
SWNP-20032A-8 (h-8?) 

PAGE 1 OF 1 

-C:T4NC N. PLANI 

) - ouke DOCUMENT RELEASE 
Rn E -sE)AT, NOTICE (DR'D 

- W I." ENT TITLE1 
STAT. RLa NG .  

- 32-125 2- 2 evised He Nozl Usg Fac r N/ 

UAY 

. PE CRAIN N .CUIP T IN"O0R'-'A TIO 0. NO' 
.coo 00 CPI. CDS DRn DC COPIES CDSi DP.N 000 

-7 -7INDIVID"A " NAE INDIVIOUAL'S NA% 

21 

118 
121A 

9705140294 970508 
PnR ADOCK 05000269



BWP-20210-1 (1-78) 

cALCULATON ATA. TRANSM iTTAL SHEET 

CALC. 32 - 28221 - 02 

TRANS. S6 

sevisd HI No:19 Usage Factor 

______L I '.-- L1S 

:*e Duirose of this analysis is to ,ustify. by analysis, the operational events 

c-' toaL zI noz:le. The ozerational events include 40 test transient cycles, 

e at ccoldcwn cycles, -0 raoid dooressurization cycles. 650 OBE cycles 

a", 72 a: tiia1 L1 -anual actuation cycles following a reactor trio.  

s Irncororated revised HPI flow rates and pressure.  

Revision. - Revised Ref. 1 to the apprcoriate RCS Functional Specification 
for the AOTC program I:pqrade..  

-, -C OF-v -Ss (7N\ E Doc. 7D',S OF =7oCS M ANsMITTs S socRC CALCYLATINAL 
?ACKAGZS FCR ThIS TRANSMITTAL) 

The L or: e can wiThstand the 40 cycles of test transient. 240 cycles of 

heatj: a.: :ooldown transient, 411 raoid deoressurization cycles, 650 OBE 

-0d 70 diticnal HPI marual actuation vcIes following a reactor 

- Jsace actor U 

0f this dccument completely supersedes revision 1.  

:e -eference: 1. 3&W Doc. No. 15-1130828-01.  
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Zu~ N' 7 "k ' CALCULATION 

o.Icw4In eacih reactor trip, additional make-up flow must be 
Cztzined tp prevent ICesCf icated pressurizer level during the 
transient. 4% four of the hich oressure injection (HPI) nozzles, 

-:Z i. tn e :oc egs on tne discharge side of the oumps, rave 
:eern used for tnese occurrences. The tnree nozzles which do not, 

Cate continuous -ake-u flow t: the system receive a tnerc.al 
s -- the l BWST kborated water storage tank) water. The 

Lerationa' events for the. HPI nozzle analysis included 40 test 
:-ansiant cycles, 40 rapid deressurization transient cycles, 240 
-eatu: and cocdown cycles and SO OBE cycles. An additional 70 
:ycles of HPi manuai actuation following a reactor trip is beirg 
added, Ref. 8. The purpose of this report is to justify, Dy 
analysis, the operational events for the HPI nozzle following a 
W *actor trio. The analysis method utilized will be the simplified 
slastic-pIastic discontinuity analysis in Ref. F2.  

s. / FA , 7/- -_ oc D o2-//9C No4 
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_. %clusion and %sults 

:rimarv + Secondary Stress Intensity Range 

0 Cycles of Rapid Depressurization Transient 
- Prinary' Se~cond ry =122.5 KS1 > Sm =51.3 KS1 

Rang-e 

-.C czes e. 7-:nsient 

= 97.2 KS1 35 n 51.3 KS1 

2. Cves of Heat-up and Cool-down Transient 

-ri -arv + Secondary = 18.4 KSI 3Sm = 51.3 KS1 

-Cv s ou-'f :P 7 Actuation With inclusion of ± OBE Stresses 

7 ri.ary Secordary 
. = 129.4 KS1 >3Sm = 51.3 KS1 Pance 

0 s of H ctuation Without inclusion of ± OBE Stresses 

Pri-ary + Secondary .  

