
John D. O'Toole 
Vice President 

Consolidated Edison Company of New York, Inc.  
4 Irving Place, New York, NY 10003 
Telephone (212) 460-2533 

Letter No. 81-124 

July 22, 1981 

Re: Indian Point Unit No. 2 

Docket No. 50-247 

Director of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission AC31 V 

Washington, D. C. 20555 S. wb "A 

ATTN: Mr. Steven A. Varga, Chief 
Operating Reactors Branch No. 1 
Division of Licensing 

Dear Mr. Varga: 

By letter dated April 15, 1981 we provided the status of our 
valve qualification review program for the containment purge 
and pressure relief isolation valves requested by the Commission's 
September 27, 1979 letter and indicated that a response to that 
issue would be provided by July 15, 1981. We also stated that 
our evaluation considering those aspects of Standard Review 
Plan 6.2.4, Rev. 1, and the associated Branch Technical Position 
CSB 6-4 pertaining to containment purging and venting during 
normal plant operation, requested by the Commission's November 
28, 1978 letter, would be provided by October 15, 1981.  
We have expedited our evaluation such that our response to 
both of these items can now be provided. Enclosure 1 to this 
letter contains the results of our valve qualification review 
program. Enclosure 2 contains our response to the pertinent 
areas of the Branch Technical Position.  

As discussed in item 2.a. of our March 11, 1980 letter concerning 
this issue, travel stops have been installed in each of the con
tainment purge and pressure relief isolation valves, such that 
valve disk travel can never exceed 600 (900 being full open).  
Accordingly, and unless otherwise noted, the results of our 
review, as contained in the Enclosures to this letter, consider 
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the containment purge and pressure relief isolation valves with 
travel stops installed.  

We conclude that the containment purge and pressure relief iso
lation valves will close against DBA-LOCA ascending pressure 
and that isolation of these containment penetrations within the 
time interval specified will be achieved and subsequently 
maintained.  

This concludes our response to those issues relating to containment 
purging and venting during normal plant operation as contained 
in Commission letters dated November 28, 1978 and September 
27, 1979. Should you or your staff have any additional questions 
please contact us.

Very'/ truly yours,

end. Vice Presicencl.
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1.0. System DeScription 

1.1. Containment Purge System 

The containment purge system includes provisions for both 

supply and exhaust air for the containment building. The supply 

system includes roughing filters, heating coils, fan, supply 

penetration with-two-butterfly valves for "bubbletight" shutcff, -..

and a purge supply distribution header inside containment. The 

exhaust system includes an exhaust penetration with two butterfly 

valves identical to those above, exhaust ductwork, filter bank

with roughing, HEPA and charcoal filters and fans with discharge 

directed to the plant vent.  

The purge supply and exhaust ducts butterfly valves, one inside 

and one outside containment, are automatically actuated to the 

* closed position by any of the following signals: 

o Manual Safety Injection 

o Containment Spray (manual or automatic) 

. .- o -.Containment.Phase A Isolation (derived from any 

automatic safety injection signal or manual Phase 

A isolation) 

o Hi-Containment Activity (Radiogas or Particulate) 

o Hi-Activity in the Plant Vent (Radiogas) 

The spaces between the closed valves are pressurized with air 

by the Weld Channel and Penetration Pressurization System (WCPPS) 

to a pressure slightly in excess of the maximum calculated post

accident containment design pressure. Closure signals to all 

valves are coincident.  
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1.2. Containment Pressure Relief System 

Normal pressure-changes incontainment are handled by the 

containment pressure relief line. This line is equipped 

with three butterfly type isolation valves, one inside and 

two outside the containment. The valves are automatically 

actuated to the.closed position by the same signals provided .-.

to the containment purge system isolation valves discussed 

above. The two'intra-valve spaces are pressurized with air 

by the WCPPS when the valves are closed. The pressure relief 

line discharges through roughing, HEPA and charcoal filters 

to the plant vent. Closure signals to all valves are coincident.  

2.0. Valve Description 

2 .1. Containment Purge Isolation Valves 

Two 36" Type 9220 butterfly valves, as manufactured by the 

Continental Divisionof the Fisher Controls Company are provided 

in each penetrating line. Each valve is equipped with a Bettis 

type T-316-SR-I-M3 rotary actuator and handwheel. These solenoid 

operated piston actuators are air to open/spring to close. The 

spring side of the piston is vented to the same ambient (inside 

containment/outside containment) as the solenoid operator. Stroke 

time requirements for these valves, as specified in Section 5.2 

of the Indian Point Unit No. 2 FSAR, is two seconds. Seating 

material is an elastomer "T" ring installed on the disc edge. The 

actuation system is arranged to fail-safe (i.e., automatic closure) 

on loss of instrument air or control power.
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,2.2. Containment Pressure Relief Isolation Valves 

Three 10" Type 9211 butterfly valves, as manufactured by the 

Continental Division of the Fisher Controls Company are pro

vided in the pressure relief line. Each valve is equipped 

with a Fisher Type 468U-15-60 piston actuator and handwheel.  

These solenoid operated piston actuators are air to open/air 

to close. Stroke time requirements for these valves, seating 

material and arrangement are the same as those previously 

noted for the purge valves. The actuation system is arranged 

to fail-safe (i.e., automatic closure) an loss of instrument 

air or control power. Fail-safe closure on loss of instru

ment air is accomplished by means of an air storage accumulator 

associated with each -valve operator.  

3.0. Fluid Dynamic Loading 

The determination of fluid dynamic loads is a major con

sideration in the design of butterfly valves. Sizing of 

the disc, shaft and body as wel as the torque output of the 

actuator are dependent upon accurately predicting the dynamic 

and other torque contributions that the valve disk must close 

against. Fisher Controls has developed dynamic torque factors 

through a combination of testing and scaling for incremental 

angles of disc rotation. This testing has been performed 

using 4" and 6" test models with various aspect ratios ranging 

from 3:1 to 14:1.  
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Valves'having disc geometries (i.e., aspect ratio) enveloping 

those of the purge and pressure relief valves installed at 

Indian Point Unit No. 2. have. been subject to these dynamic 

torque determination tests and the data extrapolated for the 

larger/valve sizes. The general approach to the scaling pro

cedure is described in some detail in the ISA document provided 

as Appendix A to this Enclosure (ISA Transactions, Volume 8, 

Number 4 (1969)," Effect of Fluid Compressibility on Torque 

in Butterfly Valves" by Floyd P. Harthun). This paper discusses 

the development of equations used by Fisher to predict dynamic 

torque and compares the results to experimental flow data.  

4.0. SizingAP 

When calculations were performed to determine the maximum 

allowable open angle (which resulted in limiting valve 

travel to 600 open), the assumption was made that both the 

containment purge and pressure relief isolation valves had 

to close against the maximum calculated post-accident containment 

design pressure and temperature (47 psig, 271 0F). Accordingly, 

AP across the valve at all angles of disc rotation was assumed 

equal to the containment design pressure. This approach is 

extremely conservative since, as will be discussed later, con

tainment isolation will be effected well below containment 

design pressure. The following table identifies the maximum AP 

capability that the subject valves are capable of closing 

-against without sustaining damage over the range of angular 

disc rotation.  
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Containment Purge Containment Press. Relief 

Position AP max. allowable AP. max. allowable 

(90O=full open) 'psi _p si 

53.4 55.0 
50 0 84.7 96.4 
40 110.3 126.2 

300 110.3 188.8 
200 110.3 171.8 

100 110.3 180.3 

Note that for all angles up to and including the 600 valve 

travel limit, the maximum allowable pressure differential 

that these valves are capable of closing against always exceeds 

the containment design pressure (47 psig). This approach pre

cludes the need to consider individual or simultaneous valve 

closure since peak &P is applied to each valve individually.  

5.0. Structural Capability 

In determing allowable pressure drops across a particular 

butterfly valve at various angles of disc rotation, Fisher 

Controls uses classical "mechanics of materials" type equations 

to calculate stress levels at various worst-case locations in 

the valve assembly (specifically various locations along the 

valve shaft). Appendix B to this Enclosure is a computer 

analysis documenting the capability of these valves to-sustain 

and close against containment design pressure. A description 

of the computer program/printout is also included. The subject 

I 

10" pressure relief valves were designed according to the require

ments of ANSI B16.5 (1968). Allowable stresses were taken from 

ASME Boiler and Pressure Vessel Code, Section VIII. Since the 

36" containment purge valves are larger than is directly addressed 
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in ANSI B16.5 (1968), these valves have had pressure ratings 
\ 

determined using the extrapolation guidelines set forth in 

that :Standard; flange drilling dimensions were specified per.  

