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Resultant ax!.al force at any transverse cross- ‘
ection (lbs) Lo e

_’"Axial component of unit edge force (lbs/ in)

.. Radial component (perpendicular to X-ams) of
‘:unit: edge force (lbs/ in) :

»Unit bending moment (in-lbsfin)

IComponents of deflection normal to the x~a~<1$~
‘radial deflection;. (positive outward) where A
‘results frem the action of redundant forces and
S results from all other ,causes(in) :

s A —

fCompom.n:s of rotatlou(positive if radial
deflections of successive adjacent points touard
he positive X direction are increasing) where 4%
‘results from the action of redundant forces and
5 * results from all other causes (radians)

‘:Axi.s of revolutiou

A radial distance measured normal to the axis of
revolution (in) :

‘Sheu t.hickness as measuted nomai to the mid-

surface (in) ’ S ‘

‘:Normal strcss' the suhscripts x, & and ¢ denoce
meridional, circu:nfcrcncial ~and radial (or latetal)
streosses, n.spcc.tivcly (1bsliu-)

Strain - Elougation per unit lengr.h _(in/in) -
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This appendix presenta a. aummary oruthe thermal analysis of
Indian Point, Plant #3 Pressurized Water. Réactor Vessel.
The assumptions made, method of. analysis and. resulta of the
v stigations’ are presented. Temperature distributions :
obtained from two-dimensional: heat flow analyses are pre-
prsented on cross sections of the components considered. '
EEkResults of the one-dimensional heat flow analyeee are
pgesented in the form of graphs, . The times f)r which dis-
i qr:ibutions are presented were selected to present the
zeffects of the transients. ‘ :

. ‘Actual thickness of clad material, £
'Cross sectlion area, ft2.
-Dimension, ft :
‘Thermal capacltance of node 1, BTU/’F
.Specific heat, BTU/1b-°F .
. ‘Actual thickness of base metal, ft
.. Equivalent thickness of clad material, 47 . :

Modulus of elasticity, psi , . -
. Acceleration of gravity, ft/sec® : .
. Heat transfer coefflcient, BTU/hr-rt2.°f
.= Thermal conductivity, BIU/hr-rt-°p :
~-.length along a heat flow path, ft
= Slope of temperature vs time curve, °F/hr
= Fourier modulus, dimensionless
‘Slope of temperature ve time curve at x=o, CF/hr
‘= Rate of heat flow, BTU/hr
‘= Heat generation of the node J, BTU/hr
Rate of heat generatlon per unit volume, BTU/hr-ft3 ,
Rate of heat generation per unit volume at the — —
surface, BTU/hr-ft9 ’ :
Dimension, f{t
Thermal resistance, hr-°P/BTU
Temperature, °F..
‘Uniform initial temperature, °F
Temperature at x=b, °F '
Temperature dirference, op
~Slope of temperature vs time curve at x=b, °F/Hr
“Volume, t3 _ .

Dimension, ft ‘ ot
.= Thermal diffusivity, ft2/hr IR SO

- Coefflcient of thermal expansion, rt/Tb-°P
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™
[ ]

Linear aboorptionVcoérriéiéncéfbr;heat:géhératiéh}
/¢ o, T R
- Enissivity‘ror,radiatibn;}rtf/hr{;«H

= T-To, Temperature change, O¢ - .. I
“-,Absolutedviscosity;]lh/ftéhr,éfiifﬁ~T
- Poisson's:ratio, dimensionless

5, distance ratio, dimensionless =

- Density, 1b/rt3

- Thermal stress, psi
"= Time, hyr ST
= Time difference, hr

) e Mot e s ey,

A4Q0V ™ cr oa
.

= gg » temperature ratio, diménSidhlesa

Natural convection property funcf;on,»l/?t’ O

R

< a
L}

'GENSaAL SOLUTIONS

. Varlous procedures were used to determine the thermal informa~ .

