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BASES 

 
BACKGROUND GDC 30 of Appendix A to 10 CFR 50 (Ref. 1) requires means for 

detecting and, to the extent practical, identifying the location of the source 
of RCS LEAKAGE.  Regulatory Guide 1.45 (Ref. 2) describes acceptable 
methods for selecting leakage detection systems. 

 
Leakage detection systems must have the capability to detect significant 
reactor coolant pressure boundary (RCPB) degradation as soon after 
occurrence as practical to minimize the potential for propagation to a 
gross failure.  Thus, an early indication or warning signal is necessary to 
permit proper evaluation of all unidentified LEAKAGE. 

 
One method of detecting leakage into the containment is the level 
instrumentation in containment floor and equipment (CFAE) sump A and 
CFAE sump B (Refs 3 and 7) and in the incore instrument sump (Ref 3).  
The CFAE sumps are small sumps located on opposite sides of the 
containment and outside of the crane wall.  Any leakage in the lower 
containment inside the crane wall that falls to the floor will drain through 
crane wall penetrations at floor level to one of the two sumps.  Any 
leakage outside the crane wall would fall to the floor and gravity drain to 
these sumps.  The sump level rate of change, as calculated by the plant 
computer, would indicate the input rate.  This method of detection would 
indicate in the Control Room a leak from any liquid system including the 
Reactor Coolant System and the Main Steam and Feedwater Systems.  
As leakage may go to either or both of the two CFAE sumps, a 1 gpm  
sump input (cumulative between sumps A and B) is detectable in 1 hour 
after leakage has reached the sumps (Ref 8).  During periods of pump-
down of the CFAE sumps, the CFAE level instrumentation remains 
operable since operating experience has shown that this process typically 
takes only minutes to complete.  The incore instrument sump level alarm 
offers another means of detecting leakage into the containment (Ref 3).  
The incore instrument sump level instrumentation provides a control room 
alarm and an alarm on the plant computer when the sump level increases 
to the Hi level.  The incore instrument sump level instrumentation is 
capable of detecting 1 gpm input within four hours after leakage has 
reached the sump (Ref 8). 
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BACKGROUND (continued) 

 
The environmental conditions during plant power operations and the 
physical configuration of lower containment will delay the total reactor 
coolant system leakage (including steam) from directly entering the CFAE 
sump and subsequently, will lengthen the sump’s level response time.  
Therefore, leakage detection by the CFAE sump will typically occur 
following other means of leakage detection.  Operating experience with 
high enthalpy primary and secondary water leaks indicates that flashing 
of high temperature liquid produces steam and hot water mist that is 
readily absorbed in the containment air.  Much of the hot water that 
initially reaches the containment floor will evaporate in a low relative 
humidity environment as it migrates towards a sump.  Local low points 
along the containment floor provide areas for water to form shallow pools 
that increase transport time to one or more building sumps.  The net 
effect is that only a fraction of any high enthalpy water leakage will 
eventually collect in a sump and early leak detection may rely on alternate 
methods. 
 
The containment ventilation unit condensate drain tank (CVUCDT) level 
monitor offers another means of detecting leakage into the containment.  
An abnormal level increase would indicate removal of moisture from the 
containment by the containment air coolers.  The plant computer 
calculates the rate of change in level to detect a tank input of 1 gpm after 
condensate has reached the tank.  

 
The reactor coolant contains radioactivity that, when released to the 
containment, can be detected by radiation monitoring instrumentation.  
U.S. NRC Regulatory Guide (RG) 1.45, “Reactor Coolant Pressure 
Boundary Leakage Detection Systems,” (Ref. 2), describes acceptable 
methods of implementing the requirements for leakage detection 
systems.  Although RG 1.45 is not a license condition, it is generally 
accepted for use to support licensing basis.  RG 1.45 states that 
instrument sensitivities of 10-9 µCi/cc radioactivity for air particulate 
monitoring are practical for leakage detection systems. The containment 
atmosphere particulate radioactivity monitor at McGuire meets or exceeds 
this accepted sensitivity. 
 