126.9. KS1 > 3Sm= 51.3 KS1 
Range 

50 Cycles of O SE Stresses 

Pri-ary+ Secornary 

' .'3 S 3Sm = 51.3KS1 

.ot'l rumber of cycles in which the primary + secondary stre.s 

'tensit range exceeded Sn is -.3-40+30+40 150 < 250.  

Therefore, an e tic plastic fatigue analysis was performed.  

r 
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USAGE FACTOR 

U. = Usage Factor For 40 Rapid Depressurization.  

.ransient Cycles _- 22 

Usage Factor For 40 Test Transient Cycles =0.05 

= Usage Fact3r For 240-Z0 200 Heat-Up and Cool- Down 

Transient Cycles = 0.0 

U. = sage Factor For 30 HPI Manual Actuation Cycles 

' ith inclusion of + CE Stresses) = 0.21 

J = Usage Factor For 40 HPI Manual Actuation Cycles 

"ithout Inclusicn of + OBE Stresses) = 0.26 

U =Usage 7actor For Remainder of + OBE Stress Cycles 0.0 

9 7 Total Usaae Factor 
1O U+2+U3 +U+6 

0.22 + 0.05 + 0 0 + 0.21 + 0.26 + 0.0 

0.74 < 1 

'corc;usion, the HPI nozZle can withstand the operational 

Sven :f -J rapid depressurization. 0 test. 240 heat-up and cool-down, 

iSCi ~ a 70 HPI actuation transient cycles.  

-Oc 
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3.0 Discussion and "ethod of Analysis 

7--s analysis calculates the additional fatigue usage factor 

on the H?:/MakeuD No::ies resulting from seventy additional HPI  

actuations following a reactor trip. 'he method of analysis utilizes 

the teenal/Iechanical stresses calculated in the original stress 

reocrt. The followinc discussion is provided as background information 

to the methods used ;n tne criginal 4? anaiycis. The discussion 

will address three tioics; 1) thermal analysis, (2) structural model 

and 3) stress analysis.  

The7al Analysis 
A two-dimersional heat transfer analysis utiliZing B&M computer 

code ?91167, reference #3. was performed to obtain the temperature 

distribution in the noizle and local shell region. A model of the 

no:ze and local shell region is shown in Figure 1. The.rozzle 

and snell components are represented by a system of blocks with a 

nodal point at the center of each block. Program P91167 solves a 

heat !ilance ecuation between each block and the four adjacent 

tiocks.  
The following transients were selected for thermal analysis, 

ecause these transients either contribute significantly to the 

usage factor or are of short duration and have larger t-eterature.  

differences than other transients.  

(' Heatup and :ooldown (Transient 1A or 1B) 

7) Power loading and unload4r.g (Transients ZA, 25, 3 and 4) 

(3) Rapid Deoressurization (Transient 9) 

(4) Test transient HPI system (Transient 22) 

The heat transfer boundary conditions consist of convective 

meat transfer at the irside surfaces of the nozzle and shell.  

The HPI nozzle contavls a thermal sleeve (see Figure 2). There is 

an enclosed water gap between the thermal sleeve and the nozzle inside 

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

insulated. Also, the outer surfaces of the no:zle and shcll are considered 

*'sAT 7,/os 2 /0 Cc. : o 
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3.0 Discussion and Method ofAnalysis - Cont-nued 

"*e result of this ther-ai analysis consist of temperature 

at eacr -cda" point of the grid thermal model, Figure 1. Several 

notes ant zairs of nodes representing critical locations of the 

no::1e !re selected to evaluate the radial and axial thermal gradients 

risultin: from the application of each transient condition. These 

te cradients for each selected node are plotted. From these 

Plots, seection of critical transient times for subsequent stress 

evaluaticn was made.  

