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I. Introduction

This investigation has been made in response to a request by

the customer / engineer for evaluation of containment isolation / purge -
,

valvos -during a faulted condition arising from a loss of coolant
|

accident (LOCA).
The analysis of the~ structural and ' operational adequacy of the

.

valve asr,cmbly under such conditions is based principally upon ).

containment pressure vs. time data, system responso (delay) time,
'

i
'

|

| piping geometry upstream of the valvo, back pressure due to ventilation

components downstream of the valve, valve orientation and direction ofi

!

.

|
valvo closure.

The above data as furnished by the customer /cngineer forms the

basis for the analysis. Worst case conditions have been applied in

the absence of definitive input.

'
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\/ II .- ' Considerations
.

The NRC guidelines for demonstration of operability of purgo

and vent valves,_ dated 9/27/79, have been incorporated in this

evaluation as follows:
Valvo closure time during a LOCA will be less than or equalA.l.

to the no-flow time demonstrated during shop tests, since -

Valvefluid dynamic effects tend to close a butterfly valvo.

closure rate vs. time is based on a sinusoidal function.

2. Flow direction through valvo contributing to highest torque;

namely, flow toward the hub side of disc if asymmetric,
is used in this analysis. Pressure on upstream side of valve

as furnished by customer / engineer is utilized in calculations.
loca time is furnished by customer / ,

/")
Downstream pressure vs.

(>' engineer or assumed to be worst case.' ,

3. Worst case is determined as a single valve closure of the'

inside-containment valve, with the outsido containment valve

fixed at the fully open position.

4. Containment back pressure will have no effect on cylinder oper-

ation since the same back pressure will also be present at the

inlet side of the cylinder and dif ferential pressure will be the

same during operation.

Purgo valves supplied by llenry Pratt Company do not norr. ally5..

. include accumulators. Accumulators, when used, are for opening

the valvo rather than closing.

Torque limiting devices apply only to electric motor operators6.
-

which were not furnished with purge valvos evaluated in thisV
report.

*
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L( ,) 7&B. Drawings or written description of valve orientation withL f*~h.,

respect to piping immediately upstream,.as well as direction of
.

valvo closure, are furnished.by customer / engineer. In lieu

of input, worst case conditions have been applied to the analysis ;

namely, 90 clbow - (upstream) oriented 900 out-of-planc with0

respect to valve shaft, and loading edge of disc closing'toward

outer wall of clbow. Effects of downstream piping on system

back pressure have been covered in paragraph A.2. (above).

D. This analysis consists of a static analysis of the valve camponents
indicating if the stress levels under combined scismic and LOCA
cond'itions are less than 90% of yield strength of the materials

used.

A valve operator evaluation is prcsonted based on the operators
b.'# ability to resist the reaction of LOCA-induced fluid dynamic

torques.

C. Scaling integrity can be evaluated as follows: . .

Decontamination chemicals have very little offect on EPT and
stainless steel seats. Molded EPT seats are 3cnerically known

to have a cumulative radiation resistance of 1 x 108 rads at a
maximum incidence temperature of 350 F. It is recommended that
seats be visually inspected overy 18 months and be rcplaced

~

periodically as required.

0Valbes at outside ambient temperatures below 0 F, if not properly

adjusted, may have Icakage due to thermal contraction of the
clastomer, however, during a LOCA, the valve internal temperature
would be expected to be higher than ambient which tends to increase
scaling capability after valvo closure. The presence of debris-

or damage to the seats would obviously impair scaling.

1
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; (,j . Method of AnalysisIII.'
.

Determination of the structural and operational adequacy of
;

.

' : the valve assembly ~ is based on the calculation o2 LOCA-inducedi

valve stress analysis and operator evaluation.torque,
,

|
A. Torque calculation

The torque of any open butterfly valve is the summation of|

|

fluid dynamic torque and bearing friction torque at any given disc

f
angle.

Bearing friction torque is calculated from the following
)

! equation:
l

3=PxAxUxd'' T
Y .

wherc

)
P = pressure differential, psia

2
A = projected disc area normal to flow, in
U = bearing coefficient of friction
d = shaft diameter, in.

.

Fluid dynamic torque is calculated from the following equations:

For subsonic flow
-

_

l
RCR > 1> 1.07 (approx.)

P *-

2-

_

T =D xC xP x K xF
D Tl 2 RE

_ .

For sonic flowi -

I __

Pl. 1 R
CR

i~
_2 ,_

3 R *P) T =D xC xP2* RE. - (F 2 1)
D T2 1.4 RE

-Wherc luid dynamic-torque, in-lbn.,

T ='

D

- .
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F = Reyn ld number factor
_ RE

criticL' pressure ratio, (f 64) )
.

R 2

CR

= upstream static pressure at flow condition, psiaP y
= downstream static pressure at flow condition, psiaP

2

D = disc diamotor, in.

Tl = subsonic torque coefficient
.

C

T2 = s nic torque coefficientC

isentropic gas exponent ( Cd 1.2 for air / steam mix)K =

of disc angle, such that 90 = fully open; O = fully
=

closed

Note that C and C are a function of disc angle, an
Tl T2

exponential function of pressure ratio, and are adjusted to a 5" test

nodel using a function of Reynolds number.

Torque coefficients and exponential factors are derived from,m

( )
analysis of orperimental test data and correlated with analytically

predicted behavior of airfoils in compressible media.
Empirical and analytical findings confirm that subsonic and

sonic flow conditions across the valve disc have an unequal and

opposite effect on dynamic torque. Specifically, increases in up-

stream pressure in the subsonic range result in higher torque values,
in the sonic range results in lower torques.while increasing Py

the point of greatest concern is the condition of initialTherefore,

sonic flow, which occurs at a critical pressure ratio.~

The effect of valve closure during the transiti >n from subsonic
In fact,to sonic flow is to greatly amplify the resulting torques.

the maximum dynamic torque occurs when initial sdnic flow occurs
p,

, coincident with a disc angle of 72 (symmetric) or 68 (asymmetric)

from the fully closed position.

.
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The' following computer output summarizca calculation data
to 0and torque results for valve opening angles of 90 .
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7 JUD FLOR.PuPIST.LUCIE- P2-VAPIRILE SISE ftD.tuSTED(PEYttLDS ttu.FitCTit!)'

SftT.$ teart' AIR HI::TUF C ' ulTH 1.4 LI:S STEfM FCP 1-LDS AIP
SPEC.GP.= .70G255 .fl0L.UT.= 21.S372 1:fiPfi(I S EtiT . EXP. ) = 1.19775 R= 72.1972..

.

GAS Curl;T Af f T-C ALC.
Sult!C ST EED(It0VitiG HIXTR.)= 1292.39 FEET /SEC ftT 200 .DEG.

CRIT. CASE -IllLET VELOCITY IS 1. 3 04 92 ~ - tit 1ES HIGHER AS ftir CRIT.COSE INLET VI-OF.

5 IllCil t10 DEL
'

HAX. TOPOUE IS AT TiiE CPITICftL PPESS.PATID(.585-(5 Itt>NODEL DR APPX 7051(48 IH4
UI TH TittlX.) FIRST CutlIC G 72 DEG.V.fi. )e

OI:50L.11AX.TOPOUE tFIPST SullIC)fti 72-68 DG.VLV.AllG.= 1246 Itt-LDS & 68 DEG.
NftX.TOPOUE IllCLUDE!- SIZE EFFECT (REYl10LDS tiu.ETC) APPX. X 1.05066 FOR 7.981

IllCit - 1:ftS IC ! . D. VALVE
\ ftLL PPESSUPES UIED 0TATIC(TAP)PPESS.-ADSOLUTEiP2 ItiCL'.PECOVERY PRESS.i .-

(TOROUE) CftLC'S VAL IDITY: P1/P2> 1. 071
.

VALVE TYPE: '8"-120012.95/5.75 CLASS 150
DISC - SIZE: 7.2 IriCHES OFFSET ASYt1 METRIC DISC'

.

SHAFT DIA.: 1.125 IllCHES -
I:EARiflG TYPE: DR0ft2E- .

;- SEATillG F ACTOR:- 15
, IllLET PRESS.VAP.itAX. 37.6 PSIA

00TLET PPETCUPEiP6): 20.63 PSIA (72.DEG. ACTUAL PPESS.0fiLY(VftR.))
L HAX.ftHG.0Lukt PATE: 12368.8 CFHi 19554.2 SCFMi 1074.95 LD/ N!!!
I' CRIT.SutlIC FLut.t-90DG: 1017.58 LD/Mlli AT 20.4778 IriLET PSIA

". VALVE lilLET DEllSITY: 8.69077E-02 LDeFT^3-Hill. .110771 LDeFT^3-MAX.
.

FULL OPEtt DELTA Pt 13.343' PSI''

SYSTEN CultblTIDH3:
PIPE Ill-PIPE-0UT -AttD- AIP/STEPM MIXTUPE SERVICE @ 200 DEG.F'

. ,

4 MIttil1UM 0.75 Lilftfl. PIFE DOWilSTFEAM FP0t1 CEllT.LIllE SHAFT.,

| NJ.'-
P1 ADS. PRESSUFE(ADJ.)FDLLOUS TIME /PPESS.TPRilSIEtlT CURVE.

'

.

ftD50 LUTE itiiX. TOPOUE IS DEPEItDErlT Of f DELAY TIllE Af tD 3.43 TO 2.15-Til POVEP|-
OF -(Pter'2)lil 140PST PAiiGE X. LittEftR Cutt 2Tfitti X DMilSTR.PPESS. P6- ADS. (75-6 0DEG. )*

!

Ilt SUBSutilC PAtlGd LIti!TO-OttLYi!EE FDPMULATlutiS.-PER TESTS H.PPATT*
.

THIS TO. AT 72 DEG.SYMM. DISC (68=0FFCET CHAFT)CT=T/D^3/P2(ABS)' .

... .

--5 Ill. it0 DEL EOUIV. VALUES------ACTUAL SI ZE VALUES-----
i AtiGLE P1 P2 DELP FPESS. FLUM FLOW TD TD+TH T If fE (L OCf-.

fiPPPX. PS Ift PSIA PSI PATIO (SCFM) (LB/ Mitt) ----IllCHLDS - - TD-TB-TH SEC.'

90 29.5 16.16 13.34 0.548 19554 1074 406 ^2 373 2. 9

85 30.4 17.06 13.36 0.561 23978 1318 540 8 502 3.1 %.

..

80 31.1 17.76 13.38 0 'i70 23681 1301 566 40 526 3.4 ~,

' '' 22861 1256 998 70 927 3.o75 31.8 18.37 13.40.

i 72 32.1 18.78 13.32 0 20913 1149 1253 89 1164 3.r~

.' . 70 32.3- 18.63 13.69 6. -6 20167 1103 2031 76 1905 3.:
65 32.8 17.97 14.80 0.548 17915 984 1022 72 950 ' t..,' 60 33.1 17.29 15.84 0.522 15125 831 682 48 633 4. :-

L 55 33.4 16.56 16.03 0.496 12642 694 542 59 482 4..*

( 50 33.5 16.05 17.50 0.478 10275 564 379 69 310 4.

,%.. 45 33.6' 15.65 17.95 0.466 10391 571 321 77 243 4.'"

40 33.7 15.38- -10.30 0.457 7283 400 236 86 150- 4..
l

35 33.9 15.09 18.31 0.445 5216 286 147 94 52 4."
.

*! ' 30 34.3 14.91 19.34 0.435 4130 227 87 105 -17 4.'
.

. ' 25 34.7 14.31 19.91 0.427 2962 162 63 114 -51 4.(

; 20 35.3 14.75 20.53 0.418 1827 100 51 122 .-70 -4.

15 35.9 14.71 21 19 0.410 1022 56 26 130 -103 5.

10 26.5 14.70 21.83 0.402 490 26 18 136 -118 5.c
- p

U 37.1 14.70 22.44 0.396 147 8 14 142 -127 5.'-
-

0 37.6 14.70 22.90 0.391 .0 0 1006 131- 955 5.i:

. I~()N- SEATIllG + DEAPIttG + HUD SEAL TOPOUE (N Mie 1217 lit-LDS & 0 DEG.
12.53 .Itt-LDS. 4 70.DEG.: llAX. DYll. . .I E AP flN - HUD SEfiL' 10F00E <H/M> =

. .. . .
. . .

|*.
|'

.

.

6

** .

>v - E, ,, .
. .
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D. Valve Stress Analysis

The Pratt butterfly valve furnished was specifically designed for.

the requirements of the original order which did not include specific

LOCA conditions.
The valve stress analysis consists of two major sections: 1) the

body analysis, and 2) all other components.
The body is analyzed per rules and equations given in paragraph

NB 3545 of Section III of the ASME Boiler and Pressure Vessel Code.
The other components are analyzed per a basic strength of materials

type of approach. For cach component of interest, tensile and shear

stress levels are calculated. They are then combined using the

formula:

(T +T2) + 4(S +S2)
(~~'s S = 1(T +T2) +1, 1 lmax 1

s 'x._, / 2 2
.

where

S = maximum combined stress, psi
max

*

direct tensile stress, psiT ay ,

tensile stress due to bending, psiT2 =

direct shear stress, psiSi =
*

.

shear stress due to torsion, psiS2 =

The calculated maximum valve torque resulting f rom LOCA conditions

is used in the scismic stress analysis, attachment #2, along with "G"

~ loads per design specification. The calculated stress values are

compared to code allowables if possible, or LOCA allowables of 90%

of the yield strength of the material used.

,-

.
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|J\ / C. . ' Operator Analysis
l- '

l' Model: Bettis N721C-5R40
l.

Rating:s 7900 in-lbs (at full open and-closed positionsI

only)
f

Max. valve torque: 1253 in-lb.

Tho' maximum torque generated during a LOCA induces reactive-
,

i forces in the load carrying components of the actuator.!

The Bettis spring-opposed cylinder furnishe'd was specifically

designed for the requirements of 'the original order which was based

s '.lve operating torque of 1419 in-lbs.o'.s a

Since the LOCA induced torque derived in this analysis isi

i

less th..n both the figure originally considered and the maximum ,

|.
rating,.it is concluded that the Bettis model furnished is!

scismic loads.!p structurally suitable to withstand combined LOCA and
' s. /-

I

l

,

e

9

-

I

.
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IV. Conclusion

The calculeted maximum torque of 1153 in-lbs. resulting ,from
t

LOCA conditions is less than the torque which was used for the

! original seismic stress analysis (copy included on attachment 2).
the stress levels in the analysis are below theSince

design allowable, it is concluded that the valve assembly is

suitable for LOCA induced forces combined withstructurally

| seismic and other loads.
!
I

(~)S
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# .PRATT

Q HENRY I?RATT COMPANY
-
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. ion sotvii u nis ti.wo in.wn . u runu. *t.r.r.v er o< r.< rt
* .

,

February 16, 1981.

.. . .

h ' EBASCO Scr / ices, Incorporated
. Two ~<ccto- S treet ' .

, ,.

:T .
New York, .':Y 10006-

! Attention: S. K. Sinha .

.

.
.

i

[ Subject: Florida Power & Light /St. Lucie Unit 2
Containment Purge Valvo Analysis .

,

L. -
,

.

Gentlemen: .

!- With reference to 3our rccent incuiry regarding suitability of the
values and actuators to withstand aerodynamic LOCA conditions,.

i. _..pleaue not the following:
~ .

