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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
valves during a faulted condition arising from a loss of coolant
accident (LOCA),

The analysis of the structural and operational adequacy of the
valve ascembly under such conditions is based principally upon
containment pressure vs. time data, system response (delay) time,
piping geometry upstream of the valve, back pressure due to ventilation
components downstream of the valve, valve orientation and direction of
valve closure.

The above data as furnished by the customer/engineer forms the
basis for the analysis. Worst case conditions have been applied in

the absence of definitive input.



11.

Considerations

The NRC guidelines for demonstration of operability of purge

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

evaluation as follows:

A.l.

3.

Valve closure time during a LOCA will be less than or egual

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

fluid dynamic effects tend to close a butterfly valve. Valve
closure rate vs. time is based on a sinusoidal function.

Flow directien through valve 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.
Downstream pressure vs. loca time is furnished by customer/
engineer or assumed to be worst case.

Worst case is determined as a single valve closure of the
inside containment valve, with the outside containment valve
fixed at the fully open position.

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 differential pressure will be the
gsame during operation,

pPurge valves supplied by Henry Pratt Company do not norr.ally
include accumulators. Accumulators, when used, are for opening
the valve rather than closing.

Torque limiting devices apply only to electric motor operators
which were not furnished with purge valves evaluated in this

report,



. 768. Drawings or written description of valve orientation with
respect to piping immediately upstream, as well as direction of
valve closure, are furnished by customer/engineer. In lieu
of input, worst case conditions have been applied to the analysis;
namely, °0° elliow (upstream) oriented 90° out-of-plane with
respect to valve shaft, and leading edge of disc closing toward
outer wall of ellhow. Effects of downstream piping on system
back pressure have been covered in paragraph A.2. (above).

B. This analysis consists of a static analysis of the valve c.mponents
indicating if the stress levels under combined seismic and LOCA
conditions are less than 90% of yield streagth of the materials
used.

A valve operator evaluation is presented based on the operators
ability to resist the reaction of LacAa-induced fluid dynamic
torques.

C. Sealing integrity can be evaluated as follows:

Decontamination chemicals have very little effect on EPT and
stainless steel seats. Molded EPT seats are senerically known

to have a cumulative radiation resistance of 1 x 108 rads at a
maximum incidence temperature of 350°F. It is recommended that
geats be visually inspected every 18 months and be replaced
periodically as required.

valves at outside ambient temperatures below nOp, if not properly
adjusted, may have leakage due to thermal contraction of the
elastomer, however, during a LOCA, the valve internal temperature
would be expected to be higher than ambient which tends to increac

gealing capability after valve closure. The presence of debris
or damage to the seats would obviously impair sealing.



111. Method of Analysis

Determination of the structural and operational adequacy of
the valve assembly is based on the calculation o: LOCA=-induced
torque, valve stress analysis and operator evaluation.

A. Torgue calculation

The torque of any open butterfly valve is the summation of
fluid dynamic torgue and bearing friction torque at any given disc
angle.

Bearing friction torque is calculated from the following
equation:

T

B = P xAXxUX %

where

P =pressure qifferential, psia

it

A projected disc area normal to flow, in2

U

i

bearing coefficient cf friction
d = shaft diameter, in.
Fluid dynamic torque is calculated from the following equations:

For subsonic flow

P
[RCR -t 1.07 (approx.)]

¥a
T, = D3 x C X Pa K x F
D T 2 T RE
- For sonic flow
Pr 2 Fer
s
T, = 3 A X P, X K x F S
= el T >
D T2 2 175 RE (FRE 3)
Where

Ty ™ fluid dynamic torque, in-=lbs.




r = Reynold number factor

RE
Reg eritici’ pressure ratio, (f («¢) )
Pl = upstream static pressure at flow condition, psia
Pz = downstream static pressure at flow condition, psia

D = uisc diameter, in.

C = subsonic torque coefficient

Tl
CT2 = gonic torque coefficient
K = isentropic gas exponent (2 1.2 for air/steam mix)
e{ = disc angle, such that 90° = fully open; 0° = fully
closed
Note that CTl and Cp, are a function of disc angle. an

exponential function of pressure ratio, and are adjusted to a 5" test
model using a function of Reynolds number.

Torque coefficients and exponential factors are derived from
analysis of erperimental test data and correlated with analytically
prcdlctcd 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 torgue. Specifically, increases in up-
stream pressurc in the subsonic range result in higher torque values,
while increasing P, in the sonic range results in lower torques.
Therefore, the point of greatest concern is the condition of initial
sonic flow, which occurs at a critical pressure ratio.

The effect of valve closure during the transition from subsonic
to sonic flow is to greatly amplify the resultin- torques. In fact,
the maximum dynamic torgue occurs when initial sonic flow occurs
coincident with a disc angle of 72° (symmetric) or 68° (asymmetric)

e e e

from the fully closcd position.
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B. Vvalve 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 IIT of the ASME Boiler and Pressure Vessel Code.
The other components are analyzed per a basic strength of materials
type of approach. For each component of interest, tensile and shear

stress levels are calculated. They are then combined using the

formula:
- ' 2 < ) 2
Smax = %(lez) & _1?: F'rlwrz) + 4(S1+S5)
where
I maximum combined stress, psi
T1 = direct tensile stress, ps%
T2 = tensile stress due to bending, psi
Sy = direct shear stress, psi
S2 = shear stress due to torsion, psi

The calculated maximum valve torque resulting from LOCA conditions
is used in the seismic 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.



furce

Operator Analysis
Model: Bettis N721C-5R40

Rating: 7900 in-1lbs (at full open and closed positions
only)

Max. valve torque: 1253 in-1b.

The maximum torque generated during a LOCA induces reactive

s in the load carrying components of the actuator.

The Bettis spring-opposed cylinder furnished was specifically

designed for the requirements of the original order which was based

o

lve operating torgue of 1419 in-1lbs.

Since the LOCA induced torque derived in this analysis is

less th.a both the figure originally considered and the maximum

rating,

it is concluded that the Bettis model furnished is

structurally suitable to withstand combined LOCA and seismic loads.



wi0=

1v. Conclusion

The calculated maximum torque of 1253 n=-1bs. vesulting fLrom
LOCA conditions is less than the torque which was used for the
original seismic stress analysis (copy included on attachment 2).

gince the stress levels in the analysis are below the
design allowable, it is concluded that the valve assembly is
structurally suitable for LOCA induced forces combined with

seismic and other loads,
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EBASCO S.r-ices, Incorporated
TWO ecto- Street :
New Yorkx, »Y 10000 4

Attention €. K. Sinha

Subjact: Florida Power & Lighit/St. Lucie Unit 2
Containment Purge Valve Analysis

Gentlemen:

Wwith referuace to your recent incuiry recarding suitability of the
valv:s anc actuators to withstand a;rod"nam;c LOCA conditions,

please ncc. the following:

e

-
. 1. Torcie caleulations will be perform d for aerodynani
gencr:ted as a result of LO~a. These caiculations w:
pericrmed us.ng the followi..g data to be furnished Dby you

Vot Jontairent Pressure - Time Curves /
B. Sontair-ont Tenperaturs - Time curves 7
Cs "he coruined registance coossf ent for all ventilaiv.on

ie
gystem ccnpenents downstream of the valve (one for each
| valve size) or

. & granh of back press..2 Vs. LOCA time at a distance 10-1:
éiametcr: downstream < the valve. Consider alsdo tae
capacity of the viping, filter and duct work to resist
snereascs in back pressira.
’ D. vaximur and minimum delay times from LCCA to nitias.ch
i of valve rotat.on.
| |
E. rawin ;s or writtid Acosription of valve oricat ation with
respect to elbow inmmeaiately upstreanm of valve {within 6

diametars), as well ae direction of valve closure Lol » e b
vise or countarclockwise) as viewed from operatcr end.
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PRATT,

Florida Power & Light
Pagce Two

In the absence of the above inforaation, the following assumpticons
will apply to the purge valve analysis. !

1. Back pressure of 19.7 psia throughout valve closing cycle.
Higher back pressure increascs maximunm dynamic torque ancé
valve stresses.

2. Delay time from LOCA to initiation of valve rotation shall
be chosen to permit initial sonic flow condition and c-itical
valve disc angle to coincide, resulting in maxinum possibl2
dynamic torque.