- tion presented in this appendix. The following paragraphs
describe the techniques used ang the conditions under which each
. would be applicable, R - - :

fB;3.1 Transient and steady state témperature distributicns
" . determined by use of a finite difference method ErC=-
’ grammed for solution on a digital computer,

A code has been written which nakes use of the general

: 'heat.balance.equations derived by Hellman, Habetler,

. and Babrov (1), Through the use of this code, ten-
perature distributions can be obtained in bodies having
irregular geometries and composed of different materlals,

The deect being investigated is divided 41nto a systen
of blocks or nodes. The thermal capacitance of each
node and the thermal resistance between nodes 1s calcu-
lated using the physical properties of the material.
The thermal capacitance of node J 133

CJ = QCPVJ

The thermal resistance between homogeneous nodes J and

i 1s:
Jkt
A T

s 30 g pe g Dviarat el BV :
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i where | JLL 18 the11ength,o .the. X : :
odes . and 1,”Jﬁi ls the avea normal to Li and commonv
1 “the | of -t :

(), (La) | (1.,,)
J L B
, ._1 ' (Ax),_ 1‘:"3 J(m 'k,, 'J'(Anil

_The equaticn rar the change in temperature of 2 parti~
’cular node. Ln the time At 13- :

& there 1 represents each bordering node and . Ry is the
7' thermal resistance between the 1 node ‘and the node
\mder conaiderauon.

j.'rhus, the equation I‘or the change in temperature ot

. particular node becomes: '

’i’p l_ o “T‘bf 
ary e g2 Al
b 3 1=1 3 1 )

'me ten'peratura ot‘ eaeh node 18 calcnlated at. aucees—,
sive time {ntervals through the uae ot tbe rinite
dltrcrencc uqutticn. o

Tf'r«l»a.'-r) - T‘: *',QT
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'5For'a’steady 'tate,p
- be equal to’ zero‘ hence‘

This expression is aquivalent to performing a heat

balance about node J

‘;AT"an iant aulution for a finite.slab 1n whiﬁh one.
“boundary. has a lipear temperature change, whlle the
" other boundary 1s 1nsulated. Initially ® the slab is

1sothernal.

-

B

. N a . B :

- T=T°+m‘r E©

o

o

o

L~
. b -

. X=0 Xx=b
” 'Assumptiona-i*' :

S One-dlmensional heat: flow. , ~ : :
“@. Thermal properties of the material do not vary with
 temperature and may. be evaluated at the average

- temperature over: the range covered.
3.; Infinlbe'heat transfer coerficient at xao.

Mathematlcal statement ot the problem-

2 o
g_x'%-%gg.o rox_f o<,x<b.._'r>0

Eoundary »onditions~5A

Tam, at T=0 for. o<x<b e

oo R R i ot
e Rl ek s -
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N?

? *sin (n+-)1re
(n+-)

Te i (T° f vmt)dx R AEE U B

Thls solut:ion cnly considers alaba or one material Te
include clad an vhe base metal, an equivalent thickness




RIV0O00053L

-equivalent: th cknes ,or clad materlal
~actual- thickness or ‘base material
_actual- thickness of clad material.
‘diffusivity and conductivity of clad
difrusivity and conductivlty of ‘base metal

4,
Ac
‘aa and k’;
‘az and ka

:;The slab thickness ”b" now. beccmes (d+c)

" “The final graph ef temperature vs dlstance ean be plot-
" ted usingv(d+c)_as ‘the total length. The temperatures
in the section d<x<{d+c) are correct for the base metal.
. However, the temperature distribution from O<Kx<d must
. .be "foreshortened” and replotted from 0<x<a where th=
"temperature at X=a. 1is the temperature. ca}uulated for
x=d, ~

‘B.3.3 Transient solution for a finite slab with uniform

' " initlal temperature in which cne boundary has a llnear
‘temperature change while the other buundar; is kept an
zero temperature

.T:Toi-ﬂ'\’f, _..,.x

- ¥s0 . x=b
" Assumptions: .
1. r_'One-dxmensionax heat flow.
2. Thermal properties of the material do not vary with
: ':emperature and can be evaluated at the average

temperature over the range covered,
3. Infinite heat transfer coefflclent at x=o.