RG 1.45 also states that detector systems should be able to respond to a 
one gpm leak, or its equivalent, in one hour or less.  The containment 
atmosphere particulate radioactivity monitor at McGuire has 
demonstrated capabilities of detecting a 1.0 gpm leak within one hour at 
the sensitivity recommended in Regulatory Guide 1.45 using the RCS 
corrosion product activities from the UFSAR.  Lower RCS activities will 
result in an increased detection time.  Since the containment atmosphere 
particulate radioactivity monitor meets the specified 10-9 µCi/cc sensitivity, 
they are designed in accordance with RG 1.45.  
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BACKGROUND (continued) 
 
The containment atmosphere particulate radioactivity monitor collects 
airborne particulate activity on a fixed filter monitored by a gross beta 
detector.  The collected activity is referred to as background and is 
displayed as gross counts per minute (CPM).  Background is a 
combination of collected beta activity from various sources that may 
include natural decay products, airborne contamination and any small 
RCS leakage.  To detect changes in the containment airborne activity, the 
containment atmosphere particulate radioactivity monitor utilizes a 
differential algorithm that calculates an increasing accumulation of 
containment particulate activity.  The control room readout module 
displays this increasing accumulation rate as counts per minute 
accumulating each minute (CMM).  The alarm for leakage detection is 
based upon this positive accumulation rate above background activity on 
the fixed filter. 
 
The actual alarm setpoints are set as low as practicable, considering the 
actual concentration of radioactivity in the RCS and the containment  
background radiation concentration.  As low as practicable alarm setpoint 
is a balance between sufficiently high enough above typical background  
radiation variations to preclude spurious alarms while sufficiently low 
enough to assure reasonable sensitivity for early detection of an RCS 
leak. The alarm setpoint is based upon detected increasing accumulate  
rate of containment particulate activity above background.  Variations in 
background of containment radiation do occur, and the containment 
atmosphere particulate radioactivity monitor compensates for these 
changes once the background radiation reaches equilibrium.  At the 
background threshold of collected containment particulate activity that 
affects detector operability, a failure alarm is actuated for high 
background on the detector.  The alarm setpoint (for detector operability) 
will be less than or equal to the projected containment activity 
accumulation rate following a one gpm leak. 
 
The particulate radioactivity monitor obtains its sample from three 
possible locations:  incore area, lower containment, and upper 
containment, which are selectable from the control room.  For the 
purpose of RCS leakage detection, a sample from the lower containment 
region is required, because the RCS is physically located within the lower 
containment region.  The incore area and lower containment samples are 
both obtained from the lower containment region. 
 
The operability of the containment atmosphere particulate radioactivity 
monitor is based upon an instrument sensitivity > 10-9 µCi/cc, a Channel 
Check performed at a frequency of every 12 hours, a Channel 
Operational Test performed at a frequency of every 92 days, and a 
Channel Calibration performed at a frequency of every 18 months. 
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BACKGROUND (continued) 
 
An increase in humidity of the containment atmosphere would indicate 
release of water vapor to the containment.  Dew point temperature 
measurements can thus be used to monitor humidity levels of the 
containment atmosphere as an indicator of potential RCS LEAKAGE.  A 

1°F increase in dew point is well within the sensitivity range of available 
instruments.  Since the humidity level is influenced by several factors, a 
quantitative evaluation of an indicated leakage rate by this means may be 
questionable and should be compared to observed increases in liquid 
level into the CFAE sumps and condensate level from the air coolers.  
Humidity level monitoring is considered most useful as an indirect alarm 
or indication to alert the operator to a potential problem.  Humidity 
monitors are not required by this LCO. 

