v/ UNITED STATES L
NUCLEAR REGULATORY COMMISSION M/
REGION 11 ;,74‘4 Z éé
230 PEACHTREE STREET, N.W. SUITE 1217 _
ATLANTA, GEORGIA 30303 é@ %?
MAR 2 9 1977 =

In Reply Refer To:
IE:I1:NCM

50-438 50-327
50-439 50-328

50-259 5E£390
50-260 50-391
50-296

Ténnessee Valley Authority
ATTN: Mr., Godwin Williams, Jr.
Menager of Power

830 Power Building
Chattanooge, Tennessee 37401
Gentlemen:

The enclosed Circular is being distributed for information, in the
belief that the subject matter is of sufficient safety significance to

warrant specific attention. A specific reply is not requested.

Sincerely,

-7 //;‘wﬁfik%/;/ -»:ff'/‘//v,

’ Norman C. Moseley
Director

Enclosure:
IE Circular 77-05

"Liquid Entrapment
in Valve Bonnets"
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IE Circular 77-05
Date: March 29, 1977

FLUID ENTRAPMENT IN VALVE BONNETS
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 ZInjury

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 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 1s 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 hvdrostatic
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,
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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.



\o/ A

Walworth Company P.0. Box 1103, Hulf Azenus

Gresnshurg, Pa. 15601
{412) 837-6100
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United States Muclear Regulatory Commission :’ 261&3; Ej
Region IV kc\ o
611 Ryan Plaza Drive '3\ éC/
Arlington, Texas 76012 ‘K/\; &
TV,
Attention: Mr. J. H. Tillou, Chief S

Licensee Contractor and
Vendor Inspection Program

4

Subject: Potential Overpressurization Problem in Valves

Gentlenen:

Confirming our conversation of January 30, 1976,
this is to advise you of the possibility of an overpressuriza-
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 below
horizontal.

Overpressurization is covered in the following

agraphs from ANSI B31.1-1973, "Power Piping" and ANSI
5-

ar
16.5-1973, “Steel Pipe Flanges, Flanged Valves, and Fittings"“:

P
B
ANSI B31.1-1973, Pace 26, Paragraph 107.1C

Where liquid trappsd in a closed valve con be
heated, an uncontrollable rise in pressure can result.
(An example might be a flexible wedge gate valve, in--
stalled with the stent horizontal, having heat fromr
warm-up of the pipcline applied to liquid from the’
testing, cleaning, or condensed {luid, such liquid being;
entrapped in the bonnet section of the closed valve.),
Where such a condition is possible, the Owner shall:
provide means in design. installation. and/or oparation;
to 2ssure that the pressure in the vahe shall not ex.
cecd that allowed by the Cods for the atrainad tem-
perature. Any resulling penstration of the pressure
wall of the valve sholi mect the requirainents of this
Code and of drains in ANS] B16.S. :

Valves for indyseey ... everywhere
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United States MNuclear February 24, 1976
Regulatory Commission

ANSI B16.5-1973, Page 2, Péragraph 2.2.3:

Fluid Thermal Expansion. Certain double
seated valve designs are capable of sealing simultane-
ously agzinst pressure differential from the bonnet
section to the adjacent pipe in both directions. In |
such valves, s circumstance in which the bonnet
section is filled with liquid and subjected 19 an in-
crease in temperature can result in build up of pres-
sure in the bonnet section. Where such a condition” !
is possidble, it .is the responsibility of the putchassr -
to provide or require to b2 provided means.in de-
sign, instollation, andfor operation to assure that
the pressute in the valve shall not exceed that al.

" lowed by this standa:d 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,

4)7 sa‘&fﬁ

P. H. Awtf y
Chief Engtneer

PHA:mc

Attachments

P.S. Concerning the Exhibit A (BUSHIPS Instruction 9480.72
vith its Enclosure 1), attached copies of letters of

February 2 and 12 give permwsswon to release this
{nformation.
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N ’ ' raznsburg, Pa 13503

_ . . {412) 831-€130

February 2, 1976

Naval Ships Engineering Center
- Center tuilding

Prince Georges Center

Hyattsville, Heryland 20732

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

Yalves, Piping Components, and Structural Ana]ysxs Secti:
Code 6153E . i

Subject: BUSHIPS 9480.72 .
. Ser 64845-308 T
18 June 1964 ’ . .

