UNITED STATES

NUCLEAR REGULATORY COMMISSION

REGION 1
631 PARK AVENUE
KING OF PRUSSIA, PENNSYLVANIA 19406

March 29, 1977
Pocket No. 50-29

Yankee Atomic Electric Company

ATTN: Mr. Robert H. Groce
Licensing Engineer

20 Turnpike Road

Westborough, Massachusetts 0158]

Gentlemen:

The enclosed IE Circular, 77-05 is being distributed for information, in
the belief that the subject matter is of sufficient safety significance
to warrant your specific attention. No written response is required,

Should you have any questions concerning this matter, please contact
this office.

Sincerely,

James P!‘O'Re111y
Director

Enclosure: 1IE Circular No. 77-05

cc w/encl:
H. Autio, Plant Superintendent
Donald G. Allen, President
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OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D. C. 20555

IE CIRCULAR 77-05
Date: March 29, 1977
Page 1 of 2

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 saie time. Under certain cir~umstances, 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 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 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 1ine for hydrostatic
test, draining the Tine without opening that particular valve, and then
heating up the 1ine 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.
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=v2~, Walworth Company - P.0. Bex 1103, Hulf Avanue
g : Graansburg, Pa. 15601

(412) 837-6100

United States Nuclear Regulatory Commission
Re?ion IV

611 Ryan Plaza Drive

Arlington, Texas 76012

Attention: Mer. J. H. Tillou, Chief
Lic:<.-» Contractor and
Vende: Inspection Program

Subject: Potential Overpressurization Problem in Valves
Gentlemen:

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 valyes having flexible
:edges an? teing installed with the stems horizontal or below

orizontal.

Overpressurization is covered in the follewing
s from ANSI B31.1-1973, "Power Piping" and ANSI
3, "Steel Pipe Flanges, Flanged Valves, and Fittings":

ANST B31.1-1973, Pace 26, Paraoraph 107.1C

- ™
uno
i,
-
(Yo lne
-~y

Where liquid trapped in a closed valve can be
heated, an uncontrolisble rise in pressure can result,
(An example might be 3 flexible wedge sate valve, ine:
stalled with the stern horizontal, having heat fromr
warm-up of the pipeline applied to liquid fram the'
testing, cleaning, or condersed fluid, such liquid being.
entzapped in the bonnet section of the closad valve,),
Where sucht 2 condition is possipie. the Owner shall
provide means in design. installation, and /or operation
to assure that the pressure in the valve shall not ex.
.ceed that allowed by the Code lor the attained tem-
perature. Any resulting penctration of the pressure
wall of the valve shali mect the requireinents of this
Code and of drains in ANSI 816.5,

Valver for industey . .. everywhere
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"United States iluclear February 24, 1576
Regulatory Commi;sion

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

Fluid Thermal Expansion, Certain double
scated vafve designs are capuble of sealing simultane-
ously against pressure dificrential from the bonnet
section 1o the adjacent pige in both directions, In .
such valves, a circumsiznce in which the bonnet
section is filled with liquid and subjected to an in- -
erease in temparature can result in build up of pres. '
sure in the bonnet szction. Where such a condition
is possible, it is the responsibility of the prrshaser
1o provide or require to be provided means.in de-
sign, installation,, and/or operstion to assure that
the presswre in the valve shall not exceed that al

" lowed by this standard for the attained temperature, |

For discussions and recommendations concerning
this subje-t in the aforementioned valves, please refer %o
attached E. "ibits A, B, and C.

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

Yours very iruly,

) e
e |
T Z
P. H. Awtsigy
Chief Eng¥neer
PHA:me¢

Attachments

P.S. Concerning the Exhibit A (BUSHIPS Instruction 480.72
with 1ts Enclosure 1), attached copies of letters of

February 2 and 12 give permission to release this
information.
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February 2, 1976

LR

Raval Ships Enginearing Center
* Center Building i

Prince Georges Center

Hyattsville, iHaryland 20732

Attention: Mr. J. F. Conway, Section Head

Valves, Piping Ccmponents, and Structural Analysis Secti:
Code 6153¢ :

Subject: ~ BUSHIPS 9480.72 :
% ' Ser 648A5-308 - N
? o 18 June 1964 ‘ .