 
Air temperature and pressure monitoring methods may also be used to 
infer unidentified LEAKAGE to the containment.  Containment  
temperature and pressure fluctuate slightly during plant operation, but a 
rise above the normally indicated range of values may indicate RCS  
leakage into the containment.  The relevance of temperature and 
pressure measurements are affected by containment free volume and, for 
temperature, detector location.  Alarm signals from these instruments can  
be valuable in recognizing rapid and sizable leakage to the containment.  
Temperature and pressure monitors are not required by this LCO. 

 
The volume control tank (VCT) level change offers another means of 
detecting leakage into containment (Ref 3).  This enhances the diversity 
of the leakage detection function as recommended in RG 1.45.  The VCT 
level instrumentation is not required by, nor can be credited for, this LCO. 

 
Once any alarm or indication of leakage is received from the RCS 
leakage detection instrumentation, control room operators quickly 
evaluate all available system parameters to assess RCS pressure 
boundary integrity.  These include VCT and pressurizer level indications 
and, if appropriate, the RCS mass balance calculation.  Response to RCS 
leakage is addressed by LCO 3.4.13, “RCS Operational LEAKAGE.” 

 

 
APPLICABLE  The need to evaluate the severity of an alarm or an indication is important  
SAFETY ANALYSES to the operators, and the ability to compare and verify with indications from 

other systems is necessary.  The system response times and sensitivities are 
described in the UFSAR (Refs. 3 and 8).  Multiple instrument locations are 
utilized, if needed, to ensure that the transport delay time of the leakage from 
its source to an instrument location yields an acceptable overall response 
time. 

 
 The safety significance of RCS LEAKAGE varies widely depending on its 

source, rate, and duration.  Therefore, detecting and monitoring RCS 
LEAKAGE into the containment area is necessary.  Quickly separating the  
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 APPLICABLE SAFETY ANALYSES (continued) 
 
 identified LEAKAGE from the unidentified LEAKAGE provides quantitative 

information to the operators, allowing them to take corrective action should a 
leakage occur detrimental to the safety of the unit and the public. 

 
RCS leakage detection instrumentation satisfies Criterion 1 
of 10 CFR 50.36 (Ref. 4). 

 

 
 
LCO One method of protecting against large RCS leakage derives from the 

ability of instruments to rapidly detect extremely small leaks.  This LCO 
requires instruments of diverse monitoring principles to be OPERABLE to 
provide a high degree of confidence that extremely small leaks are  
detected in time to allow actions to place the plant in a safe condition, 
when RCS LEAKAGE indicates possible RCPB degradation. 

 
The LCO is satisfied when monitors of diverse measurement means are 
available.  Thus, the CFAE sump level monitors and the incore instrument 
sump level alarm, the containment atmosphere particulate radioactivity 
monitor, and the CVUCDT level monitor provide an acceptable minimum.  

 

 
APPLICABILITY Because of elevated RCS temperature and pressure in MODES 1, 2, 3, 

and 4, RCS leakage detection instrumentation is required to be 
OPERABLE.   
 
Since RCS radioactivity level is significantly lower in MODES 2, 3, and 4, 
the containment atmosphere particulate radioactivity monitor is not a 
reliable means of detecting RCS leakage in these MODES.  Thus the 
LCO applies to this monitor in MODE 1 only and leakage detection 
capability in MODES 2, 3, and 4 is accomplished by the diverse means 
provided by the CFAE sump level monitors, the incore instrument sump 
level alarm, and the CVUCDT level monitor.  
 

In MODE 5 or 6, the temperature is to be ≤ 200°F and pressure is 
maintained low or at atmospheric pressure.  Since the temperatures and 
pressures are far lower than those for MODES 1, 2, 3, and 4, the 
likelihood of leakage and crack propagation are much smaller.  Therefore, 
the requirements of this LCO are not applicable in MODES 5 and 6. 

