4 KSI and compares favorably with the allowable of

Fatigue Evaluation

The following overall usage factors were calculated at g
above locations:

Location = 1 U = 0.004

Location - 2 U = 0.015

The maximum allowable usage factor is 1.0.

e to

sity
80 KSI.

he two
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5.030 VESSEL FLANGE AND SHELL

St Intensi.

Bolt Up Conditionm

SorEss Stress MTENSITY

I | 7 | & G0 || B |-t

20|47 | o |-sey

2a8 | =47

2038 28| o Lk 2o

z28| 73

G 7t Aus

LIEstira) FRESS T 2545/

—2 | /RS | 25 -3

288 753 <o J.o

Rapge of Stress Intensity

The highest range of stress intensity for the vessel fla%ge to
vessel shell juncture was located on the inside surface
(Location - 1 ). The value of this range of stress inte
is 45.4 KSI and compares favorably with the allowable of

i Evaluation

nsity
80 KSI.

The following overall usage factors were calculated at the two

above locations:
Location - 1 U = 0.005
Location - 2 U = 0.00002

The maximum allowable usage factor is 1.0.
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5.040 MAIN CLOSURE STUDS

Average Bolt Stress:

The average bolt stress resulting

from the design pressure
load plus O-ring seating
34.4 KSI. The allowable
34.8 KSI.

The maximum average bolt

was 36.8 KSI compared to
of 86.6 KSI.

allowable of 73.5 KSI.

Maximum Bolt Service Stre

The maximum bolt service
95.9 KSI and occurred at
This stress occurred duri
up cycle of the 2500 psi
test. This stress comparn
with the allowable of 114

I
|
!

Lo

Fa Evaluation

The maximum overall usage factor for the closure studs

and occurred at the point where it enters the vessel fifnge

(Location - 3).
allowable of 1.0.

Maximum Bearing Stress

The maximum bearing stress between the closure stud was
closure head flange was 39.8 KSI and compares with the
of 40 KSI for the flange material. This value occurred
the heatup cycle of the 2500 psi hydrostatic test.

This usage factor compares favorably

flow off
load was
stress is

Maximum Average Bolt Seryice Stress

service

stress for the bolt~up condition

the allowable

For the bolt-up plus
operating pressure condition, this
stress was 39.6 KSI compared to the

SS

stress was
Location =~ 3.
ng the heat-
hydrostatic
es favorably
.4 KSI.

was U = 0.313

ith the

er and
l1lowable
during
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.050 INLET NOZZLE AND VESSEL SUPPORT

Primary Membrane Stress Intensity

The maximum average primary membrane stress intensity
inlet nozzle was at the juncture of the nozzles to the
wall on the longitudinal axis. The value of this stre
intensity was 21.1 KSI and compares favorably with the
able of 26.7 KSI.

The . same location gave the highest value of average pr
plus local primary stress.
was 32.3 KSI and compares favorably with the allowable
1.5 Sp = 40 KSI.

Range of Stress Intensity

The highest range of stress intensity occurred at the
of the nozzle to vessel wall on the outside surface in
longitudinal direction.
intensity was 45.5 KSI and compares favorably with the
able of 80 KSI.

Bearing Stress on Support Pad

The bearing stress on the underside of the support pad

tor the
vessel
ES

allow-

imary

The value of this stress iftensity

of

juncture
the

The value aof this range of stness

allow-

for dead

weight and thermal pipe reactions only was 3.0 KSI. This stress

was not to exceed 5.0 KSI for this condition.

Fatigue Evaluation

The maximum overall usage factor for the inlet nozzle st
U = 0.042 and occurred at the nozzle-vessel wall junctufe on

the outside surface in the circumferential direction.
compares favorably with the allowable of 1.0.

fhis value
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060 QUTLET NQZZLE AND VESSEL SUPPORT

Primary Membrane Stress Intensity

The maximum 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 stregs

intensity was 21.1 KSI 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 value of this stress intensity
was 32.3 KSI and compares favorably with the allowable jof

1.5 Sy = 40 KSI.

Range of Stress Intensity

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 strjess
intensity was 45.5 KSI and compares favorably with the pllow-
able of 80 KSI.

