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CERTIFICATION

This is to certify that all valves (Tag Nos. 1vQ026, 1vQo27,
1VQ029, 1vQ030, 1vQ031, 1vQO34, 1vQO36, 1VQO40, 1VQ042, 1VQO43,
2vQo26, 2vQo27, 2vQo29, 2vQo30, 2vQ031, 2vQ034, 2VQ036, 2VQO40,
2VQ042, 2vQ043) have been evaluated for operability under the
installed conditions indicated in Commonwealth Edison Co. Purchase
Order 289825, Rev. A and accompanying specifications as amended by
Clow uxceptions. The information contained in this report is the
result of complete and carefully conducted analyses and to the best of

! our knowledge is true and correct in all respects. The information
presented, in combination with the supporting documents referenced,
l! ~ represents a demonstrated qualification of the subject valves to the

best of our knowledge for the required service application.
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1. INTRODUCTION

The Nuclear Regulatory Commission has, since 1979, been highly
concerned about the operability of purge and vent valves during
certain postulated occurrences. Their study in this area has shown
that many valves were designed only to operate under normal flow
requirements. For a postulated loss of coolant accident, such valves
may fail to close in the time required to prevent discharge of radio-
active gases to the outside environment. Such a failure could exceed
10 CFR guidelines and present a significant hazard to the health of
& persons in the area. NRC Branch Technical Position CSB 6-4 gives

some background or. operations of purge and vent systems and basic

requirements for fﬁeir design. For the valves used in such systems,
further guidelines are provided in "Guidelines for Demonstration of
Operability of Purge and Vent Valves", which was provided to nuclear
plant cperators by an NRC letter in September 1979. This set of
guidelines covers twenty-cne points (less two) which are to be
addressed by the plant operator (see Appendix A). This paper addresses
those items which may be answered by the valve manufacturer based on
the conditions provided by the ple »)perator for the postulated loss
of coolant accident.

This paper describes the design of Clow's Tricentric butterfly
valve and the Bettis pneumatic actuator used to operate the valve.
In addition, descriptions of various tests performed to determine
flow and torque characteristics and application of this test data to
the installec condition of the subject valves are presented.

Information as to the structural integrity of the valve and operator



assembly under seismic and other inplant loadings is also presented.
This information, in combination with the supporting detailed technical

reports (see 7.0 References), represents a demonstrated qualification

of the subject valves to the best of our knowledge for the required

service application.

1.1 Testing Performed

Clow became involved with design of butterfly valves specifically
for purge and vent containment isolation early in 1981. A test program
was initiated to determine the mass Tlow and aerodynamic torque
characteristics of the Tricentric butterfly valve design. Tests were
performed for 12", 24", 48", and 96" scale model valves (scaled to
3" pipe size) in iistraight pipe run for both unchoked and choked flow
regimes. Pressure ratios for choking, flow coefficients for mass flow,
and aerodynamic torque coefficients were determined in these experiments.
The experimental setups met the ISA test requirements for compressible
flow measurement. Al] measurements were automatically read, digitized,
and recorded on magnetic tape. The obtained data was then evaluated
by other computer programs. Subsequently, a computer program, CVAP

was developed using the measured data base to predict flow and torque

values for full size valves in a straight run.
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In the Spring of 1981, Clow personnel met with representatives
of the NRC to review the test program to that point and to obtain
recommendations for additional testing. As a result, Clow and it's
fluid dynamic consultant set up two additional programs to determine
how the aerodynamic torque characteristics of the Tricentric valve
varied with 1n§ta11ed piping conditions. For such effects of both
upstream and downstream piping elements (elbows, teec, reducers,
etc.) were considered. From results of backpressure tests performed
in the first set of experiments and water table studies previously
done by Clow, it was determined that upstream piping elements would
present a worst case condition. Further, due to the numerous types
of upstream elements (upstream elbows(mitered, 90°, other angles,
short radius, long radius), tees, reducers), a worst case had to
be selected for evaluation. A 90° mitered elbow was selected due
to the fact that this element presernted the worst separated flow
region at the inner corner and biased a wcior purtion of the flow
to the outer corner. A second set of tests wa. developed to
obtain information about the effect on each othe: of two valves
in series (the common plant instailed practice). vue to the fact
that each experiment required an increasing amount of test combin-
ations, the experiments were done in a phased approach.

