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CERTIFICATION
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{

his 1s te certify that all valves (Equipment Ncs. [VROCGA,
IVROC6B, IVROO7A, IVRO(7B) have been evaluated for operability
under the.installed corditions indicated in supplied 1rawings
(M06-1111) and purchasing specifications (BA-K-2882-29).
The information contaired in this report is the result of complete
and carefully conducted analyses and to the best of cur knowiedge
i3 Lrue and courrect in 31l respects. The informatior presented

1 combinaticn with the supporting documents referencad, represents
a demonstrated qualific:tion of the subject valves to *he best of

our knowledge for the r:quired service application.

Paper written anc analyses by g’b% ‘{\&\9\-3_011‘ Q(L“(‘"JS‘

Steven 1. Nondat |
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Paae 1

The Nuciear Requlatory Commission has, since 1979, been
highly concerned abou: the operability of purge anc vent valves
during certain postulated occurrences. Their study in this area
has shown that many vilves were designed only to orerate under
normai flow requiremeits. For a postulated loss of coolant
accident, such valves may fail to close in the *time required .o
prevent discharge of vadioaclive gases to the outside environment.
Such a failure could . <ceed 10 CFR 100 guidelines ara present a
significant hazard to the health of persons in the area.

NRC Branch Technical Josition CSB 6-4 gives some eckground on
operations of purge a:d vent systems and basic requirements for
their design. For th2 valves used in such systems, further
quidelines are provid:d in "Guidelines for Demanstrition of
Cperability of Purge ind Vent Valves", which was provided to
nuclear plant operato*s by an NRC letter 1in September 1979,

This set of guideline: covers twenty-one points (less two) which
are to be addressed b’/ the plant operator. This pajer 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 accident,

This paper describes the desiqgn of both Clow's Tricentric
but:erfly'valve and the Bettis pneumatic actuator used to operate

the valve. [n addition, descriptions of various tests performed
the valve



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 8.0 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 deter-
mine the mass flow and aerodynamic torque characteristics
of the Tricentric butterfly valve design. Tests were per-
formed for 12", 24", 48", and 36" scale model valves
(scaled to 3" pipe size) in a straignt 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 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.

*Instrument Society of America
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the measurei data base to predict flow ard torque values
for full size valves in a straight run.

In the Spring of 1981, Clow personnc! met with repre-
sentatives >f the NRC to review the test program to that
point and t) obtain recommendations for additional testing.
As a result Clow and it's fluid dynamic consulcant set uﬁ
two additional prcqrams to determine how the aerodynamic
torque characteristics of the Tricentric valve varied with
installed pi)ying conditions. For such ccaditions effects
of both ups:ream and downstream piping elements (elbows,
tees, reduc:rs, etc.) were considered. from results of
backpressur: tests performed in the first set of exper-
iments and vater tabie studies previously done by Clow, it
was determiied that upstream piping alements would present
a worst cas: condition. Further, due to.the numerous types
of upstream elements (upstream elbows (mitered, 909, other
angles, sho-t radius, long radius), tees, reducers), a
worst case iad to be selected for evaluation. A 902 mitered
elbow was s:lected 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 develgped to obtain information
about the effect on each other of two valves in series

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




that each erparinent required an increasing amount of teés:
combinatiors, the experiments were done in a phased approach.

The up:trcam elbow tests were performed first for a
scale model of a 12" valve in 3 orientatiuns relative to
the elbow aid at 3 spacings (2, 4, & 8 diameters) from the
elbow. Frou the results a worst case was determined to
occur at 2 liameters. Thus a scale model of the 24" and
48" were te: ted on[y at 2 diameters. llpstream elhow effects
diminished cignificantly at 4 diameters and were barely
detectable % 8 diameters.

From t'iese results, the two valves i1 series tests
were restri.ted to spacings of 2 and 4 dimeters. As in
the elbow e«periments, the worst case occirred at 2 dia-
meters and it 4 diameters the results approached those for
the single ‘alve experiments,

To subitantiate the model tests and show the validity
of scaling :he model data to full size valves, Clow per=
formed a ch ked flow operational test of 1 full size 12"
valve with | pneumatic spring return actu:tor at Vought
Corp., Dall:s, Texas, in November of 1981 (see Appendix B
for a basic description). The test showed that the valve
would operate under the choked flow tast conditions, that
mass flows were as predicted, and that use of the CVAP
'proqram to predict torques was a conservative method
(peak measured torque was approximately 657 of that pre-

dicted). The test also incorporated a static 11.0 g load
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to the actuator simulating a severe seismic/aero

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 isolation service by

a combination of tests and analysis. The following items

are considered and covered in this and supplemental reports.

A. Environmental
A1l portions of the Clow Tricentric are of com-
pletely 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
(Styrene-Butadiene Rubber) binder which may
degrade under radiation. Further, the asbestos
laminations are shielded by the SST laminations
and disc components. Although the asbestos may
become embrittled on the periphery, the valve will
still perform its sealing function (see Radiation

Sensitivity Analysis Report Wyle 17629-01).

®
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The packings will perform their function under the
required environment as long as 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. (See Bettis Nuclear Qualification Test Report
37274 Rev. A Patel Report PEI-TR-852201-02) ®
Structural (For Seismic and Other Loadings)

Clow provides for each valve design a finite element
analysis of the valve structure an< hand calculations
of selected components. These analyses show the valve
to be constructed within ASME Section 11l requirements
and that elements not covered by the code are designed
with adequate safety margin. Analyses can be found

in the code required Design Report (Clow DR-83-2462(N)),
and the Structural Analysis Reports (PEI-TR-852400-1

and PEI-TR-833600-1 Rev. A). The elements considered
by these reports include:

1. Valve body
Valve disc

Valve disc shaft

oW

Valve disc shaft connection

a. Disc ear

b. Orive keys

¢. Dowel pin (retains shaft from static

end load due to fluid pressure)



w

ctuagtor mounting structyre
a. Adaptor flange
b. Bolting
Actuators -and instruments mounted on the
actuators cre qualified c<eparately by the
manufacturer by general test results.
Operability Under Flow
Operibility under maximum flow conditionc ic based on
a corbinaticn of a bench test of each unit (timed
test «ith no flow) and analysis of the torque
charicteristics. The bench test snows the closing
cyclz time when no aerodynamic torque is imnosed.
This data combined with conservative (see assumptions
belcw) calculations of the aerodyramic toryue is used
Lo show the valve will close in tta required time,
Bench tests of actuators and valve assemblies include
operition during worst case conditions (minimum voltage,
air supply, or maximum back pressire for pneumatic
actuitors if applicable).
The following method is used to show operability:
1. Determine no flow worst case operating time
from bench tests.
2. Using Clow program CVAP calculate aero-

dynamic torques for straight pipe conditions.
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based on the installed 'from buyer prints)
or a wors® case upstrean piping condition
using the mitered elbow or two valves in

series test data.

Determine predicted torjue values for all

disc angles based on 2 und 3 above.

Rrovide tabulation or plint af actuator

output torque for all actuator angles.

Show that actuator outp. . provides suffic-

fent maryin to overcome aerodynamic and

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

From the above data, actuator type, an;

Vought full size test v.lve data, project

a closing rate under th: conditions analyzed

above.

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

a. Containment pressur: is at a maximum
value and full flow is developed before
valve starts to close,

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

ment it was noted that downstream
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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 worst 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 CYAP
program. (I.E. most conservative data samples) (:)
e. Scaling of torques to larger size valves
by the 03 method was shown to be conser-
vative by the Vought Test.
The net reéult 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.



.1 Valve Design
.1.1  Geometry
The Tricentric 'alve uses a geometry that is inique not only

to purge valves but ‘o butterfly valves in eneral. This feature
J 9

gives the Tricentric functional characteristics wh ch are

desirable in purge valve app}icaticns. Thry use or a conical
sealing surface, with the cone axis offseat from the pipe axis

and a rotation point ialected so that it is offset ‘rom both

the pipe axis and the seal plane, a metal to metal seal can be
obtained (Figure 1 ), The sealing is a resul: of normal forces
acting between the sealing surfaces rather than se ling due to
surface interference typical of other butter®ly va ves with
elastomeric seals.

One of the nalcr advantages of the conical se.l design is
that it provides a ncn-jamming action., This characteristic
results from controlling the cone angle so the ang e of friction
of the material is erceeded. This has been pre.*n in actual
tests similar to the test described here:

A 20-inch Tricentric wafer valve was closed by
applying 20,000 in.1bs. of seating torque. Then the

unseating torque was measured. This was repeated 3

times to determine an average value for the unseating
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The operation o* the Tricentric valve is extramely simple
since there are only « moving parts, the disc assemdly 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
operaiing range of 90 cegress. (Zero degrees being fully closed
and 50 degrees fully ocen). .Thern are saven different torgues
af importance that the valve will encounter dependirg sn the disc
position or change in position required, if any. Tre valve shaft
must be designed to withstand the worst case combin tion of these
operating torques wittout baing overstressed. Thes iorques are
described in a random sequence since they may occur in different
sequences during actu:! valve operation.

1. Bearing friction torque is the recult of *he flow or

pressure forces acting on the disc which are ransmitted

to the bearing through the shaft which suppor:s the disc.

The bearing friction torque is proportional t, these forces

acting on the disc and the coefficient-of fri :tion between

the shaft and the bearing materials. Bearing friction
torque must be overcome anytime the disc is required to
change position.