Bearing Stress on Support Pad

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 KS1 for this condition.

Fatigue Evaluation

The maximum overall usage factor for the outlet nozzle s
U = 0.022 and occurred at the nozzle-vessel juncture on
inside surface in the longitudinal direction. This val
compares favorably with the allowable of U = 1.0.

IPEC00069633
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5.070 VESSEL WALL TRANSITION

Primary Mgmbrang Stress Intfensity

The maximum average primary membrane
stress intensity for the vessel wall
transition occurs in the tHin portion
of the vessel wall. The vdlue of this
stress intensity was 26.3 L and
compares favorably with thd allowable
stress intensity of 26.7 K9I.

Stxr I nsi

The highest range of stress intensity occurred at Locatfion - 1 as
shown above.  The value of this range of stress intensity was 37.9
KSI and compares favorably with the allowable of 80 KSI|

Fatigue Evaluation
The maximum overall usage factor for the vessel wall transition was

U = 0.002 and occurredat Location - 2 as shown above. This value
compares favorably with the allowable of U = 1.0.

IPEC00069635
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5.080 CORE BARREL SUPPORT PADS.

. : . Stresses Due to

Insertion of Core

. The maximum $tress intensi-
/ //,/ / ty during ingertion of the
core occurred at Location

-~ 1. The value of this
stress intengity was 10.7
KSI and compgres favorably
with the allgwable of 35
KS1I. The maximum shear
stress occurg at Location -/
2 and is 10.4 KSI which
- compares favorably with
the allowable of 18.6 KSI.

A
oS ) )

N\

\\\1\\\\\\\\
3\\\%&\\\

AR R

‘””)\)1‘),W

?

Stresses Due to Steady Loads

The most critical stress intensity for the steady 125 KIP side
load and steady 125 KIP vertical load {(due to thermal:growth)
occurred at the vessel wall (Location - Y as shown abovye). The
value of this stress intensity was 31.1 KSI and compares favorably
with the allowable of 35 KSI.

Range of Stress Intensity

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 9.9 KSI.

Fatigue Evaluation

The fatigue evaluation disclosed that the highest overgll usage
factor for the pads was 0.02 and occurred at the upper |corner
of the pad at the pad-to-vessel juncture Location - A.| This
value compares favorably with the allowable of U = 1.0,

IPEC00069637



RIV0O00052A
Submitted: December 22, 2011

IPEC00069638



RIV0O00052A
Submitted: December 22, 2011

5.0 BOTTOM HEAD TO SHELL JUNCTURE

Primary Membrane Stress Intensity

The maximum average primary|membrane
stress intensity for the boptom head
to shell juncture occurs in| the
cylindrical shell portion of the
juncture. The value of this stress
intensity was 26.3 KSI and compares
favorably with the allowable of

26.7 KSI.

S In sit

The highest range of stress intensity occurred at Location - 3

as shown above. The value of this range of stress intdnsity was
34.1 KSI and compares favorably to the allowable range [of stress
intensity of 80 KSI.

Fagtigue Evaluation

The fatigue evaluation disclosed that the highest overdll usage
factor for the bottom head to shell juncture was 0.003 |and
occurred at Location - 3 as shown above. This value cdmpares
favorably with the allowable of U = 1.0.

IPEC00069639
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The maximum average
membrane stress inte

efficiency.

the allowable of 26.7

OIS

S i

The highest range of stress intensity occurred on the in
surface of the tube ~ Location - 1 as shown above. The
of this range of stress intensity is 53.9 KSI and compar
with the allowable of 69.9 KSI.