!
-

- Torct.e calculations vill be performed for aerodynamic torcuc
[~ gencr .ted as a result of LO''A. These calculations will c.? .

perictmed us.:ig the followl..g data to be furnished by you:I

/
A. Contair..'unt Prassurc - Time Curves

B. Contain ent Temperctura - Time Curves /

The combined resistance coefficient for all ventila donC.
system acmponents downstream of the valve (one for cach

,

valvo size) fo'

A graph of back press ra vs. LOCA time at a distanca 10-12E .

diamotorc downstream cf the valvo. Consider also the.

capacity of the piping, filter and duct work to resist
i

increases in back pressure.
~

..aximum and minimum de'.sy, times from LOCA to 'nitia-.cnt v
!.. D.

of valv,c rotation.,'

,

Drawings or uritten decaription of valve oricat.ation withi

E.
respect to albow inuncciately upstream of valve (within 6
diametere:) , as ucll as direction of valvo closurc 'c.ock-

|
' uisc or counterclockwise) as viewed frcm operaccr end.

,

,.O
,

i-

..

.

' s

.

1.

- - -
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FRATT;
,

.

Florida Power:& Light' .

.-Page Two ,
. '*e

/~x .

i f
.

p p ,

:In the absence of :tho' above information, the following assumptions'

E '

|* will apply _to the purge valvo analysis.
|Back' pressure of 19.7 psia throughout valve closing cycle,

'

l.
Higher back pressure increases maximum dynamic ~ torque andl

| valvo stresses. ,

-Delay time from LOCA to initiation of valve rotation shall2..*

be chosen to permit initial sonic flow condition and c-itical-
valve disc angle to~ coincide, resulting in map:imum possibia.i

'

dynamic torque.

3. 900 cibow immediately upstream, oriented 90 out-of-plane .
0

with respect to valve shaft, with leading edge of disc
Such orien-closing away from outside radius of elbow.

tation and closure will increase torque valves by 20% or;

'

-more. .

. Based'on-the above results, a static load stress analysis will
| 2.

be'provided for valve com onents affected by the dynamic torque
( ,,7

loadings in combination with pressure and seismic loads.

The actuator supplier will be asked to verify the suitability.

; ' (~)' of the acsuator for the reaction or back drive force resulting'

,from aerodynsmic. torque conditions.N' .

3. The cost of performing the evaluation of the valvc components
will be $16,500. (S6,500 for 8" valve and $10,000 for 48"
valve.)-

The completion of this analysis is projected to be 8 weeks4.
after receipt of P.O. and data requested above based on

t

availability of.cngineering schedule.
Our response to NRC's crito ria for demonstrating operability. 5. of purge valves is included in the analysis.

|

Thi;' proposal is for inves tigative analysis only and .is r- t
intended to'quarantee the adequancy of the equipment as fur-
nished when subjected to LOCA loads currently being defined.

The proposal is valid for 30 days. The terms of payment will
'

''
-

* .

be not: 30 days.*-

.

o
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PRATT'.
,

.
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Florida ~ rower L. Light

Page Three

t.fm).
- ..- -

c y"' .

II. 'As a-secondary matter. Pratt will re-evaluato, at no additional
cost, the unit 1 analys'is pceviously. submitted and reissue

-.

as required.'

This re-evaluation is contingent on receipt of additional.
information defined in I.l.B, I.l.C, and I.l.D, above for

.

'the 48" unit 1 valves. -
,

. .

IfWe hope you will find the proposal responsive to your needs.
we can be.of any additional assistance in this matter, please advise.

,

Very truly yours,

. HENRY PRATT COMPANY
:

-

I

) , ,, A
,

.

-
.

T. J. Wrona, Manager*

Contract and Proposal Engineering
j o .r*

'

/kk ..

' -

-( cc: G. L. Beanc
-

-
,

*

.

-
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ATTACHMENT 1B,'
4

CUSTOMER / ENGINEER RESPONSE
,

'
i
| TO REQUEST FOR INFORMATION
s

4

)
i

!
(
2

2

5

|
4

i

f I

.
4

f

I
4

i

e

!LG
,
6
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9
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PURCH ASE CCNTR ACre

'05-S C/ s-so 'NO. NY-422537
ED ASCO SERVICES INCORPORATED A 03' g g
iwowond Trace cenii:, ficw York N Y 10046

.

y
SUPPLCMENT NO. 26

D AT E May 15, 1981.

S. g

a '~ . 3
llenry Pratt Company , dy,*,"$ 3' '

Tn'
c/o lleyward Incorporated

g% g2105 Park Avenue, Suite 6 \ U'
,

32073 rp- ,

Orange Park, Florida
/5- /,>

h ' '!-
FLORIDA POWER & LICIIT COMPANY "g'

ST LUCIE PLANT
MW EXTENSION - UNIT NO. 21983 - 890 -

BUTTERFLY VALVES AND ACCESSORIES

Genticmen:
is issued to authori::e Seller to perform thedata

Containment Isolation Purge Valve Analysis in accordance with the
This Supplement

' attached hereto and detailed below: ITDi PRICE
DESCRIPTIO" 0F SCOPE

I ITDI N0_ CTY
$6,500.00

Seller shall perform an analysis of the
cuitability of the 8" Containment IsolationLot-

Purga Valves (Iten No. 63A, Seller's item
to withstaid Acrodynamic LOCAD0096-10)

conditions in accordance with the
-

.

nttached datn.

This price is firm through report submittal
NOTE: and not subject to any price adjustment.-

Seller shall submit the certified report for Purchascr's
review not later than July 17, 1981 addressed as follows:REPORT

_SUNIITTAL
.

Florida Power & Light Company
c/o Ebasco Services Inc., Agent
Two Uorld Trade Center
New York, N Y 10048
Attn: K N Chow''

Supervising Mechanical /
Nuclear Engineer ~~~~~~~~

~h {\- gg ~
CPJ.D'.\ \ ). ...h|-

s .:
~hi.~[To,S/21_;1
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!OSC/t-JD PURCH ASE CoNTH ACT
EDASCO SERVICES If1CORPORATED no.l!Y-422537

f*o Wo id Trace Centatt. fJew York.N Y 10048 June 27,1975
o37c

SUPPLDIENT NO. 26
nac

DATE: May 15, 1981.

*

. . . . . . . . . . . . . . $2,019,236.00
PREVIOUS TOTAL C'"5RACT PRICE .

$ 6,500.00. .

INCREASED BY Tl!IS SUPPLCIENT (FIFl!) . . . . . . . . . .
. . . . . . . .$2,025,736.00

PRESENT TOTAL CONTRACT PRICE . . .
. . . . .

as expressly modified herein, all terms and conditions of
this Contract recain unchangad and shall also apply to this supplement.

Except

This suppleret ir, being issued in accordance with the terms ofIf thisand is being furnished you in duplicate.
supplement is acceptabic to you, please so indicate in the space providedContract No. NY-422537

below and return the original to us within five (5) days.
.

Very truly yours,

FLORIDA POWER & LIGIIT COMPA'iY
Accepted - Date _

EBASCO SERVICES INCORPORATED AGENT
Henry Pratt Company W C Arent, Director of Purchasingn

! '

By_ By_ _
P J Pulgrano

Titic Contract Administrator
.

.

PJP/yf

cc: IIcnry Pratt Co
401 South llinhland Ave

-

Aurora, Illinoic 60507
Atta: Mr J Sirovatka

ec: llenty Pratt Co .
*

55 Uashington St
07017East Orange, New Jersey

Attn: Mr J Peirano
'
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ATTACID!ENT 1
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PURCHASE REQUISITION'91316
.

-

.

isolation purge valves.
' Information to be used for anlysis of 8" containment

.

.

24'' W.G. at 2500 cfm1) Downstrenm Resistance -
-

2.95 sec.
2)- Maximum delay f rom LOCA to initiation of valve rotation -:

Containment Pressure - Time ' Curve - Attachment 2- 3)

Containment Temperature - Time _ Curve - Attachment 3I-
|- 4)

Valve orientation - Plan View - Attachment 4 (valve Tag. No.I-FCV-25-20)
5)

Valve orientation - Section View - Attachment 5 (valveTag. No. I-FCV-25-20)
4

i
6)j

~ 7)- Flow diagram - Attac ent 6 (2 sheets)
.

Y M SI''

.

LO * ~ "'&^I"'" L
~

4
.

..

|
- . .

.

*

1

5 ,

'

'
;

2
.

I

e

e

h .

e-

,O

4
*

a

f

~

l

l
-

HO q
~

.

b

.
e

l.

;.
. -



ATTAcittE:rr 2 |'

|

% l

~

|.

:-

O E
. .

,

-
.

O
~

:

:-

. .

.

.

.

.

g.
. . . _.,

,

:.

:
.

.

.

.

%
~

:
-
.

. .

.

.

! -

.

-

n
o-

O O

. f) i. ~ $.
*

.w
: A-

H*
.

.

-
.

.
..

%
-

.
-

:
*

._

.
.

. .

.

.

. .. 3
- O

-
- :

:-

.

.
-

.

.

-

... y
O_ ,

co *it oo t's 00 ss ao dt ob ot oc *dt 00 'it 00 *$1 00'O
(UISd) 390S S3'd d

FLORIDA POWER & LIGHT COMPANYo
_i,_) ST. LUCIE PLAT 4T UNIT 2 i

CONT AltNEt4T PRE 55URE .9.92'FT2 ;

DESLS (uAX.5AF ETY INJECTIOti) s

t

i

.

.



-
.

ATTAC1?MEi:T 3
.

%
-.--.

.

i
O -

.

.

.

'o?
. -

.

:
.

.

~

uJ -

c; .

UJ -

x
to .- . %o-

-. -- .O
:=

ti :
.

'
.

.
. .

%
--

:.

:
,

.

.

.

m
"o o

| ~$.e 3 -

/U
- : o

.S.

s.

.
.

'

Cb
- . -

:
~ .

.

-
.

.

.
.

- 'T
O
"

:

*
,

.
- .

.

-

.

.

* n
. .

'o.**

00'Od> 00' ode 00'OdC 00 'Odc 00 'O t'z 00'COE 00'OdI 00'Od1 00*00

(3 030) 3Un1UU3dW31

FLORIDA POWEC & LIGHT COMP ANY
*'

,

(^') ST. LUCIE Pi AriT UtilT 2
._. 'x s-

2
CONT Alt 1 MENT TEMP.-9.32 FT DESLS

'.

(MAXIMUM SAF ETY lt1JECTIO:1).

* f

.



% N. % ~3 3 Y P " " # '[Q % \ $ ~ ' 2 Q^ 7
*

\ a5{. g'\.\p%h.
t'' 3-

^

-
.

,

\Y - . -4 - mb I -p.,z'j - '

. . . . %' ? N'N
''

n.. , - .M .o 4 u' M . ,,-c

~A^ F-' 1
*'n% . .- - -

i \,*/g' 4.D~-| N D /. . 9.5I2 h*
.

~-~^'Ii
*

N', ' ~6?. 4 -l,,---J, 'a,- -s 1. -

h{J x j3,"
. i ,d, il Isye' P. . e.-

g...i,. w... f .
~

,,

.

y
', ow s o. , ssN, e, v . ,,in .)e -

1,e p: /"s \. s v a. v s s d -c

- 0- 'M .I ; 3.h. , p - v'z.d N,\1 -j /--|-i '.g : 4 - f-
i 3| u. - -- e ,- . ; Ii

.

. i
- - ' ."' -'

_;t-- - f,. .

b [)* "; j OGk ,

-k.
y& .-

-
.

1 E '* 1:,,) i s j M- - H - -
El *) U N T'.e ,.e .' -

. :-- r v ,c } ." _L. -- - - ;
, h.! h

c
L . ._ .; I

.

9 d .. :::: . , t'J -(\ g. W,,. s _ . . .' _ : .y, .
-~'

[
.

a] o. - 9 d0
.. r, \\.\ k 4s- c -H .

- , d :, a.
-1

-; . *. %3 4 Q 19
. . ~ ~ . - - -

9, WJ g > h ..; 2 .;_-- %.
- - W. ] j g,_ . y - .,| v - - . -%, .~

~

5. ''
-' '

s-- -
. o

~ 4h.,
f.2'. c$ ' * h (3-)2P-jm<f_'d,.Ys \ /2 8!- '.',J

s

-(- 1
'.'g'% '' D' i' ' W; I' '

g' R:.g ."9 .r)%' C, "O 'L'7 .ry Q:, yJ. J 'A. *o w JL Sa __J+ ;] M''\

'

. ' ,' '
, , , s

|

..O I \'O ,'.
- '? 3 '0 C'~

.V a. 3 Ja v -M p,'?. Am u.M'' . q "'' ' p
-

c uJ '-* .
-

I5 C|

. #uJ G. Vo i'7,',.;_.., .. . u a,
.

-+, , r .-; - v c J w ^- -r -
1/s -

.g - *-u . u. s . , ,

b h .' f. '. 4_'r. D , ' .' '
-

.,

'
* -)

'

j p,,, . ) p ,,f~ ~ ._ , _ , ,.( *;4 - g L*(_,,_.
s'.A '' E ',{& , *s' % , , , _ . , . _ ,

*

% $ ,'\ W "U ~ -~~1
^^ -'i- ,J M ~

..
F

'' h ~~ . E/$, '\'h'M - B9\.Y' f
. . .

'

-
~.

% io>a 5%sM'mytf M f5 'N N. D''' D LF.

s \-- -C . ? ML4 * *- - ''M'J f T6 's

' '
* - - .

f,
k* 'a * Q o

, . |b W '~/ [,p/)g{\fO . /.':(,/';i;/' Q ,,'f. r/ Q.4 '-''~

| * '
~

T,
- - - ( ".~ Y' i .

-- -
f g ..~ --;,

h '

} ,,,' , .A / > X )\
.

> <
7 ,,

k.js m,.[!j[.f',. / / .
f *{{ Y'

,-
;x k'._ %

'

..;'| - .+.--n:F . ; i
'

'y \ s,mv 9*-

d ^i .6/.\ _c r- M*~~ YXs/''P/ XL

,MXfszgyxf
- w- % ,p, :- A .A /sp- f ._4 -

'
'

. . ' -

f_.d.-- .., _ ,,

gO,>q t t*~[T~ - ~ n} sQq .\ - _f}' - .*..,:..-0 - M ---
. o-- -

a m,. ,
,~-~

.

} .' -N , m o,. tu f<s O.L . N tif . . < Y- .? .v'-) %. ._' + '. *-.
~

.
.s e, -

'

.o

n _.pf) ' _d b.s . T- h. - .'- ,.
.

> .

/?. - - . ..., ~ in
''

'& ~ 0-S A - * ^ ' 'J 8-+ "

A 1'f'//M M E x.',"'
.'.

p s g a ,:, - eJ)O 9u. A rs .'.
- -g

-

>

..J. f.j | !. I Q < #. .
~d%O o ;',

^ 5-v A9 "4 -

s .i ~ p .
s

-

7;,p *
- :

. ,

, a.w, ,

1 o.wj\ 6 L
-

- + m. . -
.3 QO n..J .

-~.

f.o pt - - - -- f ' '. . k,

o- 1 1:.
e e .v.'..1 p,

xis ,io - -- # . m .,. .<-

c
l 'b. Y '

-
.

.

. ., .

nduCOO . .

.- 3.

:0 t.s e B- J . * :- -
' o. .

' _...) s- .. . .
. .\ - y. . N ~

1Q.je ~ ks, q :. . :.'.|:.. .'+.'.!6.yW' '. W ::, M ..?. %' =, s g.: ,
. .e

:
.

