
John D. O'Toole 
Vice President 9

Consolidated Edison Company of New York, Inc.  
4 Irving Place, New York, NY 10003 
Telephone (212) 460-2533 

February 25, 1983 

Re: Indian Point Unit No. 2 
Docket No. 50-247 

Director of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

ATTN: Mr. Steven A. Varga, Chief 
Operating Reactors Branch No. 1 
Division of Licensing 

Dear Mr. Varga: 

Enclosure 1 to this letter provides our response to your letter of 
September 7, 1982 which requested clarification of the capabilities and 
limitations of our variable set point low temperature overpressure 
protection system.  

A revised Technical Specification change request was provided by 
Application dated February 14, 1983 which supersedes those previously 
proposed for this system. This revision to the previously proposed 
Technical Specifications is necessitated by reVisions to the heatup and 
cooldown curves through seven (7) EFPYs as well as changes in operating 
procedures and methods to preclude the occurrence of low temperature 
overpressurization events.  

Should you or your staff have any additional questions, please contact us.  

Ver truly ours 

Encl.

8303080312 830225 
PDR ADOCK 05000247 
P PDR
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- - Enclosure 1 

Response To NRC's September 7, 1982 Request 
For Clarification and. Limitations Of The 

Vriable Setpoint Low-Temperature Overpressure 
Protection System 

Msbalidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
February, 1983
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Question 1: 

Response:

It is not apparent that your low temperature overpressure 
protection system .LTOPS) adequately protects the reactor 
vessel during some transient events. For example, the 
start of a reactor coolant pump (RCP) in: a loop with a hot 
steam generator when the reactor coolant system (RCS) is 
solid with non-flowing water will cause the temperature and 
pressure of the RCS water to increase. Your system would 
automatically raise the PORV set point. as a- function of 
auctioneered cold or hot leg water temperature. However, 
the reactor vessel may not be uniformly heated in this 
transient. To protect the welds in the coldest portion of 
the belt line region of the vessel, :the PORV set point 
should remain at that determined by the initial RCS 
temperature.  

The Indian Point Unit No. 2 Overpressure Protection System 

(OPS) automatically raises the PORV setpoint as a function 

of cold leg water temperature. Since control is on coolant 

temperature rather than reactor vessel beltline region 

metal temperature, protection of the welds in the coldest 

portion of the beltline region for heat addition transients 

such as the start of a reactor coolant pump (RCP) with the 

steam generators at a temperature higher than the reactor 

coolant system (RCS) is relevant.  

To accommodate this situation, the PORV setpoints are 

determined by the requirement that the final RCS pressure 

calculated for such transients not exceed the Appendix G 

pressure limit at the initial reactor coolant temperature

associated with the start of the transient. In this

manner, automatic adjustment of the PORV setpoint as a 

function of cold leg water temperature changes induced by 

4t 
the transient will always assure that the coldest portion

of the vessel beltline region is not subject



to pressure in excess of the Appendix .G pressure limit., 

associated with the initial reactor coolant, temperature at 

the start of the transient (i.e., the coldest reactor, 

vessel beltline metal temperature). 

Attachment A to this letter containS6 a .. brief discussion of 

the calculated response to. the starting of a reactor 

coolant pump with the steam generators- 40°F higher than 

the RCS temperature for various initial -conditions. The 

Overpressure Protection. System (OPS) is set such that it 

will cause the Power Operated Relief Valves (PORV's) to 

begin opening at the setpoints -shown in Figure A-2 of 

Attachment A to this letter. With the OPS set to cause the 

PORV's to open at the pressures shown, protection is 

afforded for transients initiated by either mass or heat 

addition events.  

For postulated heat addition transients, assuring that- the.  

PORV's -start to open at the setpoints shown in Figure A-2 

will protect against exceeding Appendix G limits. This is 

because the reactor is always operated with a gas bubble in 

the pressurizer and appropriate Technical Specification 

restrictions have been proposed on the initial RCS



pressure, temperature and pressurizer level permitted in 

order to start the first reactor coolant pump with the 

steam generators at a, temperature higher than the RCS.  

Similarly, these proposed Technical Specification 

restrictions together with the PORV setpoints shown in 

Figure A-2 protect against exceeding Appendix G limits for 

postulated mass addition events. Specifically for Indian 

Point Unit No. 2, mass addition events are bounded by 

generic analyses performed. by Westinghouse Electric 

Corporation for the Westinghouse Owners Group on Reactor 

Coolant System Overpressurization as documented in a report 

entitled "Pressure- Mitigating Systems. Transient Analysis 

Results" dated July 1977. Independent calculations have 

verified the conservatism of the Westinghouse results with 

respect to the Indian Point Unit No. 2 plant design.
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Question 2: Another example is that if, during a cooldown, the cold leg 
temperature detector, which is downstream of the generator 
being used, is in. a failed condition during a water mass 
input event (e.g.,° ane inadvertent operation of a charging 
pump or a safety injection pump), your LTOPS may not 
protect the coldest portion of the vessel since the set 
point'would not be based on the coldesti.luid temperature.

