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by analysis, the operational events

s
caw +=3 =] nozzle. The overational even.> include 40 test transient cycies,

- ang cooldown cycies, 4G rapid decressurization cvcles. 650 OBE cycles
-anyal actuation cycies following a reactor. trio.

2visi0n * - Incornorated revised HPI flow rates and pressure.

Revision Z - Revisad R2f. 1 to the apprcoriate RCS Functional Specification
‘or the AJT{ program ubgradae.
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cwing each reac;dr trip, additional make-up Tlow must be
nr oss. oF indiceter pressurizer level during %he
trarsient. AT four of the hich oressure injection (HPI) nozzies,
egs on the cischarge sice of the pumps, rave
zeer cSed for tnase cccurrences. The three nozzies which do not -
mave continuous make-us fiow o the system receive 2 therral '
570Ck from tne £213 BWST {borated water storage tank) water. The
“arational events for the #PI nozzle analysis included 40 test
transient cycies, 40 rapid depressurization sransient cveles, 240
meatuc and cocldown cycies and €30 OBE cycies. 4n additional 70
iyvcles of #P1 menual acﬁuation fz1lowing 2 reactor trip is being
acdec, Ref. &. The purpose of this report is to justify, oy
“analysis, the opera:iongi events For the HPI nozzle following a
~eagtor <rip. The ana1ysis method utilized will be the simplified
astic-pias¢ic discontinuity analysis in Ref. #2.
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2.0 Ionclusion and Rssylts
Srimary + Sacondary Stress Intensity Range )
20 Cvcies of Rapid Depressurization Transient
in e o+ Seg kY : % - i .".
- Primary ® Secondary . 197 2 xsi > 3Sm = 51.3 KS1
~ Range . .
<0 Cveies o ¢ T23t Transient
~—Cpimary - 3acaniary ar 5 < . v B
oy rinen v = 97.2 xSl ~ 3Sm = 51.3 XSl .
> :‘J:".;o : . . .
230 Cweles of =22%-y2 and Cool-cdown Transient
Srimary + condar: U ) .y
— frizery *Secondary . 48 4ysi < 35m = 51.3 KSl
T Rang ‘ _ :
30 Cvciss of =PI Actuation With Inclusion of = OBE Stresses
~ frimary * Seccndary , :
' - o= 129,84 K81 » =51.3K
Sance | 12 XS1 >3sm = 51.3 KS1 |
20 Cvciss of H2@ Actuation without Inclusion of = 08SE Stresses
— Primary * Secondary -
<, ? = 126.9 ®S1 > 3Sm = 51.3 XS1
Zange
550 Cvcies of + GBE Stressac
Primary + Secondary Ty
- ., o= 2.33 ¥S81 < 3Sm = 51.3KS1 . o
“ange . : - T
Tot2l rumber of cycles in which the primary + secondary strews = v
intensity range exceeded 3Sa is 15+40+30+40 = 150 < 250.
Therafore, an elactic plastic fatigue analysis was performed. T s
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USAGE FACTOR

Y. = Usage Factor For 40 Rapid Depressurizaticn
Transient Cycles = 0.22

ey

.= lsage Factor For <0 Test Transient Cycles =0.05

actor For 240-20 = 200 Heat-Up and Cool- Down
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j. = isage Factor For 20 HPI Manual Actuation Cycles.
“With Inclusion Sf + CBE Stresses)'= Q;Z}_

. = Usage Factor For ~O HP1 Manual Ac*uation Cycles
‘without Inc1us1cn of + OBE Stresses) =0.26

J. = Usage Factor For Renaxnder of + 0BE Stress Cycles = g;g

'
i

Total Usage Factor

3t st g

= 0.22 + 0.05+ 0:0 +0.21 +0.26 + 0.0 : , .
3.7¢ < 1 . T

L | -

In comciusion. the HPI nozzie car witrstard the operational
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ayzmts of 20 rapid dﬁpressur1 tion. 20 test, 240 heat-up and cool-down,
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3.3 Discussion and Method 3 AnaTvsis

T=is anaiysis :e?cu:a:es +he addi+ional fatigue usage ‘ac.ar .
on +he HPIMakeud Noz xes resuiting from seventy additional HPI

astuasions ‘oilowing a reactor trip. The method of analysis u.111zes
+he tmarmal/machanica 31} ca1CJaa~ed in the oricinal stress
regere. T1he foi?cwéng discussion is srovided as backgruurd 1nfqrma:ion
=5 =he methods used in tne criginal HAI anéiy:is.- The discussion

wiil address three =ooics; 1) thermal amalysis, (2) s+ructural mcdel
and 3) stress ana?ysis.“'