The upstream elbow tests were performed first for a scale
model of a 12" valve in 3 orientations relative to the elbow and

and 2t 3 spacings (2, 4, & 8 diameters) from the elbow. From the

results a worst case was determined to occur at 2 diameters.
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Thus the scale models of the 24" and 48" valves were tested only
at 2 diameters. Upstream elbow effects diminished significantly
at 4 diameters and were barely cetectable at 8 diameters.

From thesc results, the two valves in series tests were
restricied to spccings of ? and 4 diameters. As in the elbow
experiments, the worst case cccurred at 2 diameters and at 4
diameters the resilts approached those for the single valve
experiments.

To substantiate the model tests ad show the validity of
scaling the model data to full s‘ze va. 'es, Clow performed a
choked flow operational test of a full size 12" valve with a
pneumatic spring.return actuator at Vought Corp., Dallas, Texas,
in November of 1981 (see the appendix for a summary of this test).
The test showed that the valve would operate under the choked
flow test conditions, that mass flows were as predicted, and that
use of the CVAP program to predict torques wac a cons:rvative
method (peak measured torque was approximately 65% of that pre-
dicted). The test also incorporated a static 11.2 g load to the
actuator simulating a severe seismic/hydrodynamic induced loading.
It further validated the directicnal effects of aerodynamic torque
(in the test all torques tended to close the valve) as measured in
model tests.

1.2 Qualification Method

Clow provides certification of operability of valves produced

for purge and vent containment isolation service by a combination

of tests and analysis. The following items are considered and
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covered in this and supplemental reports listed in 7.0 References.

It is advised that the documents listed in 7.0 be available for

reference during review of this report.

A.

Environmental

All portions of the Clow Tricentric is of completely metallic
construction other than stem packings and the asbestos seal
laminations. The valve seals by metal to metal contact
between the seat and seal. The asbestos seal laminations
used to separate the SST laminations do contain a SBR binder
which may degrade under radiation but the asbestos is
uneffected. Further, the asbestos laminations are shielded
by the S§T laminations and disc components. Although the
asbestos may become embrittled on the periphery, the vaive
will still perform its sealing functioh (see Radiation
Senitivity Analysis Report Wyle 17629-01). The packings will
perform their function under the required environment as long
as they are replaced at recommended intervals.

Actuators usec on the valves are qualified for the
environment by the actuator manufacturer to codes, standards,
or test procedures accepted by the valve buyer.

Structural (For Seismic and Other Loadings)

Clow provides for each valve design, a finite element
analysis of the valve structure and hand calculations of
selected components. These analyses show the valve to be
constructed within ASME Section IIl requirements and that

elements not covered by the code are designed with adequate
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safety margin. Analyses can be found in this Qualification
Report, the code required Design Report, and the Structural
Analysis Report. The elements considered by these reports
include:
1. Valve body
2. Valve disc
3. Valve disc shaft
4. Valve disc shaft connection
a. Disc ear
b. Drive keys
c. Dowel pin (retains shaft from hydrostatic end load
only)
5. Actuator mounting structure
a. Adaptor flange
b. Bolting
Actuators are qualified separately by the manufacturer
by generic test results.
It should be noted that for this application one generic
report has been provided for the 8" valve (PEI-TR-83-24) and one
for the 26" valve (PEI-TR-852200-1). In addition, a summary
report for the 8" and 26" valves shows how the generic reports
and the actuator and solenoid valve qualification reports
encompass Sargent & Lundy/CECO spec. requirements.
Operability Under Flow
Operability under maximum flow conditions is based on a
combination of a bench test of each unit (timed test with

no flow) and an analysis of the torque characteristics of
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the subject valve. The bench test shows the closing cycle |
time when no aerodynamic tcrque is imposed. This data, com- }
bined with conservative (see assumptions below) calculations ;
of the aerodynamic torque, is used to show the valve will ‘
close in the required time. Bench tests of actuators and
valve assemblies include operation during worst case

conditions (minimum air supply, or maximum backpressure for
pneumatic actuators if applicable).

The following method is used to show operability:

1. Determine the no flow worst case operating time from
bench tests.

2. Using Clow program CVAP calculate aerodynamic torques
for straight pipe conditions.

3. Determine a torque modification factor based on the
instalied (from buyer prints) or a worst case up-
stream piping condition using the mitered elbow or
two valves in series test data.

