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Due to the design of the Posi«Seal butterfly va've with he
disc being asymmetrical, flow 'n the pre ~ erred dir ection
tends to close the valve. 3:n the nonpre erred direct'on the
disc tends to stay 'n the open position until it reaches an
angle of approximately 75 degrees open, then tends to close.
".he preferred direction 's with the stem side of the disc
upstream and the retaining ring downstream. See Figure 1 on
Page 2.

L

For the purpose of this report the or'entation of the va'ves
relative to the flow will be based on the flow go'ng iron
containment to outside containment.

3:f a Loss o. Coolant Acc'dent (LOCA) does occur, the
scenario given below describes what effect the large flows
resulting from the LOCA will have on the subJect valves.

A. pn+ o1 p p o ~~ 11

1. Valves AOV 106, 108 and 109 which are irs'de
containment and are presertly insta3.led in the
pre ferr ed direc tion.
Due to the large flow resultir.g from the LOCA arid the
corresponding aerodynam'c torque, these valves wi'lpart'lly close. Upon receiving a signal to close,
tnese valves will fu'y close providing proper
shut-off.

2. Valve AOV 107, which is inside the conta'nment and
presently insta13.ed in the nonpreferred direction.

Upon rece'ing a signal to close, th's valve wi3.1
fully close and provide proper shut-off.
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3. Valves AOV 10', 110 and 111 which are
containme..t and are presen ly 'nstalled
nonpre ferred direction.

outs'de
in the

The aerodynamic torques resulting .rom a LOCA event
v» ll be so large that the Bettis actuators vill not
be able to overcome the torque. As a consequence,
these valves vill remain in the open position until
which time the pr essure»nside containment reduces to
a point @here the resulting torque is less than that
of the actuator.

Valve AOV 105 vhich is outsiae containment and
presently installed» n the nonpreferred direction.
Upon rece'ving the signal, th»s valve M'l'lose,
however, the c'os»ng time will exceed the 5 second
. equirement.

B. Zf the recommendations made ' this report a e
incorporated

Upon receiving the closing s»gnal a'l the valves willful'lose pr ovid'g- a proper shut off.

P"efer"ed Direct;ion

Rem ining Ring

Plow

Seal

Peewee 1





The objective of this analysis is to show that the subject
conta'nment isolation valves cab withstand a Loss of Coo z..t
Accident (LOCA) as well as a seismic event o. magni ude as
given in customer's specification and still ra'ntain
operability.

The escape of containment atmosphere during a LOCA will
result in aerodynamic torques acting on the valve assemblyif it is in the open position. These torques are a result
of the disc acting like an air.oil wanting to rotate about
the axis of the stem. Th's analysis will determ'ne tne
magnitude of the aerodynamic torque and its . acct on he
operat'on of the valve assembly.

The s 'smic aspect of the analysis wil'onsist of
determining the natural frequencies and stresses o. the
valve assembly, assuming the basic valve body o be rigid
and the actuator to act as a lumped mass concentrated at its
C .G . and r''ly cornected to he valve bracket through the
bracket bolting.

Those c. itical sections of the valve assembly such as the
bolting, neck, stem and pin are analyzed assum'g a g static
load (magnitude per customer specification) applied at
either actuator or disc C.G., in each of the orthogoral
directions simultaneously. Seismic stresses are comb'ned
with operating stresses as well as the stresses due to he
LOCA aerodynamic torque.

Section modulus of the valve body and deflection of the
actuator relative to the valve due to seismic loadirg are
also analyzed.
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The valves to be qualified by this analysis are as follows:

T,~t~f

1 91 57-3 10"-150 Cl with Bettis N721C-SRSO-M3HM

12"-1 50 C1 with Bettis N721C-SR30-M3HM

-5 12"-150 .Cl with Bet" is N721C»SR80-M3HM

AGV10 0

AOV106
AOV108
AOV1 10
AOV107
AOV109
AOV105
AOV1 1 1

The assembly drawings of these valves are showr. 'n Enclosure
(1) ~
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I'agc — 5

i';i ~ No.

.'Sl. Iteni No.

;;i. e No.

ial ve Size

<et tis Actiiator tlodel

ctiiatnr Hax Allow Tor ue

-lax Torque ltesultlng from
a LOCA (in.lbs)

i'referred Direction
80'0

H»x Opening
lonpref erreil Direction

90'0

Hax 0 enin
i:;i Icu.l at ed
i: losi»g Tinies (Sec ~ )

tlo I'iow
I'rcf'errcil l)lrection

Vaive Opeiied to
90''i1vi.01>encil to 70

No»preferred Direction
V;il.vc Opened to 90
V;ilve Opened to

70'OV106

N72IC-SR80

22,500

6170

1.5

5.0

AOVIOli

N 721C-S R80

22,500

7339
3101 (Seating Torqiie)

1..5

i.00

IJill tarot Close
1.(i
5.0

AOV108

2h

N721C-SR80

22,500

58~i8

1.5

AOVIIO

233

N721C-SR80

22,500

958~i

7287
3l01 (ScatinR Tor~iii 3

1.5

.6

IJill Not Close
2.6
5.0
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Haximum Tor ues Res»itin from a I.OCA

and Closin Times

33375SI.-OOJ

~Pe a - li

I';i ~ Ho ~

i'Sl Item No.

i.'ase No.

V ilve Size

IIettis Actuator Hodel

Actuator Hax Allow Tor ue

Hax 'rorque Resulting from
a I,OCA (in;lbs)

I'referred Direction
80'0

Hax Opening
Ihi»preferred Direction

90'0'ax
0 ien ln4

Ca lcul 'i ted
CIosin8 Times (Sec.)

Ho Plow
Preferred Direction

Valve Opened to 90
Valve Opeiied to 70

No»preferred Direction
Vellvi Opened to 90
Valve Opened to

70'Ra<

e Iced C leele 'ierce

AOV107

3h

I 2»

H721C-SRBO

22,500

3237

3998
25~i2 (Seating Torqiie)

1.5

.75

:3. 9
.I .5
5.0

AOV105

313

12"

H721C-SR80

422,500

lil00

~i'5
25ii2 (Sea tin Ton ue

1.5

l.l5

. 5 ~ 75
1.5
5.0

AOV109

i'iA

12"

N721C-SR80

22,500

3330

1.5

5.0

AOVlI1

I 2ll

H72]C-SR80

22 500

6776
ii729

51,74
25i'i2, ea t.I » 'I'o i i »q

1.5

.85

.65

I4ill Not Close
2.1
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~PQ c - 7

Tag Ho. Size

AOV106 1«"

Valve
Opening80''lowDirec tlon

Actuator.

n~1'referred

15019 37500

II racket

Mal<'0400

dirac
Male

37500 3765 18900

Male.

1722

mm Mal<

23«00 14522 52800

Va1 ve~Qck ~LQR
~ale

]4808 31680

AOV I 0« 14" 90'on-Preferred 17018 37500 21557 37500 3983 18900 1805 23400 16761 52800 1761« 31.680

AOV1.08 14 "

AOV110 l«"

80'0
Preferred l«788 37500

Preferred 18168 37500

20255

2«i 240

3750Q 3701 18900

37500 5105 18900

1705

21G6

23«i 00 .1.3902 52800

23«00 21.1 38 52800

1.4035

23002

31680

31680

AOV107 12"

AOV105 12"

90'0'onPreferred
on

Preferred

I«795 37500

15107 37500

21162

25«95

37500 3313 18900

37500 34«3 18900

96«i 0

31. 78

23«00 13005 52800

23«i 00 14 258 5 2800

22977

25776

3l 680

31,680

AOV109 12"

AOVlll 12"
80'0'0

P ref er red .I 4376 37500

I'referred 16632 37500

Preferred 15265 37500

20817

26431

25590

37500 3179 18900

37500 3903 18900

37500 3492 18900

9551

3376

3198

23«i 00 1 1297 52800

23400 20203 52800

23400 J«888 52800

19138

389«3

27178

3 I G80

3 1.680

31680

HOTI?: Tl<e aliowable stresiii! - are based on 1.5 times tl<e allow <ble given
Section Ill of tlie ASNI: lloiler anil Prcssure Vessel Code





Based on the results of this analysis, Posi-Seal recon ends
that all the subject valves be 'nstalled ir. the preferred
direction and that the amount of valve open of valve AOV111
be restricted to 70 degrees. For valves inside conta'nment
the retaining ring will be on the side of the valve closest
to the containment wa'1. For the valves outs'de containment
the retaining ring will be on the side the fartnest .rom the
containment wall. Valves AOV110 and AOV111 should be
ot ientated as shown on Pages 31 and 33, respectively.

If, for some reason a valve cannot be installec in the
prefe. red direction, then the amount of va'e open'ng should
be restr'cted to 70 degrees.

Posi-Seal recommends that one o. the two methods showr. on
the following page be used to restrict'the amount of va've
opening.

It is conc'uded that if the above recommendations are
incorporated the subject valves will properly operate within

he required t'e during a combined LOCA and seismic event.
Whether the amount of pressure drop across the valves under
normal flow conditions 's acceptable with the amount o.
valve opening restr'cted to 70 degrees remains for Stone
Webster to determine. See Page H-1 in Append'x H.

The abili y of the Tefzel seals to provide a proper shut off
is based on the following:

Posi-Seal's experience witn Tefzel seals in applications
where the velocities are comparable to those the subject
valves will experience during a LOCA.

2. Radiation testing performed by DuPont as reported in
Reference (a) . For Pos'-Se"-l's applicat'on we have
rated the Tefzel seals to 3 X 10 rads.

The ability o. Tefzel to "'stard 300 degrees
temperatures for a short period of time as a'so reported
in Reference (a).

8
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LOC"

The purpose of this analysis is to determine what effects
the aerodynam'c torque resulting from a LOCA will have on a
valve assembly. Sirce aerodynamic torque is dependent upon
the flow conditions and the valve angle, computer p. ograms
are developed which:

1 ~

2 ~

3 0

Hod el s the piping svs tern
Determines the flow at various valve angles
Simulates the actuator as it strokes the valve fr omfully open to fully close.

0 E HG T E

For the subject order there are four piping systems which
are to be investigated . They are:

1 4< Valve AOV106
Valve AOV100

Cycles Close
Cycles Close

ga~e A
B

A
B

1 4" Valve AOV108
1 0" Valve AOV110

12" Valve AOV107
1 2" Valve A 0V10 5

Cycles Close
Cycles Close

Cycles Close
Cycles Close

~Ce I'' 12" Valve AOV109
12" Valve AOV111

Cycles Close
Cyc'es Close

Shown in Appendix A are schematics of the piping svstems
with each system broken down into the individual components
with its corresponding res'stance factor. These factors are
inputted into the computer program either as z K value, as a
length of pipe, a change in pipe diameter, or as a valve C
The K values ar e obtained from Re ference (b), the C „values
from Posi-Seal Technical Bulletin No. 2, Enclosure (2) .

10





aus, v'th .he pi".in6 sys e mocelec, a.".d. ='th -'.he '~str an anc
co w trem concitions k"ovn, the flov conc'tions can 'ce aerie='nec.

Dete 'nation o "'ov Conceptions

Der' tion of ec ~- ions

Zerno1'11' s

;1 I.

P-

0nat ion

+ V P +- 2
2

26

V
2

26

S'nce -he 1ov investi6a ec, i» e'ther oe stem o air t"e he'-'.".t te m
(7,, Z2) can oe i6nored..

ltd P, + V,
2

26

i%4 P2 + V2-

P2 26

, ~here 2 P»essa"e PSIG

Density 'o/ft
Veloc'y ./s ec

Gravitational constant = 32.2 ~/sec
iieac Loss

S'"ce the pivin6
aciaca-'' c.

P2

system are relative'y

>I:2
Pl

s..o . -he 'o- is ass"-ec to "e

~e ae . ( h )

T
2

1

2
I
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:-ressure :"SL4.

.-'so~ use:mceratu"e Dw

." o= ecuations

Zn "'r>e

Q — c ~o3 V D2

"she e F'o«-

0 = Diemete"

SC.. H

C n

"n valve

~he e C.
Y

X

AW

1360 C~ P~
v X

GPSS

Vai.ve coe ic'ert
I

~e/p
""ress""e croc across 'a've PSZ

1 — X
X„K

Brio o speci=ic '..ea c ors
Ra~ex z essure c=op ratio ac:or
Spec'c e—av'ty
Cot.-ressicili y actor

For choRe f~ov in va~'ve

o07.1 C

c'-.o'"- = "
X

r< X

G" Z
t
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33 3 7=5:-00

'onic

Velocity =enation

S
4637 K. P ne" Ref. ( b )

Deter~'nation of the f"ow conc='tions will be "e"fo~ec as follows:

-Calc ~ate aensity at - e e"d. Co c'tion
l

1

2. Calcnlate initial ve ocity oase" on bestir~-'ng ana enc cc"c.'-ions.

V(1) P +

--he"e Z(1) + Z(2) +-... -. Z(~'+1)

~ 3. Using the '"'tial velocity V(1), calcnlate LP for all -he s at'c"s
as shown celow
."-o 1 = 1 to N

p = p(z)
p(~+1) = p

V(Z+ ) = O(:) V(:) p(-) ~(:+1) p(:+1)
(=) = ~(X) - 14.7

P(:+1) = p(2+1) (~(:) + V(:) (1 — ~(~) — V(:+1)
i p(:) 9274

927'-(~)

= ~(:) + 1~ 7 ~(~+1) = >(-'+1)
p(-.+1) = p(-.) (~(-+1)h V~i~i) )
x'('-'+') —

( I
> .QG05 t"m p =

(

a.".6 recalcnlate 2(:+1)

+ 14.7

.0005

i~o-'e: h s s cone s'nce p(i+ )
~(Z ') anL -'c -e"sa

is a ' "c o.

-(:+-') = =(:) ~(:— ) (z -1)iz
>( )

13-





=or ceie ='."'n~ -'.". L. across ."e v~;es, the =. "--='-. =cr ~

~ven c.. the preceding pa~e 's used. Solvin(: ="" E frc" -.'.-'s

acing ecual "o the actual drop across -"e va've.

4 ~ wi-h the inal pressure P(2+1) calcu a-ed, th =- press "e 's co=pared

to the ina "-ressure driven.

pressu e -'s at=ospher'.

-he calcv a-e n essure 's 'ess chan the given final "ressure
then the init al ve oc'.y 's decreased a.".d Step

initial ve'ocity 's increased if the calculated
greater thar. the given final nressure.

3 ' repe= d.
evaq eSU

5. 5 eps 3 and w "e repea-.ed u"='.'he
eza oY'~ate y ecuals the

driven

final - essure.

6. "'o"'c ve'oci y is encomtere a any of -he st -io s the '"'ti
ve ocity ' decreased unt'1 Sten 5 's achieved o" m~il .he ca'c" a~ed

sor'c v 'ocity ap o~~a e'y eauals -he ac-ua sonic ve'oc':y.

he la--er is the case the the driven f'nal press'"e 's assw "-

and the pressures a the s-a-.ions.cet"een -he c'~-.le~ and he

station at vhich scnic lov occurs are de~e=ined "y usin~ the
ecuat'on driven in Step 3 in ." ve se orcer and sin~ -he -'o=, (,,
oased or. ~he so.'c veloc."ty.

( ~ Zf choR.e flo" 's
approach is a>en as given 'n S-ep o ~

gal -.hen the sa=e

8. o de-e ~ne the lmr co..d -,'o.s or:he va"ious valve ongles,

he C< o the va ve closir~ 's dete=-'ned .or he a pie o

interest and Steps 1 thru 7 are repeated.

The acove 's or ulated 'rto the cc=puter p o~w "F~Oi~-GAS."
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Simulation of the Actuator Strokinc tne Valve C'ose

in order to s'-ulate the closing of the valve, an eauation wn'ch

describes tne toraues acting on the valve stem has to be def'..ed. This
equation is g'ven below:

T~Q T
7

+

hnere T
TTO

'T
~ T l. 4 +air spring packing and seal 'ear'ng

The net torque tending to open the valve (equals
zero when the valve starts to close).

flow The torque due to aerodynam c low caused by

the LOCA.

T, ~ The torque exert by the actuator as a result ofair
the air acting on the actuator piston tending ro

open the valve.

T in The torque exerted 'oy the actuato" spring tendingspring
to close the valve.

T,, < 1
~ Torque of the packing and the seal resist'ng

the clos'ng motion of the valve. The seal torque coes

not take affect until the disc begins to seal wh'ch

occurs at approximately 3'rom fully c'osed. The

running orque of the packing is approxi=ately .6

times the break awav torque.

T.'oearing ~ Torque due to the LP acting across tne valve wnich
forces the stem/disc assembly into the oear'ngs.

— 15
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cd"np ' 'o cue ( )'Q

S" ~-nce =os -=e=- nas o. i. Ge-.e.— nec:.acro";na".c tore es fcr =-ater

base" on testin~, see =nc . ( 3), a vav tc detemning
.oraues c" e'r and stea= rc= tncse o" "a-er has to oe c. ri'-e".

»» L'l.'e

ollovs:
resultant d"ag and li t orces ac:in'n ~ne disc

1'

CD p V A
2

p V
2

2esu an- Drag =c c

Hesu an" "- rorce

ne resulta t tcrcue 's the resultant fcrce .='-es t.".e '-.'c= C c=

. C p V
2

s m to he location of the resul ant o c

Hesul a t Drag orcue

= C P V
2

»i ~ ~ .C~ > ~~ "a»es'4»»8 v '' '» 'o

»

T7=C,~7pVA

'»

w~ere V Veloc ty
Sur ace )zea
Densit:: o =luid

»

»

CD, C7

7g)

Dra> "d -'oe ffic'"=s

or'ntation o disc)
en'" g stm to esul-ant

Cc o:ned Sucsc

anc. dra> -orc s

De"endent 'cn s .a"e(" =-.
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C~ and are t'se sa=e or the sa=e s'=e a.d ciass vaive,

s.s s'~~

xe"'a o"
ti.e st ~.e,'ar nos™ion, " qa"ciess o= ="-'Ci,

te»erature.
o«p

fiuid.
p vat e»

iu'
V" "ater

n,
l

Where

p "4N

62. 4

Na e

2
'PP

p vate 62.4 i'os/ .3

V = Caiculated. in t'ne dete"z'nation o t'.".e ="io-

co a.itions

VV 00223 Q — . 00223 CV
A

Disc Hyd"odynanic oraue ~er PS: LP

vaive anomie)

Disc Aerodyne='c 'Zorcue per PS:

( unc «ion 0:

he .ota aerody +~c oraue eaua s

2
T~~ P 6P

62.4 V
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~~..c pCt» o l44
iD ~ ~'

r
2( 00

D 6»M 'U

vl.00223 C c'~

nen Tr
pl44 Tl,g

62.4 l27300 P,A

.00223 C

A

n,

A .04326 CP P~l

l 2o3 ~ o Cv

2

S earn .0269

J.

2o3.0 Cv

2

s -or C a»d T c»» be:o'~d ' "'1closu esV
resnec~ '-e' for va" 'us va 'e ~~"'s.

r

(2) and (C)

»ow c»4 ~i cal ~lov ='he e""at ons »a» »CL Q» \ Pg ghlit LAve» vv ~

m
Ste

G Z

.274 ", - .=. X. „4'A

G Z

The above aerodynamic torque equations have also been 'ncorporated into
"FLON-GAS" computer program such that the torque resulting rom a LOCA. can be

determined for every 10'f valve closure.

ln per. orming the LOCA analysis it is assumed that the valves c'ose
inaiv'dually. This assumption is made fo" tvo reasons. The 'rst 's =or

ease of analysis. The second reason be ng, this is cons'derea to be more

conservative since if both valves close simultaneously the resistance in
the svstem vill be greater; consequently, the flov v'll be less and the
aerodynamic torque will be less.
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Pneutat'c orque (T . )air

T„. ~ A R Pl
C2

hhere A = Area or piston
A = D

c
2R

A 172g V / 14.7
~ P+14.7g

D = Cubic Displacementc

P = Working Pressure of Actuator

V = Specific Volu e - SCF

R = Raaius of Scotch Yoke (See =. gure 4)

Pl ~ Pressure of the air 'n the piston cy1inder
Pl ( V-AV)

V
Pl Previous pressure (See Note

Below)

5V = Change in Vo'ume

66 ~ 0
3600

at = Change in Time

Q ""low thru solenoid valve or auick exhaust

963 C FLS Plvs
21-.25 (zL)-

C C of solenoid va1ve or qu'ck exhaust

Rated liquid pressure recovery factor of a

solenoid valve or auick faust .9

G Specific Gravity of Air 1

T Temperature 'ankine Assume equals 530'
= 33.62 C Plv

C2 ~ Eauation describing the advantage o= the Scotch yoke

as a function of angle.

iNOTE: En order to take the effect oz tne building atmospheric
pressure into consideration the in'tial pressure or P,
is equal to the working pressure of the actuator minus
the building atmospheric pressure.
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The torque equations are formulated into the computer program
"FLOW-CL". This program calculates the var'ous torques acting on the
valve and the amount of valve closure as time is incremented until
which time the valve is fully closed. In order to determine the aero-
dynamic torque for angles other than the ten degree increments
calculated by "FLOW-GAS" the values for the densities, pressure drops
and velocities are taken from "FLOW-GAS", interpolated to correspond
to the angle of interest and then the aerodynamic t'orques are
calculated based on those values. The reason for calculating aero-
dynamic torque in this manner is that density, pressure drop and

velocity are more linear between the ten degree, increments than is
the aerodynamic torque. However, for those cases where there is a

bend upstream of the valve the torque is inputted d'rectly. The

program used for this is "FLOW-CLl".

SEISMIC ANALYSIS

The equations used for the seismic analysis are those given in
Reference (c). The only difference between the seismic analyses

performed 'n this report and those performed in Reference (c) is the
analyses in this report use the torque resulting from a LOCA for
input rather than operational torques.

22





Per Reference (d) when a Loss of Coolant Accident (LOCA)
occurs the pressure ins'de containment w'll 'ncrease to 05
psig and 3.1 psig outside containment. The temperature
inside of containment during an accident can range from 135
degrees F. to 340 degrees F., f'r outside con ainment the
range is rom 100 degrees F. to 275 degrees F.

To perform the LOCA analysis it is assumed for conservatism
that the p essure drop across each pip'ng system
invest'gated is the full 45 psig. However, the actuators
outside containment are'ubjected to the 3.1 psig.

E

Since the make up of the media is not known, three different
conditions are ana'"ed using 'the first case to determine
which condition results in the largest aerodynamic torques.
This condition is then used in the analysis of the other
piping systems . The three conditions investigated are as
follows:

p Z'

2
3

Air
Air

Steam

135
340

292 ( Saturated )

As can be seen in Appendix 3, Cond'ion 2 resulted in the
largest torques.

— '73





The torques resulting from a LOCA based on Condition 2 are
determined using the program "FLOW-GAS". The computerresults can be seen in Appendix B on the pages as descr ibed
below:

w

1A
1B
2A
2B
3A
3B
4A

B-5
B-17
B-24
B-29
B-3 4
B-38
B-42

Preferred
Nonpreferred

Preferred
Nonpreferred
Nonpreferred
Nonpreferred

Preferred

As can be seen in Appendix A gust upstream from valves
AOV110 and AOV111 (Cases 2B 5 4B) are bends. Therefore, theeffects of these bends on the aerodynamic torques during a
LOCA have to be determined.

e.
e,

Posi-Seal has performed an investigation to determine whateffect a pipe bend will have . To date his investigation
has not revealed anything Posi-Seal can use with confidence.
Consequently, Posi-Seal has taken the following approach:

h

l,

Assume the flow results in a resultant load acting at
the midpoint between the edge of the disc and the stemcenterline.

2. Determine the load based on the principles of impulse
and momentum.

3. Calculate the resulting tor que choos'rg the angle ofattack which results in the -worst case when added to the
aerodynamic orque of the normal flow thru the valve.

e
I

e
'c

e

~A





The assumption that the flow resultant acts at the midpoint
between the edge of the disc and he stem center line with a
bend upstream is based on the following:

1. For flow through a straight pipe the largest aerodynamic
torque will occur at 80 degrees open for flow in the
preferred direction and 90 degrees for flow in the
nonpreferred direction. This torque is predominately
due to the lift and drag forces acting on the d'sc.
Only a small amount of torque is due to the flow
impacting on the disc since the moment arm is relatively
small.

2. lt is assumed that the resultant of the flow impacts the
di~c at the midpoint between the disc edge and the stem
center line throughout the closure from 90 degrees oper.
to fully closed. Although this may not be conserva ive
at the smaller angles, it will result ' very
conservative results at 80 and 90 degrees where the
maximum torques due to the lift and drag forces occur.
See the diagram below.

~fuze 7

Velocity profile with resultantact'g at midpoint between d'c
edge and stem E

I

Y! Valve zt 80 degrees

PP Veloc'ty profile ac 'ng on the
disc ai 80 degrees and the
corresponding .esultant.

Posi-Seal uses the full value of ":< throughout the va'e
closure.
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The magnitude of the force impacting the disc is determ'ined
by using the principles of impulse and momentum as follows:
hM Vl +Fht = hM V2

V2 - 0

AMV, = F ~t

where hM = Change in mass - ibm

V = Velocity - ft/sec
F = Force - lbs

~t = Change in time

LM = ~o~L
g

whe r'e 2Area - ft
Density - ibm/ft3

Gravitational Constant

Flow - lbs/sec
W Vl 6t = V 6t

8

V Vl
8

3600

where Q = Flow - SCFH

32.2 (3600) 1. 517X10

-26-
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V >ve V

The valve is orientated in the pipeline as shown be'ow w'th
the flow in the nonpreferred direction.

Figure 8

For this case, the resultant of the flow is assumed to be
normal to the disc with the valve in the closed position.
This is the most conservative assumption corcern'ng the
direction of the flow resultant s'nce thi's assumes that when
the valve is fully open that the flow will not ass'st in
closing the valve.

Using th's assumption the torques acting on va'e AQV110 are
calculated.

(Per Appendix 3)

90
80
70
60
50
40
30
20
10

4,646,000
4t470,000
3,982,000
3,068,000
2 s 289 t 000
1y552,000

958,000
483,000
244,000

633.8
6 42.2
647.2
619.7
526. 8

388.3
250 ~ 3
128.4
65.2

1941
1892
1699
1253
795
397
158

41
10

— ')7
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R = 9. cos 8 eee 6

L~~~e

90
80
70
60
50
40
30
20
10

0
.56

1.11
1.62
2.08
2.48
2.81
3 ~ 05
3 ~ 19

R

0
-1060
-1886
-2030
-1654
-985

444
-125
«32

LOCA

(Per Appendix B)

7287
1110

780
337

1132
1348
1414
1440
1445

'Total

7287
50

«1106
-16 93

522
363
970

1315

A positive torque indicates that he valve will tend to
remain open.

V iv 1

This valve is also presently mounted 'n the nonpreferred
direction, orientated as shown below.

Fieeee 9

l

~u'or

this case the flow resul ant is also assumed to act
norma'o the disc in the shut position except at 90 degrees
where ' 's assumed to be ' line w'h the tangent to the
ins'de diameter of the e'bow. See Figure 10 on Page 29.
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The calculated torques for valve AOV111 are as follows:
0 V

(Per Appendix 3)

90
80
70
6o
50
4o
30
20
10

3)444)000
3)444)000
3,049,000
2)376,000

)785,000
1,212,000

749,000
377)000
1 911000

631 ~ 5
720 ~ 1

642.5
632.o
548.3
409 ~ 2
265. 4

136.6
69. 4

1635
1291

990
645
327
131

34
9

R = Q. cos 8 c c ccs)

except at 90 degrees sin (10 degrees)
4

90
8o
70
6o
50
4o
30
20
10

~ 51
~ 51

1 -00
1.46
1.88

2-53
2 ~ 75
2.88

729
834

1291
1445
1213

732
332

93
25

TLOCA

(Per Appendix S)

4446
964
180
4o5
996

1141
1 187
1206
1209

TTotal

5174
1798
1111
1 940
2209
1 873

855
1113
1234
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Based on the aerodynamic torques determined» n Appendix B
and the preceding pages, the clos'g times a. e calculated
using the computer programs "FLOW-CL" and "FLOW-CL1". The
results of these calculations are shown in Appendix C.

As can be seen on Pages C-0, C-8 and C-.16, valves AOV10 0,
110 and 111 will not close when subject to the torque
resulting from a LOCA. Valve AOV105 takes greater than the
5 sec. closing requirement and valve AOV107, although it
meets the 5 sec. requirement, takes twice as long to close
as it normally does. See Pages C-10, C-12 and ":-6.

All of the above valves are installed»n the nonpreferred
direction. Therefore, it is recommended that they be
installed in the preferred d'rect'on.

The LOCA torque calcu3.at»ons for these valves are given on
Pages B-52 thru B-73. ":or valves AOV110 and 111 wh'ch have
bends upstream, the addit»onal torques due to the bends are
as follows:

With this valve installed in the preferred direc ion it is
recommended that the valve be orientated as shown below.
With this orientat'on the direction of the ~ low resultant is
assumed to be in line w'h the tangent to the » nside
d'ameter of the bend and the arc of the m'dpoint as the
valve closes. See Figure 12 on Page 32.

"-f.sure 11
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097C

This resultant direction is chosen since it results in the
largest,tor ques when added to the torques with the valve in
the preferred direction. This represents the worst case,
stress wise, in terms of the torque the valve assembly will
be subject to. These torques are

R " D/4 cos (20«8)

90
8o
70
6o
50
4o
30
20
10

1.62
2.o8
2.48
2.81
3.05
3 ~ 19
3.24
3 ~ 19

TR

-21 53
-3068
-3542
"3113
~2233
-1210

504
133

32

TLOCA

(Per Appendix B)

-6516
-3954- 730

741
1217
1393
1436

. 1445

TTotal

-7586
-9584
-7496
-3113

7
888

1303

It is recommended with th's valve in the preferred direct'onit be orientated as shown below

~Fi use 13
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The direction of the flow resultan that results 'n the
largest torque for this valve is the same as it is for valve
AOV110. See Figure'4 on Page 35. Therefore, the toroues
are:

R = 9. cos (20.6 )

90
80
70
60
50
4o
30
20
10

1.00
1. 46
1.88
2.24
2 ~ 53
2.74
2.88
2 ~ 93
2.88

R

-1592
-2649
-2685
-2455
-1 812

997- 418
110

20

LOC

(Per Appendix 3)

-2813
»41 27
-2o44

156
751

1058
1174
1 203
1209

Total

-4404
-6776

4729
-2611
-1061

61
756

1093
118o

The determination of the closing times or va'es AOV104,
105, 107, 1 to and 111 with flow in the preferred direction
Is given in Appendix D.

Zf these valves cannot be installed
direction, then it is recommended tha
opening be restricted to 70 degrees.
are the closing times for these
restriction.

'n the preferred
«he amount of valve
Shown in Append'x E
valves w'h this
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For the seismic analysis of each individual valve, the
conditions and orientations which resulted in the largest
torques were used. They are as follows:

e

1A
1B
2A
2B
3A
3B
4A
4B

AOV106
AOV104
AOV10 8
AOV110
AOV107
AOV105
AOV109
AOV111

80
90
80
80
90
90
80
80

Preferred
Nonpreferred

Preferred
Preferred

Nonpreferred
Nonpreferred

Prefe. red
'referred

The seismic analyses are given in Appendix G. As can be
seen on Page G-24 the disc pin stress for valve AOV111
exceeds the allowable; therefore, it is recommended the
amount of valve opening for this valve be restricted to 70
degrees. The seismic analysis for this condition is given
on Pages G-25 and G-26.
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stave The or1entatton of the valves ls
based on the normal flow
directions given on Posi-Seal
assembly drawings, Enc3.osure (1).





14" - 150 Class Valves 2CPS~AOV 104 & 106

W o P

Piping outboard of valve 2CPSIAOV104 breaks off.
The resulting system is as shown below.

0
Per Reierences

(e) e (i)
AOV l06 APV 3.04

t ~ J

Entrance (1)

cri f o ()J

Z = ~ 5 D.
n

Valve (7)
Flow in the Preferred Direction
Straight Pipe (4)

Valve (7)
Flow in the tJonpreferred Direction
Exit (8)

C = 6317

L =
11'v

- 6317

K = 1.0 Dut

Case 1A - Valve AOV106 Cycles
1B - Valve AOV104 Cycles
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C 'E

10" - 150 Class Valves 2CPS~AOV 108 4 110

P'p'ng outboard of valve 2CPS~AOV110 breaks o.f.
The resulting system is as shown below..

3

n
I

AOV i 08 ~e~ Refe"ences
(e) a (g)

AOV llo

Entrance (1)
~ Va'e (7)

Flow in the Preferred Direction
Str a'ght P'pe ( 0)

Bend 90 Degrees (5)

Straight P» pe ( 4)

Valve (7)
Flow in the Nonpreferred D'rect'n
Exit (8)

K "-.5 Dgn

CV
- 6317

9 t

K - 12 ft — .16

L -
3'U

- 6317

K = 1 D out

Case 2A - Valve AOV108 Cycles
2B - Valve AOV1 10 Cycles

A-2
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12" - 150 Class Valves 2CPS~AOV 105 4 107

Piping outboard of valve 2CPS~AOV105 breaks off.
The resulting system is as shown below..

AOV 107 AOV 105

Per Re=erences
(e) & (h)-

Entrance (1)

Valve (7)
Flow in the Nonpreferred Direction

Straight Pipe (0)

Valve (7)
Flow in the Nonpre ferred Direction
Exit (8)

K -".5 D, = 12"Il

C = 0902

L = 11'

-" Lo42
V

K -"1 D -" 12"
Out

Case 3A - Valve AOV107 Cycles
3B - Valve AOV105 Cycles





12" - 150 Class Valves 2CPS~AOV 109 4 111

Pipirg outboard of valve 2CPS~AOV111 breaks of.".

The resulting system is as shown below.

