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purchasing specifications. 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 docu-
ments referenced, represents a demonstrated qualification of the
subject valves to the best of our knowledge for the required
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INTRODUCTION

The Nuclear Regulatory Commission has, since 1979, been

“ighly 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 Jnder
normal flow requirements. For a postulated loss of coolant
accident, such valves may fail to close in the time required to
prevent discharge of racdic.< fv2 gases to the outside environment.
Such a failure could exceed 10 CFR 100 guidelines and present a
significant hazard to the hzalth of persons in the area.
NRC Branch Technical Position CSB 6-4 gives some background
operations of purge and vent systems and basic requirements
their design. For the valves used in such systems, further
guidelines are provided in "Guidslines for Demonstration of
Operabilit, of Purge and Vent Valves”, which was provided to
nuclear plant operators by an NRC ietter in September 1979.
This set of guidelines covers twenty-cne points (less two) which
are to be addressed by the plant operator. This poper addresses
those items which may be answered by the valve manufacturer based
on the conditions provided by the plant operator for the postulated
loss of coolant acci
de ibes t! esign of both Clow's Tricentric
utterfly valve and the Bettis pneumatic actuator used to operate

the valve. In addition, descriptions of various tests performad




to determine flow and torque characteristics and application of

this test data to the installed 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 are also presented. This information, in combination

with the supporting detailed technical reports (see 7.0 references),

represents a demonstrated qualification of the subject valves t0

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 deter-
mine the mass flow and aerodynamic torque characteristics
of the Tricentric butterfly valve design. Tests were per-
formed for 12", 24", 48", and 96" scale model valves
(scaled to 3" pipe size) in a straight pipe run for both
uncnoked and choked flow regimes. Pressure ratios for
choking, flow coefficients for mass fluw, and aerodynamic
torque coefficients were determined in these experiments.
The experimental set ups met the ISA test requirements
for compressible flow measurement. A1l 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.

In the Spring of 1981, Clow personnel met with repre-

sentatives 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
installed piping conditions. For such conditions effects
of both upstream and downstream piping eiements (el bows,
tees, reducers, etc.) were considered. From results of
backpressure tests performed in the first set of exper-
iments 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 evaiuation. A 90° mitered
elbow was selected due to the fact that this element pre-
sented the worst separated flow region at the inner corner
and biased a major portion of the flow to the outer corner.
A second set of tests was developed to obtain information
about the effect on each other of two valves in series

(the common plant installed practice). Due to the fact




that each experiment required an increasing amount of test
combinations, 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 eloow and at 3 spacings (2, 4, & 8 diameters) from the
elbow. From the results a worst case was determined to
occur at 2 diameters. Thus a scale model of the 24" and
48" were tested only at 2 diameters. Upstream elbow effects
diminished significantly at 4 diameters and were barely
detectable at B diameters.

From these results, the two valves in series tests
wera restricted to spacings of 2 and 4 diameters. As in
the elbow experiments, the worst case occurred at 2 dia-
meters and at 4 diameters the results approached those for
the single valv2 experiments.

To substantiate the model tests and show the validity
of scalinc the model data to full size valves, Clow per-
formed a choked flow operctional 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 basic description). 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 was a conservative method

(peak measurad torque was approximately 657 of that pre-

dicted). The test also incorporated a static 11.0 g load




to the actuator simulating a severe seismic/hydro-

dynamic induced loading. It further validated the

directional effects of aerodynamic torque measured in

the model tests (in the test all torques tended to close

the valve).

Qualification Method

Clow provides certification of operability of valves pro-

duced for purge and vent containment jsolation service by

a combination of tests and analysis. The following items

are considered and covered in this and supp\emental reports.

A. Environmental

A1l portions of the Clow Tricentric is of com-
pletely metallic construction other than stem
packings and the asbestos ceal 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 shie by the SS7T laminations

and disc components. though the asbestos may
become embrittled on the periphery, the valve will
¢till perform its sealing function (see Radiation

Sensitivity Analysis Report Wyle 17629-01).




The packings will perform their function under the
required environment as long 2as they are replaced
at recommended intervals.

Actuators used 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, 2 finite
element analysis of the valve structure and hand
calculations of selected components. These
analyses show the valve to be constructed within
ASME Section 111 requirements and that elements
not covered by the code are designed with adequate
safety margin. Analyses can be found in this Qual-
jfication Report, the code required Design Report,
and the Structural Analysis Report. The elements
considered by these reports include:

1. Valve body

2. Valve disc

valve disc shaft

valve disc shaft connection
Disc ear
Drive keys

Dowel pin (retains shaft from hydro-

dynamic end load only)




Actuator mounting structure

a. Adaptor flange

b. Bolting

Actuators are qualified separately by

the manufacturer by generic test results.
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 analysis of the
torque characteristics. The bench test shows the
closing cycle time when no aerodynamic torque is
imposed. This data combined with conservative
(see assumptions below) calculations of the aero-
dynamic 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 voltage, air supply,
or maximum backpressure for pneumatic actuators

if applicable).

The following method is used to show operability:

1. Determine nO flow worst case operating time
from bench tests.
Using Clow program CVAP calculate aero-

dynamic torques for straight pipe conditions.




Determine a torque modi fication factor
based on the installed (from buyer prints)
or a worst case upstream piping condition
using the mitered elbow or two valves in

series test data.

Determine predicted torque values for all

disc angles based on 2 and 3 above.

Provide tabulation or plot of actuator

output torque for all actuator angles.

Show that actuator output provides suffic-

fent margin to overcome aerodynamic and

other torques (bearing, packing, disc wt.)
to close the valve.

From the above data, actuator type, and

Vought full size test valve data, project

a closing rate under the conditions analyzed

above.

In the above calculations, the following assump-
tions are employed:

a. Containment pressure 15 at a maximum
value and full flow is developed before
valve starts to close.

The pressure downstream of the valve
js atmospheric. In the elbow experi-

ment it was noted that downstream




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).

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

Scaling of torques to larger size valves

by the 03 method may be largely conser-

vative 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
exceed the aerodynamic closure requirements based
on design for suitable torques to seat and seal

the valve.




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 valves but to butterfly valves in general. This feature
gives the Tricentric functionsl 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 wetal seal can be
obtained. (Fig. 1) The sealing is a result of normal forces
acting between the sealing surfaces rather than sealing due to

surface interference typical of other butterfly valves 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,C00 in.1bs. of seating torque. Then the

unseating torque was measured. This was repeated 3

times to determine an averase value for the unseating
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torque. The test was repeated with the seating torque
{ncreased by 10,000 in.1bs. increments until a maximum
seating torque of 140,000 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 valve. The smallest value of torque that could
be accurately measured was 1000 in.lbs. and at no time
was more than 1000 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 elininates
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
ijs applied to the shaft side of the disc (normal direction), a
closing moment results. This will result in increased sealing
forces between the ceat-seal 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




2 offsets is required to provide a valve that has no binding or
{nterference problems as the seal is rotated out of the seat.
This relationship is determined analytically to provide the best

performance without overdesigning the valve comoonents.

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 exceeding all the requirements set forth in most
specifications.
2.1.2 Materials

A complete list of valve component materials used on Bechtel
Purchase Order Number 10394-M-119-1-AC, Rev. 1 may be found on the
General Arrangement Drawing (D-0741) which follows this section.

Since purge and vent valves must perform safety related
functions not only during normal conditions but 1730 during and
after upset, emergency and faulted conditions, the material
selections were based on a worst case event. Because the valves
are required to prevent discharge of radioactive gases to the
outside environment during a LOCA, the seat and seal materials
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 radiou.tive and
at elevated temperatures. The seat material selected for this

application was 5A240 316L SST. The 316 grade was selected due




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 $ST was further specified because the seat is welded

to the body (SAS16 GR 70) and the L grade has a lower carbon content

that will reduce the carbide precipitation in the heat affected zone
of the seat. The seal is a laminate of 316 SST and asbestos. Both
laminants are 1/32 inch thick. The 316 §ST was chosen in the
*ctraight” grade since no welding is done on the seal. The asbestos
used is made of John Manville style 60 or equal material. The
laminated type seal was selected for its ability to seal with less
torgue than would be required for a solid seal. The laminate allows
each SST member to act independently anc to conform to the contour
of the machined seat as seating torque 15 applied. The asbestos
member not only allows each SST member toO act independently but
.oa] area in contact with the seat and therefore,
of higher normal stresse to the seal for

any gi
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2.1.3 Operation

The operation of the Tricentric valve is extremely simple

since tiere 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
or control of torque on the valve shaft through the entire
operating range of 90 degress. (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 change in position required, 1f 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.