Eentlemen:
Confirming our telephone conversation of today,
permission is requestied for Halworith Company to submit a copy
. of the subject letter, along with its Enclosure 1, to the
United States Nuclear Regulatory Commission for .use by it in
dealing with a possible problem in overpressurization of valves.

I have discussed with the Huclear Regulatory Commission
.. the possiblity of overpressurization, espec1a11y as applied to
- steel gate valves having flexiblec wedges and mounted with the
‘stem horizontal or below horizontal, and would 11ke to use the
'~vsub3ect document as background material.

If-you have any later material that could likewise
be used on this subject, I vould appreciate receiving a copy
. and permiss1on to submit it to.-the Nuclear Regu1atory Commission.

s

. . ) . T Yours very truly,
. : S h Au :
- o . - | Chief Engyneer

PHA:mce
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W/ NAVAL SHI? ENGINEERING CEN R
CENTER BUILDING
PRINCL CEORGE'S CLNIER
HYATTSVILLE, MARYLAND 20782 INREPLY RCFFH TO
6153E3/ECC
8505
o Ser 287
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¥alworth Cowmpany
P.0. Box 1103 Huff Avenue
Crecnsburg, Peunsylvania 15601

Attention Mr. P.H. Avtrey
Chief Engineer

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

Please be advised rthat the Naval Ship Engineering-Center hss no objection
to enclosure (1) being used in any articles or conversations pertaining
to the subject in question. .
As a matter of information, the pertinent contents of enclosure (1) now,
and have for some years, formed an integral part of the overall steam
systexr design requirements for Ships of the United States Navy.

Sincerely yours,

,;2?7;1§§E%z¢<>;:¢zxy¢

J. F. CTIWIAY
) £ R, Jen? 9
Hepd, Va'vss, Pialea Cammonents and

Ciseree ™. R LA
S  Tree L { “en

L e L ey
] P cane .
By cictia ol € oonzader

\h
Neval Sh'p €nainzaing Canter

Eocl: (1) BUSHIPS INST 9480.72
Ser 64845-30 of 18 June 1964

PECPLE-FERFORMANCE “-, PRIDE—_PHOFESSIONALISM
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BUSHIPS TUSTRUGTICH  9460.72 . I

¥rotas
To:

Subj:

C‘xier, Buréau of Ships
Distribution List

Surface ship stean systc:n velves,; opcravion of prior to warmup
Encl:

(1) Reguirements snd Proccdures for )’.odn.fymg Steam Systen Plexible
Cate Valves s Necessary v ‘

- Ls Purpose. To promulgate insiructions concerning the operation of
wvalves prior to the aduizsion of stean to the system.

v
2, Scops. This instruction applies to all valves in surface ship steam
eystezs of noan~npuclear construction. It does not apply to nuclear con-
.structicn for which separate requirewents have been ceveloped. Further,.
although specifically directed at proteccting flexdble wedge gate valves
 from wcrpressurizaticn, this instructien applies to 3ll steam sysioa
valves due to the desirability of rcuoving water {rom 3l1) components of
steam systezs prior to warzap.
3. Backrround, The purpose and primary reason for using flexible sedge
gate valves in steam systems is to prevent binding vhen the valve i= in
the clossed positzon. In high precsure-tczrerature stean systens, pipe
line expansion produces stresses and strains at valve end connections which
tend to slightly éistort the valve bodies. If the valve wedge is solid,
this distortion will cause the valve sexts to press against the solid wedge,
and, in effect, clamp the valve shuts Tiais problea is overcome with flexible *
wedges, which are best described as two circular plates attached to each
other by an integral hud in the center., With this design, the wedge will
flex as the valve seats press gagainst it, thus avoiding the clamping effect, -
Because of this very desiradle charactcr.lstic, the llavy, as well as industiry,
w0 flexible wedge gate valves in all cases where piping system expansion
48 a significant “factor, .
4, Discussion. The neceasity of draining steam systems prior to putting
eteam on the line is mentioned in several docuzents, including the BUSHIPS
Hanual., Unfortunately, it is not acequately covered in these documents and
there have been instances where the preparziory sction of drainage prior
to stean adnission has been oveorlookeds As a result, scveral isolated
dnstances of serious dazage to flexible wedg2 gate valves have occcurred, It