Z. Packing or seal friction torque is the rosult of the

norﬁﬁ] forces the packing exerts on the shaft. These normal
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ces are
valve pressure. The packing gland force is required to
effect a shaft eal. The packing friction torgue is also
dependent on th. coefficient of friction betwzen the packing
and the shaft m terial. Packing friction torjue must also
be overcome wher the disc is required to chan;ie positions.
.3. PAll (Pressure Area Method) torque is the torque produced
by the differantial pressure acting on the uncuual areas of
ither side of the eccentric shaft centerline (Fig. 3)
The PAM torque ic therefore dependent on the ralve size,
shaft eccentricity and the differential press.ire,
Depending on which side of the disc the pressire is applied,
the PAM torque ray aid seating or unseating o° the valve disc.
4, Seating torque is the amount of torque r:quired to
develop the norral iorces between the 525% ani
a tight closure. Seating torque is dependent an the sealing
materials, seal thickness, valve geometry, va ve size,
differential pressure and leakage requirements. As seen in
Fig. 3, as the valve is sgated by applying a .losing moment
T1» the normal forces Ry will increase. Since the seal
angle varies arocund the seal circumference, Ry also varies,
thus the point wher2 Ry is a minimum must be loaded
sufficiently to effect a seal. Seaiinq characteristics will
be ghrther discussed in the section under Yalve Sealing

Characteristics (Section 7.0).
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. DISC AXIS - l(- CNE AXIS

Ty = Closiiy torgue applied by actuator
P = Force equivalent to disc pressure loadin¢
Ry = Normal seat reaction force due to torque application
Rt = Tangential seat reaction force due to disc moticn (friction)
e | TNID —A?’“'_f‘ ~ v -
DISC WITH CLOSING FORCES APPLIED

~ TN 3
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5. Unseating torque is the torque required :0 move the
seal out of contact with the seat. Unseating torque is

bl

also dependent on the sealing materials, seal thickness,
valve geometry, valve size, differential pres;ure, and
alsc the seatinc torque. As described in the section
under Valve Desijn, when no pressure was appl ed to the
valve, the unseating torque was small relative to the
applied seating fsrquel However, when pressure is applied
to the shaft sida2 sf.the disc, not only does ‘he normal
force (Ry) increase but also the frictional force (R7)
which resists op2ning. Thic increase in frictional force
may exceed the FAM torque. Thus an actuator s selected
to provide an oLtput torque greater than PAM arque.

6. Weight offset torque is the result of th. C.G* of the
disc tceing displicad from the rotation noint. The weight
offset torque is proportional to the disc weicnt, shaft
eccentricity, disc position, and the valve in *tallation
position. On small size valves the weight of ‘set torque
is generally an insignificant amount s{nce the disc weight
is so small.

T Fluid aerodynamic torque is the torque due to inter-
action of the flowing media with the valve disc. This is

covered in detail in Section 5.0.

s

* Center of Gravity



As sean in the

the running torque wa. approximately 1000 in.1bs. a: shown

in Fig. 8 Run 1 and F 3. 15 Run 8,with no flow through the valve.

This running torque i a combination of bearing, pa:king, and
weight offset torque ‘ralues. The unseating torque may also be
seen, which was appro:imately 1500 in.-1bs. when a ieating torgue
cf approximately 18,00 in.dbs. was used to close tie valve with
2 80 psig air supply to the actuator.
2.2 Actuator Design
2.2.1 Geometry

The basic actuator 1is 3 device by which air ‘ressure
is converted to thrus: through a linear cylinder ani then converted
to a rotary (90°) mot on through the use of a "Scot:h-Yoke".
This device has a torue output at the beginning ani end of its
stroke, commonly refe ‘0 as breaking torque, thit is approx-
imately twice the magnitude of the torque at the center
of its stroke, referrcd to as running torque. The jasic desiqn

of the scotch yoke cai. be seen in Figure 4.
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FIGURE 4 - RCTUATdR SCOTCH YOXE DESIGN

From the above .* can be seen that the moment .. varies
throughout the stroke. Bv geometric design the mom:nt arm length
at the beqginning and .nd of the stroke can be found by dividing
the moment arm length at the center by the cosine o° 452 or .707.
8y performing this ar thmetic it will be found that the moment
arm at the beginning ~nd ending is roughly one and :ne half times
the moment arm at the center.

By design the "!cotch Yoke" mechanism multiplies the force
imparted by the pistor thru a reaction from the bea‘ings. As
pressure is applied ton the piston the pin or roller is moved
against the slot in the yoke caﬁsing 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 beccmes the piston area times the

pressure applied diviued by the cosine of 45°,
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tch-Yoke" mechanisnm can bHe

The torque output from a "Sco
calculated as follows:
TORQUE AT CENTER OF STROKE

T=PXAXM

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

Faf i B
Cos .45
Where:

T = Torque in in-1b

F = Resultant total force in pounds = PYA
Cos. 45°

ngA—Egb = 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 seer in Fiqure 5.



= running

TORQUE OUTPUT

FIGURE & .

Since thrust is cinverted to rotary motion,

opposing the air cyliider to provide a "Fail Safe"

S

"Fail Safe" actuator is capable of performing it

function in the event of a loss

control signal to the solenoid valve which controls
to the acti . The basic constru

2

is seen here (Figure 6).
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applied, a new torque output curve must he
cylinder not only movas the "Scotch Yoke" but must now also

compress the spring. A typical torque output graph is shown here

for both the pressura stroke and the spring return stroke.
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2.2.2 hctuator Des.an Materia.s

The Bettis actuators used for this inh arn MT316-SR2-13
series actuators iiese were further specified t) be the N
version for nuclear service and aqualified ner IEE 323, IEEE 344,

and [EEE 382. Also, upgraded seismic qualifications are pro-

vided based on Patel Report PEI-TR-83-29 with Addendum [ and I[I.

These actuators inccrporate use of special matericls for nuclear
service as listed below.

Speci

! Materia!-

v

Grease - Dow Corning Molykote 44
Seals - Ethylene Pronylene
Internal cylinder coating - Mclybdenum disulfide

Yoke pin anc rollers - Ryton coated
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+4 ACtuator end Accessories Supplied
A complete list f all accessories specified fir use on each
valve can be found in Table ! and each is further d:scribed here.
An Asco solenoid valve is used on each actuater to control the
air supply to the act:ator and, to “dump" the air in the cylinder
which allows the valve to open or close as required. The solenoid
vaives are 3-way, internal piicted diaphragm valves The solenoid
valves are controlled oy a céil. ‘hen the coil is ce-energized by
intentional or faulted conditions, the cylinder por* is allowed to
discharge through the exhaust port and thereby alloys the spring
return actuator to pe: form its required function. lhen the coil
is enerqized, the supply pressure is directed into the cylinder

and rotates the valve in a direction opposite to spring induced

A+
LR =

[
ot

io The soleno 4 valve modsa)} recommended for use jis a

3

1P

'
i
LR

2§
-

(&%)

1664E. This valie is designated for use in nuzlear power
applications which corsists of providing IEEE compiiance and a
waterproof solenoid ¢)osure.

It is a high flov valve which has 1/2-in. NPT sorts and a
$/3-in. orifice. All elastomeric materials of censiruction are

Ethylene Propylene material for the NP unit,



Limit switches are also provided. These are mounted on the
actuator to indicate full open or closed position. One of each
model number switch is supplied, one for the open position and the
other for the closed position. The switch model numbers are Namco
EA180-31302 and EA180-32302 which are DPDT switches with 2 NO and
2 NC contacts and are quick make-quick break type. The switches
meet NEMA 1, 4, and 13, and IEEE 344 requirements. Both switches
use the same lever arm which is a Namco model EL010-53337.

Other accessories to the actuator include a Fisher type 95H
regulator, A Y6-1/2-40-CI Rosedale Filter, A1008 CHNF Hoffman
Junction Box, Anaconda flexible liquid tight conduits, and 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 unqualified components occur.
Further, seismic tests performed under Clow Job 82-2053(N) did show
such unqualified items performed their intended function under the
required vibration level of the specification as they were mounted
for the test.

The air operators are manufactured in accordance with Bettis
Engineering Design Standards.

*Items which are not required to provide the valve safety function
are not [EEE qualified and do not need to be.
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ACTUATOR ACCL SORIES FOR EACH UNIT

Tatd 3.7 Peni Hawen limit guit
Bettis Rotation  Faill- Soleno:d and lever arm
valve Clow Actuator (viewed safe Valve Model Nos. = ‘
Size Equipment Job Model act. end Valve Model (i closed position sthch)
(1n.)  Mos.  HNo. No. of unit) Position No. (1 open position switch)
I. RECOMMENDED EQUIPMENT
12* IVROOEA 83-2462(N)  NT316-SR2-M3 W Close NPX831664E
IVROOGB . . " " " v FA180-31302 L.S.
IVR(JO?A " " " " "
1VROO78 . - . . " EA180-32302 L.S.
ELO10-53337 L.A.
I1. SUPPLIED EQUIPMENT
12" IVROOEA 83-2462(N)  NT316-SR2-M3 CwW Close NPL831664E
IVROOGB " . o " - £LA180-31302 L.S.
IVROD?A " " " " 11
IVROO78 " " s » ” EA180-32302 L.S.

EL010-53337 L.A.

Other Iltems
(each unit)

Fisher type 95H
regulator

Yo-1/2-40-C1
tilter
Misc fittings

' - - -
e sbhdbhovwwl an o

accessories

Fisher type 95H
regulator

kosedale

Y&-1/2-40-C1
rilter

Misc fitiings
ang electiricai
iccessorias

o O



The torque plots rovided in t!

aag

this section represent ths calculated
output torque of the a:tuators for the spring and va“ious supply
pressure shown. The c¢-aphs, which follow, show how “he torque output
varies for the pressure stroke as a function of supply pressure.