4. Determine the predicted torque values for all disc
angles based on 2 and 3 above.

5. Provide a tabulation or plot of actuator output
torque for all actuator angles.

6. Show that the actuator output provides sufficient
margin to overcome aerodynamic and other torques
(bearing, packing, disc wt.) to close the valve.

7. From the above data, actuator type, and Vought full
size test valve data, project a closing rate under

the conditions analyzed above.



In the preceding calulations, the follcwing assumptions are

employed:

a. Containment pressure is at a maximum value and full
flow is developed before the valve starts to close.

b. The pressure downstream of the valve is atmospheric.
In the elbow experiment it was noted that downsteam
elbows may choke before the valve for certain disc
angles, producing a higher backpressure and lower
torques.

€. Upstream piping components may produce a less severe
torque condition than the experimental element
{mitered elbow worse than radius elbow) used as a
basis for the analysis.

d. Torque coefficients used in the CVAP program are
worse case values. In the experiments a band cf
coefficients was observed with some dependence on
pressure ratio. The high end of the band was used
in the CVAP program.

e. Scaling of torques to larger size valves by the
03 method may be largely conservative as was shown
by the Vought Test.

The net result of all such calculations and tests to date,
continue to show that the design and sizing of all components
used in the valve or the actuator exceeds that needed to
assure valve closure for the maximum aerodynamic torques

which could occur under LOCA conditions.
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2.0 DESIGN OF VALVE AND ACTUATOR ASSEMBLY

2.1 Valve Design
2.1.1 Geometry

The Tricentric valve uses a geometry that is unique not only
to purge valve; but to butterfly valves in general. This feature
gives the Tricentric functional characteristics which are
desirable in purge valve applications. Thru use of a conical
sealing surface with, the cone axis offset from the pipe axis
and a rotation point selected so that it is offset from both
the pipe axis and the seal plane, a metal to metal seal can be
obtained. (Fig.'1) The ﬁeaIing is a result of normal forces
acting between the sealing surfaces rather than sealing due to
surface interference typical of other butterfly vaives with
elastomeric seals.

One of the major advantages of the conical seal design is
that it provides a non-jamming action. This characteristic
results from controlling the cone angle so the angle of friction
of the material is exceeded. This has been proven in actual
tests similar to the test described here:

A 20 inch Tricentric wafer valve was closed by
applying 20,000 in.ibs. of seating torque. Then the

unseating torque was measured. This was repeated 3

times to determine an dverage value for the unseating
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ROTRTION

FIGURE 1 - TRILINTRIC VALVE OFFSETS

Double flange style
shown for illustration
purposes only. The
same offsets apply to
wafer style.
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torque. The test was repeated with the seating torque
increased by 10,000 in.lbs. increments until a max imum
seating torque of 100,000 in.1bs. had been achieved.
During the entire test, the seat seal interface was dry
(highest angle of friction) and no pressure was applied
to the va}ve. The smallest value of torque that could
be accurately measured was 1000 in.1bs. and at no time
was more than 1900 in.1bs. required to unseat the valve

regardless of the seating torque applied.

Since the shaft is offset in 2 directions, one from the pipe
axis and one from the seal plane, 2 performance advantages result.
The first is the sealing surface is continuous thru 360 degrees
with no interruptions from the shaft penetration. This eliminates
the leakage and wear associated with the shaft penetration areas.
The second advantage comes from the shaft being offset (eccentric)
- from the pipe axis. This eccentricity produces unequal areas
about the rotation point, so when the valve is closed and pressure
is applied to the shaft side of the disc (normal direction), a
closing moment results. This will result in increased sealing
forces between the seat-sea interface as pressure increases.

This force, in combination with the mechanical torque produced
by the actuator, results in the tight sealing capability achieved

with the Tricentric. A definite relationship between these
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2 offsets is reguired to provide a valve that has no binding or
interference problems a; the seal is rotated out of the seat.

This relationship is determined analytically to provide the best
performance without overdesigning the valve components.

A1l of these features have been incorporated into the lugged wafer
body that results in a very rugged and sturdy valve design capable
of meeting or ;xceeding all the rquirements set forth in the
specification.

2.1.2 Materials

A complete 1ist of valve component materials used on Commonwealth
Edison Co. Purchase Order 289825 may be found on the General Arrange-

’ ment Drawings (D-0804 and D-0805) which follow this section.