. ~ . . . - ..%: - .g- .V, f '..* ' . - ' '-- ,, '.

. . . o ... . 7t g_.,c,.......s.. %.. ? g i.- +as Wi ,,y} m ,- S
.

,H
.

f . ' t . . . . ,. M ,- l
-

p 8s UI 'y . . . . . .- m y
, , . ,

,, - g p%, g 1 ;---- L. .
.,,

0.
*

- .
- L.-) ,, ,

'
'

- ' -

.N. M n /
,

r - # .i In- s.
d; I I \,, ! i

,.

s ' - '. ;U - - - - - -t

i j', x <s V - ,; -| '
>m .? -

-

4 .|,L .
--- -

p.l
.,

-

7.
. . L /c p .i

,

J6 i M i- '
. . -

.N e- p| f
' ry

L ---- , r ,
' y, f aO e :

-

.
.

. j re-
. } N -Ng

-s ,j ,

7- f -
.- O,-., N;,. 7- 7- --J \ gHi __j
. c

t- (t>3>-.
4I- L

.i- N,
.. . f. . _,

N-
.

.*' n ).

uJ - b> . - . - - r--

.
.

-

y o -
.,

' '

b g,q } qO t'.':':4X'--M aj d ./.T,
'

. 'E (1 0 'JU by '*
i, - -

a.p) ,,,;
* n, 0. . .. .QT

-

) .u U'}
3 3 ) +.- - -

. , *.

|{| - ,, . | 4
g .

*

i )::{ I .' l
'

'
#".1 ,'31 0 < f'

--
.

,



--

b.@ l }
.

' |' t- i

d .
. ')'pg

,
>

-

O. - 8
s- or .

a i -.. . . o-

. .a .--
.

m o a m ,, I
.

.g .o e v yv .

, . ,
|_r;g g ; .; 0;

,
- . i ., .

.,
.

' ' . O,
.

,2i-- 19 , {
"- toa. , n. '''.: v. 7. . o 0(0

. .. - .g
e ('t. .(.

;yi Q.
-

.; ye
.

>go . o- ? - gi z- r g,,

+-- Fhi . L: .-0 < t
s. - > , (. -,

O E, I
t! 4' - .

tijd Z -y i- O> 1
i

,

> >~

t~ ~ *- U.O # !
''

_.] O "9q - ' L .o f ryg {d5 D
-

'

h ei
--- .

$I)..| L.t.1 g 2
'I Hg 5- i

.

2,o u 7
- ,,.

r .s. ~y ,

' b,
. '

4 ti13 uJ '
- .

.E ~\ - o' . 0- E~d _*s.
- - -

. 5=J
9

.L. ?1 9.. n.c .. y. 9; .:xy m .. . .

' $. . .,_. ; : .
i.n. .) 'i 5;.. .

.~ - a. s ' : .u -
.. ('' y' -' ' ''

) .i.s; 9. 2~;:.,p -s . . ,.
w-

. ... .W .-y Q ul

t
.

.j..._i. : , . . / -
-

.V. o, .T , . .^

. . . c-
.

__. ,

, . . . _ _ ,G |.
.

& o| 9>,

y [. . . . ! ;' * ., ..Q >...

..
,

...,...: . , , , - .- I p
($

-y -pu ::. ;' ; J
.

. '

... . ,

* *
. . ..n T 1. .. - ,

-
, s t . --,..:....- _. fg z . .

. . . . .

.
.

, w g. .

.T- ' ; ..4 , .

F~. ,.
..

.. ! .3 ,i '

cf J_ . . . . /:
' .

, . -.._ % .n': |
..

*i gi!
. Gj, g . - - l ,q

.-, :'
.

, ;. a ).: c--

..-

q L') *lc
I, : .-

.
t, - ~ . . - 7 0 L

1
.

.- ; . .-

.
.

:,.
; ..rJ..f. ,d,,i ,s w|j} - . g si;

'

34 t j .j . , - -- - . .-1 .
,

.. tu o; s_> . ;-.

.- . :t -
,-.

- n i.....>>4 4, a o :i
.

.3.

.
- 0 .- ,. .

.. ...
- .. .uo -- ,: ni -

. . . .

{ .: I O_! g -i. y l (( ) I '.
' -

A
' -

'. -
,

,; --

,6.4 .. -r .

.

,+
c;.,prs

- < /. - .4 u ..
.

. ... ..; ; ; . . y_... . ..
.

,. ,, .

c ~ . s . i, ,-. x -i-

.,
. -; og5 .
..

.. .. a . i
i ,,.

3' .

e .- . [ -- t .X __ . t. l _.%4_ L s e

g - v. w - r- _ -N I, y P.s.

o

. rt. 7 '.. _,Tl p) g,Q .:/. . d I'- u) .

~

i L
' '~ . , , .

- _m..
, . 1 s-. .. .

. - .. ..,. .

n. .,.p- n.,,
. v

., .. .=.... .
. . m .

. .1 o.. u, h~, ,

. .

.

[. . d' [G..- vi. .
, .

., ,

. - . . . . . ~ u . . . o.
.

..- . . .

si . a. _ .pn.

- .,-
.

. p- z3 .
,4- -v-

. .

, . . , .

;

.y 'p. 7,, .

- .-

p' .e r s-O.,M p. l,
. . .

. . ;, c: : .: . .. .- - u.;, . .:.-

. <

%| ,y.
y s .);r- ;

.,y,g,.r.d:.n ni .'
. ., -,. . : .: . ;.;. ci sa

i el 10 t/. ::. . 9' - s- .

.

..
.,

. . . ,1
. . .

I ., ' 0 r- h.i,0- ).' (f)
-in - --

1

-'
... . .

'
-

.. .

;. . : . . ; n. go 30 0 N- [>3 p
-

..
' ;JMP- * -

. .''- -
.. -

.; .-i. 0 O r. r
M-

.

-
. , ..

' . .' - .

. --
, , ( -

:id i I nnt- ^ - a . e' .a-
. .

.
. e # "

.z:. .
. O. u' .s .Si . u e.3' <

5e ' . ..

ui. ~ -

o.j4 >, u. r
- e. - --

, i- u s: - .... . u ,.

6tf . gL M f .- 3

... , ,. -'-p :.. : . ,
.-

j . . .
.. . -

.
-

,

. . . . . p-y . - .on .-v- ... .. ..
. .

: -
..

.
...

., g -
,. .. . . . ., , , . , ,

. . . . , . . . -. . -
. -- -

s ,1 .. ., ..
.

.. .

- - - - - ;. .
.. .

")WH A9 SUEi19_ .*6- .*
.

.
.

. .
.

1
. . -

rs , , . . .- .; : o .
..

- . .
.

. . ... . - - ..

. s. : . :. .. . .,,, ,,
- - ,.s' =

. ..
* .*p . . . .*

.. . . .. *

. . . .. . *
- * ..* -i I* *

..
,

-
. - ..- ,

-. ' = * - .,,
'

. , . . . , . .. . . -
. ..

/i.--
. .

.. .. * s.
-

- . -
. . .

.
.

.

* . . t. ..
/-

3-. . .



I

i

At t achracnt 6.
.

Ie
'

.,6 N b b i kJ i .

)

- 9

-

**

.,_,

*
*

TOS8VS

(SEE FIGURE G.2 51)
.o. m .~ ~ . s '- 0" M

t ,,
Jih

-

, y . ..
-2

t N j

wm /*
*

,'

93 9.w tr. 7 M f=CMMA M..u,.
C .ig A.S ea s t . , , , , x ~

- - ~

.Ya?.** I. r r eu .. 0*'f **vC4 -

. '

e, u.s g hm e m e.e-. . - ~ . . _ p pe.0 7%/R 7A$10 **' i
' r-- M* Jes

gf shgg -* *Ais;5) '

\ ,%7* n w/ g ea %s m, *

| |f'*y tan
8 wa i u s w w.oe7'O " :-4-:

gs,: U*',0;O j p. M**'*'**'** ' d ES.,,
, * |

,, .

-

L_. Q b : . _
-

s
,

7 T] COe . *** :._ _ =~."

t. .n s ,8 L q;_e t 5,yM I'Y O if. Z "
..;y.,g A N f.. [_ [ 3. _ J, ] 7 *L ia s' To cd__ _ Y 9 _b I #~~~~~. f. .-

Y f;8 Sk 3,
C f_ - -,-'

_n-j
'

er . .e g e =46 m
g _. _

. e 6. . - s. _ ''' * * ' ' ' ' '
e g

.. .; 1 .

fy4., m x., .-s IS 6%.7,%
~-

(". (2 s < .. .J
cs;< * a s .w \ ,

v_ e i - .u -

. ry ~l & c a u sed eta?s e t, potutATING < ~<nsmoo, \ Gg M&h* I .c -. _ ~e r, , * -.
' "~ ' -ww8 4 47 M g a cv.t 7

s

g ( n - __- p g.cnewen.am
msA ,~

J.v.!. 3
. ., w

s; a . gp , _
a>----

u -u-a_,s a ,

ra,1. -). J - - - ~ . u. . g . . _ i, , c v ss s a.
, N u .- a.a.. 3 3 J ''' ''* * * G.c. u.c a -m % m:r.y n**

WETY CL A33 2 nwcI -

. . m ., -

nc ._, , ,N - g m :_* wrms ~.f m:- t _r ,8 e-m . o
_ ,. s

3 -- 2 w:n a = .a SCu2,,.-
*% L._ u, y,

. .
,s.,,mymu err m. , CONTINUOUS CONTMNMivT,-

--
. ' mm--

.

m

e

e

O

O e

er

i * e

O

4

e

0

9

. t >
.

.

e em

4

0



\ Attachment 6.
+

.

Sheet 2 of 2_ _ _ .

..

. . .

.

.

.

e- .
_.

%1-,=.-, , - - c,- - - . . . - . , .w.
G4

.

.

. .. . .. egde
-f

y u, f TCv E5 35
' r.4 c_va'a .A _

y TD V e N*T *sTC'-
y; ,.c.e rw6a. do J'

**"*-%,"~~~**~~~.%. r 1 !Z J''.'.'. t gt.
.c,,

. . s. u. , c. ,m . ,,

g!Lw. , ..~. sy__,,,,...__ s , ..--- v.x
7m f24c -.

cdji q' -
7 - e p- um m ,_

. , . . . ,
3 . ...

: g3 . __m
Y l :=S m ?i a n z n.,i n u ll u mvd'~. :=-,, Y'

= . .m .u <- c e.

/,,,, .h t::2 > u> . . .,

-.

( e. ag

.

v,-s. . _ . . . . .
,. :~c.. .a x y

3< . f. s.-
.

,.

, .

,,h, ~. .
9n

.

.
n. g 3 w.,,.

..

s, . . . q3 iEI 7,M Q .) , I v 1. 11 )^ J re.
gk

m.s M, e . a < ==. , 7.r,rg..g
m ., ,7 <i a.ac

. . . , . . . ,e vt gtw at*== M ,*"A. , ,,g
i

v - .- .
e ,.. -

t - e - " ,-am,,...m._; -

.
'4 ._n

.
i

.

.....

-_3a umr t<ntsa.a ,'&EG'JscuEv.e- . "J.

4
"*

)STiNUOUS CONTA!NMEv!/NYOROGEN PUML SYSTEt4
:==e- -

i
* o

.
,

*
,

..

.

.

- - . . , .,

.
.

.

.

.

', , , -
.

.

e

AMENDMENT NO.0 (12/801 |*

FLORID A POWER & LIGHT CO. .P A!;' |V

ST LUCIE PLAT 1T Utill 2 |
)

."
cot 1 tit 1UOUS cot 4T Alti'AEt1T HYDRCL'

;

|
PURGE SYSTEM P & ID

FIGURE 9.411

It(.T DWG: PART Of 79m1 C B79 SO 3 (f1C V.51
_.

.

I

h



<> *

4)

ir

-
_

-w,- e

ATTACHMENT 2?
,,

L

f: Pawc e Wares:
.-

1-

.

b
^- o .v

- ,

'Li L===

y .

-

:

-

.

O

e

i

<>

(h e

<>

$>
,

16

p;' r, 4

'** N, j

O 5*f/



.

Rev. 1
May 21, 1980

STRESS REPORT FOR

8" NRS/N7h ~.-and 0
NUCLEAR CLASS _2

PER SECTION III

ASME BOILER AND PRESSURE VESSEL CODE
--

..

Project Site St. Lucie Unit No. 2

Customer Florida Power & Light Co.

Engineer EBASCO

Specification FLO 2998.114 Rev. 3

Purchase Order NY 422L;*/

D0096-10 11
Pratt Job No.

__

I-FCV-25-20 & 21Valve Tag Nos. _%

I-FCV-25-26
,

2C-5531 nov,General Arrangement Drawing
C-5530 pey, 1Cross Section Drawing

Prepared by: R()o N,)<ng a
V

Date:
_

_gfojj@
/ k /[V/4/M. o'",,,,,,n ,

'

Reviewed by:
***** ** %

c)/-f8 g* .

Date: s

O

Certified by: ,/ i t$. -St " * j gtc,{,, *
.

;
:

* Pho:EE u w' ,.: f
:

r/' 7 / /so i
*
., cric:recca

Date: 5
q% .,...or

*- .! / .

......-6 p*/
*

%, L IN C
4<< ,,, , n no"''

Form No. 11PCo. 3.172



- ~ ~ ~
- -

. . .

a

SITE St. Lucie Unit No. 2
/"3 IIENRY PRATT COMPANY Florida Power & Light Co.
dv! CUSTOMER _ _ _ .

Design Review Record*

E3ASCOENGINEER
'

MMM
HA E No.

M 2 1980,

FLO 2298.114 Rev. 3
DESIGN SPEC. NO.

PRATT PROD. ORDER D-0096-10 & 11

Valve Size, Type & Class

.

8" NRS, Class 2

INTERNAL DESIGN REVIEW AND CHECKING OF STRESS REPORTS

t^\ D-0096-10 & 11 Date 2/12/80
V Stress Report No.

C-5531 Rev. 2
General Arrangement Drawing No.

C-5530 Rev. 1
Cross Section Drawing No.

Conforms to Design Specification g/

Conforms to ASME Codes Q
.

Prepared ny- JQ,n N ko%a Dato q[:11 f Ap
--

Date 5' o2 /-/dJ [.. ,Me7Md d.-Approved By
(/

-
.

Management Review of Internal Design Review

M % Dato 5'- 2 2 - So
Approved

Vice President, and
Manager of Engineering

h .a

Form No. IIPCo. 8/QAP-16-2. 2



.
~

.

i

>

-
, .

I Stress Report For
-

.

8" NRS/N721C-SR40

Nuclear Class z,

Per Section III

ASME Boiler and Pressure Vessel Code

Project Site St. Lucie Unit No. 2
- .

I

Customer Florida Power & Light Co.

Engineer EBASCO
1

I

| Specification FLO 2998.114 Rev. 3'

Purchase Order NY 422537 .

Pratt Job Number D0096-10 & 11
,,

Valve Tag Numbers I-FCV-25-20 & 21-
tj

I-FCV-25-26
|

|
'

|-
|

!
l

General Arrangement Drawing C-5531 nev. 1

! Cross-Section Drawing C-5530 Rev. O
i

l
! Prepared by: Rn v N . ledsf,

_ v'
,1 l 1:1,1.omDatc:

i Rcyiewed by: - # (1[[%'<O'N--. .,.e,,,,,,::..,,,,..- . -

y //cp-/|%
, i

. . . . ' ..S |..: ~~..'.?.
1

El' ~

Datc: :.

fd % ' .M S/b ~.!' [ l' ?M ^ ~-
-

N.
.,:

- :
Certified by:

_ " .:. :
.