 

 

ACTIONS  
A note has been added to the ACTIONS to clarify the application of 
Completion Time rules.  Separate Condition entry is allowed for each 
instrument.  The Completion Time of the inoperable instrument will be 
tracked separately for each instrument starting from the time the 
Condition was entered for that instrument. 
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ACTIONS  (continued) 
 
 A.1 and A.2 
 

With the containment floor and equipment sump level monitors 
inoperable, no other form of sampling can provide the equivalent 
information; however, the containment atmosphere particulate 
radioactivity monitor will provide indications of changes in leakage.  
Together with the atmosphere monitor, the periodic surveillance for RCS 
water inventory balance, SR 3.4.13.1, must be performed at an increased  
frequency of 24 hours to provide information that is adequate to detect 
leakage. 
 
Required Action A.1 is modified by a Note that states the RCS water 
inventory balance is not required to be performed until 12 hours after 
establishment of steady state operation in accordance with SR 3.4.13.1.   
This Note allows exceeding the 24-hour completion time during non-
steady state operation.   
 
Restoration of the containment floor and equipment sump level monitor to 
OPERABLE status within a Completion Time of 30 days is required to 
regain the function after the monitor's failure.  This time is acceptable, 
considering the Frequency and adequacy of the RCS water inventory 
balance required by Required Action A.1. 
 
B.1 and B.2 

 
With the containment atmosphere particulate radioactivity monitor 
inoperable, alternative action is required.   Either water inventory 
balances, in accordance with SR 3.4.13.1 must be performed, or grab 
samples of the containment atmosphere must be taken and analyzed, to 
provide alternate periodic information. 

 
Required Action B.1 is modified by a Note that states the RCS water 
inventory balance is not required to be performed until 12 hours after 
establishment of steady state operation in accordance with SR 3.4.13.1.  
This Note allows exceeding the 24-hour completion time during non-
steady state operation.   

 
With a water inventory balance performed or grab samples obtained and 
analyzed every 24 hours, continued operation is allowed since diverse 
indications of RCS LEAKAGE remain OPERABLE.   The 24 hour interval 
provides periodic information that is adequate to detect leakage. 

 
C.1, C.2, and C. 3 
 
With the CVUCDT level monitor inoperable, alternative action is again 
required.  Either a water inventory balance, in accordance with SR 
3.4.13.1; or grab samples obtained and analyzed at a frequency of 24  
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ACTIONS  (continued) 
 
hours; or SR 3.4.15.1, CHANNEL CHECK, of the containment 
atmosphere particulate radioactivity monitor at 8-hour intervals, must be 
performed to provide alternate periodic information.  Required Action 
C.1.1 is modified by a Note that states the RCS water inventory balance 
is not required to be performed until 12 hours after establishment of  
steady state operation in accordance with SR 3.4.13.1.  This Note allows 
exceeding the 24-hour completion time during non-steady state operation.   

 
Provided a water inventory balance is performed every 24 hours; or grab 
samples taken and analyzed every 24 hours; or a CHANNEL CHECK of 
the containment atmosphere particulate radioactivity monitor is performed 
every 8 hours, reactor operation may continue while awaiting restoration  
of the CVUCDT level monitor to OPERABLE status.  The 24 and 8 hour 
intervals provide periodic information that is adequate to detect RCS 
LEAKAGE. 
 
During Modes 2, 3, and 4, restoration of the CVUCDT level monitor to 
OPERABLE status within a Completion Time of 30 days is required to 
regain the function after the monitor's failure.  This time is acceptable, 
considering the Frequency and adequacy of the alternative actions 
required by Actions C.1.1, C.1.2, or C.1.3. 
 
During Modes 2, 3, and 4, the two required leakage detection 
instrumentation systems are the CVUCDT level monitor and the CFAE 
sump level monitors.  When the CVUCDT level monitor is inoperable, a 
plant shutdown after 30 days will ensure the plant will not operate with 
less than two leakage detection systems operable for an extended period 
of time.  During Mode 1, the addition of the third leakage monitoring 
system from the containment atmosphere particulate radioactivity monitor 
provides additional leakage detection capability and no longer requires 
plant shutdown except as described in Condition D. 
 