Thewmal Analivsis

A swo-dimensional -heat transfer analysis utilizing S&NW computer
code 2311567, reference“?3, was performed to obtain the temperature
distridution in the noizle and local shell regfon. A model of the
1 no==ie and local shell.region is shown in Figure 1. The rozzle -
and snell components are represented by a system of blocks witha - = -1
nadai point at the center of each block. Program P91167 solves a
heat Sa2lance ecuation between each block and the four adjacent
slocks. '

The fcllowing tr ans1ents were selected for thermal anmalysis,

Secause these trans: n~s either contritute significantly to the

usage ‘actor or are cf short duration and have larger temperature e
4ifzarances than otner transients. '

{1} Heatup and cooldown {Transient 1A or 18)

‘2 Sower joading and unloadirg (Transients 2A, 28, 3 and 4)

\ .
{3} Rapid Deoressu}i:a:ion {Transient 3) i
14} Test transient-HPI system (Transient 22) »

_ The heat transfer boundary-condi:ions censist of ;onvec:ive ' 4

neas cransfer at the $nside surfaces of the nozzle and sheil. .

The 4Pl nozzle contatas a thermai sleeve (see Figure 2). There is .

an enclnsed water gap between the thermal sleeve and the nozzle inside g

surface. The cut-off surfaces of the nozzle and shell are assumed

{nsulated. Also, the outer surfaces of the nozzle and shell are considered '.?*:
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Discussion .and Method of iAnalysis - Continued

Tme resuits o? ihis srermal anaiysis consist of ‘temperature
as zazn ~ogdal peiat of :he grid thermai model, Figure 1. Several
mozes an< dairs of nodes representing cr1~1ca1 locations of the -
nczzis are selected <0 evaluate the rzdial and axial thermal gradients'
~asuitiag from the application of ealh "ansient'condi:ion. These
:neﬁﬂai'-'adwents fcr each se1ec*ed ncde are plo*ted From these
Siats, seiection of critical transient times for subsequent stress
evaluaticn was made.

Structural Model

-

.. thermal s:-essxca1culations were performed utilizing 33W
samsutar Programs 91206 and P91032, References 4 & #5 respectively
Prcgram P91206 uses the‘v1r.ua1 work method to soIve axisymmetric
sheiis of revolution (§Ee Figure'3). Program P91032 is a general
sham=al sotion and stress program solving for various shapes using

is <ne coening in a cylinder using Tiat clate theory modi<ied.
= azzount for curvature in the circumfarential direction.
Tne stresses were generated Sy inputting a;propria:é temperatures
an¢ gecmetry into the programs assuming no reactions at the nozzle
tc shell interseciion. A two elomens discontinuity analysis was then
performed and forces and moments generated were then superimposed
" or the :herma1-s:resse2 to give a <otal thermal stress picture.

Seregs Analvsis

Several computer runs were made to obtain the stresses in
ine nozzle resulting from the 2pplication of selec.ed transients.
e ‘3ads for each se1ec:ed c-itica) transient time consisted of
~~e comperatyre 3i3 ‘rvbu‘1~n. Jcerating pressure at that transient

+i=e and the nozzie %o shell ‘interactizn loads. The pressure was

ass~coriate classical theory. The osers 1on used in this analys* i
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Strass lnaivsis - Zontinued

[
—

apiied at the inside SJ“aC°S of the nozzle and the shell.
The resuiting stresses in the elements included stress
:ancen‘*ation effacls at szruc:ural discontinuities. Stress
cocncentration factors were obtained by using the indices of
USAS 331.7, "Nuclear Power Piping"™, 1958 Draf¢, and other
scurces. DOrogram 91206 also cutout primary plus secondary
stresses. The range o7 these Iinearized stresses was then
compared to the assaciate# 3Sa stress limit. The peak stresses
and associated usage facsors were determined for the selected
critical locations ir she nozzle and the shell.
In the calculations following, some of the inherent conser-

vazism in the original stress calculations is removed. The
s2buiation for primary lus secondary strnsﬁes (Table 1). external 1oad and
seax stresses (Table 2, are taken directly from the originai ctress
canpre :

The reguired th"f"i&l analySis for J\e APl transient ;

Towing a reac.or "‘p ‘is performed using .emperature distribu:ion _

ragram 991232, ‘Reference #il.  This program caiculates the temperature

(\.

tributicn through the thickness of a cy11nder as a ‘functicn of
«ime by soiving one dicensional heat transfer equations. This

radfal temperature g-adient and tne associated stresses. This
srogram was run for varibus types of sransients to develop a
sizplified “temperature gradient/stress" ratio method to determine
seresses for the added reacter trip HP: actuation transient.