'
. :.< .

.

.. ' .
...

.,f
. _ _ _ -

Date: 7/,i/ h , . %.:. , ' E '.a; .. ,

'*
:;

s
, .

, . -t. .-c ,

. .
. . ..

j. ; ::. .. ,- ..y..

s ,; .,.-
o ,'/s,.#13 J J 3 413 * * * > * **

.

.
e

.

-
. .. -_ .- -



.lll!NilY l'ItATT COMPANY Site S t: . I.ucio Unit No. 2 ;

Design lleview llecord Customer Plorida Power & -1.inht Co.

Engineer EDASCO

Purchase Order No'. NY422537 -

.

.

Design Spec. No. PI.0 2298.114 Itov. 3-

Pratt Prod. Order D0096-10 & 11-'

,

-Valvo~SI:c, Type-T Class:

8" Nns, clann 2

;

!

|

Internal Design Review and Checking of Stress Itcports
;

| Stress ~0.cport No._ D0096-10 & 11 ' Date 2/12/80 _

C-5531 Itcy . 1!

I- General Arrangement Drawing No.
i C-5530 Rev. O

|
Cross Sectio'n Draving No'.

Conforms to Design Specification k
/\ Conforms to ASME Codes ['

. Q) Prepared by fo n N, )@ >ft ' Date to..I/,a.|Fe-
..a

Approved by),. 0< /b?f)M-- Dato S /tD /[C
..

Manancment Review of Internal Design Review

,/IMM- ,Date f /F BcApproved
. , ,

Position k [a dre M - / M ,, ,r/ N , -
'

| I 6 [
~

/..
.

[
,

.

..

I
^

i
|

'
.

Q '

.,

U

Form No'. IIPCo. 8/QAP-16-2.2.

.

e

_.l_



. . - -

3
- --

. . . .
, .

*

.

.i-

.

\.

SUMMARY DATA
-

G.
,V .

.

Valve si::c- and type: 8"'NRS Pratt Job No: D0096-10 &.11

Operator: N721C-SR40 _

._

i

-

| .-

L

285 psigStandard Calculation Pressure (Design Pressure)
150 psig

! Operating Pressure (Maximum)
3

i Acceleration Levels (Design) gx

8Y

3 gz-

3
|

Acceleration Levcis (Specified) gx

0 3 ,,-

.
,

2 .gz

-3 to 65 psigSpecified Design Pressure
1.03 inchesMinimum Valve Wall Thickness

31 inchesCode Required Wall Thickness

.
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STRESS LEVELS FOR VALVE COMPONENTS
! Table 1

Allowable
Stress Stress ,

Ref. Level, Level.
Code Ref.

.
Component Paragraph Na=e 5 Synbol Page Xa:crisi psi ps:.'

"

i Sody NB-3545.1 Primary membrane stress Pm 35 ASME SA-516 Gr. 70- 651 Sn
17500 3

in crotch

Sn
Prinary membrane stress Pm' ASME SA-516 Gr. 70 g'o 5 g

_1750036
' in bedv

NB-3545.2 Primary plus secondary Qp ASME SA-516 Gr. 70 Sn i

stress due to internal 36 .37 4o 17500 i
|pressure

ASME SA-516 Gr. 70 1.5Sm
NB-3545.2 Pipe Reaction Stresses 36 D 69 26250'Axial Load Ped ..

Bending Load Peb 36 4999
4999Torsional Load Pet 36

6"ASME SA-516 Gr. 70 1106
.

NB-3545,2 Thernal Secondary Q 38 17500 .

Stress

sSn
NS-3545.2 Primary plus secondary Sn 38 ASME SA-516 Gr. 70 39 4g ..

52500
* - stress

Sn
NB-3545.3 Normal duty fatigue S 38 .ASME SA-516 Gr. 70p g4

17300stress NaJt 2000
,

1.SSn
Disc NB-3546.2 Combined bending stress S(1) 39 ASME SA-516 n g3k 26250'

in disc

.6Sn41 ASME SA-516 Gr. 70 }gg
of shcft | S(4)NB-3546.2 Shear tear out 10500

--thru disc

O

- _ _ _ _ _ _ _ _ - - - - - - - _ _ _ _ _ _ _ _ - _ _
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! Table 1 STRESS LEVELS FOR VALVE CCMPCNENTS -

1

Allo ble
Stress Stress

Code Ref. Ref. Level, Level,

,

Cc=ponen: Paragraph Name 6 Sy=bol Page Materisi psi psi

5:
Shaft N3-3545.3 Co=bined stress in S(5) 42 ASME SA-564 Type [735o

shaf: 630 Cond. H-1150 33700

1.ASM2 SA-564 Type .6SsN3-3546.3 Tctsional shear stress S(12) 43
.

at reduced pin cross- 630 Cond. H-1150 7116 20220'

section

.6S
Dise Pin N3-3546.3 Cc=bined shear stress S(13) 44 ASME SA-320 Gr. gge9

in top disc pin BSM S160

N3-3546.3 Bearing stress on top S(16) ASME SA-320 Gr. 4e 4,3 ,jn44 12:C0
*

SM
J pin

.

Shaf: Cor.pressive stress on S(17) ASTM 3-433 Gr. 1 Sn

3 earing shaft bearing Type II 34-6I' 4000
.

Cover Cap N3-3546.1 Shear tear out of cover S(13) 46 ASME SA-516 Gr.70 .65m
943 10500cap bol: through tapped

holes in bottom trunnieno

N3-3546.1 Shear tear out of cover S(19) 46 ASME SA-516 Gr.70 .6S:*

3.09- : '00cap bolt head thru
lCCVer cad

N3-3546.1 Cc=bined stress in S(20) 46 ASME SA-193 Gr.37 gogo Sa
25000cover c p bolts

ASME SA-516 Gr.70 S:Combined stress in S(23) 6 p 33 -17500
.

cover cap
.

.
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! Table 1 STRESS LEVELS FOR VALVE COMPONENTS

i
A11cwable

Stress Stresss

Code Ref. Ref. Level, Level,

Cc=ponent Paragraph Name 5 Symbol Page Material psi psi

SAE-660 Sa
Thrust Bearing stress on S(27) 49 143 8S00

~

3 earing thrust collar

Shear load on thrust S(28) 49 AISI 420 Pm
367 15408

~

collar spring pin ,

e

Bearing stress of S(29) 49 SAE-660 Sa
' spring pin en thrust |613 8500

collar.

' .

.

Shear tear out of S(31) AST. SA-564 Type .6Sm
49

spring pin thru bottem 610 Cond. H-1150 9 f0 20220, -

) of shaft
.

.
.
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.
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STRESS LEVELS FOR VALVE COMPONENTS ' ..

Table 1

& Allowable
Stress. Stress

Ref. Level. Level. '

Code Ref.
Component Paragraph Name 6 Symbol page Material psi psi

.

.6S6
Operator Shear tear out of S(32) 50 ASNE SA-516 Gr. 70 fgqs

10500Mounting trunnien bolt thru
tapped hole in trunnion

SmBearing stress of S(33) - ASME SA-516 Gr. 70 .

50 S l 5'l 17500trunnion bolt on tapped
hole

Bearing stress of S(34) 50 ASME A-36 S5157 12600trunnion bolt on thru
hole in bonnet

*

Shear tear out of S(35) ASME A-36 .6Sn
. trunnion bolt head thru 52 1:: 7% 7560

,

bonnet

Combined stress in S(36) 52 SAE Grade 8 g 5o15 Se

trunnien bolt 30000
.

-

Shear tear out of S(41) ASME A-36 .6Sn
52 79 % 7560operator bolt head thru

hole in bonnet

Scaring stress of S(42) 52 ASME A-36 'Sn
. . 4l'73 12600operator bolt on thru.

hole in bonnet ..

.

Combined stress in S(43) 54 SAE Grade 8 J g 4 3p, Sn'

30000operator bolt

54 SeCo:nbined stress in bo S(43) ASME A-36 34g 12503connet body i

.a

_ _ _ _ _ . - _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ . . _ . _ _ . _ _ _ _ _



b- -- ;
- - . _ .

-

&
.. m- -

_ _ _ .

T
STRESS LEVELS pun VALVE COMPCNENTS - ;,Tablo 1

.

g Allowable i
.

, *

Stress Stress

Ref. Level, Level,
Code Ref.

Conponent Paragraph Name f Symbol Page Material psi psi

.
.6Sn ;

Operator Combined shear stress S(53) 56 j e i g. 7200
*

in botton bonnet weldsM0unting
Ccn't.

| .6Sn
' Conbined shear stress S(60) 57 568 7200- in top bonnet welds

Combined stress in S(67) ASME SA-516 Sn
1940 1750058 Gr. 70trunnion body

.

e

W

.

.

.

h

.
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NATURAL FREQUENCIES OF VALVE COMPONENTS
.

Tabic 2

*
'

~

Natural Natur:1
Component Frequency Ref Frequency

Name Symbol Page Materisi (Hert:)-

,
_

.

Body FN1 59 ASME SA-516 |7661 .

~
-

Gr.70 ,

1.

I I
~

Banje F ASME SA-564 -

N2 60 Type 630 666 ~6-

Cond. 11- 1150-

1

fr.70 3I05Cover Cap .FN3 60
-

..

Bonnet FN4 61 ASME A-36 1,g o
.

. *
-

<
. .

. .

, .

.

.
-

. ,

* .
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.

. .'.
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p .

! 7 Top Trunnion Mounting .51
; .

! 8- Trunnion Bolt Patt cn -53.

.

'
9 Bonnet' Bolt Pattern 54
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~ NOMENCI.ATUltE
,_

Tlic nomenclature for this analysis is based upon the. nomen-~

clature established in paragraph NB-3534 of Section III of the
r

Vessel Code. Where thc. nomenclature
1ASME' Boiler and Pressure

the reference paragraph or figurecomes directly from the code,
For symbols notfor that symbol is given with the defin'ition. '

defined- in the code, the definition is that assigned by lienry

Pratt Company for use in this analysis.
.
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AN_AT.YSIS NOMENCI.ATUP,il-

I!ffective fluid pressure area based on fully corroded
> -

Ar interior contour for calculating crotch primary mem-
brane stress (NB-354 5.1(a)) ,in2

Met'ai area based on fully corroded interior contour
effective in resisting fluid force on Ar (Nil-3545.A'"
1(a)), inz ,

Tensile arca of cover cap bolt, in2
A3

Shcar area of cover cap bolt, in2 7, ,-
,

A4
"

A " I "# #""" " '

5
Shear area of trunnion bolt, in2

A6 2Tensile area of operator bolt, in
A7

2Shear area of operator bolt, in ,

A8

Unsupport ed shaf t length, in.
-

B1
Bearing bore diameter, in. ,

B2
Bonnet bolt tensile area, in2

}}3
- '

Bonnet bolt shear area, in2
114

11 nnet body cross-sectional area, in2
' }15 .

,

Top bonnet wcld size, in.
116

Bottcm bonnet wcld size, in.
}}.7

Distence to outer fiber of bonnet from shaft on y
33 GX1s, In.

.
<

Disttnce to outer fiber of bonnet from shaft on x
119 DX1s, In.

ofA factor depending upon the method of attachment
- head, shell dimensions, and other items as listed inC

NC- 3;' 2 5. 2, dimen s ion 1c s s (Fig. NC-3225.1 thru Fig.
' ' NC- 3 2 2 5. 3)

Stress index for body bending secondary stress re-
sulting from moment in connected pipe (NH-3545.2(b))Cb

_

index for body primary plus secondary stress,
- C Stre;n

p inside surface, resulting from internal prersure
1

(Nil- 354 5. 2 (a ) )

.
4

'

.
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ANALYSIS NOMENCLATUTUI .

Stress index for thermal secondary membranc stress'

C2 resulting from structural discontinuity
Stress index for maximum secondary membrane plus

C3 bending stress resulting from structural discontinuity
'

Product of Young's mo: lulus and coefficient of linear
C6 thermal expansion, at 5000F, psi / F (NB-3550)

Distance to outer fiber of disc for bending along the
C7 shaft, in. .-

theDistance to outer fiber of disc for bending about
Cg

shaft, in.

Distance to outer fiber of flat plate of disc for
Cg bending of unsupported flat plate, in.

Inside diameter of body neck at crotch region (NB-d
3545.1(a)), in.

Inside diameter used as basis for determining body' da mini.num wall thickness, (NB .'iS 41) , in.

Valve nominal diameter, in.Lj D1

Shaft diameter, in.
D2

Disc pin diameter, in.
D3

Thrust collar outside diancter, in.
'

D4

Spring pin diameter, in.D5
*

Cover cap bolt diameter, in.
D6

Trunnion bolt diameter, in.
D7

D8
Operator bolt diameter, in.
Bonnet bolt diameter, in.pg

Modulus of clasticity, psi'

E

Bending a dulus of standard onnecting pipe, as given
pb inoby Figures NB-3545.2-4 and NB-3545.2-5,

|

J/2 x cross-sectional acca of standard connected pipg,pd in.as t ven by Figures NH-3545.2-2 and NH-3545.2-3,i

_ Natural frequency of respective assembly, hertz |
pp

.

. -5-9

.

b
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ANAL.YSIS NOMENCI.ATimE

3.g _ - .

W38x--Scismic force along x axis due to scismic
acceleration acting on operator extended mass, poundsFx

W3 .--Seismic force along y axis due to scismic
ac clcration acting on operator extended mass, pounds

.

y

W gz--Seismic force along z axis due to scismic
acceleration acting on operator extended mass, pounds3p g

2
Gravitational accc3cration constant, inch-per-second

g

body section bending raodulus at crotch re'gionValv
Gb (NB-3545.2(b)), in3

(NB-3545.:Valvebogysectionareaatcrotchregion
Gd (b)), in

Valve body section torsional modulus at crotch region
Gt (NB ~iS45.2(b)), in3 .

Scisnic acceleration constant along x axis
gx

Scis?aic acceleration constant along y axis
gy

S isnic acceleration constant along : axis
gz

h, Gasket moment arm, equal to the radial distance from
l' the centerline of the bolts to the line of the gasket

reaction (NC-3225), in.
.

.

11
Top trunnion bolt square, in.

2

11 Bum runn n bolt square, in.
3

ji
Bonnet bolt square, in.

Operator bolt square, in.
115

B nn t bolt circle, in.
116

11.j
Operator bolt circ]c, in.

--

Bonnet height, in.lig
Actual body wall thickness, in.

119
Bonnet body moment of inertia about x axis, ind

11
B nn e t bo .1y :.wmen t of inertia about y axis, in4

. I 2
the shaft

1,lisjc area moment of inertia for bending about .33
1Jn

.

-6-
.
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ANAL.YS1 S M0!.!!!NCI.ATtlRF.
_

_

*

d;~ Disc area moment-of inertia for bending along the
14 shaft, in4

4'
M nient f inertin' of valve body, in

15..

4M nent of. inertia of shaft, in
1 6

Disc area moment of inertia for bending of unsupported
1 7

! flat plate, in4
Distance to neutral bending axis for top trunnion

J1 bolt pattern along x axis, in. .:. ..

Distance to neutral bending axis for top trunnion
J2 bolt pattern along y axis, in.

Distance to neutral bending axis for bonnet bolt
J3 pattern along x axis, in.

,.

