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March 29, 1977
1¥ Circulax No. 77-05

LIQUL1D ENTRAPMENT IN VALVE BORNETS
Description of Clrcumstances:

Gate valves of the type known variously as "split-disc," "flexible~
disc," "double-disc," etc., have the ability to seal against both

seats at the same time, Under certain circumstances, when the valve

is closed, fluld may be entrapped In the bonnet cavity, and 1f the
system is then heated up, an uncontrollable rise in pressure in the
bonnet cavity can result. The reported effects of such pressure

rise range from inability to open the valve, to structural failures

of internal parts of the valve or failure of the bonnet. - Consequences
range from loss of function of the valve to fluid escape and injury

to personnel or damage to equipment in the vicinity. Detailed informa-
tion is prcvided in the enclosure to this Circular.

Discussion:

The most common cause of fluid entrapment is the orientation of the
valve. Valves in pipelines where the pipe is horizontal, or nearly so,
and where the valve stem is oriented horizontal or below the horizontal,
result in the bonnet cavity constituting a drain pocket, where process .
fluid or condensate can collect while the valve is open. If the valve
is then closed the drainage is trapped. Valves are often installed in
such positions for reasons of space or operator convenience. Other
pipe and valve orientations can, under credible circumstances, entrap
fluid. An example is filling a scction of steam line for hydrostatic
test, draining the line without opening that particular valve, and then
heating up the line with steam. A variety of actions have been proposed
to alleviate the situation, including internal pressure relief passages,
external pressure relief paths, and specially controlled procedures.

You may wish to alert your engineering, operating and maintenance
staff to the existence and characteristics of the subject of this
circular, and to consider the potential of your facility(s) for

an occurrence of the type described. Depending on circumstances,



¥ ¢
o
-

. e

IE Circular No, 77-05 -2 - March 29, 1977

any of a variety of corrective actions may be appropriate. Most
of these are, however, susceptible to human error, and, to the
extent feasible, we suggest that valves be installed to minimize
the potential for entrapment of fluid.

Enclosure:

Ltr., dtd 2/24/76, P. H. Awtrey,
Walworth Co., to J. H. Tillou,
NRC, w/encl.



fmenprove

+
"e.

1'/"‘

.

.\"“

N
AT

"~ 1] £ 1 '
Walwarth Company ' ' ' ,!'0 Box 1103, 1uil Asenus.
L " Greonsbarg, Pa. 15601
(412) £37-6100

'_,,_-..‘

Fohrulr 244 TVJGI
¢ J ‘\ w‘(/\

| il
Yoty
United States Huclear Requlatory Commission Sig
Region 1V | ol
611 Ryan Plaza Drive i~/
Arlington, Texas 76012 /5;/
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Attention: Mr. J. H. Tillou, Chief i

Licensce Contractor and
Vendor Inspection Program

Subject: PoLeniial Overpressurization Problem in Valves
Gentlenen:
Confirming ounr conversation of January 30, 1975,

this is to advise you of the possibility of an overvressuriza-
tion that can happen in gate valves having flexible wedges or

“having discs with equivalent flexibility. Our particular

concern is with Pressure Seal steel gate valves having flexible
wedges and being installed with the stems horizontal or oe]ow
horizontal. : : o : '

Overpressurization is covered in the folicwing
agraphs from ANSI B31.1-1973, "Power Piping" and ANSI

par I
B16.5~1973, "Steel Pipe Flanges, Flanged Valves, and Fittings":

AN%I B31.1-1973, Page 26, Paragraph 107.1C

Where Tiquid trappad in a closed valve con be
heated, an uncontroliable rice in pressure cur cesult.
(An cxample might b2 a Nexisle wedoe pate valve, in.
stalled with the stemy horizontal, having heat from
warm-up of the pipeline applied to lu‘m(' flom the
testing, cleaning, or condeised Tuid, such Hguid beine s
entrapped in the bonnet section of the closed valve ),
Where such s condition is vossible, the Owner s}r\[l‘
provide means in desizninstullation, and/or op‘uno.u .
to assure that the pressuee in the vahve shall not ex-
ceed that allowed by the Codz for the attained teme.
pewtuic. Any resuitieg penstoation of the pressure
wall of the valve shali trest the requirements of this

' Code and ol drzins in ANSI B16.S.

“
t.