Mathematical staieﬁent of the problem:

g:: - 3]!:‘ 5?.. 0 for 0 x <b and 0
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at xao ror T)O

"»-fT';‘T5-+:mi

. The solution is:
T-T°+qxn1

:where,‘

oy jueeieng (e8] 5 = Po i

P ar TN 6 3 ‘“““;"——ﬂin nms

» o, . L o n=1 n ’!
"Tmean ™ b ”g. (T + gmr)dx ‘
4 Translent solution for a finite slab with non-uniform .

~initlal ‘emperature which undergoes a linear temperature
_‘change on. each surface,

B
T=To+ pT | | TET AT
: ot X »
X0 . ‘x‘b‘

»Assnmpniona- .

1. One-dimensional heat flow
2. Themmal properties of the material do not vary with
. temperature and can be evaluated at the average :
 temperature over the range covered. = - . ‘:'%
3, . Infinite heat transfer coefficient at x=o0. a
4, u=0 forcing the surface at x-b to remain at Ti.

Mathematical atatement of the problem- ) o o -

ot 1 ar _ L ‘ : .
5%% ~ 3. 57 0 ror‘ 0( g <b aﬂd ™0 . _fl
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o ’B@undarjr‘;conditions:’

BO T - T:. at x*b

“’vThe sclution 1a=’

-naw’af

T = g Te ©P ain 9%5 [ £{x) sin X ax ...,
. b .
n=1 [»] ‘
L w
+ 2%2 Je b.j 'PTTo.“ (-1)nurTG dt |

Ir r(g)‘a To + % (T1-To) the sqluﬁion beccmes

. . . ‘2 3 2
T H,pt + 1(u~p}ﬁ + %; (u-p)%r +Vp%r —’u+2p)%

'“ -an?r2¢
) Y b n
+ - Ze —(Ta=-T2)(~1) sin n7é
) n=l : {nT .
» -an®ri:
2 X n
5 Ze j (To-T2){-1) |sin nme
na=l .
e o[ g Rt

. . n . pe
S ' * 33 nfl p““.v(*l) u s——-—;b‘r—- s‘in nTg
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emperature is:

_Nonlinear gradient atasteady state: resulting from heat'
-.generation due to: gamma' ray capture in a two mateérial’
. finite slab. with one surface at a fixed temperature
'.and the other surface perfectly insulated

ss| -

T . -

° s —

Z

L

*—-—-_.’

) £ x'a-. x:az

. X
Assumptions: - _
1. One-dimensional heat flow. ’
2., Thermal properties of the materials do not vary wi*h

‘temperature and can be evaluated at the mean tem- ' N
. perature of the body in question. '
3. No contact resistance at the Junction of the two

~materials. : :
4, Heat generation of the form @' = qo"' e PX.

Mathematlcal statement:or the problen:

k ol ‘sa My -Bx |

Keg Taxz qo''! e for Q <x<ax
d Ics - -8x

f»cs dx = qo'" e for a1 < x < a2

Boundary condltlons.

TSS = To at x=0

dTgs

chs T : . : : : B .
ke “Tx " “Kes dx at xeas , - .
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Ty

;  65“' ;ie—ﬂéé +»e-aa;" e-&x -.xeéaaz
SRS B8 - -

TR A PO TR N
> %

; Tes ™ Bkas
PRT] -Bay . '_ A .-
Qo }- - . aje Paz| « q.‘c‘

}+ BKgs |B B

Tangentidl thermal stresses at x=aj and x=az due to this
temperature 4lstribution in 2 thin walled cylinder Wiih
ends free O expand axially but restralined from bending

are:’
- - E.E:— ) G"{ -Bay ;_ : 1 ’
o= GRIGEEN S BT B )

~

. + eiﬁaa : . éﬂ:ﬁl‘
O T, L
: -fazn 1 : }_ + az=-21:1,

92 ,{1“9)(R355) g¥(az-a1) ¢ B?(az-21) T8 e
. . . : . -
where: .

oy = Tangential thermal stress at x=ai
ge = Tangential thermal stress at x=ag
'E = Modulus of elastlclty

y = Polsson's ratlo: . =~ ’ ;
a' = Linear coefficient of thermal expansion

L |
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3-125’

s A term uued~1n: :sbvuctural analyeie‘"‘
1ocationz 0 diacontinuity where cuts -are
b fradlal temperature

tlcall ias: :

genera ly At B
£ Th ,momentiisﬁdu

;The equation for the mean temperature at a cut through .
‘a cylinderical section 15' AR R }

e

e Aot
AN

Ty = 5E-a® ‘i“ Trdr

= Dimension to inside surface

a
b = Dimenslon bto cutside surface
r = Dimension (a<r<b)

= Mean radius

-
)

[]

Coefflclent of thermal expansion

poigson! s ratio , _ . _ ‘ “I‘ ]

Material Propertiea and Film Coefficlents: 4

<
[

pPropertles of materials used in this appendix are pre-
sented below. All were evaluated at 325 F.