Since purge and vent valves must perform safety.related
functions not only during normal conditions but also during and
efter upset, emergency and faulted conditions, the material
selections were based on a worst case event. Because the valves
are required to prevent discharge of radiocactive gases to the
outside environment during a LOCA, the seat and seal mai rials
are critical to the operation of the valves. During normal
operation the valves are exposed to the air in the containment
and outside air, but during a LOCA the media may be made up of
steam, air, and boric acid, all of which may be radioactive and
at elevated temperatures. The seat material selected for this

application was SA479 316L SST. The 316 grade was selected due
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to its corrosion resistance and ability to withstand all of the
possible medias that may come in contact with the seat. The L
grade of 316 SST was further specified because the seat is welded
 to the body (SA516 GR70) and the L grade has a lower carbon content
that will reduce the carbide precipitation in the heat affected
zone of the seqt. The seal is a laminate of 316 SST and asbestos.
The 316 SST was chosen in the "straight" grade since no welding is
done on the seal. The asbestos used is made of John Manville
style 60 or Klinger K-61 material. The laminated type seal was
selected for its ability to seal with less torque than would be
required for a solid seal. The laminate allows each SST member

to act independently and to conform to the contour of the machined
seat as seating torque is applied. The asbestos member not only
allows each SST member to act independently but also reduces the
seal area in contact with the seal and therefore, results in
application of higher normal stresses to the seal for any given

seating torque.
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2:1.3 Operation
The operation of the Tricentric valve is extremely simple since
there are only 2 moving parts, the disc assembly and the shaft.
The valve operates by changing the position of the disc relative
to the seat._ This is accomplished through the application of a torque
on the valve shaft through the entire operating range of 90 degrees.
(Zero degrees being fully closed and 90 degrees fully open). There are
seven different torques of importance that the valve will encounter
depending on the disc position or the change in position required, if
any. The valve shaft must be designed to withstand the worst case
combination of these operating torques without being overstressed.
These torques are described in a random sequence since they may occur
in different sequences during actual valve operation.
1. Bearing friction torque is the result of the flow or pressure
forces acting on the disc which are transmitted to the bearing
through the shaft which supports the disc. The bearing friction
torque is proportional to these forces acting on the disc and the
coefficient of friction batween the shaft and the bearing materials.
Bearing friction torque must be overcome anytime the disc is
required to change position.
2. Packing or seal friction torque is the result of the forces
the packing exerts on the shaft. These forces are a result of
the packing gland force and the internal valve pressure.
The packing gland force is required to effect a shaft seal.
The packing friction torque is also dependent on the coefficient
of friction between the packing and the shaft material. Packing
friction torque must also be overcome when the disc is required

to change positions.
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3. PAM (Pressure Area Method) torque is the torque produced

by the differential pressure acting on the unequal areas of either
side of the eccentric shaft centerline. (Figure 4) The PAM

torque is therefore dependent on the valve size, shaft eccentricity,
and the differential pressure. Depending on which side of the
disc the pressure is applied, the PAM torque may aid seating or
unseating of the valve disc.

4, Seating torque is the amount of torque required to develop

the normal forces between the seat and seal to effect a tight
closure. Seating torque is dependent on the sealing materials,
seal thickness, valve geometry, valve size, differential pressure,
and leakage requirements. As seen in Figure 5, as the valve is
seated by applying a closing moment T,, the normal forces Ry

will increase. Since the seal angle varies around the seal
circumference, RN also varies, thus at the point where RN is a
minimum, a sufficient loading must be applied to effect a seal.
Sealing characteristics will be further discussed in the section

under Valve Sealing Characteristics (Section 6.0).



l/--CONE AXIS

ECCENTRICITY(E)

T1 = Closing torque applied by actuator
| P = Force equivalent to disc pressure loading
Ry = Normal seat reaction force due to torque application

- Ry = Tangential seat reaction force due to disc motion (friction)

DISC WITH CLOSING FORCES APPLIED

FIGURE 4




5. Unseating torque is the torque required to move the seal out
of contact with the seat. Unseating torque is also dependent on
the sealing materials, seal thickness, valve geometry, valve size,
differential pressure, and also the seating torque. As described
in the section under Valve Design, when no pressure was applied

to the valve, the unseating torque was small relative to the

applied seating torque. However, when pressure is applied to the

shaft side of the disc, not only does the normal force (Ry)
increase but also the frictional force (RT) which resists opening.
This increase in frictional force may exceed the PAM torque.

Thus an actuator is selected to provide an output torque greater

than PAM torque.. Typically 1.2 to 1.5 times the PAM torque is

required to unseat the valve.