AOV ill 6 ez Refe"ences
(e) a (i)

AOV109

Entrance (1)

Valve (7)
Floe in the Preferred Direction
Straight P'e ( 4)

Bend 90 Degrees (5)

Straight Pipe (0)

Valve (7)
F3.ov in the Nonpreferred Direction
Exit (8)

.5 D,. = 12"'n
C = 0902

cl

K = 12 f = .16

L

C = 4942

K = 1 D = 12"
OUC

Case 4A - Valve AOV109 Cycles
4B - Valve AOV111 Cycles

A-4
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PRESSURE
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OENSIT. TEHPERATURE

Tclo+ana

VELOC:TY

5
6

53 ~ 5
48. 0
II6,
39 I
14 ~ 7

O. 2506
0.2320

0 '003
0.0'995

V V

130. 8
1 6.8

V
11'9. 6

90 ~ 4

430 ~ 7
465. 1

539. 6
1085. 6

\ ~

HOTE: THERE IS CHONEO FLOW AT STATION 5

ANGLE FLOW OP ACROSS VAl.VE
80 5,447,632 9.68

Tclosang
6, 115

, ~

PRESSURE
59.7

43. 8
41. 6

14 ~ 7

DENSITY
0 ~ 2710

0 2173
0 2095

0+0995

TENPERATURE
135 ~ 0

3.6
121 7

90. 4

VELOCITY
398. 9

496 6
514. 4

1085. 6

c ~

70 4,S28,S29 14 '8 3 ~ 415

4
5

59. 7
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0. 1983
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13S. 0
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112a 6
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AftG~
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I
I 1

29.57

0 2710
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613

271 ~ 6
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4
5

26 6
22. 6
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107'
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EtO
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4
5

15. 5
15 2
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ll l 4
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90 6
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110. 3

1111
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ANCLK
10

FLOW
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(See A@ver.i'x A)





VALVE SI e ~ 14

FLW~~ t M~AA>tf=~-X~
VALVE C'SS~'0 Fg OU

UPSTREAt)
t)ESKL'RE

IMIT AL
OcMS IYY-X10""

IMIT AL
TEMPERATURE

F I!lAL
PRcSSURE

SHUT-OfF
PRKSSURE

t(EDI*
AIR

RATIO OF SPECIFIC

1 ~ 4

COMPRESS IOILITY HYDRODYMAt)IC FACTOR
.. cE~

1 118 r-~r r rr
OIA DIAr
l. 375 12.974

TORQUE
832

TORQUE
1454

t
VALVE
STRAIGHT PIPe

EXIT

14 ~ 0
14 ~ 0
4
14. 0

0.0
11 ~ 0

0.0

STATION NO. TYPE OF RESISTANCE DIAMETER-(D) LKNGHT-(L) RESIS QMCE ()()
.500

0.860
0 141

000

COPRECTcD
RESISt t(CK-(H)
r. '000'J
0. 86066
Or 14142

1.00000

CONDITIONS UITH VALVE OPEN
~ r r ~ r

PRESSURE DENSITY TEMPERATURE VELOCITY

5
6

53. 5
48.0

39 2
~ 4 7

0 1860
0. 1722

r
0. '89
0 0738

329. 6
319. 6

301 5
227 ~ 8

SOD 6
541 ~ 9

628r 1

1266. 6

MOTE: THERE IS CHONED FLOU AT STATIOt( 5

VALVE TORQUE 3 101 I!I LDS
DELTA P~45.00 PSI





I..IlhlO,l' C QI»I'8 iIFS VAI VF CLQGI=R

I~ ~III
I » ~

I
!~I

~
~I

~

~

~I

I

ANCLE FLCU~l ~ ~

PRESSIIRE
5

OP ACROSS VALVE

DENS lT" TEHPERATURE

Tc!asing

VELOCI »v

»

»»

53. 5
48 0

39. 2
14. 7

0. !S50

»

0. 1489
0. 073S

NOTE: THERE IS CHOHED FLOLI AT STATION 5

329.6
319 ~ 6

301 ~ 5
227. 8

501. 5
541. 9

55.
528.1

55. 5

ANCL
80

FLOLI
4l 727, 176

DP ACROSS VALVE
9»74

Tc!csin'l

170

» ' PRESSURE DENSITY TENPERA TURE VELOCITY
59. 7 0» 2010 340. 0 465 ~ 4

» l l
»

l

3 43. 8
41. 7

3
14 ~ 7

~ ~

0 161'1
0 ~ 1557

0 0738

311 ~ 2
305 9

nn7 8

579. 0
597. S

1266. 5

» A
70

»

4, 185,884

59. 7
55. 2

15 15

0» 2010
0. 1900

340. 0
332» 4

3l450

412 1

434. 9
l

l
I

i

4
5

3S. 4
31. 6

0» 1467
0» 1277

99. 8
283 ~ 6

561.8
645. 4

3l20 ,579

59. 7
57. 3

29.86

0 2010
0 ~ 1'951

6 2

8 P.
340. 0 315. 3
336. 0 3 l4 1

26» 4
l l

0 1123
0 ~ 1006

269. 4
2S7. 8

563 ~ '9

629. 7

NOTE:

ANCLE FLOW

~ ~

OP ACROSS VALVE

THERE IS CHONED FLOW AT STAT ON

Tclosin9

PRESSURE DENSITY TEHPERATURE VELOCITY

I, 2
3

58 ~ 5
». l 0 ~ 19S2

0 '939 338. 1
250. 8

3
233. 3
492. 8

»

II

~ ~





NOTE: ~H:RE IS CHQNEO FLQW AT S ATION

. ANOLE
NA

FLOW
1.565.243

OP ACROSS VALVE
42. 12

Tc losing
~ t ~

PRESSURE
59. 7

QENSITY TEHPERATURE VELOCITY
Ert ~ 0 it ~ 1

r5<
374. 8
373. 1

17. 2
lb.9

138 I

237. 4

t t7 8 419. 4

1, 392

'I .' 0 ~ 2010

3 0.0826
4 0. 081+

r

6 14. 7 0. 0738~t~H M .~Ntl~
Ji

30 9S7, 243 44. 00

1 59.7
59. 6
ts.
15 ~ 5
15. 2

0 2010
0. 007

0. 0768
0. 0757

31 4
230. 1

246. 6
250. 0

e~—VE ~
310. 0 94. 2
339.8 94.

NOTE: THERE IS CHONEO FLOW AT STATION 2

ANCLEr FLQM
't

~ /
OP ACROSS VALVE

~ ~

Tc losing
~ t

t t PRESSURE DENSITY TENPERATURE VELOCITY

I
E

5
6

~ r
59. 6
14. 9

14. 8
14r 7

Or2009
0. 0749

0. 0743
Or 073S

339. 9
t t9 ]

228 4

47. 6
127. 7

129 ~ 6

ANGLE
10

FLOW
244 '69

OP ACROSS VALVE
44 ~ 91

NOTE.'THERE IS CHOHEO FLOW AT STATION 2

Tclosing
1 ~ 444

t

t. ~

I

(

'

3
4

PRESSURE
59.7

14 ~ 7
14 7

14 7

OENSITY
0 2010

0 0741
0. 0741

0.0738

TENPERATURE
340.0

228
l t8 ]

227.8

VELOCITY
24 ~ 0

65.
65 ~ 3

65r 5

0





CAS /Q

CQ-'I~:"'Oar

~rUc~ ~:ccA A.'r"'Ys:s

VAL'v" Si2::
VALV- CLASS:

AC U~ZCP,: 6 W;

UPST.M~l PR:-SSUP." b5.7 PS:A

I ti 't JLtt a <g 2-

S:-:tII. QF.. tt S|P ~""-5,
PSE'A:0

0:" SP. SP:-C:=:C G:-B.V:

ZD .ODY'iVVZC AC I'CB,

90 D"-G rl

pAc'~rG. 'B~gUz

Did:"CT OH

~Npvz S.A:rcrr:ro.. z ."Ac=c~s =-=c.

(See A@pe»diz A)



CP

Cll



UPS RKAH
cRcccURE

VALVE SI K>14 VALVE CLASS>150

INITIJYL
OENSIYY XL0!2

INITIAL
TEHPERATURE

FINAL
PRESSURE

cgUr IJr
PRESSURE

cl OU CAS

HEDIA RATIO OF SPECIFIC CQHPRESSIOILITY
. *~

SAT STEAN 1 ~ 312 .62 1

HYDROOYNAHIC FACTOR
cQ

LLS2

'e
„J
I J

'~I

I"l ~

I >)

Jl1

L?„-
C;t,

-TEJ
DIA. OIA.
'1

~ 375 12. 974
TORQUE

832
TORQUE

1454

DIAHETER-(0) LKNCHT-<L)

14 ~ 0
14. 0

14. 0

0.0
11. 0

0 0

4 J l

CONDITIONS WITH VALVE OPEN
~ J ~ ~ c

STAT.ON NO. TYPE OF RESISTANCE
enRA
VALVE

3 STRAICHT PIPE~lit.
5 EXIT

CCRRECTKD
RESISTANCE-()L) RESISTANCE-(H)

~ 40"O'P
0 ~ 860 0.36066
OJ 141 OJ 14142

M lr:- JJ,
1 J 000 1 F 00000

PRESSURE DENSITY TEHPERATURE VELOCITY

5
6

53 3
48 3

40J3
L4 ~ 7

0 ~ 1266
0 1175

0. 1024
0. 0474

~rg4 r

277. 7

266JO
JJP9 J

592. 9
633.9

735. 2
1587 ~ 9

NOTE: THERE IS HONED FLOU AT STATION 5

'
V V J Q J ~

VALVE TORQUEc 3,101 IN. LQS
DELTA Pc45.00 PSI



Cl



CORO C T IOhlG «5R VAL VC Cj 0 7FS

~ ~

ANGLE FLOM DP ACROSS VALVK
C

PRESSURE DENSITY TENPER*TURE
' l.. tl..'-

53. 3 0 ~ 1 66
3 48.3 0 1175 77 ~ 7~, ~.el -.*. ~

5 40. 3 0 ~ 1024 266. 0
6 14 7 0 0474 209. 2

Tc Ics i'1 g~t5
VELOCITY

592. 9
63S 9

735.2
1587.9

C,
''r.

I
rS- ANGLE FLOM

80 5 ~ 895, 146
DP ACROSS VALVE

8. 77

PRESSURE DENSITY TENPERATURE
59 ~ 7 0, 1380 ogo 0

NOTK: THERE IS CHOKED FLOM AT STATION 5

Tclos5ng
5, 7S9

VELOCITY
545. 6

3
4

44 ~ 5
4 l 5

0 1104
0. 1065

272. 3
269. 3

679. 9
702

6 14 ~ 7 0 0474

~fRE~ER~~~O~~~
15S7. 9

j
5

A
70 5, 279, 451 14'0 3, 317

SSW?~
5'9 ~ 7 0. 1380
54.9 0 1 96

29 .0
286. 3

488. 6
518+ 7

4
5

39 3
33. 3

0. 1004
0~0884

264. 4
254. 1

666.3
757+0

60 4 '57l308 29 '7 630

1 59. 7 0 1380
57. 2 0. 1336

26 7 0.0747
5 23 3 0.0674

lg l 0
289. 1

241+1
233. 5

375. 5
386- 7

693.
768.8

NOTE: THERE IS CHOKED FLOM AT STATION
f. l"

'I
ANGl c FLOM DP ACROSS VALVE Tcjosi55g

~ ~

PRESSURE DENSITY TENPERATURE VELOCITY

3
~ 4

S8 6
20 6

0 ~ 1361
0. 0615

277. S
615 7

290. 7~aiar., nne, r san e



Cl



'I a n

0

NOTE: THERE IS CHOKED . LCM AT STATION

a ~

40,0

4 JCt c FLQ DP ACROSS VALVE
41 13

Tc lac
in',

210

], r1

r
\

PRESSURE DENSIIY
1 S9.7 0. 1 -30

3
4
5

17. 2
17. 0

14 7

0 ~ 0534
0.0530

0 0474

.Nr-. TII-r- .- L..rl'..tr~~'MM

TEMPERATURE
292 0

217. 2
16 6

209. 2

VELOCITY
184. 6
4

476. 5
480. 5

537. 3

*flrr Ftt,
30 1 ~ 27r 400

59. 7
59.6

43 '8
Mf.
0. 1380
0. 1378

1 ~ 390

.-.. -...II,.-
29 .0 112. 6
291. 8 112. 6

4
5

V
15. 5
15. 2

0 ~ 0494
0. 0487

21 .0
211 1

314 ~ 2
318. 6

NOTK: THERE IS CHOKED FLOM AT STATION 2

ANCLE FLOM
0 ~ s

OP ACROSS VALVE Tc lacing
l ~

PRESSURE DENSITY TENPERATURK VELOCITY

5
6

59. 6
14+ 9
~ I
Ic ~ 8
14 7

0 1379
0 0481

~ II
0. 0477
0.0474

91. 9
210. 2

209. 7
209.

\
56. 9

163. 1
~ ~

164. 5
165. 7

NOTK: THERE IS CHOKED

ANCLE FLQM
0 311 ~ 010

FLOM AT STATION 2

OP ACROSS VALVE
44 ~ 91

Telo@inc
1 ~ 444

r,'
~ p

3
4

PRESSURE
59. 7

14 ~ 7
14 7

14 ~ 7

HER~HO .

DENSITY
0. 1380

0 '476
0 '475
0+ 0474

TEHPERATURE
\9r 0

209. 5
209 4

209~ 2

VELOCITY
28. 7

83 4
83. 4

83. 7

I

r*
~ Q ~
~ r'l

~ ~ .

r ~ .ri





I l3

1 ~

2tUCL='8 LOCA A;iALYSZS

VALV. SZ~":

VALVE~ CLASS:

AC -JATOS:

I 0

L~rS~A.~~'I ?HZSSG~= ~~ PSZA Z:lZ'A D:.i=-:--'7/:-S/:
Z'IZ ZAL TZP~~~uB~ ~~
S-4 OF:" PB:""-Sb~ '

$. 7

CQ~/ Qz'cS ~~T c

~/'mPSZA

F tA'~St~:
1'~D

p 0 pl+ JQr 4 ''v G»~v'

:".:"RODZ'X".C:.A~:OR
8 gO D:-G / lf

~ ~

ST~4 DL~.

PAC~'lG TO?Qbc,

DZZ:"CTZOal

I 37 L't.

L Z."t.:""S.

GAG:- DL4.

SZ~ 'O QIJ I '1) 'I
' 'f

Ci ~ ~v

-"V tZ STATZOm:O. Z FACTOP.S. =- "..

(See Apse"a~z A)

~
~





VALVE SI E>14 VALVE CLASS~150

HI ~ IAL
DEHSIYY CIOy2

IHITIAL
TEHPERATURE

F IHAL
PRESSURE

SHUT-OFF
PRESSURE

9;,

FLCM-O*S

HEDI

AIR

RATIO GF

1 4

SPECIFIC COHPRESSIOILITY HYDRODYttht)IC FACTOR
EO

1 1182

DIA~l. 375
DIA

12. 974
TOROUE

832
TORQUE

1454

STATIOtt HO. TYPE OF RESISTAHCE
ttlh h

VALVE
STRAICHT PIPK

EXIT

14. 0
14 ~ 0

14 ~ 0

Oo0
11 ~ 0

0 ~ 0

Olht)ETER-(0) 'EHGHT-(L) RESISTAHCE-(t()
;-5

0. 860
0

~ f

1. 000

CORRECTED
RESISTAt>CE (h)

.'500fjo
0. 86066
0. 14142

jjj0 6
1 ~ 00000

COt(OITIOHS MITH VALVE OPEH
j v ~ ~

PRESS()RE OEHSITY TEHPERATURE VELOCITY
L *-

t
5
6

53. 5
48. 0

39. 1
14. 7

0 2506
0. 2320

0 2003
0 0995

130 S
126 8

0 ~

119 ~ 6
90. ~

430 ~ 7
465m 1

539. 6
1085 6

NOTE: THERE IS CHOKED FLO(t AT STATIOH 5

'
V ~ 4

VALVE TOROUE< '3~101 IHo LOS
DELTA P>45 F 00 PSI





I II~~ ~

~ II

~

II

iIII~

1 IANGLE FLOM
"$1>t" 7>'53

PRESSUREI'>'P ACROSS VALVE Tc losing

CENSITY TEHPERA TORE VELOCITY

5
6

53. 5
48. 0

39. 1
14 7

0. 2506
Oa 2320

0.2003
0~0995

130 8
,126 8

119. 6
90 ~ 4

430. 7
465. '.

539. 6
1085 6

NOTE: THERE IS CHOKED FLO]5 AT STATION 5

'NGLE
80

FLOM
Sf 26 ~ 233

DP ACROSS VALVE]] >t
Tc]acing

1 ~ 108

PRESSURE DENSITY TEHPERATURE VELOCITY
1 59.7 0.2710 135. 0 382. 7

3
4

49. 2
47 5

0 2363
0.2304

1 7.8
126 ~ 5

438. 3
448. 7

6 14 ~ 7 0. 0995

H>> .~>>-~
90. 4 ]O41.5

~>L >
70 4, 652 ~ 050 20. 89 78S

5

59. 7
55 ~ 5

50. 9
30. 0

0. 2710
0.2575

0 ~ 2419
0+1659

135 ~ 0
132. "

129. 0
110. 9

340. 7
357. 3

38O.
556 ~ 3

NOTE: THERE IS CHOKED FLOl5 AT STATION 4

FLOM
4 f ~ I

DP ACROSS VALVE To]os

in'RESSURE

DENS I > Y TEMPERATURE VELOCITY

57. 4
55. 5

21 8
14 ~ 7

0. 2637
0 ~ 2574

Oe]323
0+0995

133. 5
13 ~ 2

101. 3
90.4

268. 1

274 ~ 6

534m 7
710 8

NOTE: THERE IS CHOKED FLOM AT STATION 4

ANGLE FLOll DP ACROcS VALVE Tc 1 os
in'0

2, 661 ~ 389 39 ~ lb ]f130

PRESSURE
59m 7

DENSITY
0. 2710

TEHPERATURE
135.0

VELOCITY
194 ~ 9





» 4

6

»

I) 544

0 'OPS

»g ~

90

';4,
~ 94, »t

&5.
5 0.3

»(QTc»»tE~Om~»» C» A»~YMl/*9c—»ia
40 1, S02, 844 42. 57

PRES~'tt ~iENSI . ~

7 0 710
59» 2 0 ~ 2696

s». CTP
1, 347

RATU~~ ttE CC
135 ~ 0 132 ~ 0
134. 7 132. 5

4
5

58. 7
16. 1

0. 267'9
0. 1066

134 ~ 3
92. 9

133. 2
335. 4

NOTEt THERE IS CHOKED FLOW AT STATION 4

AHGLE FLOW DP ACROSS VALVE
»»

Tc losing

PRESSURE DENSITY TEHPERATURE VELOCITY
~ »

59»e
3 59 ~ 4
» 5

0.2706
0. 2701

134. 9
134 ~ 8

81. 5
81 ~ 6

5
6

15 ~ 2
14. 7

0. 1021
0 ~ 0995

91. 3
90 4

I ~ 4»» ~

21 ~ 3

NOTE: THERE IS CHOKED FLOW AT STATION 4

ANGLE
10

FLOW
560, 464

DP ACROSS Vn»LVE
44. 79

Tclasing
1 ~ 440

PRESSURE DENSITY
59» 7 0. 2710

TEHPERATURE
135. 0

VELOCI.Y
41 ~ 0

3
4

t —-
59 ~ 6
59.6

14 7

0. 707
0. 2707

0.099S

134. 9
134 ~ 9

90 4

»

41 ~ 0
41. 0

111 ~ 6

» t

~»C
10 283,334

I

59. 7
59 F 6

4 59 6
5 14 ~ 7

44 '4
0»2710
0 ~ 709

0. 2709
0,0997

135 0
134. 9
» ~

134 ~ 9
90 ~ 5

1 ~ 445

20. 7
20. 7

20. 7
56. 3

NOTE: THERE IS CHOKED FLOW AT STATION 4

NOTEl A POSITIVE CLOSING TORQUE INDICATES THAT THE VALVE WILL TEHD TO REHAIN OPEN

~ ~

»
h





~ Ii
laV v

itUC':-~. CCA A((A "- S

VA~r'(~ S-™~~

VALV: C~SS:

AC'ATOP.:

~ (

~ Q(»a v ~ a aQ I »I ~ I» C,I Ci -'- ~ i~a»v»S» I % ~ v taa Pv'h
'fat »alg ~ 'P Pl I ( + I Ptf C I n o~(4 '4 i " & IP»(»

f1 IT =.h — ~ro I
~ $ % I %l tf

va 4
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DZH""C ZON
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VALVE SIEE~14 VALVE C ASS 150 CI sees
~ 0 tl

UPSTREAN—''--""'EO

IA

AIR

I
DIA.

1. 3?5

DcNSlvv

RATIO OF

1 ~ 4

V
DIA

12. 974

INITIAt.
rc4PCRATURE

SPECIFIC

TORQUE
832

F:NAL
PRESSURE

CQNPRESSI VILITY

TORQUE
1454

SHUT
vie SU(c

HYQRQDYNANIC FACTCR
Ut

~ ~ 8<

STATION NO+

5

TYPE OF RESISTAHCE
NTRA

VALVE
STRAIGHT PIPE

EXIT

DIAMETER-(0)

14 0
14 0

14 0

LEHGHT <L)

0.0
11 ~ 0

V ~

0 ~ 0

RESISTANCE-<q)
~ 0

0 ~ 860
0 l»1

lo 000

CORRECTED
RESISTANCE-'8)

. 00ev—
0. S6066
0 14142

~ 4 t I
00000

CONDITIONS WITH VALVE QPEH
I ~ r ~ r f

PRESSURE OEHSITY TENPERATURE VELOCITY

5
6

53 ~ 5
48 ~ 0

39. 2
14 7

0. 1860
0. 1722

~ r
0 ~ 1489
0. 0733

329. 6
319. 6

4 ~

301. 5
r17 8

501.6
54'. 9

628. I
f266+ 6

NOTE: THERE IS CHONED FLQll AT STATION 5

VALVE TORQUE~ 3,101 IH. LOS
DELTA P~45.00 PSI





COHO XT CORD t% n VALVE ~ I C)~t- '4

ANgLe CP ACROSS VALVE oozing

PRESSURE
9.

OENSI T Y

53. 5 0. 1860
3 48 0 0 17

o~
501. 6
541 ~ '9

329. 6
319. 6

TKNFERA1URE VEI.CCITY

5
6

0. )489
0.0738

~~
39 2
14. 7

~ ~

301 ~ 5
\ l7 8

623
12ho. o

NOTE: THERK IS CXONED FLOW AT STATION 5

ANCLE FLOW OP ACROSS VALVE
80 4,530,955 11 10

Tc)osing
1, 107

PRESSURE DENSITY
59 F 7 0 010

TENPERATURE
340.0

VELOCITY
446+ 1

6

NEER

49. 3
47. 6

14 7

0. 1754
0.1710

0. 0738

3 \ ~ 9
318. 7

227. 8

510. )
511 0

)4.

'0

4, 030, 437 20. 69 795

59 ~ 7
55. 6

50. 9
30 ~ 2

0 '010
0. 1910

0. 1793
0. 1235

340. 0
333. 1

324. 8
279.8

396. 8
4)6. 5

442 S
645 5

NOTE: THERE IS CHONEO FLOW AT STATION 4

ANCLE FLOW OP ACROSS VALVE Tclosing
f UP 4

PRESSURE OfNS ITY TEHPERATURE VELOCITY

3
57. 5
55 5

0. 1956
0 1910

336. 3
333. 1

311. 6
319 3

5 21.9 0 0982 255.3 621 ~ 7
6 )4 7 0.0738 Al7 8 827. 0

NOTE: THERE IS CHONEO FLCM AT STATION 4

PRESSURE
59 ~ 7

TENPERATURE VELOCITY
340.0 226.6

DENSITY
0+20)0

~ ~ n s ~,~ram, ~ ere@\ ~ ~e
ANGLE FLOM OP ACROSS VALVE Tc)osing

SO 2 '02,002 39.28 1, 131





~ t ~ ~ 0 ~ '733
~LLL

o]o ~ o

L- L~ tA

~ ~ 240 1, 551 ~ 983 42. 64
~ ~

1,349

ltt LtttT. -tt t te..
5'? ~ 7 0. 2010 340. 0 152. S
59 ' 0.2001 33'?. 4 l53 2

~ ~ r
58 ~ 8
]h. 1
1'4

0 1988
0 ~ 0790
Lt ~

338 ~ 5
234.1

154. 0
388. 4

ttOTE: THERE IS CHOHEO FLOW *I STATION 4

ANCLE FLOW~~e: DP ACROSS VALVE
~ ~

Tclosing

PRESSURE
5

DENSITY TEHPERATURE VELOCITY

5
6

59. 6
59. 4

15 ~

14 ~ 7

0 2007
Ot2003

0.0757
0 0738

339. S
339. 5

230. 1

94. 5
94. 7

l50
257. 3

NOTE: THERE IS CHOHED FLOW AT STATIOH 4

AHCLE FLOW
4S3,477

OP ACROSS VALVE
44. 7'?

Telo ing
] ~ 440

PRFSSURE OEHS ITY TENPERATURE VELOCITY
1 59 F 7 Ot20]0 340 ' 47.6

3
4

5'9. 6
59 ~ 6

]4 7

Qt200S
Ot 2008

0.073S

339. 8
339. 8

I
47. 6
47. 6

4
129. 5

244l 414 44 ~ 94 ] ~ 445

4l

59. 7
59. o

59. 6
]4. 7

0 ~ 010
0.2009

Oe 200'?
0 0739

340. 0
339. '?

339. 9
l l7 9

24 ~ 0
24. 0

24 ~ 0
65. 3

HOTE: THERE IS CHOHED FLOW AT STATION 4

NOTE; A POSITIVE CLOSINC TORQUE ItlDICATES THAT THE VALVE MILL TEND TO RE.".AIN OPE!t
~ 2
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CtviiD t 'v ~ 3

VZ.L'" S 2

VALV- CLASS:

AC.UA P?: 7z)

L'li''a:"-'M~2. i
c. r~ p-.-. -=-.cc —. - pQ, 7

Oct aPS'at a t I ~ ~ /sf
'QQ ccats

~ta a tvdv4ataa

'a
I

t

Vt C ''v G % ~ J.J

CC! P.:".:-cS:3::"Z~ I f a 5 pp a ~ ~
~'Jv le v

9
ta

~ aat»pirA

't ~
aa I MSAa

:"AC&:IG ZORQ.4=

DEB:C:G.'

T
~ ~I
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COH 7FL'OL 8 YSI EB O-'!CHALYS I: S

~III~

~
~~

~

~ ~~
~ ~

II
0r1~

~r
~
I» II

~

~I

I
~
VI~~

~I

~ I
II~

II

~ 5 ~

~

~

~II
~

~I

I ~

~

~

II

~ I3 ~ I

~

~

I
~

~
~III~~

II I~ I
UPSTRK iH INITIAL INITIAL 94L
M --OR:~ H R~HHH~-~lfM ...r"'.

59. 7 13 S 292 7

SHUT OFF
St..

59. 7

Ft +-nS-

~-OIA .... - IA.C .OI, RE-E OIL~A.AOO7HAAIC~
SP. HEAT GRAVITY 890 OEC

SAT. STFAH 1 ~ 312 ~ 6 1 11S2

STEH
OIA.

GAGK
OIA

PACHING
TORQUE

SEAL
TORQUE

E I

7 V
VALVE 14.0 0.0 0. S60
EXIT 14 ~ 0 0.0 EA 000

0.S>066
1.000'0

FLOW IN NONPRKrERRED OIRECTIOH

FLOW~ 5, S95, 146 SCFH

CQRRKCTEO
-EA'f;OHHIO. ~~ 'EEIIAHO- It!RARE R:lt! ~HAH!~9 f EEIO7IIHCE (tl!—~E ." AHCE ftl!—

ENTRANCE 14 0 0.0 0. 500 0.50000
VALVE 14 ~ 0 0 ~ 0 OA 860 0.56066

E L

'r

i 7

59 7
53. 3

46A 5
40. 3

0, 1380
0 1266

0. 1141
0. 1024

29 .0
ES4 7

275. 1
266 ~ 0

545. 6
592. 9

655. 6
735 '

E

A

NOTE THERE IS CHOHEO FLOW 4T STATION 5

CONDITIONS WITH VALVE SHUT
VALVE TORQUE 3 10'1 IN, LOS

7 ~

f E

E

*
I 0'll





CQHQ C T X L'3HG AS PAL VE Cl ClSL=„~>

ANQLE FLOM CP ACROSS VALVE TC lossnc

. >E)?U!IE D H)>.Y

53. 3 0 ~ 1266
48> 3 0. 1175

T NeERATURE

\84
77

VFLOCITY
c

5'?2. 9
638. 9

5
6

40. 3
14. 7

0. 1024
0 ~ 0474

266. 0
209. 2

735. 2
15S7.'?

NOTE: THERE IS CHOKED FLOM AT STATION 5

»NGLE
80

FLOM
5 ~ 895. 146

OP ACROSS VALVE
13. 62

Tclosanq
I) 159

PRESSURE DENSITY TEHPERATURE VELCC!TY
1 5'?.'7 0 1380 . )9) 0 545> 6

1*

'>

48. 3
46 ~ 5

14 ~ 7

~OT~HE~

0. 1175
0 1141

0.0474

277 ~ 7
275 '
209 '

638 ~ 9
655. 6

1587 9

70 5, 118, 78S

SBR
59. 7
55 ~ 4

18 ~ 69

0> 1380
0 1305

92. 0
286 ~ '?

743

473. 8
499. 1'

51. 1
32. 4

0 ~ 12250>0866'81. 4
)5) 5

529. 5
754. 6

~ » >>

NOTE: THERE IS CHOKED FLOM AT STATION 4

PRESSURE

57. 5
55. 7

DENSITY

0> 1341
0. 1309

TEHPERATURE VELOCITY

2S9 ~ 4
287. 2

372. 4
381. 5

ANCLE FLOM DP ACROSS VALVE Tc los In'
)

~ o
14 ~ 7

0. 0657
0.0474

231 ~ 7
209. 2

761 8
1056

NOTE: THERE IS CHOKED FLOM AT STATION 4

ANGLE
50

FLOM
2,910,489

OP ACROSS VALVE
39 ~ 14

Tc losing
I) 125

PRESSURE DENSITY TEHPERATURE
1 59. 7 0 1380 292. 0

~ >'» A ~ a ~ ~ ~ XAAM
VELOCITY

269. 4
r» 5'~™





.= ~ . 5

14 7

. E ~P ':RE ~9K'. IDK8~% A~'TAR

34 4

I I>"I~~
40 1> 974, 411

. I
42. 70 ' 347

. RESHJR~E
1 59.7 0. 1380

59. 4 0 ~ 1375

4 58 ~ 9 0. 1355
5 16 2 0 0511

.PCRA FUR E—~EL~G+7-
29 .0 1S2 7
291.7 182. 7

291 1S3. 7
lln 1 492. 5

HOTF.: THERE IS CHOKED FI.OM AT STATIOH

AHCLE FLOM DP ACROSS VALVE Tclnslng

PRESSURE DEHSI > Y YEHPERATURe VcLOCvTY

4
4

I

5'9. 6
59. 4

15 '
14 ~ 7

0 1378
0. 1375

O.O487
0.0474

291. 8
291. 7

211 1
l09

112. 7
112 9

313. 8
328. 0

NOTE: THERE IS CHOKED FLOM AT STATIOtl 4

4 I
ANCLE

lo
FLOM

513 ~ 001
OP ACROSS VALVE

44 '8 Tclasxng
l>440

I 3
4
I
6

PRESSURE
59 7

59. 5
59. 6

14 ~ 7

OEHSITY
0 1380

0 1378
0. 1378

0. 0474

TEHPERATURE
29 ~ 0

91 9
91

209. 2

VELOCITY
56. 7

55. 7
56. 7

165. 1

10 309,891 44 '4 445

~RE SttR~BCM
59. 7 0. 1380
59. 6 0. 'L 379—I~ TUR

4>92 0
291 ~ 9

28> 5
8 6

4
5

59 ~ 5
14 7

0 ~ 1379
0> 0475

91 ~ 9
209 ~ 3

28. 6
83. 3

NOTE! THERE IS CHOKED FLOM AT STATION 4

l
HOTE: A POSITIVE CLOSIHC TORQUE INDICATES THAT THE VALVE MILL TEND TO REttAIH OPEN

I ~ 4

4

,

~ ~





VALV ST.Z:":

VALI C~ "SS:

AC 'UA OH:

JY

tUCCc J <!,'t QQVC TW 'PQw hV U L» I 4I4PVlbw

L~ T ""~~HiH= ~~87
SaiP' ~SJ)i~ ~+a SJ 8
g lllgl ~ A~

~cL+ v Of v ~

QP< Q ~ Q PtfCCCL~

f' 7 1 8 O'I / ~7
~ ~ D ~ II I o/

~DECO'»'" ' ™QH

2 PO D:"G Fz-

~ Is«v/

?S

~ h

S'Z~~I DLZ.

?AC ~~."G TOR~gb=

DL-.:-C
ZO."'AGZDL».

~ ~ +fig 0 ~ f L'i.:=S

."JPUT STAT:OIJ lJO. 4:ACTO?S. ETC.

