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SUMMARY

.-
The reactor vessel is protected from blowdown following a postulated rupture of the
feedwater piping outside the contaiément by Anchor/Darling check valve 2FWS*V01l2
inside the containment and by testable check valve 2FWS*AOV023 outside the

containment. Breaks are not postulated in the piping between the valves because that

region is classified as break exclusion.

The reverse flow caused by the sudden pressure reduction at the break rapidly closes
both valves. This calculation examines the ability of these valves to withstand the

impact of the disk on the seat without excessive leakage thereafter.

All stresses and loads from disk impact on the seat are computed using the non-linear
transient option of the ANSYS computer program. Seismic, hydrodynamic and dead loads
were not considered because of their insignificant magnitude compared to impact

loads.

Since stresses in the rockshaft, tail link, seat and disk were below Class 1l ASME III
allowables for faulted conditions, it is concluded that both valves will remain

intact and that the leakage will be minimal.
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1. OBJECTIVE/INTRODUCTION
.‘-

.

The purpose of this calculation is to evaluate the ability of Nine Mile Point 2 ASME
III class 1 feedwater check valves 2FWSx%AOV023(specification P303W) and
2FUS*¥Vo0l2(specification P303W) to withsténd rapid closure following the postulated
pipe break outside the containment(see Figure 1.1). Since long term leakage
protection is provided by MOV21l, the acceptance criterion for the faulted event is
that gross leak rates do not occur because of disk rupture, serious fracture of the

seat/disk interface or misalignment of the disk with respect to the seat.

Feedwater pump trip from high water level in the vessel, a normal operating
condition, was found by the analysis in Reference 6 not to cause high energy impact
of the disk on the seat. The inertia of the motor was sufficiently high that the pump
took approximately 1000 seconds to completely stop. From the stand point of the
valve, two(2) seconds were required to generate a reverse flow rate equal to the
normal flow rate, resulting in a very gentle closing of these check valves. Pump trip

is not a critical loading condition and is, therefore, not treated in this analysis.
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Added sto pipe rupture loads on a square-root-sum- of-squares basis are the seismic
and hydrodynamic loads. However, they are considered negligible in this analysis
because of insignificant magnitudes as compared to the impact forces generated by

reverse flow following rupture of the feedwater line. For the same reason, dead load

and opening loads are not considered in this analysis.

Figure 1.2 shows a cross-section of these valves from the vendor drawing. The details
of the tail link are presented in Figure 1.3. Pigure l.4 is a sketch labelling

typical dimensions and elements of importance to the integrity of these swing check

valves.
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Pigure 1.2 Cross-section of the AOV023/v0l2 Check Valve(Ref.2)
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Figure 1.3 View of the AOV023/V012 Check Valve Tail Link(Ref,10)
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2. METHOD
’-

Elements critical to the integrity of a check valve identified in Figure 1.4, are the
disk, the tail 1link, the stud which connects the tail link to the disk, the rockshaft

and the seat/disk interface.

The dynamic loading just before impact is purely centrifugal, reacted by the
rockshaft, stud and tail link. The resulting forces on the rockshaft and stud, the
stress in the tail link and the deflection of the disk from its centered position on
the seat were calculated by inelastic methods using the ANSYS(Ref.1l4) program. The
stress/strain relationship was approximated by a bilinear curve (Fig.2.1l) adjusted
for strain rate and temperature effects. Shear stresgsses in the rockshaft and stud

were obtained manually.

A second run was coded to calculate the force on the rockshaft and the stress in the
disk from impact of the tail link on the disk. Shear stress in the rockshaft was,

again, determined manually.

A third run was coded for computation of the force/deflection curve for the seat and |

the stress arising from impact.

A fourth run was coded to compute disk stress and seat force generated by impact and
pressure surge, using the seat force/deflection curve obtained from the third

program.

The acceptance criteria given in Section 1 was considered satisfied if all calculated
stresses are below ASME III(Ref.?) Class 1 allowables for faulted service(App.F) and
the deflection of the disk from its centered position on the seat is small compared
to the seat annulus dimension.

