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Gentlemen:

VIRGINIA ELECTRIC AND POWER COMPANY

PERFORMANCE TESTTNG OF RELTEF AND SAFETY VALVES

In our letter dated May 1, 1984, Serial No. 107, on the above subject, we
noted we were having our vendor (Westinghouse) and architect-enginee. (Stone &
Webster) prepare the information resuzstcd by your February 8, 1984 letter.

Enclosure 1 entitled "Responses to USNRC Request for Additional Information
TMI Action NUREG-0737 (I1.D.1), Relief and Safety Valve Testing for North Anna
Power Station Units 1 & 2 Docket Nos. 50-338 and 50-339," provides the
additional information.

!sry truly yours,

!
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cc: Mr, James P, O'Reilly
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Region II
Atlanta, Georgia 30303

Mr. M, W. Branch
NRC Resident Inspector
North Anna Power Station
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RESPONSE TO US NRC
REQUEST FOR ADDITIONAL INFORMATION
TMI ACTION NUREG-0737 (11.D.1)
RELIEF AND SAFETY VALVE TESTING
FOR
NORTH ANNA “OWER STATION
UNITS 1 ANC 2
DOCKET NOS. 50-338 AND 50-339

Enclosure 1
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Question 1

The submittal does not include a discussion of consideration of single
failures after the initiating events. NUREG 0737 requires selection of single
failures that produce maximum loads on the safety and relief valves. Include
a discussion describing how the single failure considerations are met.

Response

The 1imiting Condition II transient that incurs safety va've actuation is the
loss of external load event (FSAR 15.2.7). The analyses assumed an initial
core power of 102 percent of rated with no direct reactor trip (on turbine
trip). In addition, the pressurizer spray and power-cperated relief valves
were assumed inoperable. The combined effect from these assumptions produced
the greatest {fastest) reactor coolant pressurization rate.

As the peak pressure is observed within a few seconds of transient inftiation,
single failures within the engineered safeguards systems would have little, or
no effect, on the pressurization rate or peak pressure observed.
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Question 2

As pointed out in the plant specific submittal, results from the EPRI test on
the Dresser 31739A safety valve indicates that the test blowdown exceeded the
5% value given in the valve specifications. If the expected plant blowdowns
also exceed 5%, an increase in pressurizer water level could occur such that
the water leve) may reach the safety valve inlet line and results in a
steam-water flow situation. Also, the pressure might be decreased
sufficiently so that adequate cooling might not be achieved. Blowdown for the
North Anna 1 and 2 Dresser 31759A safety valve, at 1ts current ring settings
was not discussed. The submittal did state that the valve manufacturer
(Dresser) and the NSSS supplier (Westinghouse) were reviewing the Dresser
31759A ring settings.

Please provide the recommended ring settings along with the expected blowdown
and a discussion addressing the increase in pressurizer water level and the
adequacy of core cooling.

Response

The recommended ring settings for North Anna 1 and 2 were derived from the
methodology of Mr. A. Singh of EPRI. The method is described in Mr. Singh's
pcur namer entitled "A Correlation for Safety vValve Blowdown and Ring Setting*®
presented 11-16-82 at the ASME Winter Annual Meeting in Phoenix, Arizona.
North Anna Unit 1 was adjusted as closely as possible to these recommended
settings in November 1982. North Anna Unit 2 was adjusted as closely as

'.possible to these recommended settings in April 1883. The recommended
settings adjust the blowdown of the (6) valves to an approximate and expected
value of 12.2% blowdown. This blowdown value was selected because of its
direct correlation to the EPRI test results and the conservativeness of its
magnitude. The refueling outages were taken as an opportunity to make
verification of ring settings and to increase the blowdown settings to a value
which would clearly produce top safety valve performance. The recommended
ring settings for all (6) North Anna 1 & 2 Dresser 31759A safety valves is as
follows:
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upper ring =~ 48 notches below uncovering the compensator parts.

zigdie ring - 55 notches below flush with the seat.
lower ring + 11 notches above flush with the seat.

For all (6) valves, the upper and middle ring setting values are the same as
the recommended values. For the lower ring setting, each valve was set as
closely as possible to the recommended values. Variation of the lower ring
setting was permitted by Dresser procedure in order to maintain clearance
between the disc holder and the lower ring. For Unit 1, the lower ring
settings are A(+5), B(+10), C(+7). For Unit 2 the lower ring settings are
A(+2), B(+11), C(-2).

A spectrum of analyses utilizing increasing blowdown and the limiting
Condition Il event was conducted within the WOG program. For these analyses,
a reference four-loop plant was used (see Table 4-4 of WCAP-10105). Blowdowns
analyzed were 0, £, 10 an¢ !4 percent. The results from these analyses show
that for the reference plant, blowdowns of up to 14 percent have no
significant effect on the outcome of the safety analyses, 1.e., no safety
14mits are violated. Subsequent analysis on 3 loop plants provided similar
results as those received on the 4 loop plant analyses.



Question 3

ihe inlet piping pressure drops for the Dresser 31739A EPRI test valves were
compared to the calculated North Anna 1 and 2 Dresser 317592 inlet piping
pressure drops. As stated in the submittal, the Dresser 31709NA pressure drop
was not available. The Dresser 31739A pressure drop of the plant submittal,
Table 2-3, was taken from Reference 8 of the submittal. Reference 8, "EPRI
PWR Safety and Relief valve Test Program Guide for Application of Valve Test
Program Results to Plant Specific Evaluation,*® Interim Report, Karch 1982, was
not available to EGAG for review. As a result, the method used to determine
the pressure drops could not be verified. Provide a copy of the report and
identify how the pressure drops were determined.

Response

The March 1982 revision of interim report "EPRI PWR Safety and Reliei valve
Test Program Guide for Application of valve Test Program Results to Plant
Specific Evaluation® was the document in existence at the time the North Anna
submitta) was prepared. A copy of this report is enclosed for your review.
fhe transieni pressure drop for the inlet piping configuration is provided in
Table B.1 of the report.
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Ouection 4

The plant specific submittal did not discuss steam reliet valve inlet
conditions for the cold overpressure transient. If there is a low pressure
steam inlet condition possible for the North Anna 1 and 2 relief valves,
provide a discussion explaining how the high pressure steam test data bounds
the low pressure steam condition.

Response

The North Anna 1 & 2 Relief Valve Cold Overpressure protection system operates
to maintain pressure below the EPRI test conditions. The system 1imits the
Reactor Coolant pressure to less than 505 psig for a temperature range of
100°F to 320°F for Unit ) and 100°F to 340°F for Unit 2. The EPRI Cold
Overpressure testing conditions therefore bound the North Anna Systems with a
maximum test pressure of 665 psig for a temperature range of 100°F to 450°F.



Question 5

The test results of the Dresser 31739A safety valve and the one drained loop
seal test of the Dresser 37109NA safety valve were used in the plant specific
submittal to demonstrate that the North Anna 1 and 2 Oresser 31759A safety
valve was bounded by the test valves. The plant submittal stated that EPRI
data indicated that steam flow rates in excess of rated flows are attainable.
In addition, the footnote to Table 4-3 of the submittal stated rate flow was
achieved but not reported in the EPRI Test Report Tables. Review of the EPRI
Report revealed that the flow was recorded for two of the reference tests for
the Dresser 31739A valve but flow was not recorded fcr the one loop seal test
of the Dresser 37109NA. Provide a discussion explaining how the lTimited data
for the test valves were extrapolated to demonstrate the Dresser 31759A valve
will achieve rated flow.

Repsonse

No extrapolation was conducted to demonstrate the Dresser 31759A valve will
achieve rated flow. As discussed, the Dresser 31739A and Oresser 37109NA test
valves were selected by EPRI to bound the North Anna safety valve. Successful
completion of tests conducted on the selected valves is meant to bound and,
therefore, demonstrate acceptability of the plant-specific valve. The EPRI
test results demonstrate functionability of the Dresser design and, therefore,
meet the intent of the NUREG requirement. Furthermore, demonstration that the
Dresser design will pass rated flow 1s achieved through ASME Code testing
conducted by Dresser.



ggestion 6

Thermal expansion of the pressurizer tank and inlet piping would be
expected to induce loading on the inlet flange of a safety or relief
valve at the time the valve is required to 1ift. Provide a discussion
explaining how the effect that this loading would have on valve
operability was considered.

Response

Bending moments were induced on the EPRI safety/relief test valves to
demonstrate functionability of these valves under pipe loading such as
deadweight, thermal, safety valve and relief valve thrusts. Induced bending
moments for the Dresser 31739A test valve was 241,738 in-1bs. and for the
Masoneilan relief valve of 57,000 in-1bs. A review has shown that the
maximum predicted bending moments for North Anna Unit 2 of 165,460 in-1bs.
for the Dresser sa’:*y valve and 32,280 in-1bs. for the Masoneilan

relief valve are less than those induced during the EPRI test, thus
demonstrating functionability of these valves as bounded by the tests
conducted by EPRI.

For North Anna Unit 1 the calculated piping loads at the safety and
relief valve inlets have been found to be lower than the EPRI test
loads for similar valves shown in Attachment C.
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Blowdown and expected valve stability for the North Anna 1 and 2 Oresser
31759A safety valve at its current ring settings were not discussed. The
plant specific submittal did state that the valve manufacturer (Dresser) and
the NSSS supplier (Westinghouse) were reviewing the Dresser 31759A ring
settings. At the completion of their review, provide the recommended ring
settings along with the expected blowdown and a discussion of the effects on
valve stability, rated 1ift and rated flow.

Response

The recommended ring settings and the resulting blowdown value are identified
in the response to Item (2). Stable valve performance is expected for these
very-conservative settings. These settings improve valve performance by
decreasing the possibility of valve clatter and increase the possibility of
achieving full 11ft and flow.
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MNimed

During testing of the Masoneilan 20000 series PORV, stroke time was fourd to
be sensitive to actuator supp\y'line size. To achieve the 2 sec stroke time
requirement, the 1ine size was increased and the actuator supply pressure was
increased tu 60 psig. Review of the EPRI safety and relief valve selected and
‘Justification report for the Masoneilan PORV (Drawing AB329 Rev. B) indicated
that a maximum of 55 psig s allowed to the actuator to prevent component
damage. The North Anna Plant submittal stated that adjustments are made as
required to the PORVs prior to plant operation to assure the stroke times meet
the requirements. Provide a discussion of the action being taken to assure
that the required stroke time will be achieved without potentially damaging
components.

Response

Design changes have been implemented on the pressurizer power operated relief
valves at North Anna to provide ccld overpressure protection for the reactor
coolant system. Design Change 78-44 modified the valve inlet ports and the
“associated solenoid valves to increase the openings from 1/4* to 1/2*
diemeler. An additi..al vent hole was added to the pneumatic actuators and
the actuator diaphragms were changed to a stronger material to decrease the
valve opening stroke time. The piping from the solenoid valves to the
pneumatic actuators was replaced with 3/4" tubing. The nitrogen supply
pressure for cold overpressure protection mode 1s regulated to 55 psig.

The combination of equipment modification, tubing size and nitrogen requlator
pressure provide adequate assurance that the PORV's will open within the time

requirements stipulated by Westinghouse. The cold overpressurization analyses
requires the PORV's to open in less than or equal to 2.14 seconds. Yhe PORV';

at North Anna have been tested after maintenance by MMP-C-GV-1 and have been
verified to open in < 2.14 seconds in a dry, unpressurized condition.

In conclusion, the PORV's at North Anna have the proper nitrogen supply
pressure and tubing diameter to provide adequate volumetric flow rate for a
2.14 second maximum opening time. The design modifications have Leen tested
and verified that the appropriate open stroke times can be achieved.
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Question 9

The Westinghouse 3GM88 EPRI test valve with a Limitorque SB8-00-15 actuator
successfully opened and closed on command only after the torque switch was set
to the maximum of 3.75 +. The plant specific submittal stated that
westinghouse modified the 3GM88 block valve at North Anna to provide
sufficient closing thrust. The details of the EMOV modification were not
provided. Provide a discussion of modifications to the 3GMB8 EMOV and the
torque switch setting.

Response

Modification of the Westinghouse PORV block valves at North Anna consisted of
modifications to the motor gear and pinion to provide the additional thrust
required for closure and to electrically remove the torque switch from the
actuator circuit during the final inch of valve stroke. Elimination of the
torque switch during closure permits full use of available closing torque
without the possibility of the valve stroke being terminated prior to full
closure. Motor cut-out is then achieved by 1imit switch as the valve disc
contacts the valve seat.
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Question 10

The Westinghouse inlet fluid conditions report stated that 1iquid flow could
exist through the PORV for the FSAR feedline break event and the extended high
pressure injection event. Liquid PORV flow is also predicted for the cold
over pressurization event. The EPRI/Marshall Block Valve Test Program did not
test the block valves with fluid media other than steam. Since 1t 1is
conceivable that the EMOV could be expected to operate with Yiquid flows,
discuss EMOV block valve operability with expected 14quid flow conditions. If
the westinghouse Gate Valve Closure Testing Program Report is used to
douonstrato EMOV operability for 1iquid flow for the 3GM88 valve, provide a
discussion of the test data.

Response

In a June 1, 1982 letter from R. C. Youngdahl to Mr. H. Denton, several block
valve test submittals were made which included an explanation as to why block
valve tests beyond the Marshall tests were not considered necessary, as well
as an EPRI summary report covering Westinghouse gate valve closure testing.
The Westinghouse report, transmitted to the NRC by the Youngdah! submittal,
a1s0 includes a section on friction testing of stellited seating parts.
Friction testing done by Westinghouse on stellite test specimens (note the
velan valve also has stellite seats) indicates that over the initial 200
cycles of testing, water test specimen friction factors increased from as low
as 0.12 until a level of 0.4 to 0.75 s reached. With 550°F stean, the
friction factor starts in the J.5 to 0.6 range (higher than the water tests)

“and drops to approximately 0.35 over the 200 cycle range. Considering the 21

test cycles completed at Marshall Steam Station, and in view of the above
frictional data, the thrust required to cycle the valve during the steam tests
would be similar to that {f the test medium were water.
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Question 1]

The plant specific submittal stated that the installed velan block valves were
similar to the Velan block valve tested. However, the North Anna 1 and 2
Velan block valve mode) number and actuator RPM differ from the test block
valve. discuss the design differences and any effects they may have on “lock
valve operability.

Response

Infermation provided by EPRI with regard to description of the Velan block
valve usea for testing was reprinted from the EPRI-Marshall block valve report
to the North Anna plant specific submittal. A review of the test valve
drawing (Velan drawing 88425, Rev. B) shows the model number to be the same as
the North Anna block valve, B10-354B-13MS. The two valves, therefore, must be
similar in design. As for the actuator motor RPM, internal gearing of the
actuator is sized to provide proper valve stroke times and stem hrusts, thus
making the North Anna block vaives similar in design to the Velan test valve.



QUESTION:

RESPONSE:
(Unit 1)

12.

