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March 29, 1977
1E Circular No. 77-05

LIQUID ENTRAPMENT IN VALVE BONNETS
Description of Circumstances:

Cate valves of the type known variously as "split-disc," "flexible-
disc," "double-disc," etc., have the ability to scal against bLoth
seats at the same time. Under certain circumstances, when the valve
is closed, fluid may be entrapped in the bonnet cavity, and if 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 interna. parts of the valve or failure of the bonnet. Consequences
range from 'oss of function of the valve to fluid escape and injury

to personnel or damage to equipment in the vicinity. Detailed informa-
tion is provided 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 1is 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 proccdures.

You may wish to alert your enginecering, 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,
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any of a varicety of corrective actions may be appropriate. Most
of these are, hov ver, susceptible to human error, and, to the
extent feasible, we supggest 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.
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Walhwaorth Company “ 10 Box 2103, V! Asenue
" Greansbiurg, Pa. 15001
(412) 837-6100

United States MNuclear Regulatory Commission
Region IV

611 Ryan Plaza Drive

Arlington, Texas 76C12

Attention: Mr, J. H. Tillou, Chief
Licensce Contracior and
Vendor Inspection Program

Subject: Potential Overpressurization Problem in Valves
Gentlenen:

Confirming our conversation of January 30, 1976,
this is to advise you of the possibility of an overprossuriza-
tion that can happen in gate valves having flexible wedges ov
having discs with equivalent flexibility. Our particular
concern is with Pressure Seal steel gate valves naving flexible
wedges and being installed with the stems horizontal or below
horizontal.

Overpressurization is covered in the following
ragraphs from ANSI £31.1-1973, “Power Piping" and ANSI
6.5-1973, "Steel Pipe Flanges, Flanged Valves, and Fittings":

ANS1 B31.1-1973, Page 26, Paragraph 107.1C

Where liquid trapped in 2 closed valve czn be
heated, an uncontroilable rite in pressure con result,
(An cxample mizht b2 3 Nexible wedre pate valve, in.-
stalled with the stzm horizontal, havieg heat fromr
warm-up of the pipcline gpplied to liquid fion the
testing, cleaning, of condensed fuid, sush liguid beina:
entrapped in the honuet sweton of the closed valve ),
Whe:e such a condition 1s possible, the Qwner shall
provide mzans in desien, installativa, sed/or oprranon
to assure that the pressues 1o the valie shall not ex.-
ceed that 2llowed by the Cod2 for the attained tee.
pedtwic. Any resultion pendtiation of the preswure
wall of the valve shali mrect the equireinenis of this

5 Code and of Jrains in ANSI B1G.5.

'o.:f

Valvas for industry . . . everywhere
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United States Hucleoar February 24, 1976
Regulatory Coemmission

ANSI B16.5-1973, Page 2, Paragraph 2 2.3:

Flud Theemal Cupantion, Certyin double |
seated valve desizns are capalls of sealing simultane-
ously aszinst pressute differenmiial from the bonnet
section 1o the adjacemt pipe in both directions. In |
such valves, a circumitance in which the bonnet
section is filled with liquid and subjected 1o an in-
crease in tempeiature can result in build up of pres- |
sure in the bonuct szction. Where such a condition !
Is poisible, it is the respuasibility of the purchasear
to provide or require to be provided means.in de-
sipn, installation, andfor operation to assure that
the pressute in the valve shall not exceed that al-

" lowed by this standazd for the attained temperature,

For discussions and recommendations concerning
this subject in the aforementioned valves, please refer to
attached Exhibits 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,

>
P . H . AU t‘-(;’t/y
Chief Engincer

PHA :nic

Attachments

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

—— ——
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Koo Walworth Company _ P.0. Cox 1103, K.t birnee
e ' Greensburg, P 13500
. . (412) 831-C1u0

Fcbruary 2, 1976

Naval Ships Engincering Center
* Center Huilding . .
Prince Georges Center ' B J
Hyattsville, iaryland 207232 ‘

Attention: MNr. J. F, Conway, Section liead
Valves, Piping Components, and Structural Analysis Secti:
Ccde 6153C & ‘

Subject: ~ BUSHIPS 9480.72 !
: _Ser G48A5-303 e ,
': 18 June 1964 ' . ‘o '

Confirming our telephone conversation of today,
permission is requested for Yalworth Cempany to submit a copy

. 0f the subject letter, 2long with its Enciosure 1, to the
United States Nuclear Regulatory Commission for .use by it in

* dealing with a possible prodblem in overpressurization of valvas.

