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RS IE Circular 77-05
* : Date: March 29, 1977

LIQUID ENTRAPMENT IN VALVE BORNETS
Description of Circumstances:

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,
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 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 information 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 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 section 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, 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.
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Welworth Company _ - _ P.0. Box 1103, Kult Azenus

Creansburg, Pa. 15601
(412) 837-6100

Region IV
611 Ryan Plaza Drive
Arlington, Te§as 76G12

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

- Subject: Potential Overpressurization Problem fn Valves

Gentlenen:

Confirming our conversation of January 30, 1976,
this is to advise you of the possibility of an overpressuriza-
tfon 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
f-wed¥es and being installed with the stems horizontal or below

horizontal.

Overpressurization is covered in the following

: f:paragraphs from ANSI £31.1-1973, “Power Piping" and ANSI
- B16.5-1973, "Steel Pipe Flanges, Flanged Valves, and Fittings":

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

-

Where liquid trapped in a closed valve ¢an be -
heated, an uncontrollable rise in pressure can result.
(An example might be a flcxible wedge pate valve, in.:
stalled with the stem horizontal, having heat fron.
warm-up of the pipeline applied to liquid from the
testing, cleaning, of condensed fluld, such liquid being;
entrapped in the bonnet section of the closed valve.),
Where such z condition is possible, the Owner shall!
provide means in design. installation. and/or opzration
to assure that the pressure in the vahe shall not ex.
ceed that allowed by the Cods for the atrainad tem-
perature. Any resulting penctration of the pressure
wall of the valve shall mect the cequiremncnts of this
Code and of Jdrains in ANSI B16.S.

Valves for industey . .. everywhere
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ANSI B16.5-1973, Page 2, Paragraph 2.2.3:

Fluid Therma! Expansion. Certain double
seated valve designs are capable of sealing simultane-
ously sgainst pressure differential from the bonnet :
section to the adjacent pipe in both directions. In
such valves, 8 circumstance in which the bonnet
szction is filled with liquid and subjected to an in-
crease in temperaturs can result in build up of pres-
‘sure iIn the bonnet saction. Where such a condition®
Is possible, it .is the responsibility of the purchaser
to provide or require to b provided means.in de-
sign, installation, and/or operation to assure that
the pressure in the valve shall not exceed that al-

" lowed by this standard for the attained temperature.

. : For discussions and recommendations concerning
.- this subject in the aforementioned valves, please refer to
attached Exhibits A, B, and C.

o He shall be available for discussion relating to
1. this or shall try to supply further data if desired.

Yours‘very truly,Q

Eof
?

P. H. Awtrdy
Chief Engineer

PHA:mc
* . Attachments
.+ PeSs 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
information. .
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327 Walvworth Company ] : P.0. Box 1103, Kcff Avance
g ) Crexnsburg, Pa. 15508
(412) 837-€150

February 2, 1976

*

Kaval Ships Engineering Center -t X [
* Center #iuilding : X
Prince Georges Center
Hyattsville, Haryland 20732

Attention: MNr. J. F. Conway, Section Lead

Valves, Piping Components, and Structural Analysis Sc.tic
Code 6153t . .

Subject: ~ BUSHIPS 9480.72 :
: Ser 645A5-308 S .
. 18 June 1964 N . . . )

Gentlemen: -

: Confirming our telephone conversation of today,

. permission is requested for Halworth Company to submit a copy

..0f the subject letter, along with its Enclosure 1, to the
United States Nuclecar Regulatory Commission for .use by it in

.+ dealing with a possible problem in overpressurization of valves.

S, B I have discussed with the Nuclear Regulatory Commission

-+ - the possiblity of overpressurization, especially as applied to

. .:* steel gate valves having flexible wedges and mounted with the

1. "stem horizontal or below horizontal, and would like to use the
-TQ-SUbject document as background material. . :

L , 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 Huclear Regulatory Commission.
. . & .

e . - - - Yours very truly, .
; $ .. ' l. . o
N T ' * PLH. Aufrey -
’ - " . Chief Engineer

 PHA:me : i}
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R__AL SHIP? ENGINEERING CENTER._
CENTER BUILDING
PRINCE CEORGE'S CLNTER

HYATTSVILLE, MARYLAND 20782 INRCPLY REFFN YO

. 6153E3/ECC
. _ ' 9505
- . Ser 287

' ' ) 1975
Walwvorth Company 1? FEB e
P.0. Box 1103 Huff Avenue
CGreensburg, Peunsylvania 15601
Attention Mr. P.H. Awtrey _ ' ' .