MSS-SP44. Allowable stresses were again taken from ASME Section 

VIII./ 

The standards and methods used for the design of the subject 

valves as outlined above, are in conformance with ASME Section 

III and Section VIII requirements.  

Loads considered in the design of these valves include all 

typiQal pressure and flow-induced loads.  

6.0. Actuator Torque Margins 

Appendix C to this Enclosure contains torque summary charts for 

both valve types. The following discussion will help to clarify 

the information contained in the charts.  

6.1. Containment Purge Valves 

The frictional torques specified for the incremental open angles 

consist of bushinq and packing friction which is a constant for 

any given AP, (in this case 47 psi). The frictional torque at 

the 00 position consists of the same bushing and packing 

friction as well as the frictional loads that must be overcome 

to properly compress the T-ring elastomer seal. All of these 

frictional loads must be overcome if the disk is to properly 

close and seat in the valve body.
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The dynamic torques specified are the torques imposed on the 

valve shaft as a result of flow for the accident condition AP 

at the specific incremental open angle. For butterfly valves 

in general, the dynamic torque varies from a maximum at 60 

70 open to a minimum value at 0° . For the particular valve 

design installed at Indian Point Unit No. 2, the dynamic torque 

tends to close the valve from the pinned angle of 60° . For any 

open angle then, valve closure is dependent upon the combination 

of dynamic and available actuator torques exceeding the frictional 

torques opposing closure. As can be seen from the torque summary 
0 

chart, at 60 open the dynamic torque acting alone will begin to 

close the valve. For other open angles, the available actuator 

torque always exceeds the required actuator torque. No reduction 

in available actuator torque is expected as a result of venting 

to the accident containment backpressure since the spring side 

of the piston is vented to the same ambient. It should also 

be noted that at no time does the maximum dynamic torque developed 

during valve closure exceed the maximum torque rating of the 

actuator; hence, no damage to the actuator or to the linkage 

would be expected in the event of a delayed closure signal that 

results in the application of full containment design pressure 

across the disk while the actuator continues to hold the valve 

open.  

6.2. Containment Pressure Relief Valves 

As for the purge valves, dynamic torque will tend to close these 

valves from the 600 pinned position and the available actuator
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torque as specified in the torque summary chart will always 

exceed the required actuator torque. The available actuator 

torques shown in the summary chart have been reduced due to 

the containment backpressure effect on closing torque margin.  

Appendix D to this Enclosure contains a hand calculation of 

.this 'reduction in actuator torque at 00 and 600 and, together 

with the torque summary chart, demonstrates that the air storage 

accumulator is adequately sized to close the valve under all 

expected operating conditions. It should be noted that the two 

pressure relief valves outside containment vent to that ambient 

and the available actuator torque for those valves experience no 

such.torque reduction. As for the purge valves, the maximum 

dynamic torque developed during closure does not exceed the 

maximum torque rating of the actuator and no damage to the 

actuator or to the linkage is expected in the event of a delayed 

closure signal.  

7.0. Installation Effects on Closing Torque Margins 

As noted earlier, the AP across these valves was considered 

equal to the containment design pressure (47 psig) at all 

angles of disc rotation. No credit was taken for the existance 

of any backpressure produced by downstream piping. In fact, 

all gases exhausted must pass through ductwork and plenums 

containing filters and dampers. All of this equipment will 

produce some degree of backpressure, thereby reducing the 

actual AP across the valves and, hence, the torque required 

for closure.
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The effect of shaft orientation relative to installed piping 

is relevant with respect to dynamic torque that could result 

under non-uniform flow conditions. Fisher's sizing data is

based on dynamic torque determination tests performed with.  

uniform flow profiles on valve discs with representative 

geometrics in order to-develop accurate dynamic torque values.....  

Shaft orientation with respect to the installed piping has been 

reviewed with the following conclusions: 

o Containment PurgeExhaust and Containment Pressure 

Relief Lines 

.Both lines are open to the containment atmosphere with 

no upstream piping other than a short length of ducting 

extending into containment. This short length of duct 

/extension serves to protect the exposed disc when in 

the open position and further aides pressure equalization 

across the disc; thus, no unbalanced forces will result.  

O Containment Purge Supply.Line 

The purge supply ductwork inside containment serves as 

the upstream piping under DBA-LOCA conditions. However, 

the piping layout is such that both wings of the disc 

(as split by the shaft) will be subject to the same flow 

with respect to time and no additional unbalanced forces 

will result.  

8.0. Valve Closure Time 

By letter dated December 19, 1979, Con Edison provided a time-
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history evaluation demonstrating that within the timing constraints 

-imposed on the containment purge and pressure relief iol /n 

valves, critical valve parts will not be damaged by DBA-LOC[ 

loads, that valve closure will be initiated and completed against 

the fluid dynamic forces created by the DBA-LOCA and containment 

integrity .willibe.-maintained once the valves are closed. That_ 

evaluation compared the AP versus time developed during the 

post-LOCA containment pressure transient (FSAR-Sect 14.3.4-min

imum safeguards equipment operating) to the maximum AP the subject 

valves-are capable of closing against at any point in time. The 

A P capability versus time for these valves considered time to 

signal initiation, valve circuit transit time, solenoid de

energization time and valve stroke time. Valve stroke time was 

assumed linear over the 2 second maximum stroke time specified.  

The results of that evaluation demonstrated that the conservatively 

calculated maximum DBA-LOCA containment pressure will be less than 

the maximum AP against which these valves can close for any 

position of the valves from 900 open to full closure.  

Nevertheless to facilitate compliance with the Commission's 

"Interim Position For Containment Purge and Vent Valve Operation 

Pending Resolution of Isolation Valve Operability", as contained 

in NRC's letfei of October 23, 1979, we committed to the in

stallation of travel stops to limit valve travel to 600 open.  

With the installation of travel stops we have again reviewed 

closure time and again concluded that valve closure under 

DBA-LOCA flow conditions within the time limits specified 

can be assured.
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This conclusion is based on an evaluation of closure time under 

actual conditions (DBA-LOCA pressure, valves open at 600) using 

stroke time tests performed in the manufacturer's shop as a 

benchmark. Each of these valves was stroke tested in the manu

facturer's shop under ambient temperature and pressure conditions 

with no flow#through the valves. All-valves successfully strokead....  

from full open (900) eo full closed in less than two seconds.  

Stroke time was measured from completion of solenoid de-energization 

through completion of valve closure; hence, all lag time due to 

cylinder venting was considered. All valves can be expected to 

close in less time than was experienced during the shop tests 

since disk travel has been reduced by 300 and dynamic torque 

effects over the range of 600 (open) to 00 (closed) will further 

act to close thevalves. The dynamic torque acting to close the 

valve is a significant component of the total torque available 

for valve closure, not present during the shop stroke tests.  

Accordingly, it can be concluded that isolation of the containment 

-purge--and pressure relief lines will be effected within the 

specified FSAR time limit.  

9.0. Sealing Intearity-Lon Term.  

Criteria for the selection of seating materials for the con

tainment purge and pressure relief valves were'specified as; 

"not subject ot deterioration when subject to a maximum 

expected temperature of 271°F and radiation dosage of 

ixl0 7 Rads."
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Ethylene Propylene (EPDM) was selected and Certificates of 

Conformance to the specified criteria were issued by the 

manufacturer based on material suppliers' test results, limited 

material verification tests, and in-service experience.  

The installation details for these valves are such that direct-...  

impingement by containment spray solutions can only occur while 

flow is egresging through the valves. Once the valves are 

closed upstream piping and duct extensions preclude direct 

impingment.  

