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APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  239-8076 

SRP Section:  16 - Technical Specifications 

Application Section:  16.3.3 Instrumentation 

Date of RAI Issue:  10/09/2015 

 
 
Question No. 16-103 
 
Paragraph (a)(11) of 10 CFR 52.47 and paragraph (a)(30) of 10 CFR 52.79 state that a 
design certification (DC) applicant and a combined license (COL) applicant, respectively, are 
to propose TS prepared in accordance with 10 CFR 50.36 and 50.36a. 10 CFR 50.36 sets 
forth requirements for technical specifications to be included as part of the operating license 
for a nuclear power facility.  
 
NUREG-1432, “Standard Technical Specifications-Combustion Engineering Plants,” Rev. 4, 
provides NRC guidance on format and content of technical specifications as one acceptable 
means to meet 10 CFR 50.36 requirements.  
 
The design of the APR1400 Core Protection Calculator System (CPCS) differs from the 
CPCS design upon which NUREG-1432, STS Combustion Engineering Plants, Rev. 4, is 
based (San Onofre Nuclear Generating Station Units 2 and 3). The APR1400 has two CEACs 
in each of four CPCS channels, while the standard design has just two CEACs to support all 
four CPCS channels. The generic TS 3.3.3 ACTIONS propose to permit continued operation 
indefinitely in the event two CPCS channels with one CEAC or both CEACs inoperable by 
adding new Required Action A.1 (for the Condition of “One CEAC inoperable in one or more 
CPCS channels.”) and Required Action B.1 (for the Condition of “Both CEACs inoperable in 
one or more CPCS channels.”), and adding an ACTIONS Table Note that says, “Separate 
Condition entry is allowed for each CPCS channel.” Consider the following operational cases:  
 
Case 1 - One CPCS channel with one CEAC inoperable  
 

If one CEAC is inoperable in one CPCS channel, generic TS 3.3.3 Condition A is entered 
and Required Action A.1, which says “Declare affected CPCS channel(s) inoperable.” with a 
Completion Time of 1 hour, results in entering generic TS 3.3.1 Condition A (“One or more 
Functions with one automatic RPS trip channel inoperable.”) and, within 1 hour, placing in 
bypass or trip the corresponding Reactor Protection System (RPS) trip channel for the RPS 
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Functions of Local Power Density (LPD) - High and Departure From Nucleate Boiling Ratio 
(DNBR) - Low. By generic TS 3.3.1 Required Action A.2, the trip channel, which was 
declared inoperable, for the LPD - High and DNBR - Low trip Functions, and the associated 
CPCS channel, which was declared inoperable, must be restored to operable status prior to 
entering Mode 2 following next Mode 5 entry.  
 
a. With one channel in trip, the coincidence logic for each of these two RPS Functions in 

all four PPS divisions changes from 2-out-of-4 to 1-out-of-3;  
 

b. With one channel in [trip channel] bypass, the coincidence logic changes from 2-out-of-4 
to 2-out-of-3.  

 
In either logic configuration, these RPS Functions can withstand another single failure and 
still initiate a reactor trip consistent with the safety analyses. Since operation with the unit in 
either of these configurations until the next Mode 5 entry has minimal safety impact, Case 1 
is acceptable.  

 
Case 2 - Two CPCS channels each with one CEAC inoperable  
 

If one CEAC is inoperable in two CPCS channels, generic TS 3.3.3 Condition A is entered 
and Required Action A.1, which says “Declare affected CPCS channel(s) inoperable.” with a 
Completion Time of 1 hour (each CPCS channel tracks its own 1 hour Completion Time), 
results in entering generic TS 3.3.1 Condition A and also Condition B (“One or more 
Functions with two [automatic RPS trip] channels inoperable.”) and, within 1 hour, placing 
one channel in bypass and one channel in trip for the RPS Functions of LPD - High and 
DNBR - Low. By generic TS 3.3.1 Required Action A.2, each trip channel, which was 
declared inoperable, for the LPD - High and DNBR - Low trip Functions, and the two 
associated CPCS channels, which were declared inoperable, must be restored to operable 
status prior to entering Mode 2 following next Mode 5 entry.  
 