Chief Engineer

Centlemwen: .

Enclosure (1) is forwarded in response to your letter of 2 February 1976. °

Please be advised that the Naval Ship Engineering-Center hss no objection

to enclosure (1) being used in any arcicles or coaversations pertaining
to the subject in question.

As a vatter of information, the pertinent contents of enclosure (1) now,
and have for some years, formed an integral part of the overall steam

- pystem design requirements for Ships of the United States Navy.

Sincerely yours,

A e

J. F. COIW/AY

_ i{:.«-g Ualras, Pinine C~~manants and
..'...‘ . e o (o .o
gre °* . ~'.' ) e

. .
erte oo se _,"'=

By ¢olay 6f Comzade

\-r

Neval Shlp Enainaaing Caaler

Encl: (1) BUSKIPFS INST 9480.72
Ser 648A5-30 of 18 June 1964

FPEQPLE~-PERFOAMANCE |-——
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aystcms of non-~nuclear construction,
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DEPARTMENT OF TIIE NAVY,
BUREAYU OF GHIPS

L

N'IC"&Y ALrga o
BUSHIFS 9:R0.72
Ser 64675303
e o A1 Juns 195

BUSHIPS JUSTRUCTICH _ _9480.72 AT -
Fromt Chief, Buréauw of Ships . . S
Tot Distribation List ) . .
Subjs Surfo.cc ship stean systen velves, o;:eration or prior to waraup -
Enelt - (1) Requirements snd Proccdures for }'.odifying Stean Syat.ern Flexible

. Gate Valves es Necessary .

. de Purpose. To promulgabe instructions concerning the operé.tion of ) ”.
valves prior to the adaission of stean to the system, o
2, Scope. This instructicn appliecs to all valves in surface ship stear - *s

It does not apply to nuclear con-
.gtruction for vhich separate requirements have been developed. Further,.

. glthough specifically dirested at protceting flexdible wedge gate valves | ¢

from ovcrpressurizatlon, this instruction spplies to zll steam system
valves due to the desirability of rezoving water from 2ll components of
steanm systens prior to warmap.

3¢ Backrround,

the closcd posibion.

The purpose and primary reason for using flenble wedge
gate valves in steam systems is to prevent binding vhen the valve is in

In high prcssure-t@re“auurc stearq systeas, pipe

dine expansion produces stresses and gtrains at valve cnd connections which

. tend to slightly éistort the valve bodies,

If the valve wedge is solid,

this distortion will cause the valve seats to press against the solid wedge,

Tuis problexn is overcome with flexible *
wedzes, which are best described as two ¢ircuwlar plates attached to each

and, in effect, clamp the valve shut,

£lex &5 the valve

Because of this very desirable characteristic, the lavy, as well as industry, °

wes flexible wedge gate valves in gll cascs vhere piping sy..t.cn expansion
ds & significant factor. . .

4. Discussion,

}anual.

{0 steam a2¢nission has baen overlooked.

. - other by an integral hudb in the center,

Yith this design, the wedge will
seats press ggainst it, thus avoeiding the clamping elfect, -

The necessity of draining steam aystems prior to putting

eteam on the line is mentioned in several documents, including the BUSHIPS
Unfortunately, it is not adequately covered in these cocunents and

there have been instances where the preparatory action of drainage prior

As a result, several isolated

instances of serious dazage to flexible wedge gatz valves have occurred, It

"4s characteristic of flexible wedge gate valyves that if water enters the bedy
gieck as a result of systes hydrostatic tesis, or by other means, while the
valve is closed, it’ will be trapped, regardless of the valve position, unlesa

" the valve i3 either opened or the water is removed via 2 body neck drain,

Ll avy
»

-
-

-

- Briefly, this 15 due to the fact that with the-valve in the closed positien

¢
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end e differentinl pressure acroas the wedge, the upstrean side of the wedga

will nove away from its seat, permitiinz water to enter the neck cavity.