(See Ap e"ciz A)
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(!FSTRKAh
PRESSURE

VALVE SI K<14

INlT IAL
OENSIYY (10+2

VAL'VE CLASS>150

I'NITIAL
TE):PKR*ft!RE

F t(AL SHUT-QFF
PRESSURE PRESS()RE

FLOW-QAS

NEO IA

AIR

RATIO CF
tt a

4

SPECIFIC COt!PRESSIQ ILITY HYOROOYNAt(IC FACTOR

1182

OIA.
1. 375

OIA
12. 974

TQRaUE
832

A
TORQUE

1454

STATION NQ. TYPE OF RESISTANCE
t(TR

VALVE
3 STRAIGHT PIPE

5 STRAIGHT PIPK
6 VALVE

OIAHETER-(0)

14 ~ 0
14. 0

14 ~ 0
14 0

LENGHT-(L)

0.0
9 ~ 0

3.0
0 ~ 0

RES IS I'At!CE»(H )

0.860
0. 115

0. 038
0. 860

CORRECTED
RESISTANCE-(N)

000
0. 86066
0. 11571

'0
0. 03357
0.86066

FLOW IN PREFERRED DIRECTION

CONDITIONS WITH VALVE OPEN
FLOW ~ 4 ~ 645,997 SCFH

PRESSURE DENSITY TEttPKRATURE VELQC TY
1 59 7 0 2010 340.0 457.5

3
4

6
7

48.5

44 ~ 7
37 ~ 8

Oe 1734
0 1699

0+1636
0. 1450

~ V
320. 5
317. 9

313 ~ 1
98

52S. 9
538."

556. 2
633 8

NOTE: THERE IS CHOHED FLOW AT STATION 7

CONDITIONS WITH VALVE SHUT
VAL'VE TORQUE< 3, 101 IN LBS

~ 0

~ ~ ~ V ~

<e

8
~ ~

~ (





COHO X 1 X Ot4S AS LI bl VF'L0'HEB

' ANG' FLOW

PRES'BURE

CP ACRCSS VALVE

DENSITY TEHPERAIURE

Tclaaang

VELOCITY

53 ~ 7 0 1866
«8. 5 0. 17347~
45. 1 0. 16«5
44 7 0. 1636

330. 0 491 7
320. 5 52S. 9

M
313. 8 554. 5
313 ~ 1 556. 2

14 ~ 7

.t8T~HER~
0«0738 227. S

3
1244 9

80 4 '45~997

UR
59. 7
53. 7

0. 2010
0. 1866

9 13
T

5,848

Hf'k..ltRIRE ~Eh!!MR
340.0 457. 5
330. 0 491 ~ 7

7
8

43m 1
40.8

31 '
14 '

0. 1593
0. 1534

Oo 1281
0 ~ 0738

309. 8
305m 1

284. 0
8

573 9
594. 4

717. 3
1244 F 9

NOTE: THERE IS CHOKED FLOW AT STATION 7

ANGLE
70

FLOW
4pi42s038

DP ACROSS VALVE
14 35

Tclosing
3,307

PRESSURE
1 59.7

DENSITY
0. 2010

TEHPERATURK VELOCITY
340.0 407m'8

40. '9

39e6

6 37. 5
7 30. 7

NOTE: THERE IS CHOKED

0. 1534
0. 1501

0 ~ 1444
0 1251

FLOW AT STATION 7

305. 1
302 5

297. 8
281. 1

533. 4
544 1

562.3
655. 0

ANCLE FLOW DP ACROSS VALVE Tc losing

PRESSURE DENSITY TEHPERATURE VELOC TY
1 I
1

2
3

57. 2
28. 5

0. 1'951
0. 1187

336 ~ 0
2'?0 3

324, 4
534. 0

k

t ' I

5
6

26. 7
26 ~ 5

14 ~ 7

0 ~ 1
'c

Doll 8

0 ~ 0738

70
269 ~ 8

227. 8

560. 0
562. 2

858. 7

P~I
~ «

~ .8r ('





ltC
2) 338) 408

~~>~
37. 40 756

l
I .' 4 20 ~ 7

5 20
4 C.

1S. 3
14 7

7
8

0. 0944
0.092S

0. 0865
0. 0738

SI. 3
49. 3

\44 7
227.S

490 0
494). 9

534. 6
626 ~ h

NOTE: THERE IS CHOHED FLOIJ AT STATION

—CCE. '-".I —LEE)ti. 4 . 4 44':
59 ~ 7 0 ~ 010 3404 0 230.
5S. 5 0.1982 333 ~ 233. 1

4

ANCILE
40

FLOU
1)568,S65

OP ACROSS VALVE
41 92

Tc losing
1, 15

PRESSURE DENSITY TEHPCRATURE VELOCITY
1 59. 7 0 2010 340 ~ 0 154. 4

I

I?,
4

E
4

3
4

6
7

17 4
17. 2

16. 9
16 2

0.0833
0 '828
0. 0818
Oc 0791

239 ~ 0
238.4

237.3
234 '

372. 6
374. 9

379.4
392. 1

NOTE: THERE IS CHOHKD FLQU *T STATION 2

IICCLE FLOU DP ACROSS VALVE Tc losing

IC PRESSURE DENSITY TEHPERATURE VELOCITY

5
6

59. 6
15. 7
C ~

15 5
15 ~ 5

0 007
0. 0774

0. 0769
0. 0769

339. 8
l3 )

~ 1

231. 6
231. 5

94 3
244 ~ 8

246c 4
246 6

' 14 7

,Ctt . )ll-lt ..~CEE
0. 0738 227. 8

~ ~ &
256 8

Ip 485,258 44 ~ 65 1 ~ 435

7
8

5'?. 7
59.'6

)5 0
144 9

14. 8
14. 7

0 ~ 2010
0 2009

OE0749
OE0748

0. 0743
040738

340. 0
339. 9

229. 1

229 ~ 0

4 48 4
2 7 ~ 8

474 7
47 ~ 7

128 1
1'28, 2

129. 1
130 ~ 0

NOTE: THERE IS CHOKED FLOM AT STATION 2

) ~

~,

Et),

4 I

'

~ ~





'10
C 4

45 ~ 3)7
t 8 N + II

A4 41

\
', ~ 444

3
4

6
7

14 7
14 7

0. 0741
0 0739

~ V

PRE~SUnt= QENS ITT
59. 7 0 ~ 010

e
0 0741
0.07'1

TE PERATURr VEL O'
360.0 ~ 4 ~

3-9..
"S. I 65. 4

65. »
S.

S.1 65. 5
27. 9 65 6.~5..

NOTE! THERE IS CHONEO FLOU AT STATION 2

NOTE: A POSITIVE CLQSINC TOROUE INDICATES HAT THE VALVE UILL TENO TO RENAIN OPEN

~

$
p E

I

C

lgl I

r6
l.:i

~ t
f

I

t
~ P ~ t
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/ ~

1 ~
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v

a«4v «u g'v ~

VALV:- S:2:-:

VALV" C~r'SS:

AC . UA~i'OP.: fd - n 3h'4

U "- 'P~i'f PB""SSv~""

ZlZ L TZ~:"«'"J2:- ~80 0 I 'l g 6 t% ~1 ~ vit'Q vvUa

1«ri ~

r""«'--v
/

BA":O 0:. SP.

C -".-- 3

v
~ gy pqg ~ ~ ~ ~ a apla 's v'D e" v»C v
8 aO D=G /

v

S =f D~.
PACK TG 'OR~~ "

DPHIL.C OO

GAG:. DL».

S ~ 'G,aJ
12. Qp V

APL STATZO.'l i~O.. K PAC C.";S. "" C.

(See Apperc9.z A)





VALVE SI 5~14 VAL'VE CLASS~)50

UPSTREAtl 'NIT AL 'AL FI')AL SHUT UFF
PRESSURE OENStYv Xlot2 TENPERATURK PRESSURE PRESSURE

FLOE-CAS

tlEDIA

AIR

RATiO OF SP IFIC

1 ~ 4

CotlPRESSIOILITY HYDRODYNAtlIC FACTOR

1

1 ~ ~ ~TEtl
OI A ~

I ~ 375

4
DIA.

12 974
TOROUE

832
TOROUK

1454

STATION NO ~ TYPE OF RESISTANCK
I otto

l VALVE
3 STRA ICHT PIPE

0 IAttETER-!D)
~ ~

14 ~ 0
14. 0

LENCHT (L)

Dao
9 ~ 0

RESISTANCE-(ri)

0+ 860
0 ~ 115

4

CORRECTEO
RES ISTAtiCK-!8)
.~00V0-

O.86066
0. 11571

I r

L
Ir

c ~.

C

I
STRAICHT PIPE
VALVE

14 ~ 0
14 ~ 0

FLolt IN NONPREFERRED DIRECTION

Cot)OITIONS UITH VALVE OPEN
FLO!)N 4p645,997 SCFH

3 0
0.0

0. 038
0 ~ 860

0. 038S7
0 ~ 86056

oa

PRESSURE
59. 7

DENSITY
0 ~ 2010

TENPERATURE VELOCITY
340 0 457.5

3
4

48.5
47 2

44 ~ 7
37. 8

Oe 1734
0. 1699

0. 1636
oe 1450

320. 5
317. 9

313r 1

298. 4

5 8.9
538.2

556. 2
633. 8

'
NOTE: THERE IS CHOHED FLOW AT ST~TION 7

CONDITIONS LIITH VALVE SHUT
VALVE TOROUE~ 3y 101 INe LOS

~ \

\ ~

g -3o





k

CO@ID 1 1 COh4S k-kS VALVt: (
LOSI:S'NGLE

FLOW P *CROSS VALVE Tc insane

PRFSSURE QENSI Y TEHP RAIURE V LOCaTYn ~ d ec'T
~ 7 0. 1866 330. 0 4<1. 7

3 48. 5 0. a734 320. 5 528a 9

5
5

e.
45. 1

44 ~ 7

14. 7

0 ~ 1545
0 ~ 1536

0. 0738

313. 8
313 1

nn7 8

554. 5
556. 2

2
1244 ~ 9

~QTC. THE~CHOKE~~

e;

'~NGLE
80 4, 469k S52

RESSUR
5'9 ~ 7
54. 3

0 2010
QalSSO

9

340. 0
331.0

Ip 110

440
449. 3

4
5

48. 5
46 ~ 5

0. 1733 320 4
0.1685 316 ~ 8

507. 6
5 el e

7
8

35. 1

14 7
0. 1377
0. 0738

292. 1
l17 8

k

1197. 7

NOTE: THERE IS CHQHED FLOW AT STATION 7

a

ANGLE FLOW OP ACROSS VALVE
Telo"in'0

3,982p860 20. 51 780

PRcSSURE QENSITY TEHPERATURE VELOCITY
1 59. 7 0. 2010 340. 0 392. 1

3 52. 2 0.1827 3%7 a 430. 7
4 51 4 0. 1807 325.8 434 ~ 2

6
7

50.
'9.5

0. 1774
0 1 17

323 ~ 4
278. 2

440.3
547. 2

NOTEl THERE IS CHOKEQ FLOW AT STATION 6

ANGLE FLOW DP ACROSS VALVE Tc loninge ~kaH-I
PRESSURE OENSI TY TEHPERATURE VELOCITY

57. 6
55.7

54 8
54. 7

4
14 ~ 7

0 1960
0 1914

0 1892
0. 1890

0. 0738

336 ~ 5
333 ~ 4

331 8
331 ~ 7

227a 8

309 0
316. 3

318 ~ 9
318. 9

822. 1

~ ena ~ a ~ ee ne ae e eenaern rre na ~ av e vagina

~ ~

r
k

k
'k

'a

I

. egg

t'.';

t k

CS

e'a





rrl, 'r
50 2 ~ 58,6~8 ~9.15

C'SXTI
:. 'L3"

2
'L 3400 53

58 5 0. ~ 985 338.3 7.5

4 57. 5 0.1958 335.4 230.4
5 57. 3 0 1953 336 ~ 1 230. 4

r ~ %5
7 18. 1 0.0859 D Q 52hr S
8 14.7 0.0738 D D7 8 613 ~ 2

NOTE: THERE IS CHOKED FLOM AT STATION 5

ANOLe
40

FLOM
1 ~ 551 ~ S68

OP ACROSS VALVE
42.5S

Tc LcsaDDg
1, 348

I
D

PRESSURE DENSITY TEHPERATURE VeLOCITY
59. 7 0. 2010 340 ~ 0 152 ~ 7

3
4

9.
58.8
58. 8

58. 7
16 ~ 1

0. 1990
Qr 198'9

0 ~ 1986
Qr 0790

338. 6
338. 5

338. 4
234r 1

153 ~ 9
153. 9

153r 9
388. 3

D NOTE: THERE IS CHONED FLOU AT STATION 6

ANCL.E FLOLI OP ACROSS VALVE TclcsiDDg

PRESSURE, DENSITY TE!!PERATURE VELOCITY

5
5

59. 6
59 4

59. 3
59. 3

14 ~ 7

0 2007
0 2003

0. 2002
0. 2002

r
0. 0738

339. 8
339. 5

339. 4
339. 4

~ r
227. 8

94. 3
94 ~ 5

94 5
94 5

256 ~ 8

DO

4
5

7
8

482D 546

59. 7
59 ~ 6

59 ~ 6
59 ~ 6

14r8
14 ~ 7

44. 78

8
0 2010
0.2009

0 2008
0 2008

0 0743
0.0738

'40r0
339. 9

339r 8
33'9 ~ 8

228r 3
227. S

lD 440

47.5
47. 5

47. 5
47. 5

128. 4
129 ~ 3

NOTE: THERE IS CHOHED FLOLI AT STATION 6

lz"D—
~ ~ r

., ~ D
~

D

~l

t ~





ANV
~ 0 43 ~ 040

ACROSS V LVE
w4 44

LQ4 a.".9
44S

PRESSURE DENSITY ,ENPERATURE VELOCITY
I S9. 7

3 S9. 6
4

5

0.20ID

0."009
0.2009

340.0

3 9.9
339. 9

4 ~ 0

24 0
24. 0

6
7

59.6
14. 7

0+2009
0 0739

~ t v

339. 9
9

24. 0
65. 2

NOTE: THERE IS CHOHEO FLOLI AT STATION 6

HOTE: A POSITIVE CLOSINC TOROUE INDICATES THAT THE VALVE LIILL TeND TO REHAIN OPEN

~ ~ ~

~ e ~

~ ~
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VALVE SICE>1

l!PSTREAH INITIAL
PRESSURE DENSIYY-X10.2
59..

VALVE CLASS~150

'.NI T IAL
TEHPERATURE

FINAL
PRESSURE

SHUT-OFF
PRESSllRE

FI t%I I g

AIR I ~ 4

HEDIA . RATIO OF SPECZFIC
'I

COI'.PRESS IOIL TY HYORODYNAHIC FACTOR

751
a

(
C

~TE.
DIA

1. 25

AC
DIA.

11 ~ 703
TORQUE

755
TORQUE

1183

STATION NO. TYPE OF RESISTANCE
HTRA

VALVE
3 STRAICHT PIPE
t rc.

EXIT

12. 0
12 0
4 0

12. 0

0.0
1 l. 0

0.0

DIAHETER-<0) LENCHT-(L) RESISTANCE-',k:)
.5

0 759
0 155

C

l. 000

CORRECTED
RESISTANCE-(K)
O.~OQ
0. 75903
0 15500

1 ~ 00000

CONDITIONS llITH VALVE OPEN
~ ~

PRESSURE

53.3
48.5

40 2
14. 7

DENSITY

0. 1855
0. 1732

0 1515
0.0738

TE)lPE RA TORE

329 ~ 2
320. 4

303. 5
227. 8

'VELOCITY

509 4
545 ~ 4

4 ~ 9
1282. 7

NOTE: THERE IS CHOHED FLOW AT STATION 5

'VALVE OROUE ~ 542 IN. LOS
DELTA P<45.00 PSI





COhtL> I T 3: QH I AS VALVt= CLOSE.G

~

E

QNCLc FLOU

PRESSURE

DP ACROSS VALVE Tc losing

DENSITY TEMPERATURE VKLOCITY

~ k 53.3 0 1355
48 ~ 5 0. 'I 732

5 40 2 0 1516
6 14 ~ 7 0. 0738

NOTE: THERE IS CHOKED FLOW AT STATION 5

3 9.2 509.4
320. 4 545. 4.-.~ ~
303. 6 624. 9
227. 8 1282 ~ 7

ANGLE FLOW OP ACROSS VALVE Telos ing
80 3 ~ 517, 149 8 ~ 39 908

PRESSURK DENSITY TEMPERATURE VELOCITY
1 59 ~ 7 0 2010 340. 0 471 + 4

3
4
5

44,9

3

0.1641
0.1573

313. 5
308 ~ 2

575 ~ 6
599m 3

6 14 7 0 0738
r
r

27 8 1282. 7

70 3, 173r 985 13+ 52 103

59. 7
54 ~ 8

4 39. 2
5 33. 3

0 2010
0 1890

0 1490
0 1326

340. 0
331 ~ 7

301 ~ 6
287. 8

426 ~ 0
451 ~ 9

571. 8
645+ 4

NOTE: THERE IS CHOKED FLOU AT STATION 5

ANCI.E FL0II OP ACROSS VALVE Tc Losing
~ va

PRESSURE DENSITY TEMPERATURE VELOCITY

57.0
29'

0 1945
0- 120

335. 5
276m 8

0

344m 6
558 ~ 7

~ ~

5 24 ~ 0 0. 1050 262~ 2 639. 9
6 14. 7 0 0738 r r7 3 909. 3

NOTE: THERE IS CHOKED FLOW AT STATION

~ 0

ANCLE FLOW OP ACROSS VALVE Tc losing
50 1r 323, 803 37. 17 991

PRESSURE DENSITY TEMPERATURE VELOCITY
59. 7 0 2010 340 0 244 '

4 ~
r

~ yt





'1 4

k ~

I
,~itc~4c~ ~HI

0.0738

~ I 3 ~

40,8

227. 8 555. '.

40 1,225, S]4
1I. I n

41 ~ 80
~ I J

]) 137

4
5

59' 0 2010
59. " 0 2000

17.2 0.0826
lb. 4 0.0799

340~ 0
339.3

238.3
235+]

]64, 4
164.8

399. 7
413. 3

NOTE: THERE IS CHOKED FLOM nr STATION "

AHCLK FLQM OP ACROSS VALVE Tc]asing
~ %

PRESSURE DENSITY TEHPERATURE VELOCITY

5
6

59. 5
15. 7

15 ~ 3
14 ~ 7

0. 007
0. 0774

0. 0760
0. 0738

339~ S
131 ]
O'TP

117 8

100. 3
260. 5

165
73 ]

NOTE: THERE IS CHOKED FLOM AT STATION 2

AHCLE
10

FLCM
378,407

DP ACROSS VALVE
44.65

Tc]osxn9
1 ~ 05

PRESSURE DENSITY TKHPERATURE VELOCITY
59m 7 0. 2010 340. 0 50 ~ 7

15 0

14. 7

~ V

0 0750
0 0749

0.0738

'119 ]

227mB

135. 9
]3do 0
~ ~

138. 0

10 191, 313 44 91 1 ~ 209

4
5

59. 7
59. 5

14 7
14 7

0 20]0
Oo2009

0 ~ 0741
0.0740

3>0 ~ 0
339. 9

22S 1
227.9

25 ~ 5
5.6

69. 5
69+ 6

HOTE; THERE IS CHOKED FLOM AT STATION 2

HOTE: A POSITIVE CLOSINC TORQUE INDICATES THAT THE VALVE 'MILL TEND TO REHAIN OPEN

5 *'
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VALVE SI E%12 VALVE O'SS%150 FLCU-OAS

UPSTREAM
PRKSSL'RK

INI ~ IAL INITIAL : I!(AL
DENSITY-X10~2 TENPKRATURE PRESSURE

SHUT-a)F%
PR UR-

t(ED IA

AIR

RATIO OF SPECIFIC CO)(PRKSSIOILITY HYDRODYNAMIC FACTOR

4 1 1 761

OIA
11 703

TORQUE TORQUE
756 1183

r
a

STATION NO TYPE OF RESISTANCE
~!tfRA
VALVE
STRAICHT PIPE

EXIT

OIANETER-(D)

12m 0
12. 0
~ ~

.12a 0

(.ENGHT-(L)

0 ~ 0
11. 0

Oi0

RESISTAt(CE-(H)
.5

0 759
0. 165
..5

1. 000

CORREC.EO
RESISTANCE-(kl)

0. 75903
0. 16500

~ ~

la00000

a ~

r
a

CONDITIONS WITH VALVE OPEH

PRESSURE OEt(SITY TKNPERATURE VELOCITY

5
6

53 3
48 ~ 5

40a 2
14. 7

0. 1855
0. 1732

0 1515
0. 0738

3 a9

320. 4

303a 6
227. 8

509 ~ 4
545. 4

624 9
1 82.7

NO K: THERE IS CHOKED FLO() AT STATION 5

~ . -M'tt .fC.
VAl.VE TORQUE% 2iS42 Itt. LOS
DELTA P%45 F 00 PSI

t ra

aalu

'
a

~ a





l-QHD X T X Ohio AS 'VALVE Cl ORES

ANGLE FLOW
-0 3rs r,.4.

OP ACROSS VALVE Tc losing

PRESSURE DENSITY TcNPERATURc VFLOCITY

46..
40 2
14. 7

5
6

r./ 1 53 3
3 48. 5
I

0. SeSS
0. 1732

~ ~

0 ~ 1516
Oi0733

3"9e 2
320. 4

303 6
j27 ~ 8

504. 4
545 4

624. 9
12S2. 7

NOTE: THERE IS CHOKED FLOW AT STATION 5

AHCLE
30

FLOW
3r 51'7r '49

OP ACROSS VALVE
11 ~ 89

Tc losing
958

3
4

PRESSURE
59. 7

48. 5
46

14 ~ 7

DEHSITY
0 ~ 2010

~ VV
0. 1732
0 1673

0 ~ 0733

TENPERATURE
340i0

320 ~ 4
31S. 9

2 7.8

VELOCITY
471. 4

545. 4
563. 2

1282. 7

~0 V
70

!

4
5
s

3, 099, 067

59. 7
55. 0

50.0
31 ~ 6

18m 46

0 ~ 2010
0. 1896

~ V

0. 1773
0. 1276

207

~ ~URE~
340. 0 415. 3
33 1 '1 439. 4

~ 4
323. 3 469'
2S3. 4 653. 9

NOTE: THERE IS CHOKED FLOW AT STATION 5

ANCLE 'LOW
r 1

PRESSURE
r

OP ACROSS VALVE Tcloninq

OEHSITY TENPERATURE VELOCITY

57. 2
3 55. 3
I

0 1950
0. 1904

335. 9
332. 7

330. 1
338. 1

S
6

23. 0
14. 7

0. 1018
0. 0738

259. 0 633. 8
873. 9

NOTE: THERE IS CHOKED FLOW AT STATION 4

ANCLE FLOW
50 1 r 788r 061

DP ACROSS VALVE
38. 46

Tc loninq
997

PRESSURE
59 '

DEHSITY
0 2010

TKHPERATURK VELOCITY
340 ' 239.6rm ~r

~ ~





3
0/ ~

0 454
0. 1948

~ R

0.073S 7 ~ 8 452. 1

RR~~R~ORR ~~~~~~$ ~$

~

2

~

lllRR RR'R'
R RR

40 IR 214, 15S 4 .37 1 ~ 142

JM- IIRR. CRS.~R... MIRC .- R
59 ~ 7 0 ~ 2010 340. 0 162. 7
59.2 0 2000 339 ~ 3 163. 1

:! RR.~R
4 58. 7 0. 1987 338 ~ 4 164 0
5 lb.3 0.0797 234 ~ 9 409. 9

NOTE: I~ERE ls CHOKEO SCOW *T STATIO~ 4

ANGL FLOM
f J S

OP ACROSS VALVE Tclosing
~ ~ 4

PRESSURE OENSITY TENPERATURE VELOCITY

59. 5
59. 4

15.3
14. 7

Oe 2007
0. 2003

0. 0760
0.0738

339 ~ 8
339.5

230 4
227.S

100. 6
100 8

265. 9
73. 8

NOTE: THERE IS CHOKEO FLOW AT STATION 4

ANGLE
RP

FLOW
377,992

OP ACROSS VALVE
44 76

Tc losang
1 ~ 206

3
4

6

~tf~HE
I

PRESSURE
59R 7

14.7

DENSITY
0. 2010

0 2008
0 2008

OR073S

TEHPERATURE
340.0

339 8
339 ~ 8

227. 8

VELOCITY
50. 5

50 5
50. 6

137, 8

10 19 1 p 090 44R 94 1 ~ 209

4
5

59 ~ 7
59. 6

59R 6
14R 7

OR 2010
0. 2009

OR 2009
0» 0740

340. 0
339. 9

339 ~ 9
R R7 9

25. 6
2S. 6

25. 6
69. 5

NOTE: THERE IS CHOKEO FLOW AT STATION 4

'IR NOTE: A POSIT VE CLOSING TORQUE INOICATES THAT THE VALVE MILL TENO TO RE..AIN OPEN
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, CQtttTRQL SYS I KH AHALYS3: S

UPSTRE» t

59. 7

IttITI»L

0 340 14. 7

IH IT IAL FIH»L SHUT-OFF

59 ~ 7

c

» IR

STEH
0 I*

~ ~

t tt ~

4
5 ~

SP. HKAf
1 ~ 4

CACK
GIAN

EHTRAHCK
V»LVL

tenet
PIPE OEtlD
STRAIGHT PIPr

EXIT

GRAVITY
1

PACHtIHG
TORQUE

12t 0
12. 0

12. 0
~ 5 0

12. 0

SEAL
TORQUE

~ J

0 0
0.0

0.0
4,0

tt

0 ~ 0

890 OKG
7J1

0. 500
0. 759

0 ~ c0
O.nJO

1 000

CORRECTKC

0. 0000
0. 75903~ Jt

0 16000
0 06000

1.00000

~ t t ~ v

COHOITIOHS UITH VALVE OPt=k

1 ~ t

PRESSURE OEttSITY TEHPERATURE , VELOCITY

53. 5
49. 0

45. '.

44 ~ 4
t

14. 7

0. 1861
0. 1746

~ J t
0. 1547
0 ~ 1628

0.0738

329. 7
321. 3

Jt ~

313. 9
312 ~ 5

'l 17

497 4
530.

559. '.

564 ~

1256 ~ 0

COHDITIOHS LIITH VALVE SHUT
t 't

OELTA P~45.00 PSI





I ~

L LQ S FE '8

CROSS VALVEr>lDCLDcI CI 1IJ DF' T=tasan9

;I

j
I

3
53. 6
49. 0

OI 185 1

0. i. 46

45.1 0. 15 >7
0.1528

14. 7 0 ~ 0738

~RES 'RE DENSITY TENPER T"RE

Ihj4 . ~ I
3 I 3

313I9
3 ~ I 5

I h 7

VELIDI «v

4'97. 4
530. 2

559. 1

56 )."
1255. 0

~ l

I

80 3, 443, 754 7 0 I 3D330

I

I II

I
'

s

I

59 ~ 7 0 ~ 010
53. 6 0 ~ 1361

340. 0
329. 7

4
5

7
3

43. 9
41. 5

33. 7
14. 7

0 1614
0 1550

0 1335
0.0733

311 ~ 4
306h4

288. 3
27. 8

ANCLE
70

FLOW
3, 133,455

0$ hDCROSS VALVE
12 70

FRESSURE DENSITY TENPERATURE
59. 7 0 ~ 2010 340 ~ 0

NOTE: THERE IS CHOKED FLOU Ar STATION 7

Rat. 5
497 4

572. "
594. 3

694. 0
1256 ~ 0

Tc losing
1, 968

VELOCITY
420. 6

'
I ~

3
4

~ I
60

4 I I
40

38. 4
32. 5

2IRI94,027

0. 1571
0. 1531

0.1467
0 1301

308 1
304.9

299.8
285 ~ 7

3 It

536. S
549 '
S69 ~ 5
542. 0

~ I
I« C

7
3

59.7
57. 0

33. 4
3 ~

24.0
14 ~ 7

0. 2010
0. 1945

0 132S
Oo 1178

0. 1050
0 ~ 0738

340. 0
335 ~ 5

288. 1
235.

6

334. 2
344 5

502. 4
570. 0

539.S
909.5

NOTE: THERE IS CHOKED FLOM AT STATION 2
"CO





nlvt L
50 ~ 1 1 1 ~ n ~ 6 36,

d4 lnft
+60

Et

.
7

PR~h -'E
59
58. '

v
20. 6
18 ~ 8

~ ~

0 048
0 ~ 097{

0.0940
0. OS83
V ~ V ~

255. 8
e4

50. 9
244 ~ 7

49.'. 4
505. 5
f f ~

5 2.3
556. 0

DENS1TY TEqPeRATURe VELQCVTY
e fE ~ 0 340 ~ 0 44. 4

NOTE: THERE IS CHOKEO FLCM AT STATIOH 2

ANCLE FLCM
~ E ~ fE

OP ACROSS VALVE Tc losing

PRESSURE OENSITY
~

f'ENPERATURE VELCCITY
V ~

IV-
H

f
E

l

5
6

.et . tHE

30

4
S

7
8

59.
17. 7

17. 3
17. 2

14. 7

748, 829

i'
59. 7
59. 5

15. 7
15. 6
k ~ 1l
15. 3
14. 7

OV2000
0 '846
0.0S29
0. 0826

0.07 8

Ef

43 78

1 ~ EQ ~

0 2010
0.2007

~ I
0 0775
0.0772

f ~

0. 0760
0 0738

339. 3
240. 5

238 6
38 ~ 3

~ ~

7.8

340. 0
339. 8

3 ~

231. S

230 ~ 4
2 7.8

872

164 ~ S
390. 3

398 ~ 2
3991 6

447 4

100 3
100. 3
4 ~

260 ~

261 ~

H ~

l65 l
273. 1

NOTE: THERE IS CHOKED FLOM AT ST*TICN 2

ANCLE
20

FLOW
378 ~ 417

OP ACROSS VALVE
44 ~ 62

Tc losing
902

PRESSURE
1 59. 7

OENSITY
'0 2010

TEHPERATURE
340.0

VELOCITY
50. 7

3
4

15. 0
15. 0

]4 ~ 9
'.4 ~ 8

0. 0751
0.0750

0.0749
0.0744.

9.3

229. 1
228 4

135 ~ 7
135 ~ 8

136 ~ 0
137. 0

NOTE: THERE IS CHOKEO FLOM AT STATION 2

ANQLc OP ACROSS VALVE Tc losing

~,

1





S9 ~ S 0.20C9
0.0. «1

S.S
69

14. 7
1'»

14 7

0 0
0. 0741

, e
0. 0738

1 l4 ~

I'» 0 ~

2 7.8

s9. 5
h9.S

59. 7~CrC~HCfc..

«» ~

t

»

rI»-

A
I

w» in

~ ~

'» (=
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VALVE SICEcl VAL'VK CLASS ~ 150 FLc W 0-c

:II UPSTREAN
PRc SL18c

5

INITIA<.
DCtt 1vv < ~ 01 I

~ D

NITI L.

TENPKRATLRE
FINAL
PRESSURE

SHUT-OFF
FREcSURE

9 '

Ll . '1

RED IA

AIR

JTK
OIA.
i. 5

RATIO OF
1' 11

1 ~ 4

V
OIA.

11 703

SPECIFIC

TORQUE
756

Cct)PRESSIOILI TY HYORODYNANIC FACTOR
vKC

761

A
TORQUE

1183

1

~ + I

5
6

STRAICHT PIPE
VALVC

'x

STATION NO. TYPE OF RESISTANCE
ENTRA c

1 VALVE
3 STRAIGHT PIPK

DIAt<ETER <0)

12 0
12 ~ 0

12. 0
12. 0

LENGHT-<L)

0.0
0 0

4. 0
ODD

RESISTANCc <8)

0. 759
0. 135

C. 060
0. 759

CORRECTFO
RES ISTAt'CK-< t: )- ~ QD!DJO

0. 75903
0 ~ 13500

0 Oo000
0. 75903

FLOW IN NONPRKFERRED DIRECTION

CONDITIOt<S WITH VALVE OPEN
FLOW< 3 ~ 443, 764 SCFH

PRESSURE DENSITY TEHPERATURE VELOCITY
1 59 ~ 7 0. 2010 340. 0 461. 5

~ D

3
4

49. 0
47 2

44 4
38 4

0. 1746
0. 170

0. 1628
0. 1469

~ D

321. 3
318. 1

312. 5
299. 8

530. 2
542. 7

564. 2
631. 5

'
NOTE: THERE IS CHONEO FLOW AT STATION 7

CONDITIONS WITH VALVE SHUT
VALVE TORQUE~ 2,542 IN. LOS

g D

)„*'

L'.
gh~

<DD
-*

1

I

11

D

I

f",
4 DD
1

~ ~





CQI»IO I 7 IQIvIS AS VAL.<~ FE CLQSK»

ANCL
»0

FLOM
~v o,. Zv

DP r'uCROSS VALVE Tc los in9
u

PRESSURE DENSITY TEMPERATURE vELOCITY

5
6

53 ~ 6
40 0

45. 1
44 ~ 4

0. SeSS
0 1746

0 1647
0»162S

321 ~ 3

313. 9
312. 5

497 4
530 2

559. 1
564. 2

8 14 ~ 7 0. 0738

~IOT~HERL~O~
'» 17 8 1256. 0

u
Iuuueu'tlr

80 3 ~ 443r 764 12 44 964

--wee-~eu»v~ ~cere:
1 59.7 0 '010 340.0 461 '

53» 6 0. 1S61 329. 7 497. 4

I

»'

4
5
6
7
8

47 u

45 ~ 1

32» 0
~ 4 7

0»1702
0 '647
0 ~ 1 88
0 0738

318. 1

313. 9
e ~

284 ~ 5
227» 8

542. 7
559. 1

720. 1

1256 ~ 0

NOTE: THERE IS CHOKED FLOM AT STAT'ION 7

ANGLE
70

FLOM
3r 049, 241

DP ACROSS VALVE
17.33

Tc losing
180

PRESSURE DENSITY
59 ~ 7 0. 2010

TEMPERATURE VELOCITY
340.0 408 ~ 6

3
4

6
7

N

NOTE:

51 9
50. 7

49 0
31 ~ 6

Oe 1819
0.1790

0 1746
0 '8

THERE IS CHOKED FLOM AT STATION 6

326. 6
324. 6

321 ~ 3
283. 7

450 ~ 7
457 0

466. 1
642. 5

ANCLEee'LOM OP ACROSS. VALVE Tc los inq

PRESSURE DEN5ITY TEMPERATURE VELOCITY

I~"
u

57. 2
55. 4

54 2
54 ~ 1

14 ~ 7

Oe 1'951
0» 1906

0 ~ 1878
0. 1874

0 0738
~e ~ ~ »e» ~ e ~'»ve e'»ee

335 ~ 9
332. S

330. 8
330 ~ 6

l »7 ~ 8

327» 4
335 ~ 1

338. 6
338 ~ 6

866.6
~ u





3S. 36 996

59 ' 0 2010 340.0 239.
58 0.1980 I4S~e e

4 57. 3 0. '952 336. 0 145 e

5 57. 1 0. 1947 335. 7 245 2
e - e.-
7 18. 6 O.O876 43. 9 548. 3
8 14. 7 0. 0738 I 1'e 8 6 50 . 9

N 0 TE: THERE IS CHOHEO FLOM AT STATION 6

e f ANGLE FLOM
40 le 211 ~ 947

OP ACROSS VALVE
4e o7

Tc los lag
1 ~ 141

PRESSURE
1 59. 7

DENSITY
0. 2010

TEHPERATURE VELOCITY
340. 0 162. 4

e,

e

C

4

e

r
t

3 58. 3
4 58 ~ 7
e e

58 ~ 6
16 3

~ I

0. 1989
O ~ 1987

0 1984
0 0797

NOTE: THERE IS CHOHEO FLOM AT STATION 6

338. 6
338. 4

338 ~ 2
234 ~ 9

163. 7
163 ~ 7

163. 7
4o9.

e 4

e

ANGLE FLOM OP ACROSS VALVE Tclcsinq
~ ~ I

PRESSURc DENSITY TEtlPERATURE VELOCITY

3
e
5
6

59. 5
59. 4

~ e

5'9. 3
59. 3

0 ~ 007
0. 2003

oe 2001
oe 2001

339.8
339.5

iooe 4
100. 6
e v

339 ~ 4 looe 6
339. 4 100 6

8 14. 7

, HR.~HERL .
te

I

ee.