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 between

the shaft and the bearing materials. Bearing friction

torque must be overcone anytime the disc is required to

torque is the result of the

These normal




forces are due to 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.

3. PAM (Pressure Area Method) torque is the torque produced
by the differential pressure acting on the unequal areas of
efither side of the eccentric shaft centerline. (Fig. 3)

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,

di fferential pressure and leakage requirements. As seen in
Fig. 3, as the valve is seated by applying a closing moment
Ty, the normal forces Ry will increase. Since the seal

angle varies around the seal circumference, Ry also varies,

thus the point vherz By is a minimum must be ]

o

aded

]

sufficiently to effect a =eal. Sealing characteristics will




DISC AXIS _\ /-CONE AXIS

\

~ ECCENTRICITY(E)

Closing torque applied by actuator
Force equivalent to disc pressure loading
Normal seat reaction force due to torque application

Tangential seat reaction force due to di

cr mati [ ¢
1SC motion (friction)

DISC WITH CLOSING




§. 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
alsc 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 (Ry)

which resists opening. This increase in frictional force
may exceed the PAM torgue. Thus an actuator is selected
to provide an output torque greater than PAM torque.

6. Weight offset torque is the result of tne 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
ifs so small,

7. Fluid aerodynanic torgue 1s the

action of the flowing media with the

¢ edinn K
2eCl10 2




As seen in the Vought Corp. Test Report (Reference 7.0 8-1)

the running torque was approximately 1000 in.1bs. This is seen

fn Fig. 8 Run 1 and Fig. 15 Run 8 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. 1bs. 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.
2.2 Actuator Design
2.2.1 Geometry

The basic actuator 1{is a device by which air pressure
is converted to thrust through a linear cylinder and then converted
to 2 rotary (90°) motion through the use of a "Scotch-Yoke".
This device has a torque output at the beginning and end of its
stroke, commonly referred to as breaking torque, that is approx-
fmately 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 4.
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FIGURE 4 - ACTUATOR SCOTCH YOKE DESIGH
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 1t will be found that the momenrt
arn 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 ) static condition a force or resistance
must be

The tOt.‘.' | ' ! Ln es Lhe :)}‘;‘_:r« area times

A
acO
45",

pressure app




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-1b
P = Operating pressure in p.s.1.
MA = Moment arm in inches at center
A = Area of the piston in square inches

TORQUE AT BEGINNING AND END OF STROKE

TeFR o2

Cos .45

Where:
T = Torque in in-1b

F =« Resultant total force in poinds = PYA

MA :
s, 450 = Moment arm at beginning and end of

stroke in inches.

A graphic representation of the torque output as a functiion

of disc position can be seern in Figure 5.
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l FIGURE 5- 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 supply or the
control signal to the solenoid valve which contruis the air supply

to the actuator. The basic construction of the "Fail Safe" actu
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2.2.2. Actuator Design Materials
The Bettis actuators used for this job are 732-SRB0-S
series actuators. These were further specified to be the N

version for nuclear service and qualified per IEEE 323-1974,

IEEE 344-1975, and 1EEE 382. Also, upgraded seismic qualifi-

cations are provided based on Patel ReportPEI-TR-83-29, Rev. A

with Addendum I and I1. These actuators incorporate use of

special materials for nuclear service as listed below.
Special Material:
Grease - Mobil 28
Seals - Ethylene Propylene
Internal cylinder coating - Molybdenum disulfide

Yoke pin and rollers - Ryton coated




2.2.3 Actuator and Valve Operation
2 2.3.1 Actuator and Accessories Supplied
A complete 1ist of all accessories specified for use on each
valve can be found in Table 1 and each {s further described here.
An Asco solenoid 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 solenoid

valves are 3 way, internal piloted diaphragm valves. The solenoid

valves are controlled by a coil. When the coil 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 perform 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 snring induced
rotation. The solenoid valve mode! recommended for use is a
NPLB31664E. This valve is designated for use in nuclear powver
applications which consists of providing IEEE compliance and a
waterproof solenoid closure.

It is a high flow valve which has 1/2 in. NPT ports and a
5/8 in. orifice. A1)l elastomeric materials of construction are

Ethylene Propylene material for the NP umit,.




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 Typical toraue output curves for a spring return actuator




Limit switches are also provided. These are mounted Un the

actuator to indicate full open or closed position. One of each

mode! number switch is supplied, one for the open positicon and “he

other for the closed position. The switch model numbe-s are damco
EA180-31302 and £A180-3230? which are DPDT swiiches with 2 NO and
2 NC contacts and are quick make-G 4Lk hreak type. The switches
meet NEMA 1, 4, and 13, and IEEC 344 requiremen:s. Both switcChes
use the same lever arm which is a Namco model ELO10-53337.

Other accessories to the actuator include a Fisher typr 95H
regulator, £ Y6-1/2-40-C! Rosedale Filter, A1008 CHNF Hoffman
Junction Box, Anaconda flexible liquid tight conduits, @nd various
tubing, pipe, and electrical fittings and appropriate mounting
hardware. A1l items were not supplied with full nuclear IEEE
qualifications. The unit as sold will perform its intended function
to fail close even if failure of ungquelified componehits occur.
Further, seismic tests performed und Clow Job 82-2053(") did show
such unqualified items performed their intended function under the
required vibration level of the $»ecification as they were mounted
for the tect.

The air op:rators are manufactured in actordance with Bettis

Engineering De.ign Standards.




TABLE 1

Actuator Accessories for Each Unit
Fail-safe Asco Namco 1imit switches
Bettis Rotation Fail- Solenoid and lever are
Valve Clow Actuator (viewed safe Valve Model Nos.
Size Mark Job Model act. end Valve Mode) (1 closed position switch) Other Items
{in.) Mos. Mo. MNo._ of unit) Position No. (1 open position switch) (each unit)

1. RECOMMENDED EQUIPMENT

8" 5035A B82-2739(N) N732-SRBO-S - NPXB31664E*
50358 - . . EA170-31302 L.S. ' Fisher type 95H
5036A ’ : . regulator
50368 ' . EA170-32302 L.S. ¥ Rosedale Y6-1/2-40-C
5042A - filter
50428 - ELO10-53337 L.A. Misc fittings and
50448 . electrical accessor

5044A N732-SRBU-M3-S

I1. SUPPLIED EQUIPMENT

8" 5035A B82-2739(N) N732-SR80-5S CW Close NPLB31664E*

" . EA180-31302 L.S. # Fisher type 95H
regulator
EA180-32302 L.S. # Rosedale Y6-1/2-40-C
filter
ELO10-53337 L.A. Misc fittings and
electrical accessor

50358
5036A
50368
5042A
50428

50448
5044A N732-SR8B0-M3-5

*Number difference related to Asco numbering change between when Clow placed order and when units were received.
X indicated special which called for extra length leads
L indicates extra length leads

# EA170 units are qualified for outside containment service
FA1B0 units are qualified for inside containment service




2.2.3.2 Actuator Output Torques
For this job, the Bettis Actuator Company ran tests of and

provided certified reports confirming the ending torques of each

unit. The tests were performed in both the spring and pneumatic
directions, and the results are tabulated in Table . There is

good correlation between the data and theoretical values.

TABLE 2
TORQUE DATA FOR PILGRIM AIR OPERATORS*

Unit Mark # Spring Supplied Seating Torque
(0° Rotation) in-1b

AD-5035A 9,572
A0-50358 10,515
AD-5036A 10,432
A0-50368 10,687
AD-5042A 9,263
AD-50428 10,470
AO-504:8 10,266
AD-5043A 11,032

*Actuator units were not assembled to valve when torque
tests were run

The torque plots provided in this section represent the

calculated output torque of the actuators for the spring and various
supply pressures shown. The graphs which follow show how the torql
utout varies for the pressure stroke as a function of zupply pressure.

t can also 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 cf yoke position.

The graphs provided are based o~ the numerical data provided.
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2.2.3.3. Operating Time
Bench Test - The following is a summary of the operating times

recorded during the operational test performed on each valve.

The tests were performed using a 100 PSIG air supply. There was

no flow through the valve during this test.

TABLE 3

Valve Bettis Opening Closing
Mark No. Size Actuator Time Time
of Valve (inch) Model No. Sec. Sec.

AD-5035A N732-SRB0-S
AD-50358 .

A0-5036A

A0-50368

AD-5042A

AD-50428

A0-50448

AD-5044A N732-SR80-5-M3
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3.0 VALVE OPERATING AND INSTALLAT
3.1 Valve Operating

The valves were 1ec fail close (activation of

solenoid valve to allow unit to close to be provided by Boston

Edison) and to allow closure and sealing against a 56 PSI
differential applied to the shaft side of the disc. Sealing was
also to be provided for a differential pressure of 56

to the clamp ring side for in plant test purposes.

pyue

of the buyer, leakage tests were also performed at

differential from each side.