4s the body neck and line pressures equalize, or the pressurc is rapidly

taken off the line, the upstrean side of the wedge moves back egainst its

seat, sealing off the body. neck and trapping any water which may have entered, !
If the vater rerains in the body neck, as it will if the valve is

not ‘eycled or drained, and stean is put on the line,’a situaticn closely

ellied to a boiler without a relief valve exdsts. The steam having a higher

pressure than the water in the neck, will prevent vater from flowing into the

line even though the upstrean face moves away from the seat. As the B

pressure equalizes, the cycle whereby the water initially became trapped,

is repeabed, only this tine the water has been heatcd by the incoming stean,

The stean, however, continues to heat the water due to its close "
"proxinity and higher temperature, causing the water to expande If the initia)l
ouantity of trapped water was large encugh, the initial temperature diffcr- :
ential between stezm and water great enough, and the heating cycle continues
"uninterrupted, the end result is predictable, The water pressure will build
up, due to the water!s expansion being restricted, until either the body
neck ruptures, the bonnet lifis off, or the seal rings collapse.

It should be noted that this phenomena has been-proven by caleula-
tions and controlled tests » during which « pressure was generated in the
body neck equal to ten times that which existed in the line.~ As far as actual
installations are concerned, there are only two known cases where this ovepe
pressurization has resulted in demage on non-nuclear surface ships and both
occuryances would have been avoided had proper warzup procedures been employed,

57 Action, = T

-
. . - -~

a. wa_muo Procedures. The fo]low:ing steps should be incorporated
into ell operating procedures covering warmup of steam systens, .if they
already do not fom a part of sans, prior to tho adnission of steams .

(1) Cycle a11 'valves to ascertain that they are operational and
leave thent in. the open position for at least one minute to pernit drainage
of the body into the line, S . . ' .

(2) Open £1) drains on the valve bodies and in the line, y

: (3) Lline up the system for Warzup in accordance with existing
operating procedures., All valve tody’ draina should be left open to permit
dreinage throughout the warmup period.’ Other drains should be positloned
Jor existing instiuctions. .
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’ (4) Proceed with wa
at the conclusion of same.

Y. !-!odirié.-\t.ions. .Valve

‘horizontal may require medifieat
gection 5,2 to protect them frox
The modifications and how to per
_enclosure (1),

) _ .© SHIPSDNST 94R0.72
- ° 3 June 1964

-
rmup operation and close valve body drains

s Yoecated :ith thefr stems below the
jon in addition to thc requircments of
the poscibility of overpreasurization.
form them, 23 necessary, are given in

_ These modifications are generally considered to be outside
the norme) capabilitics of & ship's forcc.

Therefore, they should be .o

performed during 2 shipyard er tender ava..;‘.lability period,

¢, DBUSHIPS lpnual, The Manual will be revised with regard to stean
-.gystem drainage and the subject will be consideradbly gmpliried,

6. Effective Date. This i.nst.rue;tion becones effective upon receix;t.'
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LAY ... .o . Enclosura (1) . o ’ .

i - 3 | S BUSHIPSINST 9410.72
o ’ v . e > 18 June 195.
IEQUIRENENTS AND PROCETURSS FOR MODIFYING STEAL A
. . SYSTEX FLEXIBLE GATE VALVEZS AS NTCEZSSARY ..

JIf & gate velve s installed with its stem located below the horizontal
and a drain is not located on the valve neck, therec is no mcans of renov-

. ing eny water wvhich might be located therein except by eyeling the valve,
The wedge or disc entering the ncek cavity will displace its volume of
water into the piping system, vhere it -can be drained off.’ Unfortunately,

. ¥he quantity of water removed by this action from the necks of flexible
wedge gate valves ray not prevent overpressurization because the wedge
only displaces about 30 percent of the neck cavity, which is not enough,
Additionally, there is no way of preventing some of the displaced water

Irom re-entering the neck cavity as the wedge is moved to the closed
.position, . . .

This being the case, modifications ray be necessary to all inverted fleoxw
wedge gate valves in steanm systems » if prevention of overpressurization .
- is to be guaranteed. I these valves 2lready have body neck drains, no Toe
rnodifications are necessarys. The required nodifications in turn, are depen~ _
. denb upon whether & valve is considered &s being & Yone way" or “two vay! i
vaLrvVes . )

. ¢ . .. ..".

Briefly, a one way valve is any velve which when closed, will realjze "’
. & pressure cifferentlal from enly one dircctica under any conditions. Any
valve whose location falls outside of this dinitation is, of hecessity, con-
sidered a two way valve, . . . . . i

There are valves which are borderlinecases and/or can fall into either
category, particularly if an error in line up is made. Therefore, the .
. following sketches and more detailed descripiion have been included to

« clarify what determines vhether a particular valve is “one way'! or "two wayh,

- It should be noted that these exzmples do not take operator error
. -into secount, : T . : .
L . Tt o . X G 1
Bin A, —t— .. ' . N BIR B,
hJ : * A - . é‘ 4' - hd
. - *M M"" * -

Crs. Copp. ,J

T i — s .. Enclosure (1) e am

-~
N . . . . LR Y
AR . .. XS i v v o ® e
* s " * . e ¢ ‘. -..'_" ) . .