It can also be seen thit the spring output torque is not a function

£
I

O

supply pressure. The graphs also demonstrate tha. the cutput
torque {pressure on sping stroke) is a function of oke position.
The graphs provided are based on the numerical data provided in

Figure 8.
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FL il Page 30
1316 S
SIAY4
. CA.CULATED TORQUE DATA
’ : !J/\ll\ lm UT
CYL!NOER DIAMETER (in)e _ 15.58
CENTER OR TIE BAR DIAMETER (in)e 0.875
PISTON ROD DIAMETER (inde 1.375
NUMBER OF PISTONS = 1
MCPENT ARM (in)= 2.052
SPRING LCAD A (lbs)e 4597
SPRING LOAD 8 (lbs)e 7436
.TBRESK EFFICIENCY (X)e 70
SESRUNIING EFFICIENCY (2) » 8s
e INCIHG EFFICIENCY (Z) o . 74
-~ PRESSURES (ps1) = 50 60 70 80
~&CIUATOR TYPE,CB=1,HDe2,T,TR=3, = ‘ 3
. 4¥0) T ARM SPRING - PRESSURF PRESSURE PRESSURE PRESSURE EFFICIENCY
~~+ANGLE TORGUE TORQUE TORQUE TORQUE TORGUE SPR.  PRES.
~{0. grees) (in 1b) ¢ S0)ps! ¢ 6B0)pst ¢ 70L)pst ( 80)psti b4 4
Ly ) 2ioas 17080 244s0  31ese 32289 74 - 70
o ~2047 --14765 21357 27949 34542 ”? . 3.
+:16, 17513 —13033 19013 24394 30974 73 76
-as 16338 -11721 1723s 22749 = 28263 81 78
wai20 15450 +10718 15878 21037 26197 82 80
225 “14798 9950 14844 . 19739 24633 83 82
30 14348 -a355 14068 18772 23475 84 83
=3s 14077 8329 13505 18081 22657 85 84
-0 13973 8618 13124 17629 22135 85 8s
s 14031 8415 12905 17394 21884 8S 35
50 14254 3312 12838 17364 21889 35 8S
" ss 14653 8301 12918 17536 22153 84 8s
60 15249 8383 13151 © 17919 22688 83 84
6% *16072 8559 + 13848 18533 23520 82 83
70 17173 8837 14123 19409 24695 80 82
75 18619 9227 14211 20596 26280 78 81
83 20514 97486 15355 22163 28372 76 79
-es 23011 10415 17315 . 242186 J1116 73 77

0
o

26347 11259 12082 26904 34726 70 . 7%
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2.2.3.2 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 2
VALVE BENCH TEST OPERATING TIMES
Equipment Valve Bettis Opening Closing
No. of Size Actuator Time Time
Valve (inch) Model No. Sec. Sec.
IVROO6A 12 NT316-SR2-M3 5.0 4.2
1VRO06B T 12 » 8.1 4.3
IVROO7A 12 i 4.9 4,2

IVROO78B 12 " 4.9 3.9
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3.0 VALVE OPERATING AND INSTALLATICN REQUIREMENTS
3.1 Valve Cperating .cnditions

The valves were lesigned to fail close (on loss of power or signal
tc the solenoid valve) and to allow closure and sealing against a
15 PSI differential a-plied to the shaft side of the disc during post
LOCA flow.

Seismic and othe~ loading conditions for operation are as indicated
in the specification. Actuator qualifications for 2nvironmental! and

sel

(%]

mic are covered by previous actuator qualificaticns supplied by the
manufacturer (Bettis) and added seismic tests performed in accord with
NTS (National Technicil System) Test Plan No. 528-0551 (included in
PEI-TR-83-29 Rev. A) “or Clow Job No. 82-2053(N) (s2e References

Sect. 8.0 B.2). The Bettis units have been tested as described in
PEI-TR-83-29 Rev. A énd have demonstrated their ability to function as
required.

For the subject valves the following operatinc and design conditions

are applicable:

Operating condit:ons - Normal operating prescure = 1.0 PSIG
Normal operating temperature = 122°F
Normal operating flow = 8000 SCFM



Max. operating pressure body only = 285 PSIG @ 100°F
Max. pressure differential disc = 15 PSID

Max. temperature = 185°F

ReqL ired Torque to seat = 18,200 in-1b
Failure mode = Fail close

Allcwed leakage .4 cc/min air

@15 PSID
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3.2 Valve Installéticw Configurations .

In additicn to tre pressure and flzw condit.cn: specified in
3.0, the valve performance is affected by the as inctalled orientation.
Upstream and downstrezm, tees, elbows, reducers, anc other valves can
affect the aerodynamic torcue characteristics of butterfly valves.
These effects are discussed in Section 5.0. The installed config-
urations for the subje:zt valves, as derived from Sa-gent & Lundy

Drawiﬁgs MO6-1111, Rev E are summarized in Figures ‘0 and 11.
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Table 4

Suummary of Allowable Stresses

MATERIAL ALLOWABIE STRESS STRESS REPORT IN WHICH
(psi) VALUE ITEM IS ANALYZED**
(PER ASME SZCTION (psi) /SEISMIC LOAD LEVEL
III, TABLES I-7.1
THROUGH 1-7.3)

Valve huj‘)’ SA gin 175“0 5575 G(‘;ner‘(‘
GR.70

SA 516 17500 9275 Generic
GR.70

Shaft SA 564 29395 Generic
'I ype 6 30
H-1100

Drive

Operator Adapter A 516 17500 = 1893 Clinton
Plate CRk. 70

Adapter Plate A 193 25000 : 13958 Clinton
Bolts R.B? Axial = 62500\ 9231
shear = :Rhsy
Operator/Adapter \ 193 25000 ’n = 13471 Clinton
Bolts R.B7 xial = b.bt&b  _ 10593

hear = 25833
316 17500 9356 Generic 10.99

70

Cover Plate

Cover FPlate Bolts A 193 25000 = 6370 Generic 10.93
R.B7 Axial = 6250( t = 60
Shear = 25833

*Per ASME, Section III, Appendix XVII, Subsubarticle 2460,

+x Generic Report:is Patel PEI-TR-833600-1.Clinton Report is Patel PEI-TR-852400-1 (Kj
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4.2 Actuator Tests

Two different Be tis actuators models were tes-ed for the Bechtel
Limerick Project under Clow Job No. 82-2053(N) in accord with National
Technical Systems (Saujus, Ca. facility) Procedure 328-0951. The units
tested were as follow::

Unit 1  NT-820-:R4-S Spring ending torque = 33,098 in 1b
Pressure torque+ = 178,160 in 1b

Unitl 2 NT-312-SRS Spring ending torque = 5,810 in 1b
Eressure torquet = 31,253 in ib

+ at 80 PSIG pressure to air cylinder
The units were both spring return fail closed units and were
representative of the line of actuators which would be used on
containment purge and ven; valves. The units were “ested for
baseline performance, subjected to OBE and SSE leve s in accord
with the procedure anc specification, and then were operationally
tested. The units prcved to be operable both durinj and after
the required tests anc upon inspection showed no sins of
" noticeable wear. Suctessful operation of these uni s in combin-
ation with previous generic qualification fer enviromental
conditions generically qualifies the NT316-SR2-M3 uiits used on
this job. (Mote a report is provided justifying similarity, see
PEI-TR-8522201-02 and Section 8.0)

e o —



5.0 VALVE AERODYNAMIC TORQUES

Depending upon the valve design, actuator si:ing, inplant
installed configuration, and cperating conditions, aerodynamic
torque may be of majur concern to valve cperability. The
magnitude and direction of this torque, which is froduced by
flow of the media ovar the disc, depends on severz) factors:

.1. Dis; shape

2. Pivot shaft location

3 Magnitude of diffé}ential pressure acros; the valve

4. As installid upstream piping elements (e Yows,
tees, etc:‘ including distance and orien-ation
relative to these items.

5. As installed downstream piping elements _elbows,
tees, leng.h of pipe runs, etc.) includiag distance
and orient: tion relative to these items.

6. Angle of tte disc

Clow has done nimerous tests of scale models »f the
Tricentric design anc a test of a full size 12 incs production
valve. The data obt:ined in these tests provide a substantial
base for predicting aerodynamic torgques in full si-e production

valves under various operating conditions.



5.1 Model Tests

In 1980, Clow e:tablished a program to determine mass
flow and aerodynamic torgues of the Tricentric design. Exact
scale models (see Tatle 4 ) were designed and bui't of 150 1b
class Tricentric valies of standard design. Scale models of a
12, 24, 48, and 96 irch valve were constructed and tested
usiné University of I1linois facilities under the (irection of
A.L. Addy, Ph. D. (Engineering Consultant in Fluid Dynamics and
cngineering and Assoc ate Hé%d. Department of Mechanical and
Industrial Engineering, U. of I. at Urbana, Champa:gn, I11.).
The tests were made with air in accord with [SA stindards for
a straight pipe run flow test. The tests were run at various
pressure ratios (upst-eam to downstream pressure) in both the
choked and non-choked pressure regimes. Very low pressure ratios
were also applied to :1low correlation to incompressible
(liquid) flow in acco~d with ISA standards. Tests were made
with flow in the normil direction for Tricentrics (shaft upstream)
and for reverse flow 'shaft downstream). Further, several
pressure ratios near .he choked flow point were apelied to
determine the point o7 choking. This test pointed out that the
standard rule of thumb (downstream pressure/upstream pressure =
.528) for determining when choking occurs is not valid at all
disc angles. The tes:s showed choking w{11 occur at a ratio

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

e am——
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position. The test also showed, that although cheking prevents

the fluid velocity ¢rom increasing, aerodynamic terque will rise
in a linear fashion in accord with the pressure differential
across the valve in the choked flow regimes.

The models used for testing were made in acccrd with the
Tricentric standard 'S0 1b class double flange design. This
is a fabricated desiqn in which the seat is at a 19 degree
angle from a normal to the pipeline axis. Due to the seat
pcsition, this valve rotates only 80°% from closed t3 full open.
The valves supplied “or the subject job uses a similar geometry
except the seat is ncrmal to the pipeline axis making this a
309 (% turn) valve d>sign. Therefore, at small op2ning angles
(0° to 200{ there ar: some differences in torque. For angles
over this amount, th: aerodvnamics are the cams. \lso, at
smail angles the tor jue approaches the value of th? pressure
area torque (as expl.ined in Section 2.1.3) thus, iifferences
between the two desi ns are not significant. With reascznable
similarity between the test models and the full size valves,
the data may be used to predict torque characteris:ics of the
subject valves.

From the data base developed by the model tests a computer
program CVAP (Clow Valve Analysis Program) was wri:ten for use
in predicting valve cperating characteristics. In this program,

-

mass flow rates are predicted 3y standard equations for flow
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through an ideal cenierging nozzle acjusted with ccefficients

developed in the tests. Torques are predicted on the basis of

the equation

T=CTAPD)I3

-
"

.predicted aerodynamic torque (in 1b)
CT = torque coefficient developed in mode' tests
8P = pressure diffgrential across the valve (1b/in?)
Dy = nominal valve diameter (in.)

The test perforrad on a full size 12" valve shawed that the
mass flow obtained wis within approximately 10% of that predicted
by the computer mode’ while torques were much less tgan predicted.
Torques were on the crder of 657 of that predicted which could
be correlated by charqing the power of 3 to 2.84 i, 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 liigher than
those obtained in the actual situation.