Seismic and other luading conditions for operat ac

indicated in the specification. ctuator qualificati

Bl
a

environmental and seismic are covered by previous act

in accord with




Design conditions Max. operating pressure body only

*Max. pressure differential disc

Max. temperature

Required Torque to seat 681 in-1b.

Failure mode Fail close

Allowed leakage = .26 cc/min air
@ 56 PSID

AU

*Bidirectional sealing provided to 56 PSID only




3.2 Valve Installation Configurati

In addition to the pressure and f ditions specified
3.0, the valve performance is affe d by th installed
Upstream and downstream, tees, elhows, u and other val
affect the aerodynamic torque char risti butterfly valves.
These effects are discussed in S on 5.0. installed config-
urations for the subject valve s derived from Bechtel drawings
SK-P-001, Rev. F, Job No. 1039 S, are summarized in Figures_10

and 11




Page 36
PURGE LINE
TO DRYWELL

LOCA FLOW
=

ARO-5035B6

AC-5035A
ORIENTATED
45* FROM
AS SHOWN

|

A0-50368
GRIENTATED
45° FROM
RS SHOWN

7

RO-5036R

LOCA FLOW
"W
b -

FIGURE 10

INSTALLED ORIENTATION
P¥89$051§E OF 8" VALVES, AO-S03CA s
U 80-50358s AD-5038As & AD-50368.




VENT LINE
TO TORUS

LOCA FLOW

HO~5042Hli'

AO-5042B

VENT LINE
TO DRYWELL

¥A0-5044R  AD-5044B
! o

\ g

- LOCA FLOK

Ll o=t

|
fen 202 hee142

3 A0-5044R ORIENTATED
120° FROM AS SHOWN.

FIGURE 11

INSTALLED ORIENTATION
OF 8" VALVES, A0-5042A;
R0-5042B» AO-5044A» & AD-50448B,




4.0 VALVE STRUCTURAL INTEGRITY UNDER SEISMIC AND OPER

AT Y !
Vv nA

FOAMA
FAUNAL

LOADINGS

Operability of the subject valves has been demonstrated by a

combination of testing and analysis in accord with the design

specification. Separate reports have been prepared and provided

demonstrating suitability of valve components and the assembly.

A listing is provided in the References (7.0) at the end of the
report. This section summaries the results of such tests and
analyses in meeting the conditions as presented in Section 3.0.
4.1 Valve Stress Analysis

Valve stress analysis was performed by Patel Engineers,
Huntsville, Alabama for the subject valves. The analysis was
made using the ANSYS finite element computer program developed by
Swanson Analysis System, Inc., Houston, Pa. This public domain
program has had a sufficient history or use to justify its appli-
cability and validity. The analysis performed compares the nuclear
specific requirements of the Pilgrim Job, Report PEI-TR-833700-1,
to an already performed worst case generic qualification report
for a Clow 8" Wafer Stop Valve, PEI-TR-83-24, Rev. A. The com-

. 1
tables

parison of key elements in these reports is shown in

.
49

i A
and 4A.




TABLE 4

COMPARISON OF PILGRIM NUCLEAR SPECIFIC REQUIREMENT

TO

GENERIC NUCLEAR QUALIFICATION DATA (REFERENCE 1)

"LO& DINGS
|

Pressure
Shell (psig)
Seat (psid)

Torque (in 1b)

Seismic Acceleration
NS (g)
EW (g)
Vertical (g)

PE

OPE

3A¢‘,\n
\ UK

Weight (1b)

Center of Gravity
X (in)
Y (in)
Z (in)

ACUC

Cars “n 111
e dectio il

Noc

"n
'y

jn and Level A Design and Level A

al™) -
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Table 4A

Summary of Allowable Stresses

(—1Xuj'lhﬁi MATERIAL ALLOWABLE STRESS STRESS REPORT IN WHICH
(psi) VALUE ITEM IS ANALYZED**
(PER ASME S:=CTION (psi) JSEISMIC LOAD LEVEL
111, TABLES I-7.1
THROUGH 1-7.3)

Eody 516 17500 Generic
R.70

Valve

516 Generic

GR.70

Drive Shaft SA 564 34550 Generic
Type 630

H-1100

Operator Adapter SA 516 4936 Pilgrim
Flate .10

Plate SA 193 14569 o Pilgrim

Adapter
4929 T

Bolts R.B7

103219, Pilgrim

Operator/Adapter
10767 T

Bolts

Cover Plate 10492 Generic

7000 %y Gereric

Cover Plate Bolts
102 T

*Per ASME, Section III, Appendix XVII, Subsubarticle 2460,
;o rndn Pammet de Data) DET_TR-R3-24. Pilarim Report is Patel PEI-TR-833700-1




The Pilgrim seismic analysis specifically addresses the
operator adaptor plate, adaptor plate bolts, and operator/

adaptor bolts since these were determined to be the weakest

items. The other items are covered in the generic analysis.

The conclusion that can be drawn is that the structural
integrity of the .ubject valve assemblies fully meets the
requirements of Bechtel Design Specification 8031-P-144, Revision 2

and ASME Section III, 1980 Edition.




4.2 Actuator Tests
Two si Bettis actuators were tested for the Bechte)
Limerick Project under Clow Job No. 82-2053(N) in accord with

-
|

National

echnical Systems (Saugus, Ca. facility) Procedure

528-0951. The units tested were as follows:

NT-820-SR4-S Spring ending torque = 93,098 in
Pressure torque+ = 178,160 in 1b

NT-312-SR5 Spring ending torque
Pressure torque+ = 3

+ at 80 PSIG pressure to air cylinder

The units were both spring return fail closed units
representative of the line of actuators which

vent valves. The units

were gperationa

the require
noticeable - s ful o ! } 01 hese units in combi
ation with

nditinne
conan ons

s Sk ) ~ -
tN1s JoD. (Note an addenda

similarity, see References

11
|

N+
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4.3 Valve/Actuator Test

In addition to the tests performed on the preceding
actuators, a 6" valve in combinaiion with the NT-312-SR5
actuator were statically loaded and tested for operation.
The valve operated as required during the tests. This
demonstrated that the valve/actuator interface for the 6"
valve was sufficiently rigid to allow the unit to perform
its safety related function. This test further qualifies
the subject 8" valve based on Table_C-1 of Bechtel Spec.

8031-P-144

]
]
|
|
|
|
i




5.0 VALVE AERODYNAMIC TORQUES

Depending upon the valve design, actuator sizing, inplant

installed confiquration, and operating conditions, aerodynamic

torque may be of major concern to valve operability. The
magnitude and direction of this torque, which is produced by
flow of the media over the disc, depends on several factors:
1. Disc shape
2. Pivot shaft location
Magnitude of differential pressure across the valve
As installed upstream piping elements (elbows ,
tees, etc.) including distance and orientation
relative to these items.
As installed downstream piping elements (elbows,
tees, length of pipe runs, etc.) including distance
and orientation relative to these items.
6. Angle of the disc
Clow has done numerous tests of scale models of the
Tricentric design and a test of a full size 12 inch production
valve. The data obtained in these tests provide a substantial
base for predicting aerodynamic torques in full size production

valves under various operating conditions.




5.1 Model Tests

In 1980, Clow established a program to determine mass
flow and aerodynamic torgques of the Tricentric design. Exact
scale models (see Table 5 ) were designed and built of 150 1b
class Tricentric valves of standard design. Scale models of a
12, 24, 48, and 96 inch valve were constructed and tested
using University of I1lincis facilities under the direction of
A.L. Addy, Ph. D. (Engineering Consultant in Fluid Dynamics anrd
Engineering and Associate Head, Department of Mechanical and
Industrial Engineering, U. of 1. at Urbana, fhampaign, I111.).
The tests were made with air in accord with ISA standards for
a straight pipe run flow test. The tests were run at various
pressure ratios (upstream to downstream pressure} in both the
choked and non-choked pressure regimes. Very low pressure ratios
were also applied to allow correlation to incompressible
(1iquid) flow in accord with ISA standards. Tests were macde
with flow in the normal direction for Tricentrics (shaft upstream)
and for reverse flow (shaft downstream). Further, several
pressure ratios near the choked flow point were applied to

determine the point of choking. This test pointed out that the

(&%

standard rule of thumd (downstream pressure/upstream pressure =

23) for determining when choking occurs is not valid at all

disc angles. The tests showed choking 4111 occur at a ratio

of .75 in the full open position and .54 in the near closed




position. The test also showed, that although choking prevents
the fluid velocity from increasing, aerodynamic torque will rise
in a 1inear fashion in ascerd with the pressure differential
across the valve in the choked flow regimes.