Struictural 'Model 

. thermal stress calculations were performed itilizing B& 

Computer 0rograms P91206 and ?91032, References i4 & 45 respectively 

-rc ram P91206 uses the virtual work method to solve axisymetric 

shells of revolution (she Figure 3). Program P91032 is a general 

the-,al motion and stress program solving for various shapes using 

ao:-ooriate classical theory. The portion used in this analysis 

is tne O:ening in a cylinder using f.at plate theory modified.  

t :::unt for curvature in te circu=ferential direction.  

The stresses were generated ty inputting appropriate temperatures 

and gecmetry into the programs assuming no reactions at the nozzle 

to shell intersection. A two element discontinuity analysis was then .  

performed and forces and moments generated were then superimposed 

on the thermal stresses to give a total thermal stress picture.  

Stress Analysis 

Several computer runs were -ade to obtain the stresses in 

:-e nozzle resulting from the application of selected transients.  

The 'oads "or each selected c-iticai transient time consisted of 

:-e t: terature distribution. oDerating pressure at that transient 

tie and the nozzle to shell interacti:n loads. The pressure was 

DATE ____________ DO*4 
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trezss Analysis - Continued 

accied at the inside surfaces of the nozzle and the shell.  

The esulting stresses in the elements included stress 

concentration effects at structural discontinuities. Stress 

concentration factors were obtained by using the indices of 

USAS 531.7, "Nuclear Power Piping", 1968 Draft, and other 

sources. Program P91206 also cutout primary plus secondary 

stresses. The range of these inearized stresses was then 

:c:mared to the associated 3S stress limit. The peak stresses 

and associated usage factors were determined for the selected 

critical locations ir the nozzle and the shell.  

In the calculations following, some of the inherent conser

vatism in the original stress calculations is removed. The 

tabulation for primary plus secondary stresses (Table 1), external load and 

oex stresses (Table 2 are taken directly from the original stress 

- re;O0rt.  
The required thermal analysis for the HPI transient 

f owing a reactor trip is performed using temperature distribution 

:-gram P91232, Reference ?Il. This ;rogramcalculates the temperature 

distribution thtrcoh the'thickness of a cylinder as a 'function of 

time by solving one dimensional heat transfer equations. This 

o"crar also determines the linear and non-linear portions of the 

radial temperature g-adient and tne associated stresses. This 

crogram was run for various types of transients to develop a 

simplified "temperature gradientistress" ratio method to determine 

stresses for the &dded reacter trio HP: actuation transient.  
This simplified stress ratio method utilizes the stresses 

In the original des.ign analysis for the rapid depressurization 

transients to obtain stresses for the added reactor trip transients.  

The stresses and the associated cycles for the reactor trip transients 

were used in conjuliction with the stresses and cycles in the original 

esign analysis for the test and rapid depressurization transients 

zeternine a total usage factor.  

*t __ ~ .. &DA"t DOC. NO 

___ __ __ __ __ __ __ __ DAT! _ __ _ _ PA~e NO
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Stress Analysis - Continued 

To conservatively analyze earthquake stresses, the following 

was used. There are 650 OBE cycles to consider consisting of 

3C secarate earthquake events, with each event having approximately 

22 yeles. The full range of OBE stress was added to the thermal, 

oressure and theail expansion stresses for a HPI transient 

following a reactor trip. This stress range was evaluated for 

30 cycles. The 620 (650-30) remaining cycles of full range of 

OSE stress (± OBE) were analyzed separately.  

O T . * 
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- .Descrio:io of Transien s 
-he :emperature transient for the 40 cycles of test ,and 0 cycles 

of rapid depressurization is shown in Figure 4. The test tre 
starts at a temperature of 550oF and a pressure of 2200 psi, jroos .j 0 down to 50o and ends at a teoerature of 550oF and a pressur2 of 
2200 psi. This transient lasts for 10 seconds. The rapid dcressur1 
zation transient starts at a temoerature of 550oF and a oress ire of 
200 asi, drops down to SCo0  or 45 seconds, drops down to 43F and 
ends at a temperature o0 50C0 and a pressure of 500 psi. Ti*s transient 
lasts for 15 rminutes.  