With one channel in trip and one channel in bypass, the coincidence logic for each of these 
two RPS Functions in all four PPS divisions changes from 2-out-of-4 to 1-out-of-2. In this 
logic configuration, these RPS Functions can withstand another single failure and still 
initiate a reactor trip consistent with the safety analyses. Since operation with the unit in a 
1-out-of-2 coincidence logic configuration until the next Mode 5 entry has minimal safety 
impact, Case 2 is acceptable.  
 
Staff notes that Case 1a and Case 2 configurations are susceptible to a spurious reactor 
trip from a single failure that results in tripping one remaining operable channel in either 
RPS Function.  

 
Case 3 - Three or four CPCS channels each with one CEAC inoperable  
 

If one CEAC is inoperable in three or four CPCS channels, generic TS 3.3.3 Condition A is 
entered and Required Action A.1, which says “Declare affected CPCS channel(s) 
inoperable.” with a Completion Time of 1 hour (each CPCS channel tracks its own 1 hour 
Completion Time), would result in entering generic TS 3.3.1 Condition A and Condition B. 
However, since the generic TS 3.3.1 ACTIONS specify no Condition for three or four 
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inoperable trip channels for the same RPS Function, LCO 3.0.3 is immediately entered, 
which would require placing the unit in Mode 3 within 7 hours. 
 
In the condition of one CEAC inoperable in each of three or four CPCS channels, following 
generic TS 3.3.3 Required Action A.1 would not be desirable because it leads to a unit 
shutdown, even though each CPC has one operable CEAC and can support all four 
channels of LPD - High and DNBR - Low. So, in this condition the preferred course would 
be to follow generic TS 3.3.3 Required Action A.2.1, which requires verifying indicated 
positions of all CEAs once every 4 hours, and Required Action A.2.2, which requires 
restoring the inoperable CEAC in each CPCS channel to operable status within 7 days 
(each CPCS channel tracks its own 7 day Completion Time). In the event a Required Action 
and associated Completion Time of Condition A are not met, generic TS 3.3.3 Condition B 
entry is required.  

 
Case 4 - One CPCS channel with both CEACs inoperable  
 

Upon discovery that both CEACs in one CPCS channel are concurrently inoperable, 
generic TS 3.3.3 Condition A is not entered again, if it was already entered because the 
same CPCS channel is affected. Choosing Required Action A.1, which says “Declare 
affected CPCS channel(s) inoperable.” with a Completion Time of 1 hour, results in the unit 
entering generic TS 3.3.1 Condition A (“One or more Functions with one automatic RPS trip 
channel inoperable.”) and, within 1 hour, placing in bypass or trip the corresponding RPS 
trip channel for the RPS Functions of LPD - High and DNBR - Low. By generic TS 3.3.1 
Required Action A.2, the trip channel, which was declared inoperable, for the LPD - High 
and DNBR - Low trip Functions, and the associated CPCS channel, which was declared 
inoperable, must be restored to operable status prior to entering Mode 2 following next 
Mode 5 entry.  
 
a. With one channel in trip, the coincidence logic for each of these two RPS Functions in 

all four PPS divisions changes from 2-out-of-4 to 1-out-of-3;  
 

b. With one channel in [trip channel] bypass, the coincidence logic changes from 2-out-of-4 
to 2-out-of-3.  

 
The above resulting configurations are the same as reached in Case 1. However, upon 
discovery that both CEACs in one CPCS channel are concurrently inoperable, generic TS 
3.3.3 Condition B (“Both CEACs inoperable in one or more CPCS channels.”) is also 
entered. Choosing Required Action B.1, which says “Declare affected [CPCS] channel(s) 
inoperable.” with a Completion Time of 1 hour, also results in the unit entering generic TS 
3.3.1 Condition A and, within 1 hour, placing in bypass or trip the corresponding RPS trip 
channel for the RPS Functions of LPD - High and DNBR - Low. Therefore, Case 1 and 
Case 4 result in the same states for the affected channel of the DNBR - Low and LPD - 
High RPS Functions. Staff concludes that Case 4 is acceptable.  
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Case 5 - Two CPCS channels each with both CEACs inoperable  
 

Following the discussion for Case 2 and Case 4, it is clear that Case 5 would result in the 
same configuration as reached in Case 2, one channel in trip and one channel in bypass 
for each of the RPS Functions of DNBR - Low and LPD - High.  
 