Response:

The plant is normally cooled by circulating water through a 

steam generator until RCS temperature reaches 350,F.  

Belaw 3500 F, cooldown continues in the RHR cooldown 

mode. The OPS system is intended to provide protection at 

temperatures below 3100F at which time cold water is 

being injected into all four cold legs via RHR discharge 

headers. During this mode, the failure of any single 

temperature detector would not be significant since the 

other cold leg temperature sensors would be available, and 

all sensors are measuring essentially the same temperature.



Question 3:.  

Please address these concerns by showing that for all times 
when the 'RCS temperature is changing, your LTOPS protects 
the coldest portion of the reactor vessel. Include in your analysis the effect of all significant response times 

of components and subsystems such as that for the PORV and 
its assoclated nitrogen system, the temperature detectors, 
t-he .pressure detectors, ' and the logic circuitry.  

Response: 

As noted in response to Question 1, Attachment A presents 

the results of a 'typical calculated transient response to 

the startup of a .reactor coolant pump (with no other 

reactor coolant pumps operating) with, the initial RCS 

temperature at 270°F,, and the temperature of the steam 

0 generators at 310°F. The- transient is assumed to start 

at an RCS pressure of 700 psia with the pressurizer water 

level at 85% of span. Significant response times have been 

Included. A. detailed discussion of these response times is 

addressed in response to the following question (Question 

41.



Question 4: 

Response:

Please explicitly list significant response times along 
with a justifiable error band for 'each that can be 
continually maintained.  

The analysis assumes that once the PORV opening pressure is 

reached, there is a 0.3 second delay before the valve 

begins to open. This delay represents the time required 

for the pneumatic actuator to develop sufficient pressure 

to begin opening the valve. Following this delay, the 

valve is assumed to open on a linear ramp (i.e., the valve 

opening area varies linearly as a function of time) with 

the valve going from fully closed to fully open in 1.2 

seconds. This value is based upon response measurements of 

the valve and the nitrogen system.  

The response time of the instrumentation channel from the 

time the PORV setpoint temperature is reached consists of 

delays associated with the pressure transmitter, the 

difference bistable -,aJrar, unit (comparator),. and AC and DC 

relay logic. Based on our review of the manufacturer's 

response times for these components we conclude that the 

response time used in the analyses are appropriate. In 

addition, the effect of changes in instrumentation response 

time have evaluated. Increases of as much as 100% over 

that assumed in the analyses can be accommodated with 

margin remaining to the Appendix G pressure limit.



.0 .
Question 5: Include in your analysis,the most. limiting single failure, 

and provide the basis for this choice.  

Response: For the analysis of the startup of a reactor coolant pump 

with no other reactor coolant pumps operating and the steam 

generator temperature higher than the RCS temperature, the 

most limiting single failure has been taken as the loss of 

a DC bus which will cause both a PORV to- fail closed,. as 

well as loss of sensing capability on one of the three 

redundant OPS instrumentation channels. This failure is 

considered the most limiting because it not only limits the 

relief area available through the PORVs but also will not 

allow the single remaining PORV to open until the most 

adverse pressure/temperature combination is reached by the 

OPS (e.g., the temperature sensed is the highest in any of 

the three RCS loops instrumented at the time the PORV 

setpoint is reached).

. 1
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Question 6: 

Response:

In regard to the most limiting 'single failure, please 
consider an event to be a loss of a D.C. bus which results 
in the isolation of the letdown flow path and the single 
failure to be that of the PORV which is powered by another 
D.C. bus.  

The event cited, although possible, is highly unlikely. It 

would not only involve the above cited failure along with 

the concurrent failure of the remaining PORV, but also 

require that the operator fail to turn off a charging pump, 

if one or more are running, when he knows that 

overpressurization may be imminent.  