K p ¢ - ® : 3 ') i
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3. ASSUMPTIONS

1)

o

s

The clearance between the tail link bushing and the stud on the
disk is sufficient to preclude transfer of significant moment at
the instant of impact. This allows analysis of the disk and tail

link to be carried out independently.
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4. DESIGN INPUT
'Y

Mass Properties

Anchor/Darling Check Valve

TABLE 4.1 2FWS*AOV023A,B
2FWS*VOl2A,B
REF.
Disk - wt. 310# 10
Tail Link - wt. 70 10
Mass Moment of 17.7 slug-ft**2 10
Inertia/Rockshaft
Materials
Anchor/barling Check Valve Anchor/Darling Check Valve
TABLE 4.2 2FWS*AOV23A,B 2FHUS*v12A,B
REF. REF.
Disk cs SAl05 9 cs SAl05 9
Hinge pin (R.Shaft) cs A479,Type 410 9 cs A479,type 410 Cl2 9
(Nitronic-60)
Seat cs SA51l6 Gr70 9 cs SA516 Gr70 9
Stellite €facing Stellite facing
Hinge (tail 1link) cs SA216 WCB 9 cs SA216 WCB 9
Pin & Stud cs SAl05 9 cs SAl05 9
Nut cs SAl94,8M 9 cs SAlo4,8M 9
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Dimensions
t. Anchor/Darling
TABLE 4.3 2FWS*AOVO023A,B
2FWS*vV012a,B
REF.

Diam of Disk 20. in. 10
Dist - Rkshft/Dsk Ctr 15, 10
Diam of Pin 1.25 (threaded) 10
Diam - Stud for Tlk 2.63 10
Diam of Rockshaft 2.0 12

Gap - Tlk/Bearing .063 12
Dist- Dsk CG/Stud Seat| 2.1 10
Clearance - Disk/Tlk 1.06 10
Thickness of Disk 3.75ctr,2.69rim 10

Seat Contact .625 (stellite) 9

Seat Radius-Inside 9.375 9

Seat Radius-Outside 10.87 9

Tail Link Section See sketch below 10

Tail Link Grip 11.94 . 10

Seat Inside Diam 18.75 10
Diam of Tlk Boss 5.25 10
Tolerance - Stud/Tlk .012 (=articulation)| 12

1.25
1,625 ‘
Tail Link Section 1.125

4.1 in.
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Material Properties at 500F (Ref. 7, Appendix I)

‘-
. Sy Su Elong.* E .75u
TABLE 4.4 (ksi) (ksi) (%) (psi.e-6) (ksi)
cs SA 216 WCB 29.1 70 22 27 49
cs SA 105 29.1 70 22 27 49
cs SA.516 Gr70 30.7 70 21 27 49
ss A479 Type4lO 34.7 66.3 20 26 46.4

* Ref.8(ambient temperatures)

Section Properties(calculated from Table 4.3)

TABLE 4.5 AOV023/V012
Tail Link - Area 6.7 in**2
~ Mom of Inert/z 2.51 in**¢4
- Torsion Const/y 2.2 in**¢
- Rockshaft - Area 3.14
~ Mom of Inert/z .785
Stud - Area 5.4
- Mom of Inert/z 2.35

Impact Speed and Hammer Pressure

TABLE 4.6 AOV023 V012 REF
Impact Speed(rad/sec) 32 41 l1-pg 31
Max Pressure(psi) - a few 765 2080 l-pg A8, All

milliseconds after impact

Allowables for Paulted Service

Allowable primary stresses are in accordance with Appendix F of Reference 7, .7 times

Su, as provided in Table 4.4 above.
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5. SUMMARY OF RESULTS
.‘.
/
AOV023
V012
TABLE 5.1
Calc'd | Allow. FS | PG#
Disk ~stress ksi 37.5 49, 1.3 9-6
Disk Deflection - in. .003 .31 100 | 8-3
£rom Centered Pos'n
Rockshaft -stress ksi 12.0 28.3 2.4| 8-4
Tail Link =-stress ksi| 34.2 49. 1.4 8-5
;e stud -stress ksi 4.2 28.3 | 6.7| 8-3
k‘ Seat ~-stress ksi] 39.0 49, 1.26]10-1

~atn v ey -
. v
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6. CQNCLUSIONS

é

It is concluded that both 2FWS*AOV023 and 2FWS*V012 (specification P303W) valves will

withstand rapid closure and that the pressure boundary will be maintained.
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