6. Weight offset torque is the result of the C.G.* of the disc
being displaced from the rotation point. The weight offset torque
is proportional to the disc weight, shaft eccentricity, disc
position, and the valve installation position. On small size
valves the weight offset torque is generally an insignificant
amount since the disc weight is so small.

7. Fluid aerodynamic torque is the torque due to interaction

of the flowing media with the valve disc. This is covered in

detail in Section 5.0.

*Center of Gravity
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As seen in the Vought Corp. Test Report (Reference 7.0) the
running torque was approximately 1000 in.lbs. This is seen in
Figure. 8 Run 1 and Fig. 15 Run 8 ( of the Vought Report) with no flow
through the valve. This running torque is a combination of bearing,
packing, and weight offset torque values. The unseating torque may
also be seen, which was approximately 1500 in.lbs. when a seating
torque of approximately 18,000 in.1bs. was used to close the valve
with a 80 PSIG air supply to the actuator. Torques for the 8" valve
on this order would be about the same. For the 26" valves these
torques are expected to be less than 10% of the actuator output
torque.

2.2 Actuatcr Design (Pneumatic Spring Return)

2.2.1 Geometry

The basic actuator is a device by which air pressure is converted
to thrust through a linear cylinder and then converted to a rotary
(90°) motion through the use of a "Scotch-Yoke". This device has a
torque output at the beginning and end of its stroke, common.y referred
to as breaking torque, that is approximately twice the magnitude of
the torque output at the center of its stroke, referred to as running

torque. The basic design of the scotch yoke can be seen in Figure 5.
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FIGURE 5 - ACTUATOR SCOTCH YOKE DESIGN

From the above it can be seen that the moment arm varies
throughout the stroke. By geometric design the moment arm length
at the beginning and end of the stroke can be found by dividing
the moment arm length at the center by the cosine of 45° or .707.
By performing this arithmetic it will be found that the moment
arm at the beginning and ending is roughly one and one half times
the moment arm at the center.

By design the "Scotch Yoke" mechanism multiplies the force
imparted by the piston thru a reaction from the bearings. As
pressure is applied to the piston the pin or roller is moved
against the slot in the yoke causing the rod to act on the bearing.
To keep the action in a static condition a force or resistance
must be applied to the yoke equal to the force from the bearing.
The total resultant force then becomes the piston area times the

pressure applied divided by the cosine of 45°,
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The torque output from a “Scotch-Yoke" mechanism can be

calculated as follows:

TORQUE AT CENTER OF STROKE
T=PXAXM
Where:
T = Torque in in-1p
P = Operating pressure in p.s.i.
MA = Moment arm in inches at center
A = Area of the piston in square inches

TORQUE AT BEGINNING AND END OF STROKE

T=FXx JA
A _Cos.1§°
Where:

T = Torque in in-1b

F = Resultant total force in pounds =

fEE%‘TEb = Moment arm at beginning and end of

stroke in inches.

A graphic representation of the torque output as a function

of disc position can be seen in Figure 6.
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break torque

_—tffi:____ap running torque

TORQUE OUTPUT

o . 45" 90"
ROTATION

FIGURE 6 - Typical torque output for double acting scotch yoke actuator.

Since thrust is converted to rotary motion, a spring is used
opposing the air cylinder to provide a "Fail Safe" actuator. The
"Fail Safe" actuator is capable of performing its safety related
function in the event of a loss of either the air su;ply or the
control signal to the solenoid valve which controls the air supply

to the actuator. The basic construction of the "Fail Safe" actuator

is seen here.

FIGURE 7 - Fail safe, spring return actuitor design




PRESSURE OR SPRING TOROUE
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Since the output of the unit is a function of the thrust
applied, a new torque output curve must be used because the air
cylinder not only moves the “Scotch Yoke" but must now also
compress the spring. A typical torque output graph is shown here
for both the pressure stroke and the spring return stroke.