20, 377,317

~SU
59 ~ 7
59. 6

59 ~ 6
59. 6

oe 073S

44 ~ 75

e
oe2010
oe2009

0 2008
oe2007

227 ~ S

PMARt .

340 ~ 0
339. 9

339. 8
339.8

1 ~ 20d

273. 3

50. 5
50e 5

50. 5
50 5

7
8

14 8
14 7

O. 0744
0 0738

} 18 4
227. 8

13d. 6
137. 6

1 OC;....
NOTc: THERE IS CHOHEO FLOM AT STATION 6





)'<OL- 'CROSS VALV

cQ 6
59.4

0. 009
0. 00o

t
339 ~ 9
33'?. 9

15 c

5 1

PRESSURE OENSITY TENPERATURK VELOCITY
S9.. 0 OIO 340 ' "5.5

6 59 6 0.2009
'7 14. 7 0. 0740

~ t

NOTE: THERE IS CHOKEO CLOU AT STATION 6

339+ 9
11/ 9

35. 5
69 ~ 4

NOTE: A POSITIVE CLOSINC TORQUE INDICATES THAT THE VALVE MILL TENO TO REMAIN OPEN

g ~

"1
1

1
4I
J

1 ~

~
'

~





Vkt VZ XZ=

VA~V:. CLASS:

AC UATCH:

t/

2 d-

li2S~~?: PB:.a=i:R. ~55 PS

'?.'i?.: '"-"?P~J TK?-" ~30
~~svrrv 2g I 4t / ~

S UZ Q." 2" Sb"sP 0 V 7

~hPl, Q Q+ Q~ 'g~gm

Cpl "R=~s:3~~:~Y

PS:A
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(See Ap=enci:c A)





1

. ~ a>Arel 4
Scut F

II ~ QI I ic ~ c ~ 4

tq lrth~

Vgl Vc CI ac ~

tNIr .AL
tE4vFPP ~ >('c c 4 cc 8) lgE

4« ~ ~, C;

s n~ ~ III

AIR

wp+to OF

4

SPcCIF C
%H ~ ~

t CHPccSS-8 ~ r™ HYQRCQYHA..IC FAC QR

] I ) ~

OIA.
'.. 375

OIA.
12 974

ToRauE
832

ToRouE
~ 454

STATIO)) No. TYPE OF RESIST NCE

VALVE
3 STRAIGHT PrPE

E'{II

14. O

14. 0
4

14. 0

0.0ll~ 0

OIAHcTER {Q) LENCHT-<L) ctcctSrpNCc {)~)

0. 860
oo 141

1 000

C"RRcl

cCCC0
0.86066

F0000

CONDITIONS lJITH VALVF OPcH
~ ~

PRESSURF. DENSITY TEHPcRATURE VE< QCIry

1

3

5
6

53. 5
48. 0

39
14. 7

0. 1860
0. 1722

0 1489
0.0738

329. 6
319. 6

301. 5
227. 8

501 6
54 le 9

vj 10

1256. 6

NOTE: THERE IS CHOKED FLOM AT STATION 5

VALVE TOROUEc 3 ~ 101 IN. 'S
DELTA P~45.00 PSI

's ~ r





Q!k!L7 L; XLJ!k»'8»'k'8 k k bl

e o 8 c' 5 k I R c:

0('klan

t v

53. 5 0. 1860
48. C

0
324. 6
'3!9.6

~ ~ ~ kkk O nP 4CRncS (s,»k lkE k

VPLk r t »k»

501 ~ 6
54

7
0. 'k89
0. 0?38

301. 5 $ 28. 1

NOTE: THERE .S CHQN D FLQu AT S'T;TION 5

nHCLE
80

FLQu
>»530.955

DP ACROSS VAL'VE
!0 Tc!anent'k

519

PRESSURE
59. 7

DENSITY
0.2010

TEHPERATURE VELOCITY
340. 0 446

'k»

.flH%.

49. 3
47. 6

14 7

0 ~ '.. 10

0.0738

3».9
318..

8

510, »

52 .0

1214 1

70 4,030, 437
k

20. 69 3k 998

4
5

c9
SS-6

50. '?

30. 2

0 2010
0.!910

0. 1793
0.1235

~ »

340.0
333 1

324 ~ 8
279. S

394. 8
416. 5

442. 8
645. 5

NOTE: THERE IS CHQNED Fk Ou AT STATION 4

: ANcL FLQU
~ f k

PRESSURE

OP ACROSS VALVE Tc loving

OEHSITY TEHPERATURE VELOCITY

5
5

57. 5
55. 5

l! 9
14 7

0. 1956
0.!910

0.0982
0.0738

33h 3

333.'S5»3

27.8

3!1 6
319. 3

6 k ~ 7
827. 0

~

'k

NOTE: THERE IS CHONKD FLQu AT STATION 4

nNcLK
50

FLOW
"-»302»0o"-

DP ACROSS VALVE
39»28

Telo" any
737

~ k I
I»

PRESSURK
59.7

DENSITY
0.2010

TE!!PER*TURK VELQC TY
340.0 226.6

~ ~

~ \



Cl



Ch o
'1

51 ~ 8

«0 I F 551 '?83
h «h 'OO th C,

42. 64

4%«h ~ h ~ \ hc ~ 444
So. 7
59. 3

4 58. 8
5 lhh 1

0. 010
0. '4001

0 1988
0. 0790

3'l0 h)

339. 4

338. 5 154 0
'TOO

~ 4
4

NOTE: THKRE IS CHOKED FLOU AT STATIC!! ~

ANGL FLCU QP ACROSS VALVE Telos any

h

PRESSURlE OEHSITY TE!!PERATUhRE VELOCITY

5'9. 5
59. 4

15 ~

14 7

0 2007
0. 003

0. 0757
0 Qo'to

339. S
339. 5

30.

'4 ~ 5
94. 7

250. 7
257. 3

NOTE: THERE IS CHOKED FLOM AT STATION 4

ANGLE
20

FLOJJ
483, 477

QP AC'ROSS VALVE
44 ~ 79

Tclosang
1, 436

PRFSSURK DEHSITY TENPERATURE VELQCIT»
1 5'? 7 0 010 340 0 4? 5

3 '59.5
59. 5

14 ~ 7

0.2008
0 00S

0 ~ 0738

339.8
339.8

227. 8

47 5
47. 5

~ lo 5

10
4

44 94 1, 445

5

59. 7
5'?. 6

S9 ~ 6
14. 7

0. 2010
0. 00'?

0. 2009
0.0739

340. 0
339. '?

339. 9
o«7

24 ~ 0
«4

~ 0

0
65. 3

NQt'K: THERE S CHOKED Fl.OQ AT STATION 4

NQTK: A POS'ITIVE CLOS NG TORQUE INDICATES THAT THE VALVE MILL TENC TO RENAI!J CPEN

C,
~ g

p hr 1 ~ ~

~ ~

~ ~
~ ~

~ r ~

~ h ~





tUC~R LOCA A!V 'S S

VALV" SiZ

VALV- GPSS:

CTUATPP

UPSP.""~4 PRccc 9"- ~3.7 PS~ Sc-:I ":ic: r ~Zr/ r:-:-/:
rUSS~c'c c" c™JSUp.- ~3ir
S:-:V'.: PP~S'= ~7

PSi'A~

Q Q-

Cpa i=3:-SS:3:L ~

cfpr ~ f t)Q gQcIAJ c~vtJ1~

~—I —-I r gS.P —rv v~ v 4aA r

8 op n"-G

clv S

P
~ ~

ST~f QM

PACK tG TOPQU"

Di~:.CTZOU

. 3P

T.:I. L""S .

GAG:- DL4. 7

lX~ v f.:"=S

%PUT STATION lip. K c ACTUS ETC.

(See Aapeaaiv A)





oS I rhl

VAr Vr ot-r-1«
Mr T%
- ~ l l

rL ~ Trv %r ~ f> a«

VOL"r ".'Sr
:VrTT hl F .HAL

EHPER- UR= PREool'Rc
SHIJT If,rr

~%If & TOIr

t'FQ lA

AIR

RATIO QF
~ rr I

SPECIF C CQHoRESS QILITY HYQRCCYHAHLC FACTOR
M %AT ~ ~

~ ~ O l

PIA
1. 375

I

D Ill~

1". 974

~ ~

TORQUE
832

TORQUE
1454

STATIC>l tlO. TYPE OF RESISTAttCE
'K~rr ~

VALVE
STPAICHT PIPErt'C
STR*ICHT PLPr
uALVEET

QIfNFTER-(0>

0
14. 0

14. 0
14 ~ 0

LEHC>!T-(f >

0.0
9.0

3.0
0.0

RESISTht(C - (H>
r 50

0. 860
0 ~ 115

0. 038
0. 060

CQRf%EC, TKD
REoTSTAHCE (>,'r ~

0 ~ 86065
0 11571

0 O.oc"
0.86065

FLC4 IH PREFERRED OIRECTIOH

CQtlDI; IOHS 41TH VALVE Of EH
FL04rr 4 '45r997 SCFH

PRESSURE DENSITY TEt(PKRATJJRM VELOCITY
59 ~ 7 0 2010 340.0 457.5

~,
3
4

«8. 5
47
«4 ~

44,7
37. 8

0 Lr 3r'i
0. 1699

0. Lo35
0. 1450

3"0 5
317. o

313% 1
298. 4

528 ~ 9
538. 2

SSo ~ 2
633. 8

'I ~

tlQTE: THERK IS CHOKED FLQU AT STATION 7

CQHDITIQHS 41TH VALVE SHUT
VALVK TORQUE< 3 ~ 101 ~ tl LBS

~ rr





Fl cot»tl.» .'L L tel 3 ~ ) 9 L' '»L '. I ~') ~ ~ »I '

CI I
~ »v ~ nc ~e

r4444I ~

Pnei *.'UR vv
~ ~

hn
34

p»i3
3 48. 5 0. 17

I.'RL:=

I veep I»pe

330. 0
3 0.5

Tcl vjt'i
I ICI ~ 'lI ~ VV

49 ~
~

52S.9

45. I
44,7

14» 7~Oc~vc~

0..
0. 1645
0.1$ 4

0. 0738

313» 8
) ~4 v ~

554. 5
55$ . 2

1214 ~ '9

it!le I V
SO 4,464,262 li.29 6) 516

4
5

7
8

c9
54. 3

48. 5
4$ . 6

»4 '7

0. 2010
0 1880

~ I V
0. 1733
0 ~ 16SS

0. 1377
0.0738

340.0
331 0

3"0. 4
31$ . S
'v ~

)9 I
227. 8

440
469. 3

507. 6
541

$ 4+ 4
1197. 7

NOTE: THERe IS CHCNCO FLOO AT STATION 7

RNCLE
70

FLOO
3.98 )860

OP I'CROSS VALVE
20.51

Telos any
3,154

PRESSURE OENSITY TEMPERATURE
59. 7 0. 2010 340 0

v

VE'C Y
39

3
4

6
7

54
51. 4

50 ~ 1

29 ~ 6

0. 1827
0 ~ 1807
» ~ I ~ ~

O. '774
0» 1217

325. 8

323.4

430. 7
43'\ ~

440. 3
$ 47. 2

NorE: rHEPE Is CHot:Ko FLON Ar STR'r ON 6

ANCLE FLOM OP A»CROSS VALVE Tc

csin'I

~ '

>RESSURE

57. 6
55 ~ 7

54. 8
54. 7

OEttSITY

0. 1960
0. 1914

0. 1V492
0» 1890

0. 0738

TEHP cPATURE

336. 5
333. 4

331 ~ S
331. 7

n)7 8

VKLCCITY

309 ~ 0
31he 3

318. 9
318 1 ~

8 ~

~ » e

I





R 0 ~ « ~ 8 ~ 9. 15: 5J,
~ RRRr5 .138 ~ 3

« ~

4

5

'R

8

57. 5
5?. 3

18. l
14 7

0 '
0. i9S

0.0859
0. 0 ~ 38

336 ~ «
336. 1

242. 0
« l'R

«tn
30

526. 8
613. 2

NOTE: IHERE IS CHOHFO FLOU AT STATION 6

ANGLE FLQU OF'CROSS VARLVE Tc 1 as
in'0

1, 551, 568 4 R 55 1, 217

PRESSURK OEtrSITY TEHPFRATURE VELOCITY
1 59 ~ 7 0 2010 340. 0 152 7

l

R

58.8
58.8

58 '
16. 1

R

0. 1990
0. 198'?

0 1986
0. 0790.

~ R

338. 6
338. 5

338. «
234. l

R ~

153 ~ 9
153.9

153 ~ '?

388 ~ 3

troTE: THERE Is CHot:EO Fi.ou AT STArlorr 6

AHCLE FLOU
R RR R

'P ACROSS VALVE TC lo$ 1rl 9

PRFSSURE OEHSITY TEHPERATURF VELOCITY

C

59 ~ 6
59. 4

5'?. 3
59. 3

14 ~ 7

~ V V

0. 2007
0. 003

0. 00
0

00'.

O?38

~ V '

33'?. 8
339. 5

339. 4
339 4

RR RRI ~

94 ~ 3
94 ~ 5

9n.S
94 '

256 '

~ I I
«0 48'".546

59R 7
59. 6

44 ~ 7S

0. 2010
0. 2009

lR «36

..Ml ..RR..- l--.R.
34O. O 47. 5
339. 9 47. 5

V
R

n
5

7
8

59 ~ 6
59.6

14 ~ 8
14 ~ 7

0. 2008
0. 2008

0. 0743
0. 0738

339. 8
339. 8

228. 3
617 8

47. 5
47. 5

1 8 4
~ «9 3

NOTE: THERE IS CHOHEO FLOW AT STATION 5

R
'

~, C'





>o'co@/ vgc hcLIS t

'4 1 le@

39. 0 0 ~ '09
0.3009
0.0~39

TEHc I:c AIstRE
360. 0
1'I
~ 39, 4

9 0

339.~

ILl OC v

5S ~ 2
5R

ROTE: THERE IS CHOHEO FLUU AT STATIOH 6

HOT: A POSIT VE CLOSIHC ~ ORQVE HDICATES THAT THE VALVE I "LI TEHO TO REHAIH OPER

(ATE

II





~ A

CO?iD:TZO:f 2

xiUC~~. CCA A:sA:

VAL'i:- ST."=:

VAr~V C~+S:

AC UATOR:

LrS~ '~f P~~:-"-Dx ~h. 7 Pi:»
7 — .P- La, ~Py 0

K:bT 0."" PHMSu:. ~5$ . PBiA

ii'i-:V D:.lS:: ~~/
$ '0 ~ p, 'f Qg %tag+i -'S~ i.AVv'ii~ D

C.'l%

fWt r1 ~ N> 8 hfdf

9 gO D:-G 7C I ~
~ ~

S "'4 DD
PACii'tG TORQ,b"

DL":"CT:CN

i2 3

7> Lf.LM.
GAG" DZA.

S:U TORQU"

"fPt:T STATZO:-l ';O. K .=A"-CRS.:" C.

(See Appendix A)





I ~ I I I>

I8 ' .I>iV
49< t>c 4 94 ~ >I ~ OI ~ 4

VALI~ 9 PI C\ ~ C )

''>I I >It.
>t>>E+ 9 r>

r 89it
4 e c c I .' e QCQSVRI,

ye>I r 1

AIR

Rh>rQ QF 'P C'F C CCNPR>.cSrQr> Iry t "QRC Ytth>YIC eAC CR

?61

0 IA
1 5

0 I>'I

:1. 703
TORQUE

7$ 6
TORQU"

1183

8 Th I ~ C>t r O. TYPE QF RES INSTANCE

VALVE
STRAICHT PIPE

EX I.

5 IArtE TER- r 5 1

12. 0
~ 0

12 0

LEI>CHI-<L>

0.0
11. 0

0.0

)ES.STArlCe-iHt

04 75'?
0. 165

1 000

0. 759<3
0 16500

'0004

CONCITIOtlS MITH ')ALOE OPEN
~ 4 ~ ~

PReS-URe OCNSITY TEttPERnTURE VELQCrTY

5
6

53 ~ 3
48 ~ 5

40. 2
14,7

V ~

0 1855
04 1732

4

0. 1516
0. 0738

9

3 lg I

320. 4

303. 6
2 7.8

4 ~

508, 4
545.4

6244<

ltOTE: THERE IS CHOHEQ FLQU AT STATION 5

VAL)e TORQUE I 54, L38
O'ELTA PC45.00 PSI

, ~ r I

hb
4





h„

«

C I ~ 'I Q; hr« ~ .n»» ~ «h« II»
)

( Fc«

3 48. 5
4 .-

«I

0.1855
0.'«32

TC+DCRA )IIRF
« ~

3 9.2
3 0«4

5
5

40 ~

4 ~ I
0 151$
0.07 8

303. 5 I 'l4

1 3 ~ 7

tlQTK: THERE IS C)IQi:EQ

ANCLE cLO
60 3.51 ~ ) 149

F'V AT ST*T1ON 5

QP ACROSS VALVE
8.39

Tc Iossng
'Z

~I ~

3
4

6

PRESSURE
59«7

44. 9

'
14. 7

OEtlSITY
0 010

0 ~ 164 a

0. 1573

0 '738

TEHPERATURE
340.0

313 ~ 5
308. 2

227.8

VFLCCITY
471 ~ 4

«

575. 6
599. 3
rlsl 'I

I
~ ~ L I «« Il ~'d «4«« I ~ ~

~ I
70 3, 178, 985

)IL»» rl
13. 52 1, 773

1 ~
'

5

5'?. 7
54 ~ 8

39. 2
33 3I' ~ ~

0 ~010
0. 18'?0

0 1490
0 ~ 'l «5

340. 0

301. 6
287. 8

425 ~ 0
451

S71 8
6 4' 4

h
I
' NOTE: THERE IS CHCHEO FLOW AT STAT ON 5

:O
ANQ«LE FLOW

PRESSURE
~ «

OP ACROSS VALVE Tc losing

OENSITY TEtlPE?ATURE VELQCITY

57.0
29 ~ 0

\4) 0

0« 1945
0 1202

h
0 10SO
0.0738

3"5 ~ 5
276. 3

6 ~

34 i ~ a
558. 7

539. 9
909, Q

NOTE: THKRE IS CHOHEO FLOW AT STATION 2I " «I

r

I
ANQ'

50
FLOW

1)S23,S03
OP ACROSS 'VALVE

37. 17
Tc les ing
758

k «

PRESSURE
1 5'?. 7

DENSITY
0 2010

\
~ ~

TEHPERATURE VELCC TY
340.0 244.4

~ ) ~ v. ~ ~ I ~ .
l





4

: 41 ~ 80
"I\«>g «

«9 ~ 7 0 010 340. 0 164 ~ 4
S9 0. 2000 339. 3 ~ 164> 3

4
5

17 2
16 4

0.08 6
0 ~ 0? 99

238. 3
35. 1

399. 7
411 '1

NOT-: THFR>E IS CHCYEO FLCLI AT SfATIQN 2

ANCLE FLOO OP ACROSS VALVE Tc losing

PRESSURE OENSITY TENPErnfurE VELOCI1Y

~ \

5
6

59 ~ 5
15.?
~ ~
15. 3
14 ~ 7

0. 2007
0 ~ 0774

0 '760
0 0?38

339.8
l'1 l ~V ~

30 4
227. 3

100. 3
60. 5

l65

NOTK: THERE IS CHQHEO FLOE AT STATION 2

ANQLF FLQU
3731407

QP ACROSS VALVE
44 '5 Tc ivxing

~ ~>l~
~ ~ V

PRESSURE OENSITY TEHPKRAfURE VELOCITY
1 59. 7 0 ~ 010 340 ~ 0 50.?

ty

l

3

>I ~

10

15. 0
14. 9

14 ~ 7

VV
191, 313

0 F 0750
0>0749

0. 0738

>lv
44. 91

l l«> l
l lC> ~

l l7

1, 209

135. 9
136. 0

138. 0

4
5

59. 7
59. 6

14 ~ 7
14. 7

0 010
0 ~ 009

0 ~ 0741
0.0740

340.0
339 '
l>l8

5.5
25. 6

69. 5
69.6

NOTE: ,HERE IS CHQHKO FLOW AT STATION

/ ~

f V NOTE: A POSITIVE CLOSINC TORQUE INDICATES THAr THE VALVE 4ILL TEMO TQ RKHAIN QPKN



)



ItUC~~R LOCA Ai1A~~YS:S

g
Ty

4E
VXIVE S7.Z=-:

VAL'/" CUSS:

ACTUATOH: C

4 U?S~&1 PH:-SSUP" ++7 PSHAW

L"I-"~I'ZG'-JLLB=" '3'4I8

S-uT OTT ~R~~~u7I. ~l ?S:A

RATIO OP SP.

LllJ. '4' D~4SJ TY 4 ZO I

S -C'C C-

~'~DHCDY:4~"C .ACICH
le gO DTG

(
4

PAC~JG TOHt,UZDTB:"CT:0."''f.~ ""S.

GAG:- DM
S~~ OHgu"

' 7y

Ztt?UT STATZO."I NO. K ."AC CHS . :"TC.

(See A@ac dix A)

~ 4
, ~





JTJTI t~ ~ e, Iftflt
tpALVc e r e ~ t VALVE CL'"8T150

'
Hc.OTA

A R

RAT 0 CF

(HIT(A'PECIFIC

eh
RREeeeUgc.

J ~

COHPRESS OI'TY HYCROOYNAHIC FA TOR

0 IA
1 2S

OIA
11. 703

TORQUE
756

TOROUE
1183

C'T
IJ J

EXI I 12 0 0.0

8TA. ION NO. TYPE OF RtKSISTANCE OIAHETKR-(0) LEHGHT-(L>

VALVE 12. 0 0.0
3 STRAIGHT P PE 12. 0 11. 0

RESISTANCE (H)

0 759
0. 155

000

f Cegct Tech

~ "."ttt Iftf.-ltf
0.75903
0. 15500
e ~ ~

00000

r ~

CONDITIONS UITH VALVE OPFH

(''
fh" C 53. 3

4B. 5
0. 1855
0. 1732

3 h9

320. 4
509. 4
545 ~ 4

PR SUR PENS Y TEHPER*TURE VELOC TY

I h
5
0

40. 2
14 7

Ot 1514
0.0738

'303 ~ 5
r t7

524. 9
120 .7

NOTE: THERE IS CHOHEO FLOM AT STATION S

VALVE TOROUEfc 2,54 IH LOS
OKLTA Pcc45t00 PSI

t ~ 4

~„'"
f

c'

c t

cO (

!
~

I
hhi<,

c





~,

A eral
Ql ~ 'lW rIO Oncet ~ ~ ~ \ ~ Ic

C

T ~

I5RESSURC OEHSI ~ ".

53. 3 0.'555
3 48 ~ 5 0. 1 732

3 9
320. 4

CI %I r
~ 0 ~

509. 4
54S 4

40 2
]4 ~,

0 '5'6
'0 0733

303. 4
2 7.3

624, 9lgl 7

E
l(.

'y

ntICLE
80

FLOW
3.517, 149

OP ACROSS 'VALVE
'1 89

PRESSURE OENIIITY TEHPERATURE
S9. 7 0. 20' .40. 0

NOTE: Tl!ERE IS CHO!'ED FLOW *T ST*TION 5

Tc'4$ 5ng
"r 100

'VELOCITY
471. !

'

3 48. 5
4 46 ~

'4

~ 7

0 1673

0. 0733

320. 4
315. 9

227. S

545. 4
563. 2

I l87 7

tlt%
70 3, 099, 067

V
18r 46 ~ 135

r'

5

59.7
55. 0

50. 0
31 ~ 6

0 ~ 2010
, 0. 1396

0. 1773
0 ~ 127h

340. 0

353 'r
233. 4

41S ~ 3
439. 4

469. 0
6S3. 9

5

NOTE: THERE !3 CHO!:EO FLOW AT STATION S

ANCLE FLOW OP ACROSS VALVE Tc lan In@

5'r
55. 3

0. 1'950
0. 1904

I r

PRESSURE OENSITY TEt!PERATURE

33S ~ 9
332. 7

VELQCrTY

330
338

5
6

23. 0
14 ~ 7

0 101S
0.0738

59. 0l l7
633. 8
373. 4

NOTE: TH.RE IS CHOKEO FLOW 4T STATION

ANCLE Ft OW OP ACROSS VAI.VE
SO lr78Sr061 38.46

Tc laming
751

5
r

r 0
I:.

PRESSURE
59. 7

OEtlS r TY
0 ~ 2010

TEt'.PER4TURE
340.0

VELOCITY
239.h

~ ~

l" j
t

t;-''?

"I

l,r
~ f~\

~ I
l? v

\
, ~ r





. 'LID :~ ~

~ 0770

*

hh 55

'\
~ 1L

4
5

c9

S8. 7
lhe 3

42 37

0 010
0 2000

0. 198.
0 ~ 0797

hl

.40.0
3 9.3

338 ~ 4
234 ~ 9

h 1

11 059

'5 ~ ?
163.

'64.

0
40'9e 9

NOTE: TIIERE IS CHOKED FLOU Af STAI'ION

~ 1* ~

AtICI.E
1

FLOU DP ACROSS VALVE Tc losing
~ ~

PRcSSURE OcttSI TY TEHPcRATIJRE VELOCITY

59 ~ 5 0.2007
3 59. 4 0 2003

5 15. 3 0 '?60
6 4 ~ 7 0. 0733

HOTE: THERE IS CHCKED FLOU AT STATION 4

339. 3
339. 5

70
1 17

100 5
100. 3

255. 9

J
1

ANCLE FLOU
377,992

DP ACROSS VALVE
44 '5 Tcloscng

1, 203

PRESSIJRE DEIISITY TEHPERATURE VELOCITY
59.? Oe2010 340.0 50eh

59,6
59 ~ 5

14. 7

0. 008
0. 2008

Oi 073S

33'. 8
339 3

227. 8

50. 5
50. 5

~ ~ V
137 3

10 191 090

. P.-.-M'-
59 .."
59. o

44 94

Oe 010
0 .009

~ N

340. 0
339 ~ 9

' ~
~ h09

~ RR.
IC

hg 5

5
59. 5
14 ~ 7

0 2009
0 0740

339. 9
hh7 9

5 ~ 5
69. 5

~ 7
NOTE: THERE IS CHOklEO FLOU AT STATION 4

i
NOTE: A POSITIVE CLOSINC TOROUE INDICATES THAT THE 'JALVE UILL TEJJD TO PEHAItl OPEN

7 *

~ t

gh ~

'

E

1
~ I





Cyc=

'tUCL='8 LOCA A")'A '-"iS

VALV:" Si =:

VALV"" CLASS: 0

ACTUXTOa: d C.-C '

Des Ml -"-Rz:-:-UH-. ~5.7
Psi'NZ

~ Z»L T~G~~TP.." ~3(
S'"'~~ 0~- P~MS4~- ')~ PSi»
BA:iO O." SP.

CC)/ -..:~Si "iL:~iY

i.:ii i.""< ':.:IS i 2)/ L:"S/.-

PSl»

lEOTA

SP"-C:=iC G..V:"='~

rZDHODY')~') ' /: AC ).OB

Q gO D:-G

ST~f DZA.

PACK"'<G TOR~gU

DiRZCTiON

7 Pl iH. L:"S.

GAG D . /1. 7c
— ."=.~/ I o ~S

iNPUT STATiON NO. K FAC OHS 2 C.

(See Appea<ii:< A)





VALVc' ~ 4 I ~ i:ii

'> i4 i.' (cAq

i
~>I TAL

~sCTiiV i ~ J' "i
<i>IT AL

c'g P RA TN>}c
,= I.'>41
DPc- U(c

i>i>UT ij}

)>F.DIA PATIO OF
4>' i i

SPEC F,C CQNPRESSIOIL TY HYCRQOY'>Ai..IC FACTOR

761

~i;...
DIA.

25

~ ~ 'i

0<A.
11. 703

~ i ~ ii
TORQUE

756
TORQUE

~ i83

CORRECTED
- TATION NQ TYPE 'OF R SIST'NCE DIANFTFR-<D) LE>>CHT {L) RES IS. Ait>CE <8)

5
6

>' ~ ~

'VALVE
STRAICHT PIPE

STRAICHf PIPE
VALVE

12. 0
12 0

12. 0
12. 0

0.0
9. 0

0
0 0

0. 759
0. 135

Wi,

O.06O
0 i59

0'.

h~
0. 75903
0 ~ 13500

0 >i6 i'll\0
0. 75903

FLQl) IN PPEFERRED DIRECT!ON

CO'>DITTO}>C MITH VALVE OPE)}
FLOM+ 3 ~ 443> 764 SCFK

3
4

6
7

PRESSURE
59. 7

~ V
49 0
47. 2

44 ~ 4
38. 4

DENSITY
0. 2010

0. 1746
0.1702

0 ~ 1628
0 1469

TENPERATURE
340.0

321. 3
318. 1

312. 5
299.8

VELOCITY
461 5

530. 2
542: 7

564.2
631 ~ 5

NOTF: THERE IS CHOKED FLCM AT STATION 7

CONDITIONS MITH VALVE SHUT
VALVE TORQUE ,54 IN, LOS

k





I. l>BO l 1 1 OCJ 5 WH 'Ve>l VL l l

'»ZI ? v r OP 'CROSS UAL"K T '% tlq

~ 4

?? 4 l. ( IVC

53. 6~ ~

PKNqrrY

0. 1861 3 9.7
321. 3

~cM
497. 4
530. 2

.KNPcRATURK s > E? OC r I??

45 ~'. 1647 31 ~ 9
44 ~ 4 O. '628 312

559.
'6».2

8-.
14. 7

.tOM....-..- Mill?.
0. 0738 227. 8 1256 ~ 0

?

r
~N -. ?Ca't

80 3 ~ 443 ~ 764 12~ 44 4r 127

4

5

7
8

59. 7
53. 6

45 ~ 1

3 .0
14. 7

0.2010
0 1361

0 ~ 1702
0. 1647

0.1 38
0.0733

340. 0
329. 7

318.
'13.9

?34 c

461. 5
497. 4

542. 7
559. 1

720. 1

1256+ 0

NOTE: THERE IS CHOHEO FLOU AT STATION 7

ANCLE
7n

FLOW
3? 04l?) 41

Or ACROSS VAL.E
17.33

Telo" inq
2, 04»

I
I
~ k,

~ '

PRESSURE
59.7

51. 9
50 ~ 7

DENSITY
0. 2010

Oe 1819
0 ~ 1790

TEHPCRATURE
340. 0

326. 6
3»4 6

VELOCITY
403. 6

450. 7
457e 0

cr '.

7
1

NOTE.

49 0
31. 6

Oe 1746
0 ~ 1278

THERE IS CHOHEO FLOM AT STATION 6

'T» ~
~ 4

233. 7
4hho 1

64 ~ 5

ANOLE FLOW
t ~

OP ACROSS VALUE Tc los illq

PRESSURK OEHSITY TENPFRATURE VELOCITY

'C

5
6

57+2
55. 4

5 ~ 2
54 ~ 1

14. 7

0. 1951
0. 1906

0. 1878
0. 1814

0. 0138

335 ~ 9
332. 8

330. 8
330 '
»17 3

3 7.4
335~ 1

338+ 6
338. 6
&3 ~

866? 6



Cl)



« ~ L ~

Cn.:) ~ QV C ~

I
8

18. 5

'iC4

V«
4 57.3
5 57 ~ I

010 340. 0 239 e 2
334

548 ~ 3
450."