D.1 and D.2 

 
With the containment atmosphere particulate radioactivity monitor 
inoperable in MODE 1 and the containment ventilation unit condensate 
drain tank level monitor inoperable in MODE 1, the only means of 
detecting leakage is the containment floor and equipment sump level 
monitor and the incore sump level alarm.  This Condition does not provide 
the required diverse means of leakage detection.  The Required Action is 
to restore either of the inoperable monitors to OPERABLE status within 
30 days to regain the intended leakage detection diversity.  The 30 day 
Completion Time ensures that the plant will not be operated in a reduced 
configuration for a lengthy time period. 
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ACTIONS  (continued) 
E.1 

 
With the incore sump level alarm inoperable, a water inventory balance, 
in accordance with SR 3.4.13.1, must be performed at an increased 
frequency of 24 hours to provide alternate periodic information that is 
adequate to detect leakage.  Required Action E.1 is modified by a Note  
that states the RCS water inventory balance is not required to be 
performed until 12 hours after establishment of steady state operation in 
accordance with SR 3.4.13.1.  This Note allows exceeding the 24-hour 
completion time during non-steady state operation.   
 
F.1 and F.2 

 
If a Required Action of Condition A, B, C, or D cannot be met, the plant 
must be brought to a MODE in which the requirement does not apply.  To 
achieve this status, the plant must be brought to at least MODE 3 within 
6 hours and to MODE 5 within 36 hours.  The allowed Completion Times 
are reasonable, based on operating experience, to reach the required 
plant conditions from full power conditions in an orderly manner and 
without challenging plant systems. 
 
G.1 

 
With all required monitors inoperable, no automatic means of monitoring 
leakage are available, and immediate plant shutdown in accordance with 
LCO 3.0.3 is required.   The required monitors during MODE 1 for LCO 
3.0.3 entry are defined as the simultaneous inoperability of one CFAE 
level monitor, the containment atmosphere particulate radioactivity 
monitor, and the CVUCDT level monitor.  The required monitors during 
MODES 2, 3, and 4 for LCO 3.0.3 entry are defined as the simultaneous 
inoperability of one CFAE level monitor and the CVUCDT level monitor.  
This Condition does not apply to the incore instrument sump level alarm. 
 

 

 
SURVEILLANCE 
REQUIREMENTS 
 
 SR  3.4.15.1 

 
SR 3.4.15.1 requires the performance of a CHANNEL CHECK of the 
containment atmosphere particulate radioactivity monitor.  The check 
gives reasonable confidence that the channel is operating properly.  The 
Surveillance Frequency is based on operating experience, equipment 
reliability, and plant risk and is controlled under the Surveillance 
Frequency Control Program. 
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SURVEILLANCE  
REQUIREMENTS (continued) 

 
SR  3.4.15.2 
 
SR 3.4.15.2 requires the performance of a COT on the containment 
atmosphere particulate radioactivity monitor.  The test ensures that the 
monitor can perform its function in the desired manner.  The test verifies 
the alarm setpoint and relative accuracy of the instrument string.  The 
Surveillance Frequency is based on operating experience, equipment 
reliability, and plant risk and is controlled under the Surveillance 
Frequency Control Program. 

 
SR  3.4.15.3, SR  3.4.15.4, SR  3.4.15.5, and SR 3. 4.15.6 
 
These SRs require the performance of a CHANNEL CALIBRATION for 
each of the RCS leakage detection instrumentation channels.  The 
calibration verifies the accuracy of the instrument string, including the 
instruments located inside containment.  The Surveillance Frequency is 
based on operating experience, equipment reliability, and plant risk and is 
controlled under the Surveillance Frequency Control Program. 
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