This simplified stress ratio method ctilizes the stresses
in the orfginal deiign analysis for the rapid depressurization
sransients =0 obtain siresses for the :dded reactor trip transients,
The stresses and the associated cycles for the reactor trip transients
wers uysed in conjuncticn with the siresses and cycles in the original
zesign analysis for thei test and rapid depressurization transients
-2 zesermine z total usage facszor.

srogram also determines the linear and non-linear portions of the SRR

— . ' ’ /. ’ )
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S+regs Analvsis - Consinued

, To conservatively analy.e earthcuake stresses, the following
was vsed. There are 630 0BE cvc‘es +o consider consisting of

30 separate earthquake events. with each event having approximately
22 zycles. The full range of OBE stress was added to the thermal,
pressure and thermal expansicn stresses for a HPI transient
foliowing a reactor trip. This stress range was evaluated for

30 cycles. The 520 (65C-30) ~emaining cycles of full range of

08% seress (= OBE) were ana1v:ed separately
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Lad

‘transient occurs 2t a. temperature change rat

Descristion o¢ Transientg

The temperature transien* for .He 40 cycies cf test and 10 cyclies

rapid depressurization is shown in Figure 4. The test tr:-siene

~
(o

starts a2t a temperature of 3500 and a pressure of 2200 psi, irops

down o SC°= and ends a% a beraera.ure of 550°F and a or°ssur= of

2200 psi. This ‘rans1en. lasts for 10 seconds. The rap1d dc:ressuri-

s2tion transient starts at a .enoe'a-ure of 550°F and a oressre of
220% osi, drops down <o 6C°F for 45 seconds, drops down to 4C’F ang.
ends at 2 temparature of 500°F and a pressure of 500 psi.
lasts for 13 minutes. '

The temperasure brans1en» for the 70 cycles of HPI manue
actuation is shown 1n Figure

[¥]]

saconds, Jroos down to 20°7 and erds at a .emperature of 558.° o and

a drassure of 1100 p57. References #8 and i9 This transient lasts
Tor 13 minutes. The maximum flow rate through each nozzle ic 235 gpm.

The terperature transien® for heat-up and cool-down cons 'sts
of heat-up from 70°F to 550° ang 2200 psi and cool-down to 7¢°c This
f 100 degrees :er hour.

S.. The transient starts at a 1mperatyre
of 579%¢ and 3 ﬂrefsur° of 1500 psi, dreps down %o 60°F r for CS

Tris transient
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1
'I.‘I

t
N

‘On fage -2 of Reference 3£, the fiim coefficient vaiues ucad

= tme zralysis for the racid depressurizaticn transient were cciculated.
atior assumed a flow rate of 523 GP through

"fiow iz a maximum of 333 GPM per nozzl:

Il
H

il coefficient that shouig :avy

zoeffizients were c2iculated from 2aquation (VIII-1), R-F. #10,

Where: ™ = Fiim coefficient, BTU/HR-FT-OF,

-

— = Ziameter Qf Pige ,
-

= P2te OF Tiow/Unit Area, L3m/FTZ - HR, - S
, L3m/F7 - HR,

= Specific Heat, STU/L3m - °F,

;i mnn L [~ c.8 ~  \OM :
~=2023 (8 D& M o .

Ali oat the fluid :em:er:ature. The preperties wiil be evaluatec
2% 2782 5ia2p 4ne h:ghés: s=resses developed occurred over the first
: 12 zezpaiz. 2t which time tne temperature was 6C°F. '
i : '
: T2 2T ATz’ LRzF. B Z, PAagE w-27)
| -
t Te= 1.0 B35u/lam-"F Jo = 0.344 B3ru/ i--ra-cF
| 5 =C2. 35 Lo /47 D = 20.100 F+ v
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the sawe 7 and

efficient vajue

Seen cgnsliugded +
-

;72 _©

n22 25 for the test transient is 1300 ETU/MR - FTY = %7, ;

3

2106 STU/HR - FT% - °F for the rapic depressurization|
£ ' The film coefficiens :sad in

icient was caicuiated using the correct ©i-w rate.