The temperature :transient for the 70 cycles of HPI m Oanua c 
actuation is shown in Figure S . The transient starts at a t6!mperature 
of 5790 c and -- pressure of '1500 psi, drops down to 600F. for 
seconds, 'Jroos down to 4-0C and erds at a tempetur of 558... F and 

h e t e m e r a t u r rr oes 
2 of 

a prssue o 110 pi, efeenc~ 8 nd 9. his tra sie t restsu i 

fost for 15~ts inThes.xhmfo ae hog ahnzzei 3 p The tem.perature transient for hetu an c ol ownHP conues 

of heat-up From 70an to 550 and 2200 1si and ool-down to 7C r. Ths 
transient occurs at a temperature change rate of 100 degrees ;er hour.  

bJ 
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II 

On :a:e -- 2 of Reference #5, the film coefficient values uEsd 

=t' analyis for the -acid depressurization transient were clculated.  

-ni (1 :o icent :a-cula:ior assumed a flow rate of 425 GP through 

eac : ::.le. The actual f"ow is a maximur of 335 GPMI per nozzl 

Rezerences = an . The actual film coefficient that should ave 

beer. used 4s ca:lcIa:ed below: 

:r Bar:' 'e ace -2, Reference 5) 

The "he coefic~i ents were calculated from equation (VIII-1), Rf. 10 

Whe e 2 : -2. o0 

Where:Fim coefficient, STU/HR- -0F, 

=Thermal CZndutivity, BTU/HR-FT -F.  

miameter Of Pioe, .- 7, 
= Rate Of "low'Unit Area, LBr./ - HP., 

= Dynamic Viscosity, LBm/FT - HR, 

= s:ecicic 4eat, 376/L5m - O, 

i a: to C- t eroerature. The prcperties will be evaluatec 

-0 at '2 si-.:e the highest stresses developed occurred over the first 

-. at which time tre teoerature was 60 F.  

:) 3 ATE e) DOC JO 
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2. o 

i.. ,. ,J I .  

-f ih coefficient of' :.00 STU/HR - FT - oF for the rapid depressurizationi 
transient as used in Reference 6. The film coefficient sed in 

nefere7:e =6 for the test transient is 1300 STU/HR - 7T2 0 
This "im. :oeffizient was caiculated using the correct fIw rate.  

Or zace 3c o' this cal:ulation package, it has been 
-ine: that with a fil coefficient value of 4100 BTU/HR - FT2 

the same 2. and stress ratios were computed as with a fil- co-, 
e-"''et value o' 1300 STU/HR - T2  o.. Therefore, it has 
zeen conctuded that using a fIlm coefficient value of 36.3 

-2 - would cive the same 6T and stress r 
'neref-re. no ndst~rent needs to be made during the rati method 

c, a-a~ySis.  

*A[G 
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thadsco oy fecs wo also be ower if 
:e-ic- : v lu o- 0

- 1: caress.or atio translent was used. With a lower 

.:z~e -i be s. hmetal teiperatures would chanae at a 

s c e'- -e. -us d ereasinc the axial .1 tenperature at the time 
Lat2 n vue srefore. using a film coefficient value 

- rduces adesired conservatism in the 

.s * e .. 
oc s 

4 
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.. - - e:0:-y Stress .:ens ties 

7azlateC onr Dage a are the crimary secondary stress 

at es a: 'uncture S hr he HP- ncale. Juncture 8 is the 

: cation r the -M: nrzle.  