Gentlemen: -

. I have discussed with tha Hluclear Regulatory Commissian
the possiblity of overpressurizaticn, especially as applicd to
stecel gate velves having flexible wedges and mounted with the
. Stem horizontal or below horizontal, and would like to use the
J*SUchct document as background material. ! '

If-you have any later material that could likewise
be used on this subject, I would appreciate receiving a copy
.and permission to submit it to-the Ruclear Regulatlory Commission.
. v » . ’ .

Yours very truly,

¢ | . '. P 0y : . .

y.u : . : &/:/.//.l{/{;o} ) =

: _ o PUHL. aully . ‘
Chief Lngﬁnecr

PUA:me

Valves lor Indurt v, . . everyvehicre . ! .
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Walvorth Cowmpany
P.0. Box 1103 Luif Avenue
Cicensbury, Pommeylvania 15601

Attention Mr. P.H. Autrey
Chief Engincex

Centlewen:

Fnclosure (1) is forwarded in response to your letter of 2 Fabruary 1976. °

Plecase be advised thar the Naval Ship Enginecering-Center has no objection
to enclosura (1) being used in any articlas or coaversations pertaining
to the subjcet in question., ,
As a patter of information, the pertinent contents of enclosure (1) now,
and have for sowe yecars, formed an integral part of the overall steam
systen design requiregents for Ships 'of the United States Wavy.

Sincerely yours,

Q:% A e s

o CoiBiIAY
hc:'d, Valves, Pialse Comnanantsond
C{ -.‘ . (IR e
E . s 20 e ; '.'-
2 i By vty ol C.n?w;‘J:r
.‘ 4 Na"i‘I S:l-\ L' '_",ufu 3 s rl C»-“-r
Encl: (1) BUSHIPS INST $480.72
Ser GABAS-30 of 18 June 1964
]
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Enel: (1) Requivenents and Procedures for
‘ : CGate Valves ag ideceusary

To promulrate instrustisng

ke Purpose,

.2 Seope,
oystens of non-nuclear eensbruction,
- cobruction for which serarate requiretents
ai although specifically direestcd at pretesiing
velves cdue to the desirability of

o ptean tyslens prior o warmap,
\ . - .
3¢ Bachirraumd, The fmpose
gate vilves in sbemn Systezs is to prevant binding
the closed pesition. In high presoure-tenperature
line expanaicn produces atreszes znd astraing
tend to slisitly €lstort the valve bedinsg
this distoriion will cause the valve sest
and, in effcct, elamp Lhe valve shut, T
wedzes, vhich are best deacribed 22 two ¢
iy b other by an integral hub in the cenler, With this

fe

If the

e oe

14

flex as the valve seals press against iY, thuus avei

» .« Beeause of Lhis very desirable
- s fexdible wedze pate
. du 4 signilicant factor,

ch;ractcrlntic. the

he Dlacuusion, The neceasity of draining
cteam on Lhe line is aclioned in
Hanual. Unforsunately, 1% is not
there have Leen instances wWhere the preparat

' Lo sboan acnlssion Nas basn overlooed,

clewn aystens
several doecvaencs

vty

"' . /

": , L VY -

concemning the operation of
valves prior to the dcussion of steaa Lo the syst

e

and prirasr reason for us 1z 11

i
vhen the

b e . -
stean sys

at valvz ¢nd ec

O} b F G N IR

’
. .