Fati E uatio

rimary
sity occurs

in the bottom head when taking
into consideration the ligament
The valye of the
stress intensity is 26.5 KSI
and compares favorably with

KSI.

s&de
value
es favorably

The fatigue evaluation disclosed that the highest overalll usage

factor for the bottom head instrumentation was 0.14 and
on the outslde surface of the tube - Location - 2 as sho

occurred
wn above.

The value compares favorably with the allowable of U = }.0Q
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6.000 DISCUSSION OF RESULTS & METHOD OF ANALYSIS

.01 Co; 1 Rod Housin

A. Discussion of Results

Locatiop - 1

For the juncture of the CRDM flange to tube, the
stress intensity for design pressure is 7.2 KSI

occurs on the inside surface.

304 stainless steel at the design temperature ig

23 KsI.

ion - 2

For the 304 stainless steel at the bi-metallic w
maximum primary plus secondary stress intensity
This stress intensit

KSI on the inside surface.

for the design temperature and pressure.
conditions, the maximum range of stress intensit
KSI and compares favorably with the allowable of

45.9 KSI.

RIV0O00052A
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The allowable for

For th

maximum
and

the

1.5 Sm =

eld, the
was 13.7

y occurred
e operating
y was 11.1
3 Sy =

For the inconel portion of the tube, the maximum stress

intensity for the design conditions occurred on
The value of this stress intensity was

surface.
For the operating transients,

intensity was 21.8 KSI and compares favorably wi

allowable of 3 Sy = 69.9 KSI,

Location - 3

At the point where the CRDM housing enters the c

the maximum range

the inside
25.6 KSI.
bf stress

th the

Llosure

head, stresses are induced in the tube at zero pressure

due to the interference fit.

The stress intensi

ry at the

maximum interference and zero pressure is 46.7 K$I. For

the operating transients, the

intensity was 55.3 KSI and compares favorably wi

allowable of 3 53 = 69.9 KSI.

The fatigue evaluation revealed that the highest
usage factor was 0.0003 for the inside surface.
pares favorably with the allowable of 1.0.

maximum range of s

[ress
th the

cumulative
This com-
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Lo ion -

At the location where the CRDM housing is attadhed to
the closure head by the J-weld, the maximum range of
stress intensity is 42.8 KSI and compares favorably

with the allowable of 3 Sy = 69.9 KSI. This r

ge

of stress intensity occurs on the inside surface.

From the standpoint of fatigue, the most critic

1

location will be on the outside portion of the jtube
where a stress concentration factor of four was
The cumulative usage factor at this location wa
and compares favorably with the allowable of 1.[0.

Method of Analysis
Location - 1

An interaction analysis was performed at cut on
the CRDM housing flange to be a ring and the tu
cylindex.

LOGQEIQB - g

An interaction analysis was performed at cut tw
into consideration that elements 2 and 3 are lo
having different values of Young's Modulus of E
and coefficients of thermal expansion.

!QSﬂﬁigﬂ - 3

sed.
0.06

e assuming
be a long

b taking
hg cylinders
Lasticity

An interaction analysis was performed at cut three by

taking the housing as a cylinder and setting it

$ deflection

equal to the deflection of the radius of the head pene-
tration and conservatively 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 performed by dividid

actual structure into the following analytical

closure head was treated as a perforated spheri
with modified elastic constants and the CRDM ho
long cylinder. The effects of the redundants- o
head were assumed to be local only. It was ass

dal shell
sing as a
the closure

med that
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for any condition where there is interference between
the tube and head, no bending at the weld can e
Using mechanical and thermal stressed from this
a fatigue evaluation was made for the J-weld.

LOS LA AND SHELL
Discussion of Results

The maximum primary stress intensity at the clo
flange to shell juncture was 35.8 KSI for the b

ist.
analysis,

sure head
plt-up

plus design pressure condition. This stress ocgurs on

the outside surface of the juncture of the head

to flange

and compares favorably with the allowable of 1.% Sm =

40 KSI.

The highest range of stress intensity for this juncture was
50.4 KSI on the inside surface and compares favdrably with

the allowable of 3 Sy = 80 KSI.