Refrerene =, oaragracr. 7-10.4, gives the prinary plus secondary 

s:-ess intensity range imit as 3 Sm. If tne 3 Sm limit is exceeded, 

an elastic-: astic fati,:e analysis must be oerformed in accordance 

-n -e. =2, :aracrah - (The 3 So value at the critIcai 

cza:icn. Juncur e =3, is 51.3 ksi, Ref. =6). This fatigue method 

s valic car, If the nuter of cycles that exceed 3 Sm are .1ess than 

. The ou-:ber or cyces that exceed 3 So are determined on oage 27.  

., ' ** P ct N 

Uc 
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Table References and Exolanations 

1. In the Stress Report, Ref. ,#6, Iteration I was run of pressure only 
on the nczZle at a pressure of 1000 psi. Therefore, pressure stresses 

are tiained by multiplyinc the pressure stresses from Ref. *6, oage 

5-17 times the ratio of actual pressure/1000 psi.  

6. Therral exzansion stresses are calculated on page qR cf this analysis.  

3. Stress ;eport Therral Stresses are from Ref. 06,i Page 5-17. These 

ther.al stresses are conservative since they were calculated with a 

flow rate of 425 gm instead of the new flow rate of 335 gpm (Ref. 08 

and 9). Therefore, the film coe'ficient -ere higher.than necessary, 

tlus increasing the thermal stresses.  

4. Transient A is the start of the 70 cycles of HPI manual actuation.  

Transient ! is the end of the 70 cycles of HPI manual actuation.  

This transient occurs following a reactor trip transient. The pressure 

stresses are calculated according to Note 1 above. The thermal expansion 

and thernal stresses are 'calculated using iterations 5060 and E338, 

and adjusting, the stresses using a &T ratio. These calculations 

are cresented in Section 8.2 of this analysis.  

5. Full range OBE (2 x 0ME) stresses are calculated on paqe2 cof the analysis for 

juncture 6S. This is the stress range for a cold earthquake.  

6. Hot earthcuake stresses and cycles will be applied and analyzed for 

In tie Drimar; + seconda y and peak stress intensity range sheets 

An this calculation package. OBE stresses are calculated on 

nage 2 --3f this analysis.  

0ST I AT*OC Mc 
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. ota stress irtensity is obtained by adding pressure stress + thermal 

exzansion s:-ess + stress recort thermal stress.  

* Note - A value of 0.0 ksi is used tc aporoximate the range of thenal 

exoansicr stress at tne HDI no::le end due to the change in temperature 

of the H=',4 ne.  

- The cross-sectior. positiion that experiences positive thermal expansion 

.stresses 4s used to maximize the inside intensity which is the critical 

intensity.  

A graph of the L-R inbidE intensities is shown on page 25 of this 

calcuatio.n cackage to aid in determining ranges for maximum and 

mii intensity values.  

/-4 7 PAGE o- . -4 
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5.1 0 "et. 20 Hat ;: ard C dwnad -C -Racid Deoressurizatio 

7he ori-7zy seco-arv stress inersity range wil now ,e ca culated 

=5yses s:rans,: 210 cycles of heatu an'coodown 
:a.r ent. an- z cy:ces of rai dzoressurization -ransient. The 

e stu I-ransiant 7:!. these cYcles is showr in ricure =, Ref. =.  

es ~'ess *:enties are tauate d r zace .2 and shown ir graphic 

Day." oftes na" ys is.  
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xi-! zri-ary Seccncry Stress n 'ersit Rana 

This~~~~~~~~ eag rs ctoie teain 5 0562 Ieato 38 

It 0::urs du --ng ra: ,c d~e-.essu 1:atier a-c :an cu for tC cycles.  

e e: ; 2 g . .s si 3 Si;5m = .3 ks 

2n- Maxi:u7 , iary z e:cndary Stress Inter-sity Ranae 

:ms rance s co-.?rsed of (Iteration 3) - (Zero Stress State) .  

t occurs durin testing and can occur fo- t cyctes..  