3. 90° elpow immediately upstream, oriented 90° out-of-plane
with rescect to valve snhaft, with leading edge of disc
closing away from outside radius of elbow. Such orien-
tation and closure will increase torque valves by 20% or

more.
& Based on thc above results, a static load stress analysis will
be provided for valve com’ Oonents affected by the cynamic Torgue
p loadings in combination with pressure and seismic loacs.

The actuator sugplier will be asked to verify the suitability
for ~he reaction or back drive lorce resulting
from aerocvnamic tergue conditions.

’

3. The cost of performing the avaluation of the valve compcnents
will be $15,750. (56,500 for 8" valve and $10,000 for 48"

valve.)
4, The completion of thi analvsis is projected to be 8 weeks
after receiytc of P.O nd Jata requested above based on

.0. and ta r

avaiiability of engineering schedule.

. B our responsc to NRC's crite-ia for demonstrating operability
of purge valves 1is included in the analysis.

This oroposal is for inves
intended to suarartece the uvancy of the equipnment as fur-

tigative analvsis only and dis 't
adeq
nished when subjected to LOCA loads currently being defined.

ae
-

The proposal is valid for 20 days. The terms of payment will
be net 30 days. ’




PRATT,

Florida Iswer & Light
Page Threc

II.

As a sccondary matter, Pratt will re-evaluate, at no additional
cost, the unit 1 analysis previously . submitted and reissue
as required.

This re-evaluation is contingent on receipt of additional
information defined in I.l.5, I.1.C, and I.l.D, above for
the 48" unit 1 valves.

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

T

/kk

® -

Very truly yours,

HENRY PRATT COMPANY

/7‘,} g /&/&M

‘ T. J. Wrona, Manager
Contract and Propcsal Engineering

G. . Beane
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PURCHASE CONTRACT
EBASCO SERVICES INCORPORATED no. NY=422537

. Two Worid Trade Center N ¥ N Y 1004 DATE OF
73 X. g 0046 CONTRACT June 27. 1975

SUPPLEMENT NO. 26

pATE May 15, 1981

5 p-
Yo Henry Pratt Company Zatidl
¢/o Heyward Incorporated . fff:jk 1;’ ) b
2105 Park Avenue, Suite 6 \ -~ \,
Orange Park, Florida 32073 o 1 el ;/', %l-A 4%‘
-~ "U- ps 2, -7 o
iSO %, Q

FLORIDA POWER & LIGHT COMPANY '@,, ‘
ST LUCIE PLANT G
1983 - 890 MW EXTENSION - UNIT NO. 2
BUTTERFLY VALVES AND ACCESSORIES

Gentlemen:
This Supplement is jesued to authorize Seller to perform the

Containment Isolation Purge valve Analysis in accordance with the data
attached hereto and detailed below:

. ITRM N0 CTY DESCRIPTION OF SCOPE 1ITEM PRICE
- Lot Scller shall perform an analysis of the $6,500.00

guitahility of the g" Contaiunment Isolation
Purge Valves (Item No. 634, Geller's item
P0096-10) to withstand Acrodynamic LOCA
conditions in accordance with the

attached data.

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

REPOIT geller shall submit the certified report for Purchaser's
SUBMITTAL review not later than July 17, 1981 addressed 2s follows:

Florida Power & Light Company ’
¢]o Ebasco Services Inc., Agent

Two World Trade Center
New York, N Y 10048
Attn: K N Chow
Supervising Mechanical/
Nuclear Enginee™

¥ AL
m* _’:'f..--«---'@"a""" \
_,__.»‘0('.‘-‘-"-—-."'1"‘:'" i fReM C}'z p T
,. crib | _\_"),_3[_1..?.,‘ st g e '.l C
- . 4(1‘ ‘\ NS Y _(.___....---"“ "
T ghort QL ‘“_,-_.....‘.‘.9—1——--"“"' ! Yo

T30: ORDIR ENTRY

...’-"'-‘
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SUPPLEMENT NO. 26

EBASCO SERVICES INCORPORATED PURCHASE CONTRACT

no. NY=-422537

Two World Trace Center New Yors N Y Woa8

' DATE: May 15, 1981

PREVIOUS TOTAL “"™7LRACT BRENE s wn o 'n® oW m e S A $2,019,236.00

INCREASED BY THIS SUPPLEMENT (FIRM) « ¢ o o o o o o & ° ¢ ¢ $ 6,500.00

msgm TOTM‘ CONTRJ‘\CT PRICE . . . . - - . . . - . . - . . - sz ’025 ’ 736 - oo

s expressly modified herein, all terms and conditions of

Except a
apply to this supplement.

this Contract recain unchang :d and shall also

This supplement ir being jssued in accordance with the terms of
Contract No. NY-422537 and is being furnished you in duplicate. 1f this
supplement is acceptable %o you, please so indicate in the space provided
below and return the original to us within five (5) days.

Very truly yours,

Accepted - Date FLORIDA POVWER & LIGHT COMPANY

Henry Pratt Company

June 27, 1975

EBASCO SERVICES INCORPORATED AGENT
W C Arent, Director of Purchasing

By
By _
Title » J Pulgrano
Contract Administrator
PIP/yf .

ce: MHenry FPratt Co
401 South Highland Ave
Aurora, Illinois 60507
Attn: Mr J Sirovatka

cec: MNenry Pratt Co
55 Washington St .
East Orange, New Jersey 07017
Attn: Mr J Peirano




ATTACIMENT 1
PURCHASE REQUISITION 91316

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

1)
2)
3)
4)
5)
6)

Downstream Resistance = 24" W.G. at 2500 cfm

Maximum delay from LOCA to initiation of valve rotation - 2.95 sec.
Containment Pressure = Time Curve - Attachment 2

Containment Temperature = Time Curve - Attachment 3

Valve orientation - Plan View - Attachment & (valve Tag. No.I-FCV—ZS-_-ZO)

vValve orientation - Section View = Attachment 5 (valveTag. No. 1-FCV~-25-20)
Flow dia.ran - Attactment 6 (2 sheets)

M/ml fL e8]

(W/qa 4 / 4~J¢W"’ },/,w/’
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Attachment 6

TO SBVS
(SEE FIGURE 6.2 51)
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SUMMARY DATA

Valve size and type:_ 8" NRS pratt Job No: D0096-10 &.11

Operator: N721C-SR40

Standard Calculation Pressure (Design Pressure) 285 psig
Operating Pressure (Maximum) 150 psig
Acceleration Levels (Design) 3 gXx
SIS
3 g2
Acceleration Levels (Specified) 3 gX
o
2 gx
Specified Design Pressure -3 to 65 ,sig
Minimum Valve Wall Thickness 1.03 inches
Code Required Wall Thickness .31 inches
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OR VALVE COMPONENTS

: ‘ Allowablef
| Stress | Stress
Codc Ref. Ref. | _ | Level, | Level, |
Conponent Paragraph Name § Symbol Paze ‘ Material l psi | Ps= i
! T |
1 |
i o

1 Sody NB-3545.1 Prirary membrane stress | Pp 35 [IASME SA-516 Gr. 70 ES5A l Sn |
in crotch i 1 17500

$ “vnc ' o 51 - T -

rl‘:c"':'lx membrane stress | Pm 16 ASME SA-516 Gr. 70 las| 1753.‘;.
NB-3545.2 Primary plus secondary Qp ASME SA-516 Gr. 790 Sm i
stress duec to internal 16 3740 175C2 !
pressure i

)
NB-3545.2 Pipe Reaction Stresses ASME SA-516 Cr. 70 1.55m
Axial Load Ped 36 2769 26230
Bending Load Pebh 36 4999
Torsional lLoad Pot 36 A999
L}

NB-3545.2 Thernal Secondary Q¢ ASME SA-516 Gr. 70 Snm

Stress 38 1105 17520

NB-3545.2 |Primary plus secondary | Sp 38 |ASME SA-516 Gr. 70 35n

stress 148 §25C2

NDB-3545.3 Normal duty fatigue S 38 i.\S.\';E SA-5156 Gr. 70 Sm

stress Na > 2000 . i 6744 17500

Disc NB-3536.2 |Combined bending stress | S(1) 39 ASME SA-516 1.55n

in disc 2934 26250

XB-3546.2 |Shecar tcar out of shaft | S(4) 41 ASME SA-516 Gr. 70 .65n

CT lthrudise r VA-A-3-| 45500
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PR

f’ab!e 1 STRESS LEVELS FOR VALVE COMPONENTS
' : i E - s
| ! l1lewalble
‘ tress Stress
Code Ref. Ref.  Level, Level,
| Cczponent Paragraph Name § Symbol | Page | Material | psi psi
! I 4
| 1 | N
Thrust Bearing stress on S$(27) 4 SAE-660 : S
'Bearing thrust collar ’ L A3 §800
Shear load on thrust S(28) 49 AISI 420 m
collar spring pin | 257 15408
|
Bsaring stress of S(29) 49 SAE-660 Sa
spring pin on thrust |1612. 8500
collar
l
; Shear tear out of S(31) 49 ASV. SA-5€64 Tvpe ' .65n
spring pin thru bottem 6:0 Cond. H-1150 910 20220
of shaft