The time history analysis provided in our December 19, 1979 

letter demonstrated that complete valve closure occurs ap

proximately 3.5 seconds after signal initiation (low pressurizer 

pressureSI). By comparison, containment spray is initiated 

approximately 20 seconds (assuming off-site AC power is available, 

43 seconds if on-site AC power is required) after having reached 

the hi hi-containment pressure set point (30 psig) which itself 

occurs approximately 5 seconds after accident initiation. Hence, 

cessation of flow is assured prior to spray initiation. While 

some revaporization and misting is expected, the seating design 

of these valves in the closed position is such that only minimal 

seal material surface is exposed. In addition, the ethylene 

propylene seating material is generally considered to be among 

the best materials available for this application.
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10.0.Debris Protection 
~/ 

The purge supply valves are protected from debris by the 

connected ductwork inside containment. This ductwork exten s 

from the purge supply penetration and proceeds through the 

annular space between the containment and crane walls. Several 

registers located along this duct run will serve to permit 

pressure equalization across the duct wall under DBA-LOCA 

conditions and further will provide a barrier to the entrance 

of potential debris. The purge exhaust and pressure relief.  

valves are each protected from debris by the short length of 

duct extension previously discussed. Wire screen ( " mesh) 

over the open end of these short lengths of duct extension 

is specified to preclude the entrance of potential debris.  

ll.0. Seismic 

ll.l.Containment Purge Valves 

The seismic qualification of these valves was established by a 

test which determined the fundamental frequency to be qreater 

than 33 Hz and by performing a static sideload test on the valve 

to verify -operability.  

ll.2.Containment Pressure Relief Valves 

The seismic qualification of these valves was established by an 

analysis which documented the fundamental frequency of the extended 

structure and determined the stresses developed in the structure
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due to Specified seismic (plus normal) loads/accelerations./ 

Structural and pressure retaining capability was verified / 
by acceptable results from a conservative "g" load static 

analysis. The stress analysis was determined to be valid 

as it was performed on a rigid valve (433Hz).  

Hardware associated with these valves including airsets, tubing and 

air storage accumulators are seismically supported.  

12.0.Environmental Qualification 

The only electrical equipment associated with the containment 

purge and pressure relief isolation valves are the solenoid 

operators and limit switches associated with each valve. The 

qualification of this equipment to perform its intended 

function under DBA-LOCA conditions is documented in Con Edison 

-letters dated July 18, 1979, August 1, 1979, August 30, 1979, 

and May 9, 1980 regarding environmental qualification of 

electrical equipment.  

13.0.Acceptance Testing 

13.l. Containment Purge_Isolation Valves 

These valves were subject to hydrostatic pressure tests on the 

body at 75 psig, bi-directional seat leakage tests to demonstrate 

"bubble-tight" integrity using air at 60 psig, and a performance 

test to demonstrate no greater than a two second closure time.  

All tests were performed in the manufacturer's shop prior to 

shipment.

El-14



13.2.Containment Pressure Relief Isolation Valves 

These valves were subject to hydrostatic pressure tests on the 

body at 75 psig, seat leakage tests to demonstrate bubble tight 

integrity using air at 60 psig, and a performance test to 

demonstrate no greater than a two second closure time. All tests 

were performed in the manufacturer's shop prior to shipment.  

14.0.Maintenance 

The manufacturer's recommendations regarding maintenance of the 

EPDM seat materials have been reviewed. Fisher recommends these 

valves be seat leak tested periodically and seat material replaced 

at intervals not to exceed the shelf life for this material.  

Seat leakage tests are performed as required by Appendix J to 

10CFR50 at refueling shutdowns but in no case at intervals 

greater than two years. In addition, the WCPPS which maintains 

air pressure in excess of the containment design pressure between 

the closed valve interspaces, Serves as an on-line monitoring.  

system to detect increases in isolation valve leakage. The Tech

nical Specifications limit WCPPS air consumption (and thus in 

part purge and pressure relief valve seat leakage) such that 

system flow in excess of specified operating parameters requires 

prompt repair or eventual plant shutdown.  

With respect to the piston operator seals for the pressure relief 

valves, frequent pressure relieving operations (required to 

preclude actuation of the high containment pressure safety 
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injection signal at 1.6 psig) will permit prompt identification 

of seal degradation and subsequent replacement. Piston 

actuator seal degradation for the containment purge valves 

is inconsequential, since closure is dependent on sprinq 

force alone.  

Valve stroke tests performed at refueling shutdowns per 10CFR50.  

55a(g) further aid in' the identification of any degrading valve 

performance.  

.. . /
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APPENDIX "A" 

EFFECT OF FLUID COMPRESSIBILITY 
ON TORQUE IN BUTTERFLY VALVES 

(Provided by Fisher Controls Co.) 

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
July,1981
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ISA TRANSACTIONS: $ (:51-2.861 1969 

*1 s

EIffet Tofl;u~ 
GC E mP S! VIy 0 5 
T e IFs

FLOYD P. HARTHUNJ
Fisher Governor Company 
Marshalltown, Iowa

A technique is presented by which the shaft torque resulting from fluid flow through 
butterfly valves can be determined with reasonable accuracy for both compressible and 
incompressible flow. First, the general torque relationship for incompressible flow is 
established. Then, an effective pressure differential is defined to extend this relationship 
to include the effect of fluid compressibility. The application of this technique showed 
very good agreement with experimental test results.

INTRODUCTION 

THE APPLICATION of butterfly valves in various automatic 
control systems requires proper actuator sizing for 
efficient control. Thus, a thorough knowledge of the 
fluid reaction forces acting on the valve disc is required.  
Extensive experimental work"' has been performed in 
the past to establish a relationship to determine these 
forces and thus determine the resultant shaft torque. The 
general form of this relationship has been established and 
confirmed. However, by using the classical fluid momen
tum approach, a similar relationship'-an be obtained in 
which the torque is shown to be directly proportional to 
the measured valve pressure differential for a given disc 
position. -This relationship along with most of the 
previously published torque information is adequate for 
incompressible flow. Although the effect of fluid corn
pressibility on torque has been recognized. no useful 
relationship has been developed. The primary ob
jective of this investigation is to extend the established 
torque relationship to include the effect of fluid com

s16 ib-ility.  

*Wresnted at the. 1968 ISA Annual Conference; revised August. 1969.  
. tRescarch Engineer.

DEVELOPMENT OF GENERAL TORU.E ..-.  
RELATIONSHIP 

The total shaft torque required to operate butterfly 
valves can be separated into two major components: 

1. Dynamic torque-that portion of the total 
operating torque attributable to the fluid reaction 
force of the flowing medium acting on the valve 
disc.  

2 Friction torque-that portion of the total 
operating torque attributable to friction in the 
packing and bushings.  

Since each of these components is independent of the 
other, a separate evaluation of each component affords 
the best approach to this problem. This investigation is 
limited to an evaluation of the dynamic torque com
ponent. If the friction on the valve shaft is assumed to be 
independent of direction of rotation, it can be readily 
isolated. The torque required to rotate the valve disc is 
measured in a clockwise and a counterclockwise direc
tion through full travel. Since friction always opposes 
motion the difference between these values will be twice 
the actual shaft friction. I
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The dynamic torque for butterfly valves is a function 
of the fluid reaction forces acting on the valve disc. It 
would be difficult to determine these forces by purely 
analytical techniques. Experimcntal determination of the 
pressures and velocity profiles in the immediate area of 
the disc would also be quite difficult. However, ifa control 
volume is selected so the boundaries are points of known 
pressure and velocity, an analysis of these forces can be 
made-from the change in fluid momentum through this 
control volume.

INCOMPRESSIBLE FLOW

An expression for dynamic torque is developed 
assuming.incompressible flow. This torque is a function 
ofthe fluid reaction force, F, and a rioment arm, D, which 
is a characteristic dimension of the valve disc.  

TD = f(F, D) (I) 

Using the fluid momentum -approach, the force, F, is 
given by: 

F MAV .(2) 
where 

F s= sum of external forces acting on fluid
M mass flow rate 

AV fluid velocity change through the control 
volume 

The mass flow rate, M, is given by 

M=pAV (3)
J'By using a proportionality constant, B1, the/mass flow 

rate can also be defined as 

M. = BA(pAP)1 2
- (4) 

Equations (3) and (4) are combined to obtain the follow
ing expression for fluid velocity: 

V = B(AP/p) 112  (5) 
The velocity change through the control volume. AV, 
in Equation (2) can be expressed in terms of the velocity 
at the valve disc by use of a proportionality constant, B, 

F = B2MV (6) 
By substituting the expressions for mass flow rate 
Equation (4) and fluid velocity Equation (5) into Equa
tion (6) the force on the valve disc is 

F = B 2 B2AAP (7) 
For a given valve size, the flow area, A, for any angle of 
disc rotation, 0, can be written as 

,tD 2 

A = Bs--D-- (8) 
4 

The force, F, acts upon a moment arm which is a function 
of the disc diameter, D. Now, the dynamic torque can be 

0ritten as 

T = BjFD (9)

Combining Equations (7), (8), and (9) 

TO = Bt 2BBB6ZtD3 AP 
4

To = K1 D3AP (10-A)

where 

. 1
2BBB 3B7r_ TD K 1 = 4 D -AP (10-B) 

Equation (10-B) is defined as the dimensionless torque 
coefficient which can be determined experimentally from 
tests conducted with incompressible flow.

