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3.2

3.2.1

reactor coolant pump in a single loop is started with the RCS temperature as much
as 50°F lower than the steam generator secondary side temperature. This resuits
in a sudden heat input to a water-solid RCS from the steam generators, creating
an increasing pressure transient.ih8iséconditransient hasibeen defined aSamass

injection:Seenarointo  a  Water:solid i HCS asiicaused by one ot twi possbfg
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Hows—may—also-be—evaluated—en—a—plant-speeifie—basis: The resulting mass

injection/letdown mismatch causes an increasing pressure transient.

LTOPS Setpoint Determination

Rochester Gas and Electric and Babcock & Wilcox Nuclear Technology (BWNT)
have developed the following methodology which is empldyed to detern)ine PORV
setpoints for mitigation of the LTOPS design basis cold overpressurization
transients. This methodology maximizes the available operating margin for setpoint
selection while maintaining an appropriate level of protection in support of reactor
vessel and RHR System integrity.

Parameters Considered

The selection of proper LTOPS setpoint for actuating the PORVs requires the

consideration of numerous system parameters including:

a. Volume of reactor coolant involved in transient
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RCS pressure signal transmission delay

Volumetric capacity of the relief valves versus opening position, including
the potential for critical flow

Stroke time of the relief valves (open & close)

Initial temperature and pressure of the RCS and steam generator

Mass input rate into RCS

Temperature of injected fluid

Heat transfer characteristics of the steam generators

Initial temperature asymmetry between RCS and steam generator
secondary water

Mass of steam genera-tor secondary water

RCP startup dynamics

10CFR50, Appendix G¥ pressure/temperature characteristics of the
reactor vessel

Pressurizer PORV piping/structural analysis limitations

Dynamic and static pressure differences throughout the RCS and RHRS
RHR System pressure limits ’

Loop assymetry for RCP start cases

These parameters are modelled in the BWNT RELAP5/MOD2-B&W computer
code (Ref. 19) which calculates the maximum and minimum system pressufes.

3.2.2 Pressure Limits Selection

The function of the LTOPS is to protect the reactor vessel from fast propagating

brittle fracture. This has been implemented by choosing a LTOPS setpoint which

prgvents' exceeding the limits prescribed by the applicable pressure/temperature
characteristic for the specific reactor vessel material in accordance with rules given

in Appendix G to 10CFR50"™, The LTOPS design basis takes credit for the fact
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that overpressure events most likely occur during isothermal conditions in the
RCS. Therefore, it is appropriate to utilize the steady-state Appendix G limit. In
éddition, the LTOPS also provides for an operational consideration to maintain the
integrity of the PORV piping, and to protect the RHR System from overpressure
during the LTOPS design basis transients. A typical characteristic 1T0CFR50
Appendix G curve is shown by Figure 3.1 where the allowable system pressure
increases with increasing temperature. This type of curve sets the nominal upper
limit on the pressure which should not be exceeded during RCS increésing pressure
transients based on reactor vessel material properties. Superimposed on this curve
is the PORV piping limit and RHR System’ pressure limit which is conservatively
used, for setpoint development, as the maximum allowable pressure above the
temperature at which it intersects with the T0OCFR50 Appendix G curve.

When a relief valve ié actuated to mitigate an increasing pressure transient, the
release of a volume of coolant through the valve will cause the pressure increase
to be slowed and reversed as described by Figure 3.2. The system pressure then
decreases, as the relief valve releases coolant, until a reset pressure is reached
where the valve is signalled to close. Note that the pressure continues to decrease
below the reset pressure as the valve recloses. The nominal lower limit on the
pressure during the transient is typically established based solely on an operational
consideration for the reactor coolant pump #1 seal to maintain a nominal
differential pressure across the seal faces for proper film-riding performance. Inthe
event that the available range is insufficient to concurrently accomodate the upper
and lower pressure limits, the upper pressure limits are 'given preference.

The nominal upper limit (based on the minimum of the steady-state 10CFR50
Appendix G requirement, the RHR System pressure limit, and the PORV piping
limitations) and the nomina! RCP #1 seal performance criteria create a pressure
range from which the setpoints for both PORVs may be selected as shown on
s
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3.2.3 Mass Input Consideration

3.2.4

3.2.5

For a particular mass input transient to the RCS, the relief valve will be signalled
to open at a specific pressure setpoint. However, as shown on Figure 3.2, there
will be a pressure overshoot during the delay time before the valve. starts to move
and during the time the valve is moving to the full open position. This overshoot
is dependent on the dynamics of the system and the input parameters, and 'results
in a maximum system pressure somewhat higher than the set pressure. Similarly
there will be a pressure undershoot, while the valve is relieving, both due to the
reset pressure being below the setpoint and to the delay in stroking the valve
closed. The maximum and minimum pressures reached (Puax and Py, in the
transient are a function 6f the Sefected setpoint (P) as shown on Figure 3.3. The
shaded area represents an optimum range from which to select the setpoint based
on the particular mass input case. Several mass input cases may be run at various

input flow rates to bound the allowable setpoint range.