.- o e - . o1 77. ksi > 3 n = 51.3 ksi 
ranCe .I * 

3rd Maximu:- rimary Secondary Stress Intensity Range 

This range is co crised of (Iteraticn 12021) - (Zere Stress State) 

It occurs duri:n heatuo and can occur for 240-40 = 200 cycles.  

- se: = 4 c. <sm 3 S= 51.3 ks
aroe 

he au.er of cycles in which the pr%ar. lus secondary stress 

intensiw -anre exceeds 3 S. is 32.  

, DATE DOC *4O 
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y:Ie Az:.:tin and -0E Cycles 
* 7: n :ves f i- actuaticn following a reactor trio 

e.e:e rature trans- .ent. 8). The transient 

e57-cz and a ressure of 150C osig does -o 

S- -- c :-e na xt 3=:or!s ant ner s to 400z. me trasient 

r.ad a oressure of 1100 psig. The 

xo ate is 333 p er no::le. (References 8 and ) These 

at::t l 73 cyl es wi be justified by adjusting the stress intensity 

rag:es ca21Lated :n te :ecedinz :aaes for the rapid decressurization 

o js t-- tne analys4s o" the 72 additionai cycles for the higher 
star:in: reratu-e (5-7o? versus 55007), three (3) analogous thermal 

s:-ess -ir.s were made using 3'W camouter program P91232. Using this 

stao :emoerature rocram, the HPI test and racid deoressurization 

:ransierts wee analy:ed as to their effe:: on the nozzle end themal 
stress htdisco nti4uity effects. The results of this anavsis 

1)1 

a-e r. e'erer-e =7 vir.z'i--se 3M 
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_-7__" MUM_ I' "E



Babcock &Wilcox 1 "1 
Nuclear Power Generation Division GENERAL CALCULATIONS 

ne -esu.. ts ar-e tabula~ed below: 

- - 77. Linear 
:oe. LT .. The rmaI Stres:,, 

K as e n--2_Or Ratio Stress (PS ) Ratio 

30 1.00 73106 1.0E 

00 1.04 76023 1.04 

1025 1.07 7S204 1.07 

61 -0 300 1.04 59350 1.04 

5 55 52: 3 1.07 61005 .07 

iotes - i)& Rac t ic = T/490 

," Stress Ratio = 52 or 3 for Cases 1, 2, 3 02 
5:-ess Ra:ic = S o 5S or Cases 4, 5, 5 

o jty .e a-.a ysis of te 70 aditional cycles for a nigner 

rezr t:ceratre 53S. 20 versus 5000), the folilowing results fror 

Es" :- :)e*-rcc- =^'32 are abuliated below. These results are 

SLinear 

:ase etunoeff. T Thermai St ess 

er. 7/HR-7T2cF) Ratio Stress (PSI; Retio 

550 510 35 1.00 -56S .00.  

- 3 35 1.04 -5376 .04 

55 35 1.07 -6039 ..07 

ses-2 L s a: :3ic 5 C r3' 

-,~~ 2 .- a:=S 

w6 . - ~PAC,! NO 

- 'WRPt m
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: : tacat s on the :re:einc :aces, one can see that the 
- : i esae as thi stress re it '*ach case. Therefore, 

. c jsticaticr :C- tsinz .aT ratiO Method to just
at tranSi t * Refe-ence =T versus the test 

and-a t e~reSs ;nintasi a e.:. --S, page 4-4.  
o-z:-e to calCula :e a stress intens-y -ance for tne reactor trip 

~e: :y HR: Manua' actuation, the followine method will be uti i ed: 
- e.a c g-atient s:-esses from the ranid deo-essurization transient will 

e etialied ythea. ratio to obtain t:e themal gradient stresses 
:- :e H: manua% ac aon transient. pressure stresses for the HPI 
aZ l acuation :rrsint will e simitariy adjusted. Therral expansion 

. ,sses wili rot be satioed because these stresses are due to the 
in the H11 P ine, and the onl transient that chanced was 

- -e - -- a :em-:erat re.  

ne oillowinc calcuations aooly to the 70 additional cycles of 
-Lon folowi -ca reactor t-ic. Two cases will be analyzed 

c.**;tjese 70 addiicia cycles; ore tith the inclusion of 30 CSI 
5:-e:ses anc the other :tout the inclusion of OBE stresses. The 

C ;2-- v-es ana yzed is 550 - = 620.  