COMPRESSIBLE FLOW 

The dynamic torque for butterfly valves is proportional 
to the mass flow rate and velocity change through a 
selected control volume for both compressible and 
incompressible flow (i.e., TD x MA V). Therefore, the 
approach used to obtain an expression for this torque 
assuming incompressible flow can be extended to 
compressible flow by re-defining these two variables.  

First, assume that the velocity at the valve disc, V, 
is proportional to the velocity change through the control 
volume. Then, the dynamic torque can be expressed as

TD oc MV 

The velocity at the valve disc is given by 

M 
pdA

(11)

,By combining Equations (11) and (12) the dynamic 
torque is shown to vary directly as the square of the mass 
flow rate and inversely with the fluid density at the valve 
disc.  

M2 

TD c (13) 

Determining the flow rate of a compressible fluid 
through a control valve by analytical techniques is quite 
difficult because. of valve geometry. The major problem 
is to establish the pressure differential between the valve 
inlet and the vena contracta. However, by defining the 
physical system in which the valve is installed to conform 
with specifications given by the Fluid Controls Institute 
(FCI)(2 ) empirical relationships developed specifically 
for determining flow rate for control valves can be 
considered. Several such empirical relationships have 
been developed; however, only one, the Universal Gas 
Sizing Equation,(3 has been shown to accurately define 
the flow rate for any valve configuration. This equation 
is given by 

20-P1 ,CC C, sin 59.64 p (14) 

IT L I -1o 8 4 d 
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Equation (14) can be rewritte to obtain an equivalent incompressible flow.  
expression for mass flow rate, 

,.06hCtC2Csin r59.64 AP1 T(15)KDP, 5 9 .64 1 sin2 0 (2) ) 

LPCCsn P, (15) For convenience the form of Equation (24) is simplified,

The sine function in Equations (14) and (15) is used to 
define the transition between incompressible flow occur
ring at low pressure ratios (AP/Pt) and critical flow.  

Let 

e F96 = 7 Ad (16) o = Wj,,, ( 

Rewriting Equation (15) in the following manner: 

M = 1.06, p_,PtC, 2C.F (17) 

The factor, F, is bounded by the following: 

F =sinO for 0 < n/2 

F = 1.0 for 0 >_. ir/2 

By substituting Equation (17) for the mass flow rate in 
Equation (13), the dyiamic torc'ie for a given valve is 
given by 

p1 P1(C1 C2 sin 0)' (19) 
Pd 

The only parameter in Equation (10) that cannot be 
( f dily obtained is the density at the valve disc. Pd

. uming that the change in the ratio of fluid density at 
] .J e valve inlet to fluid density at the valve disc with 

increasing pressire ratio is small relative to the total 
change in mass flow rate, the torque expression can be 
simplified in the following manner: 

TD oc PI(CIC 2 sin 9)2 (20) 

Therefore, for compressible flow: 

TD = K2 P(CIC2 sin 8)2 (21) 

For small values of pressure ratio (AP/P1) Equation (21) 
reduces to the incompressible torque relationship given 
by Equation (10-A).  

As AP/P 1,- 0 

sin 0 = 0 (radians) 

T = K2 (59.64)2"AP (22) 

The expression in Equation (22) is equivalent to the 

expression in Equation (10-A): 

K2(59.64)2Ap = KID 3AP 

KID
3 

K2 = (59.64)- (23) 

By substituting the expression in Equation (23) for the 
, efficient K2 in Equation (21), a general expression for 

vnamic torque for compressible flow is obtained using 
W e dimensionless torque coefficient established for

where
TD = KiD'AP, 

A, P, L59.64J sin20

Equation (26) is defined as the pressure differential 
contributing to the dynamic torque on butterfly valves 
with conditions of compressible flow.  

EXPERIMENTAL RESULTS 

The first step in the experimental evaluation was to 
establish the dimensionless torque coefficient, K1. as a 
function of valve disc rotation as defined by Equation 
(10-B). A test was conducted on a 4-in. valve under the 
following controlled conditions: 

1. The valve was installed in a 4-in. test line with a 
minimum of 12 pipe diameters of straight pipe 
upstream.  

2. The pressure taps were located according to FCI 
specifications and attached to the test line 
according to specifications in the ASME Power 
and Test Code(4 ) 

3. Water at ambient temperature was used as the 
flowing medium.  

4. The inlet pressure and outlet pressure were held 
constant.  

5. The test was conducted at a low pressure ratio 
(AP/P = 0.088) to ensure incompressible flow.

0 

I 0.  

U

36 -zzz 32

28 

24 

20 

164

0 10 20 30 40 50 60 70 80 90 
ANGLE OF ROTATION-DEGREES 

Figure 1. Dimensionless torque coefficient, 4-in. butterfly 
valve incompressible flow: P, = 100 psig, P = AI0 psi.
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Figure 2. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of experimental results with 
calculated torque, incompressible flow. P, = 100 psig, 
A - p s i .. .  

Torque -measurements were made at selected incre
ments of disc rotation (0-90°). A transducer, consisting 
of a steel bar with strain gages attached, was fixed to the 

/-- alve shaft and used in conjunction with an oscillograph 
measure-and record the shaft torque. The data from 
is test were used to determine the dimensionless torque 

,) coefficient plotted as a function of disc rotation on Figure 
1. The curves plotted on Figure 2 show excellent agree-

Cd 

z 

'U 

0 0 
o.  

U

V1O -- __ 

_ L 
320 .i

-0 10 -20 30 40 50 60 70 80 90

-At4GLE OF ROTATION-DEGREES 

lure 3. 'bynamic torque vs. angle of disc otation, 8-in.  
tterfly valve, comparison of experimental results with 
culated torque, incompressible flow: P, = 100 psig, 
= 5 psi.

LU

S 

720

60- TEST DATA - ATER 

160 

80 - A 

40 - - - -

0 10 20 30 40 50 60 70 80 90

ANGLE OF ROTATION-DEGREES 

Figure 4. Dynamic torque vs. angle of disc rotation, 8-in.  
butterfly valve, comparison of experimental results with 
calculated torque, incompressible flow: P, = 100 psig, 
AP = 5 psi.  

ment between measured torque and the torque calculated 
using this coefficient.  

The next step was to verify that the torque coefficient 
is indeed applicable to other valve sizes provided geo
metric similarity is reasonably well maintained. The 
results on Figures 3 and 4 again show very good agree
ment between measured torque and calculated torque 
for two 8-in. valves.

'O 1020 30 40 50 60 70 80 90 
VALVE PRESSURE DROP A P -PSI 

Figure 5. Dynamic torque vs. valve pressure drop, 4-in.  
butterfly valve, 60* disc rotation, comparison of experi
mental results with calculated torque, compressible flow: 

P= = 214.4 psia, flowing medium air.  
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ANGLE OF ROTATION-DEGREES 

Figure 6. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of experimental results with 
calculated torque, compressible flow: P, "t 114.4 psia, 
AP = 5 psi (A./P = 0.0446), fIr Ning medium = air.  

It should be noted that discs in the two 8-in. valves 
were of substantially different geometric shape. Using 
the ratio of disc diameter to hub diameter as an indicator, 
these ratios were 4.56: 1 and 3.55: 1 for the valves used to 
btain the data for Figures 3 and 4. 'respectively. The 

difference in torque. magnitude for these valves with a 
5 psi pressure- differential shown in Figures 3 and 4 is 
the result of this difference in geometry. The disc in the 
8-in. valve used for the test in Figure 3 was geometrically

18 0 .. ... ... . ...-... ... . .  

160 .  
, o -; 1 , P .  

120 i K 

o- TEST DATA 

100-

80 -.....  

