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SUHMARY
NUREG-0737 (Movember 1980) and all subsequent Y,S. NRC generic follow-up
Tetters vequire that 2171 opereting plant Ticensess and appl icants verify the
acceptabiiity of plant specific pressurizer safety valve piping systems for valve
operation transients by testing. To aid in this verification process, the Electric

Power Research Tnstitute (EPRI) conducted an extensive tasting program st the

Combbustion Enginearing Test Facility. Pertinent tests simulating dynamic opening
of the safety vaives Tor representative upstream environments were carried out.
Different models and sizes of safety valves were tested at the simulated operating
conditions. Transducers placed at key points in the system monitored a variety of
thermal, hydraulic and structural parameters. From this data, a more complete
description of the transient can be mads.

The EPRT test configuration was analytically modeled using a one-dimensional
thermal hydraulic computer program that uses the wethod of characteristics approach
to generate key fluid parameters as a function of space and time. The conservative
equations are solved by applying both the fmplicit and explicit characteristic
methods. Unbalanced or wave forces were determined for each straiaht run of pipe
bounded on each side by a turn or elbow. Blowdown forces wepe included, where
appropriate. Several parameters were varied to deterwine the effects on the prag-
sure, hydraulic forces and timings of events. By comparing these quantities with
the experimentally cbtained dats, an approximate picture of the flow dynamics is
arrived at. Two cases in particular are presented. These are the hot and coid
Toop seal discharge tests made with the Crosby 5M6 spring-loaded safety valve.

Included in the paper is a description of the hydraulic code, modeling tech-
niques and assumptions, a comparison of the numerical results with experimental
data and a qualitative description of the factors which govern pipe support Toading.
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1.0 INTRODUCTION

In Movemher of 1880, the Nuclear Regulatory Commission (NRC) issued NUREG-0737,
Under NUREG 0737, Section 11.D.1, "Performance Testing of BWR and PR Relief and Safety
Valves®, all operating plant Ticensees and applicants are required ©0 conduct testing to
qualify the reactor coolgnt system relief and safety vaives under expected operating
conditions for design-basis transients and accidents. 1In addition to the gualification
of valves, the operability and structural integrity of the as-built pressurizer safety
and relief valve (PSARY) discharge piping and supports must alsc be demonstrated on a
plant specific basis.

In respense to these requirements, a program for the performance testing of PR
safety and relief valves was formulated by EPRI. The primary objective of the Test
Program was to provide Tull scale test data confivming the operabilifty of the reactor
coolant system power operated relief vaives and safety valves Tor expaected operating and
accident conditions. The second objective of the program was to ohtain sufficient piping
thermal hydraulic load data to permit confirmation of models which may be utilized for
plant unique analysis of PSARV discharge piping systems. The program was designed to
envelope the various existing piping system configurations, the assoriment of valves
currentiy installed in various plants, and the different types of fluid inlet and dis-
charge conditions which could exist.

Westinghouse has been and is heavily involved in applying the results of the EPRI
test program. As is typical with most test results, it was decided that the application
of the EPRI test results could best be carried out in two stages. First, the therma’
hydraulic analyses and dynamic structural analysis computer programs are henchmarked
against the test results. In the second stage the benchmarked computer codes are used to
carry out computer analysis of various piping configurations subjected o various fluid
Toading conditions. The results of these analyses are then used to evaluaie the accept-
ability of these various piping systems.

Upstream piping lengths, valve flow rates, axial and lateral supports in addition to
applied forcing functions all effect and all determine the PSARY piping and support
design. The thermal hydraulic forces resulting from valve discharge are often the most
important design consideration.

The comparative material presented fn this paper considers thermal hydraulic and
piping data from EPRI tests No. 917 and No. 908, the hot and cold Toop seal tests,
respectively, with the Crosby 6M6 spring-loaded safety valve mounted on the test config-
uration. These two specific tests were chosen since they are representative of the
majority of PSARV systems on Westinghouse supplied Pressurized Water Reactors. Figure 1
illustrates the test configuration under discussion including the Tocation of pertinent
instrumentation.