A description of actual output torque values will be presented

in the Operation Section.
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FIGURE 8 =~ Typical torque output curves for a spring return actuator



Page 25

2.2.2 Actuator Design Materials
The Bettis actuators used for this job are the T
series actuators. These were further specified to be the N
version for nuclear service and qualified per 1EEE 323-1974,
IEEE 344-1975, and IEEE 382. These actuators incorporate use
of special materials for nuclear service as listed below.
Special Material:
Grease - Molykote 44 (medium grade)
Seals - Ethylene Propylene (certified to 1.4 x 108 rads)
Internal cylinder coating - Molybdenum disul fide

Yoke pin and rollers - Ryton coated

It should also be noted that since these units are of the
fail safe type, the spring is a critical safety component.
A1l springs supplied on this crder were 100% magnaflux inspected

to insure the spring quality.
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2.2.3 Actuator and Valve Operation (Pneumatic/Spring Return)

2.2.3.1 Actuators and Accessories Supplied

A complete list of a!l accessories used on each pneumatically
actuated valve can be found in Table 1 and each is further described
here.

An Asco sclenoid valve is used on each actuator to control the
air supply to the actuator and, to "dump" the air in the cylinder
which allows the valve to open or close as required. The <olenoid
valves are 3 way, internal piloted diaphragm valves. " he solenoid
valves are controlled by a 120 VAC coil. When the ¢oil is de-energized
by intentional or faulted conditions, the cylinder port is allowed to
discharge through the exhaust port and thereby allow the spring return
actuator to perfor; its required function. When the coil is energized,
the supply pressure is directed into the cylinder and rotates the valve
in a direction opposite to spring induced rotation. The solenoid valve
model used is a NPL8316E34E. This valve is designated for use in
nuclear power applications which consists of providing IEEE compliance
and a waterproof solenoid enclosure. It is a high flow valve which has
1 in. NPT ports and a 1 in. orifice. All elastomeric materials of
construction are Ethyfene Propylene material.

Limit switches are also provided, mounted on the actuator to
indicate full open or closed position. One of each model no. switch
is provided, one set for the open position and the other set for the
closed position. The switch model nos. are Namco EA 180-31302 and
EA 180-32302 which are DPDT switches with 2 normally open and 2
normally closed contacts and are quick make-quick break type. Ihe

switches are of the spring return type with one model being CW



operation and the other CCW operation.
arm which is a Namco mode! EL-060-53300.
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Both switches use the same lever



TABLE 1
PNEUMATIC ACTUATED UNITS

ACTUATOR ACCESSORIES
FAIL-SAFE ASCO NAMCO LIMIT SWITCHES
ROTATION SOLENOID AND LEVER ARM
VALVE (viewed VALVE MODEL NOS.
SIZE from top MODEL (2 closed position switches)
(IN)  TAG NOS. CLOW JOB NO. of unit) NO. (2 open position switches)

26" 1vQ026 2VQ026 B84-2842-01(N) Ch NP8316E34E EA 180-31302 L.S.
1vQo27 2vQoz7 . (Qty. 1)
1vQo29 2VQ029 ! EA 180-32302 L.S.
1VQ030 2VQ030
1vQo31 2vQ031 EL 060-53300 L.A.
1vQ034 2VQo34
1VQ036 2VQ036
1VQo40 2VQoao

1VQ042 84-2842-02(N) NT312- NP8316E34E EA 180-31302 L.S.
1VQ043 SR3 (Qty. 1)
2vQ042 EA 180-32302 L.S.

2VQ043
EL 060-53300 L.A.
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2.2.3.2 Pneumatic Actuator Output Torques

The torque plots provided in this section represent the calculated
output torque of the actuators for the spring and various supply
pressures shown. The guaranteed output torques that Bettis provides
is for the yoke arm at 0 degrees and the spring fully extended.
The ratio of guaranteed torque to calculated torque is shown below

for the two actuator sizes used.

TABLE 2
ACTUATOR GUARANTEED TORQUE/CALCULATED
MODEL TORQUE %
NT820-SR3 \ 129,035/136,934 94
NT312-SR3 13,400/13,900 96

The graphs which follow show how the torque output varies for
the pressure strcke as a function of supply pressure. It can alsc
be seen that the spring output torque is not a function of supply
pressure. The graphs also demonstrate that the output torque
(pressure on spring stroke) is a function of yoke position.

The graphs proviced are based on the numerical data provided from

the actuator manufacturer.
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FIGURE 9A CALCULATED TORQUE DATA
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1820-5R3
SPRING @ 80 @ 90
129,035 151,954 192,915
108,197 114,149 147,256
96,317 92,864 121,492
90,326 80,243 106,375
88,888 72,843 97,848
91,621 69,066 94,087
98,764 68,405 94,686
111,824 70,697 99,794
134,264 76,182 110,414
173,968 85,343 128,801



PRESSURE OR SPRING TORQUE

FIGURE 98 CALCULATED TORQUE PLOT
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FIGURE 10A CALCULATED TORQUE DATA
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FIGURE 10B CALCULATED TORQUE PLOT
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2.2.3.3 Operating Time

Bench Test - The following is & summary of the operating times
recorded during the operational test performed on each valve.

