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; g NUCLEAR REGULATORY COMMISSION
3 'j WASHINGTON, D. C. 20555
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO THE DEMONSTRATION OF CONTAINMENT PURGE AND VENT VALVE OPERABILITY

BRUNSWICK STEAM ELECTRIC PLANT, UNITS 1 AND 2

DOCKET N05. 50-325/324

1.0 Requi rement

Demonstration of operability of the containment purge and vent valves, par-
ticularly the ability of these valves to close during a design basis accident,
is necessary to assure containment isolation. This demonstration of oper-
ability is required by BTP 6-4 and SRP 3.10 for containment purge and vent
valves which are not sealed closed during operational conditions 1, 2, 3, and
4

2.0 Description of Purge and Vent Valves

The valves identified as containment isolation valves in the purge and vent
system are as follows:

Valve Size
Number (Inches) Use Location
CAC-V6 18 Drywell - Purge Outside Containment
CAC-V9 18 Drywell - Vent Outside Containment
CAC-V5 20 Suppression Pool - Outside Containment

Purge
CAC-V7' 20 Suppression Pool - Outside Containment

Vent
CAC-V4 8 Main Inlet-Purge Outside Containment
CAC-V8 20 Suppression Pool-Vent Outside Containment
CAC-V10 18 Drywell-Vent Outside Containment.

CAC-V15 24 RB Vent Outside Containment-
CAC-V49 4 Drywell-Vent Outside Containment
CAC-V50 4 Drywell-Vent Outside Containment -

All of these valves manufactured by Posi-Seal International, are Class 150 as
described in Posi-Seal Technical Bulletin Number 1A. The actuators are Bettis
Robotarm air to open, spring return models. The actuator model numbers used
for the 4-inch valves are CB415-SR80, those for the 8-inch valves are CB520-

;SR80, and all other valves use model number 732C-SR80.
l

3.0 Demonstration of Operability

The following documents were examined for this review:

A. Letter of January 19, 1977 from E' E. Utley of the Carolina Power and.

Light Company to T. A. Ippolito, ORB 3, U.S. Nuclear Regulatory
Commission.

!
B. Letter of May 1,1979 from E. E. Utley of the Carolina Power and Light

Company to T. A. Ippolito, ORB 3, U.S. Nuclear Regulatory Commission.
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C. Letter o November 19, 1979 from E. E. Utley of the Carolina Power and
Light Company to D. G. Eisenhut, 00R, U.S. Nuclear Regulatory Commission.

D. Letter of Novemoer 17, 1981 from E. E. Utley of the Carolina Power and
Light Company to T. A. Ippolito, ORB 2, U.S. Nuclear Regulatory Commission
with:

Attachment 1 - Valve Sizing Calculations
Attachment 2 - Seismic Calculations.

E. "Effect of Fluid Compressibility on Torque in Butterfly Valves," ISA
Annual Conference, ISA Transactions, Vol. 8, No. 4, pg. 28, 1969.

F. Letter of December 22, 1983.from Carolina Power and Light Company
(P. W. Howe) to the U.S. Nuclear Regulatory Commission (D. B. Vassallo),
additional information.

G. Letter of February 29, 1984 from the Carolina Power and Light Company
(P. W. Howe) to the U.S. Nuclear Regulatory Commission (D. B. Vassallo),1

reference Posi-Seal International, Inc., valve (s) analysis.

H. Letter of December 21, 1984 from the Carolina Light and Power Company to
D. B. Vasello (NRC).

Reference A indicates that the licensee plans to justify unlimited use of the
plants purging system.

Reference B states that the drywell peak pressure due to the design basis Loss
of Coolant Accident (LOCA) for the Brunswick plant is 49.4 psig, and indicates
that the purge valves are designed _to " operate" at 62 psig.

Reference C. indicates that the licensee intends to verify operability byanalysis.

Reference D transmits the analyses made by the valve manufacturer and contains
most of the technical information used in this review.

i

| Reference E describes a method for predicting aerodynamic torque for compres-'

sible flow using torque factors developed for incompressible flow.

Reference F responds to a NRC letter dated December 1,1983 requesting addi-
tional information.

Reference G transmits the Posi-Seal LOCA and seismic analysis with accompany-
ing piping schematics, dated February 15, 1984 - Report Number 32525 SL-001.