The models used for testing were made in accord with the
Tricentric standard 150 1b class double flange design. This
fs a fabricated design in which the seat is at a 10 degree
angle from a normal to the pipeline axis. Due to the seat
position, this valve rotates only 80° from closed to full open.
The valves supplied for the subject job uses a similar geometry
except the seat is normal to the pipeline axis making this a

90° (% turn) valve design. Therefore, at small opening angles

(0° to 20°) there are some differences in torque. For angles

over this amount, the aerodynamics are the same. Also, at
small angles the torque approaches the value of the pressure
area torque (as explained in Section 2.1.3) thus, differences
between the two designs are not significant. With reasonable
similarity between the test models and the full size valves,
the data may be used to predict torgque characteristics the
subject valves.

From the data base developed by the model tests a computer
progran CYAP (Clow Valve Analysis Program) was written for use
in predicting valve operating characteristics. In this program,

mass flow rates are predict by standard equations for flow




through an ideal converging nozzle adjusted with coefficients
developed in the tests. Torques are predicted on the basis of
the equation
T=CraPDy’
where

T = predicted aercdynamic torque (in 1b)

CT = torque coefficient developed in model tests

AP = pressure differential across the valve (1b/in-)

Dy = nominal valve diameter (in.)

The test performed on a full size 12" valve showed that the
mass flow obtained was within approximately 107 of that predicted
by the computer model while torques were much less than predicted.
Torques were on the order of 657 of that predicted which could
be correlated by changing the power of 3 to 2.84 in the above
equation. The power of 3 used in the equation and in the

Program CVAP is a derived value obtained by use of the equations

for conservation of momentum for a general control volume.

Thus the program indicates torques which would be higher than

those obtained in the actual situation.

bet.een the provided size valves and the interpolated sizes.
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Linear interpolation was used to predict torque characteristics
ifn Clow Program CVAP, thus a similar interpolation of sizes is

applicabie for size comparison purposes. It can be seen in the

table that very good (less than 10% deviation) correlation was

obtained for torque critical ftems. Thus torque data from the

program is valid for this application.




TABLE $

Test Valve Scaled Sizes (Critical Elements)

VALVE SIZE
ELEMENT 12" 24" 48"

Mode! Full Model Full Mode)
Size Size Size Size Size

3.07 22. 3.07 46.00 3.07
2.91 21. 2.97 45.59 3.04

2.78 20. 2.83 43.44 2.90

Shaft
Dia. ! .58 - .44 - .40

Shaft Q. to
Seal G , L @ ; . .36

Disc
Thickness g .38 . 4

Shaft
Offset E % ot g . i

Shaft
Offset LC g .43 . .19 . .15

Ear
Width ‘ .58 . .44 . .40 12.0

Ear
Height .3 .87 ; .66 9.0 .60 15.25 .49

+ E is offset fron disc centerline, LC is offset from body centerline
* Far is elenent welded to disc which shaft is mated to.

Note: Full size dimensions are for a Clow 1
douple flange desi3n.

A2
K2

3
LC

“a:or axis of elliptical seal

Miaor axis of elliptical seal

Offset between shaft axis and disc center (see Figure 2)
0ffs;et between shaft axis and pipe run centerline

"W nw

A1l dimensions in inches




TABLE 6

Comparison of Production Valve to
Valve Model Sizes (Critical Elements)

VALVE

gLeMents | 8"
Size

*1.D. 7.981

*A2 7.244
*K2 7.069
Shaft Dia. 1.50

Shaft Q to
Seal @ ,L| 1.50

*Disc
Thickness 1.25

*Shaft
Offset E 1.375

Shaft
Offset LC 1.410

Ear
Width 2.00

Ear
Height 5.937

*Elements considered important to torgu

interoolated model si:z

procauction vaive siz2

2X1S
3xX13
!

- N " » { £
. detu In 1sc centzr (see Fiqure 2)

T Setween shaft axis ang dipe2 run cent>riine

1ans 1n inches




§.1.2 Tests With An Upstream Elbow

One element of piping system which has an effect on the
aerodynamic torque of butterfly valves is a turn which may
occur with an elbow or a tee. Since numerous types of elbows
(short and long radius, reducing, mitered, etc.) may exist
in a particular piping system, it was necessary to determine
a worst case condition for testing. It was determined use of
a mitered elbow wovld be a worst case and that this configu-
ration had applicability to flow through tees also.

The witered elbow produces the greatest separated flow
region at the inside of the turn and biases the flow to the
outside corner to a maximum. Flow around the corner produces
a lower locai pressur>® around the inside of the turn and higher
local pressure to the outside. This will oppose closure for
geometry 1 (see Figure 12 ) and aid closure for geometry 2
when the disc is in the full open position.

Based on these considerations, models of a 12", 24", and
48" valve (per Table 5) were tested for torque characteristics.
A1l valve mocdels were tested for geometries 1, 2, and 3 at 2
diameters downstream from the mitered elbow. In addition, the
12" model was tested at 4 and 8 diameters downstream. The test
showed the greatest variation of torque from that obtained for
straight-line flow occurred at 2 diameters downstream from the
elbow. Differences due 1o valve orientation were small at 4
diameters downstream and were just detectable at 8 diameters

downstream,




For the subject job, valves are fnstalled 10 diameters or

more from an elbow during LOCA conditions. Further, the pipe for

the installed configuration is tapered from a 20" diameter to an
8" diameter pipeline by means of a concentric reducer instalied
just before the valve. Thus, any turbulance upstream that may
affect the torque characteristics of the unit will be eliminated
by the flow converging thru the reducer. (See Figure 13 )

Using a straight 1ine pipe configuration to model the valves in
the as-installed configuration, then, would be considered a

good model.
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§.1.3 Downstream Piping Effects

In various tests described in this section, it was necessary

to provide downstrcam piping to discharge the flow. In the
conduct of these tests the effects of downstream piping were
noted several times. In the straight line tests, a downstream
valve was installed to vary back pressu-e. Any incresse in back
pressure lowered the torgue values. In the elbos tests an elbow
was installed 20 or more diameters downstream. It showed that
for the 24" and 48" models in the full open position, the down-
stream piping would choke before the valve model. This prevented
any substantial increase in pressure differential across the
valve model even with large increases in upstream pressure, thus
the torgque was limited. From the piping layouts nrovided down-
stream, piping would provide some degree of back pressure making
the assumption of atmospheric pressure downstream used for calcu-

lation of torques conservative.




.2 Model Data Verification

A test of a full size 12" valve was run at Vought's High

Speed Wind Tunnel in Dallas, Texas (see reference 7.08B-1) o
demonstrate operability and substantiate mcdel test data.
The tests demonstrated the valve would operate in the required

S second period. It further showed that torque values were

less than predicted from model data. The valve used for the

test incorporated a one piece thru shaft design while the model
had a two piece shaft. Te verify the torque effect due to this
change, another test was made (data not put into a formal report
form) in which a 2 piece shaft was installed in place of the

thru shaft. The test was made with the disc held in a station-
ary position by a manual worm gear type actuator. The result was
that the peak torgque was the same for both the one and two pisce
shaft design. The only difference was that the two piece shaft
design showed a peak torque closer (by 5 to 10 degreec) to the
full open position. A test was also run with the one piece shaft
design with the disc held in a stationary position. This was
done to provi‘e direct correlation with the model tests which
were done in this manner. It also allowed a comparison to the
torques measured during the dynamic test with the shaft connected
to the oneumatic actuator. A summary of the operability tes

-
' -y ~

is included in Appendix B.




5.3 Application of Model Aerodynamic Test To Full Size Vvalve
Operability

§.3.1 Valve Operating Times Expected In Service

A1l valves are designed to close within 5 seconds for flow
conditions produced by the maximum differential pressure of 56 PSIG
when 100 PSIG fis released from the actuator air cylinder. The valves
will close under these installed conditions due to the fact that the
operater output torgue (spring torque) and the valve aerodynamic
torque are tending to closc the valve at all disc angles for LOCA
conditions. (See Table 2_and Tables 10 & 11.) While not required for
LOCA, to open the valve under the above conditions, 6120 in-1b of
torque is required to crack the disc off the seat, and 5556 in-1b
max is required to hold the valve disc open. (See Table_7_)
The air torque of the actuator (valve open direction) is rated
at 9055 in-1b @ 80 pS1G, and therefore is more than adequate for
the required worst case operating conditions.