13

The submittal indicates that analvses of the safety and
relief valve piping system are in progress or completed.
The information received thus far contains no presenta-
tion of these analyses. A detailed description of the
methods and computer programs used to perform the thermal
hydraulic analysis should be provided when available.
This should identify parameters used in the thermal
hydraulic analysis such as timestep, valve flow area,
peak pressures and pressurization rate, node spacing, and
valve opening times and should discuss rational for their
selection. For loop seal cases, the assumed water and
temperature distribution in the upstream and downstream
piping at the time of valve popping should be given and
the development of this distribution explained. Further,
the method used for treating valve resistance in the
thermal hydraulic analysis should be presented and the
flow rates corresponding to the resistances used should
be given. Whether the flow rates through the safety
valves were based on an ASME Code derating of the safety
valves should be explained. A computer printout con=-
taining input and output from the thermal hydraulic
analysis on a problem such as the locked rotor accident

case should be provided.

The thermal hydraulic analysis was performed by using the
Stone & Webster Engineering Corporation (SWEC) pro=-
prietary computer code-WATSLUG. The method and adequacy
of this WATSLUG program are detailed in Attachment A
which contains general description and verification
against RELAP5/MOD1 and EPRI test results. The flow area
of 2.074 in.? for relief valve and 3.341 in.? for safety
valve were obtained from the manufacturers whila opening
time of 1.5 seconds for relief valve and 0.015 second for
safrty valve were based on EPRI test data for the similar
valves. Node spacing and time step are parameters appli-
cable to RELAP and are not relevant to WATSLUG Program

used. Pressurizer peak pressure of 2575 psia and pres-
surization rate of 54 psi/sec were selected for loss of
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load transient ‘fron the Westinghouse specification
G-678838, Rev. 2 (see Attachment B for loss of load
transient taken from W specification). Initially, the
water slug average temperatures were approximately 190°F
for relief valve and 400°F for safety valve based on
calculation and EPRI Test No. 917 for a hot water seal.
The downstream piping was assumed initially to be under
ambient conditions. Valve resistance in the thermal
hydraulic analysis is considered by treating the valve as
an orifice for water flow and as a nozzle for steam flow.
The steam flow rate corresponding to the resistance used
was 210,000 lbm/hr for relief valve and 380,000 lbm/hr
for safety valve at set pressures of 2335 psig and
2485 psig, respectively, with 3 percent accumulation.
The locked rotor accident case was considered in the
analysis by comparison with other transients that could
actuate the relief and safety valves. The loss of load
case was selected for the analysis on the basis that it
is postulated in the W specification to occur 80 times
while the faulted cases of feedwater line break, reactor
coolant pump locked rotor, and control rod ejection are
postulated to occur only once each. The most rapid
pressurizer rise rate occurs with control rod ejection
(470 psi/sec rise rate) which our analysis shows will
create lower piping forces than the loss of load
transient does due to higher safety valve backpressure
caused by the incomplete relief valve slug discharze
event for the locked rotor case the pressurizer rise rate
of 107 psi/sec indicated in the¢ W Specification CH78838
Rev. 1 (Attachment B) or 216 psi/sec indicated in EPRI
S/RV Test Program EPRI NP-2047LD Volume 3, Table 5.5 will
create forces within 3 percent of those predicted for the

loss of load case.
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Response (Unit 2)

Th: sézguacy of the thermal-hydraulic analyses can be verified by the
comparison of z"alytical and test results for thermal hydraulic loadings in
safety valve discharge piping for EPRI tests 908 and 917 presented in the
submittal. In that evaluation, node spacing and time-step size were selected
on the basis of stable solutions of the characteristic equations and matching
of the test data. The safety vulve full open flow area of 0.022 ftz was

used in the model. This area is slightly smaller than the Crosby M-orifice
area of 0.025 ftz for the tested valve, but resulted in a good analytical
match of the tested fully open valve flow rate. Appropriate water
temperatures were used. A1l pertinent data, including friction factors, loss
factors and flow areas were based upon representative calculations and the
system layout. Modeling of the water was conducted with the water seal
upstream of the valves prior to transient initiation. At time -0’. the
transient was initiated and the slug position was analytically calculated
during and subsequent to valve opening.

The North Anna Unit #2 Plant specific thermal-hydraulic analysis was conducted
paced upon the same approach as used for the comparison to iest data. Node
spacing and time-step size were utilized consistent with values utilized in
the comparison. Valve flow areas were selected based upon actual valve data
with appropriate margins applied to account for flow rate uncertainties.
Analyses performed assumed a 100 percent 1inear safety valve opening time
(0.040 seconds) with the pressurizer conditions held at initial valves. AN
pertinent data, including friction factors, loss factors and flow areas were
based upon representative calculations and the system layout. Modeling of the
water slug from (a) temperature profile, (b) Initial location, and

(c) movement post-transient initiation viewpoint was consistent with the
comparison study. The submittal discussed the loop seal temperature

profiles. Choked flow is checked internally and automatically every tima-step
to ensure the proper formulation is applied at every flow path.
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c.f2ty and relief valves are modeled as two-way junctions. The pressure drop
across the valve, provided the system is sub-cooled 1s given by:

8P = Copv’

Where AP pressure drop

Cn = Discharge coefficient = f(Cv)
P = fluid density

. = velocity through the valve

In the case of choking at the valve, the velocity at the valve orifice area is

-set at the sonic velocity. Upstream and downstream boundary conditions are
fteratively set to conserve mass and energy. Choked flow is internally
checked to ensure the proper formulation 1s applied.

The maximum expected steam flow rate through the Masoneilan PORV's, the valves
on North Anna Unit #2, 1s 210,000 1b/h~ at approximately 2350 psia. Values of
228,600 and 230,400 1b/hr, at 2745 and 2780 psia respectively (both tests
conducted at pressures above the valve set pressure) were oéscrvod in
EPRI/Wyle Tests (EPRI Report NP-2670-LD, Volume 6, "EPRI/Wyle Power Operated
Relief Valve Phase 111 Test Report Volume 6: Summary of Phase 111 Testing of
the Masoneilan Relief valve®, October, 1982). To acrount for all
uncertainties and tolerances in the valve flow rate, the valve flow area was
adjusted accordingly. The minimum analytically calculated steam flow of each
of the two PORV's is greater than 255,000 1b/hr. This is a flow of 123X of
rated. The analysis assumed a 100% linear PORV valve opening in 1.00
seconds. Full open times, based upon tests, averaged 2.77 seconds with a
minimum value of 1.64 seconds for opening on steam.

The nominal steam flow rating for the Dresser Safety vValves at 2575 psia s
388,000 1b/hr. As with the PORV's, to ensure that adequate margin existed in
the valve flow rate to account for all uncertainties and tolerances, the
analytically calculated steam flow was checked prior to finalizing this phase
of the overal) effort. The flow used in the analysis (565,000 1b/hr) was 145%
of rated. The safety valves were presumed to open fully in 0.040 seconds.
This 1s based upon an effective linear opening time. This valve opening time
as 11lustrated by test 917 and 908 comparisons, results in a very good data
match.
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As discussed in the submittal, the computer code ITCHVALVE was utilized to
perform the transient hydraulic analysis for the system. This program
utilizes the Method of Characteristics approach to generate fluid parameters
as a function of time. A discussion of the method of characteristics solution
technique is presented in the following articles:

1. A. C. Spencer and S. Nakamura, "Implicit Characteristic Method for
One-Dimensfonal Fluid Flow®, ANS Transaction, Volume 17, P. 247, November,
1973.

2. S. Nakamura, M. A. Berger and A. C. Spencer, "Implicit Characteristic
Method for One-Dimensional Fluid Flow®, Proceedings of the Conference on
Computational Methods in Nuclear Engineering, Conference 75040, National
Technical Information Service, Springfield, VA. 1975,

A. C. Spencer 1s a full time Westinghouse employee who was and is directly
involved in the cdevelopment of the ITCHVALVE Computer Program.

Orce the time-history fluid properties were available, the properties were
utilized in determining the forcing functions. Unbalanced forces were
calculated for each straight segment of pipe from the pressurizer to the
relfef tank. A discussion of the methodology for generating the therma)
hydraulic forcing functions and a comparison of anelytically determined
hydraulic force results to test data is presented in the following article:

L. C. Smith and K. S. Howe, "Comparison of EPRI Safety valve Test Data with
Analytically Determined Wydraulic Results®, The Internationa) Conferen n

structural Mechanics in Reactor Technology, Chicago, I11inois, August 22-28,
1983, Volume F, 2/6, pp. 89-96.

L. C. Smith and K. S. Howe are full time Westinghouse employees who were and
are involved in pressurizer safety and relief valve and therma) hydraulic
issues. ’

Because of the proprietary nature of the ITCHVALVE computer program, a
descriptive report 1s not supplied at this time. Hoxovor. if so desired, this
information could be reviewed at the Westinghouse facility in Pittsburgh.



QUESTION:

RESPONSE:
(Unit 1)

13.

As with the thermal hydraulic analysis, a detailed

description of the methods and computer programs used to

perform the structural analysis of the discharge piping

should be provided. The methodology for calculating

forcing functions and applying the forces to the

structural model should be explained. The methods used

to model supports, the pressurizer and relief tanks and

connections, and the portions of the safety/relief valves

lying off the main pipe axis should also be described.

Other parameters such as lumped mass spacing, solution

time step, damping, and cutoff frequency should be identi-
fied and rationale for their selection given. Further,

the load combination and corresponding allowable stress

limits used should be explained. The governing codes and

standards used to determine piping and support adequacy

should be identified. Finally, results from the analysis

should be presented and a safety evaluation of the safety/
relief valve piping system should be made.

The structural analysis of the upstream and downstream
piping due to safety valve discharge was performed using
SWEC's NUPIPE-SW computer program which performs an

elastic evaluation of three-dimensional piping systems.

The basic method of analysis used in NUPIPE-SW is the
finite element stiffness method. In accordance with this
method, the continuous piping is mathematically idealized
as an assembly of elastic structural members connecting
discrete nodal points. Nodal points are placed in such a
manner as to isolate particular types of piping elements
such as straight runs of pipe, elbows, valves, etc, for
which force-deformation characteristics can be cate-
gorized. Nodal points ars also placed at all dfscon-
tinuities such as piping supports, concentrated weights,
branch lines, changes in cross section, and ecce tric

weights such as valve operators.
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Loadings such as weights, equivalent thermal forces, and
earthquake inertia forces are applied at the nodal
points, Stiffness characteristics of the interconnecting
members are related to the effective shear area and
moment of inertia of the pipe. The stiffnesses of piping
elbows and certain branch connections are modified to
account for local deformation effects by the flexibility
factors suggested in the ASME Section III.

The methodology used to calculate the forcing functions
is described in the response to Question 12. The forcing
functions are then applied to the appropriate piping seg-
ments and a time history modal superposition analysis is
performed using NUPIPE-SW. The dynamic model is a lumped
mass three-dimensional representation of the actual
installation. Supports as well as piping are modeled in
their true orientation which can either be coincident
with global axes or skewed. Supports as well as connec~-
tions *o the pressurizer and relief tank are modeled as

elastic springs in the NUPIPE-SW piping model.

The parameters for the time history analvsis arc selected
to ensure sufficient accuracy and dynamic stability of
the solution to the dynamic analysis of piping for fluid
transient loadings. Typically, the model will contain at
least three mass points between restraints active in the
same direction. The piping geometry and large number of
supports on the pressurizer safety and relief valve

piping typically results in closel, spaced mass points.

The cut-off frequencvy and mode are selected by a review
of the piping geometry and system response character-
istics recognizing the fact that the typical modes of
excitation in this analysis are the higher frequency
axial modes. The total analysis time and integration
time steps for the analysis are selected based on a

review of the input forcing function and to ensure a
stable solution.



The damping values utilized for the analysis of the
relief valve and safety valve loop seal clearing events
are 1/2 percent and | percent of critical damping,
respectively., These damping values are consistent with
the values of the respective earthquakes (i.e., OBE and
DBE) to which the relief valve and safety valve discharge
cases are combined.

The piping stress analysis for the North Anna Unit 1
pressurizer safety and relief valv: piping is performed
in accordance with the USAS B3l.7 YNuclear Power Piping
Code 1969 Edition. The load combinations and allowables
stress limits for the relief valve and safety valve
discharge conditions are basad on the UFSAR and EPRI
recommendations. For Ql (Class 1) piping, the equations

are:

+ +* -~
s + s +* - 20

&a *8§ w * SRSS (s

LP D 3.0 Sm

pBEI* Soccy &

For Q2/3 (Class 2/3) piping, the equations are:

S$..*S __+ SRSS (S

LP oW ) £1.2°8

OBEI’ sOCCl h

S 9
1p * Spy * SRSS (Spppis Spccy) £ 1.8

Where:

w
"

LP Longitudinal pressure stress

w
]

L Deadload stress

soBtI = Seismic stress due to OBE inertia

SDB!I = Seismic stress due to DBE inertia
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Socc1 = Stress due to relief valve discharge

w
"

oce? Stress due to safety valve discharge

SOlcc3 = larger of soCCl or Soccz

S
m

Allowable stress intensity at the design temperature

S

h Allowable stress at the maximum operating temperature

The pipe supports are designed in accordance with the
AISC Manual of Steel Construction 7th Edition. The
loading conditions and allowables are as follows:

DW + THER + SRSS (OBET, OCCl) £ 1.33 (Basic Allowable)

DW + SRSS (DBEI, OCC3) £ 1.33 (Basic Allowable)

Whare:
DW = Loaas due to deadweight
THER « Loads due to thermal expansion
OBET = Operational basis earthquake (includes the effects
of inertia and anchor movements)
DBEI = Design basis earthquake inertia
0CCl = Loads due to relief valve discharge
0CC3 = Large of loads due to relief valve or safety valve

discharge

The baseplate analysis will meet or exceed the require-
ments of I&E Bulletin 79-02.
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The welded attachments to Class 1 pipe will be evaluated
in accordance with the ASME code cases N122 and N391.
Welded attachments to all other (non-Class 1) pipes will
be evaluated per ASME code cases N318 and N392.

Recponse (Unit 2)

As noted in the submittal, the major structurai analyses programs utilized in
the static and dynamic analyses are described in WCAP-8252. This was reviewed
and approved by the U. 5. NRC (NRC Tletter, April 7, 1981 from K. L Tedesco to
T. M. Anderson). A discussion of the methodology utilized in performing &
safety valve discharge structural analysis and a comparison of analytical
results to structural test results are presented in the following article:

“L. C. Smith and T. M. Adams, "Comparison of Analytically Determined Structural

Solutions with EPRI Safety Valve Test Results®, 4th Natfonal Congress on

fressure Vessel and Piping lechnology, Portland, Oregon, June 19 - 24, 1983
PVP-Voiume 74, pp. 193 - 199.

Following 1s a discussion of key parameters used in the structural analyses of
the thermal hydraulic evenis performed for the North Anna #2 Plant.

1. Damping: A conservative system damping of 2 percent was utilized. This
is much lower than the actual expected value a 1 is below the 10 percent
damping used in the structural comparison to EPRI Tests 908 and 917.