Reference H transmits a request by the licensee to reconsider the necessity of
limiting the valve opening of the 4-inch and 8-inch valves.

i
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Note: The licensee (Carolina Power and Light) is maintaining a 50" opening,

angle limitation on all of the purge and vent valves at Brunswick 1 and 2.
'

Posi-Seal in their letter of February 17, 1984 included in Reference G states
that based on their analysis, the valves will close from the 50* open position
during a combined LOCA and seismic event. However, Carolina Power and Lighti

in their cover letter of Reference G states that the Posi-Seal analysis
included with the letter, demonstrates that the 4-inch valves V49 and V50 and
8-inch V4 valve will close from the 90* (full open position).

3.1 When a LOCA occurs, the pressure inside the drywell increases to 49.4
psig (64.1 psia) and the temperature increases to 310*F. An analysis was per-
formed on an 18-inch valve (V6) for both a nitrogen and steam media. Since
nitrogen resulted .in the larger aerodynamic forces (higher torques) all the
valves were analyzed assuming nitrogen as the fluid media. The torques re-
sulting from a DBA/LOCA for all the valves were determined for both the pre-
ferred flow direction (tend to assist valve closing) and the nonpreferred
direction (can resist valve closing). In the actual plant installation, two
of the valves are installed in the nonpreferred flow direction, the 20-inch
(V8) and the 24-inch (V15) valves.

3.2 Using the computer program " FLOW-CL," closing times of all the valves
were calculated for no flow, flow in the preferred direction and flow in the
nonpreferred direction.

| 3.3 The " FLOW-CL" program, which is based on model test data from testing
| performed by Posi-Seal, calculates various torques versus incremental 10*
| valve closure angles. Aerodynamic torques for angles other than the 10" disc
j closure angle increments were also calculated since density, pressure drop,

and velocity are more linear, between the 10* increments than is the aerody-
i

| namic torque.
!

The licensee's' stress analyses (Reference G, Appendix E) assumes a coincident
LOCA and seismic event, and is performed for flow in both the preferred andnon-preferred directions.

Calculations were based on the valves having urethane seals (original valve
equipment). Seating torques for the urethane seals are higher than for the
Tefzel seals, which are the seals these valves are presently equipped with.
Using the higher seating torque value adds conservatism to the approach.

3.4 The influences of an upstream bend, tee, or another valve were stated as
being investigated relative to their effect on valve aerodynamic torques.
Schematics of the piping systems with accompanying computer printouts for the
determination of- flow conditions for each valve were presented for preferred
and nonpreferred flows (10' incremental openings, from 10' to 90*, at a AP
across the valve of 49.3 psid, maximum drywell or suppression pool pressure).

3.5 In the determination of aerodynamic torque effects and stresses on the
valve assembly during LOCA conditions, Posi-Seal International, Inc. developed

i
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computer programs which modeled the piping system, ascertained flows at
various valve angles, and simulated actuator stroking of the valve from fully !
opened (90') to fully closed.

3.6 In order to determine the closing times of the valve by the actuator i
stroking, an equation which describes the torques acting on the valve stem was
defined by Posi-Seal: ~

TTTD = T ),, + TAir + TS ring + TPacking and Seal + TBearingp

where:

TTTO = the net torque tending to open the valve (equals zero when
the valve starts to close)

Triow = the torque due -to aerodynamic flow caused by the LOCA
TAir = Actuator torque (air position) tending to open the valve
T
Spring = the valvethe torque due to the actuator spring tending to close

T acking and Seal = the torque due to the packing and the seal (re-P

sisting closing from 3* of fully closed for the seal).
The running torque of the packing is = .6 times the break away
torque.

T earing = the torque due to the valve AP forcing the ster / discB

assembly into the bearings..

3.7 The analysis evaluating the air-oper., spring-close actuators considered
the forces acting on the Scotch Yoke Pin. Also considered was the flow
through the solenoid valve or quick exhaust of the actuator air. The equationfor determining this (Q) is as follows:

' 'O = flow through solenoid valve or quick exhaust.

963 Cys FLS P1/ 1 - 25 (F )2L
=

s

where:
,

Cys = Cy of solenoid valve or quick exhaust (Cy = valve
coef ficient)

F s = rated fluid pressure recovery factor'of a solenoid valve orL
quick exhaust = .9

G = specific gravity of air = 1
T = temperature degree Ranking = Assume equals 530'
Pi = pressure of the air in the piston cylinder.