60 - -

40-- i 
2 0- 

0 A-°-.
0 10 20 30 40 50 60 70 80 90

ANGLE OF ROTATION-DEGREES 

igure 7. Dynamic torque vs. angle of disc rotation, 4-in.  
utterfly valve, comparison of experimental results with 

calculated torque, compressible flow: P, = 64.4 psia, 
%IP = 10 psi (AP/P, = 0.115), flowing medium = air.  
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Figure 8. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of test results with calculated 
torque, compressible flow: P, = 64.4 psia, AP = 30 psi 
(A/P = 9.466), (critical flow) flowing medium = air.  

similar to the disc in the 4-in. test valve used to establish 
the torque coefficient, K ,.  
• The extension of the dynamic torque relationship to 

include the effect of fluid compressibility is accomplished 
by defining an effective pressure differential as shown in 
Equation (25). The curves on Figure 5 show the transition 
from incompressible flow to critical flow with increasing 
pressure ratio for a 4-in. valve set at 60* disc rotation.  
Here-again there is very good agreement-between the
torque calculated using Equation (24) and the experi
mental results. The incompressible torque curve is also 
shown on Figure 5 to emphasize the effect of fluid 
compressibility. 

The curves on Figures 6 through 8 are presented to 
compare experimental results with torque calculated 
using Equation (24) for full 900 disc rotation. At low 
pressure ratios, the torque using air as the flowing 
medium is essentially equal to the torque for incom

-pressible flow (Figure6). As the pressure ratio is increased, 
the effect of fluid compressibility becomes more pro
nounced as shown in Figure 7. Once critical flow has 
been attained, no further increase in torque is realized 
by increasing the valve pressure differential as shown on 
Figitre 8.  

CONCLUSIONS 

A technique is presented which can be used to determine 
the dynamic torque for butterfly valves with reasonable 
accuracy. The basic torque relationship developed for 
incompressible flow is extended to include the effect of 
fluid compressibility. The method presented is developed

. - 10 20 30



using the Universal Gas Sizing Equation to define an 
effective pressure differential for the transition from.  
mincompressible flow to critical flow. Application of this 

- innethod shows excellent agreement with experimental 

"Wvest results.  

NOTATION 

A Flow area, in.-' 

B3,Bg Constants of proportionality 
C, C,/C.  
Ca -. Correction factor for ,ariation in specific heat ratio 
C, =Gas sizing coefficient 
C, = Flow coefficient 
C = Nominal valve diameter, in.  
F = Force. lb 
G - Specific gravity 

K, = Dimensionless torque coefficient 
M = Mass flow rate. Ibis 
P, = Inlet pressure. psia 
aP = Valve pressure differential psi

A = Pressure differential affecting dynamic torql. " 
Q = Flow rate incompressible fluid. scfh 
C, = Flow rate compressible fluid. scth 
T = Absolute temperature. 'R 

To - Dynamic torque, in. lb 
V m Fluid velocity. in.is 

p, = Fluid density at upstream pressure tap. lb/in.' 
p, = Fluid density at valve disc, lb/in2j 
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INSTRUsVIENT SOCIETY of AMERICA 

PUBLICATIONS

INSTRUMENTATION TECHNOLOGY 
Official monthly magazine of the society, containing 

practical, current, authoritative information on all phases 
of instrumentation - including measurement, data proc

c0ing, teleinetering, computation,, and automatic.control.  
Each issue carries timely editorials, technical articles, 
operations and maintenance features, application and 
design stories, new techniques and procedures, new 

products, new literature, coming meetings and confer
taces, and Society news.  

STANDARDS AND PRACTICES FOR INSTRUMENTATION 

A 550-page reference text containing over 500 ab

stracts of instrumentation and automatic control stand

ards and recommended practices developed by 24 tech

nical societies. List includes date of issue of most current 
revision and source of availabiiity. Contains every rec

ommended practice of ISA in complete detail. Lists titles 

of British and Canadian standards for instrumentation.  
Indexed by subject.  

CA RECOMMENDED PRACTICES AND STANDARDS 

More than 30 individual ISA standards and practices 
for instrument specifications, terminology and nomen

clature, installation procedures, operation procedures, 

maintenance procedures, application procedures, design 

specifications, and other aspects of industrial and scien

tific instrumentation are in circulation. These standards 

are developed and approved by ISA Committees and 

Board, staffed by authorities representing the consensus 

of opinions of the users of instrumentation.  

TRANSLATIONS OF FOREIGN JOURNALS 
Instxuent Society of America provides editorial di

rection for the English cover-to-cover translation of four 

leading technical journals originally published in the 

U.S.S.R. They are Measurement Techniques, Instru

ments and Experimental Techniques, Automation and 

Remote Control, and Industrial Laboratory. The Chi

iese journal Acta Automatica Sinica is also published 

with NSF assistance.

PROCEEDINGS 
Bound volumes of technical papers presented at ISA 

Conferences and Symposia each year. These proceedings 
are a permanent record of all papers programmed and 

made available for publication. They represent the.im-. .. .  

portant progress being made in the total field of instru

mentation. Proceedings are invaluable references for 

every engineer, executive, researcher, and technician 
working in the field of industrial and scientific instru
mentation.  

EDUCATION AND TRAINING AIDS 

The Society provides three basic training texts, two 

sound color movie films, and a filmstrip for education 
and training of technicians and engineers in the field of 

instrumentation. Texts are available for purchase. Films 
may be rented or purchased.  

ELECTRICAL SAFETY BOOKS 
A three-volume series of valuable reference books in 

a field vital to instrumentation includes Electrical Instru
ments in Hazardous Locations, a 225-page text, Electrical 3 
Safety Practices, a 174-page state-of-the-art complemen
tary volume, and Electrical Safety A bsiracts, now in its 

third edition.  

ISA TRANSDUCER COMPENDIUM, 2nd EDITION 
An updated guide to transducer state-of-the-art and 

product performance data for the designer, specifier, and 

purchaser of instrumentation equipment. It is the only 

single source for performance data on over 50,000 trans

ducers comprising 1800 model series. Data are presented 

in a form referable to the latest engineering standards and 

recognized practices. The 2nd Edition of this standard 

reference will be published in three parts at one-year inter

vals, each part to be revised triennially. Part 1, available 

now, covers transducers for the variables pressure, flow, 

and level. Parts I1 and IIl, to be published in 1969 and 

1970, will list transducers for temperature, chemical com

position, physical properties, humidity and moisture, radi

ation, motion, dimension, force and torque, and sound.

Requests for all of the above ISA publications should be dirdcted to: 

Instrument Society of America 
530 William Penn Place 
Pittsburgh, Pa. 15219 

Attention: Publications Department 

(nS)A 530 WILLIAM PENN PLACE, PITTSBURGH, PA. 15219 -/ PHONE- (412). 281-3171



APPENDIX "B" 

Computer Printout and Program Description 

(Provided by Fisher Controls Co.)

Consolidated Edison Company of New York, inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
July,1981



A, I i ALLUwAE S.SUkE DROP AND INLET PRES UHE CALCULATIONS 

kEFERENCE NUHbERS: S/N [F 231377-79 (INIAN POINT P2)
_. C A.T_ DISC_ --- LO ,# I d.O ThE HUH • ' "_ _ _ __ _ _ _ __ _ _ __ _ _ _ ___.__ _ _ _ __ _ _ __ _ _ _ __ _ _ _ 

VALVE TYPE: 9200 VALVE SIZE: Ijo I i SHAFT Mt, •L4 AL"-- PH, "..z .-. , i_____F MATEIAL .  17-4PH 't_ tiUHIJ MAT_ _"__" DISC TO SHAFT CONJECTION PINNED DRIVE TO Sh;.FT CONNECTION KEYED TEIPEPATURE: 274. DIG F DTE' AY 30.19P0 -_ _AALYST NAME: DAVID L. CERNY 

A.PUT DATA 

A".6 10.000 20.000 30.000 40.0000 50000 60000 70000 80000 90000 0.0 
D0.S0. 000 10.000 10.000 10.000 10.000 10.000 100000 10000 90.000 0.0 [,_SFT 1.000 1.000 1.000 0.000 1.000 0000 1.000 1.000 1.000 0.0 
)LO 0.400 0.400 0.40 •0.400 0.400 0.400 0.400 0.400 0.400 .0.0 
TI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (j[ 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 i). _I __T__ __6.15.. 12.6n0 21.000 43.500 79.500 .150.000 301.500 480.000 480.000 0.0 (Th TPF 1.000 0000. 0 o.0 0. 0.200 0.0 0 u 0.i40 0.140 0.,140 0.0 STSH 100.oO 100.loo I00.000." 100.000 100.000 100.000 100.000 100.000 100.000 0.0 .-uSH _ 00.0o0 0. _ 0I.ooo " o. 000- o.ooo 100.000 100.000 100.000 100.000 Ivo.000 0.0 Cl 0.500 0.500 . .boo 0,50 0.500 0.50 0 o.500 0.500 0.500 0.0 C2 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.0 -SITY. 3 3_ ...... 3 3 3 3 3 3 •.3 0 