Stalnlessxstéel Carbon Steel

k = 9.8 Btu/hr-£t-°F k = 26.2 Btu/hr-ft-"F
p. = 495 1b/fe® p = 490 1b/ft2

ep = .127 Btu/lb-°? ep = .12 Btu/lb-—

A , water -

Kk = .020% Btu/hr-rt-CF k = .40 Btu/hr-£t-°F

*-”»7x10°

e used to calculate the heat

The followlng equations wer
in the. analys&s of the head

transfer coefficients used
and vessel flanges.
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h X 0,071
| (L/x)s

0. 071 kI, 3 .
———iter | YOT o
he = Sasnit {A] .

a" B 3
pﬂﬁﬁ AT( p )

where,
. .e. cp,
v = L8

COnvection film coefricient in a horizon al enclo°ed
gap:

hex x“#*ga&r opp 15
—— = 0.075 e ()

h, = 0.0T5k e

-~

.Convection,fllm off the top of a heated plate:

hel 12p%8AT ,CpH, %
- oan [EEE ()

o,
hy = 0.14k[ AT]3

Thé convection fllm coefficient on the bottom side of
- the same plate is assumed to be half that on nhe.*cp
slde. : , . ‘ .

The equétion for the radiation coefficient acroaaﬁthe A
ailr gaps and off the top and bottom of the rerue LA,
plate 1s as follows: . ;

»

n O 1?3 x 10°® (Tx 5
LY o
.3.. + .}... -1 (T;-fra)

€1 €2

€y = té‘ﬂ 0.65
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B h 1 Head and Vessel Flanges-' ‘A representative ‘section of “i:.
! the vessel flange - head. flange reglon was divided 1nto.;,

a series of nodes as in Pigure B-1 on: ‘Page B-23.° For .’
calculating node volumes and heat transfer areas, a =
cylindrical sector with an: angle_equal ‘to half the

-angle between two studs was taken, This model con-

‘"siders two dimensional heat flow (axial and radial)

except In the head flange where the studs pass through.

In this area, a third dimension i3 considered as heat

Is transferred between the stud and rlange.

Assumptions-
a. Two-dimensional heat flow.:'
b. Heat generation negligible.
¢. Thermal properties do not vary with temperature,
d., Natural convection is assumed in the gap between

"the core barrel and vessel flange. L
e. . All other, surfaces in contact with primary coolant . :
" are assumed to have an infinite heat transfer co= - .
- - efficlient, - ' ‘ v
- £, Outside surfaces of- flanges, vessel and head are -
perfectly insulated.
g. Natural convection and radiation 18 assumed in
the annulus between the stud and head flange and
In the gap between the head and vessel rlanges,
h. The refueling plate transfers heat to the sur-
roundings by both radiation amd convection,

The head and vessel flanges were analyzed for the fol-
lowing thermal conditions using the method described in
B.3.1. _

a. Heatup Tranelent: 'Inaidé surfaces‘are heated from
100°F to S47°F at a linear rate of. 100°F/hr while
the ambient condition remains at 120°F,
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b,f;,geady state._ Ingidéi rfaces-ure he;dﬁcon
' 5h7°F and the amblent at 120°F. {

c. 1Cooldown Transient*i The lnside‘surfacee are cooled

© “from 54T9F to 100°F.at'a ‘linear rate df 100°F/hr.

* while the.ambient:is 'held-at: 120%F.  The initial:

: eondition for-this: transient is the steady stane
conditlon described in b. o R .