DOCE -0 
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4t 

- - Secondarv a:res: :ntensi:y Range w/ nclusion of 

- x .ri-,ary seconcary stress intensity rance Is comorised 

of (Ie-ation . +- 05) - (:tera:ion E - and can occur for 30 

-i -se: nse)= 1 /6.6u-.2.4 -(-f 3 -/,24)~ =729,4 K I 
Z4 294 -

35 = 51.3 'p, 

cusd)-(7.-,?)- (rV( ,.7) S ./Lia 1 

>3 S r 5.3 ki 

-se -1 Secordar Stress Irtersity Range w/o OS Stresses 

G..  

se outside) 4 ksi > 3 Sm.= 51 ksi 

-'s "a'ce :f stresses car. o:cur f:r 7' - 30 = 40 cycles 

-r - econdary Stress Intensit: Range (insidej 

.. "s -arce 4s coorised c' OBE and can occur for the remainder of 

ear-ncuake cycler = 550 - 30 - E20.  

-- e

- .C.side')= 

qe nu-7uer of cycles rw :- tne -iary plus secondary st-PSS 

tersity -ance exceeds 3 S. is 70.  

re ::. ~number :c.'es during the ooerational events in wnich 

:V : :us se:cndarv stress ir.tensity range exceeds 3 Sm is 
Z: = 7 i0. 7htre'or,. the elastic-Dlastic fatigue analysis 

1~ 
~ 712 1/a z 00CN 

,, .. -~ -- . j ' pAct o 0 

-OW P-~PN - MR60-M
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Z.0 eakz Stress hitensitie.  

201owing is a tbulati c of thpeak stress intensities at juncture 

f :e H -nozzle. Onlv the stresses at the inside of segmoent 8 will 

ze tabula::et as they are the 7zst :ritical.  

:)T 2.z /2f 8 24 -01 
esysaL V 

-ATE00 
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L. - Longitudinal 
able 2 R - Radial 

Peak Stress Intensities 

At Juncture =8, L-R Inside 

a aee' es and explanations are included on following page.  

rressure Thenal Stress Report Total 
rressure S:ress Expansion 2 Thermal tres 

L'si) si)1 Stress (ksi) Stress (ksi) 3  (ksi)g 

5 5 17.4 109.0 131.9 

017.4 115.0 137.9 

5.5 .17.4 113.3 136.2 
5.517.4 95.0 117.9 

3_2200 5.5 17.4 8.7 31.6 

2 2200 5.5 17.4 - 0.4 22.5 

20 5.5 17.4 0.0 22.9 

2200 5.5 17.4 0.0 22.9 

-0.8 22.1 

221. 17. 147.4 170.3 

. 2200 5.5 17. 143.3 166.2 

72 200 5.5 17.4 117.3 140.2 

2100 5.25 17.4 39.9 52.6 

5237 1800 17.4 14.2 36.1 

I059 1002. 7.4 0.5 20.4 0.5 2:..4.  

3307 800 2.0 0.0* 0.5 2.5 

A338 700 .7' 00 -9.6 -7.9 

0.0 -1.3 0.2 

3.: 17.4 156.24 177.3 

7100 2.5 0. -10.81 

0.0 0. 0.0 0.0l 

0.0 0.0 0.0 0.0 3.2 

.. .... . coc -o

[). . . - DATE PAGE N0
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Ta:- Referestes and Exolanations 

?essure Stresses are obtainedby multiplying the peak pressure stress 

^c- Ref. =i. -ace 5-17 (Itera icr. -) times the ratio of actual 

The-a excansion stresses are ro age 1; of this calculation :ackage 

o jun:ture :-, multip-ied by tne bendino stress concentration factor 

3. S:-ess Re::t :thermal stresses are from Ref. #6, page 5-17.  

4. Transient A is the start of the 70 cycles of HPI manual actuation.  

7ransient B is the end of the 70 cycles of HPI manual actuation.  