In the Vought Test (Reference 7.0-8 ) closing times

were shown to improve slightly with flow through the valve. The
conduct of the test would suggest that opening times in actual
service might be retarded about .3 to § geconds and closing times
might be jmproved by the same amount under maximum differential

pressure conditions relative to the Cic wench test data.



§.3.2 Aerodynamic Torques And Mass Flow Rates For Valves As-
Installed

As described in Section 5.1, torques from straight line model

tests can be used to predict full size valve torques by p3 scaling.

Tables_7_ thru_9 present torque and other data for the subject
valves at various operating conditions. The item of concern for
valve operability is TQ (for normal operating conditions, open
cycle) and TQA (for maximum operating conditions, closing cycla).
A1l positive torque values tend to close the valve. The meanings
of the other listings can be found in 7.0 Reference C-1.

To obtain torgue conditions for the as installed valves a
judgement must be made as to what set of test data most nearly
represents the actual conditions. The eight valves for this job
are installed in series pairs approximate.y 2 pipe diameters apart
with the shaft side of the units facing upstream into the postulated
LOCA flow.

Model test simulating this two valve in series configuration,
as well as single valve tests, were run to determine the aero-
dynamic torque and mass flow rates for incompressible flow in
straight pipeline. (See Reference 7.0, c-2) The applicable con-
clusions that can be drawn from these model tests are:

1. Tne aerodynamic torque coefficient (see Reference 7.0. C-2

for definition of this term) for the downstream test

valve was a maximum when the upstream test valve was fully
open and produced the least obstruction to flow. This
maximum was less than the maximum torque coefficient of

similar single test valve experiments.




2.

The torque coefficient on the downstream test valve became
independent of the back pressure ratio as the upstream
valve-disc approached the fully closed position and was
relatively constant near zero for the experiments in

which the downstream valve-disc opening angle was larger
than the upstream valve-disc opening angle. The pressure
distribution on the downstream valve-disc approached a
constant value.

The torque coefficients for the upstream and downstream
test valves were generally independent of the spacing
between the test valves and the relative orientation.

The torque coefficient on the upstrzam test valve became
relatively constant and nearly zero as the downstrean test
valve approached the fully closed position for experiments
in which the upstream valve-disc opening angle was sub-
stantially greater than the downstream valve-disc opening
angle.

A modified torque coefficient was utilized for the up-
stream test valve based upon 2 local characteristic pressure
drop and was found to be nearly the same as the single test
valve torque coefficient for corresponding valve-disc open-
ing angles and back pressure ratios.

The maxinum value of the torque coefficient for either the
upstream or the downstream test valve was always less than
the maximum value decermined for the single test valve

case at the same back pressure ratioc.



The mass flowrate coefficient for the single test valve
experiments increased as the back pressure ratfo or valve-
disc opening angle increased, since each decreased the losses
due to the expansion process.

The mass flowrate coefficient for the two test valves in
series expe~iments was similar to the single test valve
values for the cases in which the valve-disc opening angle
for the single test valve was equal to the lesser of the
valve-disc opening angles for the two test valves in series.
An upstream valve-disc opening angle greater than 40°
resulted in mass flowrate coefficients for the two test
valves in series experiments which were consistently less
than the corresponding single test valve values.

The mass flowrate coefficient of the single test valve
experiments was improved by the addition of the second
test valve in those cases where the upstream valve-disc
opening angle was less than 40°, probably due to a change
in the effective flow area related to the expansion
processes.

Overall, the static pressure drop across the test section
has more of an influen’ e on the mass flowrate through the

test section than on the aercdynamic torque on the valve

discs.

The test valve spacing and orientation were found to have
negligible effects upon the mass flowrate coefficients for

the two test valves in series experiments.




13. The performance of the two test valve system generally was
strongly dependent upon the lesser of the two valve-disc
opening angles; thus if the two test valves in series were
operated independently, the control of the flow would
trans fer between the two test valves.

14. Immediate reduction of the mass flowrate, 1f desired,
would be achieved by operating the system such that the
downstream test valve approached the u''y closed position
in advance of the upstream test valve.

15. If a minimum torque was desired on both test valves during
the closing process, then the two test valves should be
closed simultaneously.

Although the experiments which investigated the torque char-
acteristics of the upstream test valve were limited, the results
were expected to be similar to the torque characteristics of the
single test valve experiments which operated under a variable back
pressure ratio. The presence of the downstream test valve was
expected to influence the per formance of the upstream test valve
by altering the pack pressure into which the upstream test valve
exhausts. The torque coefficients for the upstream test valve as
a function of the downstream valve-disc opening angle were run
(see Reference_7.0. c-2 ). The results include various upstream
valve-disc opening angles (a1 = a0°, 60°, and 80°), a back pressure
ratio of 0.33, ;nd test valve spacings of 20 and 4D. The torque
coefficients for the upstream test valve for all of the gxperiments

were equal or less than the corresponding values for the single

test valve experiments.

L E



In two of the as-installed pair of valves, a tee is piped in
between., The tee branch is a 4 inch diameter connection used for
nitrogen purging and the other ends are 8 inches in diameter for

mounting into the piping. From information provided by the Bechtel

Corporation, this 4 inch 1ine will not be used during LOCA con-

ditions. While the 4 inch branch will provide a static blocked
off opening in the main 8 inch pipeline, no adverse affects on
either the flow or the torque should occur as a result of this
opening.

In light of the above considerations, then,using the torque
coefficients for a single valve in a straight pipe run will be
conservative since the maximum value of the torque coefficent for
either the upstream or downstream valve in series is always less
than the maximum value determined for the single test valve case
at the same back pressure ratio.

The mass flow rate calculated for a single valve in a straight
pipe run will also be valid because the calculations will be based
on the valve disc opening angle equal to the lesser of the valve
disc opening angles for the two valves in series. The test valve
spacing and arientation were found to have negligible effects upon
the mass flow rate coefficients for the two test valve in series
experiments. For the normal operating pressure of 1.5 PSID, any
adverse torque or mass flow effects due to the valves being paired
in serie; are at worst negligible because the tests were con-

ducted at a much higher AP.




Tables 10 and 11 shew model test valve angle and actual valve

angle for the supplied units vs torque. There is a 10° di fference
between these due to the seat angle design differences explained F

in previous sections. It is reasonable to expect all angles over

20° to be a proper representation of the magnitude and direction of
torques. At 20° or below, the magnitudes may differ but the
direction is correctly indicated. Since peak torques occur in the

60 to 80° range, these low end torques are of no consequence.
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Figure 16 Two test valve water table experiments with an upstream
valve-disk opening angle of 80°, 2 downstream valve-disk
opening angle of 80°, Orientation 1, and a back pressure

ratio of 0.45.
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Figure 17 Two test yalve water table experiments with an upstream
valve-aisk openinu angle of 80°, a downstream valve-disk
opening angle of €0°, Orientation 1, and a back pressure
ratio of 0.45.
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valve-disk opening angle of 40°, a downstream valve-disk
opening angle of 80°, Orientation 1, and a back pressure

E Figure 19 Two test valve water table experiments with an upstream
ratio of 0.45.

FLOW

| =

Two test valve water table experiments with an upstream

Figure 20

valve-disk opening angle of 40°, a downstream valve-disk
opening angle of 60°, Orientation 1, and 2 back pressure

ratio of 0.45.
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TABLE 10 TABLE 11
Torque for as installed conditions for valves; Torque for as installed conditions for vaives;
AD-5035A, AD-50358, AD-5044A, AN-50448. A0D-5036A, AD-50368, A0-5042A, AD-50428.
A1l torques in in-1b: (Positive torque tends A1l torques in in-1b: (Positive torque tends
to close valve) to close valve, negative torque tends to open valve.)
MODEL MODEL
157 ACTUAL TOROUE FOR TEST ACTUAL TORQUE FOR
VA VE VALVE INSTALLED CONDITION VALVE VALVE INSTALLED CONDITION
ANGLE ANGLE NORMAL * MAX TMUM* * ANGLE ANGLE NORMAL* MAX IMUM**
80 90 73 2477 80 90 -34 2477
70 80 130 4476 70 80 -61 4476
60 70 164 5410 60 70 -79 5410
50 60 177 5556 50 60 -89 £556
40 50 173 5180 40 50 -93 5180
30 40 158 4572 30 40 -93 4572
20 30 142 4030 20 30 -89 4030
10 20 137 3848 10 20 -84 3848
*At 1.5 PSID *At 1.5 PSID
**At 56 PSID **At 56 PSID




5.3.3 Conclusions Concerning yalve Operability

For a LOCA condition it can be seen in Tables 10811 that torgques
for the subject valves are positive (closing) torques for all disc
positions. For these valves, any flow condition from none to
maximum, in combination with the timed bench tests show the valve
will close within 5 seconds or less. As shown in Section 5.3.1,
the valves will operate in both the open and closed directions under
fully developed LOCA parameters.