Tculation package, it has been - zter- -
e Tilm coeflicient vaiue of £100 BTU/HR - ?TZ - Of, ot
stress ratios were computed as with a2 $il- co-

of 1320 STU/HR - 772 - OF. Therefore, it has

hat using a film ccefficient value of 33€-.3 3

Fiwoull give the same T and stress ratio:. _ g

iusiment needs to be made during the rati- method

N e £

-

PI:raniz 9 /
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’ - N .. - . .
i Silwar rile, Tnus dacrsasing the axial AT temperature zi the time
! . o - . - . Cas apms
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atuiatac ¢n o292 22 are <he primary + secondary stiress

for sne HPI nezzie. Juncture #8 is the

o e

-352 ==i:iz2’ laczticn ir the HEI nozzie.

iefarance =7, oaragraph F-108.4, gives the primary pIus secondary
s=-ess intensity range 1imit as 3 Sm. If tne 3 Sm limit is exceeded,
-=ar am elas=iz-ziastic faticue analysis must be oerformed in accordance

2 S s
aizn X, =2, saracraoh S-103.2.7. {The 3 Sm valus at the criticai
‘czazisn, Juncture =8, is 31.3 ksi, Ref. =6) Tatigue method

3
3 Sm are less than

ot

~

. . - . - ) 1 - .
ig valiz cniy i tne number of cycles that exceed
d

23{. The numdar of cyc’xes":ha-: exceed 3 Sm are determined on page 27.
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e

in' the Stress Repor:, Ref. #6, Iteration 1 was run of pressure only

i

Table Refarences and txpianations

on the nczzie at a pressure of 1000 psi. Therefore, Dressyre.stiresses
are y-tained by muitisiying +he pressure s:tresses from Ref. 46, pdage
3-77 c<imes the ratio of aqtua1 ressure/1300 psi.

P . )
Thormal exsansion s<resses are caicuiated on page {4 ¢f this analysis.

tress epors Thermal Stresses are from Ref. 46, Page 5-17. These . -l
tharmal siresses are consérvative"sin;e they were calculated with 2 “ '
low éate of 425 gem irstead of the new fiow rate of 335 gpm (Ref. #8
and 2). .Therefore, she £ilm coe“Ficient were higher than necessary,
tnus increasing the thermal stresses. ' -

. :
Transient A is the 3tart of the 70 cycles of HPI manual actuation. - <
Transient B is the end of the 70 cycies of HPI manual actuation. ‘
“his =ransient occurs fcliowing a reactor trip transient. The oressure
s=resses are calculated accordine to Note 1 above. The thermal expznsion

an¢ tnermal stresses are calculated using iterations 5060 and €338,
and acjusting the stresses using a &7 ratio. These calcuiations
ars prosented in Section 8.2 of this ana]ysié.

Full range 0BE (2 x 0BZ; stresses are calculated on page 2C cf the anmalysis for
iunceure 8. This is che stress range for a cold earthguake.

Hot earthcuake stresses ang cycles will be applied and analyzed for
in the primar, + seccnda}y and peak stress intensity ranne sheets
“4n this caleulation package. O0BE stresses are calcula‘ted on '
sage 27 -of this analysis.
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Jotal stress irt-nsity is obtained by adding pressure stress ¢ thermal
expansion stress + stress report thermal stress.

* Note - A vaiue of C.0 ksi is used tc apcroximate the range of thermal
expansicr stress at tne HP1 nozle end due to the change in temperature

of =he 42 Tine.

- The crass-section cosition that experiences pesitive thermal expansion
geressas <5 usec $6 meximize the inside intensity which {s the criticel

intensity.

- A graph cf the L-R inside intensities is shown on page 25 of this
caic »a:‘.'m tackage t¢ 2ic¢ *n determining ranges for maximum and

mirimuz $ntensity values.
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3 27 2 Tamreratyve T IS8
These
g the stress intensity