Case 6 - Three or four CPCS channels each with both CEACs inoperable  
 

Following the discussion of Case 3, it is clear that the preferred course for Case 6 would be 
to follow generic TS 3.3.3 Required Actions B.2.1, B.2.2, B.2.3, B.2.4, and B.2.5, which 
compensate for the loss of automatic CEA position monitoring in three or more CPCS 
channels by completing the following actions within 4 hours:  
 
Required Action B.2.1 Verify departure from nucleate boiling ratio requirement of LCO 3.2.4 
is met and Reactor Power Cutback System (RPCS) is disabled.  
 
Required Action B.2.2 Verify all full strength and part strength CEA groups are fully 
withdrawn and maintained fully withdrawn, except during Surveillance testing pursuant to 
SR 3.1.5.3, or for power control, when CEA group #5 may be inserted to a maximum of 
323.9 cm (127.5 in).  
 
Required Action B.2.3 Verify addressable constant in each affected CPC is set to indicate 
that all two CEACs are inoperable and “RSPT/CEAC inoperable” status is indicated.  
 
Required Action B.2.4 Verify Digital Rod Control System (DRCS) is placed in “standby” and 
maintained in “standby,” except during CEA motion permitted by Required Action B.2.2.  
 
Required Action B.2.5 Verify indicated position of each full and part strength CEA is within 
16.8 cm (6.6 in) of all other CEAs in its group.  
 
In addition, B.2.5, which is identical to A.2.1 and SR 3.1.5.1, must also be completed once 
every 4 hours. Completing these actions may require reducing reactor power in order to 
avoid a reactor trip on DNBR - Low and LPD - High.  

 
Question 1 - Since generic TS 3.3.3 Condition A contains two sets of actions divided by the 
logical connector “OR”, the two sets of actions must have equal Completion Times, consistent 
with the examples of STS Section 1.3, and STS NUREG-1430 through -1434. Staff suggests 
modifying Completion Time of Required Action A.2.1 to “1 hour AND Once per 4 hours 
thereafter”; since generic TS 3.3.3 Condition B also contains two sets of actions divided by 
the logical connector “OR”, the two sets of actions must have equal Completion Times. Staff 
suggests modifying Completion Time of Required Action B.2.5 to “1 hour AND Once per 4 
hours thereafter” and reordering and renumbering the actions so that current B.2.5 becomes 
B.2.1, and current B.2.1, B.2.2, B.2.3, and B.2.4 become B.2.2, B.2.3, B.2.4, and B.2.5, 
respectively.  
 
Question 2 - Any condition of one or more CPCS channels with one CEAC inoperable other 
than Case 1b, as described above, and any condition of one or more CPCS channels with 
two CEACs inoperable other than Case 4b, as described above either places the unit just one 
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failure away from a spurious reactor trip, or leads to a unit shutdown. For this reason, the 
applicant is requested to revise generic TS 3.3.3 ACTIONS A and B to only allow the option of 
entering LCO 3.3.1 for Case 1b and Case 4b, respectively.  
 
Response – Rev.1 
 
Question 1 - TS 3.3.3 is revised to have equal Completion Times for Conditions A and B to be 
consistent with the examples in STS Section 1.3 for Conditions with two sets of actions 
divided by a logical connector. The Completion Times for Required Actions A.2.1 and B.2.5 
are replaced to state “1 hour AND Once per 4 hours thereafter.” The Required Actions are 
reordered and renumbered such that the current B.2.5 becomes B.2.1 and the current B.2.1, 
B.2.2, B.2.3, and B.2.4 become B.2.2, B.2.3, B.2.4, and B.2.5, respectively. 
 
Question 2 - The CPCS has redundant CEACs and CPPs in a channel to ensure high 
availability in the event of a processor failure. The preferable option for Case 1b and 4b 
described in the NRC question is to take Required Action A.1 and Required Action B.1 of LCO 
3.3.3 to declare the affected CPCS channel inoperable. Taking Required Action A.1 and 
Required Action B.1 of LCO 3.3.3 would not be the preferable option for cases other than for 
the 1b and 4b Cases.  
 
As mentioned in the questions posed, either action will place the unit just one failure away 
from a spurious reactor trip or lead to a plant shutdown. The Bases for Actions A.1 and B.1 in  
B 3.3.3 states that if the failure affects two or more CPCS channels, then Required Action 
A.2.1 and A.2.2 (or B.2.1 through B.2.5) would be preferable. Therefore, if the failure affects 
two or more CPCS channels, the operator would select Required Actions A.2.1 and A.2.2 (or 
B.2.1 through B.2.5) rather than Required Action A.1 and Required Action B.1 to prevent 
against a spurious reactor trip or plant shutdown.  
 
