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VALVE INLET FLUID CONDITIONS
FOR PRESSURIZER SAFETY AND RELIEF VALVES
YANKEE NUCLEAR POWER STATION
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conditions were based on LTOP analyses performed by YAEC. Finally, the

actuation of safety valves and/or PORV as a result of the extended operation

of the high pressure safety injection (HPSI) pumps was investigated.




2.0 DESCRIPTION OF YNPS DESIGN

2.1 General

The YNPS nuclear steam supply system, a pressurized light-water reactor

designed by the Westinghouse Electric Corporation, consists of four closed

o

piping loops connected in parallel to the reactor vessel. Each loop contains

a steam generator, a main coolant pump, a check valve to prevent reverse flow,
and a hot and a cold leg isolation valve. This system transfers the heat
generated in the nuclear core to the steam generators where steam is produced

to drive the turbine generator.

The steam and power conversion system is designed to accept a turbine
trip without reactor trip at full reactor power without overpressurizing the
secondary system. Decay heat can be removed from the reactor core by using
emergency feed pumps and steam generator safety valves. No portion of the
steam and power conversion system downstream of the non-return valves (NRVs)

eeded for plant safety purposes.

ied flow diagram of the primary and secondary systems

AL

ctor is rated to produce 600 MWt. The active portion of the
reactor approximates right circular cylinder approximately 7.5 feet in
hefight and 6.3 feet f{ eter. This nearly cylindrical core contains 76
fuel assemblies which are fueled with slightly enriched uranium dioxide
pellets. The pellets are clad in tubes made of Zircaloy.

The reactor is controlled by 24 neutron absorbing control rods and
dissolved boron in the moderator. Inherent stability and control is provided
by the strong negative temperature coefficient of the moderator. During rapid
reactivity insertions, the prompt negative Doppler coefficient also serves to
quickly limit the transient. Borated demineralized water is circulated in the
reactor coolant system at a flow rate and temperature consistent with

achieving the reactor core thermal-hydraulic performance. The borated water
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2.6 Charging and Volume Control System

The charging and volume control system is composed of pumps, vessels,
piping and valves, both inside and outside the containment, arranged to
accomplish the functions of water charging to the main coolant system, water
removal from the main coolant system, boric acid addition and removal for
reactivity control, pressurizer vessel cooling and decontamination,
noncondensible gas removal, chemical addition, corrosion control of main

coolant system, and water charging to auxiliary systems and equipment.

A chemical shutdown system is provided to supply sufficient boron to
the main coolant system to ersure that the reactor is 5 percent shut down with
the control rods fully inserted in the cold beginning-of-cycle condition
(original design basis), supply sufficient boron to borate a cold isolated
loop to full shutdown concentration, provide a supply of boron solution for
makeup to the safety injection tank, supply sufficient boron to the charging
and volume control system to maintain a boron shim when necessary during power
operation, and remove low concentrations of boron from the main coolant system

as required durin? operation.
i ¥
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S1 Accumulatgi

Quantity 1

Minimum usable volume 700 ft3

Nitrogen cover pressure 473 + 10 psig

Maximum flow rate (approximate) 000 gpm

Minimum boron concentration 2200 ppm

Injection Tank

Quantity 1

Nominal capacity 125,000 gallons
Minimum Technical Specification volume 117,000 gallons

Minimum boron concentration 2200 ppm

High Pressure Safety Injection (HPSI) Pumps

Quantity
Capacity (per pump)
Shutoff pressure

Runout flow

Low Pressure Safety Injection (LPSI) Pumps

Quantity 3
Capacity (per pump) 50%
Shutoff pressure 690 psid
Runout flow 1100 gpm

Figure 2-4

Yankee Emergency Core Cooling System Components
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Yankee ECCS
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DESCRIPTION OF SAFETY/RELIEF VALVE ACTUATING TRANSIENTS

General

In order to determine the inlet fluid conditions (pressure,
temperature, pressurization rate, etc.) imposed on the primary safety/relief
valves for the YNPS, a detailed review of existing safety analyses performed

in support of plant operation was conducted. The scope of this review covered:

Overpressurization events included in safety analysis reports

(SARs) and core reload analysis.