Gentlemen: -

Confirming our telephone conversation cf today,
permissicn is requested for Walworth Cempany to submit a copy
. 0f -the subject letter, along with 1ts Enclosure 1, to the
United States MNuclear Regulatory Commission for use by it in
dealing witii a2 possible problem in overpressurization of valves.

; I have discussed with the Huclear Regulatery Commission
. ..the possiblity of overpressurization, especially as applied to
- steel gate valves having flexible wedges and mounted with the
stem horizontal or below horizontal, and would like to use the
"+-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 MNuclear Regulatory Cemmission,

. L

Yours very truly,

PL H. Aw pey
Chief Engineer
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Walworth Compaay
P.0. Box 1103 Huff Avenue
Greensburg, Pennsylvania 15601

Attention Mr. P.H. Awtrey

{hief Eagineex

Centlemen:

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

Please be advised that the Naval Ship gngineering ‘Center has vo objectiocn
o enclosure (1) being used in any articles or conversations pectaining

to the subject in question. i

As a matter of informatiom, the pertinent comtents of enclosure (1) now,
and have for some years, formed an integral part cf the overall stean
system design requirczeats for Ships of the United States Navy.

Sincerely yours,

P iz
J. F. COIWA

Pt L TR Ml
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Naval Ship €aginzaiing Caaler
(2) BUSHIPS INST 9480.72
Ser 648A5-30 of 18 June 1964

.

PEOPLE-PCAFCAMANCE | PRIDE-PHMOFESSIONALISM

t—--—v

Z;‘V;‘; T &



'i ! " 4 il . l en'
. ( ) ..' " b ( . " 3! i .) « A CX“’(“(S l’ v X4 ‘.
1 DEPARTIMENT OF TIHE NAVY. : ‘ o :

A . DUREAU CF SHIPS 3
i WASHINGTON 23, B, &

)

s S dead Yo
ki :/“.p . '.‘ N
/A%

25

N REPLY murea YO

g . : o Ser 6LEAS-3
: e : ‘ St 2R Juue 1984
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, Tos Distribution List v ‘ At 3

Subj: Surface ship steam system valves, operation of prior to warmup -

Enel: (1) Reguirements and Procedures for Modifying Steam Systea Flexible
Cate Valves as Neceasary - . -

{ & Purposes To premulgate ingtructiens eonceming the operation of ' i
valves prior to the adaission of stean to the system, e

2, Scop=. This instruction applics to all valves in surface ship stean B
, systems of non-nuclear construction, It does not apply te nuclear cone
rstructien for which separate requirements have been developed, Further,. . b
‘ y although specifically directed at protesciing flexible wedzs gate valves RGN k|
A .. Jrem overpressurization, this instruction applies to all steam gystom v id
‘ valves due to the desirabilily of resoving water [rom all coemponents of
| stoun systems prior to warmup. '
|
|
:

E.
\. i | - S i ¥y |
e 2. PBagkeround, The rurpose and prirary reason for using flexidble wedge
e, g-be valves in stecam systems is to prevent binding shen the valvs is in
the closed position, In high pressure-tc=perature stess systens, pipe .
: line expansicn produces stresses and strains at valve end connections which E‘i
o : . tend to slipghtly dlstort the valve bodies. If the valve wedge is solid, |
Tl this disterticn will cause the valve seats to press tgainst the solid wedge, N &
| and, in effect, clamp the valve shut., Tuis probles is overcome with flexible * e
: . Wwedges, which are best described as two circular plates attached to each
I, .. - other by an intezral hud in the center, With this design, the wedpe will
, flex as the valve seats press againsy i%, thus avolding the clamping effect, - i
. Because of this very desirable characteristic, the Havy, as well as industry, : b
, Wo flexible wedge gate valves 4n 211 cases where Fiping systex expansion "
E o . 48 a significant factor. . ; : L
4e Discussion, The necessity of graining stean systems pries %o putiing
eteam on the line is mentiened in several documents, including the BUSHIPS
' Yanual, Unfortunately, it is not aceguately covered in these docunents and
' * +  there have been instances where the preparatory action of drainage prior
i, t0 clean odmissicn has been overlooked., Az a result, several isolated

instances of sericus dazage to flexidble wedge gata walves have occeurred, It

"~ ' 4s characteristic of flexible wedge gate valves that if wobter enters the body kT

i neck as a result of systez hydrostatic tests, or by other means, while the : i3
valve 1s closed, i’ will be trapped, rezardless of the valve positicn, unless 2

' v the valve i either opened or the watar 48 resoved via a dody neck drain, .

