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UOUORANDUM FOR:  D. F. Ross, Jr., Director, Bulletins & Orders Task Force

P BOM: €. €. Graves, Reactor Systans Branch, DSS

SURIELTs PRESSURIZER PUMLR-GPLRATED RELIEF VALVES

As you requested, a brief study was wade of the flow capacity of pressurizer
guuar-operated velief valves, As 1 understood the problon, the objectives
5f ihis study were (a) to resolve some apparent discrepancies in tabular
sresentations of valve capacities and mass velocities prepared by the staff,
(b) check vendors use of valve wanufacturer data in calculating valve flow
vales during transicots, and (c) express oy judgrent of the merits of any
valve test resulls and analysis methods. A1l of these objectives were not
cet.  In particular, I was not able to get sufficicnt information from
Yesiinghouse and Bubcock & Wilcox during the time available. However, I
belicve that you will find the information presented in the enclosure usaful
to your effort. (Time charged for study, 34 hours.)

The following conclusions result from this o tudy:

1. Tests on the capacity of the particular valves vsed as PORVs with dry,
saturated stoan at the inlet ave:

a, cither at very low pressures (30 to 50 psig) with cre valve size
as in the casze of Dresser valves, or

b. nonexistent, as in the case of Copus-Vulcan valves,

2. Tor the case of dry, saturated steam at the inlet, the uncertainty in
valve capacity at, say, 2400 psig, due to lack of test data may not be
excessively large because of the calculalion nothods and general
tuformation availzble on ¢hated flow of steem, Ioulver, it is recom=
wonded that the staflf require confiroalory Losts with stoam at
representative inlet pressures.

3, 1 am not aware of any test data for these valves with subcooled water,
seturated water, or tuo-phase flow at the inlet. There would be large
unicertainties in predicted valve capacity for these conditions.

4, The valve manufacturers, Combustion Engineering and probably Babcock &
Wilcox and Westinghouse, do not use the 0.9 consorvative factor in
calculating PORV flow as required for safety valves in NB-7000. They
would not be required to use this factor or to have certified valve

t

1osts if no credit is taken for PORVs in overpressure report (NE-7000).
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D. ¥, Ross, Jr, -2 = Hoveinber 1, 1979

. Drosser and Copes-Vulcan do not use the same procedure to obtain the
valve name plate capacity and would get different name plate values
for 'he same valve at the same inlet conditions. Copes-Vulcan uses
forulas in the Instrusent Society of Arerica Standard [SA-SP39.3,
“Control Valve Sizing Equations for Compressible Fluids." Dresser
uses the Napier formula with a flow cocfficient obtained from tests
(sce ASME NB-7000). Because of this, the reactor vendor's method
for cilculating valve capacity should be chucked (sce C-E method in

enclosura),

6. The tabular data for valve capacity for C-E and Westinghouse in the
RL0 draft report are incorrect. The valves are for minimum capacity
reguired by the vendor and are not predicted capacities which, at
least for C-E, are much higher (see enclosure).

(Lnrtls €7 Grorca
Charles C. Graves
Reactor Systems Branch

Enclosure:
Valve Infarmation
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ENCI OSURE

7
1.0 Compari: . of Methods for Calculating Valve Flow with Saturated Stem at Inmict

A, Tsentropic Flow of Compressible Fluid with Constant «

The choked flow mass velocity at the throat of a nozzle for a perfoct

[}
."e

gas which undergocs & frictionless expansion in accordance With

P

relation pv* = constant where ¢ = ¢ = constant is given by
C
v

. e e g e . Al

W_lbm_ = 29¢ Py ( "__) /__2___)2/('-'1) (1)
At ft?-SeC vo + K+1
A 1%{; fr-~

Jere py I8 the stagnation pressure 1bF/ft? and vg is the stagnation
specific volu u'11'/fté. For a real fluid which 1s assumed to follow
tha ov" = constant velation, vy would be obtained from a table of
panertios, For (he isentvapic rxpansion of saturated steam under
Caiut tTon of thoal equid
with ducrease in pressure since the fluid is in the quality region.
However, if « 18 assue-cd constant at, say, the value for dry,

saturated stcam, eguation (1) could be used., It is noted that low pres-

fhyfum Lhere would be a large change in x

suire (<100 psfa) tosts with nozzles and saturated steam at the inlet
indicate partial expansion without formation of water (see standard

texts und Wilson line).