* "4s characteristic of flexible wedge gate valves that 4if vater enters the body

neck a8 a result of systes hydrostatic tests, or by other means, while the
© walve is closed, it' will be trapped, rezardless of the valve position, unless
* ¢he valve 1a either opesned or the water is re=sved via a body neck drain,
- Briefly, this is due'to the fact that with the valve in tho closed position

o ®
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ind & differentinl pressure across the wedge, the upstrean side of the wedge
711 move awey from its seal, permitiing water to enter the neck cavity.

is the body neck and line pressurecs equalize, or the pressure is rapidly

:aken off the line, the upstrean side of the wedge moves back egainst its
reat, sealihg off the body neck and trapping any water which may have entered.
" If the water remains in the body neck, as it will if the valve is

o} ‘cycled or drained, and steam is pul on the line,’a situaticn closely
1lied to a boiler withoui a relief valve exists., The steam having a higher
regsure than the water in the neck, will prevent water from flowing into the
ine even though the upsirean face moves away {rom the seat. As the

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

8 repaated, ondy this time the water has been heated by the incoming s'peam.:' . !

The steanm, however, continues to heat the water due to its close
roxinity and higher temperzture, causing the water to expand. If the initial
nantity of travrped water was large enough, the initial temperature differ-
ntial between stezm and water great enough, and the heating cycle centinues
ninterrurted, the end result is predictables The water pressure will budiid
p, ue to the water's expansion being restricted, until either the body
eck ruptures, the bonnet 1ifts off, or the seat rings collapse.

£-"v.. ..

It should be noted that this phenomena has been-proven by calecula-
ions and controlled tests, during whiech & pressure was generated in the
>dy nesek equal to ten times that which existed in the line.- As far as actual
1stallations are concerned, there are only two known cases where this overe
essurization has resulted in damage on non-nuclear surface ships and both

scuryances would have been avoided had proper warmup procedures been employed, o

" Actione.

. e °

.

a. ¥Warmuo Procedures. The follow‘:'.ng steps should be incorporated -

1o p11 operating procedures covering warmup of steam systens, .if thoey . . X

ready do not form & part of sane, prior to the adaission of steam:

(1) Cycle all valves to ascertain that they are operational and

ave then in the open position for at least one minute to permit drainage
the body into the line, _ T . '

(2) Open 211 drains on the valve bodies and in the Jine.  °

- (3) line up the system for warmup in accordance with existing
wating procedures, All valve body drains should be left open to permit
dnage throughout the warmup period.” Obher driins should be positioned
* existing Instiuctions. .

. . -
. . * i
. . . .
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' . * 18 June 1962, .
(4) Proceed with warmup operation a:\d close valve body drains '
at the conclusion of sanme.

b, Modifieations. Valves located =3th thelr stens below the
horizontal may require modification in addition to the reguirements of
section 5,2 to protect them from the poscibility of everpreasurizalion.

The modifications and how to perform them, 23 nccessary, are given in
enclosure (1), These modifications arc generally considered to bie outside
{the norm2l) capabilities of & chip's force, Therelore, they should be .o
performed during & shipyard or tender availzLility period, '

¢s BUSHIPS lhnusl, The Manval will be revised srith regard to steam
- gystem drainage and the subject will dbe consideredly amplified,

6. Effective Date, This instruction beccmes effective upon receipb,:

L JESEGTEES
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There &s ene other example, vhich follows, and which has beeh included
to douonsirace the carc that muat be taken in debermining whether g valvoe

4» Yonel or "Lwo' way and, further, tne care '-duch must be takea in deter=
rdning the corsent mbdlrlCot.‘OPo

" The cc9e ir pint 1: ¢ conventional reducing station, per the ronoving
k'*bch' '

.. 1.;:. . — Lo . :
. ‘ - .—b - 0(“‘ = .
T e =) b\% DR { R
'. ‘. 4 o - ’-', '.. . ’-3 0 . .