Table 4 shows the dimension of critical (to turque
conditions) elements of the double flange Tricentric 12, 24,

48, and 96 inch designs and their scaled down dimensions which
were used for model construction. Table 5 shows a comparison

between the provided size valves and sizes interpolated from

test valves.
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in Clow Program CYAP, thus a simil

o 1
r interpoliat

o

ion of sizes is
applicable for size csmparison purposes. It can be seen in the
table that very good ‘less than 10% deviation) correlation was
obtained for torque critical items. Thus torque di ta from the

program is valid for this application.
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Test Valve Scaled Sizes (Critical Element: )

VALVE SIZE
ELEMENT 12" 48" 96"
Full Model Full Model Full Mode! Full Model
Size Size Size Size Size Size Size Size

1.0, 11.94 3.07 22.62 3.07 46.00 3.07 96.00 3.07
Az 11.33 2.91 21.89 2.97 45.59 3.04 96.20 3.07
K2 10.80 2.78 20.86 2.83 43.44 2.9 91.66 2.93
Shaft

Dia. 2.25 .58 3.25 .44 6.0 .40 12.0 .38
Shaft Q. to

Seal q_, L 2.0 51 2.69 .36 5.06 .34 7:.5% .24

Domed

Disc Shape
Thickness 1.5 .38 1.88 .25 3.75 29 11.63 .37
Shaft

Offset € + 1.25 . .81 b 1.31 .09 1.16 .04
Shaft

Offset LC + 1.67 .43 1.38 .19 2.31 il 1.66 .05
Ear

Width w225 .58 3.25 .44 6.0 .40 12.0 .38
Ear

Height * 3.38 .87 4.388 .66 9.0 .60 15.25 .49

+ E is offset from disc centerline, LC is offset from body centerline

* Ear is element welded to disc which shaft is mated to.

Note: Full size dimensions are for a Clow Tricentric 150 1b class
doubie,flange desi ,n.

A
K

moa o
i

A1l dimensions in inches

= Maior axis of elliptical seal
= Minor axis of elliptical seal
Offset between shaft axis and disc center
LC = Offset between shaft axis and pipe run cen

(see
terline

Figure 2)
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TABLE 5

Compirison of Producticon Valve to
Valve Model Sizes (Critical Elemen .s)

VALVE
ELEMELTS 12"
Size Ratio
s B 11.938 1.00
*Az 11.145 1.02
*KZ 10.876 .99
Shaft Dia. 2.000 1.13
Shaft C_ to
Se¢l Cr,L 1.875 1.07
*Disc
Thickness 1.50 1.00
*Shaftt
Oftset E 1.312 .95
Shaft
0ftset LC 1.364 NA
Ear
Wicth 2.00 NA
Ear :
He:ght 8.58 NA

*Elements considered important to torque characteristics

adls RATXO - preduc:?ggeiaiééesxze
Az = Major axis of elliptical seal
K2 = Minor axis of elliptical seal
E =

Offset between shaft axis and disc center (see Figure 2)

LC = Offset between shaft axis and pipe run centerline

All dimensionrs in inches



9.1.2 Tests With An Upstream Elbeow

One element of piping system which has an effect on the
aerodynamic torque of butterfly valves is a turn wiich 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 pipirg system, it was necessary to determine
a worst case conditio) for testing. It was determined use of _
a miterad elbow would be a worst case and that this contigue
ration had applicability to flow through teces also.

The mitered elbow produces the greatest separ. ted flow
region at the inside >f the turn and biases the flcw to the
outside corner to a maximum. Flow around the cornir produces
a lower local pressur: around the inside of the tuin and higher
local pressure to the outside. This will oppose ¢ osure for
geometry 1 (see Figure 12 ) and aid closure for geumetry 2
when the disc is in the full open position.

Based on these considerations, models of a lé“. 24", and
48" valve (per Table }) were tested for torque characteristics.
A1l valve models were tested for geometries 1, 2, ind 3 at 2
dianeters downstream from the mitered elbow. In addition, the
12" model was tested at 4 and 8 diameters dowﬁstream. The test
showed the greatest variation of torque from that obtained for
straight-line flow occurred at 2 diameters downstream from the
elbow. Di%ferences wue to valve orientation were small at 4

diameters downstream and were just detectable at 8 diameters

downstream,
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5.1.3 Downstream Pining Effects

In various test: described in this section, i was necessary
to provice downstrean piping to discharge the flow In the
conduct of these tes:s the effects of downstream piping were
noted several times. In the straight line tests, : downstream
valve was installed to vary back pressure. Any in:cease in hack
pressure lowered the tsorque values. In the elbow tests an elbow
was installed 20 or more diameters downstream. It showed that
for the 24" and 48" rodels in the full open positiin, the down-
stream piping would cnoke before the valve model. This prevented
any substantial increcase invpr;ssure differential icross the
valve model even witt large increases in upstream sressure, thus

. the torque was limited. From the piping layouts p-ovided down-

w
w

tream, piping would provide some degree of back p-essure making

the assumption of atnospheric pressure downstream .sed for calcu-

lation of torques corservative.
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$.2 Model Data Verification

A test of a ful size 12" valve was run at Yought's High
Speed Wind Tunnel in dallas, Texas (sce reference 8.081) to
demonstrate operability and substantiate model tes* data.
The tests demonstrated the valve would operate in the required
5 second periqd. It further showed that torque values were
less ‘than predicted trom model data. The valve us:d for the
test incorporated a oie piec? thru shaft design while the model
had a two piece shaft. To verify the torque effect due to this
change, another tést was made (data not put into a formal report
form) in which a 2 piace shaft was installed in plice of the
thru shaft. The test was made with the disc held n a station-
ary position by a marual worm gear type actuator. The result was
that the peak torque was the same for both the one and two piece
shaft design. The orly difference was that the two pieca shaft
design showed a peak torque closer (by 5 to 10 deg-ees) to the
full open position. A test was also run with the.nne piece shaft
design with the disc held in a stationary position This was
done to provide direct correlation with the mode] .ests which
were done in this manner. [t also allowed a compurison to the
torques measured during the dynamic test with the shaft connected
to the pneumatic actuator. A summary of the operability test

is included in Appendix 8.

E



5.3 Application of Mod. | Aeradynamic Test To Full Siza Valve

Operability
5.3.1 Valve Operating " imes Expected In Service

A1l valves are designed to close within & seconds for flow
conditions produced by ‘e maximum differential pressure of 15 PSIG
when 100 PSIG is releascd from the actuator air cylinier. The valves
will close under these installed conditions due to tho fact that the
operator output torque (spring torque) and the valve werodynamic
torque are tending to close the valve at all disc angies for LOCA
conditions. (See Table_:_and Tables 2,10,11) While nut required for
LOCA, to opcn the valve under the above conditions, 3194 in-1b of
torque is required to crick the disc off the seat; and 4606 in-1b
max is required to hold the valve disc open. (See Tab e6 )
The air torque of the actuator (valve open direction) is rated
at 20,200 in-1b @ 80 PS G, and therefore is more than adequate for

the required worst case gperating conditions.

In the Vought Test (Reference 8,0 B1 ) clasing times
were shown to improve siightly with flow through the ‘alve. The
conduct of the test would suggest that opening times 'n actual
service might be retarded about .3 to .5 seconds and .losing times
might be improved by the same amount under maximum di<fer.ntial

pressure conditions relative to the Clow bench test data.
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$.3.2 AERODYNAMIC TORUES FOR VALVES AS INSTALLED

As described in Section 5.1, torques from straight line model
tests can be used to p-edict full size valve torques by D3 scaling.
Tables 6 thru 11 present torque and other data for the subject valves
at various operating conditions. The item of concern for valve oper-
ability is TQA (for no-mal operating conditions, open cycle) and TQA
(for maximum operating conditions, closing cycle). The positive torque
values tend tec close the valve. The maanings of the other listings can
be found in 8.0 Refererces.

To ottain torque: conditions for the as instal ed valvés a judge-
ment must be made as t) what cet of test data most n:arly represents
the actual conditiens. '

For the subject job there are four identical salves of which one
Is installed more than 8 diameters downstream of an :lbow. Another
valve is installed app-oximately two pipe diameters ‘ownstream from an .
elbow, and the remaini.g two valves are instailed wi.h debris screening
and 24 x 12 concentric reducers on their inlet sides. (See Figures 10
and 11). All of the v lves are instalied with the siaft side facing
LOCA flow, thus LOCA f'ow will act o close the valvss.

The valve which is more than 8 pipe diameters downstream from
an elbow can obviously be modeled using test data for straight pipeline
flow since torque deviation from the straight flow situation is negli-
jible wnen the as installed valves are greater than 3 diameters from an
upstream elbow. For the valve that is installed approximately 2 pipe
diameters from an elbow, use of the test dita for mitered elbow installed

2 diameters upstream for determining instal ed operability is considered
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conservative. The 90° mitered elbow uscd in the rodl $23ts is a worst
case condition comparec to radius type eibows which are typically used
for in-plant installaticn. The elbow angle in this case is 23°, further
making a 90° mitered elhow assumption conservative. If torque operating
margins are adequate, these judgements are Justified

For the remaining two valves with debris screens and 24 x 12
reducers on their iplet sides, using trends from strr-ight pipe flow test
data would be considered conservative. ODuring a LOCA the flow influxes
into the screen, and as the flow passes through the s.reen ind towards
the shaft side of the valve disc, it will be turbuleit and not fully
developed as the flow would be in the case of a stra‘ght pipeline.
The reducer would tend to converge the turbulent flov somewhat, but it
will still not be fully developed due to the short length of the reducer.
Thus, the aerodynamic torques will be less than pred cted because the
flow turbulance would create a more evenly distributed pressure ogver
the area of the valve cisc. Further, the screen wog.d act as a flow
restriction and something less than full LOCA pressure would actually be
seen by the valve disc. The net result is that with the screen and
reducer installed, the tendency for the flow to claost the valve will be
diminished as comparel to the straight pipeline flow case. Experiments
in which a restriction, namely another valve, placed upstream at a close
distance from the first valve has shown the torque coefficients of the
downstream valve to be less than would be expected for single valve in

straight pipeline flow given the same pressure ratio (Reference C 2).
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Therefore, the two val es with screens and reducers odeled as single
valves in straight pipeliine flow will yield the larg:st aerodynamic
torque coefficients for analysis purposes, and would be considered
censervative.