2. Lumping: Lumped mass spacing was determined to ensure that all
appropriate mode shapes were accurately represented.

3. Supports: The structural supporis were modeled in sufficient detail to
analytically represent the system. The shock suppressors and struts were
modeled by inputting a stiffness in series with the piping. A Tinear
overall system analysis was conducted.

4. Time Step: Tne integration time step is internally determined within the
structura) program and is based upon convergence criteria that results in
stable solutions. The largest time step ever used could be 0.0001
second. The time step is automatically adjusted such that the relative
error of 2ach modal coefficient is at least less than 10".
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§. Cutoff Frequency: The cutoff frequency utilized in both the relief valve
and safety valve discharge cases was approximately 1000 Hz.

The pressurizer was rigidly modeled for the thermal hydraulic analyses. The
pressurizer nozzles and pipe connections were represented with appropriate
pipe properties. Intensification at the nozzle to pipe welds were included.
The downstream piping terminated at the relief tank inlet flange where the
mode] was anchored.

The valve bonnet assemtlies and the relief valve actuators were modeled as
extended masses, displaced from the pipe centerline. The valves weight and
center of gravity were selected from the valve drawings. The stem properties

“ (diameter and thickness) were then selected to rep. esent the valve frequency.

Program FORFUN was utilized to calculate the unbalanced wave forces for each
segment ot piping. The time-history hydraulic forces determined by FORFUN
were then applied to the appropriate piping system Tump mass points.

The axial extension from the balancing forces (opposing *blowdown® forces) on
each end of the structural segment was considered in the FORFUN evaluation.
However, this effect was determined to be negligible relative to the net
unbalanced forces. Referring to structural analyses comparisons to test
results for Tests 908 and 917, maximum support and pige Yoads compared wel)
with test results. Good comparisons of the maximum displacement values
downstream of the safety value were also seen.

The submittal discusses:

1. The load combination and corresponding allowable stress limits

2. The governing codes and standards

3. The analyses results, and

4. The safety evaluation of the system



QUESTION:

RESPONSE:
(Unit 1)

14.

=38

The submittal should discuss whether multiple valve
actuation conditions were considered in the analyses.
The maximum loading on the piping typically occurs under
a multiple valve actuation condition during which the
valves open in sequence. The experience of EGSC Idaho
indicates that the maximum loading occurs when the
sequence of opening is such that the initial pressure
waves from opening of the valves reach the common header
downstream simultaneously. Thus, the method used to

maximize the loading on the piping should be discussed.

Al]l safety and relief valve discharge events are bounded
by the respective loop seal clearing cases. The thermal
hydraulic forcing functions for these cases are developed
using SWEC's WATSLUG computer code which is describded in
the response to Question 12. The valve sequencing for
the respective events are selected such that the water
slugs from one, two or three safety valve loop seals,
whichever creates the maximum force in particular segment
of pipe are considered. They all join in the common
discharge piping and continue through the system as a
combined mass. In the case of the relief valve event,
two water slugs will join, and for the safety valve
event, three water slugs will join. The phasing of
pressure waves are not significant for the water slug

loop seal clearing event.
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gesponse (Unit 2)

Two valve opening cases were addressed in the submittal, 1) the three safety
valves opening simultaneously and discharqing‘uithout PORV flow and 2) the two
PORY's opening simultaneously without safety valve flow. The three safety
valves are identical and have the same set pressure (£ 1 percent). It was,
therefore, assumed for the analysis that all three safety valves open
simultaneously without PORV flow. Because of s'=ilarity, the two PORV's were
also assumed to open simultaneously without safety valve flow.

Maximum common header (area of piping common to both safety and relief valve
discharge piping) forces theoretically could be expected when valve sequencing
§s such that the initial pressure waves from valve opening reach a common
downstream junction simultaneously. Based upon engineering judgment:

1. The simultaneous opening of the safety valves results in jractically
simultaneous peak loads at the safety valves common branch point. The
peak forces occur within approximately.04 seconds of each other. As a
result, no significant impact in the common header region, due to safety
valve discharge, 1s expected, if the valve sequencing is adjusted such
that the peaks of the initial pressure waves reach a common downstream
header point simultaneously.

2. The total lengths of effective piping between each valve outlet and the
common junction point are not exactly the same. The 1ikelihood of the

valve phasing being such to compensate for the different lengths is very
small; therefore, the peaks of the initia) pressure waves from valve

opening, either safety or relief, would not reach a common downstream
dunction at exactly the same time.

3. There %s & significant amount of piping and dynamic supports between the
valve outlets and the common point. In the unlikely event that increased
loadings from this common point to the relief tank were to occur, the
effects would be 1imited primarily from near the common point to the
relief tank. Significant isolation of the common region from the upstream
region because of the support configuration exists. Therefore, the
operability and integrity of the valves, the inlet lines to the valves, or
the nozzles on the pressurizer would not be jeopardized.
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Considerable margin exists between the conservatively calculated maximum
stresses anc the allowable stresses for the safety valve event., Tables 6-4
and 6-11 of the submittal report illustrate this for the upstream niping and
Tables 6-8 and 6-15 demonstrate this for the downstream piping.
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Question 15

Testing indicated that for loop seal discharge, 1iquid, or transition flow,
valve instabilities occurred causing the valve to chatter or flutter at

- frequencies from 170-260 Hz. The instability caused large pressure transients
on the safety valve inlet piping. The plant specific submittal presents the
permissible pressures based on ASME Code allowable taken from Reference 9.
Review of Reference 9 concluded that the peak internal pressure pulses were
within acceptable limits. However, the submittal does not discuss the bending
moments resulting from the piping dynamic effects due to the fluid pressure
cscillations combined with other appropriate mechanical loads. Provide 2
comparison of the allowable piping moments with the computed moments resulting
from the appropriate loading combinations with the piping dynamic effects
included.

Response

The piping system response including the safety valve loop seal region is due
to frequencies less the 100 Hz. The frequency of the forces and moments in
the 170 - 260 Wz range potentially induced by the pressure oscillations is
significantly greater than this frequency. The upper 1imit of significant
frequency content for similar systems is much less than this (170 - 260 Hz)
range. Industry data indicates that frequencies of 100 Hz or less are
meaningful. The EPRI test data confirms this. Consequently no significant
bending moment during the pressure oscillation phase of the transient will
occur.

In the submittal, pressure stresses based upon a design pressure of 2485 psig
were included with the bending moments resulting from the safety valve
discharge piping loads. Because of the time phasing of the pressure
oscillation (during water slug discharge through the safety valve) and the
discharge piping loads (subsequent to water slug discharge thru the valve)
this pressure term and moment term were not added. They do not occur
coincidentally. A comparison of the intensified bending moments from the
stress evaluation and the allowable moment presented in WCAP-10105 shows that
all values are below the allowables. Specifically, the maximum allowable
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moment from Table 4-7 of WCAP-10105 for 6 inch schedule 160 piping for an
internal pressure of 5000 psi is 516 in-kips. The bending moments for water
siug discharge for the components (straight run, butt weld and elbow) listed
in Table 6-11 of the submittal are 84.75, 84.74, 84.74 in-kips, respectively.
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SAFETY EVALUATION JUESTIONS
NUREG 0737
NORTH ANNA UNIIS 1 & 2

WATSLU ATTACERMENT A

1. General Jescripticn

The purpose of WATSLUG (Ref. 1) is :c decermine Zforcing funczicas on
piping svstems during water slug iischarge eveats for subsequent irput
to pipiang dwmamic analysis.

i

The analvsis %s Sased upon rigid dody m:ction of the generalilr sudcooled
water slug and ideal gas representaticns of the steam or ais usiag vigid
solumn theorv to facilitate tracking the several water-steam or water-air
interfaces. -he driving force is :he steam pressure detween :he valve
and the slug, less friction and ocher losses, and back pressure. Jensizy
changes Jjue to pocssible local flashing of the water slug are :casidered.
Having recourse to the comtrol velume thecry, the subsejuent segment
force zalculation ig carried out.

The iaput comsists of complete piping svstam gecmetry, pice Ziizensiomns,
valve flow zharacteristics, valve opening time, detail upstream steam
condizions, and initial downstream ste2am or air conditions, wnile the
outpuct concains fcorcing functions for each piping segment dased uocn

flow velocities, pressures, and densities during the water slug iischarge
event. Torces are writtem om tape Sor direc: input to NUPIZE-3W (ME-110).
(Ref. 2).

2. DProgram Verificatica

The WATSLUG 3:odel of the test pronlem is diagrammed iIn Figure ZA.J.a=1 and

the NUPIPE-3W model is diagrammed in Tigure 3A.3.A-2. WAISLIGC Is verified

Sy zompariang the solution of this tast >roblem to the resul:ls for zhe sanme
problem sbtained bv an independent analvtical approach (RELAPS,MCD I, Ref. 3)
as shcwn ia Figures 3A.3,A-3 and 3A.3.4-4 and by comparison 3f jrecicted
versus zeasurad support reactions, YU?IPE-3W (ME-1l10) generated suppor:
reactions due zo the WATSLUG forcing functions were compared with axterimental
Zeasurements Srom a test run of this »rcolem (SPRI Tes:t 308, ef. 3) as

shown in Tigures 3a4.3.A-5 and 3A.3.A-4.

The WATSLUG generated forcing func:tions and the resultant NUPI?E-SW
support reactions compare favorabliy with the RELAPS/MCD 1 sredictad
forcing functions and the EPRI measured support reactions, respeciivelv,

3. References

1. "™WATSLUG" (ME-212) compucer code bv J. S. Hsieh and D. A. Tan Jumae,
Ver. J, Rev. 3, December 1987 and the related documentation
calculation 376.470,1-NP(3)-038-FD. Rev. 2, "Water Slug Discharge ia
®iping Svstem (WATSLUG) - Preproduc:tion Version 3", dated March 3, 1932,

2. NUPIPE-SW, ME-110, VO3,L.4 (creatad 32.093), "Computer code for 3tress
Analvs.s of Nuclear Piping".

3. "Appliication of RELAPS/MOD 1 for calculaticn of Safety and elief Talve
Discharge ?ipiag Hydrodynamic Loads", Iaterim Report, March 19821, bSv
Intermountaia Technolcgies, Inc., Idanc Falls, Idaro, Proiec: Manager
R. K. House.
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TA3LZE 3A.3.a-1

INPTT JATA TCR WATISLUC *

T0TAL IsSJE FRICTION
PIPE 0. *2NGTE (Fe) DIAMETIR ¥s) TACTOR
1 16.223 0.408 0.015
2 ens 263 2.3503 0.015
3 33.362 7.2.8 2.313

VALVE CAARACTIRISTICS

ORIFICE , OPENING JISCHARGE FLOW
AREA (F=") TIDME (Sec) COEFF-CIENT RATE (bm/sec)

0.9253 0.013 2.803 120.32

JPSTREAM STZAM CONDITIONS

.. PRESSURE
2RESSURE (PSIA) IDMPERATVRE DENSITY (2F) 2ucE 2.t
o o o
26%0. 679°F (1239°%) 9.862 -s0.
DOWNSTREAM 5AS CONDITIONS
PRESSURE (PSI) TEMPIRATURE DENSITY (2B

15, 80°7 (540°3) 0.0%975

WATERSLUG WEIGAT = 52.8 Lbs.

* SZE TIGURE 3A.3.A-1 FOR SKETICH CF WATSLUG MODEL
PRESSURE IS DECREASING AFTER VALTE OPEIS

i

(PS

p—
Je

n



PIPE
SECTION

[

L)

w

- # SEE FIGURE 3a.3.A=-2 FOR SKETCH OF NUPIPE-SW MCDEL

CCICOFY

TREQUENCY

233 8,

TOTAL

LENGTE (7t)

E.n

£ -
50T cC

NOTZ:

TABLE 3A.3.A-2

INPUT DaTa

TOR NUPIPE-SW *

= YOUNG's MOD

DE SITP

0.00C9 Sec.

CUTSIIE

DIAMETER (TM)

INTEGRATION

T

- ——

Sec.

TAICKNESS (IN)

DAMPING wTID

0%

S adhad
-

9.3C6
2.364
2.28
0.688
1.3

~n -
N .-

0.432

S OF P22% = 28.3 x 10

‘s
w
.

wn
wn

3
w
in
~48

¢

-
s
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STEAN
A e
- 3
B
" Ix1 2 /f‘ GAS
A
' I
. =
PRESSURIZER B 1
VESSEL

DISTANCES FRCM PRESSURIZER VESSEL:
Lo * SAFETY/RELIEF VALVE
LG s DOWNSTREAM AREA CHANGE
LF:PIPE EXIT
IX1sTRAILING EDGE CF 3SLUG !

@ FORCING FUNCTION DIRECTION, +

EPRI TEST (REF3)
SEGMENT NO¢

WATSLUG MODEL PIPE NUMBER
1 - PRESSURIZER TO Lo
2- LgTO LG
3-.6 TO LF

FIGURE 3A.3.A-!

WATSLUG MOLEL OF EFRI
SAMPLE PRCBLEM
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60,00C

8c,co0

-160,000

SEGMENT 2 SUPPORT REACTION( Ibs)

-240L000

-320,000~
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TIME (SEC)
LEGEND
— NUUPIPE- S ?'GUR! 3‘.3."‘

COMPARISON OF SEGMENT 2
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PRESSURIZER PRESSURE VARIATION (PS))

Lo

=203

-4

. -600

. e - B " h
- 257 N .

ATIACEMENT 3

179

38

b
AFTER 2 mMINUTES, PRS-

CORSISTENY WiTh nCiamal PRES-
SURIZER NEATUP.

e SURE 1S RETURRED TO ThE
IBITIAL VALSE AT & M8

-473

TIME (SEZONCS)

Figure 8 - Loss of Lsad - Pressurizer Pressure Varialicn

Exsracted from Westinghouse Equipment Specification 5-672338, Rev. 2,

{30 cvcles)

0/19°77

"Pressurizer Safetv Vaives, ASME Bciler and Pressure Vessel Code, Secticn : oy 8

Class 1."
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ATTACHMENT C
MAXTMUM
CALCULATED EPRI APPLIED
RATED BENDING BENDING
FLOW MOMENT MOMENT
* VENDOR \ODEL LBS/HR (IN.-LBS) (IN.-LBS)
DRESSER 317394 298,000 86.207" 242,000°
SAFETY
VALVE
MASONEILAN 18-20771 230,400 24,537} 35,600°
RELIEF
VALVE
NOTES:

1. 8. SWEC Calculation No. 14248,.02-NP(B)=-003-XC Rev. 0 daied December 22,
1983, Vepco North Anna Unit | Stress Analysis for Pressurizer
Safety and Relief System Problem 700.

b. SWEC Piping System Stress Analysis Report No. 12050-SSR-4 Rev. 0
dated December 21, 1978, Vepco North Anna Unit 2 Pressurizer Safety
and Relief System

2. EPRI/C-2 Pwr. Safety Valve Test Report Vol. 3 of 10, Test Results for
Dresser Safety Valve Model 31739A EPRI Research Project V102-2 Interim

Report, July 1982.
3. EPRI/W,le Power-Operated Relief Valve Phase III Test Report Volume 6,

Summary of Phase III Testing of the Masoneilan Relief Valve NP=2670-LD,
Volume 6 Research Project V102-11 Interim Report, October 1982

314/3R




ELECTRIC POWER RESEARCH INSTITUTE

EPRI

April 5, 1982. i e

T0: - UTILITY TECHNICAL AND LICENSING CONTACTS, PWR NSSS VENDOR
FRIMARY CONTACTS

SUBJECT: “GUIDE FOR APPLICATION OF VALVE TEST PROGRAM RESULTS TO
PLANT SPECIFIC EVALUATIONS" - REVISION 1

At the request of the participating Utilities, EPRI and the Utility
Technical Advisory Group (TAG) have compiled a guideline report des-
cribing a suggested procedure for Utilities to follow in preparing
plant-specific submittals in response to NUREG 0737 ("Clarification
of TMI-1 Action Plan Requirements”) S ction I1.D.1.A Requirements.
Attached to this letter is a copy of the subject report. A drafy
copy of this report was trznsmitted for your review on February 23,
1982. A1l comments have be:n incorporated into the attached.