. E .EPATED VA IAPLES .............
_.__" I ST 52o0.00 52500.00 52500.00 52500000 52500.00 52500.00 52500.00 52500.00 52500.00 0.0 

.s . 26250.00 2.6250.00.-.. 26250.00. 262-.0.oo 26250.00 26250.00 26250.00 26250.00 26250.00 0.0 10000.00 ........ 10000. .1 OO- Ioooo.oo l0ooo.o -oo To*oo c 0:0 

OUTPIJT 

.FLT2(I 279.1001 276.6348 282.2810 252.2832 227.5415 173.5298 141.5641 100.3988 100.38 0.0 fELTP(?) 243.0n25 23. 8693 . 247.SA68 23.9z?5 I72.37bi 114.463 8.- 53 27 -8538270 DELTP(3) 1.1665 163.73n2 191.6b62 155.1941 132.0192 91.*4064 70.8901 46.6226 46.b226 0.0 .ELTP(4 P 0. 30 74 171.451 116. 87 126.2430 _96.4099 55.0079 38.0023 20.4512 20.4512 0.0 DELTP(5)* 233.3553 233.2150 234.196 22b. 93b6 9 2.'37-'211.0528 .99.6350 176.2665 116,2665 0 DELTP(6) 254.4532 254.4532 254 .4532 254.4532 254.45453 2 254 254.4532 254.4532, .0.0 

AL(14.DP 180.3074 171.8451 18b.F087 12b.2430 96.4099 5S.0079 • 38.0023. 20.4512 20.4512 0.0 
6PIN . 3074 17ii . .-51 --.4 -4-6.09 T -55o.0 38.0023 - 20.4512 2-. 5f-o 
ACT.TGOw- 4043.3215 3976.6382 4094.5513 3617.2939 3382.2092 3055.9612 2921.9568 2783.6541 26541 5'1 0.0

k"



The computer program for determining allowable pressure drop ys. angle O of opening and actuator torque vs. angle of opening can be described as 
follows.  

For a given valve at some angle of opening, the program begins by calcu
lating the loading. This includes a hydrostatic load on the disc, seating 
torque, bushing and packing torque and dynamic torque.  

-.- ... After the loading. is determined, the program calculates stresses in the!, .: 
shaft, key, pin and bushing for a specific AP and compares these stresses to 
a material strength. This strength is based on 1.5 x "S". "S" is the allow
able stress figure found in Section III of the ASME Boiler and Pressure Vessel 
Code. S is equal to 1/4 of the minimum tensile strength or 2/3 of the minimum 
yield strength, whichever is:less. For shear stresses 0.75 S is used.  

The program calculates stress and changes AP iteratively until the allow
able strength matches the stress. This determines the maximum allowable 
pressure drop for that angle of opening based on the stress at a single point.  
Therefore, this process is done for cases 1, 2, 3, 4 and 5 (as defined below) 
for each angle of opening.  

Case 1 - stress in the shaft at the disc hub due to bending and torsion 

Case 2 - stress in the shaft at the disc hub due to torsion and transverse 
shear 

Case 3 - stress at the pinned disc-shaft connection 

* Case 4 - stress at the keyed actuator-shaft connection 

Case 5 - stress at the shaft bushing 

The program output shows a AP which is calculated at each point for each_• 
angle of opening, including two AP for case I (one based on maximum shear 
stress, one based on maximum tensile stress) for a total of 6 AP's. The small
est AP of these 6 is then repeated as allowable AP at the bottom of the column.  
The actuator torque for the lowest AP (allowable AP) is also listed.



Program Inputs 

DDISC - Disc diameter- drawing 

DSHFT - Shaft Diameter - shop order 

DLO - Hub to bushing distance - drawing 

TS - Seating torque - CFG 40BI0 Sales Handbook 

TI - Inertial torque - 0 - not applicable 

DM- CAM factor- 0 - not applicable 

DTF - Dynamic torque factor - CFG - 40B10 Sales Handbook 

DPIN - Inlet pressure (psig) 

DELTPF - Effective pressure drop factor - CFG - 40B10 Sales Handbook 

STSH - Shaft derating factor - CFG - 20D10 - Sales Handbook 

SBUSH - Bushing derating factor - CFG 20D10 - Sales Handbook 

C1 - Pin Concentration factor - 0.5 

C2 - Key concentration factor - 0.75 

BSHTYP - Type of bushing - CFG - 20D10 - Sales Handbook

Outputs 

DELTP(1) 

DELTP(2) 

DELTP(3) 

DELTP(4) 

DELTP(5) 

DELTP(6)

- Allowable AP based on maximum tensile stress on shaft at hub due 
to bending and torsion 

- Allowable AP based on maximum shear stress on shaft at hub due 
to bending and torsion.  

- Allowable AlP based on maximum shear stress on shaft at hub due t 
torsion and transverse shear.  

- Allowable AP based on stress at pin connection.  

- Allowable AP based on stress at key connection.  

- Allowable AP based on stress at bushing.

WIIC3

0



APPENDIX "C" 

Torque Summary Charts 

(Provided by Fisher Controls Co.)

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
July,1981



TORQUE SUMARY / 

36" TYPE 9220 BUTTERFLY VALVE W/BETTIS T316-SRI-M3 & HANDWHEEL

BUTTERFLY VALVE TORQUE

(Opposes 
Opening & 
Closing) 

2-5,261

12,390 

12,390 

12,390 

12,390 

12,390 

12,390

(Opposes 
Opening)

:4,836 

11,176 

11,176 

11,176 

18,600 

3,0578

NET TORQUE

Opposing 
Opening.

(Plus for 

Torque Req'd 

to Open) 

+ 25,261* 

+ 17,226 

+ 23,566 

+ 23,566 

+ 23,566 

+ 30,990 

+ 42,968

Opposing 
Closing

(Plus for 
Torque Req'd 
to Close) 

+ 25,261* 

+ 7,554 

+ 1.214 

+ 1,214 

+ 1,214 

- 6,210 

- 18,188

I I -~ _____________________

ACTUATOR 
TORQUE 

(IN-LB f) 

MIN AVAIL 
FOR CLOSING**

S(Spring
Driven Output) 

29,464 

25,060 

22,450 

21,102 

20,764 

21,381 

23,082 

26,242" 

31,676 

41,189

* 25,261 IN-LBf is based on the Accident Condition AP 
of 47 psid; at the Service Condition AP of 50 psid, 
the seating torque required is 26,2.85 IN-LBf.  f 

** Unpublished Torque Values obtained from GH-Bettis 
per Telecon of 5/12/81.

MC20412

00 

(seated) 

100 

200 

300 

400 

500 

600 
(pinned) 

700 

800 

900



TORQUE SUMMARY

'10" TYPE 9211 BUTTERFLY VALVE W/TYPE 486U-15-60 ACTUATOR 

BUTTERFLY VALVE TORQUE ACTUATOR 

VALVE TORQUE 

DISC FRICTIONAL DYNAMIC NET TORQUE (IN-LBf) 

OPENING TORQUE TORQUE Opposing Opposing MIN AVAIL 

ANGL E (IN-LBf (IN-LB f Opening Closing FOR CLOSING

(Opposes 
Opening & 
Closing) 

1473 

854 

854 

854 

854 

854 

854

(Opposes 
Opening)

289 

391 

326 

674 

986 

1860

(Plus for 
Torque Req'd.  

to Open) 

+ 1473* 

+ 1143

+ 1245 

+ 1180 

+ 1528 

+ 1840 

+ 2714

_________________ ______________________ __________________ ____________________ h

(Plus for 
Torque Req'd 
to Close)

+ 1473* 

+ 565 

+ 463 

+ 528 

+ 180 

- 132 

- 1006

5478

-~ l-~c~rl cm thc~ Acr4r~~nt

Condition fAP of 47 psid; at the service 

condition AP of 150 psid, the seating 
torque required is 3420 IN-LBf'

MC20413

7Tf ~ r - ~ ,-~~, ------ ~ -- - ~ - - - ~

00 

(seated) 

100 

200 

300 

400 

500 

600 
(pinned)

• • ',\.  • - %

*Note: 1471 TN-LB



APPENDIX "D" 

Calculation of the Reduction 
in Available Actuator Torque for the 
Pressure Relief Valve and Associated 
Air Storage Accumulator Venting 

Inside Containment 

(Provided by Fisher Controls Co.)