.J~
0 ~ 452 335.0
0, 144'7 335. 7

M)l .
0.0575 243 4
0 0738 «7 S

- ~ NOTKl THERE IS CHUNEO FLOW AT STATION 6

ANCLE
40

FLOW
1, 1'47 Or ACROSS VALVE

47
fc losing

1,058

PRESSURE
1 g4

OENSITY
0 2010

TEHPERAfURE VELOC TY
340. 0 152.4

«

4

6
7

58. 8
58. 7

v e

58. 5
16 ~ 3

~ «

0« 1989
0 1987

0. 1984
0. 0797

~ e ~ v

~)..
163. 7
409. 2

338 ~ "-

234 ~ 9

338. 6 163. 7
338. 4 163. 7

NOTE: THERE S CHGNc,O FLOW AT STATION 6

ANCLE FLOW
V

OP ACROSS VALVE
~ )

Tc los

In'RESSURE

OENS!TY TKHPERATURE VFLQCITY

'

«

54. 5
59. 4

1 ~

59.3
C4 ~ 3

14. 7

377, 317

Oe 2007
0. 2003

0. 2001
0. 2001

0 0738

V
44 ~ 7S

339.3
339.5

339 '
339.4

27. 8

1, 203

~ V ~

100. 4
100. 5

100 5
100 4

73. 3

~4 84 4 «

59. 7
59.6

Oe 010
0. 009

~E~
340 0 50. 5
339. 9 50. 5

7
8

59 ~ 6
59. 5
V V
14 ~ 8
14 ~ 7

0. 008
0«2007

0.0744
0 '738

V
339.8
339.8

227. 8

50.5
50« 5

136. 6
137 6

NOTK: THERE IS CHONEO FLOW AT STATION 6

'

e',
~





3

cRECSIiRE
cc

5».s
59

OS%SIT» , r~occ;A p R»

3 4 IT

0.200» 33II. <
4 \VII

cia
5II. 6 0. 3009
I4.. 0. 0740

33o. 9 25. 5
6P. 4

NOTE'HERE S CHOHEO FLOW Af STATION 6

NOTE: A POSITIVE CLOSING ~ OROUE INDICATES THAf THE VALV VILL TcNO TO R HAIN . P N

'P ~ 73





~~PZG)EX C

D te~~.". tier. of Closina '= s

I 0~~. 'osi ive - cr"ues a "e e""' g to
eye" the valve, mega.ive -o."cues
a e te"die~ o close the valve.





DETEovZ»ATTPff PP Cs OSIS;G TTvr

4'ALVESIZE VALVE CLASS

ACTUATOR Qc «~.'w Jv -c
A.'!Oti~f'T OF VALVE OPRiIXG

DI~c~i,IOib OF LOW

ACTUATOR TORQUES (I"..LBS)

SPRI.'SG BEGINNING SPRING i:iD '.4'G t 7O

AC L"TOR VOLL~~

AC UATOR PRESSLTRE

i=DIA
PSIG

ACTUA.O? YOR: RADIUS ~~ IN.
SOLE.':OID VALVE C

V
VALVE C

V

44
&~iD?OD.".sA.'!IC TORQUE C 90

T» T~C
1 ~ a Q4 ~

S:-:t T

C- 'T wO \Q4 ~ 4

D 0 ~~ SI

/ y ~ I.':.LES.' ST""i'IA.
EUTLD ':G

Iit
~

?S-.SSL~:- ~44 ?SZG

GAGE DIA.

2e ~~ S:-G.

D"G D=-'SI".Y (L~S/:; ) T OCT ~ sf (~ IC ~) P?ESS"..E -ROP (PSI)

4

4

4

10

70

30

40

50

60

70

80

90

c5iZ
/Z7. 7

0'72. 2

5 )fan

o
5-9/ 9

5 74

4
4

gl





cr,

Ql' Er i'a r' ~ las 1' I lhl ID ~ ~ L ~ 'l4 'I'ea '3'r'HI'oa~'SIC~~ .r, «~~~~, r:n!',
THE '„'ALOE IS H TH PRLPERRED 2!RECT!DN

eprtnc

pogroms

5930r

PACHIqG TORQUES 832
SUILDI 8 PRESGLRE~ 4S

Tsor tnc nnccnc . 0
ACT. 'IOHE RADIUS* 2.5

SEAL TOR'GUEi 1454

ACT. PRESSi 90

Ostoo~ 1.275 Ocareo 12.974

DEG. '.0 20 30 40 50 60 80 90

-H.."F.
VELOC ITS
PRES QRQP

55. 2 127. 7 245. S 374. S
44 90 44 0 44 ~ 00'2 10

5 .
492,8 549 5 54o ~ 9 579 0

54'7,90 9. oO 15. 0 9. 74 5. 48

'CA O'SES THE VAL'VE'TO o3 DEGREES OITH THE ACTUATOR STILL ACTUATED

litt!t»'trrttPltthftlrFGRUUL ~)~.'rrr 0—DEBHE~2

soc
~ ~Rt

tend to coen asr so ring f lo|r packing SL seal bearing cegrne pot

0.05
0 10

0
0

2558
048

-.-7
-2843

o7 %3
-SGS
-389

499
499

614
514

52. 35
45 ~ 84

36. 01
3'9. 54

I
0 0 0 1677 -26. 3
0 5 0 ]4 l3 -2678r"
0. 35 0 1649 r 'r 4 5
0 40 0 1701 -28QS
Cl. 'I

I ~ 0. 50 0 1859 "970
O.SS 0 1o59 -3071

1 ~ l
-58

-17
8

499
499

499
499

499
499

o14
d14

614
514

5 ~ 4
614

35. 03

4. 56
1] 11

15 ~ 06

A )
43 ~

'r
44 38

51

44 79
44,85

0. 55
0. 70

C. 80

0
0

2194
+3+7
~ V
1382

-3308
3440

-3693

0
0

-0

499
499

1595

dl4
614

614

7,09
4 ~ 75

0 96

44 '92
44. 95

44 ~ 99

n'

~ ~ I * 0 ~



Cl



DET"~i'fX."AT QN 0." CLOS<"G ji'c

VALVE SIZE VALVE CLASS

ACTUATOR

A~fQPlT OF VALVE OP~XT:iG

DIRECTION OF FLOW

O -1'

(I

ACTUATOR TOFQUES (T'.% ~ LES)

SPRY eG GEONj >G O SPRING c iDENG 3 770

ACTUATOR VOLL.K

ACTUATOR PRESSLRE

SC

PSEG

ACTUATOR YORE RMEUS ~. P i'.i.
SOLE."0:D VIVE C

V
ZA

F..'DRQDY.'lA~.'TC ORQUE 0 90

VQ." C
V

SHUT OF PPDSSUD c DRQD ~r~ DS T

PACKTT'.iG TORQUE

ST"-~! DL».

Br TTLDE:lG PRESS'~>

3 7

rX.'S.
I'.I.

DSTG

S=~r TORQUE r DS

SEr

DEG. Dc'Si:Y (L S/: ) VEr OCT~ ( . ISEC) DREScURE D=QP (PST)

'r 0

30

40

50

60

70

80

90

,oy
~ 0 F4 I

f ~",3

t.Ys 7

O. 7

c'zs~ I

Vz, C

3'2,/

i/. /
C.'7"





DKTF't~W7AI>T XDt4 tJT= CCL.DHXtvG T v At:".

lt I tfc c tR Tile ROtt Pc{ c ctgctt Itgcf v

Tgg;cnG egte= Sc30
I]CT. "8! .

- I.
PACKING TCRGLIFc 83"
OUILOI.'IG PRESBLREc 3. 1

Isenanq esaieg 37.0
ACT. "'~:8 RAOrUcc
v tiN
SEI'tL TORQUES 1454

4CT. nRESSc 80 GL V~Llt
V I V v v '

Oeteln~ 1.375 Ogttaec '.".?74

OEG. 10 0 30 40 CP 50 70 50 ep

VELOCITY
PRES CROP

v v
5$ . 3

44. 90
S. 7

44 ~ 30
250. 7
44 20

388. 4
42. 50

529. 0
39 ~ 30

It 7
33. 10

64S. 5
20. 70

633. 5
'1 ~ 10

525. 1

5 ~ 92

TIRE TGROUE
I V It

TOROUE'ORQUE TORAUE TORGUE TORGIJE f4HGLE iQELTA
~ I \ ~~ft

0. OO 14946 12993 -$ 924 6431 832 614 90 00 5 ~ 92
~ 'I

0.50
0.75

v
1.25
1. 50

't
52 9
5436

4530

/
4275
3483

2577
228'?

-5924
-5924

-5924
-5924

5431
5431

6431
6431

832

83"
832

5]4
514

614
514

v
90. 00
90. 00

90. 00
90 ~ 00

5 9
ht cI2

g I
ht 9-

2.00
't5

3830
3673

1377
1724

-5924
5924

5431
5431

83
83"

514 90 Co 6. 92
90.00 5.'I 2

2. 75
3. 00

343S 148S 5924
3342 1389 -5'?24

5431
cl431

832
832

614
614

90t 00
90. 00

6.? 2
6. '?2

3. 50
3 ~ 75

3185
3119

1231
1]66

5+ 4
5024

5431
6431

832
832

614
6]4

90. 00
90. 00

a. 92
ht92

4,2S
4 ~ 50

3007
2959

1053 -S924 5431 832 514 90. 00 6 ~ 92
100S -5924 5431 o3 I 6'4 90. 00 6 ~ 9

5 ~ 00
5 ~ 25

5 ~ 00

htSC
6 ~ 75

2S7S
2838

I7 7 I

743

2691

C I]
884

819
790

738
714

-5924
-5924

-5'? 24
-5'? 24

-5'924
59

5431
5431

5431
6431

6431
6431

83

832
832

832
832

514
614

514
514

514
614

90.00
9C.CO

90 ~ 00
90. 00

90.00
90,00

5.'?2

5.? 2
6

5. '92

~ ~





DE'~ T Q QF Cr QSI+ ~

~I%le'ALVE

SIZE VALVE CSLASS

ACTUATOR w f J y ( - 5

ANOPiT OP VALVE OPENING

DIP~CTION OF FLOE

Jt ~

~ E
ACTUATOR TORQUES (IN.LZS)

SPRING BEGINNING ao SPRING ENDING 7778

ACTUATOR PR SSURE

."MIA

SC:

DcIC

1P~f ~ ~ QQ $ Qt\t RIQIUA g )w Iyt

SQ'-':Q D VMV= C
V

Vs'sLV~ C
V

SZDROO~N "!XC TORQ =- C 90

PAC::ING TQ.,CUE 5'3 z

ST"-~! DIA;

//$ L

IN.LSS.

SSIMS::G PR: SSLv .~$ PSSG

~ ~uHt'x

S"--'Z. TORQUE

GACE DIA.

G?0? 9> PSr .

/2. f7 IN.
Sir

D""C (r ES/ 3) VirQCI~: (:; /S PRESSURE DROP (P" I)
10

20

30

40

50

60

70

80

90

O 7-/ 1

7 0

4 774
uS- 3

/7

Iz., o

v 7z ~
l'

c/g
>zl 0

23

/ 3





THc liALVE 1 c 8 THc oRec eRc en n IRc C 7 ni}

Tsprcng bogcn» So70

PACYIHC TORQUE» 33
QUTLOTHC PRES UnEtt «5

sprcng rnoing ."70
)r.T, YQHE cAO',},'3~ 2, 5

~I
SEAL TQRQ"E 1454

Itl. I .;= '.. 1

D t .:.B.i Ogage» 12.97»

OEC. '.0 «0 30 40 SO 70 30

VELQCTT. 5S. 4 1 o. 0
PReS CROP 44,'?0 44 ~ 70

244 ~ 3
43. 90

37 .8
41 ~ 90

483. 3
37. 40

534 0 533. 4
14. 40

561. o
9. 13

523.9
'1 n

LOCA CLOSES THE VALVE TO 63 OECREES UTTH THE ACTUAT..R STI}.L ACTUATED

leXTttt~t!I'.fltit1CtCHtttt E
«««1'oc

0.05
0 10

land lo open

0
0

~ I

air

2541
2045

~ »
pc xng

-2843
-2773

floe
«

-811
-385

packcng 5 seal bear.ng

614
614

aogrees

52. 35
45. 88

psl

3 ~ 35
39 ~ 5

'U

-2578
-2678

0. 20
0. 25

0
0

1577
1523/ I ~

I I
~ 1

0. 35 0 1549 -2745
0 ~ 40 0 1700 -2805

-1'3
-58

-17

499
499

4'?9
499

5 ~ I)

614
614

36 ~ 08
31. 95

60
11 15

42. 53
43 ~ 50

44.33
4ni ~

c 9
~ »

0.50
O.SS

0
0

I ~

1858
1953

'?69
070

61»
614

1S ~ 10
.23

'4'» I
35

0.65 0 2'93 -3306
0. 70 0 »3«5 343o

-0
-0

49'?
499

«
614

~ ««
7 ~ i
4. 73

4»,9
44. 95

0.30 13SS -369 .
'U

-0 1593 614 0. 97 44. 99

c ~

'1

~ ~ ~

I
~ ~

1-

~
~





C

D~-~"I'l'TION OF CLOSI'iG T:K

~ 'I

~ '1

VALVE SIZE VALVE CLASS

ACTUATOR „Pl; PqZ

A~!Oli~aT OF VA'aLVE OPH)ING

DIRECTION OF FLOP

ACTUATOR TORQUES (Li.LBS)

SPRING BEGINNIiNG 30 SPRING ERiDI'YG 3'77U

A v ~

ACTUATOR VOLLEY 7W SCF AC "AYOR 'YOKE IMYYUS ~> ~ YS.

' ST~f DIA.

BUILDING PRESSURE

.37

ACTUATOR PRESSUPZ

~Y DIA

CZDRODYNARfIC TORQUE 0 90 // 2

IN.LBS.

PSIG

SOLENOID VALVE C
V

VALV< C
V

SHEET OF PRESSURE

SEC. TORQUE

GAGE DIA.

DROP '/> ?S:

IN.LBS.

SEC.

DEG. LOCA TOROUE (IN.LBS)

I

I
I'

i
I

lI

~ ~

l'l

II e

A
',1

10

20

30

40

50

60

70

80

90

9'77

I,S"C )

X3S5

ABC 7

]lad
Zl 7 O





7

t~ tprtna id( nn Sago

FAChlliC TQRAUE> 832
ZU'Lo'88 ! RESveURE< 3

DEC.—le<II .7..7I

ntyr,nr, dnagng 3

SEAL FCkOUE~ 1454

10 20

05'tda ~ 7,3 5

40 50 60 70 80 ao

,77L- Rl... -:
sac tcna a apan air
0.00 14355 ~ \?+3

spring
-5924

t.
Elcu pacninq 5 sdal
5840 8

aaar tn9
614

aaqrd! s
90 00I

0 F 50
0. 75

1. 5
1 ~ 50

. Ov
5638
4845

3939
3651

427$
3483

2577
leg

5924
5924

-5924
5?24

7
sa4o
5840

S840
se40

832
832

832
832

6 ~ 4
6 ~ 4

din
514

90 ~ 00

90. 00
ao ~ 00

7

f 7

I
CI

2 00
l5

2. 7S
3. 00
V
3. 50
37 75

3239
3086

2847
2751

594
2S28

1877
1724

5024
5924

5840
5840

1231
1166

-5924
-S?247

5840
5840

14es -s?24 se40
13Z'9 -5924 se40

832
832

ea

832
832

614
6 ~ 4
V 4
614
614

614
al4

90. 00
?O. OO

90. Co
?O. 00

ao ~ 00
90. Oo

4 'l5
4. 50

5.00
5 '5
S. 75
d.on

2416

n le'7
2247

I ~ 5

1053
1OOS

9 7 ~

884

819
790

-5924!
5924

-S?
-a9~4

-59 4
5?24

sean
5840

5840
5840

C!740
5840

832
8 7 I

8 '7'7

832

83
832

614
614

614
614

614
614

an.",0
ao nn

90 ~ 50
90. 00

?0. 00
9C 00

;

'7!: ~

~ ~

„!'





DETEP«!INA ZON OF CLOSI'iG TI«tc

VALVE SIZE VALVE CLASS

ACT'UATOR 6 ~~,'ga -- P -Ih3 H~

A«!0|.IT OF VALVE OPENZ.'IG

DZR:-CTION OF FLOW

ACTUATOR TORQUES (ILI~ L~S)

SPRING BEGINNING 5 $ 30 SPRING ENDING

ACTUs'TOR .VOLL~+

AC UATOR PR SS L'cK

«MIA

7 t. SCF ACTUATOR YORE Rt'LDIUS

SOL""NOZD

VALVE C
V

z.3 ZN

DRODY.'lA«!ZC TORQUE q 90

IN L

Sruti OP: Pr."SSL~.: D..O? r> .-SS

IN.'S.
ST:-«'IA ZN. G'GE DZA. /i' IN.
BL:LDL::G ??= SL? "~ PSSG SEC.

DEG. ~~rr «~r (? QS /~ ) VELOC'ITY (:-; /SEC) ~>EScp >E Dopa (ec-,)

20

30

40

50

60

70

80

90

zd 77
a8zC

i/C '/

,t? 75

LI 5$'.7

ICY 7

g7,

.FC





T4crtn .eatn» 5930
aCT QICL

OIO 'll.
PACHINC TOROSE» ?56
SUILQING PRESSURE» 45

Teer:nc nnain9 3? 0
ACT. »ORE RAOIIIS»

orAL TORQUE» Io83

ACT. PRESS» >0

Onoeo» I ~ 25 094ge» 11 703

DFTt=t P r?io t I i nP qP r I oi<ZVr: V3 t t=
I » I ~

tHE UA'E IS IN ~ HE NQN-PREFERREO CREC. N

OEG. 10 »0 30 40 50 60 70 80 '?0

A!\
VELCCITY
PRES CROP

69. 4
44. 90

135. 9
44. 70

260 ~ 5
43. 90

395 ~ 2
41. 80

510. 4 558. 7 553. 3 575. 6 $ 4$ . 4
37r 0 27r 90 13 $ 0 8 ~ 39 4 ~ Sh

l T I{{E
I

0.00
II.
0. 0
0. 30

0 ~ SQ
0.60

TORQUE

4396

3301
2898

2271

5913 -S924 3197 7$ 6 4$ 4 90 F 00 4 86

4818
4415

-5924
5424

3197
3197

I

7$ 6
7$ 6

454
454

90. 00
90 ~ 00

4 36
4. 86

3788 -5924 3197 756 454 90 F 00 4 ~ 86
3539 -5924 31'97 756 454 90OQQ 4 ~ Sh

TORQUE TORQUE TORQUE TORQUE TCROUE ANGLE OELTA P
WOIII~ PTI

0. 80
0.90

1. 10
I ~ 20
~ ~

I ~ 40
t."-'

~ 50
I

1613
1443

1.'Sa
1030

~ »
815
720

3130
2'? 60

2671
2548

2332
2238

-$ 924
-S924

-5'? 24
-5924

5924
-S924

3197
3197

I
3197
3197

3197
3197

756
756

756
756

756
756

454
454

454
4$ 4

454
454

90. 00
90. QC

90 00
90. 00

90. 00
90. 00

4. 86
4. 36

4. 86
4. 86

4. 86
4. Sh

I~ ~

I ~ 70
I SO

2. 00
2 ~ 10

2. 30
~ 4Q

2. 60
2. 70

2. 90
Z.OO

553
479

345
285

176
6

35
0

0
0

2070
1996

1862
1802

1693
1643

1552
1510

2570
3381

-5924
S924

5»»4
-$ 9

$ 4»4
-5924

-592»
-S92a

-4858
-4154

3197
3197

3197
3197

3197
3197

3147
3147

1380
-135

756
756

7 6
756

756
7$ 6

756
756

453
4S3

444
454

454
4$ 4

454

454
454

90. 00
90. 00

90. 00
40. 00

90. 00
90. 00

90. 00
'?0. 00

84. 0$
?S ~ 30

4
4 6

4. Sh
46

4 ~ Sh
4 ~ 86

4 86
4. Sh

6.'?5
9. 25

3. 20 0 \ I \3
3. 30 1802

-2871 -264
-58

4S3
4$ 3

4$ 4
454

S3. 88
52. $ 8

33. $ 8
40.bo

{
t

3.$ 0
3r 60

0 1839 »74» -5 453 asa 24 ~ 77 44. 31
19S9 -2896 I 4$ 3 4$ 4 17r 4'? 44. 75

3.80
3r90

0
0
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Deter nination of the Closing Tine of
Valves AOV104, 105, 107, 110 h 111 in
the Nonpreferred Direction vith the
Valve Opening Restricted to 70 Degrees
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ACTUATOR PRESSURE $ D

i~IA

SCF

PSIG

'CTU'R VOZ P+IUS 2 ~ f IN.

SOLENOID VALVE C
V

VALVE
V

LYDRODi'~!IC TO..QUE 8 90 Sr.L D:".0? ?? I

e
PACZZ tG

TOROL'T"-'!

DIA.
?? 'OLD wtG ?? i St+a

?3 PJ

ZN.LSS.

IN.
PSIG

SE."? ORQUE

GAGE DIA. l ~.f7'f
'T>i ?? t.t ~ a.r S ~

KtO
L i ~

SEC.

G DENSI.Y (L?S/FTr ) VELOC T: (FT/SEC) P? SSUR DROP (PSZ)

10
'70

I,

r '

f'0
50

60

70

90





r
g)1 gP,»'g 'r» Q I I ~ II»I ~ 1 f I 'I ~ ~ »', »»I(', 1' »r»0

RE 'S lQ =LOll

Thor:nq "anon» 5 ~ 30 f.pr any andorra 3. "0
>P "ORE RAUtUSri ".5

NC ~ nr f&J ~3~~
OUSLOTHO PRESSURE< 0

4CT. PRESS Snca~5 ~ ~

TI.".E TORtlUE TORQUE TORiJUE TORQUE TOROUE TCRCUE )ikCL DELTA 8
cc tend co doan olr Ilpl lcd Flow paclI any i ecol near:ng dc9rcp% pc 1

00 00 84 4
0 ~ 0- 5254

13517
10347

-5924
59

0
0

S32
832

0
0

90. 00
90. 00

0. 00
0.00

0 30 2146 7239
0 ~ ni0 1 37 6330
ll.

-5924
-59 4

83"
83"

0
0

90. 00
90. 00

0. 00
0 00

0.60
0. 70I

0
0

I
5084 -5924 0 832 0 90. 00 0. 00
4017 -4517 0 499 0 Sl 52 0. 00

0. n0
1 00

0
0

2498
I »79

-2997
-2779

0
0

499
4+9

0
0

58. 98
46 80

0. 00
0. 00

r
li

I

20
1 30

~ 01 4
1 50

0
0

0

I 04]
2437

2689

-2741
-2937

-3565

0
0

499
499

876

0
0

24 0. 00
16 10 0. 00

2. 79 0. CO

~ r
Ur

:
~ *

» ~

I

l» i.
~'rI

I
~ ~

I

l'"





POST. SEAL 1 XT- R a ATa JO.aAL ) IXC a

VALVE ASSE~IBLY CYCLE TEST REPORT

)<a

.t

P SI VALVE SERiIAL NO.

CUSTOb1ER

Stone +4M'os~~
OPERATOR TYPE

<77 ld.-SAO -~gwlJ

iS l57-O~+
PURCriASE ORDER Ã0,

rnpa-, S( e'b
liLXieUFACTURER

ITEa~1 TAG .'40.

ZG's~MWoy'ERIAL

NO.

8z- Ioz)-z

~!Ae aaV~~ san ~Q-IRONS
l-o3-oooo

ACCESSORZES: (lZ) ~LZ) Q ~ S ~a

CYCLE TEST REQUZRE)IENTS PER SPECZPZCATZON: IC() +g r c) '((re g)

TEST CONDITIO'NS

l. Each valve shall be cvcle tested w'th the spec'c ac" ator which
will be shipped with that part'cular valve.

2. This test shal be performed af er hvd os atic test'ng is co
and without rurther adjustment to packing.

e

a

3. Each valve shall be cvcled, open and c'sed two (2)
actuator. The valve~~by.~ 1 a'so be cycle~ once with
"orkiuS '-"-- 'reIssure aP "Li d (= ~0 PS
to open and close the va ve shall rot exceec "n"ee
valves with manual cear actuato s.

4. Ou ing the cycle test, there shall be no b'nd'ng or

t'mes wi"h its
a taco IN J e va ~ ~ I
a ~ ae aaaa ~ aaaaaaaa

:G) . he t'm
(3) minutes =o"

, a'nc 'ons ~

TEST RESULTS

l. Failure Hodez

2. Closed to ~.: ~~ to Close":
F~ ~st ti.8
SeCOaIC

Thi d tim
Fourth time:

3. During the

sec. (w/ac"-uator)

I ~ P sec. (w/ac~~m„-)
/e7 sec. (w/ la 0 PSTG)

8 0 sec. (Man. override)
cycle test, the e shall

"i"s" "'~- /. 7 e". (w/a "I ="c">

Seco.".d t'~: / 7 sec. (w/ac"uator)
Th~ eire: ~/. sao. (w/ u/!) )=JG)
Fourth tise: ~O sec. (Han. overridr-

be no bind'ng or mal"anctions.
4. The cvcle test was perf ormed anc completed. satisf ac orilv in

accordance with all reauiremerts pe PSI Speci icat'on No. 19157-TS,
Rev. 8

N(Au>(1A HOHAwK PGWER CGRP
hliiE I'11LE PC [)NT hUi STA U'e I T 2
P ts iIQ l(1.(i 2-P3Q~J JO ." C 12l77
("'UT i E")-LY v>LYi..S — CAT ESC)H.Y
PA~EM( 7A"R<fWhPVi0.V'....... 6E +t

orat

TESTED BY

, Ro se.
V TXES ED .BY

DATE

!i'- r~
DATE4M' dF+ 7 I')~

INSPE TED BY

AUTHO 7ED Ibm'SPECTOR

DATE

DATE



IIS



DETER~.I.iATIO.I OF C'LOS Ii;G

VALVE SIZE

ACTUATOR

VALVE CLASS

c.k4.~ 472/< -5' P 4)
A~!0'4aiT OF VALVE OPE'aDG

DIP~C ION OF .LOW

I "'
ACTUATOR TORQUES (Ih.LES)

SPRI.'iG 3 GI i.'lIHG 5 ~so SPRING WDI:iG 3 710

i

I ~

ACTUATOR VOLL.K

ACTUATOR PRESSURE

x~IA
EZDRODY.'lA~'.IC TOROUE t~ 90

SCF

PSIG

PAC::I:iG TOROUE

ST"-~! DIA.

'75 C''.:. LSS.

I 2) Ii.
SS-'LDLiG ?RUSH"~ FSZG

S L 0 ~" ""L~ D?OP PS I
t gCI '

~ a svo

GAGE DIA y3 iei ~

SEC.

ACTUA 0 i'0~~ 'GENIUS Z f I'i
SOLE::OL~D VALVE C

V
Vgg ~

C
V

~ ~ I

DEC. D~;"I"Y (LES/~G ) "LOCI Y <-,ISE ) PR SS-?E DROP (?~I)

10

20

30

40

50

60

70

80

90





1'I 'I ~ ~ I ~ i ~ I I,IWI ~ 1I I I ~ II' PV ~ 'I I

TjlERE 1S lIU PLOU

\nc «cjan< 1930

SU LC-RC PRESSUREII 0

CptanO enc'n9 37, 0
:C.. 18'= CATIILIS~Ttl ACT. PRESSr ?0 cCL ICALcc . s

T TEE
Cec

TORQUE TiORQUE TCROUE TORQUE TORQUE TCRQiUE A~QLE OELTA P
tend to Coen dan nplan9 floII peck an9 5 Cecal becran9 ve9nee5 vna

0. 00
0 10

834I8
5178

13517
10347

-5924
-5924

0
0

7S6
756

0
0

90. 00
90 ~ 00

0. 00
0. 00I. I

0
0. 40

0. 60
0. 70

2070
1161

0
0

>239
6330

S084
4063

-5924
5924

-S924
-4517

0
0

0
0

7S6
756

756
453

0
0

0
0

«
90. 00 0 0lg
90. 00 ij 00i: 0 i«il
90. 00 O. 00
81. 52 0.00

0. 90 0 2533 -2987 0 453 0 58. 64 0. 00
1. 00 0 2321 2775 0 453 0 46 24 0. 00

I. ": ~iil. 0 0
1 30 0li
1 ~ 50

2300
2510

48'9

-2753
-2964

-3618

0
0

453
453

18

0
0

24 04 0 00
15 23 0 00I-"

O. 00~ 0

a





VALVE ASSE.'tIHLY CYCLE TEST REPORT

PSI VALVE SERiAL NO.

I9i'5 I 4A
V=I~ 0

CUSTOeiIER

Stone mMb~V~
PURCHASE ORDER ehzO.

rnpa —
. Oe b

T.TEil TAG .'iO.

g.CPSAOVIO 7

OPERA OR TYPE

w7z.I~-egg> ~~H<
'vlAevUFAC CURER SERlAL XI 0 ~

93-gOR I'-

g'cczsscnzzs:~ ~tzh ~~ ~o
cYGLE TEBT REQUTR-"NIENTE PER sPEczFzcATzcs: ice t~ I -g g/

TEST CO.'h DXTIONS

1. Each valve shall be cvcle tested with the spe : ic ac uato wh'™h
will be sh'pped w'th that pa t'cular va've.

2 This test shal 1 be pe o e ae te h~ crosta ' testing ' co.-..pie "ed
anc w'out "urthe ad-;ustment to pac.'.inc.

3. ach valve shall be cvcled, o n and c

to o n and c'ose the va've sha'' not
va ves w th mail'ual cear actuate"s

'osec ~o
ed on e wi,

ce VrvC Ore» I

(2) t'mes wi"h
e.L r %J ~ ~ rLi 'Le

neL ~»J v) ~

ee (3) m'n = s

e 5

ice

O',. Dur'ng the cycle test, there shel'e ."lo b iin»'.l» Or orna r»..ot'..S r

W. p
TE S T R E»» '~ 7 TS e <

Failure Node: PAlt QLQ8&
2. Clcse" to C~-.: rm 1 Cmrc=

c~
QQ7QQrW

3.

~r» r r m rS»» i8 D,/ se™. (w/actua" r)
S =."." t='~: p. 0 se". (w/ac~~tor)
Th1 d tiln: 4 ~ se (w/ ) 5V PsiG)

Fourth time; ~~sec. (man. override)
During the cycle test, there shall

»e» e i '
decor F /err»reer >»l» 8r S ~ tW/ C r &» I

Scca."~ t'-.e: m ~ se". (w/a "ua~r)

Fourth time: ~A eec.(meo. override)
be no bind'ng o" mal unct ~ o..s.

The cy™le tes was pe "o med and
accordance with all recu'ements

Reme r g
NIAGARA MOHAWK POSER CORP
NI NE PlI LE POINT NUG STA UNIT 2
P O NO» NHPZP3040 JO NO 12177

per PSi Speci" ication No. 19157-TS,

~~ Ill~tioaaLI~.
Rb,. i9 Z U.S. ee

N~h S~~~, Conll. tlra~I)

to'9l
'ESTED BY

W~ Z~S$ ~s
DATE

7-7l- 83
DATE

7-//-EZ
lh'I R. S SE BY~, ~ ~4~ EN'.

SPE TED BY

AUT!IORiZED i.:SPECTOR

C. 8

DATE

Z )(-'C3
DATE



Cli
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'

VALVE SIZE:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFFRENCE NO.:
ITEM NO.:

I 0 0-e
4 /

Ot/ r

A.
B.
C.
D.
E.
F.

ASS'Y DVG. NO.
BODY DMG. NO.
D ISC D 4G. NO
STEM D'jJG NO ~

PZJJ DUG. NO.
BFACZET D'r/G. NO.

rror~J( r AC

7- REV.
REV.
REV.
REV.
REV.
REV.

Pt ~ ~ P f 'P% $ &lret

A.
B.
C.
D.
E.

BODY Sk 9
$ rM
PI?J c "r 4
BRACKET C 6
BOL ZsJG /

Cg )kt ZZ'fo 0
~-Z +o

Il

PSZ
PSI
PS
PSI
PSZ

~ * PRESSURE:
TEMPERATURE:

,TvP

PSZ
DEG. F.

LOCA TORQUE:
MEDIA:
FLOM DIRECTION:

V r T R U

c~ ~)A IN-LBS

~,.
~ pL

TRANSVERSE:
VERTICAL:
LONGITUDINAL:





, DL'ZOIC:JAL
n

DESCRIPTION GF Vr'iRL
CGLZir =.

Av-

I TRANFv~SE DIST. ACTLATOR C.G. TO Q VALVE
i LCiiG~~~rDI RL DIST. AC ~F C.G TO g'PM

ICAL DIST. A~MQR C.G. TO BRAQ~T
HEIGHT BF«.C~
F-"ZGiT ~A'ZVE NECcC

AC v~~OR !'ZZGiK
BRA~i '|vEIGHT
DISC 'vr IGK
Ki&ZSS QF BRACW LQv& PT~
>T~i OF BRAW~
4~i. OF VIVE:ZCZ
TPTC~FMS OF VALVE NECK
TrIZC~ZS CF BFAC~ SIDE PLATM
THIWZ~~S OP BFZM~~ TCP P~"
Vc TVE i~.~ O.D.
P.-Z~~~'.G BORE I.D.
S =4 DZ~.
|- M DIA. QF DI C

&PAL DIA. BA~ OF DISC
YuDZ.. T~~M'DL>. QF DISC
-.PSST i'RS:"~ ~KG i"~S
DiST. Q H"'1 TO MNT OF DISC
NO. QF i~~ATOR BOLTS

JSZr= FKSS >M~ QF ACTS'OLTS
DBC OF,~~iTQR BOL S
YQ. O." BRA~T+JALVrE BOLTST-B~ ~~S AREA OF BRA~~/VALV BOLTS
TRANSVERSE DIST. BEZlvEM BRAC'~ BOLTS
LCiXGZQJDZTAL DIST. BEDvii BRAC~~ BOLTS

OF BRACE'ZT
DIS «"JC= BE%i~! VALV" BODY BOLT HO~
DIA. OF VALVE BCDY BOLT HOLES
% TORQJr QiN DiSC PW
DISC PZN DZA.
VALVE BODY O.D.
%QVE BODY KQl 5'VZ DIA.:' AM~A.'IPINGO.D.
ACkKCEiZ PIPING Z.D.
~KLa1 PIPING B~JDZNG iMb~
NQ. OF BODY BOLTS
EBC OF BODY BOLTS
RX7Z AHA OF BCDY BOLTS
ZE.'m. ASS r S~
THI~rSS OF GUSSETS
DIA. OF ~NM BOSSES

—.,S~JLUS QF ELASTZCr

,'
~f;.r

G-z.