The modifications of the prior RAI response were incorporated into Revision 1 of the DCD; 
therefore this revised response only contains mark-ups to Revision 1 of the DCD. 
 

 
 
 
Impact on DCD  
 
Same as changes described in the impact on Technical Specifications section.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
The Bases of TS 3.3.3 will be revised as indicated in the attachment. 
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Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environmental Report. 



CEACs 
B 3.3.3 

 
 

BASES 
 
APPLICABILITY Most RPS trips are required to be OPERABLE in MODES 1 and 2 

because the reactor is critical in these MODES.  The trips are designed 
to take the reactor subcritical, which maintains the safety limits (SLs) 
during AOOs, and assists the ESFAS in providing acceptable 
consequences during accidents.  Most trips are not required to be 
OPERABLE in MODES 3, 4, and 5.  In MODES 3, 4, and 5, the 
emphasis is placed on return to power events.  The reactor is protected 
in these MODES by ensuring adequate SHUTDOWN MARGIN (SDM). 
 
Because CEACs provide the inputs to the DNBR – Low and LPD – High 
trips, they are required to be OPERABLE in MODES 1 and 2 for the same 
reasons. 
 

 
ACTIONS 

 
One Note has been added to the ACTIONS.  The note has been added 
to clarify the application of the Completion Time rules.  The Conditions of 
this Specification may be entered independently for each CPC channel.  
The Completion Times of each inoperable channel will be tracked 
separately, starting from the time the Condition was entered for that 
channel. 
 
A.1, A.2.1, and A.2.2 
 
Condition A applies to the failure of one CEAC in one or more CPCS 
channels.  A CEAC failure affecting a single channel could result from 
failure within a CEAC processor module, whereas a CEAC failure in 
multiple channels could be caused by failure of redundant CPPs within a 
CPC channel.  Thus, Required Actions address both possibilities. 
 
A.1 
 
Required Action A.1 provides for declaration of affected CPCS channel 
inoperability within 1 hour, and entry into Required Actions associated 
with LCO 3.3.1 for DNBR – Low and LPD – High trip functions.  This 
Required Action treats single CEAC failure in one or more channels in a 
manner consistent with other RPS failures in one or more channels, and 
may be the preferred action if only one CPCS channel is affected.  If the 
failure affects more than two CPCS channels, Required Actions A.2.1 and 
A.2.2 would be preferable. 
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Condition A addressesCPCS

followed by immediate entry into the applicable Conditions and Required 
Actions associated with LCO 3.3.1 for the DNBR - Low and LPD - High reactor 
trip functions. This Required Action treats failure of a single CEAC in one or 
more CPCS channels in a manner consistent with other failures in one or more 
RPS trip function channels. Required Action A.1 may be the preferred action if 
only one CPCS channel is affected. If the failure affects two or more CPCS 
channels. Required Actions A.2.1 and A.2.2 would be preferable. 
  
LCO 3.3.1 Conditions that were entered because of LCO 3.3.3 Required Action 
A.1 may only be exited by restoring the inoperable CEAC(s) to operable status, 
and not by "undeclaring" the inoperability of the CPCS channel(s) with the 
inoperable CEAC(s).
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CEACs 
B 3.3.3 

 
 

BASES 
 
ACTIONS  (continued) 
 
 A.2.1 and A.2.2 

 
Required Actions A.2.1 and A.2.2 accommodate a loss of CEA position 
monitoring capability by one CEAC in up to all four CPCS channels.  
There are two CEACs per CPCS channel, each providing CEA deviation 
input to the associated channel CPC.  CEAC is able to recognize the 
inoperability status of CPP and CPC is able to recognize the inoperability 
status of CEAC.  With one failed CEAC in one or more channels, the 
CPC in the affected channels will receive CEA deviation penalty factors 
from the remaining OPERABLE CEAC.  The specific Required Actions 
are as follows. 
 
With one CEAC inoperable in one or more channels, the second CEAC 
still provides penalty factor output, CEA deviation alarm and position 
indication for display, etc., to the affected CPC through comparison of 
individual CEA in subgroup.  Verification every 4 hours that each CEA is 
within 16.8 cm (6.6 in) of the other CEAs in its group provides a check on 
the position of all CEAs and provides verification of the proper operation 
of the OPERABLE CEAC.  An OPERABLE CEAC will not generate 
penalty factors until deviations > 25.1 cm (9.9 in) within a subgroup are 
encountered. 
 