Table 1 STASSS LEVELS FOR VALVE COMPOMENTS
! Allowable
Stress Stress
Code Ref. Ref. ) . Le'{el. Le':'el,
Component Paragrapi Name & Symbol Page ‘ Material osi psi
Operator Shear tear out of t S(32) 50 |ASME SA-516 Gr. 70! A)9S .6Sm
Mounting trunnien bolt thru 10500
tapred hole in trumnion
Bearing stress of $(33) ASME SA-516 Gr. 70 Sa
trunnion bolt on tapped 50 5151 175¢C0
hole
Bearing stress of S(34) 50 ASME A-36 " Sa
runnion belt on thru 5151 17600
hole in bonnet
Shear tear cut of S(35) ASME A-36 «68n
trunnion bolt head thru 52 2272 7560
bonnet
Combined stress in S$(36) 52 SAE Grade 8 2. 5015 Se
trennieon bolt 32000
Shear tear out of S(41) 52 ASME A-506 .65n
operator bolt head thru 793 7369
hole in bonnct
Bearing stress of S(42) 52 ASME A-36 ‘Sn
operator bolt on thru AVTS 1,600
hole in honaet
Combined stress in §$(43) 54 SAE Grade 8 c Sn
operator bolt 126886 30000
: : Ty - 54 :
™ str Y S ) ME . S
Combined stress in bdo (48 ASME A-36 3486 12.’."0

bonnet body




@ Q =
Table 1 STRESS LEVELS FUR VALVE COMPONENTS . !
, , ‘ : ‘.
1
§ ! | ! Allowable
\ | L=
{ | Stress i Stress
Code Ref. Ref. Level, Level,
Conponent Paragraph Name & Symbol Page Material psi psi
- 1 '; :
- 2 '
Operator ombin shear stress : 3 6Snm
\oi..-o:-\ q ? I:Cd :\ . §J S(SJ) " 56 IC‘Q- ;-sw. '
Mosunting in bottom bonnet welds i ! 7200
Cen't { |
| i
Conbined shear

eSS 5(60) 57

sty
Y
3 - .« 3 . -
in top bonnet weld

565 7

Combined stress 1n S(67) ASME SA-516 .
trunnion body 58 | gr. 70 1943 | 17500

e e e -
v
J
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. NOMENCLATURE

The nomenclature for this analysis is based upon the nomen-

clature cstnﬁlishod in paragraph NB-3534 of Section IIT of the
ASME Boiler ﬁnd Pressurc Vessel Code. Where the nomenclature
comes directly from the code, the reference pafngraph or figure
for that symbol is given with the definition. For symbols not
defined in the code, the definition is that assigned by Henry

pratt Company for use in this analysis.



19

ANALYSITS NOMINCLATURE

.

Effcctive (luid pressurc arca based on fully corroded
interior contour for calculating crotch primary mem-
branc stress (NB-3545.1(a)),in¢

Mctai: arca based on fully corroded interior contour
offective in resisting fluid force on Agf (NB-3545.

1(a)), in?
Tensile area of cover cap bolt, in

3hear arca of cover cap bolt, in?

2

Tensile arca of trunnion bolt, in?

Shear area of trunnion bolt, in?2

Tensile arca of operator bolt, in?

Shear arca of operator bolt, in?
Unsupported shaft length, in.

Bearing bore diameter, in.

Bonnet bolt tensile area, in2

Bonnet bolt shear area, in2

Bonnet body cross-sectional areca, in?
Top bonnet weld size, in.

Bottcm bonnet weld size, in.

Distence to outer fiber of bonnet from shaft on y
axis, in.
pist:nce to outer fiber of bonnet from shaft on X
axis, in.

A factor depending upon the method of attachment of
head, shell dimensions, and other items as listed in
NC-3225.2, dimensionless (Fig. NC-3225.1 thru Fig.
NC-3225.3)

Stress index for body bending secondary stress re-
sulting from moment in connected pipe (NB-3545.2(Db))

Stress index for body primary plus secondary sStress,

insiJde surface, rvesulting from internal pressure
(NB-5545.2(a))

.‘-



e

ANALYSIS NOMENCLATURE

Stress index for thermal sccondary membranc stress
resulting from structural discontinuity

Stress index for maximum cecondary membranc plus
bending stress resultirg from structural discontinuity

Pfoduct of Young's molulus and cocfficient of lincar
thermal expansion, at 500°F, psi/OF (NB-3550)

Distance to outer fiber of disc for bending aleng the
shaft, in,

Distance to outer fiber of disc for bending about the
shaft, in.

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

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

Inside diameter used as basis for deteimining body
mininum wall thickness, (N -3541), in.

valve nominal diameter, in.

Shaft diameter, in.

pisc pin diameter, in.

Thrust collar outside diameter, in.
Spring pin diameter, in.

Cover cap bolt diamecter, in.
Trunnion bolt diameter, in.
Operator bolt diameter, in.

Bonnet bolt diamecter, in.

Modulus of clasticity, psi

Bending modulus of standard -onnecting pipe, as given
by Figures NB-3545.2-4 and NB-3545,2-5, in3

1/2 x cross-scctional avea of standard connected pips,
as given by Figures NB-3545.2-2 and NB-3545.2-3, in.

Natural frequency of respective asscembly, hertz

"




ANALYS1S NOMEMCLATURE

‘I’ £z

- —

Wipx--Secismic force along x axis duc to seismic
acceleration acting on operator extended mass, pounds

W}ﬁy--Scismic force along y axis duc to seismic
acceleration acting on operator extended mass, pounds

Wigz--Seismic force along 2z axis due tc seismic
acceleration acting on operator extended mass, pounds

Gravitational acceleration constant, inch-pcr-sccond2

valve body section_bending modulus at crotch region
(NB-3545.2(b)), in?

Valve bogy section arca at crotch region (NB-3545..

(b)), in

Valve body scction torsional modulus at crotch region
(NB-3545.2(b)), in?d

geisnic acceleration constant along X axis
Seismic acceleration constant along y axis

Geisnmic acceleration constant along z axis

2

Gasket moment arm, equal to the radial distance airon
the centerline of the bolts to the line of the gasket
yeaction (NC-3225), in.

Top trunnion bolt square, in.

Bottom trunnion bolt square, in.

Bonnet bolt square, in.

Operator bolt square, in.

Bonnet bolt circle, in.

operator bolt circle, in.

ponnet height, in.

Actrval body wall thickness, in.

Ronnet body moment of insrtia about ¥ axis, in4

Ronnet body Lowent of inertia about y axis, in4

pisc arca moment of incertia {or bending about the shalt

in



ANALYQLEMSOW!KFIATHRE

Disc area moment of inertia for bending along the

shaft, in

Moment of inertia of valve body, in

Moment of inertia of shaft,

pisc arca moment of inertia for bending of unsupported

flat plate, in

pistance to neutral bending axis

in4

bo]t pattern along X axis, in.

sttancc to neutral bending

axis

bolt pattern along Yy axis, in.

pistance to neutral bending
pattern along X axis, in.

pistance to neutral bending
pattern along y axis, in.

pistance to neutral bending
pattern along X axis, in,

pistance to neutral bcndlng
pattarn aleng y axis, in.

Spring constant

pistance of bonnet leg from

axis

axis

axis

axis

for

for

for

for

for

for

A

top trunnion
top trunnion
bonnet bolt
bonnet bolt
operator bolt

operator bolt

shaft centerline, in.

Thickness of disc above shaf:, in.

Length along z axis to cg of bonnet plus adapter

plate assembly, in.
Top trunnion width, in.
Top trunnion depth, in.

Height of top trunnion, in.

Valve body face-to-face dimension, in.

Thicknes: of operator housing under trunnion bolt, ir.