Z.(, 'i%
Xl
X2
X3
X4
X5
hl
N2
7<4

Tl
T2
13

~Tl4

mgIr
TO
d3
D5.
Dl
D

1r»
r

L2
Y2
iN1

Al
XG
N2
A2
X7
X8
T5
R5

'RG

Cg
dl
R7
R8
R9
N4
N3
XO
A4
L
T
B

Xl
X2
4L3
V4
4 ~

X5
<i4
t.5
f T3

Tl
T2
T3
T4
mQir
TO
Eo

D
ET

'vQ

N1

XG

N2
A2
X7
X8
T5
R5

T7
DS
DS
R7
R8
T!9

N3
XO
A4
L

B
E



Cl



ojba E gI j ~ Y t!l1 !. t h! iq ~ ~ !2<! ! I 1'!!II'.

j ~

~O ~ 3~
SP C.:l0: tii"P2 P! 30"D

REFFRENCE DUGS.

8 ~ 8!CDY OUG.tto.: 11! 4-302 REV.*
C ~ OI -C OWC.tlOe '. 2114-301 REV. 3

E.Prtl OUC tlo: 600-j)60 REV A
j .SRACHET OUC.NO.8000 l9/ RKV.-

OKSICW CONDITIO)lS
PRESSURE(PSIG)» 45

ALLQUAOLE ST ESSES (PSI)

8 STKtt: 52S00
C ~ PIN: 5 800

E. 8QL T ItlC: 37500

NEO IA»AIR
FLOU DIRECTION»PREFERRED

G LOADING.

VERTICAL'ONGITUOlttAL» 3

X' 8. 438 X2» 2.688
QIHENSIQtlAL DATA
X3 3. 68S X4 ~ 6 Xs» 1.375 U ~ ~ ! ~ 9

~ ~ ~

U»27
e ~o 5d3» 0

Ls» ~ 316
~ »

3» 65
Le 0

Di» .1 5
Y2» I 604

dp» .498
T» 0

Di» 1 375
Nr» 4

di» 21
8» 0

0» ~ 2 ~ 974
A'» o 1416

R7» 13 312
300OOOOO

Ei» 1 '906
Xh» 4 5

Rs» 14

E 7» 8!3
tt

NATURAL FRKOUKNCIKS (HZ.)
LQNCITUOItthL(Z) ACT /VALVE» Ss VS 33HZ

TRANSVERSE(X) ACT ~ /jirLVE 130 VS.33H..
LATERAL DISC/STKH» 604 VS 33HZ.

ACTUATOR QQLT STRESSES
SHEAR» 9901 PSI

CQHQIt)ED» 15019 PSI VS,AL QU.» 37500

*
r

SHEAR 8315 PSI

cct(crt(ED "o4oo psr vs.ALLQU 375oo

SHEAR 9'7 PSI
TE)ISILE» 1234 PSI

DISC l IN STRKSS

SHEAR» 638 FSI

Cct(DINED» 3765 Psr VS.AL'M» 18 00

SHEAR> 12087 PS I
TENSILE» 4460 PSI

SECT ICN l'.OQULLS

PIPING> 61.22 IN%3

(.CNcrTUOINAL 3.8310ooooE-o3 INCHEs
VERTICAL» 8 ~ 30000000K-05 INCHES

SIGNED.

NQ'r APPLrCAQLE

... ~ .DATKC..f /7 fl.....
I
~ m





VALVE SIZE:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFERENCE NO.:
ITEM NO.:

/ 0 0-e
7

ro1

r f - W

A. ASS'Y DWG. NO.
B. BODY DWG. tlO
C. DISC DWG. tfO.
D. STEM DWG. NO.
ED PIN DWG ~ NO.
Fo BRACKET DWG. ttO.

V

7- REV.
REV.
REV.
REV.
REV
REV.

W ~ o . S or BISE<

A.
B ~

C.
D.
E.

BODY Sb 3
S.EM

''IC

v'

BRACKET CS
BOLTING

zH'fo o

Cd/

PSI
PSZ
PSX
PS"
PSI

C i ACTION S

PRESSURE:
TEMPERATURE: 3VO

PSZ
DEG. F.

LOCA TORQUE:
MEDIA:
FLOW DIRECTION:

ZN-LBS

TRANSVERSE:
VERTICAL:
LONGITUDINAL:





ree

, DL','SEC:"QL DAT.~

SIZE ~e ~"-3

AC.JATOR

DESCRZPZZON OF VARIABLE
lPUT

tR:K

e

'e

e
t

'

e

DIA. OF FLUMAGE BOSSES
ahQD3ZL'S OF ~ZZZCiiY

TRc>l~c- F DIST. ACJZKTOR C.G. TO Q VALVE
DX~GZii;DL'M DIST. ACQRTQR C.G. TQ cf- VALVE

ICAL DIST. ABATOR C.G. TO BRACFZZ
HEIGH BPACKZ
HEIGH VALVE t~~
AC JAiOR )cr.ZGET
BRAt ~ 'tr<'r,ZGriT

DIS "(c.EC~Z
THER~MS OP BE@~~ UX~ PLAT"
%(~~i.. OP BRa~i
i~~ir. OF VALVE:ZCK
THZt ~.-~S Or VALVF. AC(
THEC: tESS GF BP»C~~ SIDE PLATES
THZCR~~S O." BRAC~ TOP P~~

V:- VE hvCZ Q.D.
PA ~lG BORE Z.D.
S 4 DLK.
G~ DL». QF DL.C

~ Z4'~~~ DL . iP&i OP DISC
h~J~ ~~~~'DIA. OF DISC
~"O'L'~~ "QS:-~ ~~Cr~i~
DZST. Q S "'1 TO ..QiVZ OP DISC
NO. OF PZZUAMR BOLTS
i-;SJ = S iiESS APE'A OF ZZiJAKR BOLTS
D~~ OP c-~'A"QR MELTS
KO. O." BP~~/VM>r BQLJS
T=~~ ~i~s AREA OF BRAC~~P~&%:- BOLTS
T?A.i~rS" DIST. BEJ<'~l BPAC~T BOLTS
ZG~GiiJDDAL DEST. BE '<~l BRc-ZWi BOLTS
Lr-i~ rl 0" BRZ~Z
DZSTZlC" BZ 'Wl VALE'E BODY BOLT HOW~

DIA. OF VALVE BODY BOLT HOLES
% TORQ~ ON DISC PW
DISC PEtl DEA.
VALVE BODY O.D.
VALVE BC'TEWVZ DEA
MJr~Z PANG O.D.

PIPING I.D
K.'N PWENG ~lDENG 5DMK

NO. OF BODY BOLTS
CBC OP BODY BQLiS
RCCI'ZA OP BODY BOLTS
I m ACROSS rvSm
THZCENMS OP- GUS~

,ssS Xl
X2
X3
X4
X5
wa
N2
N4
Tl
T2
T3
T4
T9
IO
c3
Di
Dl
D
Erl
E2
L2
Y2
Nl
zl
X6
N2

X7
XS
m5

R5
R6

CP
dl
R7
RS
R9
p4
N3
XO
A4
L
T
B
E

X2
wc3

<14

t.Pj
'Pl3

T1

T2
lip3

T4
<P9

0
Do
B5
ul
D

E2
'c2

Y2
Nl
A3.
X6
N2
A2
X7
XS
m5

PZ
R6
T7
D5
DS
F.7

R8
R9
M4

N3
XO
A4
L
T
B





1> C'SS 150 VALV AcSF"0L"

I:US '""R: N (AG«, 4 t",SHAM(l

Spent NO..N+P2
REF. )l.').: 1915

REFERENCE DMGS.

G.GODY OMC-NO.l 1114-30 REV.A
C DISC OMG tlO. l 2114-301 REV 0F~
E PIN OM('.NO '2600-050 REV n
F GRACKET UMG tlO 8000-1'?7 REV.-

DESIGN CO:lOITIONS
PRESSURE(PSIC) ~ 45

ALLOMAGLE STRESSKS (PSI)
c ~

G. STEN: 5 800
'.

P IN: 52800

E GOLTItlG: 37500

C LOAOINCS

t(EDIAcAIR
FLOM OIRECTIONcNOtlPRKFERRED

VERTICAL~
LOt(CITUDINALi 3

Xic 8 438 X2c 2. cee
Olt(E))SIC!(AL DATA
X3* 3.688 X4c 6 XSc 1.375 Mlc 21'?

a9c .75
d3c 0
L ~ 16

Oic 2. 125
Yec 1 ~ 604

Dic 1 ~ 375
Ni& 4

Dc 12.974
*1c '16 E ii l. o06

Xhc 4.5
E2i .S13
t(2c 4

,".c 65
Lc 0

dpc .4'?8 d lg
Tc 0l

Ric 13.312
0000000

n
Re R9c 11.1 5

NATURAL FREOUE((CIES (HZ. )
LONGITUDIt(AL(Z) ACT./VALVEc 85 ~ VS. '33HZ.

TRANcVcecE(X) A<T /VALVc~ 130 VS 33HZ,
LATKRAL DISC/STEH~ 604 VS.33HZ.

GRACKKT DOLT STPESSES
SHEARc 8352 PSIhc--
CORGI)(EO '21557 PSI VS. ALLOM 37500

ACTUATOP. GOLT STRESSKS
SHEARc 10372 PSI

CONGIt(EQ f7018 PS VS ~ A(.LCM . 37500

GRACKKT STRESSES
SHEARc 621 PSI

CQt(OINED> 3983 PSI VS.ALLOM> 18900

SHEARc '?69 PSI
TE)(SILE> 1284 PSI

SHEARc 1437S PSI
TENSILKc 4427 PSI

OI-C PIN STRESS 8 CTION NODULUS

PIPINCc 61.2 INt3

I ..

A

LONCITUOItlAL 3 83100000E-03 INCHES
VERTICALc 1. 11000000E-04 INCHES

NOT APPLICAOLE

SIGNED... -~i... ~

/' ... ~ ..DATED...Cr? SV

7



Cl



1rrr~ = p r s I Ct TrtM7 >( ~ 1 V<T<

ALVE SIZ
VALVE CLASS:
ACTUATOR:
CUSTOHER:
P.O. NO.:
SPEC. NO.:
REFERENCE NO.:
ZTEH NO.:

I 0

) ~

0-W

hoV o3

'll tlWr

A.. ASS'Y DWG. NO.
B. BODY DWG. NO.
C. DISC DWG. NO.
D. STEM DWG. NO.
E. PIN DWG. NO ~

F. BRACKET DWG. NO.

)s 7- REV.
REV.
REV.
REV.
R V
REV.

A.
B.
C.
D.
E ~

2Zgo 0
n Pi '

p i ~ Z~DO

wdO

BODY Xh 3 -) C PqW
STEH ~ u

P 'j c
BPACKET
BOL=ING 7

PS
PSI
P o'

PSI
PSZ

PRESSURE:
TEMPERATURE:

C 'l > >ONS

PSI
DEG. F.

LOCA TORQUE:
MEDIA:
FLOW DZRECTION:

trc' Uc'

M>e b IH-LBS

TRANSVERSE:
VERTICAL:
LONGITUDINAL:

&



IS



DL'~SIC V~r DATA

SIZE ~~ C 'SS

AC. '»TOR 7Z/

'ESCRIPTIONOF VAR~ ~~
L!PtJ
NMK

CQ PL i".
NMK

TRWS'~E DIST ACZLRTOR C.G. TO <t VALV
LONG~+QI:M DIST. ACHRTOR C.G. TO QVZZV

ICAL DIST. ACIUATOR C.G. TO BRAj ~T
HEIGHT BRAC~
i "IGi~ Vii'a" NECK
A D'OR FREIGHT
BRACiZT 'hrEIGhT
DISC Nr IG'EZ
TH CRJESS OF BRAC:.~T ZC4~r PLAT
t<~r.'F BBiZ -i
Tv~i.. OF %7Z Vr.:ZCR
Tf~ZC~e&S Or VALVE 0JECC

T:—::< . ZSS O." BRAC~ SIDE P~r =S
THIC»".ZSS O." BBZ&~i TOP P~r

%MVE i~~ O.D.
P~~~~~JG BORE I.D~
S " '. DIA.
G:-K DL». OF DISC
WD 8 ~PAL DL». BPZK OF DISC
r,.~<s L<-9~ DL~ 0 DISC
44 bl 'A i ~ 'Q5l~R TiSACib
DIS . g ST- 1 TO ~Ni OF DLcC
NO OF Zm'EER BOLTS
T='S:= Sis<=SS McA O." ZZQJZZGR BQL ~
DBC OF Z~~™OR BOLTS
KO. O." BPZ~~~/V VE BQL-S

S AREA OF BRAC~~/%Q,~„- BOLTS
TPAN~rcE DIST. BEIr~~J BRAC~~ BOLTS
IC<'~GZV23>JAL DL~). B~i'<Mr—" BR<C~i BOLTS
L~iv 8 Or BRACi " 2
Dm-:iCE B iP'-- J VALVE BODY BQLT HO~
DIA. OF VALVE MGY BOLT HOL~S
'4 TORQU- ON DLcC PIN
DISC PW DIA
VZJVE BODY O.D.
VALVE BODY KG.~"5'JAY DIA.
ZZ4~JI'IPING O.D
ZZQ~~K PIPL<G I.D.
HAXZKH PIPING B~WG J<M~
NO. OF BODY BOLTS
DBC OF BODY BOLTS
HXlT A%A OF BODY BOLTS
LEZar.. a~SS reSmrS
TIGCK~cS OF GUS~r.
DIA. OF FI<<"JGE BOSSES

.t OCULUS OF iZASTICITY

7

Z./

4 C

Nl

X2
X3
X4
X5
Nl
3'J2

N4
Tl
T2
T3
T4
T9
To
d3
Di
Dl
D
El

4

L2

Nl
Al
X6
N2

Z7
XS
TS
R5

QD
dl
R7
RS

R9
i%4

N3
XO
A4
L
T
B
E

Xl
'C2
ll3
X4

'H4
t.<5

H3
ml
.2

I@3

«<Ai '<

rP9

TO
Do
B5
Dl
D
El

L2
v2
"Jl
Al
X6
N2

X7
:CS
tp5

RS
s6
Tj
D5
DS

RS
R9
w4
LJ3

XO
A4
L
T
B





C ~ lI v I ISE Ql KtlTI I 'II ~ I T I'hrtl LI It ~ ~

~ 4 ~ I AQ t C0 lt»LltC 4C CttrILv

hit .hlrrP VTACA ) ~ hll4WN

SPEC.N9.:NNP2-I; 3040
REF. HO.: 1<15

REFEREHCK CWGS ~

tt ltJI ~ I~
0 OCDY DWG ~ HO: 1114 30 REV.A
C. DISC OWG. ttO.: 2114-301 REV. 8~lt .

Ill'.PINDWC.ttO.:2600-060 REV.A
F.ORACKEl'WG.tt0.8000-l97 REV~-

DESIGN CONOITICNS
PRESSURE<PSIC>~ 45

I I ~

G LCADIttCS

ALt CWAOLE S,RESSES ,PSI>ICt>~
8 ~ STEN: 52S00
C. P IH: 52S00
U ~IMI ~ ~ ~

E.OOLTINC: 37500

NEO IA>AIR
FLOW DIRECTION>PREFERRED

VERTICAL 3
LONC'TUDINAL 3

Xl> 8. 438 X2> . 688
tt

CINEHSIONAL DATA
X3> 3.68S X4i

d3~ 0 Oi~ 2 125 OIR 1.375 D~ 12.974
t L2> .316 Y II 1 604 Hli 4 *1~ 1416

X r 1 375
t
E 1 ~ I 906
X6> 4. 5

WI ~ 119 W a 27
. ~=II.. t--

E2g 8 ~ 3
V2~

2< 65
L~ 0

dp~ .498
Ti 0

rdlr 21
Os

R7> 13.312 RSi 14
K~ 300I00000

R9> l3. ™6

N»TURAL FREQUENCIES (HZ.>
LOttCIITUDINAL(Z> ACT./VALVE~ 35 VS ~ 33HZ ~

TR»ttSVERSE<X> AC;./VALVE .30 VS.33HZ.
LATERAL DISC/STKN~ 604VS 33HZ

GRACKET OCLT STRESSES
SHK»R~ 8107 PSI

CONOIHEO~ 20255 PSI VS.ALLOW~ 37500

ACTUATOR DOLT STRESSES
SHEAR~ 9650 PSI

CONDONED< '4738 PS'S »LLDW,~ 37500

ORACKET STRESSES
SMEAR~ 629 PSI

COHO'.ttED~ 3701 PSI VS.ALLOWS 18900

SHEAR~ 896 PSI
TENSILE< 1234 PSI

SHEAR~ 11456 PS I
TENSILE~ 4460 PSI

DISC PItt STRKSS SKCTICtt NODULUS

PIPING'1. 22 IHi3

LOt>GITUOIt>AL 3 83100000K 03 INCHF..
VER r ICAL~ 8. 3000000OE-05 INCHES

NOT APPLICAOLE

SIGHED. ~ r r ~ ~ ~~ ~ ~ ~ ~ ~ DATED' /t JA



Cl



f frr ~
R r ~ J o'T <'vTP $ ir 'i 1 Yc'T

VALVE SIZE:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFEHENCE NO.:
ITEM NO

I 0

/4

A.
B.
C.
D.

F.

ASS'Y DWG ~ NO.
BODY DWG. NO.
DISC DWG. NO.
STEM DWG. NO.
PZN DWG. NO.
BRACKET DWG. NO.

wr

HEV.
HEV.
REV.
HEV.
R V.
P.EV.

'P z'c'S

A.
B.
C.
D.
E.

BODY Sh 3
S EM a'
PZN (
BFACKET C S
BOLTING

2 ~go c9

8 dpi z oo

w

4'SIPST
PSZ
PSZ
PSZ

PRESSURE:
TEMPERATURE:

C >; ~ > 0;rS

PSZ
DEG. F.

LOCA TORQUE:
MEDIA:
FLOW DIRECTION:

TOR 0

z5 ZN-LBS

TRANSVERSE:
VERTICAL:
LONGITUDINAL:





r ~1

4

r

DZ.'lS'Cia DAT w AC Z~ZR

DESCRIFTIQN QF V%K>2ZZ
Z'lPu
YJ'K

CD.ZL~~=
t~ll~«

TBi>NSUERSE DIST. MKRTrOR C.G TO Q VALVE
Lot~GAL'DLM DIST %TRACTOR C.G. TO 4.VALVE

IC.M DIST. ACE"ATOR C.G. TO BRACt~T
HEIGHT BRAC~
H" ZGK KiD-~ tKCK
AC- ATOR ('= Ghi
BRAC~~ VZIGHZ
DISC 7vr IGHT
T~«ICRKSS OF BREAM~ LOv~r PLAT

sk QF BP."~~~~
%~i'! 0" VIVE tKK
rP:CH.=cS OF VALV"
r.":ZC:QtESS CF BPAC'r=T SIDE PLATM
THZC:"'ZSS QF B~~ TOP PLA~
V~~v- iZCZ Q.D.
PACING BORE Z.D.
Sr=i DLA
G ~~ DD,. OF DISC
v~r'.. Z%LL DZA. BP~ OF DISC
ZDTH WZM'DL~.. QF DISC

~~."ST <'V8:"M ~rZC
DIST. Q Si 4 TO HG.'~i OF DicC
NO. OF Z~ v7ZOR BO TS
T:-!SIr= S;ZSS A~ QF ACTUATOR BOLTS
D~M OF Z~JMOR BOLTS
tO. OF BRAC:- Pra.~~ ~TS'LE SiiZSS AREA OF BRACr~/VMV BOLTS
TRNSVEHE DIST. BEZi~~t BRAC~~ BOLTS
IGIGXLDZQI DIST. BWi'i'RAGZi BOLTS

OF BRAC~
DISTANCE BE:~t VALVE BCDY BOLT HQ~
DIA. OF VALVE ~~Y BOLT HQL-S
't "QRQ~c (N DISC PZl
DISC PIt1 DIA
VALVE BODY O.D.
VALV" BODY '!Pn~'VZ'ZA
ADJ~I'ZPQlG O.D

PZPZtG l.D.
tPZZKiaf PZPZlG ~ZNG i~&~
KQ. OF BODY BOLTS
DBC QF BODY BOLTS
ROOT ~~ QF BODY BOLTS
L~.Gii'. ACR)SS GUS~
~CARESS OF G1S~c.
DIA OF FLAttGc BOS~
CU3LUS OF ~~ZCITY

,vsS Xl
X2
X3
X4
XS
Nl
7'Q

N4
Tl
T2
T3
6%4

T9
TO
C3
Di
Dl
D

E2
L2

hl
Al
'X6
N2
A2
fi7
XS
i+5

FQ
P5

CD
dl
R7
RS
89
tf4
N3
XO
A4
L
T
B

Xl
sr 3
X4
XS
'PJ4

~ rS
Li3
Tl
~ ~

fP3
ryl4

Ta
To
Do
B5
Dl
D

E2
«1La

~i11

X6

X7
fiS
T5

R6
T7
DS
DS
R7
RS
F9
p4
N3
XO
A4
L
T
B
E





REF,NO,! }9}57

I'
REFERENCE DUGS.

9 SODY QG NQ.:}1}4 30 REV.A
C. 0 IS QUC. NQ.: 2114-301 REV. 9

Quc !!0:2600"I')60 )'~}I *
F.QRACHET DUG.NO ~ 8000-197 REV ~-

(

CLSIQNER!!t(AGARA NOHAUR

SPEC.NO ~ :Nt!F Pl30i0

14 CLA'SS }Si VALVe A<hKi"'

OESICN CQt!DITIONS
PRESSURE(PSIG)~ 45

ALLO}!AQLE STRESSES (PSI)
'IU

9

AUSTEN:

52800
C ~ PIN: 52800
U ~ ~f 90LTI!!0: 3. 500

C NEO IANNA IR
FL04 OIRECTION~PRaFERREQl

C LOAOINGS
V

VERTICAL< 3
LONGITUDINAL~ 4

X}~ 8.438 X2~ 2.688
DINENSIONAL DATA
X3< F 688 X4s XSF 1.375

Ulcc

I7

Zn 65
Ls

Cp~ .493
TR 0

die 21
9~ 0

d3< 0 Di~ 2.125 01< l. 375
LC~ .316 Y2< ' 604 Hl~ 4

OT

O~ 12.'?74
A}~ .1416

R7~ 13.312
E~ 30000000

El~ l.'?06
Xh~ 4.5

R8~ 14

E2~ .S}3
N2i 4
I
R9~ 13.12$

I~

'ATURALFRKQUENCIES (HZ.)
LQ.'!CITUQI!(AL(Z) AC. ~ /VALVE> 85 VS ~ 33HZ.

TRAHSVERSE(X) ALT./VALVE~ '130 48.33HZ
'ATERALDISC/STEH 604 VS.33HZ.

ACTUATOR OOLT STRESSES
SHEAR~ 13 59 PS~~~

CQt.3 !ED~ 1S}68 PS I VS ALL04 ~ 37500

ORACHE. 3OLT STRESSKS
SHEAR~ 10333 PSI

t CONSIHED< 24240 PSI VS'LLQ4~ 37500

F888
SHE.'IR> 1 61 PSI
TENSILE< 1431 PS I~ A4 PH V ~ V ~ 1&» W

DISC PIH STRESS

QRACHET STRKSSKS
SHEAR> 782 PSI

COt(OINED~ 5105 PSI VS ~ ALLQ4~ 18900

SHEAR< 18776 PSI
TEt!SILK~ 4460 PSI

SECT ON HCQU(.JS

PIPING~ 61. 22 IN%3

LONGITUDINAL'.}0800COnE-03 I:!CHES
VERTICAL S.30000000F-05 INCHES

~~
~ h V

h

~ ~

t!OT 4PPLICAQLE

SIGNED. ~ ~ ~ ~ ~ ~ ~ ~ DATED~ ~ ~ P / ~ ~ ~ ~ ~ ~ ~
y g'/

~ ~

.





Jrrr~ r VQT

VALVE SZZE:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFERENCE NO.:
ITEM NO.:

/2

C Pf

2- ao

A.

C.
D.
E.

ASS'y D71G. NO
BODY DMG. NO.
DXSC D(JG. NO.
STEM D'(JG. NO.
PZN D'(JG. NO.
BRACKET DNG. NO.

3
e O

OO-

REV.
REV.
F.EV.
REV.
REV
REV.

A. BODY A C
B. STEM
C. PZN A

D- BFACKET
E. BOLTXNG

Oft~ P ~ S RE SE

vdO
/ 7 Z.Boo

8 u ~y

C'SXPS"
PSX
PSX
PSX

PRESSUPE:
TEMPERATURE:

-'J C ' ONS

PET
DFG. F.

LOCA TORQUE:
MEDZA:
FLOW DXHECTZON:

V " O'J0U<

3978 3A

ta Or C rrI.

XN-LBS

TRANSVERSE:
VERTXCAL:
LONGZTUDZNAL:





~ ~

DL~}E.'!SIGNAL DATA

SI"~~ ~S
AC%A'ZR

DESCBZPTZON OF VARIABLE
C%PL~

i~MS

p'V„
~ W

1

h

I

gy'h

}'

I
I
h.
i"-<,
hh

\

y.
i l
l h

l
~

TBAN~~c DIST. PCKRT|)R C.G. TO Q VIVE
ZlRlGITUDKQLDiST. ACQRTOR C.G. TO +VALVE
VEZZZCAL DIST. PDIUATOR C.G. TO BBACZKZ
EKlGriT BBACKEZ
H IG'a~ ViZLVE ¹CK
ACTUATOR NEIGH
BRAN WcEIRZ
DISC NEIGhZ
THZCC~~~S OF BWCZKT ZAN PLATEW~ OF B1V~
h~~ 0" VALVE ~KG(
T&ZC~'~~S OF VALV WCZ
THICRZSS 0." BRAN W SZDE PZAT:"S
T.=.ZC~~~MS 0" BRACKET TOP PL~~r.
VKV" 'iZCZ O.D.
P".~~G K)PZ Z.D.~l DL».
G»inc DZ». OF DISC
WIDTH ~,.~r DZA BACK OF DISC

H ~~~ DIA. 0" DISC
TiDC~»ZSS

IST. Q S =I TO:"rQ.c~ OF DISC
NO Or c ~JATOR BOLTS
~IS~= ~~' S AP~ OF AC~J~™OR BOL S
DBC 0" A UXOR BOLTS
Z.O. OF BB~~~/VMVr. BOLTS~~ Sii~SS ABcA OF BRAC~/VALVE BOL S
TBANSV" a~ DIST. BEDKiR BRAC~~ BOLTS
LZiGZVJDVBZ DIST. ~ ~b~r" BBAC~ BOLTS
LENGTH 0" BBu:mi
DZSTZZ~M ""~ei"" 4 VALVrE. BODY BQLT HOLES
DL% Or V»LVE BODY BOLT HOZZS
t'C}R~" ON DISC PM
DISC PIN DZA.

VE BODY O.D.
BODY i~~iAYPZA~

ZsC4r~ PW&7G O.D.
MZ PZPZNG Z.D.

WMZK~t-i PIPING BENDQIG i~KXWZ
NO. OF JODY BOLTS
DBC OF H)DY BOLTS
KHZ ~ Or BGDY BOLTS
L~UirI MASS CiJSKZST:HC~ OF G'JSS~r

DZA. OF T~eM BOSSES
'CQJLUS Or ~ZC~ Y 0 n

t7)
CZ.)

Xl
X2
X3
X4
X5
Nl
N2
W4
Tl
T2
P~l3

T4
9

'ZO

Di
Dl
D
El

TL2

Nl

X6
N2
r
X7
XS
I+5

RS
R6

QD
dl
R7
RS
B9
M4
N3
XO
A4
L
T
B
E

Xl
X2
ci3
X4
X5
W4
f.25

N3
Tl
T2
Ill3
nr .Ir 't
lPQ

TO
Do
B5
Dl
D
El
rha

L2
Y2
Nl
Al

'J2

X7
XS
n5
R5
R6
Ill7
D5
DS
R7
RS
B9
514

N3
XO
A4
L
T
B
E

G -I'/



Cl



v"Qg I vvl II> TtEI >'\- C >V<«b ' ' >'>%. ~ « ~ l I'I>>T

\ I I IS% ~ %0 g<)LVc 4%cch 'lLv

CQST('HER( NI;GARA 'l>>HAMH

SPEC.NC.:NHP2-P: 3040
RKF.NO,: 19157

~ l<..

REFKRE))CE OUCS. Al l.OMAB(.E STRESSES (PSI)
~I V ~ ~ « ~ II

B ~ BODY OMC.NO.: 1112-301 REV.A
C DISC CMC.ttOI: 1<«2 301 REV.A

~ f< C %«4 EE I
E.P!tl CMC.tlO.: 2500-I')6) REVTA
F.BRACHET CMC t>O 8000-199 REV.-

DESICN<COHO IT IONS
PRESSURE(PSIC) ~ 45
~ ~

C LQAOItlCS

B.STEt): 5 800
C. P IN: 52800

~ 4»»I ~

K.BO'ftlG: 37500

NEDIA%4IR
FLOM DIRECTION%NONPREFERRED

VERT ICAL% 4
LONCITUOI)!AL% 3

Xl~ S. 438 X2% 2.6889t~
DIHENSIONAL DATA
X3% 3.688 X4% 6 XS» 2.h65 M1%»< g

I')~7
M»% 27

~<%

de 2.S75 Di% 1.755
L2% .305 ~ 1.557

01% 1.247
Nl~ 4

0% 11. 703
Al~ ~ 1»16

E1% 1.525
X6% 4. 5

E2% .933

X% 65
L% 0

de .309
T% 0

d1% 15
8%

R7% 1 .062
E% 30000000

R8% 12.75 R9 ~ 11.93S

NATURAL FREQUEtlCIES (HZ ~ )
LONCITUOINAL(Z) ACT /VALVE% 62 VS 33HZ
.E T.IIC«<VIVI~--.I
TRANSVERSE(X) ACCT./VALVE% 70 'VS.33HZ.
LATERAL DISC/STEH% 906 VS 33HZ

BRACHET BOLT STRESSES
SHEAR% $36S PSI
~ V ~ I > «
CQtlBItlED% 21162 PSI VS.AILLCM% 37500

SHEAR% 2S76 PSI
TENSILE% 8782 PSI
C I!Illf<~,"..

DISC PIH STRESS

ACTUATCR BOL. SrrESSES
SHEAR% 7786 PSI
I V I
CCHBINEQ% 14795 PSI VS ~ 'L'M.% 37500

BRACYKT S>RESSES
SHEAR% 529 PSI

CONBINKD 3313 PSI VS.ALLOM 18900

SHEAR% 10500 PSI
TENSILE% 4526 PS I

V I ~ V I V

SECTION t)OCULUS

PIPING% 47. 09 INt3

)4-

LOWCITUDI)(AL. 7.0890000O -O3 INC~KB
VERTICAL% 1.770000005-0» INCHES

~ ~

tg; I
~ ~ ~tr"

NCT APPLICABLE

EECCEC........ ~.....CEIEC.... EI.E1.....



Ci



C~ Th.VT >idt <T

h

C

VALVE SIZZ:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFEREtiCE NO.:
ITEH ti0.:

l a
) n

2- 3d

l
~ ~

A.
B.
C.
D.
E.
F.

ASS'Y DWG ~ NO
BODY DWG. NO.
DISC DWG. tiO.
STEH DWG. NO.
PIN DWG. NO.
BRACKET DWG. tiO ~

+> .E~1i ~ >W S

0
s O
o

REV.
REV.
REV.
REV.
REV.
REV.

Og P ~ STPc'%St'

h
'

A.
B.
C.
D.

BODY
STEH ~ i r
PZN
BRACKET
BOLTING R

Pl ~C

C ~l
PSI
PSI
PSZ
PSZ
PSI

PRESSURE:
TEHPERATURE:

1"1 C >l >T 0'1 S

PSI
DEG. F.

LOCA TORQUE:
HEDZA:
FLOW DIRECTION:

V < ~ T R UE.