AR

‘G "C'\' LATE &R Y
WSHIPS 9:n0, 72
Ser GIQCI'«:'—:,'OJ

1 Juno 1954,

Surface ship stean aystea valves, operation of prior to varsup

Yodifying Stean Syalem Flexible
: 4 :

This instructien applies to all valves in surface ship stean
IL does not apoly Lo nuclear cone
have been ceveloped,
flexdble wedpe gate
> % .. from overpressurization, thig instrusticn epplies to «ll stoan
Femoving water froa; all co

Further, .
valves

systen

mpouciits of

exible wedza
valve is in
Lens, pine

anertions whieh

valve wedge 4y nolid,

Lo press csrainas
5 prodlez is overcome ity fledhle *
rewlar plates attachad

design, t

dinz the

Havy, as well as
valves in all cases vhere piping

b ol
sy8

ineluds

adeguately covered in Lthes
&/ action of drainage

the solid wedpn,

Lo esch

he wedse will
clamping esfect,
industyy,
‘v copansion

-

rrior %o puctins

n>
ng

tarpmes

LULIUIrS
¢ docuaenta and

prior

ha

Y
L

‘neck 89 a rezuls of
‘ valve {5 clossd, 4t
* §3
© Briefly,

thios 45 dus

dnotances of s=rious dazaze to [lexible wedine
&3 characteristic of flexible wedee

Sy7atez hydrost
wWill be trapps

vValve 3 either op=ned or the water {u re~oved via a
to the fact that wity the valve

AS a result, severs) fz0luted

Gate valves fave occurrsd, It
C2te valves that if water enters the body
atlic Yeszts, op Ly olther eans, vhile the

4, regardless of the viulye Poailion, unlesa
body neck dratn,

in tho closed posftion

—. S s amesane . .,
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and ¢ differential pressure across the wedne, the upslreas side of the wedgn
vill move wexy from itz seal, permitiing water to cnter the nuelke cavity.
Aa the body necz and line pressuices egualize, or the preasure iy rapidly
taken off the line, the upshrean side of the wedpge moves bacl arainst its
seal, acaling off the hody neck and ¢ SppLng any water which oy have centered,
: If the water roraing 4n Lhe body neek, ag it will € the valve i9
noY ‘eycled or drained, ond steaa ia Fut on the line,'a situaticon cloaely
allicd Lo a boller without a relief valve exists, The steam having a higheg
pressure than the wvater in 4he neelk, will prevent water fiaca flowing into tho
line cven though the upstresa face moves ew2y from the seate As the
prescure equalizes, the cyele whereby the water initially bLeeame trapped, g
i repeated, only this time the water has been heated by the incoming st came !
Tie stean, however, continues to heat the water due to its close
proxinity und hizher temperature, causing the water to cxrand, If the initial
gnantily o' trarpad waters was large enough, the ini%ial temperature diffeopre
ential Letwveen stean and water great enough, and the heating cyele eontinues
uninturrupted, the end result is predictable, The water pressure will bulld
up, duc to the water's expansion being restricted, uniil either Jhe body
neck ruptures, the bonnet 1ifts off, or the seal rings collapses

° -
-

It should be neted that this Fhencnena has been proven by ealeula-
tions and controlled vests, during which & pressure sas generated in the
body neek equal to ten times thab which e>.isted in the line.~ As far as actual
installations are eons ned, there ars only tws lown cases where Lhis ovare
pressurization has resulted in Z7age on non-nuclear surface ships and Loth
occuryances would have becn avoided had Proper varmup procedures becen eaployeds

3¢ Astion, ‘s Gt - :

as Warouo Procedures. The following steps gshould ba incorporated
into pll operating proccauscs coverdng warmup of steam systems, 4L they
already do not fora a part of sanc, prior to tho adaission of sbewas ;

leave them 4n the open pogition for at least one imdnute to pemit drainagoe
of the body into the lina, 4 AL ’ '

(1) Cyele all walves to ascertain that they are operatlonal and

(2) Open al) draina on the valve bodies and in the J..I.nc. %

(3) Line up the ayatem Tor mimup {n accordance dth existing
operating procedursa, ALl valve Lady’ draings akould be loft open to permit
dreinage throushout the warmud periods Olher dralng should be Tositloned
Jor existing instiuctions, i ’