Jength of engagenent of cover cap bolts in bottom

trunnion, in.

Length of cngagement of trunnion bolts in top

trunnion, in.
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ANALYSIS NO''ICLATURE

B

Bearing length, in.

L

Length of structural disc hub welds, in.

Length of engagement of bonnet bolts in adapter
plate, in.

Leﬁgth of engagement of bonnet bolts in bonnet, in.
Length of engagement of stub shaft in disc, in.
Reciprocal of Poisson's ratio

Masé of component

Ej(g¥204ngo), operator extended mass c~ismic bending
moment about *ue x axis, acting at the basc of the
operator, in-1bs.

w3(gxzo+gzxo), operator cxthdcd mass seismic bending

moment about the y axis, actiag at the base of the
operator, in-lbs.

W3(gxYotgyXo), operator extended mass seismic bending
moment about the 2z axis, in-1bs.

Mx+FyTs, operator extended mass seismic bending moment
abou¥ the x axis, acting at the bottom of the adapter
plate, in-1bs. .

My+FxTg. or ritor extended mass seismic bending momen<
about the y axis, acting at the botton of the adapter
plate, in-1bs.

Mx*Fy(Ts+Hg)+gyW4K3, operator extended mass seismic
bending moment” about the x axis, acting at the base
of the bonnet, in-1bs.

My+Fy (Tg+lig)+axWaK3, operator extended mass seismic
bending moment about the y axis, acting at the base
of the bonnet, in-lbs.

Bending moment at joint of flat plate to disc hub,
in-1bs.

Permissible number of complete start-up/shut-down
cycles at hr/10098E/hy/hr fluid temperature change
rate (NB-3545.3) 3

Not applicable to the analysis of the system

Number of top disc pins



19

ANALYS1S NOMENCLATURE

Pe
Peb

Ped

Pet

Qr2

Qrs

—

Number of operator bolts

Number of trunnion bolts

-

Design pressure, psi
Primary pressure rating, pounds

Standard calculation pressure from Figure
NB-3545.1-1, psi

Largest value among Peb, Ped, Pet, psi

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

Sccondary stress in crotch region of valve body caused
by direct or axial load imposcd by connected standard
piping, calculated accerding to NB-3545.2(b), psi

Sccondary stress in crotch region of valve body caused
by twisting of connected stanlard pipe, calculated
according to NB-3{ 5.2(b), psi .

General primary membrane stress intensity at crotch
region, calculated according to NB-3545.1(a), psi

Primary membrane stress intensity in body wall, psi

Sum of primary plus secondary stresscs at crotch
resulting from internal pressure, (NB-3545.2(a)), psi

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

Maximum thermal stress compenent caased by through
wall temperature gradient assnciaterd with 1009F/hr
fluid temperature change rate (NB-2545,2(¢c)). gsi

Maximum thermal secondary membranc stress resulting
from 100°F/hr fluid temperatuce change rate, psi

Maximum thermal sccondary membrane plus bending
stress resulting from structural discontinuity and
100°F/hr fluid temperature change rate, psi

Mcan radius of body wall at crotch region (NB-3545.2
(C)"]), il‘o .

Inside radius of body at crotch region for calculating
Qp (NB-3545.2(a)), in.

P



. ANALYSTS NOMENCLATURE

| ' r) Fillet radius of ecternal-surface at crotch (NB-3545.2
' (a)), in.
Ry pisc radius, in.
Rg Shaft radius, in.
Re Mean radius of body wall, in.
Rg Radius to O-ring in cover cap, in.
S Assumed maximum stress in connected pipe for calcu-
Jating Pe (NB-3545.2(b)), 30,000 psi
Sa Design stress intensity, (NB-3533), psi
Sn Sum of primary plus sccondary sStress intensities at

crotch region resulting from 100°F/hr temperature change
rate (NB-3545.2), psi

1 Fatigue stress intensity at inside surface in crotch
P region resulting from 1009F/hy fluid temperature
change rate (NB-3545.3), psi

7 Fatigue stress intensity at ovtside surface in crotch

P region resulting from 100°F/hy fluid temperature
change rate (NB-3545.3), psi

S(1) through S(71) are listed after the ziphabetical section.

Minimum body wall thickness adjacent to crotch for
calculating thermal stresscs (NB-3545.2(¢)-1), in.

ta Minimum body wall thickness as determined by NB-3541, in.

Te Maximum cffective metal thickress in crotch region
for calculating thermal stresses, (NB-3545.2(c)-1), in.

AT? Maximum magnitude of the diffcrence in average wall
temperatures for walls of thicknesses tg, Te, resulting
from i00°F/hr fluid temperature change rate, 9F

Ty Thickness of cover cap behind bolt head, in.

Ty Thickness of shaft behind spring pin, in.

Ty Thrust collar thickness, in.

T4 Cover cap thickiaess, in.

Ts Adapter plate thickness, in.
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ANALYS1S NOMENCLATURE

Thickness of bottom bonnet plate, in.

Thickness of top bonnet plate, in.

Maximum required operating torque for

Area of bottom bonnet weld, in?

Arca of top bonnet
pistances to bolts
pistances to bolts
pistances to bolts
Distances to bolts
pistance to bolts
pistunce to bolts
pistance to bolts

pistonce to bolts

weld, in?

in bolt pattern
in bolt pattern
in bolt pattern
in bolt pattern
in bolt pattern
in bolt pattern
in bolt pattern

in bolt pattern

Tota. bolt load, pounds

Valve weight, pounds

Banjo weight, pounds

Operator weight, pounds

Bonnat and adapter

valve,

-~——

in-1bs

on adapter plate, in.

on adapter plate, in.

on adapter plate, in.

on adapter plate, in.

on bonnet,
on bonnet,
on bonnet,

on bonnet,

\

in.

in.

plate assembly weight, pounds

Weld tize of disc structural welds, in.

Weight of disc, pounds

Length of weld around perimeter of bonnet, in.

Ecceniricity of center of aravity of cperator extended

mass along X axis,

in.

decentricity of center of gravity of operator cxtended

mass along y axis,

in.

Eccentricity of center of gravity of operator extended

mass along = axis,

in.

w3 i



ANALYSIS NOMENCLATURE

o
L
-

‘Bending sccgion modulus of bonnet welds along
‘x-axis, in.

Bending section modulus of bonnet welds along
y-axis, in.

To:. '~nal section modulus of bottom bonnet welds,

in.3

Torsionai section modulus of top bonnet welds,
in.

Distance to edge of disc hub, inches
Maximum static deflection of component, inches
Shaft bearing coefficient of friction

Bearing friction torque due to pressure loading
(shaft journal bearings)

Bearing friction torque due to pressure loading
plus seismic loading (shaft journal bearings)

Thrust bearing friction torcue

-12 -
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ANALYSIS N IENCLATURE

s(1)
s(2) °

S(%)

5(4)

5(5)
- §(6)

5(7)
S(8)

5(9)

S$(10)

$(11)

s(12)

S(13)

- §(14)

§(15)

S$(16)
S§(17)

$(18)

$(19)

Combined bending stresy in disc, psi

Bending stress in disc due to bending along the
shaft, psi . :

Bending .tress in disc duc to bending about the
shaft, psi

-

Shear tear out of shaft through disc, psi
Combined stress in shaft, psi’
Combined bending stress in shaft, psi

Combined shear stress in shaft, psi

Bending stress in shaft due to seismic and pressure
Joads along x axis, psi '

Bending stress in shaft due to seismic load along’
y axis, psi '

Torsional shear stress in shaft due to operating
loads, psi

Direct shear stress in shaft cdue to pressure and
seismic loads, psi

Torsional shear stress at reduced pin cross-
section, psi

Combined shear stress in pin, psi

Direct shear stress in pin due to seismic
load, psi

|
Shear stress in pin duc to torsional load,
psi

Bearing stress on pin, psi

Compressive stress On shaft bearing due to scismic and
pressure loads, psi

Shear tear out of cover Cap belt through tapped hole in
bottom trunnion.

Shear tear out of cover cap bolt through cover cap, psi




ANALYSIS ROENCLATURL

§(20) Combined stress in cover cap bolts, psi

§(21) Shear stress in cover cap belts due to torsional
loading, psi

§(22) Direct tensile stress in cover cap bolts duc to
seismic and pressure loads, psi

§(23) Combined stress in cover cap, psi

S(Zd)vRadial stress in cover cap, psi. _

$§(25) Tangential stress in cover cap,.psi .