This transient occurs following a reactor trip. The pressure 

stresses are catculated according to note (1). The thermal expansion 

anc ther7al ttresses are calculated usirc iterations 5050 and 5^38, 

an: djust:inc the stresses s inc a~l ratio. These calcuiations are 

esented in Section 10.2 c± this analysis.  

ance ;E (2x03E, stresses &re from oage20 of this calculation aackage 

i i-es the bending stress concentration factor fRo ?ef. -6.  

a . ( 3=1.28). This is tne rarne for a col earthquake.  

talI stress intensity is obtaired by adding pressure 
stress thermal 

am'.:ansion stress stress -ezrt trn3al stress.  

- to - alue of 0.0 ksi is used to aoorcximate the range of thermal 

excans strtss at the HP: ino::le end due to tne change in temperature 

I~~4 -Jc -4 
j I''!': ~ ,,'~.-.*.. ___ - /~ DOC NO --
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- -s tinal sitn ta exceriences positive thtrmal 

x .-esses 's usez t -aximize :he critical inside 

-a- *a- te '.-R i esid :eak stress in:ersities is shown on the 

feliwinz :ace :c aid ir -ttennininc rances for maximum and minimum 

rten.sty v..ues.  

:ATEOI .- 
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n :ea. stress n ensies an- :ycles are : esented 

r c - a,. -- ;S.ese =re uset :o dete--:ins maximu

:eak stess rtensIty rances and CYces use. -, the usage factor 

Ca cUl :ien.S. tl -eak s:-ess nter.Sity values can be cbtained 

-rore -me tabulz~* o n eage 5 D-imiarv Secondary stress 

aSe also use: . t! faticue analysis: these values are 

* a 3 f 3 ' --- 
2 o*2* 24
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12.0 ReZerences 

. .. r unz:na Socification for Reactor Coolant 

*zz- :u, euk cc.er Coinpary.  

. -,clear Tower izine Code, USAS 931.7 - Draft 1968.  

Co:uter Cte 91167 

5. 3W Computer cde 90Q3 

l. Doc. "Stress Penort for Reactor Coolant Piping", 

-5J cntract 'so. 620-C09-S0. Desiqr Analysis Renort 

.No. 7. "Ther-al-Mechanical Analysis of 2 Sch. 160 

Make-un and HI Nozzle. M'Iicrofilm rolls 79-472 and 473.  w. icrofiche 4-'3N0, "Reactor Trip w/HPI Nozzle". (attached) 

3. See Reference .  

. See Reference =1.  

K. AK -; Hawkirs. "EIe:nents of Heat Transfer, 3rd Edition.  

ilev and Scis. .nc. .9-.Z 

. B&W Comouter cde P91'32.  

2. 3&1 Draw-in No. Z6 .. 7, "Assembly and Detail for 2'" 

"Pressure injection Nozzle 

13. B&V Doc.. "Stress Reoit for Reactor Coolant iocing", 

8V- Cortract 'o. 6^0-3003-50. Revision 1, Design Analysis 

Recort No. . o i41 Reactions", Microfilm roll 79-479.  
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erial Revision 

SCacuai:r. ile not reviewed since 
;t is cae s: Obsolete Non-Safety 

. i resent source references on 
calculatiCn file scurce reference 
14st are ac!otable. Yes 

. reference provides only assumptive, backcround, procedural or methods information 
(i.e., 'OR iNFO ONLY") 

RE. NO. INFORMATION TYPE REF. NO. INFORMATION TYPE 
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