The valves to be considered here are 11, 12 and 13.

Yalve 11 i3 & cne way valve, when closed, with steam pressure always

. ¢oming from the MINY side, .

;. “be Two m valve «~ Instal'l s drain to at:'oapherc in the valve neck. .o
- .: . ?he l'olc should be drillcd pcr the- .t‘ollo:dng sketch: ) . .
- Lpellere .
Lacuny .
STAMP .
. f/Ppr:An .-t'- PR
seoz, e e
- | 3 . b
f. ohp.. e .
~ R )

Valve 22 is a throttle valve, globe or needle type, and is not
1!'.901\'940

1 4

Valve 13 is s one way valve BUT, 4t 1s a one way valve 4in the direction
site to normal. If valves 11 and 13 are closed to icolate wvalve 14,
and 12 is opened lor operational pwposes, then valve 13 will be pressurized

from the downstrean side and it must be ...oaif;ed accordingly. | )

With the above examples zs a basis for determining tha type ot valve,
the bod:ricatiom to be applied are:

8+ One way valve ~ Prill a hole in the upat,rcam side of the wedge,
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The ttone way" valves in the above sketch, by the aforeaentioned
nition are 5, 6, 7' 8’ 100
/
The "two wvay" vu’Ve.s in thHc above sgketch, by tho aforementioned
nition,are 3, 4 and 9. -

-4

The "borderline™ valves, depending upon 2 pariicular mstall..t.wn aro
42

Pased on the above sketch, the definition of a Mone way" valve can
xpanded as follows: . :

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

b, The’last valve in any system, Refer to valve numbers 5, 8, 10,
*  ¢. Any valve located before any c¢ross connection. from other
ems,which has a valve located bziveen it ang the «=0as connection,
at it can be isolated if the cross-ceonnect valve is open. For example,
s 1 and 2 can be isolated if the cross-ccnnect valve 9 is opened,
osing valves 3 and 4, respectively, Since these valves will only
gze pressure* from the boller side normally snd can dbe isolated from
- systems, they can te considered az Yone way" valves.

Valves 1 and 2 therefore.are exasples of the "border lins®
mentioned above, If valves 3, and/or L were not present, then valves
Jor 2 must be considered es Ttwo way" valves since 1% would not be
ble to uolate thez if valve.9 were open.

.

efinition of "tawo way!! valvcs can be expanded as follows:

as Anv valve which wi].l be pressurized¥ in the direction
ite to normal when c¢rcss connections are openeds Reler 10 valve
rs 3 and 4 which are rnormally pressnrlaed* frox the boilexr side dut

>sed and the eross-connect valve is open (valve 9), they woulg be
irized from the opposite directdon,

‘Any valves in branch connections which lead to a cormon header
:annot he isolated from the header by closure of a valve betwcen then
ie¢ header, Refer to valve nimbers 3 and 4. If boiler "B™ was secured -
dves 2 and 4 closed to isolate it, thea valve 4 would be pressurized®

he boller PAY side, or opposite to nor=al. R versal of this precedurs
then repl.ace valve 4 with valve 3.

‘fho toms Mpressurlzed®, Mrealjce pressure®, otcetcra, rolexr to

lves being subjected to & prcssure djx.forcatia.l 1®ien in the closed
() ¢ 1Y

‘-
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REQUIRENMENTS J!D PROCZDURES FOR VODIF* i STEAM

SYSTEM FLEXIBLE CATE VALVES AS SECESSARY

Jf a pate valve ic installed with its stem located belew the horizontzl
and & drain is not located cn the valve neck, there is no mcans ol renov-
ing any water vhich might be located therein except ty cyeling the valve,
The wedge or disc entering the neck cavity will displace itls volume of
sater into the piping system, where it ‘can be drained off.” Unforturnstely,

. the quantity of wabter rcocaoved by this action from the necks of flexdible
wedge gate valves ray not prevent overpressurizatien because the wedge
only displaces about 30 percent of the neck caviiy, which is not encugh,
Additiorally, there is no way of preventing soce of the displaced water

frorm re-entering the neck cavity as the wedge is moved to the closed
Jpositions - . .