For the presented data and supplemental test reports, it
has been shown that the valves will operate as designed under the
prescribed conditions. This has been shown using the conservative
assumption of no credit taken for pressure ramp in containment and
no credit taken for back pressure due to downstream piping.

The critical elements of the valve, except for the dowel pin
and keys, were shown to be well within code limits for a design
seating torque of 9056 in 1b. per the torque data submitted and
summarized in Table_2 . Torque values to the keys couid reach
11,032 in.1bs. The keys are sized based on a minimum tensile
strength of 85,00u PSI at 350°F (actual tests for typical material
show 100,000 PSI yield at room temperature), a shear value of 60%
of tensile ana a 3.0 or better safety factor for internal keys
(actuator key has 2.5 safety factor). For the subject valves with
a shear area of 1.69 sq. in. for the disc keys and 1.125 for the
actuator key, the following stress values result.

Ear key stress = 8703 PSI Actuator key = 13,074 PSI




The dowel pin is designed only to resist shaft erd pressure 1oad.
The resultant dowel pin stress for 56 PSIG internal valve pressure
"

Dowel pin stress = 1135 PSI

The dowel pin is made of alloy steel with a minimum tensile strength

of 110,000 PSI. For the shaft the maximum stress for the given
torque s within code limits (See References_7.0, Al,2)
5.3.4 NRC 21 Questions

Clow has pursued an extensive program to demonstrate
operability of purge and vent valves in accord with HRC Guidelines.
Since every installation is unique, Clow's basic approach is to
use a combination of test and analysis data. The following pages
give an item by jtem response to the 21 point (less 2) list of
considerations isc.:d by the NRC to utilities. These responses
include descriptions of such tests. A copy of the NRC questions
responded to in this paper is attached (Appendix A).

1. The iP across the valve is determined from the customer's
spec and/or data cheet. Clow assumes downstream pressure
is atmospheric although it may, in fact, be higher.
Dynamic torque coefficients were developed based on scale
models of a 12", 24", 48", and 96" valve. These were
shown to D€ conservative by a test of a full scale 12"
valve. Further, model tests were performed for an up-
stream mitered elbow for 12", 24", and 48" models and for
2 valves in series using the 24" models. For actual pro-

duction valve disc shapes are identical or only




slightly different. A1l differences. although small, are . )
fully documented. (Section 5.1, 5.2, 5.3) )
3. Installation effects were accounted for in all cases, but down-
stream piping back pressure was not, since this produces a more y-f;
conservative calculation. (Section 5.1.3) o '?;,;%f

4. Clow does not consider containment pressure response profile.

CIog assumes signal may be delayed until full containment . ,‘;i
pressure 1s reached, then the valve will be called upon to . }iﬁé?{%
close. Time lag for equipment response is not considered by ~:#§§;§}
Clow since this is the responsibility of the buyer. Clow does “%%E%Z
however, record test lag time as part of unit bench testing. S
(Section 1.2.C. 5.3.1, 5.3.3) ,'_
® . §. Valve angle and predicted aP for choking across the valve is o i

5 presented, however due to piping considerations, some degree
of question as to their validity to actual operation is present.
The maximun 3P for all angles. (Section 5.3.2)
6. Codes used, allowed stresses, and predicted stresses are pre- P
sented in the Code Design Report and/or Seismic Analysis Report(s). '
Load combinations are Jescribed in these reports. The valve

fs analyzed by finite element techniques. (Section 4.0)



10.

11.
12.

13.

14,
15
16.

Unless indicatad to Clow in the customer spec, no back

pressure is considered. When back pressure requirements
are specified, Clow considers it and incorporates it as
part of the unit bench test.

Clow to date has not used accumulators for valves used

in containment isolation system service.

NA to Clow design.

Units are not modified to limit the travel angle, except

by actuator stops or limit switch settings. Such settings
are made to limit travel of the disc to being parallel

with the pipe centerline. Clow's rcport shows, from the
test data base and bench tests of each unit, that suffi-
cient torque is available to close and seat the valve
against all flow induced loads. Since Clow's seat/seal
design is conical, no special considerations for low

heat temperature is required. (See Section 5.3.1, 5.3.2)
Clow selects operators for each unit with maximum operating
torques much larger than that produced by flow interaction
with the disc. (See Section 5.3.1)

Not applicable to air operators.

Not applicable to air operators.

Not applicable to air operators. Hhere a manual jack

screw is provided, the unit is tagged indicating the full :
disengagement length of the screw. No automatic features are
provided to insure disengagement. Proper operation is the

responsibility of the user.
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17.

18.

19.

20.

21.

Page 77

The valve, being of all metal construction except tfor
packings, seal laminations, and gaskets, will not degrade
under the required environmental conditions. Metal
components are generally accepted in the industry as
suitable for the required environmental conditions. Tests
at both high and low temperatures have been performed by
Gebruder Adams of Bokum, West Germany for the subject
seal/seat design. Seismic considerations are covered by
both analysis and previous static load tests. (See
Section 1.2, Section 6.0, Section 7.0 A,B).

A1l operators and solenoid valves installed by Clow

are qualified to appropriate IEEE requirements by testing.
(See Section 2.2.2, 2.2.3).

A1l tests are summarized in the supplied qualification
report and are documented by separate test reports.

(See Section 7.0)

Assumptions and the basis for use of analysis combined
with test data are presented in the report. (A11 Sections)
Clow provides operation and maintenance manuals describing
required maintenance intervals (typically replacement at

least every 5 years on all elastomers).



6.0 VALVE SEALING CHARACTERISTICS
6.1 Normal Sealing
The following chart shows the sealing ability of the valves
as they were shop tested for record. The tests were performed with
pressure on the indicated side of the disc and the opposite side

open to atmosphere. The normal recommended flow direction for

these valves is with pressure on the shaft side, so when pressure

is applied to the clamp ring side, it is considered to be the
reverse flow direction. During this test, the air under water

method was used to indicate leakage.
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Table 12
VALVE SEALING CHARACTERISTICS

VALVE
MARY NO.

VALYVE
SI1Zt
(1n.)

PSIG

PRESSURTZED SIDE

TEST PRESSURE SHAFT
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RING
S1D¢g
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5
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25
5

Y
X
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25

> ¢ >

> > >
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8-HBB-BF-
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5
56
25
5
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25
5
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AD-5042A
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25
5
56
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5

€ >€ >

8-HBE-BF-
AD-50428
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25
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2 >

OOOGOOOOOOOOOOOOQOOOO;\IOOOQ
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~
w

8-HBB-BF-
A0-50438

€ 3¢ >

> € >

wn

8-HBB-BF-
A0-50424

>

> 2 D&

o000 |hvooooolo:

'
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6.2 Long Term Sealing

The conical seal/seat design of the Tricentric valve in

combination with the laminated metal/asbhestos seal offers good

long term sealing characteristics. When the seal and seat are
machined a certain surface finish is obtained. With this finish
certain leak rates are obtained during a bench test (see 6.1).
On a microscopic scale these surfaces contain peaks and valleys.
When the disc is seated, these surfaces mate and high local
(above yield, stresses are induced at the peaks. The peaks will
yield and deform and form a match between the seat and seal.

As the valve is cycled throughout its life, this match tends to
imgrove and a visual seating pattern appears. This results n
improved sealing as the valve ages.

This has been verified by experience and is documented in
the Shell International Cycling Test (Reference 7.0 D-3). This
test was performed by Gebruder Adams of Bochum, West Germany.
Clow's Engineered Products Division produces the Tricentric
design under license of Gebruder Adams. The test showed
sealing improved continuously up toO 41,000 cyclizs, the limit

of the test

- .




6.3 Debris Effects On Sealing

A test was performed to determine the effect on sealing
capability of a Tricentric valve if a foreign object became
trapped between the seat and seal. As with any valve, if the
object is large enough and hard enough and happens to be caught
between the sealing surfaces, the valve will fail to close
completely and the valve will leak. Leakage will be dependent
on the size and shape of the object and open gap size which
remains when the valve does not fully close. Since no stand-
ards as to debris size exist, the test made determined leakage
due to object damage after the object was removed. For in plant
operation this would represent leakage after recycling of the
valve if the object was blown out of the way during recycling.