On two of the valres there is a 3/4" pipe pressure tap approximately
one foot from the valve inlet. This tap is normally closed and should
be of no consequence tc either the valve flow or the torque during a
LOCA.

The torque values for all four valves are listed in Tabies 9 thru 11.

i
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PATM
P\
GAS=A

UF

W80

ov

TSU
Gamma
Option 1

ES
MW
DF30

Alpha

CF
WR

DPS
POU
PSC
POD
TQRI

Q

TQA

YCv

Page 59A (:)

DEFINITION OF TERMS USED IN TABLES 6, 7, & 8

Atmospheric pressure

Upstream static pressure

Gas analyzed assumed to have properties similar to air
Analysis if for unchoked flow (sub sonic gas velocity)
Flow rate with disc ih full open position

Nominal valve size

Static upstream temperature in degrees Rankine
Specific heat ratio for gas selected

Program parameter selection made (important only to person running
program)

English system of units used
Molecular weight of gas selected

Pressure drop ( &P) across valve in full open position for given
flow conditions

Angle of valve disc off of seat for double flange style valve with
seat at 10° angle relative to valve flange face

Mass flow coefficient from experimental data

Portion of full open flow for selected disc angle which will pass
thru valve for given flow conditions

Downstream static pressure (PSIA)

Upstream stagnation pressure

Downstream static pressure for onset of valve choking
Downstream stagnation pressure

Torque coefficient based on experiments

Mass of gas flowing thru valve

Torque induced on valve disc and stem due to aerodynamic flow for
conditions specified in a straight piperun at onset of choked flow
or less than choked flow. See definition of TQA below.

Torque induced on valve disc and stem due to aerodynamic flow for
choked conditions specified in a straight piperun.

Flow coefficient
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EMERGENCY FLOW, MAX CONTAINMENT PRESSURE
STRAIGHT PIPE RUN

CASE! BALDWIN/ILLPBOWER

DATE! 03-04-85

PATM: 14.70(PSIA)
PSU = 29.70(PSIA)
MEDIUM! GAS = A
FLOW = CF

DV = 2.000¢CIN)

TSU =
GAMMA =

oP

CHOKING PRESSURE RATIOS:

SOLUTION:

NOTE: TG BASED ON DIFFERENTIAL PRESSUR
TQA BASEDL ON PSU UPSTREAM

PSC/POU =

ALPHA

80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

eF ...

+5447
+334S
+S5144
+ 4858
+4501
+40%90
+ 3639
+31464
« 2678
»2198
+1739
+1315
+0942
0634
+ 0407
+ 0275

ALPHA
(DEG)

80.0

75.0
70.0
45.0
60.0
95.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

9.0

See Reference 8.0 C-1 and Page 59A definition of terms
CAMPIHITATTINANG rriMP)

Weo =

+ 7523
WR

1.0000
+7814
+P444
+8918
+ 82464
+7510
+ 6682
.5808
'4917
+4034
«3193
12414
1729
1164
0747
+ 0509

YCv
‘.00)

2847.28
2765.31
2609.77
2403.30
2166.39
1915.11
1660.,92
1411.467
1172.79
748,32
741.72
956.48
396,45
266.08
170.48
115.31

DPS/P

+1861
.1888
+1939
+ 2005
.2080
+ 2155
+ 2227
2291
+ 2346
« 2390
2423
124446
12461
+ 2470
+ 2474
12476

(L

1
1
1
1
1
1

TION = 2

PSC/POU =
41.01(LBM/S)

su

+ 9243
+9274
+ 9332
+ 7409
+ 7498
+ 9590
+9678
' 9759
9829
. 7889
-+ 9929
+ 9959
9979
19991
9996
9998

W
BM/HR)

47645.37
44898.00
39439.00
31676.87
22019.69
108795.47
78652.69
857359.59
72604.19
59594.81
47139.62
35646.77
259524.,37
17180.45
11023.04

7459.96

PSU/POU

644,67(R)
1.40

752

PSC/POU

« 7523
« 7509
+ 7477
v 7427
« 7351
+7248
7117
+ 6957
6772
16566
+ 6347
6124
+ 5909
5719
+ 3570
+ 5482

Ta

ou

UNITS SYSTEM: ES
SHAFT:! US
MW = 29,0
DPS/PSU = +186

POD/POU

+8701
8592
+8473
+8347
+8219
+8094
v 7976
+ 7870
27776
+ 7698
7634
+ 7587
+ 7554
7536
+ 7529
+ 7532

(IN=LBF)

649,

54

| [ F T —

1083.462
1420.95
1675.82
1855.89
1965.31
2009.44
1996.84
1939.62
1852.,44
1751.,08
1650.89
1965.54
1506.09
1480.48
1493,64

TGR1

0676
+1115
+ 1415
«1600
+ 1693
1713
1679
+ 1408
+151S
1412
+1311
«1221
+1148
+ 1099
+1078
+1087

TQA
(IN-LBF)

1752.,31
2899.32
3702.61
4221.93
4508.02
4605.94
4557.39
4401.76
4176.22
3915.37
3650.46
3408.72
3212.70
3079.87
3022.45
3047.38

E AT ONSET OF CHOKED FLOW
AND PATM DOWNSTREAM

®
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TABLE 7
NORMAL FLOW CHARACTERISTICS
STRAIGHT PIPE RUN (SHAFT UPSTREAM)

CASE! BALDWIN/ILL POWER

DATE® 03-04-8%5 UNITS SYSTEM: ES

PAHTM: 14.70(PSIA) SHAFT: US

PSU = 15.70(PSIA) TSU = 881.67(R)

MEDIUM: GAS = A GAMMA = 1,40 MW = 29,0

FLOW = CF OFPTION = 2

DV = 12.000CIN)

QUTFUT DATA

CHOKING FRESSURE RATIOS: PSC/POU = +752 DFS/PSU = _,186
SOLUTION: W80 = 22.82(LEM/S)

NOTE: TG BASED ON DIFFERENTIAL PRESSURE AT ONSET OF CHOKED FLOW

TAQA BASED ON PSU UPSTREAM AND PATM DOWNSTREAM

+ 7523 @
ALPHA CF WR DPS/FSU PSU/POU PSC/POU POD/POU TAGR1
80.0 .5447 1.,0000 +1861 + 9243 + 7523 +8701 ,0676
75.0 .,5345 .9814 +1888 9274 + 7509 +8592 ,111S5
70.0 .5144 . ,9444 . ,1939 . ,9332 7477 «+8473 ,1415 .
65.0 .4858 .8918 + 2005 + 7409 « 7427 +8347 ,1600
60.0 .4501 .B8244 +2080 + 7498 + 7351 +8219 ,1693
35.0 . 4090 . .7510 +2155 + 9590 + 7248 +80%4 ,1713
50.0 .3639 .4é82 2227 + 9678 7117 7976 1679
45.0 .31464 ,5808 12291 ' 9759 6957 + 7870 ,1608
40.0 .2678  .4917  ...2346 ..9829 .._.4772 07776 1938 . ....
35.0 .,2198 .4034 + 2390 + 9885 +6566 27698 ,1412
30.0 .,1739 ,3193 02423 + 9929 6347 + 7634 ,1311
25.0 L1315....2414 . ,2448 ,9959 6124 o 7087... 41228 . .
20.0 .,0942 ,1729 v 2461 9979 +5909 .75%54 ,1148
15.0 .0634 ,1164 + 2470 19991 D719 + 7536 ,1099
10.0.. .0407.. .,0747 ..2474 9996 +3570. .73529 ..1078 . oo .
5.0 .,027% .0S50S 12476 9998 +5482 + 7532 .1087
ALPHA YoV . ... 4 . TQ .. TAaA Prep—
(DEG) Cone) (LEM/HR) (IN-LBF) (IN=LBF)
80.0 2847.28 - 82156.12 341.26 --116.82
75.0 2765.31 80627.34 S72.75 193.29
70.0 2609.77 77589.78 751.05 2446.84
65.0 2403.30 73270.56 8835.76 281.446
60.0 2166.39 67896.91 980.94 30n,S53
S%.0 1915.11 61695.83 1038.77 307.06
50.0 1660.91 54894,52 1062.10 -303.83. ..
45.0 1411.47 47720.25 1055.44 293,45
40.0 1172.79 40400.02 1025.19 278.41
35.0 748.32 33161.06 ?79.11 261.02 ..
30.0 741.72 26230.48 925.94 243,36
25.0 956.48 19835.36 872.59 227.25
20.0 396.45 14202.83 827.47 - 214.18 -
15.0 266.08 9559.93 796.03 205.32
10.0 170.48 6133.69 782.51 201.50
5.0 115.31 4151.03 789.47

See Reference 8.0 C-1 and Page 59A for definition of terms

FPAMBIITATYTIAME SAAMD) Py
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TABLE 8

NORMAL FLOW CHARACTERISTICS,
STRAIGHT PIPE RUN (SHAFT DOWN STREAM)

CASE! BALDWIN/ILL FOWER -

DATE: 03-04-85... - - UNITS SYSTEM: —ES

PATM! 14, 70(PSIA) SHAFT! DS

PSU = 15.70(PSIA) TSU = S81.47(R)

MEDIUM: - GAS = A GAMMA = 1,40 MW = 29.0.. -
FLOW = CF OFPTION = 2

DV = 12,000(IN)

OUTPUT DATA

CHOKING FRESSURE RATIOS: PSC/POU = + 756 DPS/PSU = 175
SOLUTION: w80 = 24,20(LBM/S)

NOTE: TG BASED ON DIFFERENTIAL PRESSURE AT ONSET OF CHOKED FLOW
TGA BASED ON PSU UPSTREAM AND PATM DOWNSTREAM . - S

PSC/POU = + 7556 (:)

ALFPHA CF WR DPS/PSU PSU/POU PSC/POU POD/POU TOGR1

80.0 .5728.1.0000 ... .1746 _ _.91%4 +7556 ..8904 -.0240 . .. __ _

75.0 .5695 .9942 +1755 + 9165 + 7553 +8779 -,0340

70.0 .SS31 .9655 +1802 « 9217  .7534 +8641 ~-.,0457

65.0 ..S525S5. .9174 __,1875 . .9300. - +749S +8493 =,0S33_. ...