Distance to neutral bending axis for bonnet bolt
Ja .

pattern along y axis, in.
Distance to neutral bending axis for operator bolt

J5 pattern along x axis, in.
'\ Distance to neutral bending axis for operator bolt

J6
" -

pattern along y axis, in.
'

'K Spring constant . ,

'

Distance of bonnet leg from shaft cente'rline, in. ,,

K1

Thickness of disc above shafe, in.|

'K2
! 1.cngth along z axis to cg of bonnet plus adapter'

K3 plate assembly, in. .

Top trunni.on width, in .

K4

K Top trunnion depth, in.
5,

licinht of top trunnion, in. ,

K6 ~

Valve body face-to-face dimension, in.
_

1,1
ir. .Thicknese, of operator housing under trunnion bolt,

I,2

1.cngth of engagement of cover cap bolts in bottom
1,3 ~

t rtillnlon , in.

> V) 1.cnr.tli of engagement of trunnion b'olts in top
J,4 ,

( Yulln l oll , In.

-7-
.

.
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ANAI,YS IS No"E.'_|CI..\TURE
#

Bearing icngth, in.
L5

., ,

1,ength of structural disc hub welds, in.
L6

.
. Length of engagement of bonnet bolts in adapter

L7
p 1, a t e , in.

L Length of engagement of bonnet bolts in bonnet, in.
g

Length of engagement of stub shaft in disc, in.
L9

- - *

Reciprocal of Poisson's ratiom

}! 14 ass of component

fix h',5(gyZo+Rz o), operator extended mass seismic bendingY
moment about Cac x axis, acting at the base of the
operator, in-lbs.
W (gg2 + gzXo), operator extended mass scismic bending3 014y moment about the y axis, acti:1g at the base of the
operator, in-lbs.
W (ExYo+gvXo), operator extended mass scismic bending3}4z

-
moment abbut the z axis, in-lbs.

.

hfx+F T , operator extended ma ss scismic bending moment}E y5about tho x axis, acting at t:1c bottom of the adapter .

plate, in-Ibs.

14yIFxT5. or .r itor extended ma ss scismic bending 'momen}Ty about the y axis, acting at the bottom of the adapter
,

plate, in-lbs.

[@ h!x+ Fy (T5 +118) + gy 4 K3, operator extended mass scismicW
bending moment about the x axis, acting at the base
of the bonnet, in-lbs.

x(T 4II )+Ex 4WK, operator cxtended mass scismic.___

JTy Ffy4 F 5 S 3
bending moment about the y axis, acting at the base
of the bonnet, in-lbs.

14
llending moment at joint of flat plate to disc hub,~

g
in-lbs.

.

permissibic number of complete start-up/ shut-down
Na cycles at br/3000F/hr/hr fluid temperature change

.

ra te (Nil- 354 5. 3) .

-

NA Not applicabic to the analysis of the system
g

Number of top disc pinsN;

g.

.
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ANALiSIS N0?ll!NCl,ATURE
-

.

ON wu der or operator b its -

2

Number of trunnion bolts
| N3

,

Pd De, sign pressure, psi ,

Nimarypressurerating, pounds ,
,pp

Standard calculation pressure from Figurc
Ps NB-3545.1-1, psi

dLargest value among Peb, Ped, Pct, psipc

Peb Sec mdary stress in crotch region of valve body caused
by bending of connected standard pipe, calculated
according to NB-3545.2(b), psi

Secondary stress in crotch region of valve body caused| Ped by direct or axial load imposed by connected. standard
| piping, calculated according to NB-3545.2(b), psi

,

Secondary s' tress in crotch region of _ valve body causedPet by twisting of connected standard pipe, calculated,-
|

according to NB-3E c5. 2(b) , psi .

!

| Q'v General priniary membranc stress intensity at crotchp,
|

region, calculated according to NB-3545.1(a), psi~
-

i

Primary membranc stress intensity in body wall, psi
-

1
P,m

"

Sum of primary plus secondary stresses at crotch . -

Q
-

P resulting.from internal pressure, (NB-354 5. 2 (a)) , psi

Thermal stress in crotch region resulting from 100 F/
QT hr fluid temperature change rate, psi

Mximumthermalstresscompenentcausedbytl$ rough
| QT1
!

wall temperature gradient associated with 1000F/hr
fluid temperature change rate (NB .tS45.2(c)). psi|

Maximum thermal secondary membrar.c stress resulting
QT2 from 1000F/hr fluid temperatuce change rate, psi

, .

Maximum thermal secondary membrane plus bending'

QT3 stress resulting from structaral discontinuity and
;

1000F/hr fluid temperature change rate, psi!

Mean radius of body wall at crotch region (NB-354 5.2y
(c)-1), in.-

Inside radius of body at crotch region for calculating |f)
!V. ri Qp (NB- 354 5. 2 (a)) , in. |

|

9

*
|

- -

\
, _
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. ANAL,YSIS NOMl!NCl.ATUlm .

- _ _ - -

Fillet radius of ccternal surface at crotch (NB-3545.2r2 (a)), in.

Di c radius, in.
n4 '

Sh$tftradius, in.
R5

~

Mean' radius of body wall, in.}t,
Radius to 0-ring in cover cap, in.

}t6
Assumed maxinum stress in connected pipe for calcu-.s lating Pc (NB - 35 4 5. 2 (b)) , 30,000 psi

Design stress intensity, (NB-3533) , psi
Sn

Sum of primary plus secondary stress intensitics at
S" crotch region resulting from 1000F/hr temperature change

rate (NB-3545.2), psi

Fatigue stress intensity at inside surface in crotchsy region resulting from 1000F/h1 fluid temperatureP '

change rate (NB-3545.3), psi

Fatigue stress intensity at ot.tside surface in crotch
s2 region resulting from 1000F/hr fluid temperaturePsy

change rate (NB-354 5. 3) , psi

S(1) through S( 71) are listed after the alphabetical section.
Minimum body wall thickness adjacent to crotch for.

e calculating thermal stresses (NB- 3 5 4 5. 2 (c) -1) , in,t

in.Minimum body vall thickness as determined by NB-3541,
tm

Maximum effective metal thickr. css in crotch region
T" for calculating thermal stresses, (NB-3545.2(c)-1), in.

Maximum magnitude of the diffcrence in average wall
temperatures for walls of thicknesses te, Te, resultingAT2

OFfrom 1000F/hr fluid temperature change rate,

'I Thickness of cover cap behind bolt head, in.
Ty

Thickness of shaft behind spr;ng pin, in.
.T2

Thrust collar thickness, in.
7 ,

.

Cover cap thickness, in.
T4

'

Adapter plate thickness, in.
- T5

.

-10-
.
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Ph Thickness of bottom bonnet plate, in.
s T6

in.Thi,chness of top bonnet plate,
77

in-lbsMaximum required operating torque for valve,
T8

Area of bottom bonno*. weld, in2
liy .

Arca of top bonnet weld, in2
U

in,Distances t.o bolts in bolt pattern on adapter plate,
Vy

in.Distances to bolts in bolt pattern on adapter plate,
y2

in.1)istances to bolts in bolt pattern on adapter plate,
V3

in.Distances to bolts in bolt pattern on adapter plate,
y4

in.Distance to bolts in bolt pattern on bonnet,
y5

in.Distance to bolts in bolt pattern on bonnet,
V6

Distance to bolts in bolt pattern on bonnet, in.
y7

in.Distance to bolts in bolt pattern on bonnet,
.( yg

~A Tota:. bolt load, poundsy

Valvo weight, pounds . .

wy
.

Banjo ucight, poundsy

Oper.itor weight, pounds
w3

Bonnet and adapter plate assembly weight, pounds
w4

y Id size of disc structural welds, in.
W6

Weight of disc, pounds ,

w7
in.}.cngth of Weld around perimeter of bonnet,w

liccentricity of center of gravity of operator extended~

xg ,

in.
-

mass along x ax2s,

i!ccentricity of center of gravity of operator extendedy mass along y axis, in.
Ecccnt ricity of center of gravity of operator extended

(G 2" mass along : axis, in.

.

13-
'

.
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ANALYSIS NOMENCLATURE ,

| ,q '

| V.
! *. ,

e- ' se

.*
[ ,.,-. . . .

*
*.

,fendingsecgion'modulusofbonnetweldsalong' Z
*

; y
8X-axis, in'

Bendingsecjionmodulusofbonnetweldsalong| Z 2
y _y-axis, in. .

Tolgbnalsectionmodulusofbottombonnet-welds,
,

Z 3
i

In.

TorgionalsectionmodulusoftopbonnetwcIds,
~

|- Z4
,
_

2n.
|- * '

Distance to edge of disc hub, inches| .

| Z 7

Maximum static-deficction of component, inchesAy .

U Shaft bearing coefficient of friction .

3

U Bearing friction torque due to pressure loading-

--
4 (shaft journal bearings)

U Bearing friction torque due to pressure loading
plus scismic loading (shaft j ournal bearings)S

;
-

U Thrust bearing friction torque
6.

,

:
.

.

. .,

. . .

4

a d a

e

%

d

. .
.,. ,

- -

; .

? .

I

! -

, .

-. .

i -O, .

-

-

.

9

!
*

.

*
.
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- ANALYSIS NF!!!NCLNfU!W .
, ,

.

_
.

5 S(1)- Combined bending stress in disc, psi.
'

' *

f

V.
S(2)J Ilonding stress in disc due to bending along the

-

-.
' s h a,f t , psi-

.

.

,

: , the
.

f. S(3) Bending ctress in disc due to. bending about -

shaft, psi' ,,

S(4) Shear tear out of shaft through disc, psi,

.

S(5) Combined stress in shaft, psi' .

-

.S(6) Combined bending stress in shaft, psi :.5',

.

..
,

S(7) Combined shear stress in shaft, psi'

'

|
S(8) Bending stress in shaft due to scismic and pressurc

' loads along x axis, psi ,,
.

S(9) Bending stress in shaft due to scismic load along-
-

y axis, ps.i'

,

S (10)' Torsional shear stress in shaft due to operating
loads, psi*

,.

( S(11)'. Direct shear stress in shaft due to pressure and
scismic loads, psi

'S(12) Torsional shear stress at. reduced pin cross-
section, psi ,

*

S(13) Combined shear stress in pin, psi .

*

S(14) Direct shear stress in pin du.c to scis'mic
' load, ps,i* ..

..

S(15) Shear stress in pin due to torsional load,
p s i- , ,

| .

S(16) Bearing stress on pin, psi
.

-
,

S(17) Compressive stress on shaft bearing due to scismic and
'

pressure loads, psi
~~'

|

| ' S(18) ' Shear tear out of cover cap belt through tapped hole in. . .

'

| bottom trunnion.
- - ,.

* S(19) Shear tear out of cover cap bolt through cover cap, psi
,

,

k. '
*

*

..
''

-O -
.

.
.

. .

'

.
'

.

*e ,-.

|
-.

L ._
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, ANALYSIS NO::liNCI,ATultu
'

'
-

.

,

. . .-

-
.

,

(h S(20) Combined stress in cover cap bolts, psi -

S(21) Shear stress in cover cap bolts due to torsi.onal-
* ' load 2ng, psi

'

.

S(22) Dirigt tensile stress in cover cap bolts due to
scismic and pressure loads, psi ,

'

S(23) Combined stress in cover cap, psi
'' '

.S(24) Radial stress in cover cap, psi -f;.

,

S(25) Tangential stress in cover cap, psi-

S(26) Shear stress in cover cap, psi

S(27) Dearing stress on thrust collar, psi
.

~

S(28) Shcar load on thrust ~ collar spring pin, pounds

S(29) Bearing stress of spring pin on thrust collar, psi
'

,

S(30). Shear tear out of spring pin tt. rough thrust collar, psi
~

(~3 S(31)~ Shear tear out of spring pin tF rough bottom of
,

k/ the shaft, psi
.

.

*

*G 4

0 0

0 4

4

4

9

9

e

e

' * s e
8e $

* e

$

e
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e
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e
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e
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ANAhYSIS NO.'1ENCLATURE
.

._. -
,

-

_

,

w
S(32) Shear tear out of trunnion bolt through tapped hole

in trunnion, psi -

S(33) Bearing stress of trunnion bolt on tapped hole in
trunnion, psi

S(34) Bearing stress of trunnion bolt on through hole in
bonnet plate, psi .

. ..

of trunnion bolt head through bonnct
S(35) Shear tear out ,

plate, psi

S(36) Combined stress in trunnion bolt, psi <

S(37) Direct tensile stress in trunnion bolt, psi
in' trunnion bolt due to bending .

S(38) Tensile stress
moment, psi

S(39) Direct shear stress in trunnion bolt, psi
Shear stress in trunnion bolt.due to torsional load, -

S(40)
psi-

' - S(41) Shear tear out of operator bolt head through hole'

.

in bo:inct, psi
'

Beariag stress of. operator bolt on through hole in
_. S(42) -

bonnet, psi

Combined stress in operator bolts, psi
~ '

.
~

S(43)

S(44) Direct tensilc stress in operator bolts, psi ,

Tensile stress in operator bolts due to bending.

S(45) moment, psi ,

shear stress in operator bolts, psi
S(46) Direct

.

O

*
e 8 g

one e

G
,

S

p
O

6 g

6

8
*

i . e ,
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.

-

.
,

. .6'

Shear stress in operator bolts duc'to torsional
S(47)

loads, psi- ,

Codbined stress in bonnet body, psiS(48) '

S(49) IJirect tensile stress in bonnet body, psi
.

.

S(50) Tensile stress in bonnet body,due to bending moment,.

,

psi
,

. . . .

S(51) Direct shear stress in bonnet body, si

S(52)
Shear stress in bonnet body due to torsional load,
psi

Combined shear stress in bottom' bonnet weld, psi
S(53) .

To'tal tensile stress in bottom bonnet weld, psi
S(54)

S(55) ' Direct tensile stress in bottcm bonnet weld, psi
Tensile stress in bottom bonnet wcld due to bending

' S ( 56) . moment; psi
.

in bottom tonnet weld, psi
S(57) Total shear stress

shear stress in bottom bonnet weld, psi..

S(58) Direct

Shear stress in bottom bonnet wcld due to torsionalS(59)
load, psi

Combined shear stress in top 1.onnet weld, psi
S(60) .

.
.

S(61) Total tensile stress in top bonnet weld, psi

S(62) Direct tensile stress in top bonnet weld, psi ,

.

Tensile stress in top bonnet veld due to bending
S(63) moment, psi

- .

Total shear stress in top bonnet weld, p.i~

S(64) ,

S(65) Direct shear strc'ss in top bonnet weld, psi ,

l

in top bonnet weld due to torsional
S( 66) Shear stress

load, psi
.

*

.

.

.
.
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Combined stress in trunnion body, psi .

S(67) .

i tensile stress in trunnion body, psi
S(68) Dir,cct

.Tensile stress in . trunnion body due to bending moment,,

S(69) ,psi'

shear stress in trunniop body, psi
S(70) Direct

Shear stress in trunnion body due to torsionalS(71) -

load, psi
.
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.( SUMMARY TAni,U INTRODUCTIO.1
... _

-
.

'

In the following pages', the pertinent data for the butter-*

fly valve stress analysis is tabulated in.three categories:
. , . ..

1. Stress Levcis for Valve Components
.

2. Natural Frequencies of Components ,

, ,;;_';. .

3. Valve Dimensional Data -

. -
.

,

.

In Tabic 1, Stress Levcis for Valve Components, the following|

I ' data is tabulated: .
,

|
Component Name ,

Code Reference (when applicabic)
.