The fatigue evaluation revealed that the highest

cumulative

usage factor was 0.0l5 and occurred for the outside surface.

This value compares favorably with the allowabl
Method of Analysis

The closure head, closure head flange, vessel fl

of 1.0.

nge,

vessel shell, and closure studs were all evaluatled in the

same analysis. The actual structure was divided

into the

following elements: the closure head dome was treated as
a long sphere, the closure head flange was treated as a
ring, the vessel flange and studs were combined hs one
element with the flange treated as a ring and the studs

as cantilever beams fixed to the flange, and the
shell was treated as a long cylinder.

vessel

Using the above described analytical model, an interaction

analysis was performed to determine the stresses

due to

the mechanical and thermal loadings for the heatfp and
3

cooldown cycle. For the remaining transients, t

e con-

servative skin stress method was used for determining

thermal stresses. These stresses were evaluated
of the strength and fatigue requirements of the A
Boiler and Pressure Vessel Code, Section III.

in light
[SME
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6.030 VESSEL FLANGE AND SHELL

A.

6.040 MAIN CLOSURE STUDS
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Discussion of Results

The waximum primary stress intensity at the ve
flange to vessel shell juncture was 28.8 KSI f
boltup plus design pressure condition. This 4
occurred on the outside surface of the junctun
flange to vessel shell and compares favorably
allowable of 1.5 Sy = 40 KSI.

The highest range of stress intensity for thig
was 45.4 KSI on the inside surface and compare
with the allowable of 3 S; = 80 KSI.
The fatigue evaluation revealed that the highe
tive usage factor was 0.005 and occurred for ¢t
This value compares favorably with t
of 1.0.

Method of Analysis

See Section 6.020-B, Method of Analysis, Closu
Flange and Shell.

Discussion of Results

The maximum average bolt service stress for th

ssel
or the
tress
e

to the

juncture
s favorably

st cumula-~
he inside
he allowable

e cold

boltup condition was 36.8 KSI and compares favorably

with the allowable of 2 Sm = 86.6 KSI. For th
plus operating pressure, the average bolt serv

is 39.6 KSI and compares favorably with the al
2 Sp = 73.5 KSI at temperature.

¢ boltup
lce stress
Llowable of

The maximum bolt service stress was 95.9 KSI aLd occurred

on the inside surface of the stud where it ent
vessel flange.

érs the

This stress occurred during the heatup

cycle of the 2500 PSI hydrostatic test and compares

favorably with the allowable of 3 Sy = 116.4 K

A fatigue evaluation was performed on the stud

5I.

8 using

the method outlined in Para. N-416.2 of the ASME Boiler

and Pressure Vessel Code, Section I1I.
cumulative usage factor for the studs was 0.31
inside surface of the stud where it enters the
flange. The allowable usage factor is 1.0.

The maximum

3 on the
vessel
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The maximum bearing stress between the closure
washers and closure head flange was 39.8 KSI.
stress occurred during the heatup cycle of the
PSI hydrostatic test and compares favorably wit
allowable of 1.5 Sm for the flange material.

Method of Analysis

See Section 6.020~-B, Method of 4Analysis, Closure
Flange and Shell.

INLET NOZZLE AND VESSEL SUPPORTS

Discussion of Results

The maximum average primary membrane stress inten
the inlet nozzle occurred at the juncture of the
to the vessel wall on the longitudinal axis. The
of this stress intensity was 21l.1 KSI and compare
ably with the allowable of 26.7 KSI.

The same location gave the highest value of avera
plus local primary stress. The value of this str
sity was 32.3 KSI and compares favorably with the
of 1.5 S8y = 40 KSI.