If you have any questions regarding the attached, please contact he.

Sincerely,

P 5B Lo

Warren J. Bilanin
Program Manager
Safety and Analysis Department

WJB/11
Attach,

Heaoquarters 3412 Hillvew Avenue Poct Offic2 Box 10412 Palo Alto CA 84303 (415) 855-2000
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. .EPRI PWR SAFETY AND RELIEF VALVE TEST PROGRAM

‘“GUIDE FOR APPLICATION OF VALVE TEST PROGRAM
RESULTS TO PLANT-SPECIFIC EVALUATION

INTERIM REPORT, MARCH 1982
(RESEARCH PROJECT V102)

Prerared by:

MPR Associates, Inc.
1140 Connecticut Avenue, N.W.
Washington, D.C. 20036

Prepared for:

Participating PWR Utilities
and
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, California 94304

EPRI Project Managers:
T. E. Auble
J. F. Hosler

PWR Safety and Relief Valve Test Program
Nuclear Power Division
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- PREFACE

This guide has been developed to assist participafin; PWR
Utilitios in determining the applicability of the various test
results from the EPRI program for their plant-specific evalu-
ations. The overall key to using the guide is to most closely
match the valve/piping configurations tested by EPRI with actual
plant installations. 1In following this approach care should be
taken not to overlock the results of any test for possible
applicability, i.e., each test conducted on a reﬁ:csontative
valve type may have some generic or indirect applicability.
However, the closer the tie between specific EPRI tests and the
plant installation, the more direct the applicability of the
results. It is expected that the approach developed in this

guide will be useful for virtually all of the plant evaluations.
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ey I. INTRODUCTION

Purpose of the Application Guide
The purpose of the application guide is to provide a pro-

cedure for utilities to follow in preparing plant-specific
submittals in response to NUREG-0737 ("Clarification of
TMI Action Plan Reguirements®) Section II.D.1l=-A,
Reguirements. Specifically, NUREG-0737 reguires the

following:

1. An evaluation of safety and relief valve function-

ability for plant-specific operating and accident

conditions.

2. An evaluation of piping and support adeguacy for

plant-specific conditions.

In preparing the application guide, it was assumed that

the utilities would obtain assistance from the valve manu-

facturers and NSSS vendors in performing the required

evaluations. Specifically, it was assumed that:

1. The utilities (with possible assistance from architect-
engineers o other piping designers) will perform the eval-

uations of piping and support adequacy. .

- The valve manufacturers will perform the evaluations

of valve performance.

——
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3. The NSSS vendors will perform the evaluations of

overpressure protection system performance.

. The utilites will coordinate the overall evaluation
effort and prepare the plant-specific submittal to
the NRC.

The delineation of responsibilities outlined above is based
on impressions gained throughout the program regarding which
organization(s) was probably best suited to accomplish a
particular tusk. It is recognized that some utilities may
elect to perform more or fewer tasks than assigned in this
guide. The important poirt is that the guide highiights

the tasks that need to be done and assigns them to an
appropriate organization. The participating utility has
final control over both the scope of work details and the

organization assigned.

The Application Guide is based on directly using test
results from the EPRI program in the plant-specific evalu-
ations. Thus, in order to use the guide, one must estab-
lish the one (or more) valve/piping configuracion tested
by EPRI which most clcsely matches the plant installation.
It is expected this approach will be useful for virtually
all of the plant evaluations. The guide assists in de-
fining the limits of applicability of the zﬁix'data.
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Contents of the Guide

Contents Of S
The contents of the application guide are summarized in

the-following:

¢ . gection II == Procedure to be followed in
ant-Specific Evaluations

A. Flow Charts for the Evaluations
This section describes the overall approach
to be followed in performing the evaluations

of valve performance and piping/support adequacy.

B. Workscopes for the Evaluations
This section discusses the workscopes for the

evaluations to be performed by the utilities,

the valve manufacturers, the NSSS vendors and

EPRI.

. Section 11 -~ Evaluation of Test Results for
ant-specific Conditions

A. Identification of Pertinent Plant Parameters

This section identifies the pertinent plant-

specific safety and relief valve, inlet piping,
discharge piping and valve actuation transient
parameters to be assembled by the utilities for

use in the evaluations.
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B. Procedures for Evaluation of Test Results
This section provides the procedures to be used
in performing the evaluations of valve performance
and piping/support adequacy. For the valve per-
formanca evaluation, it provides guidelines for
identifying applicable valve tests, a table o
be used by the valve manufacturer to document
valve performance charactc:ilgics. and a suggested
set of acceptance criteria fcr valve performance.
For the piping/support adequacy evaluation, it
provides suggested guidelines for the evaluation
and a suggested set of structural acceptance

criteria.

|~ Identification of Potential Problem Areas and
ossible ternatives to Accress Undesirable
Valve Performance

This section provides a listing of potential
problem areas regarding valve performance and
piping/support adeguacy identified based on the
results of the EPRI Safety and Relief Valve

Test Program. It alsc discusses possible alterna-
tives to be considered by the utilities to address

undesirable valve performance features.

Section IV == Suggested Format for Jul 1, 1982
Plant-Specific Submittal

This section of the guide provides a suggested format

for the July 1, 1982 plant-specific submittal to the
NRC.



-

Revision 1
Section V' == References

This section provides a listing of the varicus EPRI
Program reports to be used by the utilities in per-
forming the plant-gpecific evaluations.

Section VI -~ Appendices

A. Procedure for Calculation of Valve Back Pressure

This appendix outlines a suggested procedure
and guidelines for the calculation of valve back

pressure.

B. Procedure for Calculation of Inlet Piping

Pressure Effects

This appendix provides a suggested procedure
and guidelines for tle calculation of inlet

Piping pressure effects.

G Procedure for Verification of Alternative Methods tco
Pe used in Evaluation of Piping/Support Aceguacy

This appendix provides a suggested procedure to
verify the adeguacy of the alternative methods to
be used to evaluate the structural adegquacy of the

piping and supports.

D. Procedure for Assessment ¢f Applicability of
Specific EPR]I Safety valve Tests

This appendix outlines a procedure to assist in
determining the applicability of EPRI safety valve

tests to specific plant evaluations.
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Load Combinations and Acceptance Criteria for

This section provides recommended lcad combinations
and acceptance criteria to be used by the vtilities
in evaluating the adeguacy of the safety and re-

lief valve piping and supports,
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II. PROCEDURE TO BE FOLLOWED IN

AL

—————————————————————————————————

Flow Charts for the Evaluations

1ls

Evaluation of Valve Performance

Safety Valves
The flow chart provided in Table II-1 illustrates

the overall procedure to be fcllowed in performing
the evaluations of safety valve performance. The
input for the evaluations consists of:

¢ EPRI valve program reports as listed in

Section V of this guide.

. List of pertinent plant parameters as
identified in Table III-l.
The evaluations to be performed consist of the

following:

. An evaluation of test results by the valve
manufacturer to identify any potential

problem areas regarding valve performance.

. An evaluation by the NSSS vendor to identify:

any potential oroblem areas regarding overpressu

protection system performance.

- w -

———
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- An evaluation by the utility of possible
alternatives to address undesirable valve

performance features.

The mutput from the evaluations consists of:
. A repert for submittal to the NRC which
documents the results of the plant-lpccific

evaluations. This report would address the

selection and schedule for implementation
by the utility of any required modifica-
tions to the valves and/or the overpressure

protection system parameters.

Although not shown specifically in the flow chart,
a significant amount of interaction is expected to
be required among the utility, valve manufacturer
and NSS5S vendor during the course of the evalu-
ations. Also, it is expected that the utilities
will assume the responsibility for coordinzting

the overall evaluation effort.

11 - 2
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Relief Valves
The evaluation of relief valve performance
should also be performed fellowing the procedure
shown in Table 1I-1. However, this evaluation
should be mcre straightforward than the safety
valve performance evaluation and it is expected
that the utilities would perform the bulk of the

evaluation.

Evaluation of Piping/Support Adeguacy

" ohe flow chart provided in Table II-2 illustrates the

overall procedure tc be followed in performing the

evaluations of piping/support adequacy. The input

for the evaluations consists of:

The evaluations to be performed by the utility consist

Verified computer codes for determination of
hydraulic loads and EPRI valve program reports

as listed in Section V of this guide.

List of pertinent plant parameters as identified

in Table III-l.

of the following:

An evaluation of the piping stresses and support
loads using the EPRI-provided codes or other
method which has been verified by ccmparison of
predictions with EPRI test data provided in

Reference 7.

A comparison of calculated piping stresses and
support loads with 2llowables and identification

of any potential problem areas.

11 - 3




e An evaluation of possible alternatives to

address potential piping/support prgblcm

areas.

The output of the evaluations consists of a report

for submittal to the NRC which provides the results

of the plant-specific evaluations. The report may

include, if reaquired, the selection and implementa-

tion schedule of modifications to the piping and

supports.

identified as follows:

B. workscopes for the Evaluations
Tables II-3 through 1I-8 summarize the workscopes for the

various evaluations to be performed by the utility, the valve

manufacturer, the NSSS vendor and EPRI. The tables are

Evaluaticon

" Table Organization
: 11-3 Utility Safety and Relief Valve
Performance
' - 11-4 vtility Piping/Support Adequacy
I1-5 valve Manufacturer Safety Valve Performance
i I1-6 Valve Manufacturer Relief Valve Performance
I11-7 NSS Vendor Safety and Relief Valve
Performance
' 11-8 EPRI Valve Performance and

11 - 4

Piping/Support Adequacy
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APFLICATION OF VALVE TEST RESULTS TO PLANT - SPECIFIC ;
EVALUATIONS OF VALVE PERFORMANCE

Revision 1 é

UTILITY

VALVE MANUFACTURER|

NSSS VENDOR

ASSEMBLES

PERTINENT
PLANT INFORMATION
(SEE TABLE III-1)

PROVIDES VALVE
PROGRAM REPORTS
FOR EVALUATIONS

EVALUATES TEST
RESULTS AND
IDENTIFIES ANY
POTENTIAL PROBLEM
AREAS REGARDING
VALVE PERFORMANCE

RESULTS AND
‘IDENTIFIES ANY
POTENTTAL PROBLEN
AREAS REGARDING
SYSTEM PERFORMANCE

ALUATES TES:T |

IDENTIFIZS IDENTIFILS i
ALTERNATIVE ALTERNATIVE
VALVE SYSTEM/ANALYSIS
MODIFICATIONS MODIFICATIONS
AS REQUIRED AS RIQUIRZD
m

’

s

SIEReS: EVALUATES
ASSISTANCE
ALTEPNATIVES
TO UTILITY IN
. SyATEATION AND SELECTS
MODIFICATIONS

AS REQUIRED

SCREDULES
IMPLEMENTATION
OF SELECTED
MODIFICATIONS
AS REQUIRED

PREPARLS
PLANT-SPECIFIC
SUBMITTAL
FOR THE NRC

11 - S5
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TABLE lI-2

EVALUATIONS OF PIPING ADEQUACY

EPRI

"UTILITY

PROVIDES VERIFIED

COMPUTER CODE AND
VALVE PROGRAM
REPORTS FOR

UTILITY EVALUATIONS

ASSEMBLES

INTORMATION
(SEE TABLE 111-1)

USING EPRI-PROVIDED
CODE OR OTHER
VERIFIED METHOD
EVALUATES STRESSES
AND SUPPORT LOADS
IN PIPING

COMFARES LOADS
AND STRESSES
WITH ALLOWABLES
AND IDENTIFIES
ANY POTENTIAL

PROBLEM AREAS

";‘GEF?Té"ﬁucn
AND SCHEDULES
IMPLEMENTATION or
MODIFICATIONS TO
PIPING AND SUPPORTS

AS REQUIRED

)

PRIFARES
PLANT-SPLCIFIC
SUBMITTAL

FOR TRE WRC

11 - 6
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TABLE 1I-3
WORKSCOPE FOR UTILITY EVALUATION OF
ETY AN EF VE PERFO

————————————————————————————————

The utility will perform the following:

3. Identify pertinent plant information listed in
Table 1II-1, including:

Valve parameters
Inlet piping parameters
Discharge piping parameters

Valve actuation transient parameters

2. Evaluate alternative modifications identified by valve
manufacturer and/or NSSS vendor and select modifications
for implementaticn.

3. Schedule implementation of selected modifications to
valves.

4. Prepare plant-specific submittal for the NRC.

11 - 7
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TABLE II-4 ' A%

WOR¥SCOPE FOR UTILITY EVALUATIONS
. OF PIPING/SUPPORT QUA

l. The utility will perform the following:

1. Identify pertinent glant information listed in
Table I1I-1, including: .

Valve parameters

Inlet piping parameters

Discharge piping parameters

valve actuation transient parameters

Using EPRI-provided code or other verified (by compariscn

with valve test results) method, evaluate stresses and

support loads in inlet and discharge pipinp.

Compare loads and stresses with allowable values and
identify any potential problem areas. "

Evaluate, select and schedule implementation of modifica~
tions to piping and supports as required.

Prepare plant-specific submittal for the NRC.

I1 - 8
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TAELE II-5
o WORKSCOPE FOR VALVE

2 MANUFACTURER EVALUATION "
3 OF SAFETY VALVE PERFORMANCE

Bases for Evaluation

The following will be provided to the valve manufacturer
for his use in the evaluations: :

1. Applicable EPRI test program outputs.
2. Plant information listed in Table I11-1

Scope of Evaluation
The valve manufacturer will perform the following:

1. Define performance for as-installed valve ring settings
based on:

¢ EPRI test data
* valve manufacturer's test data
by valve manufacturer's supporting analysis

The evaluation should:

o Determine which fluid conditions result in stable
or unstable valve performance.

® Establish valve performance characteristics
(e.g., blowdown, lift, flow opening time, etc.).

2. Define performance for cptimal valve ring settings in
accordance with the steps identified in 1 above.

3. Recommend valve modiiications to provide improved
performance, if needed (e.g., to provide reduced
blowdown, stable water performance, etc.).