. . . .
. . 4 P '
.
.
. . . .
. ‘. & ¢ * "
s . . . ’
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(#) Mroceed wilth vammup operation and cloye valve body draing
at the concluuvion of uamce 1 ’
» 2 .' . .
Y. !'m'if'i« ﬂ onne  Valves Jocated +Alh thedyr steng below the
)mri*ont.s‘l Ty recii e modifisation in addition to the requiraienty of
pecbion S.a Lo ,..Otc"“ then foem Lne poasibilily of cvu"nc.;\u'i salion,
The nodi fications and how to parfoi L e, 23 peernaary, sre given in
enclosure (1) These '::*cl-iu;-.“,‘.“r- are renerally considered to be outslde
e the noreeld capa ‘L")’iLJ of & chip's forees Therefors, Lhey o ;hould Lo _—
periomed during & shaprard or tende oAy ailubilily period. 1

.
0 A

Ce ‘DU"”T"’; Voamunl, Ths Pyaval will be revised with repard to stewn
pystcm drainase and - tne L.b,)u.l will be consideradly wrplirieds

6. Iffortive Cata, This instiuction becenes effoactive . jon receipte
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This nodification for "one way" valves will prevent over pressurization

pinecs the Lolu providea a eonsiunt venl Lo the u;w::c‘;\ pipinzs Tho reason

. for uaing thia type of modificalicn for these valves is to adinjnize the

nuzber of drains ..k al magt be inotalleds | . .

.

=

For "two way" valves, the drilled disc is wnaceeptnble since it would
pmvi\lc a con:‘.:;*.t. 1eakans path throush Lhe valve wien c¢losed, and slen
preasure 4 applivd to the side opposite the drilled .1')‘.(- The refore,

"Ewo way! 'mlvcs wish the nten located below horizontal must Le p"oridcd
with body neck draing to atmoaph ere per tho follc d.nr, .

—-
_ . .
- . ‘. l . *
. . - R ’ . A} o » d 2 .

—... e . i
-y 7’"" @‘7:'.’:?(5,.-.,,) e

e "a. - 1

r..p m /Mavc. 7'/0
lUC(’ f /‘b/./c-

IEIT, VC"-/ recsron
10 |‘J{"A’f‘f, C’unf.(,'_(f
I

- : r’ . s ! . =
. . [ s il . - h i ‘ - . \ ..
. . . ‘, -- “ ) Y 7:8:/!'!6
hw;wn%...M" . e S ' . e

1. Ilocation of drain hole in the neck should be close o the top of the
neek BUT care should be taken not $o drill thiough the preasure ncal regicu.
Someplacc between 1/3 to 1/2 dewn from the top of the valve (looking at the
valve in the upripght positiorn) should aveld the reglon, but this chould be

checked Lefore any d*;..lm Sce lote 9, . '

2 Pre-heating and stress relieving (as necess sary) should be in accoxdance .

vith MIL-STB-27)As ' s ¥ - ' .
3¢ Drain valves per MIM=V-22094. " L ' -0

Le Yielding per MII-GTD-273, S g . Te !

5¢ Drain holes into valve todies shall be in accorcLqu with NIL-STD-22\.
6¢ Drain valves and piping shall be 1/h" 173, laterials sane as ante malve body,

. e VWhen drilling tole, drill far enough off center to aveld wedgo guides T
. dnslde the valve body. g !

€. Do careful to aveid valve stem 4f hole 43 dridled with £hy valve
partially assexdbled. ’

9 The nrt-ssnrv seal reglona 49 dn the top of t.ho varve body and 15 evidenced

by & stainless steel or stolllted overlsy) holc should Lo drillad bLelow this
overlay. s .