Briefly, this Lo due to the fact that with the valve in the clused poaition -
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'a,:*.:'. e differential precsure across the wedge, the upsirean side of the wedge

dll =ove pwey from its seat ermitiing water to enter the neek aavite.
x;‘%n’g“’poqy Rveh SRat12,8 PrdoBires eusllze T orothD pressure i3 ra.p}.dIy

taken off the line, the upstireas side o' the wedge moves back agiinst its
geat, sealihg off the body neck and trepping =ny water which t2y have entered,
If the wotcr remaing in the body neck, as it will £f the valye is
not ‘cyeled or drained, and steas s put on the line,’'a situation closely
allied ¢o0 a boiler without a relicf valve exists, The stean having a higher
pressure than the waler in the neck, will prevent wster froa flowing into the
iine even though the upsirean foce moves away from the seat, As the '
Fressure equalizes, the cycle whereby the water initially became trapped,
is repeated, only this tize the water has been heated by the incozing stean, !
The steaz, however, continues to heat the water due to its slose
‘proxizivy and higher temperature, causing the vater to expands If the iritial
guantiiy of trapped water was large enough, the initisl tenperature differ- o
entlial between steam and water great encugh, and the heating cysle continues

‘uwninterrupted, the end result is predictable., The water pressure will build

Lp, dae Lo the water's expansien being restricted, until either the body
neck muplures, the bonnet lifts off, or the scat rings collapse,

It should be noted that this phenomens has been-proven bty caleula-
tions and controlled tests, during which a Pressure was generated in the
body neck equal to ten tizes that which exdsted in the line.- As far as actual
installetions are cencerned, there are enly two known cases where this overs
pressur_zaticn has resulted in damage on non-nuslear surface ships and both
cesuryances would have been avoided had proper warmup procedures been enployed,

57 Astien,

& Warmum Proe

° -
into ¢l operatin

cures, The following steps should be incorporated
Fs ccures covering warmup of steam systezs, il they
alreacy do not form a jart of saze, prior to the aczissica of steam: '

-

-

(1) Cyele all valves to zscertain that they are operational and
leave them in the open position for at least one minute to permit drainage
£ the body into the line, 0 o ol . '

(2) Open 2l) drains on tho valve bodies and in the line,  *

(3) Line up 4he system for varmup in ascordance with existing
operating proccdures. All valve body drains sheuld be lefl open to permit
rainage throughout the wasmup peried,’ Other crains should be positioned

Jer ecsiing instructions, d
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A . s ' . BUSHIPS 137 9410.72

e s 18 June 1964
(4) Proceed with warmup cperation and close val p e
a4 the conslusicn of same. y e valve body drainy

=

-

‘-...
Y

s

be Modifieationn, Valves located with their sterms below the
horicontal may requile modification in addition to the requiruments of
section 5.2 to proteck them frox the poseidility of overpressurization,
The modiflcations and Row to pesform them, es necess2ary, are given in
enclosure (1), These modificatinnz are generally considered to be ocubtside
the normal cspabilities of a ship's force, Therefore, thoy should be .
performed during 2 shipyard or tender availsbility perdod, '

Cs DUSHIPS Monual, The Manual ill be revised with regard to stean
aysten draipaae ad Lne subject will be congiderably amplified,

-
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‘ ity ' ' PUSHIPSINST 94ﬂ0.%2
‘ , o i 18 June 1964

FEQUIEENTS AND PRCCZDUFES FOR MODIFYING STEAM
SISTEI FLEXIBLE CATZ VALVES AS NZCZSIARY

If a gate valve is installed with its stem located belew the horizontal
and & drain is not located on the valve neck, there is no means of revove
ing any waler vhich might be located Ltherein except by cycling the valve.
The wedge or dise entering the neek cav Vy will displace its volune of
water into the piping syitem, vhere it can be drained off,' Unfertunately,
the quaniity of water ronsved by this action from the necks of flexdble
wedge gate valves may nob prevent overpressurization because the wedge
only displaces about 30 pircent of the neck caviiy, which is not enough.
Adcitionally, there is no way of preven ing some of the displaced water
{rem re-entering the neck cavily as the wedge i3 moved to the closed