The tests were performed using 80 - 110 psig air supply with a maximum
flow rate of approximately 70 SCFM. There was no flow through the
valve during this test.

TABLE 3
VALVE  BETTIS OPENING CLOSING

TAG NO. SIZE  ACTUATOR TIME* TIME
OF VALVE (INCH) MODEL NO.  SEC. SEC.
1vQ026 / 2vQ026 26 NT820-SR3  25.60/23.75  4.71/3.99
1vQ027 / 2vQo27 26 s 33.30/29.29  3.91/4.19
1vQ029 / 2vQo29 26 “ 40.68/24.93  3.95/4.23
1vQ030 / 2vQO30 .., 26 X 34.50/27.20  3.65/3.93
1vQ031 / 2vQ031 26 . 25.53/24.17  4.34/4.24
1vQ034 / 2vQo34 26 . 34.09/23.57  4.48/4.59
1vQ036 / 2vQ036 26 . 27.82/24.25  3.99/4.12
1VQ040 / 2vQo4o 26 . 30.20/23.58  4.10/4.31

1vQo42 8 NT312-SR3 3.0 1.0

1vQo43 8 2 3.0 1.0

2VQo42 8 . 3.0 1.0

2VQo43 8 . 3.0 1.0

* Opening times were restricted by Clow test set up

(Air hose used had approximately 3/8" 1.D.)
For comparison, a description of operating times for a valve Serial
No. 80-8170-03-01 during a LOCA and Seismic Simulation Test is given
in the Vought Corp. Report (Reference 7.0). The Vought Test

demonstrated when there was flow through the valve, the aerodynamic

torque aided closure thus reducing closing time.
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3.0 VALVE OPERATING AND INSTALLATION REQUIREMENTS

3.1 Valve Operating Conditions

The normal and accident operating conditions for the subject valves
are taken from Sargent & Lundy Eng. Specification 7-3750. Data
Tables No. DT-925 and DT-926 and Data Sheets AD-53 Rev. A and A0-54

Rev. A. Leakage requirements are per Spec. T-3750 Paragraph 305.3.
This data is presented in summarized form in Tables 4 thru 6.

’ TABLE 4

‘ Seismic Loadings For All Valves

Acceleration
Values (g)
Condition Loading Condition Horiz. Vert.
Normal operation ravity load only 0.0 1.0
no seismic acceleration)
Emergency All loads per Data Tables 4.5 4.5

DT-925 & DT-926

g = Acceleration as a fraction of the acceleration due to gravity.




TABLE 5
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Pressure Differentials Applied to Valves

NORMAL OPER.  DESIGN
OPERATING  TEMP, DIFFERENTIAL NORMAL
VALVE PRESSURE RANGE PRESSURE FLOW FAILURE
SI1Z2E VALVE TAG NO. (PSI1G) (°F) (PSiG) SCFM MODE
26" 1vQ026 2vQo26 -2 to 2 40-340 45 * 11,000 closed
1VQo27 2vQo27
1vQ029 2VQ029
1vQ030 2VQ030
1vQ031 2VQo31
1vQ034 2VQo34
1VQ036 2VQ036
1vQ040 2VQo40
8" 1vQ042 -2 to 2 40-340 45 * 1,100 # closed
1VQ043
2VQo4a2
2VQ043

* Max for flow analysis is 45 PSIG, max for pressure retention is 60 PSIG.
# Estimated based on flow thru 26" valve since no rate is specified in DT-926

TABLE 6

Allowed Seat Leakage Rates

VALVE SIZE VALVE TAG NO. ALLOWED LEAKAGE
26" 1vVQ026 2VQ026 .043 SCFM at 2
1vQo27 2vQo27 and 50 PSIG (1)
1vQ029 2VQ029 for pneumatic test
1vQ030 2vQ030 .-
1VQ031 2VQo31 .867 cc/min at
1VQ034 2VQ034 66 PSIG (2) for
1vQ036 2VQ036 hydrostatic test
1vQ040 2VQo40
8" 1vQ042 .013 SCFM at 2
1VQ043 and 50 PSIG (1)
2VQo42 for pneumatic test
2VQo43 .267 ¢c/min at

66 PSIG (2) for
hydrostatic test

1) 50 PSIG is 110% of design differential for air flow
2) 66 PSIG is 110% of design differential for pressure retention
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3.2 Valve Installation Configurations

In addition to the pressure and flow condition; specified in
3.0, the valve performance is effected by the as iistalled orientation.
Upstream and downstream, tees, elbows, reducers, and other valves can

effect the aerodynamic torque characteristics of butterfly valves.