Resultsz

Nodal layouts of the flanges showlng temperafure 4iz-
tributions at times durlng heatup and cooldown tran-
“sfents plus steady state are presented in Flgures B<1 "
trh.ru B-G, igure B-39 1s a sketch of the flange re-
givn showing the locations of discontinuily where tho
ef'fects of radial gradients were considered. AL these
locations, the radlal gradients were plotied, and from
these gradients values were obtained for the mean
temperature at the cut and the thermal moment, The
‘radlal gradients are shown in Figures B<4D thru B-49,
and the thermal moments resulting from these gradients
are tabulated on Page B-100, :

Axial gradients in the flanges were also plotted from
the temperature distrivbutions at times during heatup,
cooldown and -at steady state, These gradients are pm

sented In Figu"es B-T78 thru B- 83 :

For the Plant Bydroatatic Teat (2500 psia), the inside
surfaces are heated from 100°F to uoo°r -al .100°F/hr
vhile the plant 1s being pressurized, - During plant’
depressurizatlon, the inside surfaces are cooled back
to ‘100°F at 100°F/hr. These heatup and cooldown tran-
sients are at the same rate but over a“shorter range
than the normal heatup and cooldown. Thérefore, it
would be conservative to vse the results of normal heat-
up and cooldown for the hydrostatic test transients.

Other operating transients applied to-thls region have
faater rates than heatup and cooldown; but the range of-
temperature change 1s much shorter. - Therefore, 1t was
conservative to consider the mean temperature of the.
body did not change from the initial condition while -
thei temperature of the inside surface followed the
fluld translent. Differences between the mean tempera-
ture and the inslde suriace temperature at times during
lhese transients are tabulated on- Page B~ 121.
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Inlet szzle" A croea section ot the nozzle was di-.
’;fvided into a- eeriea of nodea as 1n Pigure ‘B-10 on

~ Page’ B-32._;This model, ‘consisting ‘of a- cylindrical
‘sector with an: angle:of one:radian,-was used to. per»::
form a two-dimensional ‘thermal: analyais using the

" technique. descrihed 1n B 3. 1 and the following
Sassumptions.-:¢'~g : s S o

a. Two-dimensional ‘heat: flow.;,f-

b. Heat generation negligible. '

¢. . Thermal properties do not vary with Lemperabure.

d. All surfaces in contact with the primary coolant
are assumed to have an 1nf1nite heat transfer
‘coefficlent. - :

e, Outside surraces are perfectly 1nsu1ated

_'Résults:

© Temperature distributlons were obtalned for times dur-

~ing a 100°F/hr heatup from 100°F to S47°F., These dis-

tributions are shown.on nodal layouts in Figures B-10

“thru B-13. = Flgure B-50 shows the locations. of dis- SR

continuity where the effects of radial gradients were .

. considered. At these locations, the radial gradients .

. were plotted, and from these gradlents values were

. obtalned for the mean temperature at the cut and the . o
. thermal moment. The radlial gradient plots are found ;

in Filgures B-51 thru B-55 and the thermal moments are

tabulated on Page B-101,

. Gradients in the axial direction were also plotted for
the no2zle at times during the heatup transient These
plots are found in. Figures B-Bhkand B-85. '

: Temperature distributions were not obtained for the cool-
-down transient. Since cooldown is over the. same range
~.and at the 'same rate as heatup, cooldown gradients would.
simply be mirror images of those for the heatup transient.
Alsc, the values’ for thermal moments which were obtained
for heatup, with signs reversed, c¢an be used for cor-
responding times during cooldown.A. :

The results or ‘normal heatup and cooldown were uaed for - -
the hydrostatic test tranalents as described ror the o .
flanges in B.%, 1. : . :

At .xtoudy atate, the nogele will be tootbsmal 8t the ‘ .
Inlet covlant Lemperature since: there is no heat aink T




' The operating transients for tﬁe"ihleitnéééle weps

eylindrical sector with an angle of one radian, was

. Results:

RIV0O00053L
1

Investigated in the same manner as for- thc f'lange-
analysis. in- Section B u 1. The rpsulte ave presented
on Page B-122 L ‘ -

outlet. Nozzle* A representative aection if“thé'outiet
nozzle was divided into a series- uf nodes as in Figure
B-14 . on Page B-36.  This model, consisting of a

used to perform a thennal analysis using the method
described in B. 3 1. -

Assumptlons:

a, Two-dimenslonal heat flow,

b. Heat generatlion negliglble,

¢. Thermal properties do not vary with temperatu"a

d., All surfaces in contact with the primary coolant
‘are assumed to have an inrinite heat transfer
coefficient,

e, Outside surfaces perfectly insulaicd

Tehpexature distributions in the outlev nozzle were ob-
talned for the rollowing Lr&nsient and steudy state
conditions.

a, Heatup: Inside surfaces are heated from 100°F tc
SHTOF at a linear rate of 100°F/hr. Both inlet and
outlet flulds follow the same transient.

b. 100% Power Steady State' The coolant inside the

'~ nozzle ls held constant at 613°F whlle the coolant
contacting the vessel shell adjacent to the nozzle
1s held at 555°F.

c. nperating Transients: Temperature distributions were
vbtained for operating transients including plant
loading and unloading, step reduction from 100% to
50% load, reactor trip from full power, loss of flow,
one pump and loss of load. Fluid transients for
these cases are found in the Equipment Specificaticn.

Nodal layouts of the outlet nozzle showing temperature
distributions for times during heatup, plant loading,-
at 100% power steady state and during plant unloading
are presented in Pigures B-14 thru B-26. Figure B-56

i, v R e S T B T O ity £ e R -
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. is-a skench of the nozzle showing. h ca
 ¢d1scont1nu1Ly where effects: of iradlal- gradlents were@
.. considered; 'vAt: ‘these- 1ocaeions.frad1a1 gradients ‘were.
;. plotted for: the ‘eonditions above Prom: these:gra.
' dlents, values were;obtained for:the. mea'itemperature
.-.at the cut -and the thermal moment. ~The: radial
“gradient plots are found in Figures. B-57 ‘thru . E-Tl

. and the resulting thermal moments are- tabulated .on
" Pages 3-102 and B-103 :

.‘(" N

T Axial bradlents were also plotted £6F the nozzle at
times during heatup, plant loading at 100% power
steady state and during plant unloadlng. . They are

“found In Plgures B‘86 thru B-91.

As 1n the Inlet nozzle»analysis, the cooldown transient
was not completely analyzed. The gradlents are mirror
images of those for heatup and the thermal moments,
with reversed signs, can be used for correaponding
times during cooldown.

At zero: power steady ntate, both inlet and outlet fluids
are at S54%7°F. With the outer surface of the nozzle in- w
sulated there 18 nc heat sink, Therefore, at this .
steady state the. nozzle will be isothermal at S4T°F.

The results of heatup and cooldown were also used for
the plant hydrostatic test transients as described for
the Slange analysis in B.4.1.

Temperature distributions for operating transients in-
c¢luding step reduction from 100% to 50% load, reactor
trip from full power, loss of flow, one pump and loss

of load are presented in Figures B-27 thru B- 38,

These transients have faster rates than heatup, plant
loading and plant unloading, and their effects are only
seen a short distance from the surface. In view of this,
it was conservative to consider the inside surface fol-
lows the fluid temperature and calculate the AT beiween
the mean temperature and inside surface temperature.
These temperature differences are tabulated on Pages
B-123 and B-lak , , ‘

For the step load transienta of % 105 of full power and .
steam break from hot zero power where both inlet and -
outlet fluids follow the same transient, the inside .'
surface temperature was assumed to follow the fluld ‘

" temperature while the mean temperature of the nozzle did '




L e AT WS-

w4,
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B.4.6

- not. change rrom the 1n1t1al_condition.,\. 0
. between the mean and surrace temperatures'are tabulated
“on’ Pages B-123 and B-12u i, L

vnesults,of>the one-dlmensional analytical nolutiun é?'