B. “apier Formula P@@ﬁ @@ﬁ@ﬁ&%@dl

The Napier formula used in the ASME code section NB-7000 is

Tbm = 51. SA P (2)

t hr

where At is the throat area in in° and P is the inlet pressure in
psia. MNote that the inlet pressure used in a test w ould most

likely be the static pressure as obtained from a wall tap.
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tn NB-7000 a coefficicnt of discharqe Ky P@@R @ﬁ”@ﬂwﬁl

is chtained from testing, where

NT"I'_&S'JI‘Bd I Kd wt (3)

In the 1978 suier addendum,a modification to the Napicr formula for

1500 peia <P <3200 psia is given as

), ¢ ]
The correction fector F,N Hes ERuntron (‘U vgree well with the
3 oy ;- i
it f it 3 ‘ .i 1
Mote that Tor safety valvessa 3 conservatism factol 1d be applied.
W = 0.9 K, W 6
rated d 't i
,1(,1 F 3 J*.j r rrady .1 {o 3 Ay J‘ ‘.;,i"‘; whaen ”F‘ \'3‘]'{0 iS ll".{'.,"d {Ur
steam
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The Instrument Society of America Standard 1SA-Sp39.3, "Control Valve
Sizing Fquations for Compressible Fluids," cuntains a uuiber of formulas

and carrcction factors for sizing valves,

For the prosent study, the following cquation wics pbtained from the
standard for choked flow with dry, saturated steam:

e s

Wb = 35,68 rpcV priy (7)

hF
Yg

F s called a piping gnovetry factor which corrects Tor Lhe effect
af retacers or expanders attiched to the valve body., In a call to
tinhonse b was told that e valvas zog atteached directly to the

‘,,";"Jil‘g" ,L.;'H(e' I ‘%F‘.‘t Fp = 1-0-

For Fp = 1.0 and an Xp o 0.72 for the Copes-Vulcan valves, this equation
would give a value for CV of 46.5 to get a flow rate of 210,000 1b/hr of
iry, saturited steam at 0700 psia. The 210,000 Yb/hr value 18 @ minimum

required valve capacity specified by Westinghouse for 2200 psia set

proszure for some plants.
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Comparison of Varinus Medel Results for Dry, Saturated Stoam
figure 1 was originally prescnted in Appendix D of Reference 1 which |
prepared in 1974, It illustrates the effect of changes in inlet stagnation
pressure on the predicted throat nass velocity under choked flow conditisns,
[t §s evident that there is fairly close agrucient hetween the HEM, HMoody,
and Napier formola results at lower prestures, ilowever, at, say, 2400 psia,
there are relatively large differences, Table 1 gives a tabular coopirison

of the rosults of all models considered in this study.

Figure 2 (from Reference 2) gives a canparison of predicted and experinental
results for a cmall (rochy safety-relief valve. The valve model nuiler is

1402, 20 6E-51M.  The Crosby catalog indicates Lhat Lhis valve has a

throat srea of 0,110 in?. fote that the valve capacity is génerally
Taryee than predicted, Feon cueparison of Figure 2 and Table 1, note the
good agicaaent between the teost Jsta On “ome odels at the higher pressures,

POOR ORIGINAL
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2.0 Dressar and Copes-Vulean Valve Inforiation [l@ @@R @W@W@

A, Dresser Power-Opecated Relief Valves

Bresser Elecrcmatic Relief Valves, Model Huntzr 31533VX o+ 31533VX-30, are
i5.d in most CE and B&W plants. The two wodels differ only with respect to
the pilot valve region and, cnce should have the same capacity for a jivon

orifice size and inlet jvecoure,

An initial check of the Dresser valve capacities wes made by w.ing tabular

values given ita Predser catalogs dated Apeil 1973 and Moviohor 1574, Tiie

resulting values for the coefficicnt of discharye, Kd' were apprecialily loLer

than those obtained frum CE. #r. William Casey, Munager, Engincering Drpartucent, at
Arasser was contacted to resolve this difference. MHe called back and stated that the
values in tha Prossor caltalegs were incorrect, that the catalogs were no lunger

being used, ond that the Kd of 0,95 used by CE was correct for all orifice JiZneters
1

of the 315370k and 314533VX-30 valves, The Dvesser valve nancplate capacity is besed

on this Kd' the Napier foimula and the set preszure (0% accunulation).

1 asked for information on the tests used to dutcrmine this value for Kd‘ He
did not have specific information on the test but telieved that only one crifice
dianeter was tosted with Yow pressure steam during the valve development i Ggram,
The test results wore net rocorded at the Nationa) Toard of Boiler and Prestuie

Vossel Inspections since the valve is not certified for capacity in accordance with