The object selected was a cooling tray liner used in the
petrochemical industry. It's dimensions were approximately
1/8" x 1" x 6" and was a filled polyvinyl chloride plastic of
80 shore D hardness. The valve was closed upon this material,
opened to remove the material, then closed again to measure
leakage. Depending on the applied seating torgue, a leakage
of .015 SCFM to .333 SCFM was measured. This test showed the
valve could tolerate some large debris and still maintain a
relatively low leakage even with a damaged seal (See reference

7.0 D-2.)
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6.4 Sealing Under Temperature Variations

The Tricentric design has been used successfully for
sealing applications from cryogenic to 900°F. The Shell
International Cycling Test describes sealing characteristics
for a media operating temperature of 842°F when the body
reached a temperature of 716°F.

The Tricentric conical seal/seat design lends itself
well to accommodating temperature changes in the body and
resultant size variation of the sealing components. Due to
the torque seating design and some seal flexibility, the valve
will self adjust to the small dimensional variations which
could be anticipated for the subject valves. Of course, if
large thermal gradients (very unlikely from information
provided to Clow) existed around the body circumference higher
levels of leakage could be expected. Again no standards exist

to the knowledge of Clow personnel which could become a basis

for prediction or a test of such leakage.
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BRANCH TECHNICAL POSITION CSB 6-4 *
CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS

BACKGROUND

This branch technical position pertains to system lines which
can provide an open path from the containment to the environs
during normal plant operation; e.g., the purge and vent lines of
the containment purge system. It supplements the position taken
in SRP section 6.2.4.

While the containment purge system provides plant operational
flexibility, its design must consider the importance of mini-
mizing the release of containment atmosphere to the environs
following a postulated loss-of-coolant accident. Therefore, plant
designs must not rely on its use on a routine basis.

The need for purging has not always been anticipated in the
design of plants, and therefore, design criteria for the contain-
ment purge system have not been fully developed. The purging
experience at operating plants varies considerably from plant to
plant. Some plants do not purge during reactor operation, some
purge intermittently for short periods and some purge continuously.

The containment purge system has been used in a variety of
ways, for example, to alleviate certain operational problems,

Such as excess air leakage into the containrept from pneu=atic
controliers, for reducing the airtorne activity within the contain-
ment to facilitate personnel access during reactor power operation,

*tote: This paper i retyped for legidility from paper suoplied
by 'RC.



and for controlling the containment pressure, temperature and
relative humidity. However, the purge and vent lines provide

an open path from the containment to the environs. Should a LOCA
occur during cﬁntainnont purging when the reactor is at power,
the calculated accident doses should be within 10 CFR 100 guide-
line values.

The sizing of the purge and vent lines in most plants has
been based on the need to control the containment atmosphere
during refueling operations. This need has resulted in very
large lines penetrating the containment (about 42 inches in
diameter). Since these lines are normally the on'y ones provided
that will permit some degree of control over the containment
atmosphere to facilitate personnel access, some plants have
used them for containment purging during normal plant operation.
Under such conditions, calculated accident doses could be signif-
fcant. Therefore, the use of these large containment purge and
vent lines should be restricted to cold shutdown conditions and
refueling crerations.

The design and use of the purge and vent lines should be based
on the premise of achieving acceptable calculated offsite radio-
logical consequences and assuring that emergency care cooling
(ECCS) effectiveness is not degraded by a reduction in the contain-
ment pressure.

Purze system designs that are acceptable for use on non-

routine dasis during normal plant operation can be achieved by
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providing additional purge and vent lines. The size of these
Tines should be limited such that in the event of a loss-o¢-
coolant accident, assuming the purge and vent valves are open anc
subsequently close, the radiological consequences calculated in
accordance with Regulatory Suides 1.3 and 1.4 would not exceed the
10 CFR 100 guideline values. Also, the maximum tir: for valve
closure should not exceed five seconds to assure that the purge
and vent valves would be closed before the onset of fuel failures
following a LOCA.

The size of the purge and vent lines should be about eight
inches in diameter for PWR plants. This line size may be overly
conservative from a radiological viewpoint for the Mark II1 2.2
plants and the HTGR plants because of containment and/or core
design features. Therefore, larger line sizes may be justified.
However, for any proposed line size, the applicant must ceron-
strate that the radiological consequences following a loss-of-
coolant accident would be within 10 CFR 100 guideline values.

In summary, the acceptability of a specific line size is a
function of the site meteorology, containment design, and rad.o-

logical source term for the reactor type; e.g., BUR, PHR or “TGR.

BRatcy TECWMICAL POSITION

The system used to purge the containment for the reactsr
operatisnal moces of power operation, startup. hot stanctv and
hot shuticun; i.e., the on-line purje system, should be indecen-

dent of the purnqe system used for the reactor operation modes of

cold shut‘own and refueling,




1. The on-1ine purge system should be designed in accordance with

the following criteria:

Vi y

a. The performance and reliability of the purge system

isolation valves should be consistent with the oper-

ability assurance program outlined in MES Branch Technica

Position MEB-2, Pump and Valve Operability Assurance

; Program. (Also see SRP Section
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up to and during valve closure
:
b. The number of purge and vent lines that may be used should
be 1imited to one purge line and one vent line
€. The size of the purge and vent lines sh 4 not exceed
‘ about eight inches in diameter unless detailed justifi-
cation for larger line sizes is provided
d The containment isolation provisions for the purge system
lines should meet the standards appropriate to engineered
1 safety f Jres; e.e., quality, redundancy, reliability
and other appropriate criteria
€ TF nstrumentation and ntr system r ded to 3t
e “1ver irameter , cont r t oressur 3 *
. . —_ - antainment {iation .
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f. Purge system isolation valve closure times, including

instrumentation delays, should not exceed five seconds.

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

The purge system should not be relied on for temperature

and humidity control within the containment.

Provisions should be made to minimize the need for purcing

of the containment by installing containment atmosphere

cleanup systems within the containment.

Provisions should be made for testing the availability of

the isolation function and leakage rate of the isolation

valves, individually, during reactor operation.

The following analyses should be performed to justify the

containment purge system.

a. An analysis of the radiological consequences of a loss-
of-coolant accident. An analysis should be done for a
spectrun of break sizes, and the instrumentation and
setooints that will actuatz the vent and purge valves
closed should be specified. The source term used in the
radiolegical calculations shouid be based on a calcul-
ation under the terms of Anpencix ¥ to determine the
extent of a failure and the concomitant release of
fission products, and the fission nroduct activity in

the primary coolant. A pre-existing ioldine spite 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 should be assumed to be released
through the open purge valves during the maximum interval
required for valve closure. The radiological conseq-
uences should be within 10 CFR 100 guideline values.

An analysis which demonstrates the acceptability of the
provisions made to protect structures and safety-related
equipment; e.g., fans, filters and ducting located beyonc
the purge system isolation valves against loss of function
to control the environment created by the escaping air
and steam.

An analysis of the reduction in the containment pressure
resulting from the partial loss of containment 2tmospnere
during the accident for ECCS backpressure determination.
The allowable leak rates of the purge and vent isolation
valves should be specified for the spectrum of design
basis pressures and flows ajainst which the valves myss

close.
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GUICELINES FOR DEMONSTRATION OF OPERABILITY OF PURGE AND VENT VALVES
QPERASILITY

In order to establish operability it must be shown tha: the
valve actuator's torque capability has sufficient margin to over-

come or resist the torques and/or forces (i.e., fluid dynanic,

bearing, seating, friction) that resist closure wnen stroking

from the initial open position to full seated (bubbdble tight) in

the time limit specified. This should be nredicted on the pressure(s)
established in the containment following a design basis LOCA.
Considerations which should be addressed in assuring valve desiin
adeguacy include:

1. Valve closure rate versus time - i.e., constant rate
or other.

2. Flew direction through valve; 4P across valve.

3. Singie valve closure (inside containment or outsice
containment valve) or simultanecus closure. Estadlish
worst case.

4. Containment back pressure effect on closing torgue margins
of air operated valve which vent pilot air inside contzin-
ment.

5. Adequacy of accunulator (when used) sizing and initial
charce for valve closure reguirements.

€. For valve operators using torque limiting Jdevices - are
the settings of the devices compatibie with the torques
required %0 operate the valve during the design Mas:is

condition.



7. The effect of the piping system (turns, branches) up-

stream and downstream of all valve installations.
8. The effect of butterfly valve disc and shaft orientation
to the fluid mixture egressing fr~m containment.

DEMOISTRATION

Demonstration of the various aspects of operability of purge
and vent valves may be by analysis, bench testing, insitu testing
or a combination of these means.

Purge and vent valve structural elements (valve/actuater
assembly) must be evaluated to have sufficient stress margins 0
withstand loads impcsed while valve closes during a design basis
accident. Torsional shear, shear, bending, tension and compression
loads/stresses should be considered. Seismic loadings shouid be
addressec.