60.0 .4887 .8531 + 1963 +?402 7432 +8342 ~-,059%90

S5.0 .4447 ,7743 + 2055 +9511 +7338 +8191 -,0630

S50.0 .3954...46903 .. .2144 . .9418 + 7210 +804S -,0657 -

4500 03429 5987 o::: 09716 + 7049 07906 -.0671

40.0 .28%91 .S5047 +2289 + 7800 + 6856 7776 ~,0675

35.0 .2359 ..4119 .. .2342 + 7848 + 64638 ¢ 7656 -,0672.. . .. .

30.0 .1853 ,3235 +2382 19919 +6403 + 7546 ~,0664

25.0 .1392 ,2430 + 2409 + 9954 16165 v 74446 -,0654

20.0 . + 0993 . +1734 02‘26 9977 05940 07355 =+0643 e -

15.0 .0675 .1178 2436 19989 + 5745 + 7270 ~,0635

10.0 .0454 ,0793 + 2440 + 9995 + 5602 v 7192 -,0631

5.0 ..0347 ,0605 +2442 ,9997 «5530 «7119 -,0634 . _ .
ALPHA YCV W Ta TQA
(DEG) Coue) (LBM/HR) (IN-LBF) C(IN=-LBF)
80.0 3121.81 87117.19 -113.,49 ~-41.,42
75.0 3091.53 86614.,03 -171.50 -62.25
70.0 2946,29 84115.29 -224,76 ~79 .46
635.0 2719.69 79918.16 -275.24 -93.51
60.0 2445.37 74323.00 -322.55 -104.,48
99, 2149.81 67630.19 -365.10 -113.18
50.0 1851.10 60140.59 -401.08 -119.21
45.0 --1560.56 52154.14 -429.14 ~=123.01 -
40,0 1285.21 43969.47 -448,7% -124,88
35.0 1029.76 35882.47 ~460,29 -125.19
30.0 798.00 - -28185.44 - =464,.94 ~=124,37 — ——
25.0 993.73 21165.70 ~464,460 -122.86
20.0 421.21 15102.93 ~461.42 -121.17
15.0 285.41 10266.47 ~457.84 “119:76— -~
10.0 191.84 6910.94 -456 17 -119.11

5.0 146.35 5274.89

S’ee Reference-8.0 C-1 and Page 59A for defmxuon 0
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Table 9 , ek o
TORQUE FOR AS-INSTALLED SONDITIONS FOR
Valve Nos. IVROO7A

Model Data For Aerodynamic Torque Modification: Mitered elbow 2 diameter

All Torq:es in In-lbs, h upstream Geometry 1
(Positive torques tend t) close valve)

Model
Test Actual Torque fir Torque Torque for
Valve Valve Straight Flow Modification Installed Condition
Angle Angle  Normai* Maximum** Factor# Normal*  Maximum**
80 30 1% 1752 = 12 175
70 80 246 3702 9 221 3332
60 70 300 4508 ‘1 300 4508
50 60 303 4557 1 303 4557
40 50 278 4176 1 278 4176
30 40 243 3650 1 243 3650
20 30 214 3212 1 2i4 3212
10 20 201 3022 1 201 3022 -
*For 1.0 PSID **15 PSID

#Torque medification factor represents effecl of insta led condition as

compared to flow in a stiaight pipe run. Based on Tes® Data.
Table 10

TORQUE FOR AS-INSTALLED (ONDITIONS FOR
Valve Nos. [VROOBA, IVRO! 5B

Yodel Data For derodynamic Torque Modification: Valvis under straight

All torques in In-1bs. line flow conditions.
(Positive torques tend to close valve)
Model
Test Actual Torque fcr Torque Torque for
Valve Valve Straight Flow Modification Installed Condition
Angle Angle Normal* _ Maximum** Factor# Normal Maximum**
80 90 -42 1752 1 -42 1752

70 80 -80 3702 1 -80 3702

60 0 -108 4508 1 -105 4508

50 60 -120 4557 1 -120 4557

40 50 -125 4176 1 -125 4176

30 0 . -.125 3650 1 -125 3650

20 30 -121 3212 1 -121 3212

10 20 -119 3022 1 -119 3022
*For 1.0 PSID **15 PSID

#Torque modification factor represents effect of installed condition as
compared to flow in a straight pipe run. Based on Test Data.
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Page ¢4
Tabie 119
TORQUE FOR AS-INSTALLED CCNDITIONS FOR
. valve Nos. 1VR0078
Model Data For Aerodynam:: Torque Modification: Valvas under straight

All torques in In-lbs.

line flow conditions.
(Positive torques tend tu close valve)

Model
Test Actual Torque for Torque Torque for

Valve Valve Straight Flow Modification Installed Condition
Anale  Angle Normal=* Maximum** Factor# Normal Maximume#
80 90 116 1752 1 116 1752

70 80 246 3702 1 246 3702

60 70 300 4508 ! 300 4508

50 60 303 4557 1 303 4557

40 50 278 4176 1 278 4176

30 40 243 3650 1 243 3650

20 30 214 212 1 214 3212

10 20 201 3022 1 201 3022

. *For 1.0 PSID **15 PSID
#Torque modification fac:.or represents effect of installed condition as

compdred to flow in a s.raight pipe run. Based on Te t Data.
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For the presented data
shown that the valves ope s designed urder
conditions. This has been shown usi the conservative assumption of

0 credit taken for pressure ramp ! containment and no credit taken

1S unique, Clow's basic approach is to use a combination

of test and analysis dita. The fcllowing pages give an item by item
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NRC to utilities. Thesn 5§ include descriptions ¢f such tests.
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than analytically determined DBA-LOCA conditions.

more conservative than torques calculate 1 @ containment
pressure time-history analysis at incremental valve angle
ositions. Clow assumes downstream pressure i

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 be

conservative Dy a test of a full scale 12" valve. Further,

model tests were performed for an upstream mitered elbow for

2 valves in series using the 24" models. For actual production

valves disc shapes are identical or only slightly different.

ALl differences, although small, are fully documented.

(Section 5.1, 5.2, 5.3)

Installation effects were accounted for in all cases, but down-
stream piping back pressure was not. A higher than atmospheric
downstream pressure would result in a smaller AP across the
valve, and thus smaller calculated torques. Not accounting for
this produces a more conservative calculation. (Section 5.1.3)

Clow does not consider a containment pressure response profile,
Clow assumes the isolation signal may be delayed until full

containment pressure is reached, then the valve will be called
upon to close. Actual time lag for equipment response is not

onsidered by Clow since the approach taken

M '

|
Clow does, however, record test |

inlt dbench

P —~ 4
testing. (Section

®




analyzed by fini ment techniques

QU O,

The vent/purge valves located inside containment

“WiiLd il

Dy DackpreIsure because both sides of the actuator piston will be

influenced by the containment alr pressure. Thus we do not believe

2

1T 1S necessary to consider DackKkpressu

for valves

”“O’Q e+ e

2 LUV O

of the disc to beinc | with the pipe centerline. Clow's
report shows, from the test data base and bench tests of each
unit, that sufficient torque is available close and seat the

valve against all flow

operating

nteraction with




operators. A manual
indicating
length of the screw. tom: featu are provided to insure
disengagement. Proper operation is umed by administrative
controls and procedural checks.

The valve, being of all metal construction except for 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

INnAa c1c and
-l Ad ) OA9 "L RAS) -

Section 7.0, Section 8.0 B1).

All operators and solenoid valves installed by Clow are qualified
to appropriate IEEE requirements by testing. (See Section 2.2.2,
.2-3).

All tests are summarized in the supplied qualification report

and are documented by separate test reports. (See Section 8.0 F1)
Assumptions and the basis for use of analysis combined with test
data are presented in the report. (All Sections).

Clow provides operation and maintenance manuals describing

{ 1

required maintenance intervals (typically replacement at

every 5 years on all elastomers).




7.0 VALVE SEALING CHARACTERISTICS

7.1  Normal Sealing

Table 13 shows tie sealing ability of the Clirton valves as
they were shop tested for record. The tests were pe~formed with
pressure on the indicated side of the disc and the opposite side open
to atmosphere. The no-mal recommended flow directicn for these
valves is with pressur: on the shaft side. Ouring this test, the air

under water method was used to indicate leakage.



Table 12

VALVE SEALING CHARACTERISTICS

Page 70

PRESSURTZED STDE

VALVE CLAMP
VALVE SIZE  TEST FRESSURE SHAFT  RING LEAKAGE
MARK NO.  (IN.) _ PSIG SIDE SIDE (BUBBLES/MIN)
1VROOGA 12" 15 X NA o @
1VROO6B 12" 15 - X NA 0
IVROO7A 12" 15 X NA 0
1VROO78 12" 15 X NA 0



7.2 long Term Sealirq

The conical seal/seat design of the Tricentric valve in com-
bination with the laminated metal/asbestos seal offirs good long term
sealing characteristics. When the seal and seat are machined a certain
surface finish is obtzined. With this finish certa:n leak rates are
obtained during a bench test (see 7.1). On a micro:copic scale these
surfaces contain peaks and valleys. When the disc is seated, these

mate and high lccat {above yield) stresses are induced at the

peaks. The peeks will yield and deform and form a mitch between the

seat and seal. Aslthe valve is cyclea throughout i*s life, this match

tends to improve and & visual seating pattern appeais. This results
in improved sealing as the valve ages.

This has been verified by experience and is documented in the
Shell International Cycling Test (Refarence 8.0 D3) This test was
performed by Gebruder Adams of Bochum, Clow'
Products Division procuces the Tricentric design unuer license of
Gebruder Adams. The test showed sealing improved éuntinuously up to

41,000 cycles, the linit of the test.




7.3 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 larae 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 tne size and shape of thq object and open gap size which
remains whén the valve does not fully clese. 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 torque, 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
8.0 D2.)

As can be seen from Figures 10 and 11, debris screens are (:)

provided to prevent large debris from entering the valves.