This belng the case, modifi
wedge gate velves in stean sfstens, if prevention of overpressurization
is to be guaranteed. I these valves 2lready have body neck drains, no
modifications are necessary. The required modifications in turn, ars depen—
dent upon whether a valve ds con51c~red as being & Yone woy" or "two vay"
VXLVEe

» e g

Briefly, a one way velve is any valve which when closed, w‘ll realize
" a pressure differential fronm only one directica under any condltzOﬂs. Any
valve whose location falls outslide of thzs llmatat101 is, of necessity, con-
eidered a two way valve. .

-

. There are valves which are bordor11ne cases 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
clariry vhat determines whether a part cular valve is "one way" or Mtwo wayh.

It should be noted uhat these examnles do not taXe operator error
.into account, L .- .
lq Lt N ) . a‘

B'lc A, —— . © - ——{Bin G,

- - . z
'. , -
* s" . () .‘ . . @o
e et . . Fnclosure (1) . em
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fons rmay be necessary to a8ll inverted flex-



W . . . s

::.-'-\";' T ’ ) ) . ’ ) )

" RUSHIPSINST  94R0.72 > . c
18 June 1954 .

-

A plate shouwld be attached in a conspicuous location reading
nTHIS VALVE HAS A VENT KOLS I THE UYSTRAM SIDD OF TE WiDGZ., I1IF WLEDGE
IS REVOVED NAXE SURE IT IS REPLACED il SANS WAYWY :

This modification for "one way! valves will prevent over pressurization
sinece the hole provides a constant ven! to the upstreax pipinge Tho reason
for using this type of modificaticn for thesc valves is to mininize the
nuzber of drains that must be installeds | - .

For “wo wey" valves, the drilled disc is unacceptable since it would
provide a constant lezkage path through the valve when cleosed, and stemn
pressure is applied to the side opposite the drilled hole. Therefore,
two way! valves with Lhe otem located below horisontal nmust be provided
with body neck drains to atmosphere per the following: .

-
1 -

LY 7vemns £ B
? Votlres (s .k End)

L o
- v

10 Alove Jop %
/C(;c ,Jée/aw
. Seal fPerson

] PJ!A{,cc Curcee

. < =5 -~ . E ._ . s o . ‘.
) o % 7:81/£¢

et v

1
3

1. Iocation of drain kole 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 avoid the reglon, but this should dbe
checked before any drilling, See Note 9. .

2, Pre-heating and stress relieving (as necessary) should de in accordance
with B¥OI~STD-27)A, : .

3. Drain valves per MIL-V-22094. - A .

b V¥elding per MIL-STD-278. . '

5. Drain holes into valve bodies shall be in ‘accordance with MIL-STD.22\,

.

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

7o When drilling hole, drill far enough off center to avoid wedge puides
inside the valve body. : '

B. B¢ careful to avold valve stem Af hole s drilled with the valve
partially assesbled,

¢ The préssure -sesl region 4s in the top of the valve body and 1S evidenced
by e.la’,ainlcss steel or stellited overlay; hole should ba drilled belcw this
sverlay. . . . :

helosure (1) . N e ' .o
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" by seating or backscating bypass valve.

.- Pr . . °

| : ”1;;::;L
/;,/4’//’3 - WAY
//’jgé:f, RYPASS

VALVE

(FOR EXAMPLE,
SFE EXHIBIT ¢€)

~

4

\\\\\\\ETEH AXI1S L
JORTZONTAL B

OR BELGH

1
.Body neck *C" should be vented to pipe run "A" or "B* that is upstream
With bypass valve in mid-position, bypass action will occur between “A"
and “B" with "C" vented to both. : :

Piping and operation may vary with particular bypass valve used. Appro-
priate tag describing operation should be attached in corspicuous location,

'Piping may be installed below main valve.
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