The highest range of stress intensity for the opd
transients occurred at the juncture of the nozzld
wall on the outside surface in the longitudinal d
The value of this range of stress intensity was 4
and compares favorably with the allowable of 80

The bearing stress on. the underside of the suppor
dead weight and the thermal pipe reactions only w
This stress was to be limited to 5.0 K5I under th

The fatigue evaluation revealed that the highest
usage factor was 0.042 and occurred at the nozzle
wall juncture on the outside surface in the circu
direction. This value compares favorably with th
able of 1.0. The cumulative usage factor through
nozzle wall and weld built-up support pad was fou
0.007 on the outside surface of the pad.

Method of Analysis

sity for
nozzle
value
s favor-

ge primary
ess inten-
allowable

rating

to vessel
irection.
5.5 KSI
SI.

t pad for
as 3.0 KSI.
is condition.

cumulat ive
to vessel
mferential
e allow-
the

nd to be

For the analysis of the nozzle and nozzle to shell juncture,
the loads considered were internal pressure, opergting tran-
sients, thermally induced and seismic pipe reactiduns, static

IPEC00069651
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weight of vessel, earthquake loading, and expahsion

and contraction.

The stresses resulting from all external loads

were

determined in the nozzle by the use of the stanpdard
formula for direct stress plus bending stress in a

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 determined in the nozzle by

performing an interaction analysis. The actual

structure

was divided into the following elements: the thin portion
of the nozzle was treated as a cylinder, the tapered portion

was treated as a tapered cylinder, the reinforg
was treated as a cylinder, and the vessel was t
idealizing it as a spherical segment of the san
as the vessel and with a mid=radius 1.5 times ¢
radius of the vessel.

The thermal. stresses for the operating transien
determined by performing an interaction with th

analytical model.

For the fatigue evaluation, pressure stresses W

ement portion
reated by

e thickness
he actual

ts were
e above

ere determin-

ed by the stress index method set forth in Artilcle I-6 of
the ASME Boiler and Pressure Vessel Code, Sectipn III.

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

and the
ting the

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

to be performed.

QUTLET NOZZLE AND VESSEL SUPPORT

Discussion of Results

The maximum average primary membrane stress int

ensity for

the outlet nozzle occurred at the juncture of theé 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 value of aver
primary plus local primary stress. The value of
stress intensity was 32.3 KSI and compares favor

with the allowable of 1.5 Sy = 40 KSI.
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The highest range of stress intensity for the operating
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| 54.1 KSI
and compares favorably with the allowable of 80|KSI.

The bearing stress on the underside of the suppert pad for
the dead weight and the thermal pipe reactions ¢nly was
3.6 KSI. This stress was to be limited to 5.0 KSI under
this condition.

The fatigue evaluation revealed that the highest cumulative
usage factor was 0.022 and occurred at the nozzle to vessel
wall juncture on the inside surface in the longitudinal
direction. This value compares favorably with the allowable
of 1.0. The cumulative usage factor through thg nozzle

wall and the weld built-up support pad was found to be

0.0l1 on the outside surface of the pad.

Method of Analysis

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

VESSEL WALL TRANSITION

Discussion of Results

The maximum average primary stress intensity for| the vessel
wall transition occurs in the thin portion of thf vessel
wall. The value of this stress intensity is 26.03 KSI and
compares favorably with the Sy value of 26,7 KSIL

The highest range of stress intensity for the ope¢rating
transients occurred on inside surface at the large end of
the taper. The value of this range of stress intensity
was 37.9 KSI and compares favorably with the alldwable of
3 8y = 80 KSI.

The fatigue evaluation revealed that 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,

Method of Analysis
Stresses due to internal pressure were determined by means

of a standard interaction analysis. For the purpose of
this analysis, the actual structure was divided into

IPEC00069655
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the following elements:

was treated as a cylinder, the tapered portion
treated as a short tapered cylinder, and the thi
of the vessel wall was treated as a long cylindg

The thermal stresses were determined by the skigy
method where it is assumed that the inside surfs
the vessel is at the same temperature.as the reg
coolant and the mean temperature of the shell rg
the steady state temperature.

conservative.