'—:';séir:én:sg' 9430.72 . i ) . o L
) Juns 1906 . t .\/‘ - . ) :‘\/ | . ')
The "o:;e viay® valves in the above sket.ch, by the aforementioned : .
:eliniticn’are 5, 6, 7, 8, 10 ‘
- Te Mtwo way" valves in the gbove sketch, by tho aforementioned '
lefinition,are 3, 4 and 9. e . : . .

The Yborderline" valves, depending upon e particular iastallation are
L and 2, . ) . : ] .

Based on the above sketch, the definition of ‘a "one way" valve ean - . a
3¢ expanded as follows: - . <

&« Any valve located in 2 system after any cross connections so
shat 1t cannot be pressurized frem the direction that is opposite to :
wrnzl. Refer to valve numbers 5, 6, 7, 8, 10, . .

b, The last valve in any system. Refer to valve mumbers 5, 8, 10,

Ce .Any valve located beforé any c¢ross connection.: from other

systens,which has 2 valve located between it ang the crons connection, s
o that 1t can be isolated if the cross-connect valve is opens For example,

alves 1 and 2 can be isolated if the cross-ccnnect valve 9 is opened,
¥ closing valves 3 and 4, respectively. Since thesc valvesd will only
-ealige pressure® from the boiler side normally and can be isolated Irom T e
ther systems, they can te considered as "one way" valves, D

Valves 1 and 2 .therefore.are examples of the "border dinett
ages mentioned aboves If valves 3 - and/or L were not prasent, then valves
. end/or 2 must be considered es Ftwo way" valves sines it would not be
ossible to isolate them if valve.§ were open. -

|
. . Cae e . ’l

he-definition of tyo vay" valves can be expanded as followas

&+ Any valve which will be pressurized® in the direction L
pposil > to normal when cross connections are openeds Refer to valve
umbers 3 end 4 which are rormally pressurized® fron the boilep side but .
£ closed and the cross-connect valve is open (valve 9), tkey would be ’ .
ressurized Lrom the opposite direction, ) . :

be "Any valves in branch connections Which lead to 2 cormon header
hat cannot be isolated from the header by closure of a valve between then
nd the headers Refer to valve nimbers 3 and 4. If boiler NBM ¥as secured -
nd valves 2 and 4 closed to isolate it, thea valve 4 yould be pressurizeds

oz the boller AW side, or opposite to normals Reversal of this procedurs
Suld then replacs valve 4 with valve 3e : .

o bt B e A e it v n

OfE: The torms Mpressurized”, Mrealize pressure®, eotceterz, refer to et
ne velves being subjected to & pressurs difforeatisl en in the closed
sgition, . - S

neloswre (U © ¢ T . wRa Nt e
g e e e aae .

LY

- » .. . ae. h ".'
o X ..- i-‘ », . \- . . . e ....,l ..

L4 e @

0"’.-\:0' LY - . LI R . * . e . - T . bt
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BUSHIPSINET 94R0.72
J 8 June 1954
‘There is one other example, which follows, and which has béeeh included
Lo denoasirate the carc that must be taken in cetemining whether g valve
is Vone" or "Lwo' vay and, further, ine eare which must be taken in detep
wdning the corsect medification. ot °. :

L3

" The ce®e In pint i3 ¢ conventieonal redu

roveme cing station, per the i‘onowins
& ¢ : .
s . L] '-?. . ——n . . ® . :
- ‘ N - ‘-:h - c N - . .
) .. L) f ".. - i . L]
. :".\‘ { 2o P b<.! i i M o 1 , .
R 0 3. g ‘3 0 .

The valves to be considered here are 11, 12 and 23.
o™
Valve 11 i3 & cne way valve,
coming from the NIN' side,

vhen closed, with steam pressure always .
t 3

giobe or needle type, and is not

Velve )2 is a throttle valve,
Snvolved.

Valve 13 45 a one wvay valve BUT, it is a one way valve in the direction
opposite to normal. If valves 11 and 13 are closed te isolate valve 1%,

and 12 is opened for operational purposes, then valve 13 will be pressurized
from the downstrean side and it must be nodified accordingly. .