Once valve closure and structural integrity are assurec Dy
analysis, testing or a suitable comdbination, 2 determinaticn of
the sealing integrity after closure and long term exposure to the
containment environment should be evaluated. Emohasis should be
directed at the effect of radiation and of the containment spray
chemical solutions on seal material. Other aspects such as the

effec: on sealing frem cutsice ambient temperatures and deoris

“wy

should Se consilares.
The fallgwing censidarations apoly when testing is chisen

as 3 rean: for 2smonstrating valve operadility:
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Bench Testinag

A. Bench testing can be used to demonstrate suitability of the
in-service valve by reason of its tracibility in desion to

a test valve. The following factors should be considered

when qualifying valves through bench testing.

1. Hhether a valve was qualified by testing of an identical
valve assenbly or by extrapolation of data from a
similarly designed valve.

2. Whether measures were taken to assure that piping up-
stream and downstream and valve orientation are simulated.

3. Whether the following load and environmental factcrs were
considered

Simulation of LOCA
Seismic loading
Temperature soak
Radiation exposure

Chemical exposure
Debris

e ey kit e e S nm —— Sy i-..‘ L]

T anNn on

B. Bench testing of installed valves to demonstrate the suitability
of the specific valve to perform its required function during
the postulated design basis accident is acceptable.

1. The factcrs listed in items A.2 and A.3 should be consideres
when taking this approach.

L |

In-Sisy Testing

In-situ testing of purqe and vent valves may be perfor-ec %2

confirn the suitadility of the valve under actual conditions.
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CLARIFICATION CF SEPT. 27 LETTER TO LICENSEES REGARDING *

DEMONSTRATION OF OPERABILITY OF PURGE AND VENT VALVES

1.

The 3P across the valve is in part predicated on the contain-
ment pressure and gas density conditions. What were the
containment conditions used to determine the :P's across

the valve at the incremental angle positions during the
closure cycle?

Were the dynamic torque coefficients used for the deter-
mination of torques develcped, based on data resulting frem
actual flow tests conducted on the particular disc shape/
design/size? What was the basis used to predict torgues
deveioped in valve sizes different (especially larger valves)
than the sizes known to have undergone flow tests?

Were installation effects accounted for in the determination
of dynamic torques developed? Dynamic torgues are knoun %0
be affected for example, by flow direction through valves
with off-set discs, by downstream piping backpressure, by
shaft orientation relative to elbows, etc. What was the basis
(test data or other) used to predict dynamic torques for the
particular valve installation?

When cemparing the containment pressure response profile
against the valve position at a given instant of time, was
the valve closure rate vs. time (i.e. contitant or other)
taken into aciaunt? For air operatod valves equipped w~ith

spring return operators, has the lag time from the time the

* flote: This paoer is ret,ped for legidility from paper suprliad

by “RC.
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was performed at Vought Corn., Dallas, Texas. on

, 1981, to demonstrate operability of a 12 inch

Tricentric valve for flow and load
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from exceeding one atmospnere. Upstream of the stagnatien
Chamber there were several servo-controlled valves used to
maintain a constant pressure in the chamber. Air to this
system was suoplied from Vought's 28,000 cubic feet air storsae

tanks. The tanks were pressurized to 600 psig with the servo

valves used to maintain a pressure of 6

wun

psig at the stagnation

Chamber upstream of the valve. Hydraulic load cylinders were

a
"
[

provi

.
.

0 produce an 11.0 g load in two perpendirular

directions through the valve actuator center of gravity.
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VALVE AND ACTUATOR DESIGHN PARAMETERS -

The valve tested was designed for a differential operating

pressure of 65 psi and combined operating and seismic loads
11.9 g's. The seal was of laminated 316 SST and asbestos.
The body design was 150 Ib. class per ANSI

used for transmitting torque to close and sea)

a8 17-4 PH age hardenable stainless steel, heat

condition H-1100. The acty \ Betti

pneumatic spring return acty . The actuator was of a
Closed design with the spring supplying the closing

torque (Note: Tricentric valves are designed for tc

seating). The actuator was qualified f
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RESULTS OF TESTS -
The tests demonstrated the following:
1. The Clow disc and shaft geometry provides for a
positive aerodynamic closing torque for all angles

from full open to full closed.

!
{
|
' 2. The aerodynamic torque values used for design of
the Clow valve are conservative relative to measured
I to'ques. (Design torques were based on previous 2°
scale model tests.)
' 3. The construction of the valve is rigid in its design
l such that no binding resulted under an 11.0 g load
applied in two directions simultaneously.
4. The valve will cycle from full open to full closed in
less than 5 seconds with any amount of flow fron
none to the maximum tested (108 1b/sec of air).
Any value of flow above zero tended to clcse the valve
faster (the valve closed in 3.6 sec. for a no flow

condition),

5. Operator sizing was sufficient tc cycle the valve

from full closed to full open in less than 5 seconds

for any tested flow rate.

CONCLUSION -
Clow has demonstrated that their nuclear purze valve design

can Teet anc exceed typical specifications for this type of

service. It was further shown that the valve will function is




required regardless of the LOCA pressure ramo curve
lower pressures upstream at start of
used by other valve manufacturers

conjunction with other tests i In progress

-
= >

bility under many installed piping configurations, Clow valves

can allow full open purge function during shutdown for refue
a4s opposed to the partially open position now allow

NRC Further, it has been shown that the Tricentric

tight leak rate requirements with a metal to metal

which is more reliable and less costly in maintenan

sealing with elastomers
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(2) Con't.
&

(5) valve disc keys (two of them) have dimensions of
3/8" square x 2 1/4" long. Yield strength is
75,000 PSI. Shear yield = (.6) tensile yield

= (.6)(75,000)
= 45,000 PSI

Shaft radius is .75" = R
Key shear area is 3/8" x 2" = .75 inz

Load to yield key is .75 in2 x 45,000 PSI = 33,750 1b.
33,750 1b. x .75" R = 25,300 in-1b = 2,100 ft-1b

for one key. For two keys, then 4,200 ft-1b would be
required to yield both keys.

The key in the actuator is 3/8 square x 3" long.

In a similar manner as above, 3.200 ft-1b is required
to yield actuator key in shear. '

Actuator output torque for valve seating is 756 ft-1b.

(6) Calculation to determine stress level in the valve
shaft to ear dowel pin:

Powel pin size: 3/8" dia. x 1" 19, =orm z21loy steel,
110,000 min tensile, 23-30 RC

Shear bearing area: Approximate by a circular area
For a circle, wmax = 4/3 ¢ average
F = displacing force on shaft = pressure x =/4 (shaft dia)2

thus F = = (1.5)2 x 285 PSI x 1.5 = 755 1b
4 (Cup) (Hydro)

tav =_F
0¢ =/4 (D = dowel pin dia.)

mmax = 16F _ _ 16(7235) .
32(0)¢  32(3/3)

= 9,115 PSI

tall = .6+all = 66,000 PSI

thus 9,115 (tmax)< 65,000 PSI (all) and loading
: on pin is acceptable.




(6)

Con't.

For items (1), (3), (4), and (7) of Section IV B of this
report, the analysis is covered in report PEI-TR-833700-1
by Patel Engineers. This report constitutes the "Design
Report" required by the code.
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REPLY TO BECHTEL COMMENTS ON DOCUMENT # OR-82-2733(N), REV. 0

COMMENT #1

I Design Code & Specifications
Refers to Section II - There is no Section II, unless the
following Section III is Section II.

Reply: This is an editorial error and will be corrected.

COMMENT #2
ITI-A Should co~rectly reference the Valve Drawing D-0741C

Reply: Correct reference to the valve drawing is reconciled in
Addendum I to DR-82-2739(N), Rev. 0.

COMMENT #3

V-A (1)a The thickness per ANSI B16.34 is exclusive of the
corrosion allowance of 0.080. The drawing shows a body

wall of .380". The design report states actual wall =
1.44",

The above must be reconciled.

Reply: Care must be taken in the interpretation of just what thése
numbers on the drawing are. Drawing D-0741C states that
the minimum thickness of the body wall with corrosion
allowance is .380". This is only the minimum. Due to the
nature of the design of the valve, the actual body wall on
the machining drawing comes out to be, conservatively, 1.44",
However, minimum body wall with corrosion allowance should
be .390" and not .380". This was an error. The arrangement
drawing will be changed accordingly.

COMMENT #4

V-A (2) The disc thickness specified on the drawing is .450
inclusive of corrosion allowance. The calculation shows
.520", The difference between the two must be reconciled.

Reply: The calculation does not show a thickness of .520". It
shows a calculated thickness of .370". .370" + C.A. is
450" which is reflected on the arrangement drawing. The
disc is machined at .520" for conservatism. The report is
correct.
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