Consolidated Edison Company of New 
Indian Point Unit No. 2 

Docket No. 50-247 
July,1981

York, Inc.
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Enclosure 2

Response to NRC's November 28, 1978 
Letter Considering Those Aspects of Standard 
Review Plan 6.2.4 Rev. 1 and the Associated 

Branch Technical Position CSB 6-4 Pertaining to 
Containment Purging and Venting During Normal 

Plant Operation

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
July,1981
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BTP 1. The on-line purge system should be designed in ac
cordance with the following criteria: 

a. The performance and reliability of the purge 
system isolation valves should be consistent 
with the operability assurance program outlined 
in MEB Branch Technical Position MEB-2, Pump 
and Valve Operability Assurance Program. (Also 
see SRP Section 3.9.3). The design for the 
valves and actuators should include the buildup 
of-containment pressure fdr the- LOCA break 
spectrum, and the purge line and vent line flows 
as a function of the time up to and during valve 
closure.  

Res1ponse The design basis for the valves and actuators includes 

the buildup of containment pressure for the LOCA break 

spectrum, and the purge line and vent line flows as a 

function of time up to and during valve closure. A 

discussion of purge and pressure relief valve operability 

in response to NRC's September 27, 1979 guideline in this 

regard is contained in Enclosure 1 to this letter.  
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BTP: 1. The on-line purge system should be designed in accordance 
with the following criteria: 

b. The number of purge and vent lines that may be used 
should be limited to one purge line and one vent 
line.  

Response As discussed in Enclosure 1, the purge system consists 

of one purge supply line and one purge exhaust line.  

Containment venting (i.e., pressure relief) is ac

complished via a' sinqle 10 inch relief line.  

p /
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BTP: 1. The/on-line purge system should be designed in ac
cordance with the following criteria: 

C. The size of the purge and vent lines should not 
exceed about eight inches in diameter unless 
detailed justification for larger line sizes 
is provided.  

Response The purge supply and exhaust lines are 36 inches diameter.  

The sizing of these lines was specified in the original-----...  

plant design (i.e., isolation valves full open at 90) 

to permit safe and continuous access to containment within 

two hours after initiating system operation assuming 

defects existing in 1% of the fuel rods. The relatively 

large line size promotes rapid air circulation and 

filtration, thereby reducing the length of time these 

lines are required to be in operation and hence the 

probability of occurrence of a coincident DBA-LOCA. The 

purge system is used for containment atmosphere cleanup, 

cooldown and ventilation immediately prior to and during 

shutdown modes when personnel access to containment is 

required, and may also be utilized to facilitate personnel 

access at those infrequent instances when containment 

entry during power operation is required. Past operating 

experience has shown that only approximately 2% of the 

annual purge system operating time occurs during power 

operation. In fact, during the calendar year 1980, no 

containment purging took place during power operation.  
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The vent line (i.e., pressure relief line) is ten inches in 

// 
diameter and provided with three series isolation valves 

due the necessity for relatively frequent pressure relievi g 

operations.  

The justification for these line sizes is: 

o the demonstration of isolation valve 

operability contained in Enclosure 1 

of this submittal 

-o the analysis and evaluations made in response 

to-the Branch Technical Position issues (in 

this Enclosure) particularly the analyses of 

radiological consequences and containment 

backpressure effects 

E2-4



BTP: 1.

Response

The on-line purge system should be designedin-ac
cordance with the following criteria: 

d. The containment isolation provisions for the 
purge system lines should meet the standards 
appropriate to engineered safety features: 
i.e., quality, redundancy, testability and 
other appropriate criteria.  

All valves are Con Edison-Class A, Seismic I and located 

behind the missile shield. Two isolation valves in each-rin-r

36" purge penetration and three isolation valves in the 

10" vent penetration meet or exceed the appropriate 

general design criteria of Appendix A to 10CFR50. All 

valves are subject to seat leakage testing in accordance 

with Appendix J 'to 10CFR50 and on-line seat leakage mon

itoring via the WCPPS. Stroke testing of all valves is 

accomplished as required by 10CFR50.55a(g).  

Note: the Con, Edison "Class A" designation invokes the 

quality assurance program for safety-related 

equipment.
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BTP: 1. The/on-line purge systems should be designed in accordance 
with the following criteria: / 
e. Instrumentation and control systems provided to / 

isolate the purge system lines should be independent 
and actuated by diverse parameters; e.g., containment 
pressure, safety injection actuation, and containment 
radiation level. If energy is required to close 
the valves, at least two diverse sources of energy 
shall be provided, either of which can effect the 
isolation function.  

Response Containment Purge Isolation Valves: 

Fail-safe valve closure is effected by spring pressure 

actingi on the actuator piston. The valves will fail 

closed on loss of control power or instrument air. Con

trol power for the two valves inside containment is 

provided from a safety grade instrument bus. Control 

power for the valves outside containment is provided 

from a different (redundant) safety grade instrument bus.  

Two independent trains of actuation system logic are 

provided.  

Containment Pressure Relief Line Isolation Valves: 

Fail-safe valve closure is effected by air storage ac

cumulators. The valves will fail closed on loss of control 

power or instrument air. Control power for the valve 

inside containment is provided from a safety grade 

instrument bus. Control power for the two valves outside 

containment is provided from a different (redundant) safety 

grade instrument bus. Two independent trains of actuation 

system logic are provided.
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A detailed discussion of the diversity and independence of the instru

mentation and control systems provided to isolate the purge and pres

sure relief lines was provided in letters dated March 11, 1980, .May 28, 

1980, July 15, 1980, September 22, 1980, October 17, 1980 and March 

23, 1981 concerning the related issue of electrical reset/bypass of 

engineered safeguards systems. Those documents also indicate that 

isolation is actuated by diverse parameters including containment 

pressure, safety injection actuation, and containment radiation 

level.
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BTP: 1. The on-line purge system shall be designed In accordance 
with the following criteria: 

f. Purqe system isolation valve closure times, including 
instrumentation delays, should not exceed five 
seconds.  

Response Purge system isolation valve closure time, including 

instrumentation delay is less than five seconds. A 

discussion of purge system isolation valve closure 

time was provided by Con Edison's December 19, 1979 

submittal and is further discussed in Enclosure-1 of 

this submittal.

E2-8



BTP: 1. The on-line purge system shall be designed in accordance 
with the following criteria: 

g. Provisions should be made to ensure that isolati n 
valve closure will not be prevented by debris which 
could potentially become entrained in the escaping 
air and steam.  

Response Provisions have been made to ensure that isolation valve 

closure will-not be prevented by debris which could 

potentially become entrained in the escaping airand 

steam. A discussion of those provisions is included in 

Enclosure 1 of this submital.
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BTP: 2.  

Response

The/purge system should not be relied on for temperature and 

humidity control within the containment. / 
The purge system is not relied on for temperature and 7 
humidity control within the containment during power 

operation. Containment temperature and humidity during 

power operation are controlled by five fan coil heat 

exchanger units supplied by the service water system. These 

units are sized to cool the containment under DBA-LOCA 

conditions and function to maintain containment ambient 

at or below 120OF during normal operation.
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BTP: 4. Provisions should be made for testing the avaiability 
of the isolation function and the leakage rate of the 
isolation valves, individually, during reactor oper
ation.  

Response: Provisions have been made for testing the availability 

of the isolation function. These include monthly tests 

of the logic channels inputting to the redundant engineered 

safequards actuation circuits, stroke tests of the purge 

.and pressure relief isolation valves as required by 

10CFR50.55a(g),,and a complete test of the automatic safe

guards actuation system from the sensor to final electrical 

control devices at refuelings.  