4. Document performance recommendations and bases for
recommendations to the utilities. :

I - 9 T
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TABLE II-6

WORKSCOPE FOR VALVE MANUFACTURER
EVALUATIONS OF RELILF VALVE PERFORMANCE

- #——#

Bases for Evaluation _

The following will be provided to the valve manufacturer
for his use in the evaluations:

1. Applicable EPRI test program outputs.

- Plant information listed in Table I1II-1

Scope of Evaluation
The valve manufacturer will perform the following:

Establish valve performance characteristics

(e.g., opening time, flow, closing time)

2. Recommended valve modifications to provide improved

performance, if needed.

3. Document performance recommendations and bases for

recommendations tc the utilities,

11 - 10
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TABLE 1I-7
WORKSCOPE FOR NSSS VENDOR EVALUATION OF

—EAFETY AND RELIEF VALVE PERFORMANCE

Bases for Evaluation

The following will be provided to the NSSS vendor for
his use in the evaluations:

1.
2.
3.

Applicable EPRI test program cutputs.
Plant information listed in Table I11-1.
Valve performance characteristics (e.g., blowdown,

1ift, flow, opening time, etc.), as established by
the valve manufacturer,

Scope of Evaluation
The N5SS vendor will perform the following:

1.

Evaluate test results and document system
acceptability or identify any potential problem
areas regarding NSSS overpressure protection sys-

tem performance.
1f potential problems are identified:

e Identify alternative modifications to NSSS
overpressure protection system and/or overpressure
transient analysis parameters to resolve un-
acceptable performance.

. Concur with system/analysis modifications selected
by utility for implementation.

e Prepare report which justifies acceptability
of system/analysis modifications selected for

implementation.

11 - 11
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TABLE 1I-B
WORKSCOPE FOR EPRI EVALUATIONS

Valve Performance

1. Provide valve program reports for utility evaluations.

2. Provide on-going assistance to utilities in the
understanding and use of program outputs as
reguired.

Piping/Support Adeguacy

Provide verified computer code and valve program reports
for utility evaluations of inlet and discharge piping and
support adequacy. The code provided by EPRI is to be used
for the calculation of the time-dependent hydraulic loads
applied by the fluid on the piping.

11 - 12
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I11. EVALUATION OF TEST RESULTS FOR
=SPE "CONDITIONS

Identification of Pertinent Plant Parameters

M

A list of pertinent plant parameters to be identified by

t&c utility is provided in Table I1II-l. Possible sources

to be used by the utility in compiling the reguired in-

formation are listed below:

5.

Plant Final Safety Analysis Report/Cold Overpressuri-
zation Analysis Report

Plant Technical Specifications
Plant installation drawings and system isometrics
valve Documentation and Nameplate Information

Initial valve manufacturer's test data and periodic
set pressure verification test data.

In addition, the EPRI valve program reports (see Section V)

and the appendices to this guide should be useful as follows:

The test conditions justification report (Reference 3)
and plant conditions justification report (References 4,
5 and 6) should be useful in assembling the valve

actuation transient information.

Appendix A provides a procedure to be used for the

calculation of valve back pressure.

Appendix B provides a procedure to be used to calculate
the inlet piping pressure drop associated with valve

opening and pressure rise associated with valve closing.



: B. Procedures for Evaluation of Test Results

‘ 1.. Safety Valve Performance and Associated
!;ESnEZEuEEE:t Adeguacy

] The procedure to be used to evaluate safety valve
‘ ;. o

performance for plant-specific conditions is as

‘ ; follows:
e Step 1

The utility provides the assembled plant in-
{ formation (Table 1II-1) and the applicable EPRI
valve test program output to both the valve

manufacturer and the NSSS vendor.

—

' Step 2
The valve manufacturer jdentifies the specific

o r—

{ EPRI tests which are applicable for tha plant-
specific safety valve evaluation being performed.
An outline for conducting this type of evaluation

. is provided in Appendix D to this report.

- e Step 3
pased on the information provided by the utility

(see Step 1 above) and the valve manufacturer's

own test data and supporting analyses, the valve

‘ manufacturer determines the valve performance
l characteristics and completes the performance

summary sheet provided in Table 111-2 for both

{ as-installed and optimal ring u.ttiigo.

; 111 - 2
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Step 4
The utility performs an evaluation of safety valve !
inlet and discharge piping stresses and piping sup-

o
|
Step 5 }

The NSSS vendor compares the valve performznce

port and valve loads.

characteristics listed in Table III-2 with the valve |
characteristics assumed in the FSAR (or other design)
overpressure protection system analyses and 1dcntifios‘
any conditions for which the actual and assumed valve
performance characteristics are not consistent (see
Table I1I-3 for performance characteristics to be 1
considered). Where not consistent, the NSSS vendor |
should judge the acceptability of the deviation )
and provide the basis for his judgment.

Step 6 '
The utility compares the safety valve piping/support

1%ads and stresses with the allowable values and ;
identifies any conditions for which the allowable
values are exceeded (see Table 1II-3 for definition |

of piping and support allowable loads and stresses).

Step 7 X
The utility (with assistance from the valve

manufacturer and NSSS vendor as required) identifies

any conditions for which acceptable valve performance

is not obtained. The utility then evaluates !

111 - 3 . [



Relief Valve Performance and Associated Piping/Support
eguacy

- KeVasailn 4
possible alternatives which could provide
acceptable valve performance and selects any needed

modifications to be made to the valves or piping.

Step 8 .
The utility, valve manufacturer and NSS5 vendor

prepare reports which document their evaluations
and justify the acceptability of any modifications

selected for implementation.

The procedure to be used to evaluate relief valve per-

formance for plant-specific conditions is outlined in

the following. It is noted that these evaluations

should be straightforward and it is expected that the

utility could perform the bulk of the evaluations.

Step 1
The utility assembles the plant information (Table

I111-1) and the applicable EPRI valve test program

ocutputs.

Step 2
Based on the plant informaticn and the EPRI valve tes

data, the valve manufacturer (or utility) determines
the valve performance characteristics and completes
the performance summary sheet provided in Table III-4
This evaluation should consider any differences in t
air and/or electrical supply and for pilot-operated
valves the pilot vent discharge tubing for that in-

stalled in plants compared to that tested.

I11 - 4
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Step 3

The utility performs an evaluation of relief
valve inlet and discharge piping stresses and
piping support and valve loads.

Step 4
The NSSS vendor (or utility) compares the per-

formance characteristics listed in Table I77°-4
with the valve characteristics assumed in the cold
overpressurization analyses and identifies any
conditions for which the actual and assumed valve
performance characteristics are not consistent

(see Table 111-3 for performance characteristics

to be considered).

Step 5
The utility compares the relief valve piping/

support loads and stresses with the allowable
values and identifies any conditions for which the
allovable values are exceeded (see Table 11I-3 for
definition of piping and support allowable loads

and stresses).

step 6

The utility identifies any conditions for which
acceptable valve performance is not obtained,

and then evaluates possible alternatives




l..‘

which could provide acceptable valve pcrformaﬁcc

and selects any needed modifications.

® Step 7
The utility, valve manufacturer, and NSSS vendor

prepare reports which document their evaluations
and justify the acceptability of any modifications
selected for implementation.

tdentification of Potential Problem Areas and

Possible Alternatives to AGGress UnaosxrnSIe

Valve Performance

Based on the results of the EPRI valve tests, it is apparent

that there are some plant conditions which could result in
valve performance characteristics which are not within
acreptable limits (as currently defined). As discussed in

previous sections, the first step in addressing these poten-

tial concerns is to perform analyses to attempt to demonstrate

that the observed valve performance can be accommodated in
the plant. Should these efforts be unsuccessful, several

alternatives are available to resolve these potential

problems. A list of potential problem areas and some possible

alternatives to be considered to address the undesirable
valve performance is provided in Table 111-5. It should be
noted that this list is not i{ntended to be compiete, but
only to serve as a checklist or starting-point for the more
detailed performance evaluations to be performed by the

utilities, valve manufacturers and NSSS vendors.

II1I - 6
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Table III-6 provides a general summary of the safety valve

test results obtained in the EPRI program. Some consjidera~

. -

tions to be taken into account in evaluating off-normal

valve performance for various conditions as noted in

Table III-5 are discussed below:

Safety Valves

1.

Performance with Steam Flow

For virtually all safety valve/inlet piping
combinations tested, ring settings were established
in the EPRI tests which provided stable valve per-
formance with steam inlet conditions. However,
these ring settings resulted in valve blowdoxn
outside of normally accepted limits (i.e., greater
than five percent). Therefore, re-evaluation of
selected NSS system overpressure transients should
be performed by the NSSS vendors to show that in-
creased valve blowdown is acceptable. Other poten-
tial alternatives would be to utilize an alternative
valve or shorten the valve inlet piping 80 that
stable performance can be obtained with reduced

blowdown (i.e., near five percent).

Performance with subcooled Water Flow

For some of the safety valves tested, the valves

chattered with subcooled water inlet conditions.

I1I - 7
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For these cases, if the fluid conditions for

a specific plant include subcooled water, the
utility/NSSS vendor could show that the subcooled
water can be handled by other than safety valve
actuation. This could be accomplished by use of
the PORVs to vent the flow (at a pressure less
than the safety valve set pressure) or by op-
erator termination of the transient. Another
possible sclution is to utilize an alternative
valve which performs in a stable manner with sub-
cooled water or to modify the existing valve
(e.g., using an assist device) to provide stable

performance.

Performance with Cold Loop Seals

For the tests (with the spring-loaded valves)

which utilized cold loop seals at the valve, a
number of undesirable performance characteristics
resulted, including large pressure oscillations in
the upstream piping, delayed valve opening until loop
seal clearing, and high pressures and loads in the
discharge piping. (Elevated temperature loop seal
tests resulted in reduced piping loads.) Possible
alternatives to eliminate these undesirable per-
formance features include draining the loop seal,
heating the loop seal to near saturation or

utilizing an alternative valve which provides better

111 - B
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performance with the loop seal. However, before
a decision to drain or heat loop seals is made,
careful consideration should be given to the
potential consequences, €.9., increased potential

for valve seat degradation and resulting steam/

hydrogen leakage.

Relief Valves

Acceptable performance was obtained with most of the
relief valves tested. 2n off-normal result obtained
was delayed valve closure for two of the relief valves
(Dresser Electromatic and Target Rock) with fluid
conditions that result from loop seal installations.
For plants which utilize these valves with loop seals,
possible alternatives to consider include heating or
draining of the loop seal, or utilizing an alternative
valve which is less sensitive to the thermal transient.
However, before a decision *o drain or heat loop seals
is made, careful consideration should be given to the

sential conseguences of such operation as noted

above.

Iz - 9
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TABLE I1I-1
PLANT INFORMATION TO BE ASSEMBLIED BY UTILITY

Following is a list of valva/piping information to be assembled
by the utility for the evaluations:

1. ; Safety Valve Information
Number of valves

Manufacturer
Type
S8ize (inlet, outlet, orifice)
Steam flow capacity (rated and maximum)
Design pressure and temperature
. Inlet flange rating
Discharge flange rating

Allowable applied load (should consider the applied load
which resulted during testing)

Set pressure

Accumulation (specified and existing, if available)
Blowdown (specified and existing, if available)
Ring settings (specified and existing, if available)
Original valve procurement specification

Original valve guality assurance package
Maintenance documentation package for valve

2. Relief Valve Information
Number of valves
Manufacturer
Type
Size (inlet, outlet, orifice)
Steam flow capacity (actual)
Design pressure
Design temperature
Inlet flange rating
Discharge flange rating s

Allowable applied load (should consider the applied loads
which resulted during testing)

111 - 10



TABLE III-1 (Cont'd)

Opening pressure (include all settings)
Closing pressure (include all settings)
Original valve procurement specification
Original valve quality assurance package
Maintenance documentation package for valve
For air-operated valves:

- Air supply system pressure and system schematic

(tubing diameter, length, configuration, etc.)
For pilot-operated valves:

- Electrical supply system voltage and current
and wiring schematic

- Pilot vent path schematic (pipe diameter, length,
configuration, etc.)

Inlet Piping Information
Design pressure

Design temperature

Configuration from pressurizer to valve (include an isometric
drawing of the installation showing piping diameter, length
and orientation)

Pressurizer nozzle configuration

Loop seal (include volume and temperature of water in
loop seal)

Piping lupéortl (show location on isometric and list type
and capacity of individual supmorts in a table)

Steady-state flow pressure drop (including velocity head)(l)
Acoustic wave pressure amplitude(l)

Discharge Piping Information

Design pressure
Design temperature

Configuration (include an isometric drawing of the
installation showing piping diameter, length and orientation)

Pressurizer relief tank design pressure

Piping supports (show location on isometric and list type
and capacity of individual supports in a table)

Note: (1) See Appendix B, applies to safety valves only.

I11 - 11
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TABLE III - 1 (Cont'd)

S. valve Actuation Transient Information

FSAR Transients

Prassure {opening, peak, closing)
Temperature

Pressurization rate at valve opening
Maximum back prossnrc‘z’ (steam condition)

Fluid range (e.g., saturated steam, saturated water,
steam to water transition, subcooled water)

Valves actuated (number and type)

Cold Overpressure Transients (1)

Pressure ranges (opening, peak, closing)
Corresponding temperature ranges
Pressurization rate at valve opening
Maximum back prcl:uro(z) (steam condition)
Fluid range

valves actuated (number and type)

Extended High-Pressure Injection Transientstl)

Pressure range (opening, peak, closing)
Corresponding temperature range

Initial pres=urization rate

Maximum back ptessutc(z) (steam condition)
Fluid range

valves actuated (number and type)

Notes:

1) Applies to relief valves only
(2) See Appendix A

III - 12
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TABLE III-2

F SAFETY VALVE PERFORMANCE
e UMMARY SHEET

Parameters for Safety Valve Installation in Plant

The following parameters are to be tabulated for the plant
installation. They are to be used to identify the

tests with the representative valve/piping configuration
most nearly corresponding to the plant configuration.

3. Safety Valve

- Manufacturer

Type
- 8ize

2. Inlet Piping
= Piping length

= Piping diameter
- Dry or loop-seal

3. Discharge Piping

- Back pressure range (for steam actuation)

4. Inlet Piping Pressure Drop (Steam Actuation)

- Steady-state
- Acoustic (after lcop seal discharge)

5. QApplicable Test Numbers

(Selected by comparing preceding information with
EPRI test data)

6. Valve Ring Settinas

Ring Settings
Ring As-Installed Optimal

Upper
Middle

" Lower

I1I - 13
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TABLE 1I1I-2.(Cont'd)

B. Valve Performance Summary

~ The followinq valve performance characteristics are to be
determined from the data for the applicable tests for
both as-installed and optimal ring settings.