Valvas for industry . . . everywhere
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United States Hucleer 4 Februarvy 24, 1970
Regulatory Commission

ANST B16.5-1973, Page 2, Paragraph 2.2.3:

Fluid Thermal Expanzion. Certiain double
scated valve designs are capable of sealing simultane.
ously 'uﬂms[ pressure differential frem the bonnet
scction to the adjacent pipe in both directions. In
such valves, a circumistance in which the bonnet
section is Nilled with liquid and subjected to an in-

= o © crease in temperaiure can result in build up of pres-
sure in the bonnet section. Where such a condition” !
is possible, it .is the responsibility of the purchasar
to provide or require to o2 provided means.in de-
sign, instellation, andfor operation to assure that
the pressute in the valve shall not exceed that al-
" lowed by this stendard for the attained temperature,

For dwscu¢31on° and recommendations concerning
thas subject in the aforementioned valves, please raefer to
attached Exnibits A, B, and C.

We shall be available for discussion relating to
~this or shall try to supply further data if desired.

Yours very truly,

N

P, H. Awtf;y
Chicef Engincer

PHA:nic
. Attachments

- e g CB: At r

. P.S. Concerning the Exhibit A (BUSHIPS Instruction 9480.72
with its Enclosure 1), attached copies of letters of
February 2 and 12 give permission to release this
fnformation. ‘




Ao Walworth Company , . 2 PO, Do 103, adi hovace
S ' ' . Groznaturg, P, 13501

Febyuary 2, 1876

Naval Ships Engineering Cénter
“ Center building ‘ R

Prince Georges Center '

Hyattsville, feryland 20732

Attention: HMr. J. F., Conway, Section licad

J . ) A " (] o ar’ oAb
. ' " " :
L N

. (412) 031-C150

Valves, Piping Cemponents, and Structural Analysis Secti:

_ . Code 6153L .
Subject:  BUSHIPS 9480.72
| . Ser 64845-208
. 18 June 1964 ; _ . “

Gentlemen: - : E ' .

-

United States Nuclecar Regulatoury Commission for .use

« dealing witih a possible proo]e in overpressurization of

v

' Confirming our telephone conversation of today,
permission is requested for Walworth Company to submit & copy
- of the subject letter, along with its Enclosure 1, to the

valves.

I have discussed with the Hluclear Regulatory Commission

“the possiblity of overpressurization, eqpec1a11y as

'subaect documpnt s bac“ground maLerial.
"

. . ’

: - . &/%// o ")
. ' : o P Aw }ay
‘ . Chief Engfineer

PHA:m¢

Valves for Industey . . everyvehere

) applied to
- steel gate valves heving flexible wedges and mounted with the

“stem horizontal ov below horizontal, and would like to use the

If-you have any later material that rou]d lTikewise
be used on this subject, I would appreciate receiving a copy
~and permission to submit it to.the Rucicar Rogu]atory Commission.

Yours very truly,

| it &
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. 4 - Ser 287
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Walworth Coupany O
P.0. Box 1103 luff Avenue

Creensbury, Pemmsylvania 15601

Attention Mr. P.UH. Aulrey
Chiecf Engineer

Centlcwen:

Enclosure (1) is forwarded in response to }our lettey of 2 February 1976

- Pleagse be advised thar the Naval Ship Engineering-Center hsos no objection
to enclosure (1) bedng used in any articles or conversations pertaiuing
to the subjeact in gquestion.

As a patter of idnformation, the pertinent contents of enclosure (1) now,
and have for some years, formed an integral part of the overall steam
pysten design requirements for Ships of the United States Navy.

Sincerely yours,

Cirenn ' iag . e . .. .-
. . . .

AN ~~.'. R
. By Cloooloay ol €oonisnlor
| ~ 4 : : Neval Shlp Enginewing Coater
Encl: (1) BUSHIPS INST 9480.72
; Sexr 648A5-30 of 18 June 1964
t
v ‘
PLOPL.C—PLRFOMIAANCE a—— PRIDL-MHIOF LSS IONALISM
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From: Chicf, Pur
Tos Diastributy

Subj: Surface sh
Encl: (1) Requi
‘ ' Gate
valves prior to t

2 Scope.  This

fau’ of' Shipg . T
on List . I ) .