The Completion Time of 1 hour and once per 4 hours thereafter is 
adequate based on operating experience, considering the low probability 
of an undetected CEA deviation coincident with an undetected failure in 
the remaining CEAC within this limited time frame. 
 
As long as Required Action A.2.1 is accomplished as specified, the 
inoperable CEAC can be restored to OPERABLE status within 7 days.  
The Completion Time of 7 days is adequate for most repairs, while 
minimizing risk, considering that dropped CEAs are detectable by the 
redundant CEAC, and other LCOs specify Required Actions necessary 
to maintain DNBR and LPD margin. 
 
B.1, B.2.1, B.2.2, B.2.3, B.2.4, and B.2.5 
 
Condition B applies if the Required Action and associated Completion 
Time of Condition A are not met, or if both CEACs are inoperable in 
one or more CPCS channels.  The Required Actions associated with this 
Condition involve two choices. 
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a
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CEACs 
B 3.3.3 

 
 

BASES 
 
ACTIONS  (continued) 
 
 a. Required Action B.1 immediately renders the affected CPCS channels 

inoperable, thus requiring entry into the Required Actions associated 
with LCO 3.3.1. 

 
b. Required Action B.2.1 through B.2.5 disable the Digital Rod Control 

System (DRCS), while providing increased assurance that CEA 
deviations are not occurring and informing all OPERABLE CPCS 
channels, via a software flag, that both CEACs are failed.  This will 
ensure that the large penalty factor associated with two CEAC failures 
will be applied to the CPC calculations.  The penalty factor for 
two failed CEACs is sufficiently lower than 100% RATED THERMAL 
POWER (RTP) if CPC generated reactor trips are to be avoided.  
The Completion Time of 4 hours is adequate to accomplish these 
actions while minimizing risks. 

 
The Required Actions are as follows. 
 
B.1 
 
Required Action B.1 provides for declaration of affected CPC channel 
inoperability within 1 hour, and entry into Required Actions associated 
with LCO 3.3.1 for the DNBR – Low and LPD – High trip function.  This 
Required Action treats failure of both CEACs in one or more channels in a 
manner consistent with other RPS failures in one or more channels.  
Similarly, this Required Action permits immediate declaration of channel 
inoperability and entry in the Required Action of LCO 3.3.1 if the Required 
Actions and associated Completion Times of Condition A are not met.  
Required Action B.1 may be the preferred action if only one CPCS 
channel is affected.  If the failure affects more than two CPCS channels, 
Required Action B.2.1 through B.2.5 would be preferable. 
 
B.2.1 
 
A comprehensive set of comparison checks on individual CEAs within 
groups must be made within 4 hours. Verification that each CEA is within 
16.8 cm (6.6 in) of other CEAs in its group provides a check that no CEA 
has deviated from its proper position within the group. 
 
B.2.2 
 
Meeting the margin requirements of DNBR in LCO 3.2.4 ensures that 
power level is within a conservative region of operation based on actual 
core conditions.  In addition to the above actions, Reactor Power 
Cutback System (RPCS) must be disabled.  This ensures that CEA 
positions will not be affected by RPCS operation. 
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requires that the affected CPCS channels 
be considered inoperable within 1 hour

applicable Conditions and

failures in one or more RPS trip function channels. Required Action B.1 also 
applies if a Required Action and associated Completion Time of Condition A 
are not met, and similarly permits declaration of CPCS channel inoperability 
within 1 hour followed by immediate entry into the applicable Conditions and  
Required Actions of LCO 3.3.1. Required Action B.1 may be the preferred 
action if only one CPCS channel is affected. If the CEAC failures affect two or 
more CPCS channels, Required Action B.2.1 through B.2.5 would be 
preferable.  
  
LCO 3.3.1 Conditions that were entered because of LCO 3.3.3 Required Action 
B.1 may only be exited by restoring the inoperable CEAC(s) to operable status, 
and not by "undeclaring" the inoperability of the CPCS channel(s) with the 
inoperable CEAC(s).

followed by immediate entry into 
the applicable Conditions and 

reactor trip functions

CPCS
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