This being the case, mcdificaticns may be necessary to all inverted flexe
wedge gate valves in steanm systems, 4f prevention of cverpressurizatioen 4
is L0 be puaranteed., I these valves 2lready have body neck drains, no Vi
medificaticns are necessary., The Tequired modifications 'in turn, are depene
¢t upon whether a valve is concsidered as being a "one way'" or Miwo way"

ViV es ‘ : . ; J
a8 ¢ 51 - T

Briefly, a cne way valve i3 any valve vhich when closed, will realize
& pressure differentiz) from only cne direction under any cenditions. Any
valve whose locallon falls outside of this 1lin tation 49, of necessity, con=-
sidered a tWwo way valve. . g . '

There are valves vhich are borderline cases and/or can fall into etther
category, particularly 4if an error in line up is made. Therefore, the
following sketehes and mere detailed cescripiion have been included to
clarily whal determines whether a particular valve is 'one way' or MLwo wayM.

.

&4 should be noted 40 it these exz=ples do not take cparator error

Anto ancount,
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The "or;e way" valvas in the above s)fetch 7 the aforeentioned
definition are 5, 6, 7, 8, 10.

v M 3 gyt valvaa in tHe above =kestch, by tho aforementioned
.defint <. e 3, &4 and 9. - y : ;

The corderline't va.lves, depending upon a particular iastallstion are
i
| 1 and 2e 3 i i

Bazed on the above sketch, the definiticn of ‘a "one way" valve can
be expanded as follows: g y

a. Any valve located In 2 gystem a.tter 207 croes connections so
that 14 cannot de ;reasur:.:ca frem the dirnction that is opposite to
.normal, Rofer to valve numbers 5, 6, 7, 8, 10. :

be The last valve in any system. Refer to valve mmbers 5, 8, 10,
| " . Any valve located before any cross connesiion. from obhew
: systezs,which has a valve locabed bestween 4% ang the <=oss cornestion,
go that 1t can be isolated if the crosas-connect valve is open. For exm=ple,
valves 1 and 2 can be isclated if the cross~connect valve 9 is cpened,
by clesing valves 3 and L, respectively, Since these valveéd will only
realize pressures® frea the boiler side nor=2lly and can be iscolated frem
other s7ystens, they can bae ccnsidered as 'ene yvay" valves.

Valves 1 and 2 therefore are exa=plecs of the ™order linen
ceses =entioned ctoves IL valves 3 end/or L wers not present, then valves
1 and/2r 2 must be considered 2s Tiwo way" valves sinee if would not be
possitle t0 dsolate them if "a.lve 9 were open.

The definiticn of "4wo way'! valves can be expanded as followas

Any valve which ’r'.l.. be pressurized® in ¢ mc direction i

8
opresite 49 nermal when erogss connections are openteds Refer L2 valve
nuzbers 3 and 4 which are nor=ally pressurized® from t s boiler side but
i2 elcsed and She cross—comnect valve is cren (valve 9), they would be
pressutized ILrom t‘xa oppesite direction,
be Any valves in dbranch connections which lead £0 a cocmon header
is0lited fro= the header by closure of a valve bebtween thea

and th ders Refler to valve nim=bers 3 and 4, IL beller MBM™ vas secursd
and valves 2 and 4 closed %o is0late it, thea valve 4 would he pressusizedy
frea the boid

er PA" sido, o opposite to nor=al. Reversal of this procedurs
wuld then replacs :
=3

hat canrot de
e h >

valve 4 with valve 3.

1=y The ter

Moressurized”, "realize prezsure™, etceterz, refer 4o P
the volves being sudlectod Lo a pressure c'.‘..!.’::':.. i3l xiea in the closed
1bing N .
xa-'-' . " 4 - - “ =
4 4 P g8
Tmalosure (1) -2 . :
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' There L8 ene other example, whish follows, and which has been {ineluded

to demonsizate the carc that susb be taken in determining whether a valve

is "ome¥ or "Lwol' way and, further, Yne eare which must be taken in catere

i edning tha corsenct medification,

X " The cova in point 43 ¢ conventioral reducing station, per the fomwing
2 gkotent ' ) -
a . %, ,.2' . L R . o

" . < ._.~ - W .
L ¢ ¢ : | % | ’
; . . "'.': { N { et °_<( z>.4 M coons s / :

~ ¥ o — ". . 'g c .