>

7.4 Sealing Under Temperature Yariations

The Tricentric 1esign has been used successftlly for
sealing applications from cryogenic to 9009F, The Shell
International Cycliny Test describes sealing char:cteristics
for a media operatin; temperature of 8420F when tle body
reached a temperatur: of 7160F,

The Tricentric conical seal/seat design lends itself
well to accommodating tempe(ature changes in the body and
resultant size variation of the szaling components. Due to
the torque seating d.sign and some seal flexibilit;, the valve
will self adjust to “he small dimensional variaticws'which
could be anticipated for the subject valves. Of course, if
large thermal gradieuts (very unlikely from informition
provided to Clow) ex sted around the body circumference higher
levels of leakage coi'ld be exnected. Again no standards exist
to the knowledge of ! low personnel which could bec-me a basis

for prediction or a ".2st of such leakage.

. ————— e —
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Seismic Analysis Reports

prepared by: Patel Enginecers

Hur.tsville, Alabama

The following include stress and frequency analy:is for the
subject valves: :

1.

Technical ReportPEI-TR-833600-1, Rev.A Seismic

Quailification Analysis of Clow 12 Inch Wafe Stop
Valve.

Technical Repurt PEI-TR-852400-1, Addendum to PEI
Technical Report PEI-TR833600-1 covering 12" valves
IVRCO6A, IVROCeB8, IVROO7A. IVR0078B.

Seismic Qualificatica lest Reports

prepared by: Voujht Corp.

Hig1 Spaed Wind Tunnel Facility
Dalizs, Texas

Report No. 2-39700/1R-52972 "Simultaneous tatic Seismic
Load of Flow Interruption fapability Tests of a 12 Inch
Valve for the Clow Corporation” (Dec. 15, '981),
Application of 11.0 g biaxial static load fo valve
actuator duriig operation with choked air :low thru the
valve.

Patel Report 2EI-TR-83-29, Revision A (Aug. 10, 1983)
"Seismic Qualification of Clow Wafer Stop Valve Assemblies”
including Add:ndum I and II.
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Air Flow Tests

prepared by: A.L. Addy, Ph.D.
Urbana, Illinois
(Ergineering Consultant in Fluid Jynamics)

Final report sn the Clow Valve Analysis Prcgram CVAP
(Oct. 1981). Report covers methods of anaiysis,
development of data base from model tests, and set-up
of computer program to predict characteristics of full
size valves.

"Aerodynamic Torque And Mass Flow Rate For Compressible
Flow Through Gecmetrically Similar Scale-Model Clow
Valves In Series." (October, 13982)

Reports and Iiformation

Operating Ins‘ructions for Clow Tricentric Wafer Stop
Valve covers installation, maintenance, anc operating
instructions for 83-2462(N) valves.

Clow Test Report Project No. 82-003 "Effects of Foreign
Bodies on Tricentric Sealing" by Robert Sarsone.

Shell International Cycling Test (2/6/72) ty M. Nijenhuis
(Note: Clow oroduces Tricentric valves uncer license of
Gebruder Adars of Bochum, West Germany.)

References

Baldwin Associates Design Specification B\-K-2882-29,
Issue__2

"A Water Table Investigation of Two-Dimensional Models of
The Clow Corporation Tricentric Valve" by [r. Robert F.
Hurt, Engineering Consultant, Professor of Mechanical
Engineering, Bradley University, Peoria, Illinois,

Sept. 14, 1979,

"Radiation Sensitivity Analysis of Luminated Valve Seals
For Clow Corporation." Wyle No. 17629-01 (.Jan. 31, 1983)
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Environmental and Seismic Qualification Reports

1.

PEI-TR-852201-02 "“Seismic Qualification Status Report on Clow
Wafer Valves, G.H. Bettis Valve Actuators, and Associated
Control Components", dated 4/15/85

G.H. Bettis Nuclear Qualification Test Report 37274, Revision 9,
dated November 28, 1984.

"Qualification of EA180 Series Limit Switches for use in
Nuclear Power Plants" Namco Controls Report No. QTR105,
Revision 1, dated August 28, 1980. ®

“Report on Qualification of Automatic Switch Company (ASCO)
Catalog NP-1 Solenoid Valves for Safety-Related Applications
in Nuclear Power Generating Stations," ASCO Report No. AQR-
67368/Revision 1, updated.
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CONTAINMENT PURGING [URING NORMAL PLANT OPERATIONS

BACXGROUND

This branch tectnical position pertains to sy.tem lines which
can provide an open fath from the containment to the environs
during normal plant cperation; e.q., the purge and vent lines of
the containment purge system. It supplements the pasition taken
in SRP section 6.7 4 '

While the contaiiment purge system provides pl.nt operational
flexibility, its desiin must consider the importance of mini-
mizing the release of containment atmosphere ts the environs
following a postulated loss-of-coolant accident. iherefore, plant
designs must not rely on its use 6n a routine basi:.

The need for purging has not always been anti.ipated in the
design of plants, anc therefore, design criteria fur the containe
ment purge system havz not been fully developed. “he purging
experience at operating plants varies considerabiy from plant to
plant. Some plants co not purge during reactor oprration, some
purge intermittently for short periods and some pu:ge continuously.

The containment purge system has been used in a variety of
ways, for example, to alleviate certain operational problems,
such as axcess afr leakage into the containment from pneumatic
controllers, for reducing the airborne activity within the contain-
ment to facilitate personnel access during reactor power operation,

*Note: This paper is retyped for leqibility from paper sunplied
by NRC.
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providing additional purge and vent lines. The s ze of these
lines should be limited such that in the event of a loss-of-
coolant accident, assuming the purge and vent valves are open and
subsequently close, the radiclogical consequences calculated in
accordance with Regulatory Guides 1.3 and 1.4 would not exceed the
10 CFR 100 gufdeline values. Also, the maximum tise for valve
closure should not e:ceed five seconds te assure trat the purge
and vent valves woulc be clesed before the onset o fuel failures
following a LOCA.’

The size of the purge and vent lines should tz about eight
inches in diameter fcr PUWR plants. This line size may be overly
conservative from a ‘adiologiéal viewpoint for the Mark I[I[ B8R
‘ plants and the HTGR ,lants because of containment ind/or core
design features. Thorefare, larger line sizes may he justified.
dowever, for any pro 'csed line size, the applicant must demon-
strate that ine radiological consequences followinj a loss-of-
coolant accident wou d be within 10 CFR 100 guideline values.

In summary, the acceptability of a specific line size is a
function of the site meteorology, containment deéign, énd radio-
lTogical source term ror the reactor type; e.g., BUR, PUR or HTGR.

B.  BRANCH TECHNICAL POSITION

The system used to purge the containment for he reactor
operationalt modes of power operation, startup. hot standby and
hot shutdbwn; i.e., the on-line purje system, should be indepen-
dent of the purge system used for the reactor operation modes of

!
‘ cold shut‘own and refueling. ;
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s ihe on-line purce system should be designed i: accordance with

the following criteria:

a.

The performance and reliability of the purge system
isolation veives should be consistent with the oper-
ability asstrance program outlined in MES B3ranch Technical
Position MEE-2, Pump and Valve Operability Assurance
Program. (Also see SRP Section 3.9.3) The desiqn basis
for the valves and ﬁctuators should include the buildup
of containme 1t pressure for the LOCA break spectrum, and
the purge liiie and vent line flows as a fu.ction of time
up to and du-ing valve closure.

The number ¢f purge and vent lines that méy be used should
be limited t) one purge line and one vent line.

The size of the purge and vent lines shouid not exceed
about eight inches in diameter unless det:iled justifi-
cation for lirger line sizes is provided.

The containrant isolation provisions for the purge system
lines should meet the standards appropriate to engineered
safety featu-es; e.e., quality, redundancy, reliability
and other aporopriate criteria.

The instrumentation and control systems provided to isolate
the purge system lines should be independent and actuated
by diverse parameters; e.g., containment pressure, safety
}njection actuation, and containment radiation level.

[f enerqgy is required to close the valves, at least two
diverse sources of energy shall he provided, either of

which/ can af’ect the isolation function.



wn

r. Purge systen isolation valve closure times, including

instrumenta:ion delays, should not exceec five seconds.

3. Provisions should be made to ensure that isolation valve
closure wil not be prevented by debris wnich could
potentially become entrained in the escaping air and
steam.

The purge syster should not he relied on for nemperature

and humidity controi wifhin the containment.

Provisions should be made to minimize the nee | for purging

of the containment by installing containment .imosphere

cleanup systems within the containment.

Provisions shou d be made for testing the availability of

the isolation finction and leakage rate of th: isolation

valves, individvally, during reactor operation.

The following aralyses should be performed to Justify the

containment purca system,

a. An analysis of the radiological consequen-es of a loss-
of-coolant accident. An analysis should >e done for a
spectrum of break sizes, and the iﬁgtrumextation and
setpoints that will actuate the vent and ourge valves
closed should be specified. The source term used in the
radiological calculations should be based on a calecuyl-
ation under the terms of Anpendix K to determine the
;xtent of a failure and the concomitant release of
fission products, and tha fission nroduct activity in

the primary coolant. A pre-existing iodine spike should
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be consid

m

rid in determining primary coolint activity.
The volume «f containment in which fissiin products

are mixed should be justified, and the fission oroducts
from the above sources should be assumed o 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 guidel ne values.

An analysis which dfmonstrdtes the acceptahility of the
provisions made to protect structures and safely-related
equipment; e.g., fans, filters and ducting located bevond
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 conta.nment pressure
resulting from the partial loss of contaiment atmosphora
during the ¢ccident for ECCS backpressure determination.
The allowable leak rates of the purge and vent isolation
valves shou'd be specified for the spectrum of design

basis pressures and flows against which'tie valves must

close.
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QPERABILITY

In order to establish operability it must be shown that the

valve actuator's torc.e capability has sufficient nargin to over-

come or resist the torques and/or forces (i.e., flLid dynamic,
bearing, seating, fri:tion) that resist closure when stroking

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

the time limit specified. This should be oredicted on the pressure(s)
established in the coitainment follcwing a design besis LOCA.
Considerations which ,hould be addressed in assuriry valve design

adequacy include:

l. Valve closur2 rate versus time - i.e., corstant rate
' or other.
2. Flow directisn through valve; 4P across valve.
3. Siugie valve closure (inside containment c¢r outside
containment -alve) or simultaneous closurc. Establish
worst case. b
4. Containment >ack pressure effect on closirg torque margins
of air opera:ed valve which vent pilot air inside contain-
ment.
S. Adequacy of accumulator (when used) sizing and initial
charge for valve closure raquirements,
6. For valve operators using torque limiting devices - are
the settings of the devicas compatible with the torques
required to operate the vaive during the design bSasis

condition.
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7. The effect uf the piping system (turns, t~anches) up-
stream and {ownstream of all valve installations.