3.8 The seismic analysis (Reference G. Posi-Seal report) performed for the
valve / actuator assemblies considered longitudinal, vertical, transverse, and
lateral-disc / stem natural frequencies. Additionally, valve stresses for
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actuator /brac''et bolting, bracket, bracket / valve bolting, valve neck, valve
stem and valve disc pin were analyzed. Other factors addressed in the overall
seismic analysis were valve and piping section modulus, deflections, valve
body bolting, and tha influence of a bend, tee and/or a valve upstream. The
disc / stem natural frequency was calculated for the worst case, that being the
valve open where the disc is not supported by the seat. In addition to
determining component spring rates, operating and seismic stresses for LOCA
conditions were established. This analysis determined that all the valves
would operate satisfactorily within the limited O' to 50 valve disc
excursion.

4.0 Evaluation

4.1 The determination by Posi-Seal of hydrodynamic torque factors used in
predicting valve dynamic loads is based on model testing using test valves

. , . ranging in size from 1-1/2 inches to '14 inches in diameter. Posi-Seal then
lerives torque equation,s for steam and nitrogen using the data from the hydro-
vynamic model testing program. A constant peak containment pressure of 49.5
psig is assumed in the torque analysis from the full open to closed valve
position. The staff notes that this approach adds conservatism to the deter-
mination of valve torques since credit is not taken for the LOCA containment
pressure ramp.

4.2 The maximum allowable torque for the Bettis actuator model number 732C-
SR80 (18, 20, and 24-inch valves) of 51,000 in-lbs compared to the maximum
dynamic torque (from 70* open) determined by Posi-Seal of approximately 30,000
in-lbs for the V15 (24-inch valve) demonstrates that the structural capacity
of the actuator is not exceeded. Similarly, Posi-Seal has demonstrated ade-
quate structural margin for the CB415-SR80 (4-inch valve) actuator and the
CB520-SR80 (8-inch valve) actuator using the maximum predicted torques from
the full open valve position (90' = full open).

4.3 The licensee provides stress analysis results for valve assembly critical
parts in Reference G. The stress analysis summary compares calculated stres-
ses versus ASME code allowables for the actuator bolts, bracket bolts, brac-
ket, valve stem, and disc pin. Combined LOCA and seismic loads are used and
the staff finds that the maximum stresses developed in the 18, 20, and 24-inch
valves critical parts during valve closure from the 50' open position are well
within the specified code allowables. Both the 4-inch and 8-inch valves are
shown to have adequate stress margins in their critical parts for valve clo-

: sure under combined LOCA and seismic conditions from 90* (full open). The
smallest margin for the 4-inch ~ and 8-inch valves occurs in the 4-inch valve
disc pins with a calculated maximum stress of 17,909 psi compared to the
31,680 psi allowable stress for the material.

4.4 The capability of the valve actuators to stroke the valves closed in the
prescribed time against the valve loads developed during a combined seismic-
LOCA event is demonstrated in the " Determination of Closing Time" analysis for|

'

each valve submitted in Reference G. This analysis calculates valve closure
time under LOCA flow conditions taking into account torques that assist
closure such as the actuator spring torque and torques apposing closure such

!
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as packing and seal torque. Flow torques are also included in the analysis
although they can assist or oppose closure as a function of installation con-
figuration and valve angle.

For the 4-inch valves (V49 and V50), the closure analysis demonstrates valve
closure from the 90* position (full open) in approximately .9 seconds with an
adequate torque margin as the valve strokes closed. The analysis also demon-
strates valve closure within 2.1 seconds from the 90* (full open) position
with adequate torque margin for the 8-inch valve (V4). In the case of the 18,
20, and 24-inch valves, the closure time analysis is based upon a 70 angular
opening limitation and demonstrates that the valves can close from the 70*
position with adequate torque margin and within the Technical Specification
closure time of 10 seconds. The 50 open angle limitation by the licensee
provides an additional conservatism to the analysis.

4.5 Seismic qualification .for the containment purge and vent valves at Bruns-
wick 1 and 2 has been addressed by the licensee in the Posi-Seal report dated
February 29, 1984 (Reference G, Appendix E).

5.0 Summary

5.1 We have completed our review of the information submitted to date con-
cerning the operability of the 4, 8, 18, 20, and 24-inch containment purge and
vent valves at the Brunswick Steam Electric Plant Units 1 and 2. We find that
the information submitted has demonstrated that the 4-inch and 8-inch valves
have the ability to close from the 90* (full open) position and the 18, 20,
and 24-inch valves have the ability _ to close from a mechanically limited open-
ing position of 50*, against the buildup of containment pressure during thepostulated DBA/LOCA.

Principal Contr1butor: R. liright
,,

Dated: March 25,1985
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