2.0 THERMAL HYDRAULIC AMALYSIS
2.1 GENERAL

A Mestinghouse proprietary computer code was used to perform the transient hydraulic
{1, 21

analysis for the system. This program uses the Method of Characteristics approach
to generate fluid parameters as a function of time. One-dimensional fluid flow calcula-

tions applying both the implicit and expiicit characteristic methods were performed.
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The determination of the force requires that key variables be first determinad for
all segments of the piping for the duration of the transfent. For the transient under
considaration, a thermal-hydraulic analysis was performed to determine the values of
these varfables as a function of space and time for all piping segments. The basic one-
dimensional equations of mass, ensrgy and momentum conservation which must be solved to
determine p and V are:
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These continuity and momentum equations can he transformed to the following
characteristic equations:
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In a simiTar fashion, the energy equation mey be transformed into the following
characteristic equation along the line g% = VY,

and z = variable of Tength P = pressure © = angle off vertical
t = time p = fluid density J = conversion factor
¥ = fluid velocity F = flow resistance hn = enthalpy
¢ = sonic velocity g = gravity q'"" = heat generation rate

The appropriate equations can be expressed as finite difference eguations, either
explicitly or implicitly. At each time step, the left characteristic equation, Eq. (5},
and the right characteristic equation, Eq. {7), are solved simul taneously using the band
elimination method. The enthaipies are calculated either through the mass balance, Eq.
(1}, and the energy balance, Ig. {3}, or through the third characteristic equation, Eq.
(9.

The force %ime histories acting on a nuclear power stant piping configuration
can be determined by applying the integral form of the momentum erma‘cv"ov'il:g-| given by

Sl s oo - ffaorar + 55 fffve o
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For a bounded segment, which s a section of pipe bounded at aither end by an elbow

18]

or bend, the acting force s the wave force associated with the unsteady flow. This
force 1s represented by the Yast term of Fg. {10},
Fluid acce?eratioﬂ[4’h' inside the pipe genarates reaction forces on all bounded
segments. These forces can be expressed in terws of the fiuid properiiaes available Trom
the transient hydraulic analysis. The wave force can be exprassed in vector form as:
. ”

F=d2
9 9t y

e

p¥dy (11}
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From this equation, the total Torce on the pipe can be derived:

Y - CO% a s 11 - cos a, ]
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v = [straight -—- di
Q. . T
¢ Jpipe
A = piping flow area a = angle of elbow r = elbow radius of
¥ o= volume W = mass acceleration curvature
Fo= force B = bhaody Force 9 = gravitational constant
A1 other terms are previocusly defined.
Fpipﬂ defines the wave force acting on the bounded pipe. For an unbounded pipe or

open segment, the total force is the sum of the wave force along the pipe Tength and the
blowdown Force at the pipe end. This blowdown force is defined as the sum of the pres-
sure Force and momentum force and is given by the first and third term respectively of

Eq. (10). The total Torce om any open segment i then given by:

—
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Fquation 12

Fpépe =
open segment
where P, o and ¥ are teken at the pipe end.
Blowdown forces weve included in the total analytically determined force where
applicable. [(f.e. sensor WE34/35)
2.2 TEST 908 AND TEST 817 DESCRIPTEON[6]

Test 908 was conducted to repraseni a cold water foop seal discharge followed by
steam throuah a 6M6 spring-loaded pressurizer safety vatve buitt by the Crosby Valve and
Gage Company. The water femperature in the loop seal mear the valve infet was inftially
100°F. Figure 2 represents the temperature profile for test ans, The valve began to
open when the presstre in the accumulator reached approximately 2560 psia. The valve
stem oscillated at high frequencies during the early part of the discharge transient for
poughly 900 milliseconds. The valve reached full open position 15 milliseconds Tater.
Tha pressure in the eccumulator tank upstream of the valve at the time the vaive was
fully open was approximately 2690 psia.

Test 917 was similar to Test Y02 except the water seal temperature was significantly
hotter. The valve iniet loop seal Temperature was about 300°F, Figure 3 llustrates the
test 917 temperature profile. The valve began to open when the accumulator pressure
reached 2460 psia. As in test 908, the valve siem oscillated at about 200 Wz Tor roughly
650 milliseconds. The valwe reached full open position 90 wmilliseconds Tater. The &ccu-

mulator tenk pressure was 2650 psia ai the time the valve was fully opan.
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2.3 THERMAL HYDRAULIC MODELING
The therma] hydraulic system model was very similar for both tests evaluated. Major

differences were only in the initial fluid conditions of the systen.
J
For both tesis analytically modeled and evaluated, the safety valve was assumed to

Tinearly go Ffrom the fully closed o the {u11y apen position in 40 milliseconds. The
safety valve full-open flow area of 0.022 ft was used in the model. This area is
stigntly smaller than the Croshy M-orifice ar of 0.026 ft2 for the tested valve.

Flow visualization experiments performed hy 5a1tetL 7] show that the orifice area of a
valve may not be the actual area of Tlow. Gecause of sharp edges, siagnificant Tlow sepa-
ration occurs in the valve internals vessiting in a reduced Flow area. Using thig
reduced area gives & good analyiical to test match of the Full open valve flow rate
(~463,000 Tbfhr versus ~460,000 Th{hr).