R Behavior Mode

; Fluid Condition Stable Chatter Other

Saturated steam
n Loop seal

! ' Transition
Water

; - €50°F

: - 550°F |

{ - 400°F '

i = Performance Characteristics*

Flow Clesing
! Fluid Opening Opening |Capacity| rressure
§ Condition Pressure (psia)|Time (sec)| (l1b/sec) | (psia)

Saturated steam
| - Loop seal

. Transition

' Water
- 650°F
- S550°F
l - 400°F

| ¢ In addition, determine maximum back pressure for
i saturated steam condition.

i I11 - 14



a TABLE IXI-3

DEFINITION OF ACCEPTABLE FERFORMANCE FOR
SAFETY AND RELIEF VALVES AND
INLET AND DISCHARGE PIPING

Following is a definition of acceptable performance for
safety and relief valves and inlet and discharge piping:

s;fctx valves

A.

1. valves open and close in a stable manrer. (A minimum
amount of valve chatter or flutter is permitted pro-
vided no change in critical valve dimensions or
wear of seating surfaces results.) See Note (1).

2. Valve performance characteristics are consistent with
FSAR (or other design) overpressure analysis assumptions,
including:

- opening pressure

- opening time

- flow capacity

- closing pressure (i.e., blowdown)

B. Relief Valves
Valve performance characteristics are consistent with
cold overpressurization analysis assumptions, including:

- opening time

- flow capacity

- closing time

c. Inlet Piping (see Note 2)

1. Piping stresses during valve discharge transient
less than design stresses.

2. Piping support loads less than design loads.

3. Applied load on valve less than design load. (The design
loads should consider the applied loads which resulted
during testing.)

TI7 It should be noted that when valve chatter occurrea during non
loop seal tests, the valve was assisted open toO terminate tre
event. Therefore, the degree of valve internals degradation
during an actual in-plant event under similar conditions may
be more severe than was observed in the testing.

(2) Load combinations and allowable piping stresses and

support loads listed in Appendix E.

111 - 15
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TABLE III-3 (Cont'q)

‘-8B, Df:charge Piping (see Note 1)

A Piping stresses during valve discharge

transient
less than design stresses.

- A Piping support loads less than design loads.

3. Maximum pressure less than maximum acceptable
valve back pressure.

4. Aggliod load on valve less than design load.
(The design loads should consider the applied loads
which resulted during testing.)

- -

II, 1cad combinaticns and

allowable piping stresses and
support loads listed in Appendix E.

s o
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TABLE 1II-4

RELIEF VALVE PERFORMANCE
UMMA HEET

Parameters for Relief Valve Installation in Plant

The following parameters are to be tabulated for the plant
ifstallation. They are to be used to identify the tests
with the representative valve.

p Relief Valve

- Manufacturer
- Type
- Size

- Inlet Piping
- Dry or loop-seal

p Valve Operator

- Air supply system details or electrical
voltage/current

- Other (size, force capacity)

4. Applicable Test Numbers

111 - 17 ' -
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TABLE 1I1I~-4 (Cont'd)

B. valve Performance Summary

The following valve performance characteristics are to
be determined from the data for the applicable tests.

Fluiad
Condition

Opening
Time (sec)

Flow
Capacity(lb/sec)

Closing Time (sec)

Satgrated steam
Water Seal

Transition
- Steam to water

- Nitrogen to
water

wWater (at hich
pressure set-
point)

- Maximum
temperature

- Minimum
temperature

wWater (at low
pressure set-
point)

- Maximum
temperatare

- Minimum
temperature

111 - 18
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TABLE III-5

ER LIST OF POTENTIAL PROBLEM AREAS AND
g POSSIBLE ALTERNATIVES TO
ADDRESS UNDESIRABLE VALVE PERFORMANCE

Potential Problem Areas

Ssafety Valves and

Xssociatca Pipir

1. Valve blowdown required
to provide stable valve
performance for steam flow
is not within FSAR/Tech
Spec limits.

2. Valve chatters with subcooled
water flow conditions and
vi1-wdown cannot be adjusted
to provide stable valve
performance

Possible Alternative

Re-analyze selected NSSS system
overpressure transients to show
that increased valve blowdown is
acceptable from the standpoint of
plant operation considerations.

(Note, since all plants are de-
signed to accommodate losses of
reactor coolant resulting from a
rang: of possible size openings
in the reactor coolant system, it
is apparent that increased valve
blowdown is not a safety concern.)

Utilize alternative valve which
provides stable performance with

smaller blowdown.

Relocate valve closer to pressur-
izer to allow stable performance
to be obtained with reduced
blowdown.

Show that subcocled water condi-
tions can be handled by other
than safety valve actuation,
e.g., operator action or use of
PORVS.

Utilize alternative valve whichk
performs in a stable manner

with subcooled water, (e.g.,
Framatome/Crosby 6M6, or Target
Rock 69C) or utilize an auxiliary
1ift device with the existing
valve.

111 - 19
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TABLE III-5 (Cont'd)

M

Potential Problem Area Possible Alternative

3. With cold loop seal arrangement, Provide a drain at low peoint
valve provides unacceptable per- in loop seal piping back to
formance, €.9.: the prcssuzizet-to(f§cvcnt

- pressure oscillations (water water accumulation

2 hammer) in upstream piping Provide heaters to increase

temperature of loop seal
water to near :atu:ati?Y
(approximately 650°F).(3)

+ - high pressures and loads in Utilize alternative valve

discharge piping which provides better
performance with loop seal.

- delayed valve opening until
loop seal clears

l Relief Valves

With cold loop seal arrangement, Provide a drain at low point
valve closure following discharge in loop seal pipin? to prevent
is delayed vater accumulation(l).

Provide heaters to increase
temperature of loop seal
water.

Utilize :alternative valve
which is less sensitive
to the thermal transient.

NOTE: (1) Before a decision to drain or heat the loop seals
is made, careful consideration should be given to
the potential for valve seat degradation and result-
ing steam/hydrogen leakage.

! III - 20
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TABLE IIX-6

' " EPRI PWR SAFETY AND RELIEF VALVE TEST PROGRAM
SAFETY VALVE TEST RESULTS SUMMARY (1)
(CRITERIA: STASLE PERFORMANCE/NO CHATTER)

TESTED VALVES

INLET FLUID CONDITIONS

DRESSER 317397
SHORT INLET

LONG INLET
DRESSER 31709NA
SHORT INLET
LoNG INLET (3!
CROSBY 3K6
SHORT INLET
LONG INLET

CROSEY 6M6
LONG INLET

TARGET ROCK 6SC
LONG INLET

CROSBY 6N8
LONG INLET
FRAMATOME /CROSBY

6M6 LONG INLET
NOTES:

YES

YES
YES

NO
YES

YES
YtS

YES

YES

STEAM  LOOP SEAL  TRANSITION
wa'? YES
YES (4) YES
N/A YES
N/A YES
yes ¢ NO
yes (9 s -
YES YES
KA YES
YES

YES

717 The summary is for
settings had been e

pected performance w

Y5

650°F

YES

YES
YES

YES
YES(6)
YES

YES

WATER

550%F  40O0°F
YES YES (¢ ;
NO -
YES NC
N0 -
NO -
YES (6) YES
NO -
YES YES

valve performance after reference test ring
stablished and does not generally reflect ex-

(2) Indicates the conditicn is not applicable
combination tested.

(3) Plants which utilized this

modified and now have a short inlet.
(4) Chatter observed on loop seal portion of test.

(5) The valve had a limited lift
(6) Observed inlet pressure fluctuations

valve flutter.

I1I - 21

ith current in-plant ring settings.

to the valve/piping !

valve/piping combination have been

and did not relieve the transient.
indicated possible
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iv. SUGGESTED FORMAT FOR
UL
PLANT-SPE ITTAL

——————— — —————————————————————

A suggested format for the July 1, 1982 plant-specific submittal
to the NRC is provided in the following. It should be noted that
the rubmittal outline is provided only as a general guideline

for utility consideration and it is recognized that more or less
information may need to be included in a particular plant-specific

submittal.
I. DESCRIPTION OF SAFETY AND RELIEF VALVE INSTALLATION

This section should provide a summary description of the
overall valve installation. In addition, this section should

provide a list of key plant parameters as listed in Table IV-l,

inclnding:

. Safety valve parameters

- Relief valve parameters

. Inlet piping parameters

. valve a2ctuation transient parameters

1I. RESULTS OF PLANT-SPECIFIC PERFORMANCE EVALUATIONS

A. Safety and Relief Valve Performance

This section should discuss the following:
1. Evaluation of pertinent test results and
jdentification of conditions which could

result in unacceptable valve performance.

y ] Identification of modifications selected for

implementation to provide acceptablg pgrtormancc.



III.

B. Inlet and Discharge Piping Adeguac

This section should discuss:
_ ..1. Evaluation of stresses and support loads in
inlet and discharge piping and identification

of any overstressed piping or overloaded

supports.

2. Tdentification of modifications regquired to
provide acceptable stresses and loads in piping

and supports.

CONCLUS1IONS

REFERENCES

This section should include a listing of all references
utilized in the evaluations, including:

A. Safety and Relief Valve Test Reports

B. Valve Selection/Justification Report

C. Plant and Test Condition Justification Reports

D. Discharge Piping Load Model Report

APPENDICES
~he following appendices should be included:
A. summary of report by valve manufacturers which justi-

fies the acceptability of valves or the modification(s)

selected for implementation.

B. Summary of report by NSSS vendor which justifies the
acceptability of the existing system or modificution(s)

selected for implementation.

v - 2
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Summary results of calculations of inlet and

discharge piping loads and stresses.

Schedule for evaluation and implementation of

modifications (if modifications are reguired).
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TABLE IV-1
LIST OF KEY PLANT PARAMETERS

- -

1. Safety valve Information

valve Parameters
Number of valves

Manufacturer

Type
size (inlet, outlet orifice)

Rated capacity (steam)

Inlet Piping Parameters

Diameter

Length
Type (dry, loop seal/terperature)

Actuation Trans ient Parameters

Fluid range (e.g., saturated steam, saturated

water, subcocled water, etc.)

Maximum back pressure (steanm condition)

2. Relief Valve Information

valve Parameters

Number of valves
Manufacturer

Type
size (inlet, outlet, crifice)

capacity (steam)




. -

evis

TABLE IV-1l (Cont‘d)

Inlet Piping Parameters
Type (dry, loop seal/temperature)

Actuation Transient Parameters
Fluid range (e.g., saturated steam, gaturated water,

subcocled water, etc.)

Maximum back pressure (steam condition)



Following is a list of

V. REFERENCES

reports issued by EPRI to document the

results of tﬁc safety and relief valve test program.

are the draft and final publication dates of the

date when the report will be submitted to the

Also noted

report and the
NRC via the PWR

utilities.
Report Date |
EPRI Report Draft  Final Submitted to NRC '
1. Safety and Relief valve Test 3
Report 3/1/82 4/1/82 4/1/82 |
2. Valve Selection/Justification |
Report 9/81 12/81 4/1/82 |
3. Test Condition Justification
Report 3/5/82 4/1/82 4/1/82 ]
4. BsW Plant Fluid Condition I
Justification Report 10/8/81 3/17/82 4/1/82
5. CE Plant Fluid Condition i
Justification Report 11/18/81 3/10/82 4/1/82
6. W Plant Fluid Condition \
Justification Report 10/8/81 1/29/82 4/1/82 |
Application of RELAPS/MOD1
for Calculation of Safety and |
Relief Valve Discharge Fiping !
Hydrodynamic Loads (includes
Discharge Piping Data) 3/5/82 4/1/82 4/1/82
8. Marshall Relief Valve
Test Report 8/81 10/81 N/A
9. Wyle Phase II Relief
valve Test Report 9/81 12/81 N/A
10. Wyle Phase III Relief
valive Test Report 3/9/82 4/1/82 N/A
11. CE Safety Valve Test Report 6/1/82 7/1/82 N/A
N/A Not Applicable. These reports contain supplementary
4dnformation.
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APPENDICES
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APPENDIX A
PROCEDURE FOR CALCULATION OF
T VALVE BACK PRESSURE




Purpose
The purpose of this appendix is to provide a suggested

procedure and guidelines for the calculation of safety and

relief valve backpressure for the plant. This backpressure

_ 4is to be compared with the test backpressure as discussed in

Appendix D.

Discussion

Because of the sensitivity to back pressure exhibited by
the safety valves in the EPRI test program, it is recom-
mended that the plant back pressure be calculated on a
realistic , rather than conservative, basis. Therefore,
it is suggested that a hydraulic code such as RELAP or
similar method be utilized. In this regard, EPRI

has funded/developed a steady-flow hydraulic code
specifically for d;tcrmining valve backpressures.
Further information regarding this code can be

obtained from EPRI.

It is suggested that back pressure calculations be performed
assuming simultaneous actuation of either all safety valves
or all relief valves on steam. Also, use the maximum

valve flow rates as determined by the valve manufacturer.



- awes -
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The computed steam backpressures are to be compared to those
dgvclopod during EPRI steam tests to alscls‘applicability.
EPRI liguid testing was performed with the same discharge
piping backpressure orifice as was utilized during a
specified steam test. The backpressures developed during
‘the liquid tests correspond to those expected in a plant
having the same “"steam"” backpressure as was developed
during the specified steam test. Therefore, if the steam
backpressure developed exceeds the expected in-plant steam
backpressure, the corresponding liquid backpressures de-
veloped will exceed those expected in the plant under

similar conditions.
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APPENDIX B

PROCEDURE FOR CALCULATION OF
INLET PIPING PRESSURE EFFECTS
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The puxpos; of this appendix is to provide a procedure for
determining the inlet piping pressure drop associated with
spring-loaded safety valve opening for the plant safety valve
1nstallltion: This plant pressure drop is to be compared

with the test pressure drop as discussed in Appendix D.

DPiscussion

The procedure described below is only applicable to high-
quality steam-filled inlet piping installations which have

a constant flow area. The method consists of calcuvlating
the inlet piping pressure drop due to flow pressure drop and
scoustic wave propagation.

1. Inlet Piping Flow Pressure Drop (APF)

The flow pressure drop is given by,

|
|

(k+1+fL)ﬁ2
D
AP e
¥ 2qcoA
where,
k - expansion or contraction loss coefficient
(dimensionless)
£ - ¢riction factor (see Reference 1) (dimensionless !
L & piping equivalent length/diameter considering
] effects of fittings and friction (see Referance '
for pertinent data) (dimensionless)
- M - maximum valve flow rate for steam (as established
by the safety valve manufacturer) (lb/sec)
gc gravitational constant (32.2 1b-£t/1b-l¢c2)
(< - steam gcnsity at nominal valve set pressure
{1b/£ft?)

A - inlet piping flow area (££2)

|
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c.

- Acoustic Wave Amplitude (&4Ppaw)
' The acoustic wave amplitude is calculated based ca

information in Reference 2. There are two situations

to consider:

P

aM
sk

- 1f Top >2L/a,
2LM
AP
AT GcA Too
where,

a = steam sonic velocity at nominal valve set
pressure (ft/sec)

L = inlet piping length (ft)

T = valve opening time for steam inlet conditions
as established from the EPRI testing effort is
10msec for the Crosby safety valves and i5msec
for the Dresser safety valves.

The other variables are the same as defined in the
previous section.