1p stean systen valves, operation of prior to varsup

rewents and Procedures fop Fodifying Stean Sysbem Flexible
Valves ag Hecegnary Y ¢ - '
he adaission of stean to the system. . oo T

instructien applies to all valves in surface ship stean . s

.'nystcms of non~nuclear censbruction, IY does not apply (o nuelear con-

cshruction for whi
adthough specific
from overpressuri
velves due to the
shean gystems pri

3. ackrround,

Eate vadves in st
the closcd pesiti

el secarate vequirenents have been developed, Further, .
ally directed at proteeving fleable wedge gpate volves

zation, thig dinstruction epplics to all steanm system .
desiregbility of resoving viater [rom all conponents of -
or to warmape : .

. . - . -

[

The rarpose and prirary reason for using {lexible wedpa
cam systess s to prevent binding vhen the valve 4 in :
one I high pressure-tenperature gteam systens, pipe

line cxpenaicn produces stresses and straing at valve cond conneetions which

tend Lo slizhtly
this distoriion w
and, in effech, ¢
wedges, vwhich are
other by an integ
£lex as the vaive
Because of this v
B8 L) exible weds

o

.
!
{
cistort the valve bodirs. If the valve wedge is solid, i
313 cause the valve seabs to press againat the solid wedge, !
lamp Lhe valve shub, Tais problea is overcome with flexible !
best described as two circwlar plates nitachaed o esch i.
rel hub in the cenber, With this design, the wedse will : l
seabs press against it, thug avoeliding the clamping effect.
ery desirable eharacteristic, the Havy, as weldl s industry, 1
¢ gate valves in all cases where Piping system expansion T

. ia'a significant facbor, . . el

Le  Dlse
ebeam on the Yine

Vanual. Unfortunatcly, it is rot adequately covered sn these documents ang

\

there have been instances where the preparziory sction of dradinage prdor
Lo steum acnission has beon ovarloolked, As a result, several is0lated
instances of serious daraze to Llexible wedie gabe valves fuve occurred, It

43 characteriatic

-neck 88 o resuvls of systes hydrostatic tests, op Ly other neans, while the
valve I5 closad, 4t° will Le trapped, regurdless of the valve position, unless
7 the valve 43 either opened or the water iu rezaved via a body neck dradn, .
©Brdefly, this 43 dus to the fact that with the valve 4n the closed poaition

ssion.  The neceasity of draining steanm systens prior to puttine
e P 2 I oy

is mentioned in several docunent s, ineluding the BUSHITS - }

of flexible wedge pate valves that il voter enters the body

.
.
4 . . . . .
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and ¢ differential precssure arross Lhe wedge, the upstrean side of the woedgo
Will nove away from ilg ae 1h, peralbiing waler to enter the noeck cavlty.

Aa the hodj neck ana line pressuiics ((HL}J”(, cr Lhe pregsure is vapidly
taken off the line, the upstream side of the vedpge moves baclt egainst its

seab, q<a1xng ofI the body neck and Lrhypknp any waver whaich mey have entered,

If bhc vater reraing in the body nfck ay it will if the valve is

not ‘cycled or drained, end steaa iz pub on th ling, 2 gituaticn clogely
allied to a boiloer wi Umuu A-ralicel valve exists, The stean naving a )n{JhLl‘
pressure than the water in the neck, will prevent yvater from flowing into the
line even thouch the upstresm face moves awzy fron the seat. As Lhe ‘
pressure cqualizes, the cycle whereby the water initially became trapped,
ds repaated, only this time the water has been heabed by the lﬂLOmng 9(ﬂ@@

-The stezm, however, continues to heat the water due to its close
proximity end higher ttwper'tu“~, causing the water to expand. If the inifial

guantity of trappsd water was large Proubl the Lﬂlt)dl temperature diffep- '
entinl between sbhesn and water gr cut cnough end the heating cyele continuea
“uninterrupted, the end result is predicbable xhe wabter pressure will build

up, due to the water!s expansion being hcsvr\ctcd, unvil either the body
neck raptures, the bonnet Lifts off, or the scat rings collapse,

It should be noted that this phencmena has been proven by caleula—
tions and controlled tests, during which a pressure was generated in the

LR
bo\y neck equal to ten times that which existed in the lice. - As  far as actual
imstallations ore concert ed, there are only two lnown cases wheore this ovepe

e

pressurization hes resulted in damage on non-nuclear surface ships and bLoth
occuryances vould have been avomdcd Thad propex vapmup procedures been enployeds

. . . ., -

p—r . )

-
3

&. Warmuo Procedures. The following steps should be incorporated
into nll var“tlny procedures covering wermup of sbeanm systems, il they
alresdy do not form a paxb of same, prior to tho admission of steans '

(v C«YCJG all Yzﬂ\fcs to ascertain that the ey arce operational arml
leave them 4n. the open position for aL lCdot onc mdnute to pernit drainage
of the body into the linc, . vt . ¥

» [ .
LY

(2) Open a1l drains on the valve bodics and in the Jinc, .