Ut
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'DifierencesJ

Closure Head. The vessel closure head was analyzed to
determine the mean temperature of the head at the end
of the 100°F/nr heatup and cooldown transients between
100°F and SU7°F and at the end of the hydrostatic test
translents during which the vessel is- heated . and hoolad
between 100°F and 400°p at "100°F/hr. S

described in Section B.3.2 showed the mean temperziurs
ot the head to be 518°F at the end of heatup an: 12897 =
at the end of cooldown. At the end o!f the hydro heatup .|
and cooldown translents, the ‘mean tempe:\ture of the head
s 384°F and’ 116° R, respectively. : :

~

»Vessel viall:  The procedure descrlibed in B.3.2 was used
“to perform the one-dimensional analysis of the vessel
- w#all in the nozzle region and in the lower shell reglon

for the heatup and hydro heatup transients,

Temperature distrlbutions for the two wall sectlons,

_presented in the form of grapha, for times during heatup

and hydro heatup are on pages B-94% thru B-97. Uslng
these curves, the mean temperature and inside and out-

~ slde surface temperatures were obtalned for the times

investigated. Differences between the mean temperature
and the temperatures of the inside and outside surface:s
are tabulated on Page B-104,

The procedure in B.3.5 was used in determining the maxi-
mum allowable rate of gamma heating in the thinner
section of the vessel wall. This rate was calculated by
substituting 2 Sy for oy in the equation for thermal
atress at Xx=a; and solving for qo™. With B = 0,4 in7?
and 2 Sm = 53,400 psi, the maximum value of qo'" was
determined to be 16&,000 Btu/rt’-hr.

-Bottom Head: The method in B.3.2 was also'uaed to de-

termine. the mean, inside surface and outslde surface
temperatures in the bottom head at times during the
heatup snd hydro heatup translents. Differences between
the mean temperature and ths temperatures of the inslde
and outside surfaces during these transients are pre-
sented on Page 8—105

R S s ho T.V'-'”‘. 3t SR Vit A SR S I b
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LooBe2D

ﬂhe vesael ls ﬂupported off Lnn noz~
. Four nozzles, two 1n1et and -two- outlet, are used
X . -.ﬁThese nozzles: have 1nte-
ral pads built up on the‘bottom: sides ‘and”reat on’
upport - shoes, ~.Phe -support: shoes' are. attached to a
ing girder which rests on a concrete: roundation.;~'
lthough both inlet and outlet nozzles are used for. .
supports, the geometry of the inlet nozzle presents
the more severe case and was uaed for both nozzles in
the: analysis.,, S - e , :

‘The following transients and steady state condition: were

investigated, Por all conditions, the back surf'ace ia

§  held at 1009F. This temperature represents the temperz-.

ture at the bottom of the support shoe and is assumed to
be equal to the amblent temperature. '

Plant Heatup - Inside surface Ls heated frum-100VP
to S5UTOF at a linear rate of 100°F/nr.

Hydro Heatup - Inside surface is heated from 100°F
to 400°F at a linear rate of 100°F/Hr.

- Steady State - at steady. state, the temperature dis-
tribution through the nozzle wall and pad 1s assumed
to be linear between the {luid temperature ilnside the
nozzle and 100°F at the bottom of the support shoe.

. Inside temperaturee for the steady states investi-
gated are:

1. Hydro steady State - 400°P (inlet and outlet
o nozzles).
2. uero Power Steady State - S479P (inlet and oute~

let nozzles),

loox)Pouer Steady State - 555°F (inlet nozzle
only

100% Power Steady State - 613° -(cutlet nozzle
only).

Plant Cooldown - Inside surface is cooled from 547°P
to 100°P at a linear rate of 100°F/hr. The initial
condition for this transient is the zero power steady
state diatribution._

Hydro Cooldown - This transient starts from the hydro -
stoady state, The inside surface 1s cooled from JOO°P
to 100°F at 100°F/hr. The distribution mt the end of
hydro cooldown i3 assumed to be the camo as that ror
‘the end of plant LOOIdOﬂﬂ. S

AT R
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Tempetacure distributions thru the nozzlo wall and’
' pad at: the end. of ‘plant- heatup, hydro heatup and. plant

" cooldown are- presented in Figure B-76.. Distributions

. for hydro, zero power and 100% power steady states

" are presented in Figure B=77. From these dintributions
Lenperaturqqfof_tbq ingide and outside surfaces aned .

" the mean temperature were obtained, The T betweun tic
mean . Lemperature and the temperature of the inside and ¥
ourside surfaces was calculated. These results arc
presented on Page B-106. - : o
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