< .. Enclosure (1) . | ", -y e : :

. d .
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vhich fellows, and whieh ha 1 beeh included
Ve Laken in decsstin ing whether o valve
wha cave z..uch nuslt be tuken in detere

Shere §9 eno QLier reenple,
Lo demonrlrate the care that =gt
dn Yene' or VLwol vy and, further
rdning Lhe cor,eet r....xfu...uo )

" The c&9 4n jeint 11 L conveitional reducing stat ien, per Lhe following

ﬁk ‘LC“.

'.2' . a o ot
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-l /

ety

e
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Tho valves to be considered here are 11, 12 and 13,

vay valve, when closed, with steas pressure alveys

. Valvo 11 4s & ene
comlng frew Lhe "LNM gidae, _ )

valve, globe or needle Lype, and in not

) Vt\lvo A2 {3 a throttle
»  davelved, '

- Vidve 13 45 a one vay valve BUT, 4t 45 a ene vay valve in the divestien
$ empenite Lo normale If valves 1) .-a' 13 are closed to isolate valve 4,
and 12 is opened fop or,r:..\t.‘or‘..l FArpases, then valve 13 wi)l be pravosurazed
fron ths downgtrean 5;.;0 and it must be ..oni., icd accordirzlye

ey Hith the abova exm=sles 43 A basis for determining tha t,mc of valvy

s
vho modifications Lo be applicd are;

hele :{n the upstrean aide of tho wedge,

: Ge Ono woy valve - Dridl &

d be Two \-ay Yalvo - znmu a drain to atzoaphers in tha velve accke

.

gketehs

Hc drillcd per tho- fol’m Ang:

Tho hola ahoule
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The Mone viay" valves dn the above skebel, by the afor c..mxc.x.oncd ' ‘)

definition are 5, 6, 7, 8, 10, . .
-* . . k

The "bwo vay" valvea in the above zketch, by uho aforvaentioned

definition,are 3, & and 9. . ) . .
o -

Tha "orderline! *mlvc* depending upon a2 partizular Installstlcen are

3 mxd 2 . "

Dazed on the above skeleh, the d(:f,init,icn of a "ono vay" valve can
ne cxpanded as follows: . ¢

& Any valve located in 2 aystem after any crous conne ctions so
that 4t cannot be pressurized frza the dircetisn that is oppouite to
wr al. Refer to valve nusbers 5, 6, 7, 8, 10,

be Tho last valve in any systeas Refer to valve mumbers 5, 8, 10,

Ce Any voelve located before any cross comnection. from othew
syatens,which hua a valve locabed balueen it and tho conn connection, .
o that 1t can be izelated il the cross-ccnncet valve iy opens  For cxamplo,
alves 1 and 2 can be isol ated 1f the ersso-conneet valve 9 is opened,

v clopilg valves 3 and 4, respectively. Sinee these valves will only
culige pressure® from the boller side nermally cnd can be isolated Lo ¥ 8
Jhier systems, they can te conzidered az "one way" valvese :)

. .
Valves 1 end 2 therefore.are exumples of the Ybopder linst

nses wmenbloned above, IL valves 3, and/or L were not prasent, then valves

aadfor 2 must be considered s Mhwo wzy" valves sines it would net bo - .
234ible to dsolate them if valvo.9 were oper. = : R

au definitlion of "Lwo vay" mlvcs can be expanded a3 followss oo o=
0o }mv valve which xrill be pressurized® in the dlrection
pposite o noranl when eress connectd re openede Refer L0 valva -

wbers 3 and 4 which are normally pregsuritied® frox thoe boiler side bul 3
« closed wnd the erous-conneet valve is ¢ pen (valve 9), they would bo .
réssurised  £roa t..‘x-: opgosite direction, . -

be Any *mlvcn in branch econnections yhich lead o a cotwson heades
lab cannot Le iz0latcd from Lhe hicader by clocure of a valve betweern Lhes

Sd the licaders Refer L0 valve nusihers 3 and & If boller "3M yas geciged -
vd valves 2 ond 4 clozed Lo i"o-avc it, thea valve 4 would Le pressurizec®

VA the boller "AY sido, or oppouiis to norzale Reversal of thia precedure
Juld then rc;l:xca valvo 4 with va.l‘.'o Se '