I
~ r

ZN-LBS

T> CW

TRANSVERSE:
VERTICAL:
LONGITUDINAL:

-/C





DZ~tSIONAL DATA

SiZE~ ~S

DESCRIPTION OF VARL~~
LYRIC
NM~Z

CCX'tP~1~
NV:E

TzZNSV RSE DIST. AC".KR'XOR C.G. TO Q VcIVE
uXGXnm~ DIST. ACTUATOR C.G. TO 4.VALVE
VERCICAL DIST. ACHJATQR C.G. TO BRAC~
HEIGH BRA~Z
h" IGHZ VALVEt~
ACTUAZOR NEZGaZ
BRAC~ NEIGHZ
DISC 7v'EIGHT
T.ZCcQ~~ OF BRACr2'Z LCD P~~

W~ OF BRACzC-.Z'|v~ OF VIVE ~zZCZ
~iZ~~~~~MS OF VALV ".ZM
T..ZCDKSS O" BRAC"~ SZD" PLAT:-S
T.".ZC~KSS 0" BRAC"~ TOP PLA~i
VMV:" ~~ O.D.
PA~~iG BDRE I.D
Si-"f DIA.
G~ DIA. OF DISC

.. ~zLL DZA. BACZ OF DISC
DD,. OF DISC

tPZS $Q8~ TELIC<~S
ST Q S-- i TO ~VV OF DISC

'O. OF Z~u7WR BOLTS
-="S~ ~S AP~~ OF ~~~CR BOLTS
DBC GF A~™UAWLRBOLTS
NO. O" BPZ~Mi/VIVEBOLTS
~i" 'Z ~x.~ S AREA OF Bid~i/VZsLV" BOL-S
TPAN+~wE DZSi. BED~i BRAC"~Z BOLTS
LCRvGZTJDZM DIST. 2~v~~ BRA| ~ BOLTS
LWGZH 0: BRAC~
DZSTZ~C" 2~1(~M~ VALVE MY BOLT HOLES
DIA. OF VALVE ~aY BOLT HOIZS
% TOEQ~ ON DiSC PZN
DISC PZN DL%.
VIVE BODY O.D.
VMV»" BCGY >R~'VZ DZA
ADJ~Z PIPING O.D.
ZZJA~i PIPING Z.D.
lR:CZ~".4 PIPZlG B~~RZNG BZW.Z
NO. O." BGDY BOLTS
DBC OF BODY BOLTS
RX7I'~ OF BODY BOLTS
L" QZH Xrr)SS CQS~iS
~~wCcQ1~ OF G3SSETS
DZA. OFLA'.:M BOSSY

QF ~~ICOS

t 7)
gCc

2 7

Xl
X2
X3
X4
X5
Nl
3v'2

l<4
Tl
T2
i+3

T4
'9

To
Q3
Di
Dl
D
El
c"7

L2
Y2
Nl
Al,
X6
N2
A2
X7
XS
T5
R5
R6

CQ
dl
P.7

RS
pa
Y.4

N3
XO
A4
L
T
B

Xl
X2
ii3
X4
X5
PJ4

rv

N3
Tl
r2
13
T4
T9

Do

Dl
D

E2
7 '7

%Tl

Al
X6

2

X7
XS
m5

P5
R6
Tj
D5
DS
R7
RS
R9
M4

N3
XO
A4
L
T
B
E





~" gl ~ a' (c «'(> ( '>'(l >' ('(I «.> ( 1' 1 «(I (, ( '('(I ~
(

!t~™~~A~. h~~( A>(TA('('
'I ' (en Vog c'oc'( OLV

CiioTQ$8c. (>I*CARR r".QHiAMH

SPEC. NQ..'tlP -P; 3040
RFF Hl)~,'olc7

RKFERKttCK OMCS ~ft
O.OQDY QMC VO 'll -301 RKV.A
C ~ DISC DMC NO: 2'12 301 RKV.A

E ~ PIN QMC tlO. (2600-060 REVf*
F.ORACliET OMF„VO 8000 199 REV.-

CESICN CONDITIONS
PRESSURE(PSIC)$ 45

ALLQMROLE 'STRESSES (?SI)
par)

8 ~ STEN: 52800
C PIH: 800

.OGL It)C: 37500

tlEDIA AIR
FLQM Q!RECTION PREFERRED

C LO>:OItlCS

VERTICAL~ 4
LONCITUDINiRLa 3

X' 8. 43S X2$ 2.588
. if(

d3$ 2.S75 Dia l. 755
L2$ .305 Y2$ 1.557

E2a .938
H2'a

E1$ 1 ~ 625
Xo ~ 4 ~ 5

0% 1'03
Ala ~ 1416

D1 a l. 247
Hla 4

OINKNSIQHAL DATA
X3$ 3.588 X4$ 6 XS ~ ". 5o5 Ml~ 219

aa
M a $ 7~o 5

55
La 0

dna .309 dla 15 R7$ 12.052 Rsa 1 ~ 75 «(9 a ~ 1 o '( P
Ta 0 Oa Ea 30000000

NATURAL FREGU.HCIES (HZ.)
LQNCITUG I>VAL ( ) ACT« /VALUE'a 62 VS ~ 33HZ ~

TRANSVERSE(X} ACT

/MALVERN

7C US«33H
LATERAL DISC/STKHa 906 VS«33HZ.

ORAC)(ET OQLT STRESSES
SHEAiR$ 7S55 PSI

CONOINKOa <0817 PSI VS ALLQMa 37500

ACTUATOR DOLT STRESSES
SHK>)RE 7273 PSI

CGt)OI))EDa 14375 PSI 'VS.ALLOM.~ 37500

3RACNET STRKSSES
SHEAR$ 511 PSI

CQHOIt(ED$ 3179 . SI VS.ALLQM$ 18900

SHKARa 2709 PSI
TKNSILK$ 8782 PS I

SHEARa S746 PSI
TKNSILEa 4526 PSI

~ f

DISC PIN STPESS SFCTION NODULUS

PIPING> 47.09 IHt3

LONGITUDINAL 7.089nnnCOK-O:( It)CHES
VKRTICALa '.. 77000000E-04 INCHES

SIGNED�..

tlOT APPLICA3LE

. ~ ~ ~ DATED... «/2/'ftf......



Cl



VALVE SIZE
VAL'lE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFERENCE NO.:
ITEM NO.:

leo) C

A.
B.
C.
D.
E ~

F.

ASS'Y DWG. NO.
BODY DWG. NO.
DiSC DWG ~ NO.
STEM DWG. NO.
PIN DWG, NO.
BRACKFT DWG. NO.

1f > WP

Z - d

cP

oo-

RE'l.
REV.
HEV.
RE7.
RE7.
REVS

0 ~ T7 c' E c'

A.
B.
C.
D.
E.

,'BOD Y
STEM
PZN A

BRACK.T
BOLTING R

D Jug ~y c"

PSI
PSZ
?SZ

~o PSI
oO PSI

PRESSURE:
TEMPERATURE: 3 O

CC''l ~7> N S

PSZ
DEG. F.

LOCA TORQUE:
MEDIA:
FLOW DIRECTION:

~OH U

ZN-LBS

t C

TRANSVERSE;
VERTICAL
LONGITUDINAL:





DL™tSIC:JALDATA

DES~.RZPTION QF VALUABLE

it~1 t

ACi tA'vR

CCX LZK:";
M r""

~ '

t

~ I
1

T.A~J~r cE DI T. JiCZLRTQR C.G. TO Q VALVE
LCRJGZs<UINAL DIST. AC~GATOR C.G. TO QVALVr.
~ICAL DIST. AC-JATQR C.G. TQ BRMX~
HEZGJH'PAC~
HEIG T Vt"KVr iJECK
ACIUATQR |'JEZGriZ
BRACZEZ tr JEICrZ
DISC hr.IWT
'xiEC:=ZSS OF BRA~ ~MvM PL'
'PGDLH OF BRAC~
$v~~ OF VMVr tZCK
THICKNESS OF VMV IZCK

HICZJESS OF BRACrZ'T SIDE PLATD
THZCVv~cS 0" BEAM~ QP P~r

VMv ~ZC:: O.D.
PAC~~G BORE I.D
Si 'I DE=i.

DIA. OF DISC
WIDTH ~c'RLL DLK. BACK OF DicC
NIDTH LARG= DZA. OF DicC
."Zt'ST;Q~~ TEu.Cr~ir cS

DZS ~ . Q ~i "I 0 HQ'i'F DISC
NO. OF i~~MOR BOLTS
i—" lSVZ FL=.SS PZM~, OF ACZUATOR BOLTS
DBC OF A~t~QR BOLTS
KO. OF BRAC~/VZtLVE BQLTS
T JS~ ~~S AREA OF BRAC~/VIV" BOLTS
TRRXPiEBSE DIST. BEKKHl BRAC~ BOLTS
LGXGZQJDGJAL DIST. ~'i~a" B&M~~ BOLTS
~~<Gas.'OF BRAC~
DISTA.JM BK-t't~~ VALVE BCDY BOLT HOL"S
DIA. OF V~VE BCDY BOLT HOZZS
8 TORQUr QN DicC PZN
DISC PZiJ DIA.
VALVE BODY O.D.
VALV" BODY ',~VZ DIA.
MUA~Z PZPiiJG O.D.
MUA~ PIPING I.D.
JSMi~iI PIPING B~ZNG iKXWTZ
NO. OF BODY BOLTS
DBC OF BODY BOLTS
BQOZ'REA OF BCDY BOLTS
LE.JGZH ACROSS GUS~~I'S
THIC~S OF GUSSETS
DIA. OF FLWGE BQSScS
KErULUS QF ELASTIC~

7

OC 2-

gOO

Xl
X2
X3
X4
X5
t'Jl
Iv2
'Ã4
Tl
T2
T3
T4
T9
TQ
c3
Di
Dl
D

L2

Nl

X6
N2
A2
X7
XS
T5
R5
R6

CP
dl
R7
RS
R9
M4
N3
XO
A4
L
T
B
E

i{l
\{ )

fi3
X4
fi5
N4
I J5
't J3
ttl)

T2
gtl3
~rlI
Tg
TQ
Do
B5
Dl
D
El

L2
Y2
Nl
Al
X6
N2
A2
AI
XS
tp5

R5
R6
T7
D5
DS
R7
RS
R9
M4
N3
XO
A4
L
T
B
E

6 -20





~ 'i \1 1' (. II 1 AJ I'( ~ 'nil) v ~ i@I I ~ 1 v.l ~
'

—'' I
~ I CI ~ SS ~ 50 Il LLIc AcScUnl v

CU- TOIH„R: NIA(TARA HQIHAU(I~:IlI.
SPcC. )lo.:.'(t(P2-P; 304()
REF,NO. 'Pi57

RcFKR NC D ICE ~

V ~

G.GOOV OUC.)(O.: I 12-3O2 RK>.*
C DISC QMC tlo:2112-301 REV A

.Ii CI~
E.PIN DUC tlo.: 2600-')60 RKV~ *
F GRACHIET DUC ~ No 8000 19c REV

DES ICN COND IT IQI(S
PRKSSURE<PSIC)c 45

ALLQUABLE STRE=SKS (PSI)

G. STEH: c1800
C PIN: 52800

E GQL ~ ltld( 37c00

I

t!EOIAcAIR
FLCM OIRECTIONcNQNPREFERREDI

( ~ Or t(ENSIONAL
( Xl~ 2. 688 X2c 8.438 X3c 3.688

~ ~

C LOAOI((CS

VERTICALC 4
LQNCITUOINALc 3

CATA
X4c 6 XSR .665 UI ~ 19 g IC l1

d3c 0
L2c .305
I ~ U I ~

Xil 65
I e

Dic l. 755
Y2c 1. 557

dPc .309
Tc 0

Oic 1.247
H1 ~ 4

din 16
Ga P

Oc 11.703
AI~ .1416

R7c 12.062
EH 30000000

C ~ Il ~
~ 625

Xhc 4.5
A V

RGc 12. 75

E21 .933
N1s 4

R9 ~ '. ' c38

( "'

I

I

I

I

NATURAL FREOUft(C KS <HZ )
LC)(C UDINAL<Z) ACT /VALVE 78 VS 33HZ ~

~ il
TRAt(SVERSE!X) ACT /VALVE1 123 VS.33HZv
I.ATERAI DISC/STEHc 906 VS 3HZ

BRACKET QQL.T STnESSES
SHEARc S337 PSI

COhoit(Eoc 25495 PSI VS.ALLQWU 37500

SHEARc 1380 PSI
TK((SILEc 2578 PSI

PISC P(q STRcSS

LCNCITUOINALc 4 45400000K 03 INCHES
VERTICALc 1.16000000K-04 INCHES

ACTUATCR BOLT STnKSSES
SHEARS 8162 PSI

~ ' V

Cot(oil(ED~ 15107 PSI VS AL'U c 3 500

GRACHET STPKSSES
SHEAR> 543 PSI

Col".BINKDU 3443 PSI VS ~ ALLCUc 18900

SHEAR> 11779 PSI
TENS ILEc 4526 PS'I'UG&t~~ . ~>8~

SECTION NODULUS

PIPINCc 47.09 INt3

NOT APPLICABLE

SICNEO. ~
'

~ . . ....... ~ ..DA ED...< (7 ~?'.....

VIV
~I - (d

~ ~ ~ ~ ( ~ ~

~ I ~
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Jr;r~ "- g+Tt 1gTQ (lJ ~ 'f Vc'TF

VALVE SIZE:
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO.:
REFEREtJCE NO.:
ITEH NO.:

c 0 - Ptv
I A

y z- go

'Jr> Wr S

A ~

B.
C.
D.
E.
F.

ASS'Y DWG. NO.
BODY DWG ~ NO.
DISC DWG. NO.
STEH DWG NO.
PZN DWG. NO.
BRACKET DWG. NO.

a

o-

REV.
P.EV.
REV.
RE7.
REV.
REV.

OW = S P" ~SE

A.
B.
C.
D.
E.

BODY
STEH 4

PItJ
BRACKET
BOLTI'JG R

WJ 7g C
J Cy

PSZ
PSZ
PSZ
PQ»
PS"

PRESSURE:
TEHPERATURE:

r. >J r >; T'PTO>J S

PSZ
DEG. F.

LOCA TORQUE:
HEDZA:
FLOW DZRECTZOtJ:

C7 C ZN-LBS

TRANSVERSE:
VERTICAL:
LONGZTUDZNAL:

g-U





AMA'II)R

DESCRIr ZION OF V~ZKZ
liPQ i
PP'.0

EXPt.--
~LQi K

LCilGI 'DL'Ul DIST. ACHRTOR C.G. 'ZO tf- ~JZLV

ICAL DZSi. AC GATOR C.G. TO BFAC:-
r " IGi~

BRAC~~-'KZGiT

VALVE tl~
ACiiVZOR 7''r.ZGrZ
BRACrKI'tJrEZGnZ
DISC hr ZGFZ
THZCRJESS OP BRAC~~ QXi~ PLAT:"
7'JZCPi"rI OP BFZKK-
h~iR OF VrZvEr JEC~
THZCHJESS OF V&EVE i~
THICr JESS 0 BFAC~ SIDE PLATM
THICKNESS OF BRA|:M TOP PLATE
VIVE i':-: O.D.
PAC'~'G BOPZ I.D.
Si" 0 DZA.

DZA. OF DISC
h~~™H RMZ DL%. BACZ OP DISC
W~H LARG" DZA. OF DISC
T:"MUST '~Mr"R TMC~~Jrss
DIST. Q ~i~1 TQ FK}NT OF DISC
NO. OF MDiATOR BOL S

ls| " ~ic "SS AREA OF ACZLMOR BOLTS
CBC OF GATOR BOLTS
NO OF BRAC~T/VnLVrE BOLTS
T" Js~~ STRESS iQKA OF BWC~/VMVE BOL S
TRANSUDE DIST. BEZ'IK~J BRAC~~ BOLTS
LCHGZTUDZVZ DIST. B~'~c—" BW~ BOLTS
~MGZH OP B~Z
DISTANCE BET'I~ VALVr BCDY BOLT HOLES
DIA. OF VALVE BODY BOLT HOLES
% TORQUE ChN DISC ?W
DISC PZJ'J DIA.
VPIVE BODY O.D.
VALVE BODY $~VZ DZA.
~.CENT PIPING O.D.~MJZ PIPING I.D.
5MZKM PIPING BENDQIG i~DKZ
NO. OF BODY BOLTS
DBC OF BODY BOLTS
RCOZ AREA OF BCDY BOLTS
LE.VZH ACRCISS reSSZZS
THZ~S OF GUSsr~
DZA. OP .LARGE BOSSES
NXULUS OP ELASTZCZZY

'ZZ
$ ', 't'3 ~

@AS

O OOO

Xl
X2
X3
X4
X5
Nl
$'J2

l'J4

tel
T2
L3
T4
T9
TO
G3
Di
Dl
D
Ea
E2
L2

va
Al
XG
N2
A2
X7
X8
TS
Pw
R6

dp
dl
R7
Re
R9
i~f4

N3
XO
A4
L
T
B
E

X2
M3
X4
X5
h4

~ 3
rrJ3

Tl

Pt3
I

tt'9

TO
Lo
BD
D'

El

L2

Nl

iJ2
A2
X7
Xe
op 5
R5
R5
17
D5
D8
R7
R8
R9
M4
N3
XO
A4
L
T
B





Q9 I wtr s SS„
fvC~

1' c 'lp 'p r" s s tvs srp ( r AMI sw~~t=~ X~
C'SS '!50 VALVe AScE."OLv

""5-a eR I™C in nOHAUt;

RFF r )JO:!'9!57

REFERENCE DIJCS~UTAH~u.tC .
0 ~ OOOY OUG NO.:1 ~ 1 -302 REMA
C.DISC DWC.HO.:211 -301 REV.A

K.PLH OUC.)IO. :2500-t)60 RKV.A
F.ORACVET OUC NO ~ 8000-l99 RKV

ALLO!IAOLE 3TRESSES (PSI)
~ Y~

O.STEHI 52800
C P N'"900

8tt
E.OOLTLHG: 37500

DES ICN COHO I . IONS
PReSSURE(oSSG)R 45

tIED LA%AIR
FLOW DIRECT IOttafRfFERRED

G LOAOINCS

VERTICAL% 4
I.ONCITUOLNALR 3

Xla 2.488
«r„.
d3% 0
LCR .305

~ 'P

X2% 8. 438
~ ~

Oi ~ 1. 755
Y2% 1.557

Dia I 47
Hia 4

~ «'
Oa 11.703
Al~ . 1416

OIHENSIOtIAL DATA
X3% 3.589 X4

K!A 1.625
X6 ~ 4.5

E2% .938
HZ< 4

XS ~ 2.665 Uia 219 PJ Sa

PS

va S5 dpa .304 ai !5
LR 0 TROOa0 R7% 12, 062

ER 30000000
RSR 12.75 R9 ~ ! 1.938

NATURAL FREQUENCIES (HZP ) ACTUATOR DOLT STRKSSKS
LOHCITUO'LNAL(Z) ACT./VALVE% 78 VS. 33HZ. SHKARR 9935 PSI

TRANSVERSE(X) ACT./'VALVKR 1 3 VS'3H ~ COA'IOLNEDR 1563 PSI VS ~ ALLQLI.~ 37500
LATERAI. DISC/STEH 906 VS.33HZ.

ORACVET BOLT STRESSES
SMEAR PS S PSE

COHOLHEDR 25431 PSI VS.ALLOUR 37500

ORncvET sTREssEs
SHEAR% 505 PSI

CCttBINEDR 3903 PSI 'VSRALLOUR !9900

SHEAR 1640 PS I SHEAR% 17795 PSI
TLEHSILKR 2578 PSI TENSILE% 45 6 PSI

DISC PIH STPESS SECTION .IODULUS

PIPLtICR 47 09 IN93

I.GNGETUOINAI. 4.45400000K-03 INCHES
VERTICAL% l. 16000000E-04 INCHES
. tttrt"-tt ~

't ~

~ ««
P

NOT APPLLCAOI.E

SIGHED- ~ ~ ~

„A'
S ~

~ ..EASES...E tr P.r....





rrrc = R rtlgyf ) 11 ~ r YC

gr'ALVE

SIZ
VALVE CLASS:
ACTUATOR:
CUSTOMER:
P.O. NO.:
SPEC. NO-:
REFERENCE NO.:
ITEM NO.:

/2

sr rgc

A.
B.
C.
D.
E.
F.

ASS'Y DMG ~ NO.
BODY D'jrG. NO.
DISC DMG. NO.
STEM D'rlG ~ NO ~

PItr DMG. NO.
BRACj|'ET DMG. NO.

0
r

O
oo-

RE V.
REV.
REV.
REV.
REV.
REV.

R~~SES

A.
B ~

C.
D.
E.

BODY
Sff'VM

PZN
BRACKET
BOLTItr G

Pr,gC
Ll f'7P 4 f. ()

O'O

P»I
PSI
PSI
PSI
PST

c'r C '0'r S

PRESSURE:
TEMPERATURE:

PSI
DEG. F.

LOCA TORQUE:
MEDIA:
FLOW DIRECTION:

70 0

P U

c~ a jjr ZN-LBS

TRANSVERSE:
VERTICAL:
LONGITUDINAL:





t

r

~
~

~I
~~

~~

I~I
I~

h

~ ~

~

~

II
~

~

~

~
~

~
~

~

~

~

~I~

~

~hi

I
I~

I

~

II ~I «I
GUSTO«eR:'llACtARA «OH«WW

«t .~ It .0-
Si ec. VU.: W."P«-Pi 3040
RFe ~ NO.: 1 e \ 57

r t,t q" 1= (-. t i s r v n y p i r ~ s-«--t.
12 CLASS 15i "At.<'SSEHOLY~~'J ' 4 ~e««t +QV+tAW4

REFERKt(CE OWCS.

8 3UDY OMC.NO: 11'0 REV.A
C. DI .C QMG. NO.: 2112-301 REV. *

E P'IH OWC.NO :2500-050 ReV A
F.3RACt:CT OWG.tlO 8000-199 REV--

DESIGH CONDITIOHS
PRESSURE(PSIC) ~ 45

AL'MAOLE STRESSES (P -I)
O.STEH: 5 800
C. PIN: 52800

~ «
E. DOLTItlC: 37500

NEO IARAIR
FLOW DIRECTION<PREFERRED

C LOADIHGS

VERTICAL> 4
LONGITUDINAL> 3

Xla 2,538
5

XOe 8.438
OIt(EHSIOHAL DATA
X3e 3.588 X4 ~ 6 X5> 2.565 Ml~ 21?

9

d3e 0
L2e .305
"e 55
Le 0

Ole 1. 755
Y2~ 1.557

dp~ .309
T~ 0

DI~ 1 ~ 247
Nl~ 4

die 16
Oe 0

O> 11.703
Al~ .1416

R7e 12.062
Ee 30000000

Kl~ l.525
Xh> 4. 5

RSe 12. ~ 5

EOe .938
N2e 4

R9> 11. 938

NATURAL FREQUENCIES (HZ.)
LOt(C . UDItlAL(2) ACTi /VA( VEe 78 VSi 33HZ ~

VKn, ~ v ta~«'««i ~ V', ~ ~ av«
TRAtlSVKRSK(X) ACT. /VALVE< 123 'VS.

33HZ'ATERALDISC/SIKH~ 906 VS.33HZ.

ORACHET DOLT STRESSES

I

I

SHEARtt 34'?7 PSIi--'-
COHOIt(EOtI t5590 PSI VS ~ ALLOW< 37500

SHEAP ~ 140S PSI
TEHSI'tI 2e78 PSI

ACTUATOR OOL.T STRESSKS
SHEARe 8350 PSI

~ i ~

COHOIttED~ 15 55 PSI VS.AtLLOW.~ 37500

DRAGNET STRESSES
SHEAR> 549 PSI

COHOINED> 3492 PSI VS ~ ALLOWe !8900

SHEARS 12420 PSI
TEttSILK< 4525 PS I

DISC PIN STReSS SECTION HODU(.US

PIPING> 47.09 IN%3

LONCITUD'(HAL 4 ~ 45400000E-03 It(CHES
VERrlc*Le 1.16000000K-04 INCHFS

- f
ND'I APPLICADLc

SICNED.. ~ . .. ~ ..DAZED.. f ./'.~f...../





~ '

~
1 g

I

a eo C '~a < .s

P

a.
~ '

.

1





POSt-SEAL INTERNATIONAL, INC.

ENGiNEERING CALCVLATlONS

Title

Calc. By

'» rM» / r ~ ~ vt ~ .c * 0 pege/
Checked By

P
= /s. 7

I

p - (300, 9 C FA ~ ~ gdd'0 ~cp/
c / s

C g 7o' ll>
S ZZE=

I 4t »»r

Fi<= 1

» v» ~

» J J a

C=. 1 'F= 150

»

8 Ego

M»Ai
0= 78000 Cv= O'742 P1= 15 ~ 7

» 4

DELTA P= 0.0052 PSI

$ I ~ ~
»





-.
Title

Gale. By

POSI-SEAL INTERNATIONAL, INC.

Ei~lGINEERING CALCULATIONS

Checked By

Page

II/'I 4/g 1

Pi.

2z~> A<Fw = I pzo00 QGF c,

7-= l~O P

Ci g go ~ >I7Q ~YgPP FI( = I

-
0= i32000
Fk=

Cv= ~979
Xt= .42

DELTA P= 0. 0232 PSZ

Pi= 15. 7
G= i

CLASP=~ SO
Fp=
'F= i50

/CAN =. 32
ep"

gi

, I
Mi

Fk= Xt= . 3~





e
sr'e ~

1 ~

( l~l~ ~ ) I ooJCM<

IO OLLKC Daqof Rceee lilt. AI CL f<Ce<D ucllt c)<SI<S
UOO<C PNO«a ent e< Ca RCV 4 uclC CAID.}<5

IO <C<Aacaf Os<OUVTD)(e CRKT CROK CO<}O.OI t)L C<CV

>OS< MLL
st C(L'b% <5r)

ALVIN, ccoA.Rsu float <)4
avfoaS.R-t»a
v4LVC Ce«i<os(a L157$ <

PrO) eA:RILLN< )$V)1 ~ 4
$<(ett PC<f55. 150 PLKA
5ava) ltte<R 'tf)5 P

(LR OO <AC<)V; V<CO
vLLvc 14(tot< tcp5)L(ar

Ct5< 'ATRIAL)Sa
<a<5}.4
v4 vg,lo Jc e~a57$ 4

LSX)Its}OELZSur)LLANO)tT st '„» t<Oao

i)41<4<<4 ISOLRO <tt

T a<T Toc» <Aycojf

4)«an(os p,

[ .INFOI}itlllTIO'"ICOPY

~ s
@joan
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Unst SUIICICS8

roOIIL—
LI—Q~t»DI r})IPTQ

(0)<ssnf
(tao)

IC 0<4 )st)khoftt

4 CT.'TACe

tel 4<e<LLL)s
'5TCCL}

I )IPF COK(NIT
Ccet)t (I ICR t<c(O<)

A (')~)Wf
So<of<1

33

tQa
C)N (

C 15 "fi~tegfcte~<LTer(LJ
~ <15 Htt<C, JIIA~ I$5<lal LI TW I'OOOC I laV t407KOAILY

~ 3< ~If
uo(O vVjlVrJOL VALVI')P<(COSvtvIC,IIOVLC

e aiael wr .CW(. 4 1<LKCO CL 144 CO<40 IOOC'Cu DOS. Ol(<sOSC POD
sf<Dc t<AtosCO fa..OIO e'be)ol ~ 'CVC<t

.A<ill I<~ e JetrlrR.VLlf> F<t.o5c..OCT ATC)OPS<6
~ 14<>L . OVCI<()<Di--eO SL. IILuOLte)CCL
(aC y«otl 5 LLC TO OV(o C C(C "fO CIOCC
aire ( 14(cc(T<ry'T«<1 AOLvALvcIL<<4<T 5vooc'5 <atcT Tea(a

44 I )tb laf c<uec<C)«ca(lb.
~ e< Rt&)<Qcrxa)IN co IGc(Rt) Iso(CRso Loofococc cs ADDVI14 c<453scc fo)4)t

.<,l I~ Dor(r <Ot NPOS<ls

I<1M<v<«ella'I(a((I<Vol)

~Wi~ lllttla<NS)1!,otto oooo<«neo<tiara)1&L t<v
Qa<S ~ ae«or<so< or ih<) t«utr ~ 1 $ 1 4 4 Ar

We<Nues rlr I .t' -«vA \a(et <a<trite)sat'Jt alt <1
~~<esto()).Lvi.iiv-

CIw < «.assis I
a Na 11 v«acr <AN«oo(c I «a N sow «re(soo«cl «nero>sr«)aero«ao'tD)o.oso neo k.
~ ~ ss ~ IN<etaA4 N««w<ova
I roe< I tie el r<t wso I< ~ ro (I<sr< 4< eoo e«y

~4 il<w e IN i t<vN ee rwe Ios« w
~ h«w I ~ ceo< ves<rasioatoc)A ~ el<i «silaltl ' o(Ne:ee.'t «so a<w ~ <ho«4

PC<os«tee«e Nil)tv\soll~ )lolA ~io« <w tao( jeu stiles«wv
~ «««eee e«yvt o«a IK 4« t«e< N wolwloowN<oe ~ ) ««(osew< «tvr(4«w

NN«aw Alsewevveo N < «v r
4 all ~<Not<tot(sore««Ital« I<N«re(ovate«WN«a«4

O 4 tot)I
~ aetio<as««PI<tet«with<<ac neer«wi ewaeey.<<fotSM
«oeteetoKern«caro aahv«tnceNN ta«4

~4 <t«or<«last<Wali<is« ~ ~ ev((oc N(<44ss(taawauot<LLSSso
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INTRODUCTION

This technical bulletin is intended to assist
in the selection of Posi-Seal trunnion
valves to control a given set of flow
conditions.

II~ FLOW COEFFICIENT Cy

The flow coefficient or Cv of a valve is
used to describe its inherent flow capacity.
This value is defined as the number of U.S.
gallons of water per minute at standard
conditions (60'F and 14.7PSIA) that will
flow thru a valve at a constant 1.0PSI pres-
sure drop. Accordingly. a Cv value based
on extensive flow testing of valves at these
conditions has been assigned to each
Posi-Seal trunnion valve. Using this Cv
value, the capacity of each valve with
regard to other fluids under various condi-
tions can be related to this basic Cv value.

2. To prevent actuator,'valve instability
resulting from a hydrodynamic torque
reversal when flowing liquids for throt-
tling service. valves should be installed
with the retaining ring side of the valve
downstream. Complete information on
this torque reversal phenomenon can
be found in Posi-Seal Technical Bul-
letin No. 1A.

3. The maximum recommended operat-
ing differential pressures and pipeline
velocities noted in Posi-Seal Technical
Bulletin No. 6 are to be used in valve
selection.

4. Valve materials of constructior; are
governed by media and operating
conditions.

5. Liquid, gas and steam gas flow lim-
itations are governed by the parame-
ters noted in this technical bulletin.

III. VALVESIZING AND SELECTION

Proper valve sizing and selection of Posi-
Seal trunnion valves are to be based on the
following criteria.

1. Throttling control valves should be
sized between the 15'nd 80'isc
open position.

iv,

I::
e
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For valves that are installed in piping where the connecting pipe diameter is greater or less than the nominal
valve diameter, the factor Fp is utilized in the sizing equations to account for additional friction losses due to
piping reducers or expanders directly adjacent to the valve.

WHERE:

Fp / CyP

X/ C-y- C'yp

Cyp = flow coefficient of pipe enlargement and
contraction combined.

Cy = valve flow coefficient
rv.«

Cyp = 29.802
0~;i

1- —)+.5 1-

0 = ID of pipe equal to valve size, inches

0] = ID of upstream pipe, inches

02 = ID of downstream pipe, inches

FOR INSTALLATIONSWHERE 01 EQUALS 02:

FIGURE 2

~-
V

-
Cyp = KD~

WHERE:
K

0 = ID of pipe equal to valve size, inches

K = Refer to Fig. 2

I
i

I I

Ii r
II

0
G C«

1
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CRITICALFLOW

MAX = 907.12 FPCvP1
GT,Z

OR

QMAX = Max Flow that can pass through valve at
the stated conditions.

Cv MIN = Minimum Required CV in order to Pass
flow at the stated conditions.

CV MIN
907 12 FPP.> ~FXXT

GT,Z

Apc -" Max usuable differential pressure drop
above which no increase in flow will
occur.

+Pc = FKXTP
FL = Rated Liquid Pressure Recovery Factor

(See Figure 4).

FIGURE 6

XT VS.% FLOW
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TABLE 1
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Carhon Dioxide
arhon,'Icnox! IC

C'I ."cn Tc r"'[eh!or:'
«hlc.inc
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llydro«cn
Hydropen Chloride
livdropcn au( 'dc
!sobutanc
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TABLE 3
COMPRESSIBILITY FACTORS FOR GAS

Pressure
Gas atm psia -100 F 0 F 200 F 1000 F 2000 F

Argon 1

10
40

100

14.7 0.997 0.999 1.000 1.000 1.000
147 0.970 0.987 0.999 1.003 1.002
588 0.877 0.952 0.995 1.011 1.009

1470 0.690 0.887 0.995 1.029 1.022

Carbon 1

monoxide 10
40

100

14.7 0.997 0.999 1.000 1.000 1.000
147 0.973 0.991 1.001 1.004 1.003
588 0.967 1.007 1.017 1.012

1470 1.027 1.044 1.031

Carbon 1

dioxide 10
40

100

14.7
147
588

1 470

0.991 0.997 1.000 1.000
0.910 0.974 1.001 1.003

0.894 1.006 1.010
0.721 1.018 1.026

PRO
o.«

0

Hydrogen 1

10
40

100

~4 csoo

o

'4.7 1.001 1.001 1.001
147 1.007 1.006 1.005
588 1.028 1.026 1.021

1470 1.076 1.067 1.052

os'XO

X

.Go
K

eco
OO

5 whu

IF C6

FIG llRE 10
COMPRESSIBILITY FACTORS
FOR SUPERHEATED STEAM
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TABLE 6
SUPERHEATED VAPOR

Pressure
<pslal

Tenperature ('F)

200 260 300 360 400 '60 00 600 00 BCO 900 1000 4 !CQ 200

~ 0
v 38.85 42.56 45,00 '8.63 51.04 54.05 57.05 63.04 69.01 74.98 80.95 86 92
rt 1146.6 1175.! 1193.9 1221.9 1240.6 1268.7 1287,5 1335.1 1383,4 1432.5 1482.4 1533.2

1,7927 1,8341 '1.8595 1.8950 1.9172 1,9488 1.9689 2.0160 2,0596 2.1002 2,1383 2,174

'2 88
1585 0

2C86

98 84
!63

»13

20
21.11 22.36 24.21 2S.43 27.2S 28.46 31.47 34,47 37. '6 40,45

1172.2 1191,6 1220.3 1239.2 1267.6 1286.6 1334.4 1382.9 '!432.1 1482.!
1„7545 1.7808 1.8170 1,8396 1.8716 1.8918 1.9392 1.9829 2.0235 2.0618

J,4»
1533.0
2.0978

46,42 49 '1
158' 1537,4
2,1321 2.1648

50
8.773 9.557 10.065 10.815 11.309 12.532 13. 44 14.950 6.152 17.352 8,550 9. 4

1184.3 1215.2 1235. 1264.5 '1283.9 1332.5 1381.4 1430.9 1481,! 1532,1 158'0 1638.8

1.6 21 1.7112 1. 349 1.7680 1.7687 '1.8368 L8809 1.92'.9 1.9602 1,996'. 3CB 2.0636

4.663 4.937 5.333 5.589 6.218 6.835 7, '46 8 052 8 656 9 259 9 660
1205.7 12276 1258.8 1279.1 1329.1 1378,9 1'28.9 1'.5 >5308 1 82.9 363:.7
1.6258 1.6518 1.6869 1.7085 1.7561 1.8029 1.8443 1.8829 1 9193 1 9538 1.986

150
3.023 3.223 3.502 3.081 4.113 4.S32 4.944 5,352 5,758 6 162

1195,1 1219.4 1252.9 1274.1 1325. 13 6.3 !426.9 1'778 1529.'581.7
1.5706 1.5995 '1.6372 1.6599 1.7109 1.7566 1.7984 1.8374 1.87'0 !.9086

6,564
!634 7

; 9416

200
2.361 2.585 2.726 3.060 3.380 3.693 -",002 '09»',613

1210.3 1246.5 1268.9 1322.1 1373.6 1424,8 1'76,2 1528,0 1 80.5
'l.5594 1.6001 1.6240 1.6767 1.7232 1.7655 1,8048 1,8415 1,8763

~ CI«d.l
1 0004

:,8638 1,7675 2,005 2,227 2, '42 2 652 2 859 3 G65 3 269
1232.5 '1257.6 1314.7 1368.3 1420.6 1472.8 1525.2 15781 '1631.