: (3) Lina up the system for warmup in accoraance with exdsting
operating procedurss.  ALL valve body draing should be loft opcn to permit

drainage throughout the varmup periods  Obher draing uhould oc positioned
for cxisting inatiuctions.

. . 3
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»,1 B ; . ' . . 7.\“, DA JIA R v Ve (A
. : 1"& . (28 Juba 1904,
) Procesd h waviap opr'“ {jcm and clos@alve body draing

ot

at the conclusion of Lomcs .
Y. )'f»r'i"bw atio: 1:-. Va'.)’fc') Jocated "H* thelr stens below the

hophizontal may regiire codificstion an .ull’lOn 1.0 the “fcd'lgwcntﬂ of
pection Hea to protect thow from tne possibility of overpressur fration.
The nodsfications and how to porfonmn Lhrv on peccasary, are given in
enclosuye (1), Th vese podifications arc gc:u'ralljf copnidered to be outside

. ghe norma). capabilitics of & chipts foree. Thereford, they should be .
pcrIOTMOd during a shipyard or tender avadloLiliby periods ‘

Co ﬂU‘”?T” Qanunl, The Mamval will be revised with repaxrd to stean

__‘¢_

- gysbom dr«ina~c nd bite subject will be cong sderanly wrnplifiede

6. Effcetive Dinteo. This instruction becenes cffective upon recelipbe’

Iy gy s
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A plate ahouwld be attached In a consvicuova loeation reading

. . v e ra CPNT oSS o PO 03w IR FVE IR vy PR TGTI SVl
"T“T_S ‘.’4’\];‘.’}'; }1/‘.3 /\ ¢ A .'z,‘ l\();_,."_- Lo oweils W B BN S B o' (o Iy Nl.baglae 11. )\I.LIGU

- e YR OTS ISP LACEL )
Is J“;‘{OVJID “1‘\.’:“./ b‘n‘ub J.J- .[..) 11.41 Jus \(,-JL)
' N

ch g teges
l‘(.:l erini \I:.'\.J.g”

this nodification for Yene way' valves srill prevend over prci:urization
gince the hole provides o conistont vent Lo the u;mtr(z:‘;;n,pj.p.u'x;:‘ .lhu reaoon
_ for uolng this type of mwdification for these valves is to nindmize the
‘ nuwrbey of draing that st be snaballced. . . . .
For "wo vay" valvea, the drilled disce is wiacceptable since it would

provide a constant leakage nath through the valve whien closed, and stean
pressure ds applivd o the oide oppesite the drilled hole. Therefore,
ey yay! valves sibth the nten locebed below horigontal nust Le provided
vith body neck draing to atwosphere per thoe folqulng; . .

K l—r‘w"/‘i‘\‘_——"— . . . ) « .
e t

m.,—.j ‘ " .' . '.'_ . . -..

s
.

st . o

PR .
AP . . 1

,‘,',;{ 10 Abore ,75/ ‘z_ . .
g (Lléo’/f‘- e 7‘-! L5 6L G e L

a5y Soal /e on
:Cllp VWS Lot ” C:"cnf‘-:'ﬁrq
i o

‘I\IO‘.{‘RS — . ’ . T .. . . . . ‘e ‘ . . -

a¥ v
L

e Jocation of drain hole in the neck should be close to the top of the
neck BUT care should be taken not to drill through the pressure sesl regiole
Soueplace betvween 1/3 to 1/2 down from the top of the valve (looking at the
valve in the upright position) should avedd the reglon, but this should bo
checked before any drilling. Jce Fobe 9. . :

\Bth MIL-STD-271A |
3¢ Drain valves per MIL-V-2209%h. . . <

: .
- . .