There will be adequate time for the operator to respond 

since (1) a charging pump has one-fourth the design 

capacity of a safety injection pump (i.e., 100 gpm vs 400 

gpm) and the pressurization rate would be much slower than 

the "worst case" mass addition design transient, (2) the 

plant is normally operated with a gas bubble in the 

pressurizer which means that the rate of pressurization is 

controlled by gas compression, a relatively slow process, 

and (2) the OPS alarms on the two remaining OPS channels 

will still be available to alert the operator. For these 

reasons, it is concluded that the plant is adequately 

protected from the above transient.
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Attachment A 

Typical Calculated Transient Response 
to the Startup of a Reactor Coolant Pump 

(with no other reactor coolant pumps running) and 
Steam Generator Temperature 40°F Higher 

Than RCS Temperature 

Consolidated Edison Company of New York, -Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
February, 1983



A typical transient for startup of an inactive reactor coolant pump is 
shown in Figure A-i. For this transient, the PORV's are set to open at 
the values presented in Figure A-2. The reactor coolant system 
temperature is initially 2700F and the temperature of all steam 
generators is 310 0F.  

One reactor coolant pump is assumed to start with the other three 
remaining idle. The flow fraction in the loop with the pump operating is 
1.116 of nominal flow with flow going from, the hot legs to the cold 
legs. The flow fraction in the idle loops is 0.1167 of nominal flow with 
flow going from the cold legs to the hot legs. The latter condition is 
termed as "reverse flow".  

At the start of the transient the pressurizer contains 320 cubic feet of 
nitrogen gas. This corresponds to a pressurizer water level of 85% of 
span. The expansion of water into the pressurizer caused by the rise in 
RCS temperature is assumed to compress this gas .isentropically, causing a 
rise in RCS pressure. This rise continues until the PORV setpoint is 
reached when after a 0.3 second delay a single PORV starts opening (and 
becomes fully open after an additional 1.2 seconds). Gas relief through 
the PORV is limited by the PORV opening area,. The calculation uses a 
critical single phase flow model to calculate gas relief as a function of 
time.  

After the valves open the amount of gas: relief is sufficient to cause a 
rapid drop in RCS pressure. Once pressure drops 3 psi below the PORV 
setpoint pressure, after a 0.3 second (or less) delay, the valve begins 
to close. Following valve closure, heat addition again causes gas 
compression, and the cycle continues.  

The results of the transient presented on Figure A-I show three 
parameters: (1) RCS pressure as a function of time, (2) the Appendix G 
pressure limit at the start of the transient, and (3) the pressure at 
which the PORV's will start to.,,pen as a function of time. The signal to 
open the PORV's is taken from the RTD in the cold leg of the active loop, 
since this temperature may be higher than the inactive loops where 
reverse flow is occurring. The PORV opening signal taken from the RCS 
cold legs is a consequence of assuming the most limiting single failure 
in conjunction with the analysis of the postulated overpressure event.  

The fCS pressure rise shown in Figure A-1 is produced by two phases of 
heat addition. During the initial phase, heat addition from the active 
loop causes a relatively rapid rise in RCS pressure (and hence, 
temperature) until the RCS and steam generator temperatures reach 
equilibrium. Following this, heat transfer by reverse flow in the 
inactive loops dominates, slowly heating up the rest of the system until 
equilibrium is achieved between primary and secondary sides.  

AA-i ....-



To evaluate the transient shown in Figure A-i comparison is made between 
the Appendix G limit at the start: of the. transient and the peak RCS 
pressure reached during the transient.. .The difference between the 
Appendix G limit and the calculated peak pressure is- referred to as the 
"minimum-margin". As long as the minimum margin is positive, the results 
are considered acceptable.  

Since, for the transient considered only gas compression causes RCS 
pressurization, the process is relatively, slow compared to the valve 
response time, and therefore the amount of overshoot _(calculated RCS 
pressure minus PORV setpoint pressure). is minimal. For example, in the 
reference case, at the time the minimum margin is reached, the rate of 
pressurization is below 0.6 psi per second. Thus, for example, even if 
the valve opening time were increased from 1.5 to 2.5 seconds, the 
minimum margin would only be decreased by less than Ipsi.  

The possibility of the pressurizer becoming filled with water is 
precluded by maintaining a gas volume large enough to absorb the mass 
influx from the transient without allowing: the pressurizer to become 
filled with water. For example, in the reference case, the 27.4 0F rise 
in RCS temperature caused by the transient resulted in the gas space in 
the pressurizer being reduced from 320 cubic feet to 230 cubic feet.  

In addition to the transient discussed above, several other calculations 
of the startup of a reactor coolant pump with steam generator temperature 
40°F higher than RCS temperature were performed. The results of these 
analyses are presented below; 

RCS Temp. S.G. Temp. Min. Margin 
(o ,) (F) P (Limit) -

P (RCS) 

(psi) 

150 190 74 
200 240 61 
250 290 29 
260 300 26 
270 310 24 
280 320 29 
300 340 58

A-2
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FIG. A-2

OVERPRESSURE PROTECTION SYSTEM 
PORV SETPOINTS FOR INDIAN POINT 2 
7 YEAR EFPY OPERATION
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