§(26) Shear stress in cover cap, psi

S(27) ﬁcuring stress on thrust collar, psi

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

$(29) Bearing stress Qf spring pin or thrust collar, psi

S(30). Shear tear out of spring pin ttrough thrust collar, bsi

8(31): Shear tear out of spring pin tlrough bottom of

"the shaft, psi
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ANALYSIS NOUMENCLATURE

S5(32)

5(33)

5(34)

S(35)

S(36)
S(37)
S(38)

5(39)
S(40)

8(41)

S(42)

sy

S(44)
S(45)

S${46)

Shear tear out of trunnion bolt through tapped hole

in trunnion, psi '

Bearing stress of trunnion bolt on tapped hole in
trunnion, psi

Bearing stress of trunnion bolt on through hole in
bonnet plate, psi

Shear tear out of trunnion belt head through bonnet
plate, psi : o

Combined stress in trunnion bolt, psi .
Direct tensile stress in trunnion bolt, psi

Tensile stress in trunnion bolt due to bending
moment, psi

Direct shear stress in trunnion bolt, psi

Shear stress in trunnion bolt due to torsional load,

psi

Shear tear out of operator bolt head through hole
in boanet, psi

Bearing stress of operator bolt on through hole in

bonnet, psi

Combined stress in operator bolts, psi
Direct tensile stress in operator bolts, psi

Tensile stress in operator bolts due to bending
moment, psi

Direct shear stress in operator bolts, psi

—— ————




" ANALYSIS NCTENCLATURE

S$(51)
$(52)

§(5%)
S(54)
$(55)
S(56)

S(57)

S(58)
S$(59)

S(60)
S(61)
5(62)
S(63)

- §5(64)

S(65)
S(66)

- —

Shear stress in operater bolts due to torsional
loads, psi

Combined stress in bonnet body, psi
Direct tensile stress in bonnet body, psi

Tensile stress in bonnet body due to bending moment,
psi

Direct shear stress in bonnet body, si

Shear stress in bonnet body due to torsional load,
psi

Combined shear stress in bottom bonnet weld, psi
Total tensile stress in bottom boennet weld, ps{
Direct tensile stress in bottcm bonnet weld, psi

Tensile stress in bottom bonnct weld due to bending
moment, psi

Total shear stress in bottom tonnet weld, psi
Direct shear stress in bottom bonnet weld, psi

Shear stress in bottom bonnet weld due to torsional

~ load, psia

Combined shear stress in top tonnet weld, psi
Total tensile stress in top bonnet weld, psi
Direct tensile stress in top bonnet weld, psi

Tensile stress in top bonnet veld due to bending
moment, psi

Total shear stress ain top bonnet weld, b-i
Direct shear stress in top bonnet weld, psi

Shear stress in top bonnct weld duc to torsional
load, psi



ANALYSIS NOMENCLATURE

. o ——

Combined stress in trunnion body, psi

.

Direct tensile Stress in trunnion body, psi

Tensile stress in trunnion body due to bending moment,
psi ' ;

pDirect shear stress in trunniop body, psi

Shear stress in trunnion body due to torsional

ioad, psi




@ _ SUMMARY TARLE INTRODUCTION

. In the following pages, the pertinent data for the butter-
f1y valve strcss analysis is tabulated in three categories:

1. Stréss Levels for Valve Components

2. Natural Frequencies of Components

3, Valve Dimensional Data

In Table 1, Stress Levels for Valve Components, the following
data is tabulated:

Component Name

Code Reference (when app]icnﬁle)

Stress Level Name and Symbol

. Analysis Reference Page

Material Specification

Actual Stress Level

Allowable Stress Level
The material specifications are taken from Section II of the
code when applicable. Allowable stress levels arce Sm for
tensile stresses and .6 Sm for shcar stresses. The allowable
levels 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, Tables
I-7.1 of Section IIT of the code.

Jn Table 2, Natural Frcﬁucncics of Valve Components, the

following data is tabulated:

4
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‘ Component Naae

Natural Frequency Symbol
Analysis Reference Page
Component Material

Natural Frequency

In Table 3%, Valve Dimensional Data, the values for the

oy

pertinent valve dimensions and paramecters are given.

30~



Pages 20-264,5tress Level Summary shects, Frequency Analysis

. Summary shects, and Valve Dimensional Data sheets have been
assembled at the beginning of the report submittal. They are
located directly behind the design review record for the corres-

ponding production order.
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ANALYSTS INTRODUCTTON

Dcscribcd in the following pages is the analysis used in
verifying thc structurn] adequacy of the main elements of the
NRS buttcrfly valve. The analysis is structured to comply
with Paragraph NB-3550 of Section 111 of the ASME Boiler and
Pressure Vessel Code (hercafter referred to as the code). In
the ana'vsis, the design rules for Class 1 valves are used,
since the requircments for this class of valve is much more
explicit than for ecither Class 2 or 3 design rules. The de-
sign rules for Class 2 and 3 are exceeded by the rules for
Class 1 valves. |

Valve components are analyzed under the assumption that
the valve is either at maximum fluid dynamic torque OT seating
against the maximum design pressure. Anilysis temperature is

300°F. Secismic acceleratinns are simultanecously applied

in cach of three mutuall v. andicular lirections.

Seismic loads ‘ an integral part of the analysis
by the inclusion of .ae acceleration constants gx, 8y» Bz
The symbols gx, By B2 represent accelerations in the x, y and
2 directions respectively. These directions are defined with
respect to the valve body centered co-ord nate system as illus-
trated in Flghrc 1. Snecifically, the x axis is along the pipe
axis, the z axis is along the shaft axis, and the y axis is
mutually perpendicular to the x and z axes, forming a right

hand triad with them.
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Analysis Introduction

Valve oricntation with respect 1o gravity is taken into
account by adding the appropriate quantity to the seismic
loads. The jpstification for doing this is that a gravi-
tational load is complctely equivalent tc a 1g seismic load.

The analysis of cach main clement or sub-assembly of the
butterfly valve is described scparately in &n appropriately
titled scction. In addition to containing sketches where
appropriate, ecach secction contains an explanaticn of the basis
for cach calculation. Where applicable, it also contains an
interpretation of code requirements as they apply to the
analysis.

Figure 2 !s a cross-section view of the butterfly valve,
and its acsocieted components. peiailed sketches are provided

throughout the report to clearly define the gecometry.
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BODY ANALYSIS

The body analysis consists of calculations as detailed in
paragraph NB-3540 of Scction IIT of tﬁc code. Since Paragraph
NB-3540 is primarily intended to control the design of high
pressure, hiﬁh temperature globe and gate valves, in some cascs
jt is not possible to directly apply the equations as specified
jn the code. Where interpretation unique to the calculation
js necessary, it is explained in the sub-section containing |
that calculation description.

Figure 3 illustrates the essential features of the body
geometry through the trunnion area of the valve. The symbols
used to define specific dimensions are consistent with those
used in the anzlysis and with the nomenclature used in the code.

' 1. Minimum Body Wall 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

between the flange bolt holes and body bore.







Body Analysis

2.

Body Shape Rules

The NRS valve meets the requirements of Paragraph
NB-3544 of the code for body shape rules. The ex-
tcrngl fillet at trunnion to body intcrsection must
be greater than thirty percent of the minimum body
wall thickness. . L ey

Primary Membrane Stress Due to Internal Pressure

paragraph NB-3545.1 defines the maximum allowable
stress in the neck to flow passage junction. In a
butter 1y valve, this correspords with the trunnion
to body shell junction. Figurc 3 shows the geometry
through this scc.ion.

The code defines the stresses in this area using
the pressure arca method. As ccen in Figure 3, certain
code-defined dimcnsiong are not applicable to this
style of butterfly valve. For example, there is no
radius at tl.e crotch when seen in a view along the
flow pattern, as the neck exterds to the face of the
body. To comply with the intent of the code, the
arcas Ag¢ and A, are interpreted as shown in the cross-
section (Figure 3). Using these areas, the primary

membranc stress is then calculated.

Py * (Ap/Am4.S) Ps




Body Analysis

As an alternate method of determining the primary

membrane stress, an equivalent analysis for primary

membrane stress is applied to an arca away from the

trunnions. In these arcas, the metal arca and fluid

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

the
the
the
The

metal area is equal to the depth of the fluid area,
ratio Ag/Ap is equivalent to the mean radius of
body over the thickness of the body shell, Rp/Hg.

primary membrane stress through this section is

then:

4. Secondary Stresses

¢ "

Bod:* Primary plus secondary stress due to internal
prescure: Paragraph NB-3545.2(a) of Section III
of the code defines the formulas used in calculating

this stress.