L. Yelding per MIL-STD-278. Lt . _ . .
5. Drain holes into valve todies shall be in accordancoe with HIL-GTD~22 e

6o Drain valves and piping shall be 1/4M TIP3, flaterlals sane as gate valve bodye

9, Pre-heating and stress relieving (as neccssary) should be iIn accoxdance

o e Vhenm drilding hole, drdldd far enough off center to avold wedgoe guides
. dnside the valve body. ) '

8. Do careful to avold valve stem 1f hole da dridlled with thy valva
Cpartinlly assenbled, <, .

9. The vresisure -seal reglon 49 in the top of tho valve body and 35 evidenced
by & stainless stevl or stolllited overlayy hole shouvld ba drllled below thiy
overlay. . :

¢ ‘ \ . N o L] T ) 4 . Y .
' o . 4 s s ‘
. Enclosure (1) _ 0 ] . . X .

. f ¢ [ 649-4 ’

. . . . , .
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There s
to dencnnlirane the care that muqge
iy Yonet
wdning the corceet r/dlflcut O,

© Tho cino it peint L\ L conventional reducing station,

oeno other owuiaple, which followy,

v otaxen in aecendining whether g valvae

L or V4aoM vay and, further oo cave vivieh ust be takea in debore
. »

BUSHIPE NS GL0. TR

)8 J\mc 1907,

and which has been included

per the following

conlag from Lhe MWNt gides

. ‘ Ve\lv@ 12 1 2 throttle valve,
«  Snvolved,

1]

©0 normale I8 valves 1)

- ‘ o_npfmﬁ/-

and 12 is opened for opzrational ',urp)s g, then valve 13 v
fron the dovnstrean uldO and it must be '"oaiimd aceor dwg‘*

Vadlve 13 19 o one way valve WUT, it ds a
and 13 are ¢losced to l“QldLC valve 14,

z;mbc)\. ) . .
] "l o ‘
o - vema i N
- | = - .
' - ‘ 3 o
. ::-‘ o r\’ : ﬂ-—w-v’l‘h
. -5 B - P J
. g _ K18 14 (3
‘ - [ -
The valves to be considered here are 11, 12 and 3.
. Valva 11 43 a cne oy valve, when elosed, with steam pressure alvays ¢

globe or needle type, and iy not

one way valve in the ddvection

111 be pressurized

. With the wbove exanpdles ps a basia for antcrminu.g tha t,, e of valve,
the medifications to be applied are:
. C .' . & One vay ﬂ'le*(o - Drj_"l.ll & helo 5:;1 the upstrean side of ‘c..ho wedge,
,'.' ‘ 'b.4 Two o y valve ~ Install a drain to ;tzﬂ'!pxwr(’) in thcv valve necka
u: The )\:C’lﬁf hould bo drillcd pcr-‘ t,}w foUo».Lng sketehs '

han

|
_(_‘_TS\

|
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fhe Mtone way!t valves In 1‘,110’07(: siebell, by the (‘Ll'or(:n(-r.‘n‘lo.d . : ‘-)

efj_xxiti<):\,- are 5, 6, ‘7, 8, 10. , \ 4 .
v .’ . . . !
The Mo way' valves in the above sketch, by $ho aforenentioned
cfinition,are 3, A and 9. : . . . ‘ '
8 N
Tha "bordexrline v‘xlvc« depending upon a particular Instialleblon aro

zmd e ) : .
Daged on the above sketeh, the definition of a Yono way" valve can
¢ cxpanced as Yollows: . ‘

o, Any valve 1m*ﬂt_ d in 2 gystenm after any cross cornechions so

hat 1t cannot be pressurised from the direction that 3= oppousite to
srmal. Refer to valve numbers 5, 6, 7, 8, 10, . '

bs Tho last valve in any system. Refer to valve mmbers 5, 8, 10,
T e .)’my velve located befere any cross connechbions from other
patems,whleh has a valve located between 1t and tho ¢rons conmectio 1, S
that 16 can be isolabted 1if the crosswconnect valve g operts  For exumplo,
dves 1 oand 2 can be lsolated If the croza—gennect valve 9 ieo opencd,
coloping valves 3 and 4, respectively. Since these valves will only
zlige prezsure” Irom the boliler side normally pnd can be isolated Cyom

L

her systemg, they can te consildered az Yone way' wvalvese 3

Valves L end 2 therefore.are cxamples of the "order linst
508 mm{‘onc’\ abows, If valves 3 and/or L were not prasent, then velves

wd/or 2 nust be considered as Ybwo way" valves sinee it would not ba - L
533ble to 1solai,c-. thea if valve.9 were opetle L Coes
o-definition of o vay! valves can bc oypv"xucd as followas$ .