NB-7000 of the AIME Cude,

1 called Mr. David Ray of the Nationa) foard to ohtain data on Dresser and Copos-Vulea
PORV's. He did not know of any tests on the Copes-Vulcan valve, but Jid 'ave data on
Dresser Electromatic Relief Yalve (Model 1530¢x(V) with a 1,81258" oritice diameter

and 2 1/2" inlet dizmster). The valve, which is comewhat similar to the ¥1532vK

valve, had a Kg of 0.87. The valve was tested in 1968 at four ialet prossures

renging from about 34 to 49 psig. 900'035‘
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Copos-Yulean Type D-100 diaphragm-operated control valves are used as FURVs for

rost “eotingtouse plants. Copes-Vulcan personiel at the main plant cnjincering
depart~~nt uere contacted *o obtain information on these valves, These Copos Vulean
valves “re not certified for capacity in accordance with K8-7000 of the ATHE Code,
The valve capacity 1s calculatad using formulas in the Instrument Sotivty of fiorica

Standurd 15A-5P39.3 (April 1973). Mo tcsts of this valye wcre vun ith = icdms

Tvo valve paraicters (xf and CV) and two steam ]HO‘,,-'I"LiI.‘S (\‘. nsity, ':“nr,i.'ic hicat
ratio) are used in the calculations, X is a dimensionless pressuce ratio {picssure
lrop scross value, po-p,,
n. is decrzased until the flow rate becees independunt of p, (chotod Mow).
e 2

divided by inlet pressure, P]). From tests at constant

p

| C
The joessuve ratio at this point is FKXT (FK = ¥/1.4). The valve sizing coeiticicnt,
£ o 18 @ woasure, W part, of tyim «jre (i.P., L) G tional to 1oy ._n'rxa), he
1A standard peraits use of water tests to deternine Cv‘ This was doise for the
Copes-Yulcan valves. It was noted that the 15A standard has been adopted as an

AnS1 stuwdard Tor conltrol valve sizing., tote also that the pressures are stalic

Preesuircs.

90010352



3.0

2csctor Vendor Taformation @@@ @QH@UWM&

‘A, Combustion Engincering

Table 2 pruvides values for PORVs of plants with a CE MSSS. T. is noted that
thiree values of valve relief capacity are given. The smallest valucs are Lhe
mintoun 1equired valucs specified by CE (these values were incorrectly givin as actual |
valye vapacities in Lhe table of the BRO draft rejort oo CE). The valve ruucplate 1
capacitios at the set prucsure (1.8, 0% acch dation) were calculated by Dresser !
using the Napier formula aud Lhe discharge cocfficient, Kd’ of 0.95 vbtained Trim the

Yo pressuee Yects wilh steams  The valve naicplate capacities are given by:

1b . 51,5 k. AP

\
W hr d
where Kd 1,435, A = orifice area in ZuLLQSZ and P (for Liis case) 1s 2770 psi

Valuees of *he orifice diameter and area are supplied in the table,

The product KA rs bes an cffrctive orifice area which is used with a
6 d : . . . 2
critical flow wodel for the mass volocity 6 in 1b/hr - ft° fo calculate valye

flow during a trensient, CE used the following cdels for G:

(0,19C6P - 1000)

—
o
i
o

The focioy in parentheses s @ correction to the Kapier foriula
ysed at 71500 psia wliich was developed to give agproximately the
cama valuc for G as that obtained from the Homogencous [quilibrium

Madel. 1t is given in the Surimer 1972 Addenda to the ASKHE Code.

2. For tuo phase flow:

G from Moudy todel

3, For subcooled:

6 from ‘lenry-Fauske ¥ode) as rodified by CE 900’0553
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B. “estinghnuse

The caly information obtained “/as fhat valve capacities such as 210,000 1b6/he

? )
for North Anna and 169,009 1b/ke for Ginna are Hestingloguse-specified
mininum casacitios, lonce, the B0 talular velues for Hestinuhouse relief

valves s%ould be corrected.

C. EA
| asked Zur specific information from B&M, Trey have not suppl ied

this infrrvation,

POOR ORIGINAL
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Table 1: Effect of Precsure on Choved Flow Mass Velocity
for Pry Saturatod Stoam

i G Moody ? G, Moody _ G HEM GSIA*._n_ cp;nstuntf
psia 1b/sec = ft G Napier G Napier £ Napier G Mupier
50 107 1.036 1.020
100 210 1.017 1.0
200 413 1.0 983 1.0 " 1.031
400 219 993 L7 .969 1.020
530 1229 204 308 284 1.017
200 1046 1.0 372 , 387 1.022
1000 2074 1.007 977 997 1.032
1200 513 1.016 . 383 1.006 1.042
1400 2965 1.028 932 1.01¢ 1.05)
1600 1434 1,042 1,002 1.037 1.075
1800 3922 1.058 1.103 1.057 1.096
}20 5 1.076 1.027 1.034 1.130
2200 4979 1.099 1.044 1.130 1.165
2400 5565 1.126 1.064 1.164 1.2.4

*hormalized to G Napier at 200 psia.
If formalized to GC x at 200 psia

G

onstant

s aure vt vt “'?} i 1 2:'.
would agree with Gconf:‘.g:nt to within 17

1SA
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