With the ebove examples gs a basis for dete
- the modifications to be applied ares

ruining the type of valve,

-

. e One vay valve e Dri.ji & hole in the upstrean side of t:hc wedge.

A ~ be Two vay valve - Install a drain to atzosphere in the valve necke -
b fhc.ﬁ?}i should be drillcd per the-following: sketchs . L
. . foa—Sreallire : . ;-
Lrgeny - :
¥ b
PO -1 . 7YY L!y__ )
[P I :-'. e v . ‘- .
3 N .'_. . -
L % et :
HCT, .'-7'... . f'.: .o czﬁ“:.‘ﬁ.. . .
e ol O | s 2
T : . 3= Enclosure (1) .
., .. .. : . . .. ° .- . §
. - 'Y < L . . . . . . . H
" ;. .o' . ~'.‘:~-. ¢ . .
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A plate should be attached in a conapicuous location reading
- wIHIS VALVE EAS A VENT KOLS IN THS UPSTRIM SInz OF TS WEDG3., IF WEDGE
IS REOVED MAXS SURS IT IS REPLACED Tl Sals VAT 1 *
e . A e .

- . This rodification for "one way" volves will provent over pressurization
ginee the hole provides a constant vent to the upsiresn pipinge Ths reason

.. for using this type of modification for thesc valves is to mnininize the
nuzber of drzins that must be installed. . .

For “two way” valves, the drilled dise is unacceptable since it would
provide a constant leakage path through the valve when closed, and stean
‘pressure is applied to the side opposite the drilled hole, Therecfore,
Ntwo way! valves with the stem located below horizontal must be provided |
with body neck drains to atn:osphe‘re per ths following: .

’ .|i_- /T\

oor

.
.. .
. w8,

. A4 h Y -
¢ . - . -
LA . (o ' . t ) . v - @ L *

R -y . NREENEE E
P IN Above Jop 1 /?‘ , L¥70emns £ " .
‘wedse i £eloor — ; i ? tolres lswrEnd) <. o °
235, Seal focrron . t] ; _ .
NP wWedce Gurtd$ : :

—

. L '
; b 14 g ~ . ) - ! ) ‘.
L . . e — 7;8'/23_
pepn -ROTE.S - ¢-¢0.- . .' B . . . e . te - -

3, location 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 pressurs seal region, -
Someplace between 1/3 to 1/2 down from the top of the valve (looking at the

valve in the upright position) should avoild the reglon, but this should be
chs cked before any drilling. See Noto 9. ' .

. 2, Pre-heating:and stress relieving {as necessary) should be in accoxdance
© 3Ath MIL-STD-27)A _ i -
3. Drain valves per HIL-V-2209) . . s

L. Yielding per MIL-STD-278. .. ! T
5, Drain holes into valve bodies shall be in ‘accordance with MIL-STD-22\,

6¢ Drain valves and piping shall be 1/4 IPS. Haterials same as gate valve body,

. s Vhen drilling Lole, drill far enough of{ center to avoid wedge guides
- . inside the valve body. : :

8. Bo careful to avoid valve stem if hole is drllled with the valve :
rartially sssexbled,

9, The préssure -seal reglon 4s &n the top of the valve body and 15 evidenced

Ly & stainless stcel or stellited overlsy; hole should be drilled below ¢his
overlay. . .

. _. Enclosuro .(1) . Lo -I.~ Y

‘. . .
. . . .

.
-— .
——— .
» o = smenle macagon wmar -
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) : 3 - WAy
LX1S 1IN

. - BYPASS
RITHTATION YALVE
NG A £
“AL

(FOR EXAMPLE,
SFE EXHIBIT ¢)

STEM AXIS .o
{IORIZONTAL S
OR BELOM

e
.

Lo R el )
.

. -body neck "C* should be vented to pipe run "A" or "B" that is upstream
" by seating or backseating bypass valve. P

&. With -bypass vailve in mid-position, bysass actfon will occur between A"
- and "B" with “C" vented to both. ; .

3. Piping and operation may vary with particular b
.. priate tag describing operation should be atta

4. 'Pipingfmay be installed below main valve.

ypass valve used. Appro-
ched in conspicuous leocation.

- ) i
L3 . . * i
. FODIFICATION OF & Frevrmece
EDGE CGATE YALVE WaIRE FLOY
. FAY BE IN EITHER DIRZCTION
. ' : ‘

EXHIBIT B
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"BACK SEAT"

"HAIN SEAT"
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FBY-PASS FLOW. MAIN SEAT THRU BACYX SEAT