Stress Lcyc] Name and Symbol
'

Analysis Reference page-

Material Specification-

, -
..

Actual Stress Lcyc1 .

''

-Allowabic Stress Level .

,

The material specifications are taken from Section II of the
|

:

code when applicabic. Allowabic stress 1c"cis are Sm for
.

| tensiJe stresses and .6 Sm for shear stresses. The allowabic

Icycis are the same whether the calculated stress is a combined
.

stress or results from a single load condition. Sm is the

design stress intensity value as defined in Appendix I, Tabics
..

I-7.1 of Section III of the code.
,

'

In Tabic 2, Natural Frcquencies of Valve Components, the
.

: follow.ing data is tabulated: .

.

8 ,

|
-

18 |
'

-

.
.

-
. ,

_j. - .
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.

Summary Tabic Introduction
_

.

'

t
Component Na,aes

.

..

Natural l'requency Symbol
.

Analysis lieference Page
'

Component Material ,

Natural Frequency
.

..
.

In Tabic 3, Valve Dimensional Data, the values for the

pertinent valve dimensions and parameters are given.

.

'

: ,

.

~
. .

.

b

O .
- .

.

d

I

e

g.

.

6

.

.

.

.

.

.

.

G
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.

Pages 20-26a, Stress Level Summary sheets, Frequency Analysis
(,

Summary sheets, and Valve Dimensional Data sheets have been'
'

submittal. They areassembled at.the beginning of the report
located directly behind the design review record for the co$res-

\.
ponding production order. .
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Standard Stress Report

for
-

NRS I?utterfly Valve-

O -

with
.
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Ilonnet Mounted
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Cylinder Operator ,
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'QJ
Described in the following pages is the analysis used in'

verifying the' structural adequacy of.the main elements of the
r

Nits butterfly valve. The analysis is structured to comply
.

'

with paragraph NB-3550 of Section III of the ASME Boiler and
In

Pressure Vessel Code (hereafter referred to as the code).
the ana'.vsis, the design rules for Class 1 valves are used,

since the requirements for this class of valve is much more
The de-explicit than for cither Class 2 or 3 design rules.

sign rules for Class 2 and 3 are exceeded by the rules for

Class 1 valves.
Valve components are analyzed under the assumption that

.

is either at maximum fluid dynamic torque or seatingthe valve
, i,.3
f .

\~'' against the maximum design pressure. ,An aly sis temperature is

300 F, Scismic accelerations are simultaneously applied0*

orr.cndicular directions.
. in ca'ch of three mutuall-

.*

Scismic loads 'r 4, an integral part of the analysis'

liy the inclusion of the accejeration constants gx, gy, gz.

y gz represent accelerations in the x, y and:

The symbols gx,'g ,

z directions respectively. These directions are defined with

respect to the valve body centered co-ord5, ate system as illus~

trated in Figure 1. Snecifically, the x axis is along the pipe
: -

axis, the z axis is along the shaft axis, and the y1 axis is
mutually perpendicular to'the x and z a>:es, forming a right

hand triad with them. .

4 \

,Y
*

.

-28-.
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i Analysis Introduction

, ,

*
.

' V(~g Valve orientation with respect to gravity is taken into
,

account by adding the nppropriate' quantity to the scismic
.

- loads. The justification for doing this is that a gravi-
3:

tational load-is completely equivalent to a Ig scismic load.
*

The analysis of each main element or sub-assembly of the

-

butterfly valve is described separately in cn appropriately

titled section'. In addition to containing sketches where

appropriate,-each section contains an explanatien of the basis

for.cach calculation. Where'applicabic, it also contains an

interpretation of code requirement's as they' apply to the
-

...
5 %

i analysis. .

' Figure 2 is a cross-section view of the butterfly valve,
netes ea sketches =re proviaea4

O . ==a its ersocietoa co=no e=ts-
thr_oughout the report to c1carly defin'c the geometry.;

, .-
,.

"

-
.

O

e

$

4 e

e
4

4

6

5

D

e

'@

$

* e
,

g4

1 ,

0

- O> -

,

x-

i-

30-g

4 -

.
-

6

. - - - , , s ., - -



.. .
,

'

19 -

.., .

..
.

r_ - -
.

-
.

.

.. .

.

.-.
,

,

* - ...;
. .

* .
.

,.
. >- ..

--

.;..,

'* PACKING
-

-

-
-

:({.: .

,
-

.

'

, . , ,- ,

'~
4 2i - SilAFT f..

.

\ --
,

. '-
-

.
, jj ;! '

,

d ) ~~-

I |k BEARINGS
.

'

,' x - SEAT'

,

*

f
'

.,

,-- ~

,

-
-

-
- -

. .

_

,

'

.

s

/) /
(' ~ ~W DISC PIN-

.

'

'

,

'

| ' . . .
.

.

t 4f -,, ~ '

(4. .

|.
.

'

'

-'
'2' s BEARING

-; a NN'

N: s

i SilAFT
.

f 4-

''
~

.

(GNR5.: -f
' '

COVER CAPy
,

)
..'.':!O.,::j Lfg '-*

-

< r.,.

,,> . n. ;a . . .. n ,
i

.- - - g:M -: - COVER cal' 1;OLTS
.

, ,
. -

:

.

F I Gilitli 2 VALVli Cl:0SS -S!!CTION .

-

,

.



._ _ . .. , _. . _ _ - _ _ _ _ _ - - _ _ - _ _ . __-

_

,

-*

39'
- .

I!ND CONNI CTION_ 'ANAI.YSIS ,

.

'h -

ItatherThe Nits butterfly valve is a uniflange design.'

i, .
,

than having:fbinges- that are external to and distinct
~ from

'

the end.

.th,c b'ony, the body-shell?is= fabricated so that
'

Theconnections arc-machined directly into the body shell.L-

outsidc1andLinside diameter of the-body shc11 conform to the[-
.

'

rcquirements|of the American National Standar.ds Institute ,

|
-

/'

! (ANSI)- standard 1116. 5.
The end connections, either flanged ,

'
-

or wcld end, also conform' to .this standard. ,
,

.

4 9
.

O
,

'
# + 4 4

4 ,

4

>

I D$ > g

q #

4 L

O- .

.

. .
. .

, .

e

&
4

g

.

6

. .
~

.

a

+s a

e

9

4

9

+

* e' ,

S

8
9

9 ,

t

#
9

D

9

e. .

,

.

g
9

1- -32-' '

e
.

.

- x-

- _ _ _ _ - _ _ - . __ _



~ - -

{19
. - _

- -

.

.

.

D0DY. ANAL,YSIS
*

.

->~l - e. '

The body analysis consists of calculations - as detailed in
. .

,' ' ' '
.

t .

. ~ Since Paragraph
- Paragraph',NB-3540'of Section III of the code.j

3540 is primarily intended to control the design of'high=NB-

pressure, higi temperature globe and gate va'Ives, in some casesj.

it is not possibic to directly apply _ the equations as specified

in the code. h'here interpretation unique to the calculation
iiis necessary,'it is explained in th'c sub-section conta n ng

,
.

that calculation description. . .i-

Figure 3 illustrates the essential features of the body-

~ The symbols
geometry through the trun'nion arca of the valve.
used to define specific dimensions are consistent with those

used i'n the analysis and with the nomenclature used in the code.

. O 1. ninsmum Bodv wa11 Thickness .
.

,

Paragraph NB-3542 gives minimum body wall thickness
.

requircments for standard pressure rated valves.
**,

. ,
.

*

.

.

* % -

The actual minimum wall thickness in the.NRS valve occurs
4

between the flange bolt holcs and body bore.' ,,

.

.e
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-;,Body' Analysis ,

-- - -

E() 2. Body ~ Shape Rules"
, .

:The N,RS valve meets the requirements of Paragraph
.

NB-3544 of the code for body shape rules. The ex- .

i.
.ternal fillet at trunnion to body intcrsection must

'

.

of the minimum body .
,

be greater than thirty percent
.

. . .

.

.

wall thickness. ,
.

** - . . . . . .
. ,

3. Primary Membrane Stress Due to Internal Pressure-

Paragraph NB-3545.1 defines the maximum allowabic'
-

stress in the neck to flow passage junction. In a
-

hutter:.21y valve, this correspor.ds with the trunnion
.

,

to body shell junction. Figurc 3 shows the geometry

through this sec; ion.
The code defines the stresses in this area using-

t

the pressure area method. As scen in Figure 3, certain
to thiscode-defined dimensions are not applicabic

style of butterfly valve. For exampic, there is no
.

radius at the crotch when seen in a view along the

flow pattern, as the neck extends to the face of the

body. To comply with the intent of the code, the-
are interpreted as shown in the cross-areas Af and Am

section (Figurc 3). Using these.arcas, the primary.-

membranc stress is then calcul..ted.

Pm " {^F/A +.5) ps ,m.

'

,f') ..

, ,y
*

.

.

a
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' Body Analysis- ,,.

,

(,~).
'

'
*

As an alternate method of determining the primary^'
.. .

membranc stress, an equivalent analysis for primary-
.

memb anc stress is applied to an area away from the
-

trunnions. In these areas, the metal area and fluid

arca are as shown in Figure 4. Since the depth of

the metal area is equal to the depth of the fluid arca,

the ratio A /Am is equivalent to the mean radius off

the body over the thickness of the body shell, R /IIm 9-

| The primary membrano stress through this section is
:

then:
(R /II +.5) ps

| Pi= -

m 9
'

m

1 .

| 4. Secondary Stresses'

h'- A. Body Primary plus secondary stress due to internal

pressure: Paragraph NB-3545.2(a) of Section III

of the code defines,the formulas used in calculating.

|

this stress.>
-. --

! ,

ri + .5 psr.

Qp = Cp| -

te.
.

! B. Secondary stress due to pipe reaction: Paragraph

NB .5545.2(b) gives the formulas for finding str ss
;

'

due to pipe reaction. ,

Ped " F S (Direct or Axial Load Effect);-
di

-

*,

Gd

Peb = CbFbS (Bending load Effect)
,

Gb

,y
2F S (Torsional Load Effect)kJ pet a b

Gt
.
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Body Analysis _ t'.
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; .
,.

.-

U C', Thermal secondary stress: Paragraph NB-3545.2(c)j ' .

ofe Section' III of the code gives formulas for {
.

. ..

ddtermining the thermal secondary st,resses in ._

.

! ..
r- ,.,

'th'c pipe.
,

,

QT " QT1.+ QT2 .

. . ;
.,

Where . . ...

. .

QT2 = C C AT2'
' 62.

,

This calculation'D. Primary plus secondary stresses:
;

[~ is per Paragraph NB-3545.2 and is simply the
!

l
sum of the three previous secondary stresses. .

,

2Qt2 1 3SSn " Qp + P + mc
. .

,
.

1

(d' '
5. Valve ratigue Requirements

.

Paragrtph NB-3543.3 of Section III of the code defines
.

requircments for' normal duty valve fatigue.
The allowabic stress Icyc1 is found from Figure'*

I-9.0.
Since the number of cycles is unknown, a makimum

.

value of 2,000 is assumed. The allowabic stress can
r

then be found from Figure I-9.1 for carbon steel. This(
.

then gives an allowabic stress of 65,000 psi.
.

S 1 = 2/3 Qp + Peb/2 + QT3 + 1.3QT1p

Sp2 " 4 Qp + Pcb + 2QT3
' -

~~

[- Where:

QT3 = C C AT263 -

,

+ .

. %,,

,,

.

5
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DISC AB.'AI.YSI S
.

Section Nil-3546.2 defines the design requirements of the

valve disc. Both primary bending and primary membranc stress

are mentioned in this section. For a flat plate such as the.,

butterfly valve disc, membrane stress is not defined until the

deficction of the disc reaches one-half the disc thickness.
Since total deflection of the disc is much less than one-half
the thickness, membrane stresses are not applicabic to the

analysis.
.

Figure 5 shows the disc for the NRS butterfly valves. .

The disc is designed to provide a structurally sound pressure

retaining compcnent while providing the Icast interference

to the flow.

(O
Primary Bendint Stress

Due to the manner in which the disc is supported, the disc

experiences bending both along'the shaft axis and about the

shaft axis. Tl:e combined bending stress is maximized at the

disc center whcre the maximum moment occurs. The moment is a

result of a uniform pres:ure load.
Combined bending stress in disc:

S(1) = (S(2)2 + 3(3)?)h

.. Where: ,

3C7 = Bending stress due to momentS(2) = .90433 PnR.1 along shaft axis, psi

S Rending stress due to momentS(3) = .6666 P R3 C3 =
3 ak ut dan a.ds, N

13,-) .

.

.
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. Disc' Analysis -

. ,

.(s
' ~ Shear Tear Out' of Shaf t

'

' *
-.

- The di.;c is designed -so the minimum thickness of material surround-
~

ing the shaf t extension in the di + is above the shaft on the arch
. . . .

both scismic and pressure loads.
side. The loading is due to

-,.
- -- '

S:22 2
S (O ~. = wP .R 2+w 8x *UY

*

Shear tear out shafts 4 2 =
,

through disc, psi. .

23,g (K +p (1- SIN 45''))
'

-
. 7 2

T
-
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4
*
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SIIAFT ANAL,YSIS
'

,,.

i'tf
-

.

is analyzed in accordance with . Paragraph NB-Tho' shaft

3546.3 of.Section III of the Cod.:. The shaft loadinp, is a com-

Maximum '

bidation of.scismic, pressure and operating loads.
.

'

| torsional loading is either a combination of seating and bearing
or bearing and dynamic torque. Columnar stress is not

torgi!n

corsidered in the shaf t loading due to its' negligibic effect

on the stress icvels. Figure 2 shows the banjo assembly with the

through shaft. .
'

Shaft stresses due to pressure, scismic and operating loads:
|-

,

. S(5) = S(6) + (S(6)2+ 23(7)2)4 '
~

2 T -
.

,-
.

wherc .

,
.

Combined bending stress, pr'
O. S(6) = (S(8)2+3(9)2)h ='

V
S(8) = (n R4 p +W28x) 2S B RS Bending tensile stress2 =

s I
" E 9" "'

W .25 R 45 loads along x axis, psi
.

'

.

= Bending tensile stress d6eURI5S(9) = .25W28y
4 to scismic loads alc ng

725 w R5 ,

y axis, ps1

' Combined shcar strcrs, psiS(7) = (S(10)2+S(11)2)h =
,

| S(3 0) = T8R5 = Torsional shcar stress, ps'

.
.

l

~

4
. 5w R5

4 p +.5W (3x +8y )b = Direct shca:2S(11) = 1.333 .5 rR s 2
L stress, psi

2L KR5 .~
| ___

the'Also worthy of attention is the torsional shear stress at

L reduced cross-section where the pin passes through the shaft.
.

k-P

U ,

.-
.

,

*

p .

'
-
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S(12) = S(10) WR5 ,
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DISC PI?! ANAL.YSIS- *

-
.

As scen in Figure 2, there is one through 'shaf t and-

! O' one disc pin. The pin is subject to scismic and' torsional
.

'

- lo'n d s .
.

,

(Combined shear stress in top disc pin:! -

i. .
.

. .
. .

' .

'S(13) = (S(14) 2+5(15) 2)!5 ,

! ,

. . . ,
-

.
,

:..'s'
.

.

| Direct stress,on disc pin due to scismic loads:..
.

. - ,
. ...-

. .
-

..

"'

S(14) = W gz . ,- ->

7;, .

-

s .-
.

.

2
[- .

2Ny(.785)D3
_

- -
; . -

!
.

.

.
.