1.5434 1,5701 1 6268 ! 6751 1 7184 l 7582 1 7954 1 8305 1 3638

700

0.9927
1231.3
1.4919

1,1591
1298.6
!.5588

0.7934
1280.6
1,5084

0.9077 1,0108 1,!082 1,2024
1345.0 1403,2 1459.0 1513.9
1.5665 1.6147 1.6573 1.6963

1 3853
1623,5

1.3044 1.4405 1.5715 1.6996 1.8256 1,9504
1357.0 '1412.1 1466.0 '1519.6 1573,4 162'
1.61!S 1,6571 1.6982 1.7363 1.7719 1.8056

1GGO

0.5140 0.6084 0.6878 0.7604 C,8294 0,8962 0.9615
1248.8 1325,3 !389,2 14'8,2 1505 '!:SB!,3 16173
1,4450 1.51'1 1.5670 1.61 1 !,6525 1 6897 1 7 «5

2QQO It
0,2'89 0.3074 0.3532 0.3935 0.4311 0.4668
1240.0 1335 5 1409.2 !474.5 1536.2 1596.1
1.3r 83 1.4576 1.5139 1,5603 1,6012 1.6384

L'0CO

/r
'I

0.0984 0.1760 0.2159 0.2476 0,2757 0,3018
1060.7 1267,2 1365.0 1441,8 1510.0 1574,3
1.19 6 1.3690 1,4439 1.4984 1 5437 1,5837
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TASLE 9

VALVE FLOW COEFFICIEIVTS C

CLASS 300 STO. RATING

Val ve "EGREES OF DISC OPE!Ill'IG
Size

1 I/2"
2

II

3 II

100 20o

3

14

30o

6
9

29

404

10
15
to

504

15
23
77

60'2

34lll

»Oo

20

143

804

167

cCo

4
57

108

4 II

6ll
Stl

12
32
Co

30
81

100

63
167
206

107
285
352

165
441
545

238
635
783

307
818

'1010

%00
cc I

1133
1C76
1329,

10"
12"
14»

71
110
136

178
276
341

367
570
704

628
975

1204

971
1509
1863

1398
?172
25SI

1300
2707
3454

2108
3276
4045

? 369
3681
»Ic»IS

1
6ll

I8 tl

20\ ~

169
247
286

422
617
714

873
1276
1476

1402
2181
2524

2309
337C
3906

3323
4856
5620

»280
6255
7240

5012
7325
SC7C

5032
3230
9526

2
8 tl

0 Il

0 6 II

375
715

1104

938
1788
2760

1939
3696
5704

3315
5319
9752

5129
9776

150S7

7381
14O68
2171

'508
14121
27967

11135
01 901

32751

1? 511
23844
36799

4 2
II

4 8 II
1711
1867

4279
4667

8843
9645

15118
16490

23390
25513

33659
36713

43358
47292

50774
55381

57050
62226

Table 10
FLOW COEFFICIE!ITS C,

CLASS 500 STO. RATI!!G

Valve
Size

OEGRE S OF DISC OPEVI!!G

3tl
t II

6
II

100

5
8

26

2O4

16
23
78

3O4

31
43

147

404

51
70

242

So'4

116
397

6o4

122
169
579

04

151
209
717

sc'69

234
803

004

182
4CQ

8 II

10"
1
2tl

35
62
85

104
185
255

197
350
481

324
576
793

532
947

1302

775
1379
1897

960
1709
2350

1076
1915
2633

1157
2050
2831

1
Cll

16"
1

Stl

20"
24 It

104
128
152
175
349

312
383
456
524

1046

589
723
862
990

1977

971
1192
1420
1630
3256

1595
1958
2332
2678
5349

2323
2851
3397
3900
7791

2878
3532
4208

4831
9651

3225
3958
4715
5413

1C814

3468
4256
5070
5821

1 1628
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HYOROOYNAM>C TOROU""

o

OF

H}CH'ERFORMANCE TRUNtHON VALV S
ino

ves

nf" increased use of Hiah Performance Trunn',on (Of i set Buterfiy) Valves

. 'sed: increased use in hiah low applications and .herefore a ne~d =or

ci curate prediction o .he Hydrodynamic Torque behavior of ihis type
ve improper aciuator sizing,s ruc.ural daria'Qe and control ins'iabiiiiy

"-csssbie consequences of using inaccuraie Hydrodvnamic Torque daia.

runnion Valve is esseniially a miodified buiterfly valve with'he
Jsl: m 0 I set 7rom the d'l sc seal 1 'lg sur i ace. See Fi gure ', . Normal ly

.„'!I,E' valve exhibits hioh openinQ and ciosiAu -ol ques wi h ooel atiQQ

=.-,"-:~precT'a ng as .he valve disc l oiates g0 io ihe fuiiv open positioA
;-"„'an; occasions where a. considerable quanii.y of luid is beino puspod

, e, ihe Hydrodynamic Toroue may exc, ed the openinQ iorque or+h

.~.. magniiude that .he ac.uaior will be unable 'o fur.her open

ve",

'4

:"= i."izing. ihe imporiance oi having accura.e Hydrodvnamic Torque daia

'1;. ~'Aierna ional, inc. in Nor.h Stonington, Conn. launched an ex.en-

~ ,rogram inorder to obtain this data. At Posi-Seal's new Hydraulics
;r-'„ (.See'Figure 2 for sche,:aiic o lab), Hydrooynamic Torque data

d: an valve sizes -1 1/2" through 14" =or valve classes 1:-0 throuch

i
Addlit. onal data was taken on a 14" - 900 and a 14" - 1 "00 lb va lv~

.-. „, ~cori d Yor boih preferred and non-preferred fluid iiow, measured .

i 0 deorees o val ve rota i ion. inorder io obtai n ihe Hydrodynami c
I..-=-i-:,:ors,, ihe valve .orque was measured while both opening and closing .

e 'y: averacing the above data, stem packing and bearing friction
w!:" e'i Acgaied and pure Hydrodynamic Torque was ob a ined. The above

torque when divdded by the differeniiai pressure across ihe valve
-i;- Hydrodynamic Torque actor for that par.icular valve at iha.

c==-.i 'on.. This da.a was siaiisticaliy analyzed an Posi-Seal 's

rouan
/ith
„, the
cure 4.

.orque
in-pre-
.odynamic
:hose

red and
st ex:
n-', -,', can tly

p, opo. t)ona l

.s depending

'her han

~ .orques,

c Torque

s i e+~

For lai Qe

s ihe malar

oro"e b-
idered inorder

namic Torque

;aQ forces

and drag beino:





FD
= CDP AV

'. 2

(Drac}

and F = C P AV"L L
2

(L:=

Where:

C , CL
- Drag and lif coef icien.s which are relat d to the

geomet'rv of flow obstruc.ion. (Disc).

P -. dens'ty of the luid mec um

A - projected or surfac'e area oi'ow G s ucTion'(Disc)

V-- velocity of luid medium

Both the 1 i =t and drag i orces are depenident upcni th shape G the

valve disc, its orientation to the -,low s.ream and the direction oi -~u-d

'flow. As the va I ve angle is decreased, or flow is reversed, .oth 7he

magna ude and loca ion o- these forces shif, causIng a chanoe in .he re-

sultan- Torque. As the valve angle is fur-.her dec eased the drag forces

will increase while the lift forces will deteriate due to increased

urbulence and a breakdown of the flow s ream along .he downs. ream side

of the va I ve -disc. See F'.cures 5 and 6.'
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"'5 HAP'E..FAC.'TOPE.VS.PONKR FAC:TC.
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lnnovatorsin Flow Control

TECHNICAL BULLETIN NO. 1A
Operating torque vaiues
and Actuator sizing

JUNE 82

TORQUE VALUES TO OPEN AND SHUT

The Posi-Seal Trunnion Valve is a low torque valve
which normally reaches its highest torque when
opening. This torque value will vary with the seat
material and stem packing selected in addition to
the maximum operating differential pressure g?)
across the valve.

Torque values to open and shut for standard
Posi-Seal Trunnion Valves are listed in Tables 1, 2
and 3, and are denoted as T„T„and T,.

T, and T, torque values are due to the stem
packing and seat material selected and are added
together to determine preload torque.

The static pressure torque factor T~ is the static
pressure torque per PSIBP. This factor (Ts) is
multiplied by the maximum operating LP or
maximum line pressure to obtain the torque
value due to pressure.

To obtain the maximum torque to open or shut
the T„T2, and T~ QP values are simply added
together.

EXAMPLE:

A. Requirement —What is the maximum opening
torque of a 12" Class 150 valve with teflon
chevron packing, a teflon seal ring with rubber
back-up ring and a maximum QP of 200 PSI.

B. Solution —From Table 1

T, = (B) = 70 in. lbs.

Tz = (G) = 986 in. lbs.

T~ ~ 10.10 in. lbs. per?SIMP = 10.10x 200=
2020 in. lbs.

Total opening torque = T, + T„+ (T~ x
PSIQP) -" 70 + 986 + (10.10 x 200) = 3076
in. lbs.

Although the valve opening torque is normally the
highest operating torque used in actuator sizing, it
is often necessary with flowing liquids to check
for total hydrodynamic torque. Refer to Section I I

for data on calculating total hydrodynamic torque.
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VALVE
SIZE

A

TABLE I

CLASS 150 STANDARD RATING
PRELOAD TORQUE = T, ~

2

H

~ ~ ~ ~ ~ ~ ~ ~ ~

STATIC PRESSURE TORQUE
PER PSI Ts

316 M.S. REXNORD

3ll 302 28 227 122 73 61 244 280 0.24 .16
4l t

6I ~

338
454
529

31
42
49

254
340
397

218
510
902

131
306
541

109
255
451

436
1020
1804

501
1173
2074

0.50
1.56
3.23

.33
1.04
2.15

10"
12"
14"
16"
18"
20"
24ll
30"
36"

48"
5 4lI

680
756
832
907

1058
1210
1512
1814
2268
2419
2722
2722

63
70
77
84
98

112
140
168
210
672
756
756

510
567
624
680
794
907

1134
1361
1701
1814
2041
2041

1398
1972
2424
3164
3994
4914
7564

11982
17426
23795
30864
39849

839
1183
1454
1898
2396
2948
4538
7189

10456
14277
18518
23909

699
986

1212
1582
1997
2457

2796
3944
4848
6328
7988
9828

3782 15128
5991 23964
8713 34852

11897 47540
15432 61728
19924 79698

3215
4535
5575
7277
9186

11302
17397
27558
40080
54728
70987
91653

6A4
10.10
13.66
19A4
28.64
40.28
77A8

147.28
267.76

569.00
734.70

4.29
6.73
911

12 46
19.09
26.85
51.65
98.19

178.51

60"
66"
72ll

3024
3326
3629

840
924

1008

2268
2495
2722

49280
59937
71355

29568
35962
4281.3

24640 98561 113345
29969 119875 137856
35677 142709 164115

1010
1351
1754

VALVE
SIZE

A

CLASS 150 150PSI RATING
PRELOAD = T, + T2

T2
STATIC PRESSURETORQUE

PER PSI Ts

316 M.S. REXNORD
24l ~

30"
36"
42"
48tt
541 ~

1210
1512
1663

1966
2268
2268

112
140
154

546
630
630

907
1134
1247

'1474
1701
1701

7194
12038
17420

23846
31069
39849

4316
7223

10452

14308
18642
23909

3597
6019
87'I 0

11923
15535
19924

14388
24076
34840
47693
62139
79698

16546
27687
40066

54847
71460
91653

58.96
123.32
196.28

317.50
477.30
612.12

39.31
82.21

130.85

60"
66ll
72ll

2268
3024
3024

630
840
840

1701
2268
2268

49484
59937
71661

29691
35962
42997

24742
29969
35830

98969 113814
119875 137856
143322 164820

760.30
1228
1468

Valve torque (opening) = T, +T2+ (T~ x PSIQP)

Valve torque (closing, on.off service) = T, + T, +
(.5Ts x PSIBP)

Valve torque (closing, modulating service) = T, + T„+
(T~ x PSIZP)

When the operating DP used for actuator selection is ~

less than the maximum line pressure, contact the
factory for sizing torque.

NOTES:

T, (A) Asbestos jam packing
(8) Teflon Chevron packing
(C) Graphite jam packing

T. (E) Urethane seal ring with rubber back-up ring,
Metal seal ring with and without rubber back-
up ring, Kel-F seal ring without rubber back-up
ring

(F) Teflon seal ring; with Teflon back.up ring,
Tefzel seal ring with rubber back.up ring

(G) Teflon seal ring with rubber back.up ring
(H) Metal seal ring with Teflon insert and rubber

back up ring
(J) Metal seal ring with urethane, Tefzel, or Kel-F

insert and rubber back.up ring
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VALVE
SIZE

A

TABLE 2

, 'CLASS 300 STD. RATING

PRELOAD TORQUE = T, + Tz

T2

STATIC PRESSURE TORCUE
PER PSI Ts

316 M.S. REXNORD

~ ~ ~ ~ ~ ~

3ll

4ll
6ll
Bll

10"
12"
14"

1 Bl~

1
Bll

20"

24"
30"
36"

42ll
48l ~

302

338
454
756

907
1058
1210

1361
1512
1814

2117
2722
3024

3175
4234

28

31
42
70

84
08

112

126
140
168

196
252
280

294
392

227

254
340
567

680
794
907

1021
1134
1361

1588
2041
2268

2381
3175

~ ~

122

218
510
750

1242
1722
2160

3164
3602
4534

7564
10764
16278

23402
30383

73

131
306
450

745
1063
1296

1898
2161
2720

4538
6458
9767

14041
18230

61

109
255
375

621
886

1080

1582
1801
2267

3782
5382
8139

11701
15192

0

244

436
1020
1500

2484
3544
4321

6328
7204
9068

15128
21528
32556

46804
60766

280

501
1173
1725

2857
4076
4968

7277
8285

10428

17397
24757
37439

53825
69881

0.24

0.50
1.56
3.84

7.64
12.70
17.71

29.16
36.90
55.74

108.46
198.45
333.46

503.30
871.40

.16

.33
1.04
2.56

5.09
8.47

11.81

19 44
24.60
37.16

72.31
1 32.30
222.31

.

Valve torque (opening) = T, + Tz + (T~ x PSIQP)

Valve torque (closing, on-off service) = T, + T, +
(.5T~ x PSIQP)

Valve torque (closing, modulating service) = T, + T, +

(Ts x PSIQP)

When the operating hP used for actuator selection is

less than the maximum line pressure, contact the
factory for sizing torque.

NOTES:

T, (A) Asbestos jam packing
(8) Teflon Chevron packing
(C) Graphite jam packing

Tz (E) Urethane seal ring with rubber back.up ring,
Metal seal ring with and without rubber back-
up ring, Kel-F seal ring without rubber back-up
ring

(F) Teflon seal ring with Teflon back-up ring,
Tefzel seal ring with rubber back-up ring

(G) Teflon seal ring with rubber back-up ring
(H) Metal seal ring with Teflon ir sert and rubber

back-up ring
(J) Metal seal ring with urethane, Tefzel, or Kel ~ F

insert and rubber back-up ring
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VALVE
SIZE

TABLE 3
TORQUE VALUES (In. Lbs.)

Class 600 Posi-Seal Trunnion Valves

PRELOAD TORQUE (T, + T2) STATIC PRESSURE TORQUE
PFR PSI Ts

3ll
4Il

6ll

Bll

1
Pll

12"

14"
16"
18"

2Pll
24ll

A

342
454
529

907
1058
1361

1512
1814
2117

2419
2722
P

zzOp
UJ ~
ca <~O
~ CL

~ C

257
340
397

680
794

1021

1134
1361
1588

1814
2041

95
'I 26
147

252
294
378

420
504
588

672
756

120
202
496

770
1234
1724

2078
2698
3532

4238
6422

72
121
298

462
750

1034

1247
1619
2119

2543
3853

z
~ O
CQ O
~ CQ

~m
~ M

<o
I-
O

H

zzQp
uj

I

~o
<a0

276
465

1141

1771
2838
3965

4779
6205

8124'747,

14770

316 M.S.

0.27
0.63
1.77

4.73
8.85

15.89

21.29
33.17
50.64

6e.4
118.4

REXNORD

.18

.42
1.18

3.15
5.9

10.59

14.19
22.11
33.76

46.27
78.93

Valve torque (opening) = T, + T„+ (T, x PSIQP)

Valve torque (closing, on.off service) T, + T~ +
(.5is x PSIQP)

Valve torque (closing, modulating service) ~ T, + T~ +
(T~,x PSIQP)

IVhen the operating hP used for actuator selection is
less than the maximum line pressure, contact the
factory for sizing torque.

NOTES:

T, (A) Asbestos jam packing
(8) Teflon Chevron packing —available on appli-

cation
(C) Graphite jam packing
(D) Teflon jam packing

Tz (E) Metal seal ring with and without rubber back-
up ring, Kel-F ring without rubber back-up ring

(F) Tefzel seal ring with rubber back-up ring
(G) Not available on Class 600

~ (H) Metal seal ring with Teflon insert and rubber
back-up ring —available on application

(J) Metal seal ring with Tefzel, or Kel-F insert and
rubber back-up ring (urethane insert available
on application)
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TOTALVALVEOPERATING HYDRODYNAMIC
TORQUE

As previously stated the valve opening torque is

normally the highest operating torque used for
actuator sizing and selection. However, when
flowing liquids, it. is often necessary to calculate
the total valve operating hydrodynamic torque.

The location of the maximum valve operating
torque (total hydrodynamic torque) is a result of
the overall system operating parameters in addition
to the particular valve disc hydrodynamic torque
characteristics.

When the ratio of thru valve LP to total system
hP is high, generally above 25 percent, the maxi-
mum valve operating hydrodynamic torque will
occur at or about the 70'o 80'isc open posi-
tion. As this ratio decreases, the maximum valve
operating hydrodynamic torque will shift towards
the 0'hut position.

To allow for system operating variables it is recom-
mended that the maximum valve operating hydro-
dynamic torque (TH~) be calculated at both the
20'nd 80'isc open position.

The total valve operating hydrodynamic torque
(THr) is the summation of three torque compo-
nents. These components are: stern packing torque
(T, ), stem bearing friction torque (static pressure
torque per PSIDP) and the disc hydrodynamic lift
and drag torque. Torque values T, and T, can be
found in Tables 1 thru 3.

Extensive flow testing has shown that the disc
hydrodynamic lift and drag torque values are
dependent upon the direction of flow entering the
valve. With liquid flow entering the valve from the
stem side, with the seal retaining downstream, the
disc hydrodynamic lift and drag torque value (T,)
is positive to the full open position acting to return
the disc to the shut position. Liquid flow entering
the valve from the opposite direction, seal retaining
ring up stream, results in a torque value that
remains positive, acting to return the disc to the
shut position, until about the 70'o 80'pen
position. At this point the torque value becomes
negative acting to move the disc to the full open
position. With liquid flow in this direction the disc
hydrodynamic lift and drag torque values are
designated as T,. Also, test results have shown that
flowing liquids in this (direction results in a positive
Ts value that is lower than the corresponding T„
value with flow in opposite direction.

1
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RETAINING RING DOWNSTREAM

TH~ = T3 + (T35P) + (T4DP) Gr

RETAINING RING UPSTREAM

TH~ =

TH~ =

T
1

T 3

hP =

G, =

G

Tt + (T3 DP) + (Ts QP) Gi
Total valve operating hydrodynamic torque,
in. lbs.

Packing torque, in. lbs. Tables 1, 2, and 3.

Stern bearing friction torque (static pres-
sure torque per PSIQP), in. lbs. Tables 1, 2,
and 3.

Disc hydrodynamic liftand drag torque, in.
lbs. Flow into valve with retaining ring
downstream.

Disc hydrodynamic lift and drag torque, in.
lbs. Flow into valve with retaining ring
upstream.
D ifferential pressure across valve, PS I.

Specific gravity of liquid at flowing,condi-
tions.

Density of liquid at flowing conditions
Density of water at standard conditions

By utilizing torque values T, and T3 along with
the applicable disc hydrodynamic lift and drag
torque values T„or Ts listed in Tables 4 thru 9,
the total valve operating hydrodynamic torque
TH~ can be calculated as follows:

EXAMPLE:

A. Requirement —What is the total valve hydro-
dynamic torque of a 12" CLASS 150 Valve with
teflon chevron packing, flowing water into the

'alvefrom the stem side (retaining ring down-
stream) with a calculated b,P of 10 PSI at the

70'isc

open position.

B. Solution-
THr Ti + (T35P) 'T46P) Gi

THT = 70+ [10.10 (10)) -: [692 (10)j 1 0

TH~ = 7091 in. lbs.

Where-
T, = 70 in. lbs.

T3 = 10.10 in. lbs.

T4 = 692

G, =1.0

MOTE:

When in doubt about the maximum ',otal valve
nydrodynamic torque for a specific application, con-
tact Posi-Seal factory for assistance.
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TABLE 4

CLASS 150 STD RATING

Page 7 Of "I2

VALVE

Seal Retaining Ring Downstream
Disc Hydrodynamic Lift& 'Drag Torque —T,

T4 VS. OPEN POSITION
SI ZE

37 ~

477

Gl7

877

10

0

20'

0

0

0
2

10

30'

t ~ ~ ~ ~ ~

0

1

4
16

40'

30

3
13
49

60'

2/
100

70'2

51
185

80'

90'::::::I::::::::::::::

6; 5

16 '3
63 '6

247 I 2C4
10"
1

277

14"

6
15
23

16
38
59

26
60
94

49
114
177

79
182
283

161 300
372 692
579, 1075

399: 330
0 ~ 7

1430; 1182 i

16"
1
Sll

20"

41
64
99

102
162
248

164
259
397

307
486
746

492
778

1193

1 005 ! 1876
1590

I
2953

2437 ..4526
2482

'927,

6019;

2052 !

3245
4974

24"
30"
36"

214
462

1884

536
1156
4710

858
1850
7537

1610
3469

14132

2576
5551

22611

5259 i
11334

'6164

9768 12988 10734 ,

2i0<9 27988 ~ 23131 !

85734 113998 '4213 .

42II
48"
547 ~

60"
66"
72"

2281
3265
7388

11165
14942
22995

5704 9127
8164 13063

18471 29554
27913 44661
37355 59768
57488 91981

17114
24494
55414
83740

112066
172465

27383
39191
88662

133984
179306
275945

55908 103829 I 138058
~

114098 ~

S0016 148602 ( 197592, 163299
"

181020 ] 33G180 I 447008 369428
273552 508026 ! 675506 558270 !

366084 679972 I 904005 747112,
563388 10<6293 ! 1391225 '149773

CLASS 150 150 PSI RATING
24"
30'
36"

255
857

1792

637
2144
4480

1020
3431
7168

1913
6433

13441

3061
10293
21505

6251 11609 15437 12758
I

21016 39030 51897, 42890;
43907 ! 81542 I 108424 89607;

!! ~
7
g, 1

4pll
48"
54I t

3202
5412
7336

8007
13530
18341

'I 2811
21648
29346

24021
40591
55025

38434
64946
88040

78469
132598
179749

145729 ,'193772,.'60142
246254 I 327437; 270609

'33820'43S71 '66S35
60"
66"
72"

14428
14942
30124

36072 57715
37355 59768
75310 120496

108216
112066
225931

173146
179306
361490

366084 G79872; 904005; 747112
738044 1370653 -'822516 1506212

1. T, values = in. lbs. per PSIQP.

All T„values are positive acting to shut valve.

3. CT, values~(1.
l.
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TABLE 5

CLASS 150 STD. RATING

page 8 of 12

VALVE

Seal Retaining Ring Upstream
Disc Hydrodynamic Lift 5 Drag Torque —T,

Ts 'VS. DISC OPEN POSITION

SI ZE

~ ~ t
3ll

10' 20'0' 40'
~ ~ ~ ~

0

50'

~

0

60'70'0"
90'll

6tt
Sll

0
1

4

0
2
8

0
2

10

1

5
18

3
l3
46

19
69

0
-1
-4

-13
-56 I

-204I
10"
12"
14"
16"
18"
20"
24ll
30ll
36ll

3
7

11

i 20
32
49

107
231
942

6
15
23

41
64
99

214
462

1884

13
30
47

82
129
198
429
925

3768

16
38
59

102
162
248
536

1156
4710

.29
68

106

184
292
447
966

2081
8479

75
175
271

471
746

1144
2468
5320

21669

,'12
i 258
402

i 697
1103
1691
3649
7864

32032

-6 ! -330
-15 i -76
-23 } -118
-41 I -205

64 i 3245i
-99 I -4974

-214 -10734
-462 -23131

-1884 -94213
42"
48"
54"

1140
1632
3694

2281
3265
7388

4563
6531

14777

5704
8164

18471

10268
14696
33248

26242 38793
37558 55521
84968 I 125605

-2281 ' 114098
-3265 -163299
-73S8 -369428',

60"
66"
72ll

5583
7471

11497

11165
14942
22995

22330
Z9SS4
45990

27913
37355
574SS

50244 128402 189812 I-11165 I -558270
67240 171835 254018 :-14942 I -747112

103479 264447 390922 I-22995 '-1149773
CLASS 150 150 PSI RATING

24ll
30"
36"
42ll
48ll
54I I

127
428
896

1601
2706
3668

255
857

1792
3202
5412
7336

510
1715
3584
6405

10824
14673

637
2144
44S0
8007

13530
18341

1148 293< 4337 -255
3860 9864 14582 I -857
8064 20609 " 30466 -1792

36832 54448, 320
62240

i
92007 I 5412

84372; 124724 I -7336
24354
33015

14412 I ti

-127 5S!
-42890l

-89607'160142i

-270609i
-366835I

60"
66"
72"

7214
7471

15062

14428
14942
30124

28857
29884
60248

36072
37355
75310

64929
67240

135559

165931 I 245290 -14428
171835 '5~018 I-i4942
346428 ,'512112 I-30124

-721442
-747112

-1506212

1. Ts values = in. lbs. per PSIDP.

2. Except as noted, Ts values are positive acting to
shut valve.

3. Negative (-) T, values act to move the disc to tli
full open (90') position.

4. OT, values~(1.
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TABLE 6

CLASS 300 STD RATING

page 9 of 12

E OW

Seal Retaining Ring Downstream
Disc Hydrodynamic Lift5 Drag Torque —T,

VALVE
SIZE 10'0'0'0'0'0'4 VS. DISC OPEN POSITION

70'0'0'II

~ ~

0
~ ~ ~ ~

0
~ ~ 0 ~ ~

0
~ ~ ~

0
~ ~

1

~ ~ ~ ~ ~ ~

2
~ ~ ~ ~ ~

5 6

'
t
'

~:
J

4I~

6"
81/

1
Qlt

1
/II

14"

16"
1
8ll

20"

24"
30"
36II

42lt
48"

0
1

3
7
9

12
28
30

41
143
287

686
429

0

4

9
21
29

37
86
92

125
429
861

2058
1287

1

4
7

17
39
54

68
158
169

229
788

1579

3773
2359

'I

8
11

27
60
84

105
244
261

355
1218
2441

5381
3646

3
13
21

51
113
158

198
460
493

668
2292
4596

10976
6864

6
27
34

81
179
250

313
726
778

1054
3618
7253

17321
10832

12
51
57

136
298
416

520
1208
1294

1754
6019

12065

28812
18018

16
68
81

192
422
590

737
1711
1833

2485
8526

17092

40817
25526

13
56
68

162
355
495

620
1438
1540

2088
7165

14363

34300
21451

e

T, values= in. lbs. per PSIBP.

2. All T4 values are positive acting to shut valve.

3. 0 T4 values (1.



TABLE 7

CLASS 300 STD RATING

rl QW

Seal Retaining Ring Upstream
Disc Hydrodynamic Lift& Drag Torque —Ts

VALVE
Sl ZE 10'0'0'0'0'0's VS'ISC OPEN POSITiON '0'0'00

~ ~ ~ ~

3lt

4Il
6ll
8ll

~ ~

0

0
0
0

~ ~

0

0
1

1

I ~

0

0
2
2

~ ~ ~

0

0
2
6

~ OO ~ ~

0

1

5
8

0 ~ 0 ~

1

3
13
10

~ ~ ~

1

4
19

1 4

~ ~

0

0
-1

-22

-13
-56
-68

10"
1 2l ~

14"

16"
18"
20"

24"
3 Ql I

36"

42"
48"

1

3
4

6
14
15

20
71

143

343
214

3
7
9

12
28
30

41
143
287

686
429

6
14
19

24
57
61

83
286
574

1372
858

14
31

55
129
138

187
644

1292

3087
1930

21
46
64

80
187
200

271
931

1867

4459
2788

24
53
74

93
215
231

313
1074
2154

5145
3217

11

24
34

43
100
107

146
501

1005

2401
,1501

-53
-117
-163

-204
-474
-508

-689
-2364
-4739

-11319
-7078

-162
-355
-495

-620
-1438
-1540

-2088
-7165

-14363

-34300
-21451

1. Ts values = in. lbs. per PSIb,P.

2. Except as noted, Ts values are positive acting to
shut valve.

3. Minus Ts values are negative and act to move the
disc to the full open'(90') position.

4. 0 T, values ~ ( 1.
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TA8LE

CLASS 600 STD RATING

page 11 of 12

E OW

Seal Retaining Ring Downstream
Disc Hydrodynamic Lift5 Drag Torque —T4

VALVE
SIZE

3(l
4lI

6II

10'

0
0

20'0'
0
3

400

0
0
3

~
50'0'4

VS. DISC OPEN POSITION

70'

0
13

80'

0
14

90'

0
13

8II
10"
1

2II

1
4II

16"
1 8M

20"
241 I

2
2
3

3
12

5
13
20

27
36
43

41
166

10
26
38

52
69
83

79
319

12
29
43

58
78
93

88
357

19
48
71

96
128
153

146
587

27
67
99

133
178
214

203
818

44
107
158

213
284
341

324
1303

46
112
165

223
298
358

340
1367

43
105
154

208
279
334

317
1278

1. T, values = in. lbs. per PSlb,P.

2. All T4 values are positive acting to shut valve.

3. OT, values~(1.
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TABLE 9

CLASS 600 STD RATING

rLOVER

Seal Retaining Ring Upstream
Disc Hydrodynamic I ift 5 Drag Torque —Ts

VALVE
SIZE 10'0'0'0'0'0's VS. DISC OPEN POSITION

70'0'0'II

4II

II

0
0
0

0
0
0

0
0
1

0
0
2

0
0
3

0
0
2

0
0
0

0
0

-6

0
0

-13

8 II

10"
12"

14"
16"
1
8II

0
1

1

2
2
3

2
5
7

10
13
16

3
9

13

18
25
30

8
21
30

41
55
66

9
24
35

48
64
76

9
22
32

43
58
70

2
-6

9

-12
-',16

20

-22
-55
-82

-110
-147
-177

-43
-105
-154

-208
-279
-334

20"
24"

3
12

15
63

28
115

63
255

73
293

66
268

-'19
—,76

-168
-677

-317
-1278

'1. T, values ~ in. lbs. per PSIEP.

2. Except as noted, Ts values are positive acting to
shut valve.

3. Negative (-) T, values act to move the disc to the
full open (90') position.

4. OTs values~(1.

III. AERODYNAIIIIICTORQUE

Aerodynamic torque resulting from gaseous flow is
negligible compared 'to Hydrodynamic torque.
However, when in doubt concerning a specific
application (such as applications where flow is
sonic) consult the factory.

IV. ACTUATOR SELECTION

Published torque values for Posi-Seal Trunnion
Valves include adequate safety factors and do not
require additional safety factors. However, when
sizing actuators for specific valve torque require-
ments, decrease the published actuator torques by
at least 1%6 to allow for a realistic safety factor
in actuator selection. When selecting fail'safe
actuators, the torque output at the end oi the
actuator spring stroke (ending torque) 'should be
used as the basis fori actuator selection. When the
operating dP used for actuator selection is less
than maximum line pressure, contact the factory
for sizing torque.