3. Plant-Specific Pressure Drop
The plant-specific pressure drop associated with valve

opening is equal to the sum of the friction pressure drop
(APF) and the acoustic wave amplitude (APAW) as determined
above. For certain test valves, valve reopening and/or
chatter was observed on valve closure. For similar
valve/installations, the pressure rise associated with
valve closure may have tc be evaluated.

References

.-

1. Flow of Fluids through Valves, Fittings and Pipe,
rane Co., Technical Paper NO. 410, 19

- B Waterhammer Analysis, John Parmakian,
Pover Publications, InC., 1963.

B~ 2




Sample Problem
Following is a sample calculation of plant-specific pres-

sure drop for an assumed safety valve/inlet piping

configuration.
1. Flow Pressure Drop

An isometric of the esssumed inlet piping configuration

is provided in Figure B-l. The flow pressure drop is

given by,
(k+1+£%) M2
APF - -—T
2g0A
where,
*
k = 0.5(1) (sudden contraction at pressurizer
nozzle)
§ = W
£ = 2%3§(1)+ 6 x 301 + 2 x16(3) = 289.8
(<) - 7.65 1b/ft3(2) (saturated steam at 2500 psia)
A = 0.147 f£t2
o= 2S.000 IR . 95.8 1b/sec

The flow pressure drop is,
(0.5 + 1 + .016 x 289.8) x 95.82

64.4 x 7.65 x .147% x 144
Ap ® 36 psi

APp =

* Numbers in parentheses denote references listed at the end ¥

of this sample problem.
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PRESSURIZER
NOZZLE

2.3. ‘02. 3.7.

FRESSURIZER

= TOTAL PIPE LENGTH = 33'7"
- PIPE DIAMETER = 6" SCH. 160 (5.185%" INSIDE DIAM.)

- FITTINGS
® 6, 90° ELBOWS
¢ 2, 45° ELBOWS

~CROSBY 4M16 SAFETY VALVE
® 345,000 1b/hr RATED CAPACITY
® 010 SEC OPENING TIME

SAFETY VALVE INLET PIPING CONFIGURATION
FIGURE B-1

9
L
o
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Acoustic Wave Amplitude

For the configuration in Figure B-l, the parameters

- are,
Top - .010 sec
L . 2x 68 . o) gee

1300 ft/soc(

2L
Since 'rop < :

aM
APAN - E;A

1300 x 95.8
APAW " ol . =

APAw - 183 psi

Plant-Specific Pressure Drop

The plant-specific inlet piping pressure drop is
given by,

AP = APp + APpw

AP = 36 +183 =219 psi

References

(1) Flow of Fluids through Valves, Fittings and Pipe,
Crane Co., Technical Paper No. 410, Igif.

(2) ASME Steam Tables, 1967.

{3) "A Pressure Pulse Model for Two-Phase Critical
Flow and Sonic Velocity," ASME 6B-WA/HT-B.
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E. Test Valve/Inlet Pipe Configuration Inlet Piping

Pressure Drop

Following are Tables B.l through B.6 entitled "Safety

- valve Description and Inlet Piping Configuration”.

These tables provide a description of the tested safety
valves and the inlet piping configurations on which the
valves were mounted. The information contained in these
tables are the same as the information contained in
Tables 3.1.1.a through 3.6.1.a of Reference 1l (see Sec-
tion V) with the addition of the calculated transient

pressure drop for each test inlet pipe configuration.

Ths transient pressure drops listed in each table are the
calculated upstream pressure drops associated with valve
opening for each test valve/inlet pipe configuration.
Opening (Pop) times used to calculate the pressure drop

are defined in footnote (1) of the tables. These opening
times were established based on the opening times measured
in the EPRI/PWR Safety and Relief valve Test Program. The
test data indicated that an opening time of 15ms for all
of the Dresser safety valves tested and an cpening time of
10ms for all of the Crosby safety valves tested were typi-

cal of the fastest opening times measured.



Since the test valves were selected to represent all
participating PWR plant safety valve designs and the
data indicated opcﬁing times which were consistent

" " across the test valves, it is suggested that the

opening times defined for each manufacturer's safety

valve tested be used for the valve manufacturer's

designs which were not tested.

-—
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EPRI/CI. SAFETY VALVE TEST PROGRAM

TABLE 8.1

SAFETY VALVE DES(RIPTION AND INLET PIPING CONFIGURATION
DRI SSER 31739A SAFETY VALVE

Yalve Description

Manufacturer Dresser Industries

Type Spring Loaded Safety Valve
Model No. 31739 A

Serial No. BN-04372

Drawing No. 4CP-2432 Rev. 9

Body Size (inlet/outiet) 2% in./ 6 in.
Bore Area 2.545 in.2
Orifice Designation 3

Design Set Point Pressure 2500 psig
Design Blowdown 5 percent

Rated Flow 297845 1b/hr, Rated Lift
Not applicable

0.45 {n.

Internals Type:

Ring Setting Reference Position:
The ring setting positions refer to the number of
notches relative to the following surfaces;

. Upper Ring - top holes in the guide
'  Middle Ring- seat plane
Lower Ring - seat plane

(1) This is the caiculated transient upstream
pressure drop associated with valve
opening for this valve/inlet piping
configuration. The pressure drop was
calculated based on an opening time of
15 msec.

Inlet Piping Confiquration  “p* ;i
Lencth, in. 1.0., in.

Nozzle 17 6.813
Venturi 38 6.813
Pipe 1 6.813
Loop Seal

Straight 60 3.152

Bends 4-90° 6 in. radius
Reducer | 4 3.152/2.125

~ Inlet Flange 6 2.125

Transient Pressure Drop (1) 454 psi
Inlet Piping Configuration "C"

Length, in. i.D.; in,
Nozzle 17 6.813
Venturi 38 '.5'313
Pipe 1 6.813
e 10 6.813/2.125
Pipe Not applicable
Inlet Flange 6 2.125

Transient Pressure Drop (1)  sq pey



EPRI/CE SAFETY VALVE TEST PROGRAM

TABLE B.2
SAFETY VALVE DES(RIPTION AND INLET PIPING CONFIGURATICN

u |

DRESSER 31709NA

Valve' Description

Manufacturer Dresser Industries

Type _Spring Loaded Safety Valve
Model No. 31709A

Serial No. 8Q07681

Drawing No. 4CP-2332 Rev 11

Body Size {inlet/outlet) 6 in./ 8 in.
Bore Area 4.34in.2
Orifice Designation N

Design Set Point Pressure 2500 psig

Design Blowdown 5 percent

Rated Flow 507918 1b/hr, Rated Lift 0.588  in.
Internals Type: ot appl!icable

Ring Setting Reference Position: :
The ring setting positions refer to the number of
notches relative to the following surfaces;

Upper Ring - top holes in the guide
Middle Ring- seat plane
Lower Ring - seat plane

(1) This is the calculated transient upstream
pressure drop associated with valve opening
for this valve/inlet piping configuration,
The pressure drop was calculated based on
an opening time of 15msec.

Inlet Piping Configuration " :'?-u '
m ’ .’ . Ve 'I

Nozzle 17 5.813
Venturi 38 6.813
Pipe 6 6.813
Reducer 6 6.813/4.897
Loop Seal
Straight 48 4.897
Bends 2 Bends 1800, 9" radius
Reducer " not uﬁiccble
~ Inlet Flange 11 4.897

Transient Pressure Drop (1) NOT AVAILABLE

Inlet Piping Config_u_n:'i':n "l 'l"o =
» . Ve .
17

Nozzle §.813
Venturi k. 6.813

Pipe 6 6.813
Reducer 6 6.813/4.897 .
Pipe not applicable

Inlet Flange 11 4.897

Transient Pressure Drop (1) 88psd



- - — — - —

EPRI/CE SAFETY VALVE TEST PROGRAM
TABLE 8.3

CAFETY VALVE DESCUIPTION AND INLET PIPING CONFIGURATION
FOR THE CROSHY HB-BP-86 3K6 (STEAM INTERNALS)

orT~-®

Yalve Description Inlet Piping Configuration “F*' '
19"9“'. ‘no l.o.. '“o
Manufacturer Crosby Vaive and Gage
Type Spring Loaded Safety Reeste ' v 6.813
Model No. HB-BP-B6 3K6 Yenturi
Serial No. None . -JB 6.813
Drawing No. SK-3658-V Pipe £ 6.813
Body Size (inlet/outlet) 3  in./_ 6 in. Reducer 5 6.813
Bore Area 1.841 in.2
Orifice Designation K Loop Seal
: Straight 54 3.152
Design Set Point Pressure _ 2485 psig Bends 4-900 6 inches radius
Design Blowdown § _ percent Reducer ' “ 3.152/2.624
Rated Flow 212,182 1b/hr. Rated Lift 0.382 in. Inlet Flange 7 2.624
Internals Type: Steam Transient Pressure Drop (1) 2321 pst
Ring Setting Reference Position: ' Inlet "iping Configur {::t:'t'h 'E'; Mg
The ring setting position refers to the number of _ i sl iy oo
notches relative to the bottom of the ring disc. Nozzle 17 6.813
(1) This is the calculated transient upstream Yenturi 18 . 6.813
i pressure drop associated with valve opening .
for this valve/inlet piping configuration. Pipe 6 6.813
The pressure drop was calculated based on
an opening time of 10msec. Reducer 10 6.813/2.624
Pipe 4 2.624
Inlet Flange ? 2.624

Transient Pressure Drop (1) 56 psi



EPRI/CE SAFETY VALVE TEST PROGRAM
TASLE B.4
SAFETY VALVE DECRIPTION AWD INLET PIPING CONFIGURATION

FOR THE CROSBY MB-BP-86 3k6 (LOOP SEAL INTERNALS)

Valve Description Inlet Piping Configuration “F* . .
lmm. "o Y '.D.. i.o
Manufacturer Crosby Valve and Gage Nozzle 17 6.813
Type Spring Loaded Safety :
Model No. HB-BP-86 3K6 Venturi 38 6.813
Serial No. None
Drawing No. SK-3658-V Pipe 6 6.813
Body Size (intet/outlet) 3  in./__ 6 in. Reducer 5 6.813/3.152
Bore Area 1.841 jp.2 '
Orifice Designation X Loop Seal
Straight 54 3.152
Design Set Point Pressure _ 2485 psig Bends 4-90° 6 inches radius
Design Blowdown 5  percent Reducer ; 4 3.152/2.624
Rated Flow 212,182 1b/hr. Rated Lift _0-3%2 in, Inlet Flange 7 2.624
Internals Type: Loop Seal Transient Pressure Drop (1) 321 pst
. Inlet Piping Configuration “E
Ring Setting Reference Position:
. re"gorted measurements are relative to Length, in.  1.D,, in.
the bottom of the disc ring. _ SRRy 7 6.813
(1) This is the calculated transient upstream Santart 38 6.813
pressure drop associat:d'uith v:}n op:ﬂing g
t onfiguration. .
;:: ;:::s::r:vl-;:‘:aspcglzalgted fased on Pipe ¢
an opening time of 10msec. Sedustr 10 6.813/2.624
Pipe 4 2.624
Inlet Flange v deue

Transient Pressure Drop (1) 56 psi

o — ——n - ——
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EPRI/CE SAFLTY VALVE TEST PROGRAM

TABLE B.f

SAFETY VALVE DESCRIPTION AND INLET PIPING CONFIGURATION
FOR THE CROSBY HB-BP-86 6% (LOOP SEAL INTERNALS)

Valve Description

Manufacturer Crosby Valve and Cage Company
Type Spring Loaded Safety Valve
Model No. HB-BP-86  6M6

Serial No. N56964 -00-0086

Drawing No. Crosby DS-C-569€4 Rev. C
Body Size (inlet/outlet) 6 in./ 6  in.

Bore Area 3.644 in.2

—— e ——

Orifice Designation ]

Design Set Point Pressure 2485 psig
Design Blowdown 5 percent
Rated Flow 420,006

Internals ;pe: Loop Seal

Ring Setting Reference Position

The ring setting position refers to the number of notche

relative iu the bottom of the disc ring.

(1) This is the calculated transient upstream pres
wslvelinlet ninina configuration. The pressure dro

1b/hr. Rated Lift_0.538

Inlet Piping Conﬂgg{_ution "G' e 4
m ’ n. Ve 'o

Nozzle 17 6.813
Venturi 38 6.813
Pipe 13 6.613
Reducer 6 6.813/4.897
Loop Seal
Straight. 48 4.897
Bends 2-180° 9 in. radius
Reducer Not Applicable
Inlet Flange 10 4.897

Transient Pressure Drop (1) 251 nei

sure drop associated with valve opening for this
p was calculated based on an opening time of 10 msec.



EPRI/CE SAFETY VALVE TEST PROGRAM
TABLE 8.6
SAIETY VALVE DESCRIPTION AND INLET PIPING CONFIGURATION
FOR THE CROSBY HB-BP-86 6NG (STEAM INTERNALS)

Valve' Description Inlet Piping Confiquration - o BEMRIRt S
g 9”9 s "0 ’o°o| ,'.
Manufacturer Crosby Valve and Gage Company .
Type Spring Loaded Safety Valve Nozzle 17 6.813
Model No. HB-BP-B6 6N8
Serial No. N6 1894 -00-0006 Venturd Not Applicable
Drawing No. Crosby DSC- 61894 Rev. D : e
Pipe 9 6.813
Body Size (inlet/outiet) 6 in./ 8 1in.
Bore Area 4.381 a2 Reducer 6 6.813/5.189
Orifice Designation N
: Pipe , 76 5.189
Design Set Point Pressure
© » —2485__P79 Inlet Flange 7 5.189
2 Design Blowdown 5 percent
w
Internals Type:  Steam . Transient Pressure Drop (1) 270 psi

Ring Setting Reference Position:

The ring setting pesition refers to the
nsumber of notchee relative to the bottom

of the disc ring.

(1) This is the calculated transient upstream pressure drop associated with valve opening
for this valve/inlet piping confiouration. The pressure drop was calculated based on
an opening time of 10 msec.
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APPENDIX C
PROCEDURE _FOR VERIFICATION OF
SED .

! EVALUATION N cy

ALTERNATIVE U IN
|
|
|
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As discussed in Section iI of this guide, the utility may elect

to use An alternative method to perform the evaluation of

piping/support adeguacy. In this event, it is recommended that

the adoéhaey of the alternative method be verified by comparison

with the EPRI test data provided in Reference 7 (see Section V).

This can be accomplished by one of the following approaches:

comparison between the analytical method pre-
CE Facility tests.

e By direct
dictionc and the data measured in the

¢ By comparison between the hydraulic forcing function

determined by the alternative method with the forcing

function determined by the EPRI-provided code (RELAPS) .
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APPENDIX D

%noczom FOR ASSESSMENT
APPI 3 Y OF SPECIFIC |

SAFETY VALVE TESTS
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Purpose
The purpose of this appendix is to provide a procedure
for use by the valve manufacturers (or utilities) in

gssessing the applicability of specific EPRI tests to

‘plant safety valve installations. This procedure is

based on directly using test results from the EPRI
program in the plant-specific evaluation. Thus, the
key is to establish that one or more of the represen~
tative valve/piping configurations tested by EPRI
closely matches the plant installation. It is expected

this approach will be useful for virtually all the

plant evaluations.