ing cages Tor the rapid depressurization

s
st=ess ~uns were made using 38W computer program P91232. Using this

$12> tamperatyre crogram, the RPI te

n
ct

and rapid depressurization
nts were anaiyzed'as to their effecs on the nozzle end thermal
seress withaut discontinuity affecss, Tne resylts of this analysis
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=z ocartinans rasylis zre tabuiated D210w:
! A - ¢ =ge ‘s
FAAS Lot 1’. - EH‘IEBF. ) !
taze Irivia] 7-88) . Coeff. L7 4y Therm2i eresioy |
N smz.  °F) 0= rgmiru3.FT2-08Y  Ratiot Stress (PSI)  Ratic %4 i
' [y . ' 1 ! N
i
N 332 -l &300 1.90 7310¢ 1.09
z 578 330 2330 1.04 75023 1.04
3 333 523 2158 1.07 78204 1.67
< 358 <50 1330 1.28 37131 1.0% .
3 v 31C 132C 1.06 59330 1.06
5] 333 5232 3305 1.07 57002 1.07 .
Nases - VAT Ratic = AT'.,T1 = £T/590
1] ¢ ;
[Z) Stress Ratig =5 5 0r /Y ‘or {ases i, 2, 3
3:zress Ratic = S 5 OF 5.’34 far Cases &, 3, 5
To iustify the amalysis of the UC addisionai cyciss Tor 2 nigher .
~asurm semserasure |358.25F versys 5000F), the following results From
8w IoTzuter ovggrar 237232 are tabuiated beiow. These resu.ls are
Semm Zaferanze = 0. Yicreficne 2T3IMIC.
T im : Linear
caga  leturn . (7-43; Coets. LT 3 Thermal St'gss'(z') ol
Tems. (9%} oT UBTU/HR-F 2.cty . Ratio 3tress {PS1; PRatic I
g
: 330 513 ‘ 33 1.00 -3633 .00 T
z 272 238 3 1.0¢ -5378 .06 -
z 3T - 5&8 35 1.97 -6039 (207
weres - (10 LT Satic = LT/ILTY = QTSI
b
77 Ge=es3 iatii = S5, 0re/S.
y 2 -3 .
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A - -
; —-—a=- - - - - -- - &
Q. T3 : tne same 2§ the siress ratic for saczn case. Theraefors
-—m s &= ca e - <im - - - - N - -ed
<TEtE s s vTigiant justificatier fo- using a AT ratio methed to Justity

» th2 AT ratio t0 chtain the thermal gradient stresses

2
fo- tne RPD manuel actuztion trarsient. Frassuyre stresses for the HPI
aztuation transient will be similariy adjusted. Thermal expansion

a¢ because these stresses are due t0 the

$T 085235 wili nat be ratio h
laToerature in the HBI Line, and the only sransient that changed was
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’ l232 1 - 2-imamy = Segandary atres: Intensity Range w/inciusion of
H L I v
! = J3% -Sirasses -
¢ Tme maxirum orimary + sagongary stress intensity rance s comorised
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! 3.5 Ceak Stress Intensities
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{ Peak Stress Intensities
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Juncture =8, L-R Inside

.. - Longitudinal
"R - Radial

¢’ explanations are included on foliowing cage. -

e . ——— - —— = 4t o
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PAGE NO e .

“Fressure Thermal Stress Peport Total
iTerasicn o =§Es§gre ! §;r§§§ Efpanﬁiog_. 2 Thermal 3 )trpsg
‘osi) ks tress (ksi) vStress (%si) ,51\
3 2230 N 17.4 105.0 1318 |
g 2220 .85 17.4 115.0 137.9
s S IR - 17.4 113.3 136.2
i3 2250 . 5.3 17.32 1 95.0 1117.9
33 2200 5.5 17.4 . 8.7 31.6
Ak 2239 5.5 17.4 0.4 22.5
Tast 2220 3.5 17.4 3.0 - 22.9
2232 2200 5.5 173 0.0 22.2
PR 2230 5.3 17.8 -0.8 22.1
St 2209 3.5 17.4 147.4 170.3
3283 2200 5.3 17.4 143.3 166.2
3372 2280 5.3 17.4 " 117.3 140.2
il 2300 5.25 17.4 39.9 §2.6
5237 1230 3.5 17.4 2.2 36.1
53 1090 2.3 i7.4 0.5 20.4 |
o7 390 2.5 2.0 0.5 2.5
38 700 .73 9.0 -9.€ -7.9
53 £30 7 1.3 0.0 13 0.2
o2 1353 - 0 3.8 17.4 156.26 177.3
S0 nme 2.73 0.0° -10.81 -5.0:
z 3.6 0.3 0.9 0.0 1.6:
gk 9.9 3.0 9.0 0.0 3.2
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The +hermal expansion
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experiences positive thermal

sT-ogcac ig yusac 'to maximize <he critical inside

- 2 ¢cranm o 4me L-R irsids feak siress intensities is shown on the
S2%iswing zags ¢ 2id in determining ranges for maximum and minimum
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oF‘HPI ACTUATION AND ORE

CYCLLES

T -

t2.72 Mo CYCLES

- THE

A

UNDERGO =

fa)
Exp +#0

TRANSIENT.

——

ccR TRE N0 CYCLES OF

ADTUSTED USING A
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