8. The effect of butterfly valve disc and shaft orientation
to the fiuia mixture egressing from containment.

DEMONSTRATION

Demonstration o° the various aspects of operasility of purge
and ;ent valves may te by analysis, bench testing, insitu testing
or a combination of thase means.

Purge and vent valve structural elements (valve/actuator
assembly) must be evi juated to have sufficient strecs margins to
withstand loads impo:ed while valve closes during « design basis
accident. Torsional shear, shear, bending, tensio: And compression
Toads/stresses should be considered. Seismic Toad'ngs should be
addressed.

Once valve closi're and structural inteqrity a-e assured hy
analysis, testing or a suitable combination, a detrmination of
the sealing integrit: after closure and long term :xposure to the
containment environment should be evaluated. Emohisis should be
directed at the effect of radiation and of the con:ainment spray
chemical solutions on seal material. OQther aspect; such as the
effect on sealing from outside ambient temperatures and debris
should be considered.

The following censiderations apply when testing is chosen

Ll

as a means for demonstrating valve operability:
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A. Bench testing cin be used to cemonstrate suitibility of the
in-service valve by reason of its tracibility in design to

a test valve. The following factors should b: considered

when qualifying valves through bench testing.

1. Hhether a vilve was QUaiified by testing 3f an identical
valve assenbly or by extrapolation of dat. from a
similarly designed ya]ve.

2. \Uhether measires were taken to assuras that piping up-
stream and dcunstream and valve orientati . are simulated.

3. Whether the following load and environmen:al factors were

considered

a. Simulation of LOCA
b. Seismic loading

Cc. Temper:ture soak
d. Radiat‘on exposure
2. Chemicec1 exposure
i Debris

8. Bench testing o! installed valves to demonstrite the suitability
of the specific vafve to perform its required function during
the postulated cesign basis accident is acceptable,

1. The factors listed in items A.2 and A.3’510u1d be considered
when taking this approach.

In-Situ Testing

In-situ testing of purge and vent valves may “e performed to

confirm the suitability of the valve under actual ronditions.
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Post test valie examination should be performed to establish

tural integrity of the ey valve/actuator comionents.
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CLARIFICATION OF SEP™. 27 LETTER TO LICENSEES REGAIDING +

DEMONSTRATION OF OPEZABILITY OF PURGE AND VEN VAL /ES

1. The 4P across the valve is in part predicated on the contain-
ment pressure and gas density conditions. Whit were the
containment conditions used to determine the aP's across

_the valve at the incremental angle positions furing the

closure cycle?

r

Were the dynamic torque.coefficients used for the deter-
mination of torcues developed, based on data resulting from
actual flow tes's conducted on the particular Jisc shape/
design/size? Wi at was the basis used to predtc; torques
developed in va've sizes different (esﬁéciallf larger valves)
. than the sizes inown to have underqgone flow t:sts?

3.  Were instailaticn effects accounted for in th: determination
of dynamic torq 2s developed? Oynamic torgue: are known to
be affected for example, by flow directicn th "ough valves
with off-set ditcs, by downstream piping backsressure, by
shaft orientation relative to elbows, etc. MWiat was the basis
(test data or other) used to predict dinamic :orques for the
particular valve installation?

4. Vhen comparinj the containment pressure response profile

against the valve position at a given instant of time, was
the valve closure rate vs. time (i.e. contstant or ather)

taken into account? For air operated valves aquipped with

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

‘ * Note: This paper is ret/ped for legibility from paper supplmd
by NRC.
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valve receives 1 signal to the time the valve starts to

stroke been acciunted for?
NOTE: Where a sutterfly valve assembly is equipped with spring
to close air oparators {cylinder, diaphragm, etc.), there

typically is a lag time from the time the isclation signal is

received (solenjyid valve usually deenergized) to the time the

operator starts to move the valve. In the case of an air
cylinder, the pilot air;on the opening side o7 tha cylinder

is approximately 90 psig when the valve is op2n, and the spring
force available 2ay not start to move the piston until the air
on this opening side is vented (solenoid valva de-enerqizes)
below about 65 isig, thus the lag time.

Provide the nec:ssary information for the tatle shown below

for valve positions from the initial open position to the

seated position (10° increments if practical)

Valve Position .

(in degrees - 9)°  Predicted aP Maximum ap

= full open) _ (across valve) (cagability)

What Code, stanlards or other criteria, was the valve desiqgned
to? What are tie stress allowables (tension, shear, torsion,
etc.) used for sritical elements such as. disc, pins, shaft
yoke, etc. in the valve assembly? 'hat load combinations were
used?

For those valve assemblies (with air operators) inside contain-
men;. has the containment pressure rise (backpressure) been
considered as to its effect on torque marqins available (to

close and seat the valve) from the actuator? Ouring the

closure period, air must be vented from the actuators opening
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side through th :ciénoéd valve into this bac:pressure.
Discuss the ins alled actuator bleed configqurition and provide
basis for not cunsidering this backpressure e“fect a problem
on torque margir. Valve assembly using 4 way solenoid valve
should especial’y be reviewed.

Where air operated valve assembliss use accumulators as the
'fail;safe feature, describe the accumulator air system config-
uration and its 3peratipn} Provide necessary information to
show the adequacy of the accumulator to stroke the valve (i.e.
sizing and operation starting from lower limitc of initial
air pressure cherge), Discuss active electric.i components

in the accumulator system, and the basis used to determine
their qualification for the environmental concitions exper-
ienced. Is the accumulator system seismicall, desiqgned?

For valve assemtlies requiring a seal pressur zation system
(inflatable mair seal) describe the air pressirization

system configuration and operation including reans used to
determine that valve closure and seal pressur:zation have
taken place. [iscuss active electrical compcnents in this
system, and the basis used to determine their qualification
for the environmental condition experienced. Is this system
seismically designed?

For this type valve, has it been detarmined that the "valve
trav;l stops” (closed position) are capable of withstanding

the loads imposed at closure during the D2A-LOCA conditions?



13.

14.

15.

16.

Page 4-14

Oescribe the mo ification made to the valve aisembly to limit
the opening ang.e. With this modification, i3 there sufficient
torque margin a'ailable from the operator to svercome any
dynamic torques developed that tend to oppose valve closure,
starting from the valve's initial gpen position? Is there

sufficient torque margin available from the o-erator to fully

‘seat the valve? Consider seating torgues reqiired with seats

that have been at low ﬁfbie"t temperatures.

Does the maximum torque developed by the valve.during closure
exceed the maxirum torque rating of the opera‘ors? Could

this affect opeiability? )

Has the maximum torque value determined in 12 been found to
be compatible w:th torgue limiting settings wiere applicable?
Where electric notor operators are used, has :he mininum avail-
able voltage to the electric 6perator under h3th normal or
emergency modes been determined and specified to the cperator
manufacturer, to assure the adequacy of the ojerator to stroke
the valve at MB/ conditions with these lower !imit voltages
available. Doer this reduced voltage operatiin result in

any significant change in stroke timing? Deszribe the
emergency mode power source used.

Where electric operator units are equipoed with handwheels,
does their design provide for automatic re-engagement of the

motor operator iollowing the handwheel mode of operation?

[f not, what steps are taken to preclude the possibility of



18.

19,

20.

21.

the valve being left in the handuneel mode fellowing scme
maintenance, test etc. type operation.

Describe the tests and/or analysis perforfed to establish

the qualificatisn of the valve to perform it: intended function

under the envircnmental conditions exposed tc during and after

the DBA following its long term exposure to the normal plant

environment.

What basis is used to establish the qualification of the vaive,
\
operators, soleroids, valves? How was the valve assembly
(valve/operators) seismically qualified (test, analysis, etc.)?
Where testing wis accomplished, describe the type tests per-
formed conditic1s used etc. Tests (where apr licahle) such
as flow tests, 1ging simulation (thermal, raciation, wear,
vibration endurince, seismic) LOCA-DBA envircnment fradiation,
steam, chemcials) should be pointed out.
Where analysis vas used, provide the rationals used to reach
the decision thit analysis cculd be used in lieu of testing.
Discuss conditiins, assumptions, other test cata, handbook
data, and classical problems as they may appiy.
Have the preventive maintenance instructions (nart replace-
ment, lubrication, periodic cycling, etc.) established hy
the manufacturer been reviewed, and are they being followed?
Consideration should especially he éiven to elastomeric com-
ponénts in valve body, operators, solenoids, etc. where

this hardware is installed inside containment.
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RESULTS OF TESTS -

The tests demon.trated the following:

The Clow disc and shaft geometry provides for a
positive a redynamic closing torque for 211 angles
from full ~pen to full closed.

The aerodynahic torque values used for dasign of

the Clow valve are conservative relative to measured
toréues. (Design torques were based on revious 3"
scale model tests.)

The construction Jf the valve is rigid ir its design
such that 1o binding resulted under an 1' 0 g load
applied in two direc?ions simultaneously.

The valvé vill cycle from full open to fill closed in
less than ¢ seconds with any amount of f.ow from

none to the maximum tested (108 1b/sec o~ air).

Any value of flow above zero tended to c'ocse the valve
faster (the valve closed in 3.6 sec. for a no flow
condition).

Operator sizing was sufficient to cycle .he valve
from full closed to full open in less th.n 5 seconds

for any tested flow rate.

CONCLUSION -

Clow has demonstrated that their nuclear purge valve design

can meet and exceed typical specifications for this type of

sarvice.

“"

It was further shown that the valve will function as



required regardless of the LOCA pressure ramp curve (assumes lower

pressures upstream at start of valve closure) often used by other

valve manufacturers to show operability. In conjunction with other

tests (now in progress) to show operability under many installed piping
configurations, Clow valves can allow full open purge function during

shutdown and for normal operation as opposed to the partially cpen position (:)
now allowed by the NRC. Further, it has been shown that the Tricentric

can meet tight leak rate requirements with a metal to metal sealing

which is more reliable and less costly in maintenance than sealing with

2lastomers.