Torsional shear s. tress in disc pin:-

,
.

,
.; . .,

. .. .

.. +
: s -

,
..

, .
' "

S(15) = T87 5US .
i' -

_

2-'

2N R .785D3 .yS
, .

. .

Bearing stress on disc pin: -^

.
,

- ..

>

| 1
-

.

S(16) = Tg .5US --

.

2R K 0 N5231
-

.

. . .
_. ,

.

.
. .- . .

Whore: -

..
.- . ,

| U .= .785(2R )2p U R
4 4 035.,

|
. . ..

.

' ~ '

UR
.. US = U +W2Cx 3 54

| . O- .
,

g ''
Po = Actual Shut-Of f Pressure--

,

.

.

i. .i -..

! ._ _ -, _
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The sic'cyc bearings in the trunnion (Figure 2) arc sub-
.

octedto.b$thscismicandpressure loads. c

j
2 + h'2 ( Rx + E),2 p3 Compressive stress onS(17) = WPdR4 =

2l'52
shaft Searing, psi

,

U

-
.-

.. ._

e
e

i -
, .

<

+

4

%#

:

*
.

6

4

*

,

- .
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e
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COVER CAP ANALYSIS
.

;h) .

~~

Figure 6 shows the bottom trunnion assembly, including the cover
,

'

cap and cover cap bolts.
<

.. -

: .

.. ,

'1. Cover cap bolt stresses:
,

' The cover cap experiences loading from the weight of the banjo
,-..

In determining stress 1cvels,'the boltsand from pressure loads.
4

are assumed to share torsional and tensile loading equally.
4

.

S

' holes in trunnion:* Shear tear out of bolts throt}gh tap,
+ x Ps 'R'6- )Ex+8y+g,. xrS(18) = W2;

4 .L3 2.83 D6-
,

'

.
,

..
2EShear tear out 'of bolt heads through cover cap, psi: ,

_

+ xP R *

j icS(19) = W2 8x +8y +8: g 6 .

.

':4 Ty 5.2 D6.
.

-
-

-o; Combined s tress in -bolts , psi:.

,

. .S(20) = S (2 2)_ + ( S(22)2 + 4S(21,2 )h ,
.

2 .2
.

.

. ..

.*Where:

S(21) = . 2 5 W2 8 +8 +8 (D2+ .66 (D -D 3)4 2x y z-

'

-4707 !! 4A '.
3 4

,

!- .'
.

.. . Shear Stress in Bolts Due to Torsional Load.
-

.,

J -

g . ...

''
+

._ ,
.

-
.

.

.

.
*

[s

I
. p

-
v
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' Cover Cap Analysis ,,
- .

.

!/,r}_
.

Ps R6S(22) = W2 X +8Y +8Z
+ w

. .

. Tensile Stress in Bolts. , =
- -

i. . ..
4A Duc-to Seismic And--

3 Pressure Loads, psi
..,

., ,

'n* *
,.

-

1 , 2. Cover: cap stresses:-

The combined stress in the covercap is calculated using the. follow-
. JI4'

ing formulas:

S(23) _ = S(24) + S(25) + ((S(24) + S(25))2 + 4S(26)2)h
; 2 2

-,.
. '* *

Where: -

.25)2 Ps + W28z)'S(24) = 3(.785 (D4 +
Radial Stress=

2
: 4w T4

'

,
.

., .

-<n .

Y
'

' S,(25) = 3 (. 785 (D4 + .25)2 2:33ps+W
= Tangential Stress'

_

24-wT4 m-4 .

.
4 .

.

S(26) = . 785 (D4 + .25)2 ps + W28 r. *

= Shear Stress ,

r (D4 + . 25) T4
'

..

. p.

-

A

O

*~
.

'.;'*

,

#
.

-

.. .

T

*
. . .

- '

. %/, .

'

. -

. .

'

4:
.

' *
- ,

-
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TIIRilST BEARING ANAT.YSIS

.
.

?yx
V As-scen:in figure 6, tiic thrust bearing assembly is located in the

bottom trunnion. It provides restraint for the banjo in the z
direction, assuring that the disc edge remains correctly position-

,ed to maintain optimum scaling. Formulas used to analyze the~

'

assembly.are given below.
.

Bearing stress on thrust collar due to seismic and pressure1.

loads:
2

'S(27) = 112 +8 2+gz + ,p R "I ~

s 5 -

. y

4 . (p +.25)2) g.'
20785 (D 2

- ,.

J2. iShear load on thrust collar spring pin due to seismic, pres-

"-c%ure and torsional loads: I~.,.
~

28z(D +.0833+.66 '(D 4 ))+ 2 5 11 2 4 32 z+ n P R5)2S(28) = 11 8 s
.

-R )_k
s.

'

S- _
,

.: .
.

-
.

.3 . .Dearing stress of spring pin on thrust collar:

. tr-:S(29) = ((if28z+*wP R5) + ( . 2 5 1128z) ) -

s

S (D -D )D '

4 2
.

.. _

m4. -Shear tear out of spring pin through bottom of shaf t:-

L ~

2 .

2z+ mP RWS(31) = if 8 s 3

y
( . 272

. .2D'
-

..
,

5
..

't.j. .. .
,

-

[
-

..
.

,
. .,

. - .
. .. .

t .
.

[(Q
.

.v .

:<
I

.

7-
- .

4 8 .
'

.

'
-

c .
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OPERATOR MOUNTING ANALYSIS
.

:v The eperator mounting consists of the top trunnion, the bonnet,
',,

O
the operator housing, and the bolt connections. The elements of

thoassembifareshowninFigure7.
c. .

1. Bolt str' esses and locali:cd stress due to bolt loads. The

following assumptions are used in the development of the equa-

tions: ..;1
.

'A._ Torsional, direct shear, and direct tensile loads~

-

are shared equally by all bolts in the pattern.

'

B. Moments across the bolt pattern are opposed in such
.

a way that the load in each bolt is proportional to its
distance from the neutral bending axis.-

4'-

) (a) Shear tear out of trunnion bolt through tapped hole in top

'

trunnion.

fg (J +II )S(32) = F +W g 2+g 2+g 2 y. (J +H )I -

y 2x 2 24 .

4 2J2 +2(J +1 ) 2J1 + 2 (J +11 )
-

2 y 2

. 9 tr L D47.

(b) Bearing stress on tapped holes in trunnion.

z 8 x 4 (gx +gy )bl 2
S(33) = Ff +T (F 2,py )4 y

. .

,

, 4 (.707 !! ) 4 4 *

2

. ; .' . .D L74
. .

.

(c) Bearing stress on through hole in bonnet.
.

S(34) = M +T (F 2+p 2)!s w (gx +37 )b2 2
z 8 x y 4

4(.707 11 ) 4 42

V'
DT76

' '

,,

+

.

g. . .
. ..

.
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Operator Mountine. Analysis , ,

. . ..(y
d.Sheartearout.oftrunnh.onboltheadsthrough''' ~~

-

*
.

.
. ~

. -

-bonnet.
_

, -
.

+ hI (J +I! )S(35) = Fz+W gz + b!x(J +II ) y 3 24 2 2
*

1 +2 (J +11 ) 222"i' 4 2J 2 +2 (J +II ) 2J i 2
'

'' 2 2
'-

. .

5.2 D T76
. -

'

,- ,,,
-,

- .
-,

.

c. Combined stress in; trunnion bolts (Sec Fig. 8')~
.

..

,
,

S(36). = S(37)+S(38) , ( (S ( 37 ) + S (38 ) 2 + 4 (S (39 ) + S (4 0 ) ) 2) h' -* - _

2 2*
-

.

.
' '

-- - tiherc *-

. ... .
.

S(37) = F,,t'(4gz = Direct Tensile Stress, psi -'

*
.

' ".

4A5
' -* --,; -

-
, .

-
. .

+ II '(J + 1f ) = Tensile stress,' S ',.sa ) J.; {.T2+II ) y i 22

2 2 due to extended
1 + 2 (J +1(23 nass bending2d 2 +2 (J +119) 2J i

-

2*-eg -
-

y- , - A5 moment, psi.
,

-

'

x +p 2)h+g,g(gx +gy )b = Direct shcar2 2 25(3!)) = (F
*

y
4A6 '. . stress, psi.- -

,-
, ,

, ,

. . , . =. Shear stress duc.S(4 0)' = (b!z+T , --

8.

torsional load,' - '

.- (.707 !! 34 A6
.

2.

... ..

f. : Shear tear out of operator bolt head through hole in' "'

,- .. .
,

bonnet. .
-

.. . -
,

.
-

. .
' '

S(41) = Fz + h!x(J g+11;) + bl (J +II )
.

'

y 3 4

3 + 2 (J +Il ) 222J4 + 2(J ;+11 ) 2 2J2
N2 3 44,

5.2 D T87
,

- -

. '

g. Bearing stress on tapped holcs in bonnet."

,-, ,

. -

x +p 2)h2
,

S ( 4 2) ' = bi +T g + (F yz ,
,

|
.

(. 707 !!.;) N2 N2
*

--
.

, - .- ,

f~ -DgT7
-y,) .

.

,

* - *

a.. ,.
-

. ,

..
.

.

.

5? !* *
-

-_ _ _
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Operator Mountinc Analysis
.

w(N,- -

t<

,

*(

h. , Combined stress in operator bolts (See Fig. 9)
<

f _

((S (44) + S (4 5)) 2 + 4 (S (4 6) + S (4 7)) 2) b,S(4 3)' u- S(4 4) +S(4 5) +
.

:.s. '

. t' 2 2., '

.
.

.

Wherc
-

. , .

= Direct tensile stress, psi
*

S(44) = F3
..

N ^72,
.

S(4 5) = Mx(J 411 ) + M (J +II ) = Tensile stress-
4 4 y 3 4 due to bending,

3 + 2 (J +11 ) 2 psi
4 + 2 (J +11 ) 2 2J2 3 42J 4 4*

.

A7 ,

* .

S(46) = (F 2+p 2)b = Direct shear stress'

x y

N ^82J
..

= Shear stress due to torsion, psi
S(47) = Mz+T8

(.70711 )NiA8
-

4-
,

.

.

.2. 11onnet Stresses ,
-

.

stresses are calculated with the assumptionThe bonnet- .

that loading is through the bolt connections as previously
'

defined. .

The maximum combined stress in the bonnet was calculateda.
* .-

using the following-formulas:

S(48) = S(49)+S(50)_ + [(S(4 9)+f (50))2 +4 (S(51)+S (5211 )h-|2

.

2 2.

'

.

Combined stress in' bonnet IcgsIl .a

Q Direct tensile' stress, psi |S(49).+ Pz4Wagz" n
-

'

B5
*

.

.>
e
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Operator Mounting Analysis
.

*

9 = Tensile stress due to bendingi ' ['; g S(50) = M 'Jg + M Bs
-

q- h moment, ps1x
.

- -

- , ,
f-.

Wherc *

S( 1) = (F 2+Fy )h + W (gx +gy )% e
-2 2 2 Direct shcar stress,

x 4 W.

~

U
Sj ,

*

i
! S(52) = T CD = Shear stress in bonnet body due to ,

torsional 1 Load, psi ;Y0
,

|g ,
. ,

,

.

'

Where- ,

T = Torque, in-lbs,'

C0 = Torsional constant for non-cirgular cross section;

j inK0 = Function of cross-section,
!
! .

.

-

c

i b. The maximum combined shear stress in the bonnet mounting
*

'

'

|

| plate to body wc10s was calcuinted using the following
*

-
, 6

! formulas:

Hottom Bonnet Wold- -

S(53) a (S(54)2+ 4S(55) ) = Combined shear stress in'

b ttom weld, psi
2

.

Where

S(54) = S(56) + S(57) = Total tensile stress, psi

S(56) = F +W g = Direct tenslic stress, psi-*

z 4

U)
i

'

S(57) = F + T
T 1. = Bending tensile stressX Y

2! .

S(55) = S(58) 4 S(59) = Total shear stress*-

2+p 2)h + W (gx +gv )b = Direct . shear stress ,2 2'

S(58) = (F' y 4x psi"

1
'

.
.

T

U-
-- s'

,

..

O

T

- ,.

L_- __ _

-

'~

_
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Operator-Mounting Analysis,' *
,

, ,
.

; (,8 -. - .
.v-, ,

,

| S,(59) = Mz+Tg = Torsional shear stress, psi*

... ,.- ,
-- - -

z3
. .- - .. , .

. . . ..
. .

. *

:s, . . .*. - .. . ,
. , ,-',

...s- . ..,- , ,
,

*' ~ * * *
'.

[', , Top Bonnet Wcld -
. .

44S(621 )$ = Combined shear stress in top2! S(60) = (S(61)2
~'

2
'

bonnet wcld
.

- . .. .
<. . :-

.

.
. . i.-,

. ... ,. , ,
, , -,

, , . . . ,
,

. .

.. ,. ,
-

. .
* -* * - -I' Wherc .* . * -.

-'

. ,, . .

;- S(61) = S(6 3)+S(64) = Total ter.. file stress, psi ,

,
.,

:, .
.-

-.
. .

f.'
' '

S(63) = Pz = Direct tensile stress, psi -
.'

, ...
.

. . _ ,

'* - '

.', .~. -
.

. . y.

.. . ,

'

1 .. ..
.- .. * *. ,

<- . , .
*

i '

% S(64) = M M'

t
.x 1

h. 7 + 7 .= Dending tensile stress, psi-

,

1 2 -
. . .

.. , ,

. . -
. . .

--' .. . .. .. .

: . . .
.

I ' ., . ,
; S(62) = S(65)+S(66) = Total shear stress, psi

- .

!
. , ,

I

2 2 Direct' shear stress, psiS(65) = (Pxpy)' =
. ,

,

- .
~

U2
' ' ''* *

. .
, . .

, . , , ,

...,. .

-

S(66) = M +Tg = Torsional shcar stress, " psi
~;.-

| z.

.

' '
. .

- .
.

Z4
. . .

. .
.

-
..'

,

' '
-

. c.. Trunnion Body Stress .
. ,

. .. The trunnion body stresses are calculated using the*

following assumptions: - -*
..

1. Operator loading is through the b61t connections.'

n,

' N' I 2. There is an equal and opposite reaction to the bolt
.

Ioads at the body.
.

* ...
,

e

- - ' -

. 6. ... - , ,,
' .
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Oycra tor Slountini: .ina ly s i s. ,

7,

The, combined stress in the trunnion body was calculated
.

using the following formulas:

S(h7) = S(68)+S(69)_ + { (S (68) + S (69)) 2+ 4 (S(701 +S (71)) 2)h<

2 2
. .

,

i'd .-

Where

.
S(65) = Pz+ Wag: = Direct tensile stress, psi

2K K .785B2
*

45

= Bending tensile+ (Fl +F K ) . 5K5(' !x + F K ) . 5 K4S(69) = b y6 y x6
stress, ps.'..

3 4
.0833K K.1 3-7B 4 .0833K K4 5 -nB2

'

5 2

64 64
'

*

. .

p ~,
U S(70) = (Fxpy )h g1(gx y )h = Direct shear stress, psi2 2 2 2

,

2K K .785B245.
.

S(71) = (Fiz+T 3 5(K4 +K5 )b = Torsional shear stre:;s,
8

3 3 4
.0833(K K4 5 +K K5 4 )-"B2-

.

32
.

' .

* .

# ,

.

_
t

-
. .

,

*
6

*
e

e t

e
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%|
.

e

.
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.
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FRl!QtiliNQ ANAL.YSIS.