Inadvertent actuation of the high pressure safety injection (HPSI)
> : J )

system.

Low temperature overpressurization (LTOP) events.

A general description of events in each of these categories is given

3.2 SAR/Reload Pressurization Events

The limiting overpressurizati‘on event documented in SAR/core reloads
for the YNPS is the complete loss of load incident. A bounding analysis of

this event was documented in Reference 3.

A loss of load event can be described as a rapid and large reduction in
power demand on the reactor while operating at power. The large reduction in
power demand (or steam flow) results in a corresponding decrease in the rate
of heat removal from the main coolant system. Such an incident could lead to
system overpressurization and subsequent core domage if suitable protection

were not i'\r'u\'idc‘d .

The most probable cause of a rapid loss of load is a turbine trip. For
a turbine trip, the reactor would be tripped directly (unless below
approximately 10 percent power) from a signal derived from the turbine stop

valves. The steam bypass system would accommodate the excess steam










Overpressurization under low temperature conditions can be avoided by:

provision ot sufficient relieving capacity,

preclusions of the initiating events by administrative control

and/or operating procedures,
a combination of 1 and 2.

Low temperature overpressure protection is provided by the low setpoint
on the PORV. Specific events having the potential of causing reactor vessel
overpressurization at low temperature include:

l. Inadvertent ECCS operation,

Charging without bleed flow,

Pressurizer heater operation without bleed flow,
Loss of shutdown cooling heat removal capacity,
Reactor coolant flow initiating transients.

These events involve either a mass or energy addition to the main
coolant system with the potential for threatening the capacity of the PORV.

The most limiting LTOP transient for YNPS, as demonstrated in References 4 and

5, results from a single coc'ant pump start during filled pressurizer

e On
conditions with a steam generator to MCS temperature difference of 100°F.




4.0 SAFETY/RELIEF VALVE INLET CONDITIONS

This section summarizes safety/relief valve inlet conditions for each
category of overpressurization event discussed in Section 3.0. Details of the
analysis results and assumptions used can be obtained from References 3 - 5.
Reference 6 contains an evaluation of the latest core reload. It is noted
that the analysis of transients reported for SAR/reload cores does not take
credit for the mitigation of the event by pressurizer spray or the operation
of the PORV, but only for the code safety valves. Thus, the calculated peak

pressures are conservatively high. The pressure ramp rate presented for the

safety valves is estimated at the time that the pressure is approaching the

safety valve setpoint, with the PORV assumed inoperable.
The valve inlet conditions for each event category are presented in
Table 4.1. The highest peak pressure and greatest ramp are 2490 psig and 34.2
psi/sec, respectively, f the loss of load event. The lowest setting for
opening pressure for the two code safety valves is 2485 psig. The
safety/relief valve inlet fluid was steam for all events except LTOP

transients.




Pressurization
Transient

Loss of load
MCP start, LTOP

Extended HPSI

Table 4.1

Calculated Pressurizer Safety/Relief Valve
Fluid Conditions During Pressurization Transients

Peak Pressurizer Pressure Ramp
Pressure (psig) Rate (psi/sec)

2,490.0 34.2
523.3 13.3

N/A N/A

Fluid

Condition

Steam
Liquid

N/A




5.0 SUMMARY

Overpressurization transients for the YNPS have been reviewed for che
purpose of determining limiting safety/relief inlet fluid conditions for
verifying the applicability of the EPRI test program. Based on this review,
it was determi.ed that the peak pressure that would be experienced by the
safety/relief valves at the YNPS is 2490 psig at a corresponding pressure ramp
of 34.2 psi/sec. Steam conditions would be present for all postulated events

except for low temperature overpressure cases.

-20=
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