The upstream pressure boundary at the accumulator tank was pires uine

v be steam
conditions at 2700 psia. Appropriate water zeal temperatures were used. Saturated
conditions consistent with a pressure stightly above atmospheric pressure were input as
nitial conditions in the downstream piping. A1l pertinent data, inciuding friction
factors, loss factors and flow arcas, were hased upon representative calculations and the
system Tayout.

For test 908, the water seal initially has an cbvious interface with the ste
upstreamn of it. This interfsce was included in the wodel and was vetained until it
passed throudgh the valve, at which time 9 was dispersed (removed)., Following disper—
sion, the tail of the Toop seal can mix with the steam that drives it. The other end of
the seal staried out in contact with the valve. An interface was nlaced here o atlow
the density of the Toop gmal to remain at a high value. Once the | ioop seal entered the
Tinal very long horizontal vun in the facility, it is believed that some combination of
pipe wall friction and separation from vounding the elbow caused the filow to form a
mixed, probably noshomogeneous flow. It is therefore not representative to retain the
Teading interface beyond this elbow.

For test 917, the interface between the water seal and the upstream steam was
included in the model and was vetained, as in the test 908 mod fel, until the interface

passed through the valve. AL this point, it was allowed to disperse, The other and of
the seal started out at the valve., To madel the Tlashing/mixing affect, the Teading
interface was allowed to disperse just downstream of the safety valve.

Figure 4 illustrates the Tocation of pertinent force time histories resulting Trom
tne thermal hydvraulic evaluation.
2.4 SPECIFIC THERMAL HYDRAULIC RESULTS

EPRT Tests 908 and 917 conducted at the Combustion Engineering Test Facitity showed

that Torces are redeced significantly with increased safe ty valve.seal temperatures.

Fnalytical vesults substantiate this. For example, Test 908, the cold loop seal test,
snowed a peak force of approximately 180 kips at sensor WE3Z/WE3Y {see Figure 1 for loca-

tien}. Test 917, the hot loop seal test, registerad approximately 13 kips at the came
sensair.  Based uvpon engineering judgement, significant Flashing of hot water near the
valve occurred for Test 917, thus veducing the downstream losds accovdingly.

Figures 5, 6 and 7 11Tustrate a comparison of the thermal hydrautically caleulated
vesults versus experimental vesulis for Test 908, the cold water discharge followed by
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steam case. Figure 5 shows the pressure time histories for PT9, which is located just
downstream of the valve. Figures 6 and 7 i1lustrate, respectively, the force time his-
tories of the hor{zontal run (WE28/WE29) and the long vertical rua (WE32/WE33) Tmmedi-
ately downstream of the safety valve. Significant structural damping in the third seg-
ment after the valve was noticed at the test and was verified by structural analyses.
Consequently, a comparison of force WE30/WE31 was not presented here. HNo usable fest
data for sensor WE34/WE35 was available for Test 908.

Figures 8 through 12 i1Tustrate a comparison of calculated versus experimental
results for Test 817, the hot water discharge followed by steam case. Figure 3 shows the
pressure time histories for PTS. Figures 9, 10, 11 and 12 il1tustrate, respectively, the
thermal hydraulically calculated and the experimentally determined force time histories
For (WE28/WE29), (WE32/WE33), (WE30/WE21) and (WE34/ WE35). Blowdown forces were
jncluded in the total analytically calculated force for WE34/WE3S as this section of
piping vents to the atmosphere.

Figures 5 through 1? {llustrate a very good analytical to experimental comparison,
3.0 CONCLUSIONS AND RECOMMENDATIONS

The pressurizer safety valves and associated piping, Tocated on top of the pressur-

izer, provide overpressure protection for the Reactor Coolant System of a Pressurized
Water Reactor. On most of the Westinghouse Muclear Steam Supply Systems a water seal is
established directly upstream of the safety valves to help reduce the potential for valve
leakage. FExperience has shown that eTimination of this seal significantly increases the
probability of valve leakage and correspondingly decreases the up-time or reliability of
the Pressurized Water Reactor. EPRI test data has shown that cold loop seals could
result in excessively high downstream piping and support Toadings. The same tests have
i1lustrated that hot loop seals would result in significantly reduced piping and support
Toads subsequent to discharge of the safety valves. Therefore, a system that includes
reasonably hot Toop seals immediately upstream of the safety valves would result in an
optimum design for the overpressure protection system located atop the pressurizer of a
Pressurized Water Reactor because it would minimize piping and support loadings subse-
quent to discharge through the valves and because it would minimize the potential for
valve leakage during normal plant operation.
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