Secondary stress due to pipc reaction: Paragraph
NB-3545.2(b) gives the formulas for finding sir:.ss

duc to pipe rcaction.

Ped ™ FQE (birect or Axial Load Effect)
Ga
Peb = CulFLS (Bending load Effcct)
——Gb
Petr = 2FpS (Torsional Load Effect)
"Gy
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CROSS-SECTION 1IN BODY

Figure 4
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Body Analysis

C. Thermal sccondary stress: Paragraph NB-3545.2(c)
of Scction III of the code gives formulas for
dc;ormining the thermal secondary stresses in
thc pipe.

Qr = Q1. * Qr2
Where
Qr2 = CeC28T2

p. Primary plus secondary stresses: This calculation
is per Paragraph NB-3545.2 and is simply the
sum of the threce previous sccondary stresses.

Sp = Q * Pe * 2Qt2 = 3Sp

§. Valve Fatigue Requirements
paragriph NB-3543.7 of Section 111 of the code defines
requircments for normal duty valve fatigue.

The allowable stress level is found from Figure’
1-9.0. Since the number of cycles is unknown, a maximum
valuc of 2,000 is assumed. The allowable stress can
ther be found {rom Figure I-9.1 for carbon steel. This

then gives an allowable stress of 65,000 psi.

2/3 Qp + Peb/2 + Qr3 *+ 1.3QT1

n

Spl
Sp2 = +4 Qp * Peb *+ 2Q73
Where:

Qr3 = CeC3AT2

-38-
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PISC ANALYSIS

Scction NB-3546.2 defines the design requirements of the
valve disc. Both primary bending and primary membranc stress
are mcntioncd in this scction. For a flat plate such as the
butterfly valve disc, membrane stress is not defined until the
deflection of the disc reaches onc-halfl the disc thickness.
Since total deflection of the disc is much less than onc-half
the thickness, membrane stresses are not applicable to the
analysis.

Figure 5 shows the disc for the NRS butter{ly valves.
The disc is designed to provide a'structurally sound pressure
retaining compcnent while providing the least interference

to the flow.

Primary Bending Stress

Due to the¢ manner in which the disc is supported, the disc
expericnces bernding both along the shaft axis and about the
shaft axis. Tle combined bending stress is maximized at the
disc center where the maximum moment occurs. The moment is a
result of a uni form presture load.

Combined ltending stress in disc:

s(1) = (S(2)% + s(3)7)"

Where:
S(2) = .90413 P.Ry3Cy = Bendinp stress due to moment
e e along shaft axis, psi
1
S(3) = 6666 P;R45C3 = Rending stress due to moment

15 about shaft axis, psi

-30-
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pisc Analysis ‘ -

Shear Tear Out of Shaft

The disc is designed so the minimum thickness of material surround-
ing the shaft extension in the di ~ is 2bove the shaft or the arch

side. The loading is due tu nsth seismic and pres ure loads.

S(CY = n Ps R“z + “-’2 /gxz'*?_vz*gzz

. ; = Shear tear out shaf*
ZLg(K7+Dz(;-S1x 45 7)) through disc, psi.

3




SHAFT ANALYSIS

¢

The shaft is analyzed in accordance with Paragraph NB-
3546.3 of Scction I1I of the Cod.. The shaft loading is a com-
bination of';cismic, pressure and operating loads. Maximum
torsional loading is cither 2 combination of scating and bearing
torqv~ or bearing and dynamic torque. Columnar stress is not
cor sidered in the shaft loading due to its' negligible effect
on the s.ress levels. Figure 2 shows the banjo assembly with the
through shaft.

Shaft stresses duc to pressure, seismic and operating loads:

S(5) = S(6) + (S(6)2+°25(7)2)"
2 y il :

vhere

. $(6) = (S(8)%45(9)%)" =« Combincd bending stiess, ;

S(8) = ("R42P5+W2gx).?ﬂ B1Rg = Bending tensile stress
=% .25 Rec% due to pressure and seisn

- loads along x axis, psi
$(9) = .25Wygy ByRg = Bending tensile stress duc

“I5 W HgY? to seismic loads along

i y axis, psi
S(7) = (8(10)2+5(11)2)% = Combincd shear stress, ps!
$(10) = TgRs : = Torsional shear stress, D
05“1{54‘

S(11) = 1.333] .57Rg2Pg+.5Wa(ne?4g 2y = Direct shes

———

-f;ﬁ; Sepe, | stress, ps

Also worthy of attention is the torsionil shear stress at the

reduced cross-scction where the pin passes through the shaft.

47
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DISC PI ANALYSIS

As scen in Figure 2, there is one through shaft and
one disc pin. The pin is subject to seismic and torsional
loads.

sCombined shear stress in top disc pin:
S(13) = (S(14)2+5(15)%)"
Direct stress on disc pin due to seismic loads:

.

S(14) = VWyg, by

5
2N1(.7SS)D3“
Torsional shear stress in disc pin:

S(IS) - TS-'SUS

2N;Rg.785D 32

Bearing stress on disc pin:

i

$(16) = Tg-.5Ug

—— -

2R5K2D3N1A

Where:
Ug = -785(2R,)%PgUsRs
Ug = Ug*WaexUsRs

Pg = Actual Shut-0ff Pressure
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SHAFT BEARING ANALYSIS

The slceve bearings in the trunnion (Figure 2) are sub-

jected to both scismic and pressure loads.

S(17) = "PJVJ?‘VJ(“\Z‘ﬂvz)“ »

2 l.':,“‘,‘-

Compressive stress on
shaft bearing, psi
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COVER CAP ANALYSIS

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
and from pressure loads. In determining stress lcvq]s, the bolts

are assumed to share torsional and tensile loadiny equally.

<Shear tear out of bolts throvgh tap ' holes in trunnion:

zS(18) = W, Joxi+gyltg:® ¢ v Ps Rg
4-L3 2.83 Dﬁ

2 Shear tear out of bolt heads through cover cap, psi:
+8(19) = W, ﬁ:z+gv2+g:2 + w P, R62

. 4 T1 $.2 D6

~«Combincd stress in bolts, psi:

L=8(20) = S(22) + (s + 4s(21° 2 )™
2 2

~Where:
.SQ21) = .25 Wy Jp 2eg2eg,?  (Dy ¢ .66 (Dg-Dp))

- Shear Stress in Bolts Due to Torsional Load.
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Cover Cap Analysis

§(22) = W f 20, 2‘S~2 + 1w Pg Rg2
2 V/,x by - S 0 . Tensile Stress in Bolts

; 4 A Due to Seismic And
' 3 Pressure Loads, psi

>
~
AR

2. Cover cap stresses:
The combined stress in the covercap is calculated using the follow-
ing formulas:

-

S(24) + S(25) + ((S(24) + S 25))2 » 48(26)2)'i

S$(23) =
2 2
Where: i
S(24) = 3(.785 (Dg + .25)z Pg + Wagz)
= Radial Stress
4 « T4Z

.. 5(25)

3(.785(Dy *+ .25)% Pg + Wy3.)

= Tangential Stress

4 ¢ Tg?nm

.785 (Dg + .25)2 Pg + Wpg,

S(26)
- = Shear Stress

v (Dy + .25) Ty
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THRUST BEARING ANALYSIS

As scen in figure 6, the thrust Bcaring assembly is located in the
bottom trunnion. Lt provides restraint for the banjo in the 2
direction, assur1ng that the disc edge remains correctly position-
‘ed to maintain optimum sealing. Formulas used to analyze the

gssembly are given below.

1. Bearing stress on thrust collar due to seismic and pressure

loads:

8(27) = W, ,A 2y 2+g + w Pg Rg?
_.785 (n42-(n2+.25)2)

2. ‘Shear load on thrust collar spring pin due to seismic, pres-

w~sure and torsional loads:

§(28) = |(Wpe,* 7 Py RgZ)2 + (.25 Wpg, (Dp+.0833+.66 (D4-F'2)

Pearing stress of spring pin on tarust collar:
25(29) = ((Wyg,*+ *Pg Rg2)% + (.25 Wog,)2)%

De (Dg-D3)

Shear tear out of spring pin through bottonm of shaft:

L8(31) = Wop, + P Rg?