The fatigue evaluation was made on a cumulative

RIV0O00052A

Submitted: December 22, 2011

the thick portion of th

This method is cg

e vessel
as

in portion
r.

1 stress
ce of
ctor
mains at
nsidered

basis

where superposition of all transients is taken into

consideration.

6.080 CORE BARREL SUPPORT PADS

A, Discussion of Results

The most critical stress

125 KIP side load and steady 125 KIP vertical load.

1

intensity occurred for

ks

the steady
This

stress intensity of 31.1 KSI occurred at the lower outside

corner of the juncture of the pad to the vessel.
compares favorably with the allowable of 35 KSI.

wall and

The highest range of stress intensity occurred at the

upper outside corner of the juncture of the pad
The value of this range of stress intensity was

wall,

to vessel

40.8 KSI and compares favorably with the 3 Sy alllowable

of 69.9 KSI.

The fatipgue evaluation revealed that the highest| cumulative

usage factor was 0.02 and occurred at the upper
corner of the juncture of the pad to vessel wall.
value is well below the allowable of 1.0.

B. Method of Analysis

Thermal, mechanical, and pressure stresses were

putside
This

calculated

at various locations on the pad and at the vessell wall

for the loads specified in reference /0.

Mechanical stresses were calculated by the flexure formula

for bending stress in a beam, pressure stresses
from the analysis of the vessel to bottom head j

were taken
lncture,

and thermal stresses were determined by the conservative
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.method of skin stresses. These stresses were resolved

into stress intensities and compared with the hllowables

set forth in reference-/. Stresses due to the ¢

yelie

loads were multiplied by a stress concentration factor
where applicable and used in a fatigue evaluatjon.

‘BOTTOM HEAD TO SHELL JUNCTURE
Discussion of Results

The maximum average primary stress intensity £q
bottom head to shell juncture occurs. in the cyl
shell portion of the juncture. The value of th
stress intensity is 26.3 KSI and compares favoxy
with the Sm value of 26.7 KSI.

The highest range of stress intensity for the o
transients occurred on the inside surface at th
of the hemispherical shell. The value of this
stress intensity was 34.1 KSI and compares favo
the allowable of 3 Sy = 80 KSI.

The fatigue evaluation revealed that the highes
usage factor was 0.003 and occurred on the insi
at the start of the hemispherical shell. This
well below the allowable of 1.0.

Method of Analysis

Stresses due to internal pressure were determin
of a standard interaction analysis. For the pu
this analysis, the actual structure was divided
following elements: the cylindrical shell was
as a long cylinder, the tapered portion of the

r the

Lindrical

is
ably

perating
e start
range of
rably with

it cumulative
de surface
walue is

>d by means
tpose of
into the
treated
¢ylindrical

shell was treated as a short tapered cylinder, and the

hemispherical section was treated as a long sph
shell.

grical

The thermal stresses were determined by the skin stress

method where it is assumed that the inside surf

ce of the

vessel is at the same temperature as the reactoy coolant

and the mean temperature of the shell remains a

t the

steady state temperature. This method is considered

conservative.

The fatigue evaluation was made on a cumulative

basis

where superposition of all transients is taken into

consideration.
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NTAT Pi S
A. Discussion of Results

The maximum average primary membrane stress intensity
for the bottom héad is 26.5 KSI when taking into
consideration of the ligament efficiency. Thig value
compares favorably with the Sp value of 26.7 KSI.

At the location where the instrumentation penetiration is
attached to the bottom head by the J-weld, the maximum
range of stress intensity is 53.9 KSI. This range of
stress intensity occurs on the inside surface and compares
favorably with the allowable of 69.9 KSI.

The fatigue evaluation revealed that the highest cumulative
usage factor was 0.14 and occurred on the outside surface
of the tube. This value compares favorably with the
allowable of 1.0.