. ¢ - '- . .
i The valves to be considered here are 11, 12 and 13..
i

| ; Valve 1) i3 o cne way valve, when closed, with stean pressure always ¢ .
y - eeming from the "IN' side, i
P iy i i’alve 12 is 3 throtile valve, g,iobc or needle type, and is nct

| o  drvolved. *

-C.' q Valve 13 is a one wvay valve EUT, 4% is 3 one vay valve in the dirsetion

gpposite to mermal. If valves 11 and 13 are clesed to fzolate valve L4,
. and 12 i3 opened for operational purposns, then valve 12 will be pressurized
| , : fron the downetream side and it zust be 2odified accordingly,
; Wilh the above exmzples as a basis for determining the type of valve,
the tadificaticna to be applied ares '
&8s Oneway valve ~ Drill 3 hele in the upatrean side of the wedze,
4 : “be Two way valve = Install a drain to almcsphere 2n the valve neck.
g ‘.“'hc.ho’.e sheuld be drillcd per tha-follcw‘.:.g sketchs

A\l

. i Lo 27 oilie

iy

Sramp L l , ' 'y _

VRPITAZAM _ 4
i o

| RIS £ voa
'[A' LI

——

gt




"

Tap I Abore Top
Of wiedse § below
| Paess Seal R2zion
| Aoip wiedes Guige

::if‘?."‘ g P | € )

RISHIPSINST 9480,72
18 June 1964

A plats should be attached in a ccnopleucus location reading
PrIIS YVALVE HAS A VAENT HOLD I THE UPGURZ'M SIDZ OF TiE WiIKZ, I WEDGS

15 REVOVED MAZE SURE IT IS REPLACZD TE SAS VALW"

This modificaticn for "onme way! valves will prevent over pressurizaticn
sinee the hole provides a constant veat to the upsireaz piping. The reasen
for using this type of modificaticn for these valves i3 to nindmize the
puzber of drains that must be installede | . : .

For "swo way" valves, the drilled disc is unaczeptable since it would
smavide A canatant leckags poth fhroueh the valve vhen closed, and siexn
pressure is applicd to the side opzosite ihe drilled holes ‘Thersfore,
Wwo way' valves with the stem located below horizental must be provided
with body neck drains to atzosghere per 2ho rol_".o'fi:zg:

\
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"1, locaticn of drain hole im the neck sheuld be clese 4o the top of the

neck BUT care should be tzlen not to drill through the pressure seal region, 4
Someplacs between 1/3 to 1/2 down frem the top of the valve (looking at the
valve in the wpright positien) should avol” the reglon, bub this should be
checked before any drilling. See lote 9. )

2, Pre-heating and stress relieving (as necessary) should be in aecordance
with HII-STD-271A. 538 .

4, Drain valves per MIl-V-220%4.

L. Welding per MIL-STD-278. & .
&, Drain holes into valve bodics shall be in ‘accordance with MIL-STD-22\,

6, Drain valves and piping shall be 1/L" IFS. Materials same as gate valve body.

7« ¥hen drilling hole, drild fs- encugn off center %o avoid wedge pguides

. inside the valve hody.

8. Bo ecareful to aveid valve stes 4f hole s drilled with the valve
partially assesdled,

§. The pressurc-seal reglom 43 4n the tcp of tho valve body and 45 evidenced
by a stalnless steel or stellited overlsy; hole chould be drilled belew this
everlays : :
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SPECIAL :

P
PIPE AXIS IN gYPA‘S'fw
AlY ORIENTATION VALVE - 3

1KCLUDING
VERTICAL (FOR EXAMPLE,

SEE EXHIBIT C)
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1. - Body neck "C" chould be vented to pipe run “A" or "B that {s upsiream
. ;eating or backseating bypass valve. b4

2. With bypass valve in mid-position, byﬁasé action will cceur between “A"
and "B" with "C" vented to both. : .

3. Piping and cperaticn may vary with marticular bypass valve used. Appro-
priate tag describing cperatinn sheuld be attached in corspicucus location.

4, Piping may be fnstalled belew main velve.
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MODIFICATION OF A FLEXIBLE
WEJGE GATE VALYE WHIRZ FLOVW
‘AY BE IN EITHER DIRZCTICH

EXNIBIT 8
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*8Y-PASS FLOW. MAIN SEAT THRU BACK SEAT