Heat Input Consideration

The heat input case is.done similarly to the mass input case except that the locus
of transient pressure values: versus selected setpoints may be determined for
several values of the initial RCS temperature. This heat input evaluation provides
a range of acceptablé setpoints dependent on the reactor coolant temperature,
whereas the mass input case is limited to the most restrictive low temperature
condition only (i.e. the mass injection transient is not sensitive to temperature).
The shaded area on F}gure 3.4 describes the acceptable band for a heat input
transient from which to select the setpoint for a particular initial reactor coolant
temperature. If the LTOPS is a single setpoint system, the most limiting result is
used throughout.

Final Setpoint Selection

L3
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By superimposi'ng the results of muitiple mass input and heat input cases
evaluated, {from a series of figures such as 3.3 and 3.4) a range of allowable
PORYV setpoints to satisfy both conditions can be determined. For a single setpoint
system, the most limitting setpoint is chosen, with the upper pressure limit given
precedence if both limits cannot be accomodated.

The selection of the setpoints for the PORVs considers the use of nominal upper
and lower pressure limits. The upper limits are specified by the minimum of the
steady-state cooldown curve as calculated in accordance with Appendix G to
10CFR50" or the peak RCS or'RHR System pressure based upon piping/structural = -
analysis loads. The lower pressure extreme is specified by the reactor coolant

R Y T TS

pump #1 seal minimum differential pressure performance criteria.slacertaintiesie
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Application of ASME Code Case N-514

ASME Code Case N-514"7 gallows low temperature overpressure protection
systems (LTOP) to limit the maximum pressure in the reactor vessel to 110% of

the pressure determined to satisfy Appendix G, paragraph G-2215, of Section Xl
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of the ASME Code®®. (Note, that the setpoint selection methodology as discussed
in Section 3.2.5 specifically utilizes the steady-state curve.) The application of
ASME Code Case N-514 increases the operating margin in the.region of the
pressure-temperature limit curves where the LTOPS system is enabled. Code Case
N-514 requires LTOPS to be effective at coolant temperatures less than 200°F or
at coolant temperatures corresponding to a reactor vessel metal temperature less

-than RTyor + 50°F, whichever is.greater. RTyor is the highest adjusted reference

temperature for weld or base metal in the beltline reg'ion at a distance one-fourth
of the vessel section thicknes; from the vessel inside surface, as determined by
Regulatory Guide 1.99, Revision 2. Although expected soon, use of Code Case N-
514 has not yet been formally approved by the NRC. In the interim, an exemption
to the regulations must be granted by the NRC before Code Case N-514 can be
used in the determination of the LTOPS setpoint(s) and enable temperature.
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3.4

Enable 'i‘emperature for LTOPS

The enable temperature is the temperature below which the LTOPS system is
required to be operable. The definition of the enabling temperature currently
approved and supported by the NRC is described in Branch Technical Position RSB
5-21'81 This position defines the enable temperature for LTOP systems as the
water temperature corresponding to a metal temperature of at least RTyor + 90°F
at the beltline location (1/4t or 3/4t) that is controlling in the Appendix G limit
calculations. This definithion is mostly based on material properties and fracture
mechanics, with the understanding that material temperatures'of RTypy + 90°Fat -
the critical Iocati'on‘ will be well up ‘the transition curve from brittle to ductile
properties, and therefore brittle fracture of the vessel is not expected.

The ASME Code Case N-514 supports an enable temperature of RTyr + 50°F or
200°F, whichever is greater as described in Section 3.3. This definition is also
supported by Westinghouse and can be used by requesting an exemption to the
regulations or when ASME Code Case N-514 is formally approved by the NRC.

The RCS cold leg temperature limitation for starting an RCP is the same value as
the LTOPS enable temperature to ensure that the basis of the heat injection
transient is not violated. The Standard Technical Specifications (STS) prohibit
stafting an RCP when any RCS cold leg temperatures is less than or equal to the
LTOPS enable temper'ature unless the secondary side water temperature of each
steam generator is less than or equal to 50°F above each of the RCS cold leg
temperatures.
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Figure 3..3

RCS PRESSURE; PSIG
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0 * The maximum pressure limit is the minimum of the Appendix G limit, the PORV
discharge piping structural analysis limit, or the RHR system limit
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Figure 3.4
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SETPOINT RANGE:
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The maximum pressure limit is the minimum of the Appendix G limit, the PORV
discharge piping structural analysis limit, or the RHR systam limit
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