These effects are discussed in Section 5.0. The installed configurations

for the subject valves as derived from Cygna prints are summarized
in Figures 11 thru 21 with appropriate print references.

A summary of valve function, Cygna drawing number, flow direction,
and a cross reference between the valve tag number, Clow serial number,
and figure number is given in Tables 7 and 8 . It should be noted
that the disc orientations are not shown in plan or elevation views in
a true porspcctlvo;' The orientation approximates the true prespective,
while the views A-A or B-B give the true orientation. The plan or
elevation views are shown only to give an idea as to the position of
the valve shaft and the direction the valve opens. The opening
direction can be clearly determined by comparing Figures 11 thru 21

with the valve detail drawings Figures 2 and 3.



TABLE 7

VALVE IDENTIFICATION AND INSTALLATION DRAWING CROSS REFERENCE

FOR

LASALLE COUNTY STATION UNIT #1 PURGE AND VENT VALVES

“VALVE VALVE ]
TAG CLOW SERIAL SIZE CYGNA PIPING DRAWING FLOW DIRECTION FLOW DIRECTION IGURE
NO. NUMBER (IN) |NORMAL FUNCTION | * NUMBER/REV. NORMAL LOCA NO.
1VQ026 -2842-01(N)-01] 26 Intake ECN-ME-001-1LS-14/0 Toward 027 From penetration
: M-66
= - 0226 Tntake Toward penetration From penetration
M-66 M-66
1VQ029 - -01(N)- 26 Intake IECN-HE-OOI-LS-!S/O Toward 030 From penetration
M-20
1VQ030 24 2842-01(N)-04 ] 26 Intake lECN-HC-OO!-LS-iS/O Toward penetration From penetration
s M-20 M-20 =
26 Exhaust lECN-HE-OOl-LS-Q/O From penetration From penetration
e M-67 M-67
26 ~ Exhaust ECN-ME-001-L5-12/0 From penetration From penetration
M-21 M-21
R4-2842-01(N)-07 | 26 Exhaust CN-ME-001-1L5-13/0 From South to North From South to North
BA-2842-01(N)-08 | 26 Exhaust ECN-ME-001-LS-11/0 From penetration From penetration
M-67 M-67
B Tntake -L5-14/0 From valve 042 From penetration
toward valve 043 M-66
8 Intake FCN-H£-001—I.S-14/0 From valve 042 From penetration
toward valve 043 M-66
* Cygna Job No. 85007 (other drawings referenced include ECN-ME-001-LS-10 Rev. 0 and ECN-ME-001-L5-18 Rev. 0).
©
>
m

8¢




TABLE 8

FOR

VALVE IDENTIFICATION AND INSTALLATION DRAWING CROSS REFERENCE

LASALLE COUNTY STATION UNIT #2 PURGE AND VENT VALVES

“VALVE VALVE L’
TAG CLOW SERIAL SIZE CYGNA PIPING DRAWING FLOW DIRECTION FLOW DIRECTION IGURE
NO. NUMBER (IN) |NORMAL FUNCTION | *  NUMBER/REV. NORMAL LOCA NC.
2VQ026 |84-2842-01(N)-09] 26 Intake ECN-ME-002-LS-13/0 Toward 027 From penetration
: M-66

2VQ027 |[84-2842-01(N)-10] 26 Intake ECN-ME-002-LS-13/0 Toward penetration From penetration
M-66 M-66

2VQ029 |84-2842-01(N)-11] 26 Intake ECN-ME-002-LS-14/0 Toward 030 From penetration
M-20

2VQ030 |[84-2842-01(N)-12] 26 Intake ECN-ME-002-L5-14/0 Toward penetration From penetration
M-20 M-20

V(031 [BA-2B42-01(N)-13| 26 Exhaust ECN-ME-002-15-8/0 From penetration From penetration
M-67 M-67

2VQ034 |84-2842-01(N)-14] 26 Exhaust ECN-ME-002-LS-1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>