.ZDZ T
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1.

OPERATOR MOUNTING ANALYSIS

vperator mounting consists of the top trunnion, the bonnet,
operator housing, and the bolt connections. The elements of

assembly are shown in Figure F

Bolt stresses and localized stress due to bolt loads. The

following assumptions are used in the development of the equa-

tions:

(a)

(b)

(c)

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.

1
i

Shear tear out of trunnion bolt through tapped hole in top

trunnion.

- F 2o 24g 2 W T
§(32) = PN, o len Ben W) Wy (9)

2 . y) 2
4 2J,°+2(J,+Hy) 23, “+2(J+H,)

ogﬂ' L4D7

Bearing stress on tapped holes in trunnion.
_ 2 21% 2

$(33) = M, +Tg 7, +Fy ' K . Wy (Bx"*8y
4(.707 Hy) 4 4

Dyl

2y%

Bearing stress on through hole in bonnet.
- r 2 23! 2 24!
S(34) M, + Tg - iF, *FY )i : Wy (84 #gy )k

4(.707 Hy) 4 4
D7Tg
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Operator Mounting Analysis

d. Shear tear out of trunnion beolt hcads through

annct.
5(35) e FytWyns 4 MY(J2+H7) My(J]+H2)
: 4 2J22+2(Jp+H7) % 2J1%+2(J1+11p) %

$.2 D7'16

e. Combined stress in trunnion bolts (Sce Fig. 8)

e 1 S(36) = S(37)+S(38) , ((3(37)+5(33)2+4(s(39)+s(40))2)%
' ' 2 ] 2 .
Where '
St37) « F_'W4g, = Direct Tcn51lc Stress, psi
4 1\5
: §.34) ’£'2+”2) » MY(J1+”2) = Tensile stress
. - 242 2 2542 )& due to extended
.' : ; 292 (J2+H2) ot ik o S L. mass bending
: - Ag moment, psi
S020) = 241 2%y 2 %
S(39) = (Fx“+Fy%) S+iia(ax"* oy . = Dircct shear
' i 4 Ag ! stress, psi
S(4n) = (Mp+Tg, : £t " " = Shear stress du
(-707 11,)4 Ag A torsional load,

r. Shear tear out of operator bolt head through hole in
bonnct.

S(41) = Fz + M (J;*H;) 'My(Js*ng)
N, 2042423441108 258+2(J3+1g)°

S.2 DgTy
g. Bearing stress on tapned holes in bonnct.
8(42).“ Mz‘TS + (sz*Fyz)Pi

9 | g1y : LR

o
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. Operator Mounting Analysis
. e sr— p—— o t———————— p——

h. Combincd stress in operator bolts (See Fig. 9)

.5(43) = $(44)+S(45) + ((3(44?45(45))2‘4(5(46)+5(47))2)%

2 2
¥here
S(44) = F, = Direct tensile stress, psi
NaAy
S(45) = My(Jg+Hy) + yY(J3*H4) = Tensile stress
“ due to bendin;,
2J42¢2(J4+H‘;)2 2J32+2(J3*H4)" psi
Az
’ 8(46) x E_}lxzﬂfli)—_"i = Direct shear stress
NaAg
S(47) = M,+Tg = Sheur stress due to torsion, psi
(.707H4)NoAg '

2. Bonnet Stresses
‘ The bonnet stresses are calculatéd with the assumption
that loading is through the bolt connections as previously
dofined.
a. The maximum combined stress in the bonnet was calculated
using the following formulas:

S(48) = 5(49)+5(50) + ((SUAA* '50)) 244 (8(51)+5(52)) )"

2 . 2
. e Combined stress in bonnet legs

S(49) + F,4Wap, = Dircct tensile stress, psi

Bg
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Operator Mounting Analvsis

$(50) = ﬁ;sg + M, Bg = Tensile stress due to bending
17 —?E“ moment, psi

Where

S(Sl) - (szoFyz)k + w4(¥xz’gyz)% « Direct shear stress,

psi

§(52) = T Cp = Shear stress in bonnet body due to
Xo torsional loa?, psi

Where

T = Torque, in-1bs.
Co = Torsionul constant for non—cirsular cross section
Ko *© Function of cross-scction, in.

b. The maximum combined shecar stress in the bonnet mounting
plate to body welus was calculated using the following
formulas:

Bottom Bonnet Weld

S(53) L§L§{l{f_ﬁ$j§§lf)% « Jombined shear ctress in

2 sottom weld, psi
Where
S(54) = S(56) ¢ S(57) = Total tensile stress, psi
S(56) = F,+Wug, = Direct tensile stress, psi
-n_vi.m
$(57) .ﬁ:;.: ﬁ‘; = Bending tensile stress
Ly 1
S(55) = S(58) ¢ §(59) = Total shear stress
$(58) = (szoFYZ)H + Wa(gxzog\2)¥ = Direct shear stress,

- psi
g




" Operator ''ountinge Analvsis

§(59) = M;+Tg = Torsional shear stress, psi
23
Top PBonnet Weld
§(60) = (5(61)2+45(62)2)% = Combined shear stress in top
. ' 2 bonnet weld
Where .
8(61) = S(6 2)+5(64) = Total ten ile stress, psi
$(63) = F, = Direct tensile stress, psi
Uz
4y = M, M,
o 23 + .2 = Bendiag tensile stress, psi
1“2 F T :
§(62) = S(65)+5(66) = Total shear stress, psi
S(65) = (FXZOY 2)‘5 = Direct shear stress, psi
U2
§(66) = M,+Tg = Torsional shear stress, psi
Z4
¢. Trunnion Body Stress

The trunnion body stresses are calculated using the

follewing assumptiors:

1. Operator loading is through the bolt connections.

2. There is an equal and opposite reaction to the bolt

loads at the body.




chrntor Mounting Ana [)_"ﬂ'.is

The combined stress in the trunnion body was calculated

using the following formulas:

§(67) = 5(68)+5(¢9) + ((5(68)25(69))2+a(S(70)+5(71)) %)
2 2

= FpeWqg: = Direct tensile stress, psi

KqKg-. 78582

A FyK (,) 5Ky ¢ (H +F, Kg) . ‘»}r = Bending tensile
Ayl — stress, pst
0833KcKy3-xB,%  .0833KyKg3-vB; '

———

64 64

(‘\1 +F

L . :
(sz”y )’*"ui‘x “.\,2)‘ = Direct shear stress, psi

)\4’\5' -78.)“2

(M;+Tg) . 5(Kq 4)r, 2y% = Torsional shear stress,

s psi

.0833\}\4)\.5,3‘1'.5}‘,1*’)-nl‘,)"
32




FREQUENCY ANALYSIS

A. Intvoduction

To ¢alculate the natural frequency of the various
componcﬁls of the NRS valve, a model system with a singic
degree of freedon is constructed. The individual com-
ponents aid groups of componcnts are modeled and analyzed
as restosing spring forces which act to "ppose the re-
spective weight forces th:y are subjected to. The static
deflection of the component is calculated and is related

to natural frequency as:

.= 1 fx
s iiii

.= 10 g
n 2n ‘1‘& y

F, = [9.8)?
&y | .

The analysis details the equations and assumptions

or

used in determining the natural frequencies listed in

the summary table. Sketches are provided where appropriate.

B. Valve Body Assembly

The body shell, as seen in Figure 1, is assumecd to
experience loading due to the entire valve weight.

Natural Frequency of the bedy shell:

33 )
L 9:€)’
A)vl






Frequency Analysis

1. The worst valve assembly mounting position is where
the bénding moment is predominant in producing de-
flcctiﬂn.

2. The bonnet is assumed fixed at the top trunnion.

3. The adapter plate is ascumed to be integral with and

have a cross-section the same as the component it

mounts 10,

Natural frequency of bonnet:
Fpg © ?;§>u
tnyd
"

Bya = Wilg>+W KsS + WyZolg?

h

—3EI; TTZETy

Where

-






Core Performance Branch Meeeting 9/2/81

1. FPL commits to implemeiting the following rod bowiug penalties:

Burnup (gigawatt-days per Departure from Nucleate Boiling
metric ton of uranium Ratio Penalty (percent)
0-2.4 0

i -5 3.0

5-10 2:1
10-15 10.3
15-20 12.9
20-25 13.3
25-30 17.4
30-35 19.4
15-40 21.2

These penalties will be implemented in the technical specifications
and the tech spec bases will be explained accordingly.