B. Method of Analysis

An interaction analysis was performed by dividimg the
actual structure into the following analytical model: the
bottom head was treated as a perforated spherical shell
with modified elastic constants and the instrumentation
tube as a long cylinder. The effects of the redundants

on the bottom head were assumed to be local only. It was
assumed that for any condition where there is idterference
between the tube and head, no bending at the welld can
exist. Using mechanical and thermal stresses from this
analysis, a fatigue evaluation was made for the [T-weld.

IPEC00069661
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DETAILED STRUCTURAL ANALYSIS
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APPENDIX A

DETAILED STRUCTURAL ANALYSIS

0 NTS

Control Rod Housing Stress Analysis and
Fatigue Evaluation

Structural Analysis of the Closure Head
and Vessel Assembly

Fatigue Evaluation of Head Flange, Vessel
Flange and Closure Studs

Nozzle Code Calculations

Thermal Stress Analysis and Fatigue
Evaluation of Inlet Nozzle

Thermal Stress Analysis and Fatigue
Evaluation of Outlet Nozzle

Structural Analysis of Inlet and Outlet
Nozzles and Vessel Supports Under Pipe
Break Loads

Fatigue Evaluation of Vessel Support Pads

Structural and Fatigue Analysis of the
Vessel Wall Transition

Structural Analysis of the Core Support Pads

Structural Analysis of Vessel and Bottom
Head Juncture

Fatigue Evaluation of Bottom Head to Shell
Juncture

Structural and Fatigue Analysis of Bottom
Head Instrumentation Penetrations

Nomenclature
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The general requirements for spacing of openings in
spherical shells (such as a closure head) are given
in Paragraph N-451 of the ASME Code Section III.

Additional requirements are given in Article I-6 of
Section III as referenced in N-45l(e).

The spacing of the closure head penetrations meet the
requirements of Paragraph N-451 with the exception of
I-613(b) of Article I-6. Paragraph I-613(b) states
that "The arc-distance measured between the center
lines of adjacent nozzles along the inside surface
of the shell is not less than three times the sum of
their inside radii for openings in a head....".

This requirement would restrict the ligament efficiency
to &8 minimum of 66.7%. The actual ligament efficiency
of the closure head is 66.6%. Since the actual ligament
efficlency deviates slightly from the required minimum
ligament efficiency, Paragraph I-620 of Article I-6

must be met. Paragraph I-622 of Article I-6 states

that ""In accordance with I-1012, re-evaluation is not
required for configurations for which there are available
detailed experimental results that are consistent with
the requirements of Article I-10."

The purpose here is to use the results of Westinghouse
Research Report 100FF996-R4 to show that the closure
head penetration spacing is satisfactory for the closure
head. The ligament efficienty of the penetration spac-
ing in this experiment was 38% which should more than
suffice to show that the closure head's ligament
efficiency of 66.6% is adequate,

The results from the above report show that the membrane
portion of the stress due to internal pressure can be
accurately calculated by dividing the primary membrane
stress in the unperforated region by the ligament
efficiency. See the discussion and results given on
pages 23 and 24 of the above report. It is shown there

IPEC00069722
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that the calculated value of the average primary
membrane stress deviates from the experimental value
by only 2%. The higher value being the calculated
value; hence, the method of dividing the required
thickness in the unperforated region by the ligament
efficiency is valid and reasonable. This method was
used to obtain the thickness of the closure head.

The stress indices to be applied to the computed
membrane stress intensities for a fatigue analysis
as determined from the results of the experiment are
1.05 and 1.44 for the inside and outside surfaces)
respectively, These values are well below the
required index of 2 for both the inside and outsigde
surfaces from Article I-6 of Section III. It is,
therefore, concluded that the slight deviation from

the spacing requirement in I-613(b) is insignificant

both from the standpoint of establishing the required
head thickness and for fatigue considerations.
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