fo fmy valve which .rill' be preasurized® in the Arection ) '
posite tO normaal when cross connections are opened. Refer to valva -
wbers 3 and 4 whick are nommally pregourined” from the boiler slde bub :
closed and the crosg—con Jzoct valve is opan (v&lvu 9), LALJ wouvld bo ' -
éssurized from the opposite direchlone . :

-

be "Any volves in branch connecctiods vhiech dead Lo a cormon headew
2t canniot be isolated from the hesdeyr by clesure of a valve between them
1 the headere  Refer $o wvalve mimbera 3 and hs I boiler "B yvas socived -
A valves 2 and A closed Yo isolata it then valvoe 4 would be pressurizedr
o1 the boller YAY gsido, or oppouite u() norzsls  Hleversal of this precodurs
Ad then replace valve Ay wdth valvoe 3o
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Tiss Tho torms "pressurized”, "realize pressuace’, otcotera, rofor to Lo
b valves boing subjected to a prc sure ddfforeatial en in the clooed
)itjollo . - . ' .
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ICQUIRLNENTS AuD Poo

SYSTI

AL a pate valve s
net located cn Lhe valve
any water vhich might

and a drain is

ang

The wedge or disc ent

waber into the piping
Cthe quantity of vmber

wedpe pale valves o

ray

.y R AR VT RV S V]

e C O RuSHIYSTIET 9400, 72

[ R

’ o . ’ .i J\um J9>/, Ce
[ ‘ N ', .
N o ey ¥ ’
Conursls O NOD .&.L \ G e
. . ,
FLELTBLE C,m., VALYES RS V0850 T

installed vith its st

ne

*u Jocated belew the horizontol

thore 35 no neans of ronov—

exoept by ceyeling the valves .
cring the neock caviby will ("iu*)\f,(,c its volune of '
systen, where it can be drained off, nfortunately,

rarsved by this acticn ¢"o~ the necks of flexiblc

not prevent ovérpressurization becausce the s wedge .

i,
be located thinrein

only disnlaces about 20 pcvconb of the neck cavity, vhich is not enoughs, .
Additiorally, there is no way of preventing soe of the displaced water

from re-cntering the neck cavity as the wedge is moved to the closed .
pesition,

.

This being the case, mo

. wedge gate v~lvc¢ in
. ds to be guzranteed,
modifications are nce

dent uwpon whether a valve

pp
Coo

A fications nay be ncccssaxy Lo all inverted oy CL.
sheam systems; 1L prevention of ov~“; s;vrlz“uaoz , '

If thesze valves already have body
ary.

" neck dreing, no e ;
The requ;“ud hodiL‘CabLO“S in turmn, are dep en—~
is considered as DGLHP a "one way" or "*wo Vayh

ViedV G ) . . ]
] v . " v . [ » v - o2 d
Briefly, & one way velve is any valve which vwhen clos s Will reslize
" & pressure cliff“'r* l frun cnly one direction under any CDILluAOISu iny
volve whose locabtien falls oubside of thisz iimitation ig, of necessity, con-
gidered a two yay valvc, . . . : i .
There are valves vhich are borderline’cases and/or can fall into ei hcr :
category, y’rtlcular‘" if an error in line up is mrade. Therefore, the . S
. following sketches and more detailed des seripiion have been included (o . ’
clurifv what detersdnes whether a p¢rtic ar valve ds 'one way! or "Lwo wayh,
It should be noted uhaL theuo exawplca o not teke operator errop ©
Ldnto account, o . L
— h o ; @ =T N
l‘>( ~ 4 “~ T L] :17
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. 1o -Body necic "C" should ba vented to pipg run A" or "B that s ups tream
' by_scating or backscaling bypass valve, .

(2. Witn bypass valve in mid-position, bypass action will occur between "A"

- and "B" with "C" vented to both, _ ; .

3. Piping and oneration may vary with particular bypass valve used. Appro-

priate tay describing operation sihould be atiached in canspicuous location.

4. Piping may be installed below main valve. , :
- . ' a
L] * ) i
. ) 3 FODYFICATION OF A CLEXTBLE
o WEDGE GATE VALYE WHZ25 €10y
. . . BAY BE IN CITHER DIRZCTIGN
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