Discussion
The results of the EPRI safety valve tests indicate

that there are a number of key parameters which effec~

tively control the response of the safety valves.

These parameters are:

e Valve ring settings (for spring~loaded safety
valves only)

¢ pischarge piping backpressure

g Inlet piping pressure effects associated with
valve opening (for spring-loaded safety valves

only)
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. Inlet fluid conditions (e.g., saturated steam,

A saturated water, subcooled water).

A suggested procedure for assessing the applicability

of specific EPRI tests to various plant installations

is provided in Table D-1l. This procedure involves
following four stens to determine the applicability of
a particular test or test series. Note that if tests
are not found to be directly applicable to the plant
valve evaluation, the EPRI test data base combined with
other existing test data and/or analysis would have to
be used to establish the expected valve performance in
the vlant. |

Sample Evaluation
)
Table D-2 provides the results of a sample test appli-

cability assessment for a Dresser safety valve, Model
31759A using tes® data for Dresser safety valve Models
31739A and 31709NA. This case is the more complex of
the two options identified in Table D-1: a valve not
directly tested, but one for which the valve
manufacturer can identify ring settings which prov.de

similar performance. Further, the evaluation requires

comparison to two different representative valve/piping

configuration tests to assess the expected performance

of the valve.
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The results of the sample evaluation are discussed in

“the following:

- -

] Test 1 -~ The test is directly applicable because
the valve ring settings, plant backpressure, inlet
piping pressure and fluid condition reguirements
specified in Table D-1 are satisfied.

° Test 2 -~ The test is directly applicable because
the valve ring settings, plant backpressure, inlet

piping pressure and fluid conditien reguirements |

specified in Table D-1 are satisfied.

because the plant backpressure is greater than i

the test backpressure. :

o Test 4 -= This test is not directly applicable !

|
|
:
o Test 3 =-- This test is not directly applicable
because the plant inlet piping pressure drop is

greater than the test inlet piping pressure drop. l
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. est 5 == This test is not directly applicable because
¥ the plant valve ring settings do not correspcud to those
specified by the valve manufacturer to provide similar

performance to the test valve.

Test 6 == This test is directly acoplicable because
the valve ring settings, plant backpressure, inlet
piping pressure and fluid condition reguirements speci-

fied in Table D-1 are satisfied.

In this sample assessment, the Dresser Model 31759A
safety valve is determined to provide acceptable
performance for steam inlet conditions (lt a plant
backpressure of 400 psia and an inlet piping pressure
drop of 150 psi), and unacceptable performance for
§50°F water inlet conditions. Based on the six tests
listed in Table D-2, no direct indication can be
obtained of the safety valve performance for the 650°F
and 450°F water inlet conditions. However, from a
review of the safety valve test results summarized in
Table 111-6 of this guide, it is apparent that valve
performance would be acceptable for 650°F water and

unacceptable for 450°F water.
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TABLE D-1
OCEDURE_FOR ASSESSMENT OF -

R
APPL%%KBILITY OF SPECIFIC EPRI TESTS

=~ STEP A == VALVE RING SETTINGS

For Valves Tested in the EPRI Program:

1.

2.

3.

Are the ring settings for the plant valve the same
as for the tested valve?

1f the answer to the above guestion is yes,
proceed to Step B.

1f the answer to the above guestion is no, the
test is not directly applicable to the plant evaluation.

For Valves not Tested in the EPRI Program:

1.

2.

3.

Is the plant valve represented by a test valve per
Reference 2 (see Section V)?

Do the ring settings for the plant valve
correspond to those specified by the valve
manufacturer to obtain similar performance as
observed for the test valve?

1f the answers to Questions 1 and 2 are both yes,
proceed to Step B.

1f the answer to either Question 1 or 2 is no, the
test is not directly applicable to the plant
evaluation.
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TABLE D-1 Cont'd

« STEP B -- DISCHARGE PIPING BACKPRESSURE
(See xppcnalx A for the procedure for
calculating plant backpressure) Tl

Is che plant backpressure less than the backpressure in
the test? (This comparison should be made for steam
discharge condition as discussed in Appendix A.)

If the answer to the above guestion is yes, proceed to
Step C.

I1f the answer to the above guestion is no, the test is

not directly applicable to the plant evaluation. (How-
ever, if unacceptable valve performance was observed in
the test, it is highly probable that unacceptable valve
performance would also result at the plant backpressure
condition.)
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TABLE D-1 (Cont'd)

- « STEP C == INLET PIPING PRESSURE EFFECTS*
(See Appendix B for the procedure of

" 7 ealculating plant inlet piping pressure effects)

Is the plant inlet piping pressure drop due to valve

opening less than the corresponding value for the test?
(This comparison should be made for the steam discharge
condition as discussed in Appendix B.)

If the answer to the above guestion is yes, proceed to
Step D.

1f the answer to the above guestion is no, the test is

not directly applicable to the plant evaluation. (However,
if unacceptable valve perforamnce was observed in the test,
it is also highly probable that unacceptable valve perfor-
mance would also result at the plant inlet piping pressure
drop condition.)

The procedure outlined in this step should only be used

for those plant installations which have the same or
smaller valve nozzle and the same inlet nominal piping
diameter as those tested. For other cases, a different
evaluation method may be reguired. 1In this rejard, EPRI
has funded/developed an analytical method that can be

used for these evaluations. Further information regardirg
this method can be obtained from EPRI.

—
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TABLE D-1 (Cont'd)

- STEP D == INLFT FLUID CONDITION

Table I1-1 of
condition for

If the answver
applicability
determined to

I1f the answver

Is the inlet fluid condition for the plant (see list in

this guide) the same as the inlet £luid
the test?

to the above guestion is yes, the
assessment is complete and the test is
be applicable to the plant evaluation.

to the above guestion is no, the test is

not directly applicable to the plant evaluation.



——

— —_——— —— —
-_— —_—

(3 HVHOVHVd) @ XIONIddY NI QINIVANGD ST NOTLVWNOINI d0¥O 3uNSS3dd ONldid L3I W
*(A NO1123S 335) | NI WOU4 G3NIVLE0 38 0INOHS SINTVA WALV “AINO NOLLVELSATII ¥O3 NMOWS SINTVA see
WYILS NO d8 91Sd 059 ¥V NI GILNSIY HOIHA g3Sh 3213180 3dld 39WVHOSIO VS ..

*SIAIVA 1531 WNGOLIC KL ONV VEELIE 3HL OL JINVWEO 434 UVTINIS
201A08d 0L QICNILNI ONV VAVO 1S3L 1443 30 M3IA3d NO 03SVE WOON3A 3ATWA A8 QI0NIWWOI3M SONILLIS INIE &

SIA o oN - ON SIA SIA /N 0NN
151
s Qv 1009 002 1009 009 v/l TR0
R ER
: (45008
(4055) | *055° 059)
¥3LVA WS WIS WaLs Wals Wals ¥ILVA "GN0d QI
T LWl
[~
0sZ (154d) JunssS
0S¢ On 0<e 00¢ (Y4 st so.dw.. aig 13 ..u
Cee00§ 059 059 00§ 009 059 00 (91Sd) GNILS)
I+ ol- 1183 T+ of+ 11+
‘Oh-'8h¢ “OE-'0CL+ ‘Oh="Bbe ‘Oh-"She  ‘LT-70S+  “O4"Bhe  WZ+TATKe SONILL3S YNIN

s . V6SLIS |
VGCLIGND VGSZISUD  VGELTSNO  VGE/TSUA VNGOLTSMD  VGE/ISNG W3SNG 100W/DIN WA

‘94S3L SISAU  wisAL £1isd Z1si 1153 VI

ves SIKMSSISSV ALITIGVIIV LSIL TVENS
Z-a vl




Revision 1

i

' APPENDIX }

D COMBINATIONS AND |

ACC JuE ‘

AFETY ATION i

|

|

! |

| ‘

. ‘

|

' \
a
]
i

|

|

|
|
}

' -



The purpose of this zppendix is to provide suggested load
combinations and acceptance criteria for the pressurizer

safety and relief valve piping system.

During the course of the EPRI valve program, an ad hoc group

was established to help insure analysis consistency regarding

discharge piping. The recommended load combinations and
acceptance criteria provided in the following section were
developed oy this group and are being supplied to you for your

consideration.

Discussion
The recommended load combinations and acceptance criteria
for the pressurizer safety and relief valve piping system

and supports are shown in Tables 1, 2A and 2B.

Tables 2A and 2B are for the discharge, or downstream,
piping and supports. Table 2A applies to the portion for
which seismic regquirements apply. There are two possible
approaches to this requirement. The entire downstream
portion may be seismically designed, in which case, only
Table 2A need be used., If only a portion of the down-
stream system is seismically designed (e.g., to the first
downstream anchor, or enough supports and piping to
effectively isolate the seismic and non-seismic
portions), then Table 2A would apply for that portion, *
vhile Table 2B would apply to the rest of the downstream

system.

s R~ el e P D R R (i
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For the seismically designed downstream piping and supports,

less restrictive allowables are suggested. Since satisfac~
tion of allowable valve loading is part of the-acceptance
criteria, this would appear to be acceptable.

. For the non-seismically designed portion of the downstream
piping, it is recommended that the pipe support system be
seismically designed to assure overall structural integrity
of the system. 1t is suggested that Service Level D limits
be applied for all pipe support load combinations contain-
ing OBE or SSE.



LOAD COMBINATION:

T.ALE 1

AND ACCEPTANCE CRITERIA FOR PRESSURIZER SAFYTY

Combination
1
2
3
.
5
NOTES: 3s)
2.)
3.)
4.)
5.)

AND RELIEF VALVE PIPING A4D SUPPORTS - CLASS 1 PORTION

Plant/System
mrati!g Condition
Normal

Upset
Emergency
Faulted

raulted

service Stress |
Load Combination Limit

N A

N + OBE + SOT, B
l‘S(ﬂ" C
D

N + MS/FWPB or DBPB
4+ SSE + SO0Ty

N 4 LOCA + SSE + SOTp D ‘

plants without an FSAR may use the proposed criteria contained in Tables 1-3.

their original design basis in conjunction with

rating transient definitions in Table J; or they may
contained in Tables 1-3.

See Table 3 for sor definitions and other load abbreviations.

The bounding number of wal
cantly different) for the
3 should be used.

ves (and discharge sequence if setpoints are signifi-
applicable system operating transient defined in Table

vVerification of functional capability is not required, but allowable loads
and accelerations for the safety-relief valves must be met,

vse SRSS for combining dynamic load responses.

. T uotstaay




TABLE 2A

LOAD COMABINATIONS AND ACCEPTANCE CRITERIA FOR PRESSURIZER SAFETY
AND RELIEF VALVE PIPING AND SUPPORTS - SETSMICALLY DESIGNED DOWNSTREAM PORTION

plant/System Service Stress
Combination Operating Condition Load Combination Limit
1 Normal N A
2 Upset N + SOT, B
3 Upset N 4+ OBE + SOT, ¢
4 Emergency N 4+ SO0Tg C
5 raulted N 4 MS/FWPB or DBPB D
4+ SSE + S50Tp
6 Faulted ‘ N + LOCA + SSE + SOT, D

NOTES: 1.) Plants without an FSAR r ;, Se€ the proposed criteria contained in Tables 1-3.
pPlants with an FSAR may use their original design basis in conjunction with
the appropriate system operating transient definitions in Table 3; or they may

use the proposed criteria contained in Tables 1-3.

2.} This table is applicable to the scismically designed portion of downstream non=
category I piping (and supports) necessary to isolate the Category I portion from
. the non-seismically designed piping response, and to assure acceptable valve
' loading on the discharge nozzle.

3.1 See Table 3 for sor definitions and other load abbreviations. ;

4.) The bounding number of valves (and discharge sequence i{f setpoints are significantly
different) for the applicable system operating transient defined in Table 3 should
be used.
5.) Verification of functional ca,- ~ility is not required, but aliowable loads and
accelerations for the safety/ ciief valves must be met.

6.) Use SRSS for combining dynamic load responses.
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 —————————

CRITERIA FOR PRESSURIZER

{AAD COMBINATIONS AND ACCEFTANCE

LIEF VALVE PIPING AND SUPPORTS =

SAFETY AND RE

NON-SEISMICALLY DESIGNED DOWNSTREAM PORTION

Combination

1

2
3
<

Combination

TE B R

NOTES:

1.)

2.)

3.)

4.)

5.)

PIPING
plant/System Service
OEQrating Condition Load Combination Limit
Normal N X
Upset N + SO0T, B
Emergency N+ SOTt c
Faulted N + SOTp D
SUPPORTS
Plant/System : Service
Ogerating Ccondition Load Combination Limit
Normal N ' A |
Upset N + SOTy . '
Upset N + OBE + SOTy ¥
Emergency N + S0Tg Cc !
Faulted N + MS/FWPB OF D
DBPB + SSE ¢ so'rr )
Faulted N + LOCA + SSE D ‘
- sorr
|

i
plants without an FSAR may use the proposed criteria con=
tained in Tables 1-3. Plants with an FSAR may use thear
original design basis in conjunction with the :pp:opxinte:
system operating transient definitions in Table 3; or they
may use the proposed criteria contained in Tables 1-3. |

for the non-seismically designed down-strez.
seismic load combinations

integrity of the system.

pPipe supports
piping should be designed for

to assure overall structural

The bounding number of valves (and discharge sequence  $4
the lpplicablc

setpoints are liqnificnntly different) for }
systen operating transient defined in Table 3 should be '}

verification of f- ~¢ional capability is not required,
put allowable loei i and accelerations for the safety/

relief valves must pe met.

use SRSS for combining aynamic load responses. !

|



OBE
SSE

TABLE 3

DEFINITIONS OF LOAD ABBREVIATIONS

M

= Sustained Lcads During Normal Plant-oé;ration
= System Operating Transient

= Relief Valve Discharge Transient(l’

= Safety Valve Discharge Tranoient(l’

= Max (SOTy,: SOTg): or Transition Flow

= Operating Basis Earthquake

= Safe Shutdown Earthguake

MS/FWPB = Main Steam or Feedwater Pipe Break

DEPB

(1)

(2)

= Design Basis Pipe Break

= Loss of Coolant Accident

May also include transition flow, if determined that
reguired operating procedures could lead to this con-
dition.

Although certain transfents (for example loss of load) which are
classified as a service level B conditions may actuate the safety
valves, the extremely low probability of actual safety valve actu-
ation may be used to justify this as a service level C condition
with the 1imitation that the plant will be shut down for exarmination
after an appropriate number of actuations (to be determined on a
plant specific basis).

NOTE: Plants without an FSAR may use the proposed criteria

contained in Tables 1-3. Plants with an FSAR may use
their original design basis in conjunction with the
appropriate system operating transient definitions in
Table 3; or they may use the proposed criteria con-
tained in Tables 1-3.