‘ . - . .
By o8 Tho {'.m '3 "pressurized”, "realine preesure?, eteealera, rofer to Srf RO
0 valves being subjected to a pressure difforeatial yvaen in the clooed

2silion, -
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IEQUIRNMENTS A..D PROCTUUNZS FOR NODAFYINS STt ’
. SYSTEN FLEXINLE inves VALTZES AS M=czosay
L
ps .
I a pate valve ds inslalled with i4s stenm located below Lhe horizental
and a drain is nct 10':,' '.i en the valve n'.-c;., there Jo no means f»"' “."T"“" -
i_n ‘“\' ."" oy "“:l.‘ at T A T oy ;J.. PO ...‘-.nu 3 & & Lidv=-
: I 1 RAGhS be located Lhiervin excepl by eyeling the valve,
she wedpe or dise entering the ncei eaviby wilil displac @ its volume of
e : _, vy wldli LA vh oL\Lne
waber into the piping sys ten, where iy enn he drained off. Un“c--:'x'---t“’y
cAhe quantity of vater remsved by Shis acticn from Lhe neexs of Llexibl .
o . 3 i waidta - e b (&
; wedpe '1‘,4{.(. valves =ay not prevent Overplasn: x-*:nt;cn Yecause the wedge
’ o1y s s . . '
on);s. displaces abeut 30 percont of the nesk cave, vy, vhich is not cnouph,
Adut.n..a]l/, there 85 no way of preventing seme of Lhe die ]Lc.ci wat oy
from re-cnbering Lhe neck i tho
15 L ¢lt cavity as the wedge is moved to -
pssztion. L~ - i the C-Ou(.(l .
- . s
This being the ecase, modifications may be necess: ry £0 all {nvested
wedpe pote val 2 g : ¢ ¥ e oy S fexa
ge ga ves in °t.a:1 uystens, if preveation of over pressurizatio;
+ 43 to be puaranteod, If theue valves alread—s ta ressurization .
Lo . theue valves already bave bods n2cx draing, no .
modifications are necessary., The 1ired rodi fieat e
dent u L cerzary. Ine required nmodifications in turn, are depen
»on whether ralve is ido bes N
wwc.p whebher @ valve is cons:u.'.r d a3 being a "one way" or “Luo vayt
. Y o ! . S “OF B
X Briefl ¥y & one way valve 13 any valve which when closed, w*"l rezlize
& pressure cifferaniial frex enly one dircetion under any crmm, iens N .f}.:'r
valve whose locablen falls cutside e
d ok Jt, ’ teldde of % 1.... dimitation iy, of nc*cssxt,, con~
gidered a two way valve. . . .
. o i q H b ~ ! ] . - :
e Ives which are erline‘cas d/or cat {the:
abepory, Tare ‘n-.... 'SP on & rderline’cases and/or can fall into eitler
cul gom pai Arly 1L an error in line u') is 2 Thurofor ’
IO‘lO f‘l\ ‘- r/ 34 my G an ) -~ - 14 . % sed ¥ > i o s e’ e
1,, > teteh Wi more ceotalled deseripiion have been inecludzd to :
» clarify \..xau determines whelher particuls: e St
: ¥ .a. partienlar \;xlw.- is Mene way" or MLwu vagh,
It uhowld be noted th .
. uhot ol at. the.,u examples do not ¢ 3 03
L Aoto aescount, : SR8 Rptruber oxve;
.. . . . -
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"MAINl SCAT"

"BY-PASS FLOW. MAIN SCAT THRU BACK SEAT




PIPE AXIS IW
AY CRITNTATION
INCLUEOIRG

VERTICAL
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‘Body neck “C" should b2 venied 0 pipe run "A" or "B" that is upstrezm

by scating or backscating bypass valve.

with bypass valve in mid-position, bypass action will occur between "A"
and "B" with "C" vented to both. ; :

Piping and operatioa may vary with particular bypass valve used. Appro-
priate tag cescribing operation should be atiached in censpicuous location.

Piping may be installed below main valve. .
- . ‘.
. . 1
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