Continuous on-line surveillance of isolation valve leakage 

is accomplished by monitoring air leakage from the particular 

zone of the WCPPS supplying the purge and pressure relief 

isolation valve interspaces.
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BTP: 5. The following analyses should be performed to justify/ 
the containment purge system design: 

a. An analysis of the radiological consequences of 
loss-of-coolant accident. The analysis should be 
done for a spectrum of break sizes, and the instru
mentation and setpoints that will actuate the vent 
and purge valves closed should be identified. The 
source term used in the radiological calculations 
should be based on a calculation under the terms ...  
of Appendix K to determine the extent of fuel 
failure and the concomitant release of fission 
products, and the fission product activity in 
the primary coolant. A pre-existing iodine spike 
should be considered in determining primary coolant 
activity. The volume of containment in which fission 
products are mixed should be justified, and the 
fission products from the above sources shculd be 
assumed to be released through the open purge valves 
during the maximum interval required for valve 
closure. The radiological consequences should be 
within 10 CFR 100 guideline values.  

Response: An analysis of the radiological consequences of a loss-of

coolant accident during operation of the containment purge 

system has been performed. Taking the dose contribution 

due to purging into account, the calculated post-LOCA two 

hour whole body and thyroid doses at the site boundary 

(assuming 5% worst case meteorology) are less than 30% and 

65% respectively, of the 10CFR100 guideline values.  

Details of Analysis 

The analysis is based on the limiting FAC analysis case 

DECLG break, CD=I.0) obtained using the NRC approved 

February-1978 Westinghouse Evaluation Model in determining 

the extent of fuel failure. As noted in our letter of 

December 19, 1979 the containment isolation signal received 

in that analysis (low pressurizer pressure SI) will initiate
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valve closure 1.38 seconds after inception of the LOCA.  

Containment pressure during the time the valves are 

assumed open is conservatively taken from the Indian 

Point 2 FSAR Figure 14.3.4-2 (post-LOCA containment 

pressure transient assuming minimum safeguards equipment 

operation) for the limiting containment rise break size 

(DECLG break, CD=I .0). Valve closure is assumed to occur 

five seconds after LOCA initiation although actual closure 

will occur 3.38 seconds after LOCA initiation (1.38 

seconds signal initiation and transit time, 3.0 seconds 

stroke time). No credit is taken for valve travel stops 

0 limiting valve opening to 60 (i.e., valves are assumed 

full open (900)). No credit is taken for the reduction 

in flow which occurs during valve closure. Mass loss 

through the purge valves for the five seconds they are 

asssumed open is calculated as 5,550 lbm.  

Rod burst time for the lead rod is 29.5 seconds after 

inception of the LOCA, therefore only coolant activity is 

available for release during the time the purge valves are 

oepn. Technical Specifications limit maximum reactor coolant 

activity to 60/E Ci/cc. No credit is taken for any con

tainment mixing, time delay for transport from the break 

to the containment atmosphere, ro removal processes for 

iodine released from containment. The thyroid dose at

tributable to purging includes a pre-existing iodine spike.  

Accident meteorological conditions (5% worst case) are assumed.
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BTP: 5. The following analyses should be performed to justify 
the containment purge system design:

b. An analysis which demonstrates the acceptability 
of the provisions made to protect structures and 
safety-related equipment; e.g., fan, filters and 
ductwork, located beyond the purge system isolation 
valves against loss of function from the enviro.nment 
created by the escaping air and steam.  

Response: No credit is taken in the analysis of radiological con

-sequences contained in response to item 5.a. or other 

FSAR analyses for the reduction in off-site doses afforded 

by the fans, filters and ductwork located downstream of 

the purge system isolation valves. Nor has the pressure 

drop afforded by this equipment been considered in reducing 

the AP against which the valves must close. Accordingly, 

the acceptability of the provisions made to protect 

downstream fans, filters and ductwork need not be considered.  

Postulated failure of these structures would in no way 

inhibit purge/pressure relief isolation valve closure.  
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BTP: 5. The following analyses should be performed-to-justify 
the containment purge system design: 

C. An analysis of the reduction in the containment pressure 
resulting from the partial loss of containment atmosphere 
during the accident for ECCS backpressure determination.  

Respnse: An analysis of the reduction in the containment pressure 

resulting from the partial loss of containment atmosphere 

durinq the accident for ECCS backpressure determinati6n has 

been performed. Results indicate a reduction in containment 

pressure of less than 0.7 psi due to the partial loss of 

containment atmosphere through the purge ducts during the 

period of time they are assumed to be open.  

Sensitvity studies performed on previous ECCS analyses 

under the terms of Appendix K to 10CFR50 indicate an 

increase in peak clad temperature of 5-10°F per psi reduction 

in containment pressure. Accordingly, the increase in 

peak clad temperature attributable to purging will be 

less than 100F.  

Current ECCS analyses for Indian Point Unit No. 2 calculate 
0..  

peak clad temperatures of 2172.5 F and 2182 F for 6% and 

12% steam generator tube plugging, respectively. The 

increased peak clad temperature attributable to purging 

therefore continues to satisfy the criterion of IOCFR50.46 

and 10CFR50 Appendix K.  
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Details of Analysis / I 
The analysis is based on the containment conditions de ined 

in the limiting (for containment pressure rise) FAC a alysis 

case (DECLG break, CD=l.0) obtained using the NRC approved 

February 1978 Westinghouse Evaluation Model. As noted in 

Con Edison's submittal of December 19, 1979, the con

tainment isolation signal received in that analysis will 

initiate valve closure 1.38 seconds after inception of 

the LOCA. As discussed in Enclosure 1, valve stroke time 

will be less than two seconds. The two 36" diameter purge 

lines are conservatively represented in this computation 

as follows: 

1. A 5 second closure time is assumed although 

actual closure will occur 3.38 seconds after 

inception of the LOCA. No credit is taken 

for the reduction in flow which occurs 

during valve closure. No credit is taken 

for valve travel stops limitinq valve 

opening to 600; i.e., valves are assumed 

full open (900) 

2- ...No credit is taken for dynamic losses as

sociated with filters, ductwork bends and 

skin friction, duct entrance or exit losses.  
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/ 3. No fan coastdown effects are considered.  
!/ 

(Purge supply and exhaust fans are tripped 

upon purge valve trip).  

4. Steady state full flow is established immediately 

at the time of the accident and assumed to con

tinue for the full 5 second closure time.  

5. Critical flow through the purge ducts is assumed 

in effect from time zero; in fact critical flow 

will not occur until two to three seconds into 

the accident.  

The above assumptions were used in calculating the mass 

release for the forementioned CD=I.0 break. The method 

used was to integrate the containment pressure transient 

curve by using one second time intervals and applying the 

final pressure for that interval as a constant over that 

interval. Mass flow rates were then calculated using the 

continuity equation, with density and velocity corrected 

for critical flow (M=1). Critical flow rates were cal

culated for two cases; 100% steam and 100% air. The 

total mass released during the five seconds the valves 

are assumed open is calculated as 5445 lbm steam or 4040 

ibm air. As noted earlier, in either case the impact on 

peak containment pressure is less than 0.7 psi.
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BTP: 5. The following analyses should be performed to justify' 
the containment purge system design: 

'd. The allowable leak rates of the purge and vent isolation 
valves should be specified for the spectrum of design 
basis pressures and flows against which the valves 
must close.  

Response:, No specific' allowable leakaqe rate is assigned to the in

dividual purge and vent isolation-valves... A combined 

ieakage rate of 0.6 La (where La=0.l w/o per day of 

containment steam air atmosphere at 47 psig and 271°F) is 

a Technical Specification recuirement for all penetrations 

and containment isolation valves (including purge and 

pressure relief) other than those sealed by service water 

or isolation valve seal water.  

As required by Technical Specifications, testing to 

determine combined leakage rate is performed at reactor 

shutdowns for refueling. Leakage rate determination for 

the purge and pressure relief valve penetrations is 

accomplished by measuring air consumption from the WCPPS 

through the particular valve interspace under test. The 

WCPPS maintains isolation valve interspace pressure at or 

above the maximum calculated accident pressure, and, as 

such, any leakage is.expected to be intc, rather than out 

of containment.  

During power operation, Technical Specifications ultimately 

require the unit be placed in cold shutdown if all required 

portions of the four WC&PPS zones are not pressurized at 

or above 47 psig or uncorrected air consumption for WCPPS 

is less than or equal to .2% of the containment volume 

per day.  
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