These penalties vere applied becasue it is expected that the St. 'vcie

2 fuel will experience rod bowing equal to that predicted for SONC3 2 & 3.
This is becauvse of the similarity of spacer grid span lengths and fuel

rod cladding dimensions.

2 FPL submits the Supplemental ECCS Analysis (NJREG-0630) attached.

3. FPL will submit best available 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
NUREG-0609 and is the same approach as that taken for the WSES-3
Safety Evaluation Report.

confirmatory Safety Evaluation Report item entitled, "Hiscellaneous
Fuel Design Documentation”

(1) Neutron source rod and incore instrumentation assembly
documentation.

|

I

|

|

|

|

|

! b, FPL aprees with NRC that the following items should be included in a
|

!

i (2) CEA fretting and axial growth documentation.

(3) Mechanical fracturing documentation,

| (4) Documentation for stress analyses for fuel rods, poison rods,

| and CEAs; strain analyses for fuel assemblies, fuel rods,

! noison rods, and CEAs; strain fatigue analyses for fuel
assemblies and fueir rods; and poison rod internal presure.

(5) Documentation for non-LOCA transient core coolability. w

1
1
i
!
1
}




5.

FPL will submit documentation for items (1), (2j, (3), and (5),
Ceptember 11, 1981. If documentation for item (4) cannot be prv-
vided by that date, a schedule emphasizing the earliest possible
submittal will be provided. r

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.

FPL will implement in the technical specifications a 1% penalty for
grid spacing differences relative to experimental data supporting the
CE-1 DNB correlation. This penalty by itself would result in a
change in the 95/95 NER from 1.19 to 1.20. The setpoint analyvsis
supporting the technical specificatiors will be performed such that
the safety analyses remain valid.

FPL will provide a revised response to question 492.13 to indicate
reactor trip on low coolant flow, based on steam generator O P
measurements. The revised response is attached.




Question No.

492.1

| Response

"srandard format and content of Safety Analysis Reports, Regula~-
tory Guide 1.70, states that in Chapter 4 of the SAR ®ess Ehe
applicant should provide an evaluation arnd supporting ‘nfovma-
tion to establish the capability of the reactor to perform its
safety functions throughout its design lifetime under all normal
operation modes..."

Are the analyses presented in Section 4.4 representative of the
fnitial core only or have future cycles been analyzed? Provide

a discussion of how power distributions for future cycles are
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?

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 info.mation
available prior to actual operation. Radial ‘power distribution
prediciions as a function of burnup for the first three cycles
are stown 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

&3

Also, the predicted CEA worths at hot full power and hot zero
power conditions are, respectively 10.2% and 7.57% (Table 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
6.68% and 5.00% respectively (Section 15.:0.3.2:3)+

The minim:m allowable reactor core flow rate is 369,947 gpm
(Table 4.4-1). This flow rate is assured over plant lifetime

by periodic measurements required by technical specifications,
The St. Lucie 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-ponth) measurements
to verify availablity of the flow rate assumed in the safety
analyses and the cove protection calculator system.

PR TR e LY Sy L e e e T - e



The complete set 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 v 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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Supplemental ECCS Analysis (NUREG- 0630)

A supplemental analysis utilizing the material models of NUREG-0630
(Reference 1) has been performed. This supplencit2l analysis also utilized
the heat transfer portion of C-E's alternate ECCS Evaluation Model which

is described in Reference 2. The combination of the RURLG-2630 material
models and the altemate heat transfer model provides iesults which are less
limiting than the results in the St. Lucie Unit 2 FSAR which were obtained
by using C-E's NRCeapproved ECCS Evaluation Madel (Reference 3).

For this analysis, the peak clad temperature decreased by 128°F and the peak
Jocal clad oxidation decreased by 10,62% from the corresponding values
report>d in Section 6.3.3 of the 5t, lucie Unit ¢ FSAR, Similar results
were provided to NRC, in Reference 4 for another Combustion Engineering
designed PHR. As in this previous analysis, this analysis illustrates the
overall conservatism of the C-E flow blockage representation in its NRC
approved £CCS Evaluation Model (Reference 3). .

T —

Mi THOD OF ANALYSIS

The analysis used the three material models of NUREG-0630,

Specifically, the models predict cladding rupture temperature, cladding
burst strain and fuel assembly flow blockage. In addition, the analysis
utilized the heat transfer portion of the alternate ECCS Mode) :

for the calculation of steam heat transie coefficients for locations at and
above the blockage plane. A1 otker portions of the calculation used C-E's
NRC=approved ECCS Evaluation Model,

Figures 3, 8, and 16 in Reforence ) present *he NRC recommended rupture
temperature, rupture strain and redoction in fuel assembly flow area
respectively, This analysis assumed a heating reamp rate of 0°C/sec. and uti-
lized the appronriate values from these three figures. The 0°C/sec. huating ramp
vate predicts the earliest rupture and the maximum burst strain and maximum

flow area veduction. Although this introduces additional, unnecessary conser-

vatisn into tie analysis, 1t vas done to remain censistent with *he orevious

analysis performed (Refercnce 4) and to expedite a respinse to this NRC Questicn,




since clad rupture occured during reficod, the blowdown hydraulic transient

is not sensitive to,and will not be effected by flow blockage modeling.
Furthermore, calculation of reflood rates is based on the core average

behevior and is not affected by local b\ockage. Therefore, the blowdown

and reflood hydraulics calcutated for the FSAR analysis remain applicable

and were used in this study. The hot rod clad temperature and oxidation

values were recalculated using the NUREG-0630 clad material models and the

heat transfer models. Other input assumpticns remain

f the FSAR. The calculation described
which is the limiting large break.

alternate steam cooling
the same as described in Section 6.3.3 ¢

above was performed for the 1.0 DEG/PD* break,

RESULTS

¢ the significant input parameters and results of ihis
The calculated rupture ctrain is 90%, which

These are the maximum values

Table 1 summarize

supplemental analysis.
c~rresponds to a flow blockage of 71%.
d by the NUREG-0630 models. As mentioned earlier, sipture is

. The rupture temperature of 1515°F is based
Use of a more representacive

predicte
predicted during reflood.

on the 0°C/sec heating ramp rate curve.
ure at a higher temperature. The

heating ramp rate would calculate rupt
t in a lower rupture strain and lower

higher rupture temperature would resul
un value calculated here.

flow blockage than the maxim
mbination of the improved

previously in Reference %, the co
gher strain and flow blockage

r of C-E's alternate mode! with hi
actually results in a sionificant decrease in both calculated peak clad
rature and peak clad oxidation, For this analysis, the peak clad

tenpe
20°F and the peak clad oxidation decreased by

temperature decreased by 12
10.62% from the corresponding results of the FSAR analysis presented in

cented graphically in Figures 1 and 2.

Ay concluded

heat transfe

Section 6:3.3 and pri

ihe resulis of this study domonstrate that the ECCS analysis results pre-

cented in the St. Lucie Unit 2 FSAR comply with the acceptance criteria of

10CFR50.46 at an assumed peak linear heat rate of 13.0 kw/ft.

-
pEG/PD - Nouble-Ended Guillotine/Pump Discharge
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TABLE 1

I. INPUT PARAMETERS AND RESULTS OF THE ECCS SUPPLEMENTAL ANALYS!S

PARMMETER

Rupture Strain Model
Steam Cooling Heat Transver Mode)
Model for Remainder of Calculation

SUPPLEMENTAL ANALY:IS

-

NUREG-0630 Models \1)
C-E's Alternate Model (2)

"Calculation Method for the C-E Large Break
Evaluation Model™

Allowable Peak Linear Heat Generation Rate (kw/ft) 13.0

Rupture Strain (%)

Flow Blockage (%)

Hoop Stress at Rupture (KPSI)
Clad Temperature at Rupture (°F)

Rupture Time

90
7
5.63
1515
During éeflood

11. Comparison of Supplemental and FSAR Analysis Results

PARAME TER

Peak .lad Temperature (°F)
Location

Peak Local Clad Oxidation (%)

Location

SUPPLEMENTAL ANALYSIS FSAR ANALYS::
1972 2093

ABOVE BLOCKAGE AT BLOCKAuE
4.69 15.76

ASOVE BLOCKAGE AT BLOCKAGE




_r i o FIGURE 1: CLAD TEMPERATURE AT HOT SPOT
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