'

rs .

1

> Q,) -

A.-Introduction- . ,

To calculate'the natural frequency of the various
|

'
-

' components of the NRS valyc, a model system with a singic .

i

_ degree-of freedom is constructed. The' individual com-
.

. -

|

.ponents n'.id groups of components are modeled and analyzed
.

as restoring spring forces which act to ppose the re-
'

spective weight forces thny are subjected to. The static-
-

-

deficction of the component is calculated and is related
~

,

;-

| to natural frequency as:
-

,

.
.

|-

' ..

;
I E

| .F *n
27 R

- - . ,
.

j .
t

-

.

t -

' or. . - -
..

.
,

,

1 L
' '

P
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! The analysis details the equations and assumptions
!

.

used in determining the natural frequencies listed in.

Sketchesareprovidedwherespiiropriate.the summary tabic.
.

11. Valve Body Issembly -

; -

The body shc11', as seen in Figure 1, is assumed to

experience loading due to the entire valve weight.I -L -

Natural Frequency of the body shell:. .

,

N1"!}98'
F 2.
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' '

."
.

.
. . .

.

..

.

.
- St

._ _ . . _ _ _, __ _. . _ , . - _ .

-
,_



- - - - - - - .

_, ,

,

r19 *.

.

-
.

.

L: **

L Frequency Analysis _ ,, ,

O
-

-

...

'Where .

s- . .
-

Maximum deficction of body. . .
3 * =

Ay17- n W 1.j shc11 due to valve weight, in.1

7, gg
Ia

C. Ennjo Asseinbly -

TheFigure 2 shows the banjo assembly in the body.

natural frequency of the banjo assembly is calculated
-

*
. ' . .

using the following: ,

.

9*8 # -

FN2 "
'

*

Ay2
.

.. ,

-

Where ..' ,

8

Ay2 " NB 3 Maximum deficction of=
71 sha t, inches

12 E 1 6
.

.
,

D. Cover Cap Assembly _ ,

As seen in Figure 6, the cover cap supports the banjo.
v1

.

The nacarcl frequency of the cover cap is calculated as-

. .

follows:
-

-.

-

.
.

N3''({9*8\' -

F.

Ay3/
.

. . .

Where "

3(m .1) g2 (.5D,3+.125)2 = Maximum 'de ficction2.

AY3 ': of cover cap
16xE T,;3 g .m

. , .

.

'11. Bonnet Assem11y2
The |Figurc 7 shows the top trunnion as'sembly.~ '

!
'

following assumptions are made in calculating .the bonnet
.-

natural frequency: ,,

<.

>

q-
.

.

.
.

.

'
.

.
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.

. .
.



. . . . _ .

.

59 .

*
.. . . .

*

Frequency Analynis ..
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(v; .

valve assembly m'ounting position is where1. The worst -
.

the b6nding moment is predominant in producing de-

' fi cct, ion .

2. The bonnet is assumed fixed at the top trunIlion.
.

'

3. The adapter plate is assuecd to be integral with and
.have a cross-section the same as the component it' .

.
. ,

~

mounts to. .

?-

4

-

Natural frequeicy of bonnet: ,

,

8

n4 " Qhyg,
.*

F
-

.
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23 + W Z ligAy4 = W fig 3 + 1'.' t,K3
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Core Performance ^ Branch'Meeeting 9/2/81

1. .FPL commits.to implementing the following rod bowing penalties:
~ Burnup (gigawatt-days per Departure from Nucleate Boiling

metric ton of uranium Ratio Penalty (percent)

0-2.4 0
2.4-5 3.0

5-10 7.1
10-15 10.3
15-20 12.9
20-25 15.3
25-30 17.4
30-35 19.4
35-40 21.2

These penalties will be impicmented in the technical specifications
and the tech spec bases will be explained accordingly.

These penalties t cre applied becasue it is expected that the St. Lecie
2 fuel will experience rod bowing equal to that predicted for SONf3 2 & 3.
This is because of the similarity of spacer grid Span lengths and fuel
rod cladding dimensions.

2. FPL submits the Supplemental ECCS Analysis (IMREG-0630) attached.

3. FPL will submit best availabic analysis for seismic plus LOCA loads
on the fuel by September 1981: Results using approved methods will
be submitted by May 1982. This approach follows that suggested in
NUREC-0609 and is the same approach as that taken for the WSES-3
Safety Evaluation Report. -

4. FPL agrees with NRC that the' following items should be included in a
confirmatory Safety Evaluation Report item entitled, " Miscellaneous
Fuel Design Documentation".

(1) Neutron source rod and incore instrumentation assembly
documentation.

|

(2) CEA fretting and axial growth documentation.

(3) Mechanical f racturing documentation.

(4) Documentation for stress analyses for fuel rods, poison rods,
and CEAs; strain analyses for fuel assemblies, fuel rods,
poison rods, and CEAs; strain fatigue analyses for fuel
assemblies and fuci rods; and poison rod internal presure.

(5) Documentation for non-LOCA transicut core coolability.

1

.

-
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FPL'will submit documentation-for items (1), (2). (3), and-(5),
. September 11, 1981. 'If documentation,for item (4) cannot be pro-
vided by that date, a schedule emphasizing the earliest possible

,
. , , , "

!
: submittal will be provided.

5. FPL will provide a revised response to question 492.1 to adequately
identify the methodology used to assure the thermal hydraulic design
of future reloads are bounded by the existing safety analysis. See

revised response attached to these minutes.

6. .FPL will~ implement in the: technical specifications a 1% penalty for- !

grid spacing differences relative to experimental data supporting thej,
|

CE-1 DNB correlation. This penalty by itself would result in a
change in the 95/95 'NBR from 1.19 to 1.20. The setpoint analysis

i

! supporting the technical specificatiors will be performed such that
| the safety analyses remain valid.

7. FPL will provide a revised response to question 492.13 to indicate
,

reactor trip on low coolant flow, based on steam generator 6f'

measurements. The revised response is attached.
|

,
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i ' Question'No.,

.

.

~

. 492.1 " Standard format and. content of Safety. Analysis Reports,'Regula-
tory Guide 1.70, states that in Chapter 4'of the'SAR ".'.. the''

.

applicant should provide an evaluation and supporting Anforma-
tion .to establish the capability of the reactor to perform its

|

L
safety functions throughout its design lifetime under all normal

L operation modes..."

Arc the analyses presented in'Section 4.4 representative of the
|

initial core only or have future cycles been analyzed? Provide
a discussion of how power distributions for future cycles are

I considered in FSAR analyses. Is there any assurance that St.
Lucie 2 can operate at the licensed power level without excessive
DNB trips throughout future cycles? Will revisions to the design

|

|
methodology be required in order to maintain sufficient thermal
margin?

( Response

!~ The St. Lucie Unit-2 FSAR documents the ability of the core de-
sign to meet performance and safety requirements for the expected
plant lifetime to the extent possible, based on infoimation

|- availabic prior to actual operation. Radial' power distribution
i

predictions as a function of burnup for the first three cycles
|-
! are al,own in Figures 4.3-2a through 4.3-24. The maximum radial

peaking factor in the DNB analyses of Section 4.4 is 1.55 which-
is at least 5% higher than the predictions reported in Section
4.3.

|
.

!-

f
Also, the predicted CEA worths at hot full power and hot zero

|
power conditions are, respectively 10.2% and.7.57% (Tabic 4.3-7).

|
Corresponding valves used in safety analyses, assuming.a stuck
CEA, are less than 5.5% and 2.5%, respectively, for transients.

)

!
other than steam appropriate to the end of cycle 4 at hot full'
power and hot zero power _ conditions assuming a stuck CEA are

j
' 6.68% and 5.00% respectively (Section 15.0.3.2.3).

The minimum allowabic reactor core flow rate is-369,947 gpm
(Table 4.4-1). This flow rate is ascured,over plant lifetime
by periodic measurements required by technical specifications.
The St. 1.ucie Unit 2 technical specification will be similar

!
to St. Lucie Unit 1 Technical Specification 3.2.5. . This tech-
nical specification will require periodic (18-month) measurementsI

|. to verify availablity of the flow rate assumed in the safety
! analyses and the core protection calculator system.

!
!

.
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The complete sat of Technical Specifications for St. Lucie Unit'

2 will be based. on the.present plant design. Subsequent to plant
; - 'startup and operation, core reload designs are evaluated based on

'the'present plant design. Subsequent to-plant startup and; opera-
tion, core reload designs are evaluated based on operating data and
specific reload core parameters. This evaluation includes thermal
margin analyses and an assessment of the validity of the FASR

|
safety analyses. It is possible the evaluation could lead t the
implementation of revised analysis methodology (however, no such
revisions are presently known). The technical specifications
would than revised as necessary to reflect the current fuel cycle.

!
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492.13 Provide a ,descripti.on .of the. instrumentation available and the. surveillance
requirements and procedures 'which ~would ale'rt the reactor operator to an
abnormal core flow or core pressure drop during steady-state operation.

We will require that the plant Technical Specifications include the require-
ments that the actual reactor coolant system total flowrate be greater than
or equal to the value indicated by the core protection calculator system.

Response

St. Lucie II will have a Technical Specification similar to St. Lucie I
Technical Specification 3.2.3, This Technical Specification
will assure that reactor coolant flow rate is consistent with that,

assumed a) in the transient and accident analysis, and b) in the
core protectior, calculator system. As stated in the Bases of theSt. Lucie Uni'. I Technical Specifications: "The 18 month periodic
measurement of the RCS total flow rate is adequate to detect flow
degradation and ensure correlation of the flow indication channels
with measured flow such that the indicated percent flow will provide
sufficient verificatinn nr rinw rato nn a 17 hnnr hacic "
As described in Section 7.2.1.1.2.3, tie reactor coolant flow measurement
signals are provided by summing the scuare root of fhe differential pres-
sure differential pressure across enca steam generator to provide indicationof the total coolant flow through the reactor. This measurement of dif-
ferential pressure (6p) is directly proportional to the actual flow. The
low flow reactor trip is actuated directly by the summed 6 P Sinnais.
No FSAR charge is required.

,
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Supplementcl ECCS Analysis (NUREG.-0630)
o

A supplemental analysis utilizing the material models of 110 REG-0630
,

(Reference 1) has been perfonned. This supplemer.tal analysis also utilized
the heat transfer portion of C-E's alternate ECCS Evaluat ion ISdel which
is described in Reference 2. The combination of the fiUREG-0630 material
models and the alternate heat transfer model provides results which are less
limiting than the results in the St. Lucie Unit 2 FSAR which were obtained
by using C-E's flRC-approved ECCS Evaluation Madel s(Reference 3).

.

Tor this analysis, the peak clad temperatum decreased by 128 F and the peak
local clad oxidation decreased by 10.62% from the corresponding values

reportad in Section 6.3.3 of the $t.1.ucie Unit J TSAR. Similar results

were provided to ilRC, in Reference 4 for another Conbustion Engineering

designed pWR. As in this previous analysis, this analysis illustrates the
overall conservatism of the C-E flow blockage representation in its f1RC

approved ECCS Evaluation flodel (Reference 3i).
|

.

1 -

!KUDJLOf R[ALYS_IS,

The analysis used the three waterial models of flVl1G-0630
Specifically, the riadels predict cladding r upture temperature, cladding
burst strain and fuel assembly flow blockage. In addition, the analysis

ut ilized the heat transfer portion of the alternate ECCS !!odel
'

for the calculation of steam heat transic: coef ficients for locations at and
above the blockage plane. All other portions of the calculation used C-E's

; fiRC-approved ECCS Evaluation Ibdel.
!

|
| figures 3, 8, and 16 in Re fet ence I present *he flRC recommended rupture

temperature, rup'.ure strain and reduction in fuel assembly flow area
respectively. This analysis assmied a heating ramp rate of 0 C/sec. and uti-
lized the appropriate values from these three figures. The 0*C/sec. htating ramp

rate predicts the earliest rupture and the maximum burst strain and maximum

flow area reduction. Although this introduces additional, unnecessary conser-
vatisu into tire an.:1ysis, it was done to remain cen.ister.: ui:n +he orevious
analysis performed (Reference 4) and to expedite a response to this I:hC Questicn.

__-=_m - _. 3 ,_
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Since clad rupture occured during reficod, the blowdown hydraulic transient
.,

flow blockage modeling.
is not sensitive to,and will not be effected by
Furthermore, calculation of reflood rates is based on the core average -

Therefore, the ' blowdown
behcVior snd is not affected by local blockage.
and reflood hydraulics calculated for the FSAR analysis remain applicable

The hot rod clad temperature and oxidationand were used in this study.
values were recalculated using the NUREG'-0630 clad material models and the

Other input assumptiens remain
alternate steam coolin5 heat transfer models. The calculation described
the same as described in Section 6.3.3 of the FSAR. k
above was perfonned for the 1.0 DEG/PD* break, which is the limiting large brea .

RESULTS

Table 1 summarizes the significant input parameters and results of this
The calculated rupture strain is 90%, which

supplemental analysis.
These are the maximum valuesc,rresponds to a flow blockage of 71%.

As mentioned earlier, . rupture is
predicted by the NUREG-0530 models. is based
predicted during reflood.' The rupture temperature of 1515 F

Use of a more representative
on the 0"C/sec heating ramp rate curve. The
heating ramp rate would calculate rupture at a higher tempera ture.
higher rupture temperature would result in a lower rupture strain and lower
flow blockage than the maximum value calculated here.

As concluded previously in Reference 1, the combination of the improved
,

heat transfer of C-E's alternate model with higher strain and flow . blockage
actually results in a significant decrease in both calculated peak clad

For this analysis, the peak clad
temperature and peak clad oxidation.

120 F and the peak clad oxidation decreased by
tenperature decreased by
10.62% f rom the corresponding results of,the FSAR analysis presented in
Secsion 6.3.3 and presented graphically in Figures 1 and 2.

The results of this study demonstrate that the ECCS analysis results pre-
sented in the St. Lucie Unit 2 FSAR canply with the acceptance criteria of
10CFP50.'6 at an assumed peak linear heat rate of 13.D kw/f t.

- --
~ - _ _

DEG/PD - Double-Ended Guillotine / Pump Discharge*

.
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TABLE I

| I. 1NPUT PARAMETERS AND RESULTS OF T}iE ECCS SUPPLEMENTAL A*lALYSIS- ,

,

.

! PARAMETER SUPPLEMENTAL NIAL15IS

NUREG-0630 Models II)| Rupture Strain Model
.

C-E's Alternate Model (2)Steam Cooling lleat Transfer Model
|

.Model for Remainder of Calculation " Calculation Method for the C-E Large Break !
'Evaluation Model"

Allowable Peak Linear lleat Generation- Rate (kw/f t) 13.0
:

Rupture Strain (%) 90

FlowBlockage(%) 71

l{oop Stress at Rupture (KPSI) 5.63

Clad Temperature at Rupture (*F) 1515

Rupture Time During Reflood'

11. Compari_s_o_n of Supplemental and FSAR Analysis Results_

PARAMETER SUPPLEMENTAL ANALYSIS _ FSAR NIALYSij.

Peak Glad Temperature (*F) 1972, 2098 .

'

"C" "
ABOVE BLOCKAGE AT BLOCKruit-

Peak Local Clad Oxidation (%) 4.69 15.76

- C" "
AB0VE BLOCKAGE AT BLOCKAGE

,
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: FIGURE 1: CLAD TEliPERATURE AT HOT. SPOT..
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FIGliPF 2: PFAK LOC /.L CLnD OX1DAIl0N
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