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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  102-8017 

SRP Section:  08.03.01 – AC Power Systems (Onsite) 

Application Section:  8.3.1 

Date of RAI Issue:  07/22/2015 

 

Question No. 08.03.01-9 

Containment Electrical Penetration: 

DCD Tier 2, Section 8.3.1.1.9, Containment Electrical Penetrations (EPA), provides information 
on EPA. Information is needed for staff to determine that the EPA meets all requirements to 
satisfy GDC 50. GDC 50 requires, in part, that the design of containment penetrations, including 
electrical penetrations containing circuits of the ac power system in containment structures, 
must withstand a LOCA without loss of mechanical integrity. In order to satisfy this requirement, 
the penetration assemblies in containment structures must be capable to withstand all ranges of 
overload and short circuit currents up to the maximum fault current vs. time conditions that could 
occur given single random failures of circuit protective devices: 

1. The aforementioned section states that Class 1E containment EPAs are physically 
separated and electrically isolated to maintain the independence of Class 1E circuits 
and equipment. Please confirm that containment electrical penetration assemblies 
contain only Class 1E protection devices for Class 1E circuits, as recommended in the 
guidance of IEEE Std. 384. 

2. Confirm that protection devices are capable of being tested, calibrated, and inspected. 
Discuss the periodic inspection and testing program for containment penetration 
protective devices, including the circuit breakers used as containment penetration 
conductor overcurrent protection devices, as mentioned in Section 8.3.1.1.9. Discuss 
the periodic testing methods that will be performed to ensure functionality. 

3. Confirm that the panels in which the protective devices are located are independent so 
that the failure of one device would not adversely affect the other. 

4. Confirm that electrical penetrations would withstand the full range of fault current 
(minimum to maximum) available at the penetration. 
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5. Confirm that medium voltage cables are routed through penetration assemblies 
separate from low voltage power and low voltage control/instrumentation cables. 

6. Discuss the design of physical separation of Class 1E cables and non-safety cables 
routed in the EPA so that faults in non-safety cables do not impact the Class 1E 
circuits. 

Response 

KHNP provides answers to the staff’s request, item by item, as follows. 

1. KHNP has confirmed that the Class 1E circuits pass through only Class 1E EPAs in 
accordance with IEEE 384. Though the containment electrical penetration assemblies 
(EPAs) do not contain protection devices in themselves, those circuits are protected by 
the protection devices provided in the associated Class 1E 13.8 kV switchgears, 480 V 
load centers, and 480 V motor control centers. 

2. KHNP confirms that the protection devices are capable of being tested, calibrated, and 
inspected. The periodic inspection and testing program for containment penetration 
protective devices, (including the circuit breakers used as containment penetration 
conductor overcurrent protection devices), and the periodic testing method that will be 
performed to ensure functionality are as follows: 

A. Inspection of Circuit Breakers for Containment Electrical Penetration Conductors 

i. Purpose:  

To ensure the integrity of containment electrical penetration conductors by the 
periodic testing and inspecting of the circuit breakers for motors, heaters, 
motor operated valves, and other loads installed inside containment 

ii. Period: once per 60 months for all circuit breakers 

iii. Procedure Scope: 

 circuit breakers in 480 V motor control centers 

 capacity rating and specification of fuses 

 internal cleaning of each compartment and visual inspection of 
terminal blocks, relays, etc. 

 inspection of the circuit breakers: open and close contacts three times 
manually 

 measurement of the insulation resistance: insulation resistance of 
main circuits and control circuits of the circuit breaker 

 circuit breakers in 480 V load centers 
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 visual inspection of the circuit breakers 

 inspection of arc chutes of the circuit breakers 

 inspection of contacts of the circuit breakers 

 measurement of the insulation resistance 

 performance test of the circuit breakers 

 circuit breakers in 13.8 kV switchgears 

 integrity of control fuses 

 visual inspection 

 manual operation test 

 visual inspection of operating parts 

 interface and interlock checks 

 inspection of primary disconnecting parts  

 inspection of secondary disconnecting parts  

 inspection of operating parts and resistance measurement 

 main contact resistance measurement 

 insulation resistance measurement of main circuits and control 
circuits 

 closing and opening time measurement  

B. Inspection of Low Voltage Circuit Breaker Overcurrent Protection Devices for 
Containment Electrical Penetration Conductor 

i. Purpose: 

To inspect the function of the overcurrent relay for the low voltage circuit 
breaker for the containment electrical penetration conductor 

ii. Period: once per 18 months for 10% of each type of circuit breakers 

iii. Procedure Scope: 

 function check of load center circuit breaker 

 function check of magnetic elements and thermal elements of circuit 
breakers in the 480 V motor control centers 
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 overload trip test of thermal element 

 function test of magnetic elements and thermal elements of 120 V circuit 
breakers 

B. Inspection of Overcurrent Relay for Medium Voltage Circuit Breaker for 
Containment Electrical Penetration Conductor 

i. Purpose:  

To inspect the function of the overcurrent relay for medium voltage circuit 
breaker for containment electrical penetration 

ii. Period: at every overhaul 

iii. Procedure Scope:  

Function tests with the protective relay test equipment for relays protecting the 
reactor coolant pumps such as the phase unbalance overcurrent relay, 
overcurrent protection relay, differential protection relay, ground overcurrent 
protection relay and undervoltage protection relay 

3. KHNP confirms that the panels in which the protective devices are located are 
independent so that a failure of one device would not adversely affect the other loads. 
The protective devices for each load powered through an EPA are enclosed in the 
individual compartment and are designed to be isolated from other loads. 

4. KHNP confirms that the electrical penetrations are designed to withstand the full range 
of fault current available at the penetration since these components are designed to 
meet the relevant requirements in IEEE std. 317. 

5. KHNP confirms that the medium voltage cables are designed to be routed through 
penetration assemblies separate from the low voltage power and low voltage 
control/instrumentation cables. The medium voltage cables are to be routed through 
dedicated EPAs. 

6. The EPA design for the APR1400 is such that physical separation per IEEE std. 384 is 
maintained between Class 1E EPAs and Non-Class 1E EPAs. The physical separation 
guarantees that faults in non-safety cables do not impact the Class 1E circuits.  

 

Impact on DCD  

There is no impact on the DCD 

Impact on PRA 

There is no impact on the PRA. 
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Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

There is no impact on any Technical, Topical, or Environmental Reports. 
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Question No. 08.03.01-10 

Cables and Raceways: 

DCD Tier 2, Section 8.3.1.1.10 provides Cable and Raceway Design Criteria. The staff has the 
following questions to evaluate that the design meets the GDC 17, since GDC 17 relates to the 
safety related onsite power system’s capacity and capability: 

1. DCD Tier 2, Section 8.3.1.1.4, Electrical Equipment Layout states that all 4 emergency 
diesel generators (EDGs) are located in one building in separate rooms as shown in 
layout Figure 8.2-1. Discuss the cabling and raceways to be designed to provide 
physical separation and independence, for all 4 trains of cables/raceways originating 
from the Class 1E switchgear building and ending at the EDG building. 

2. COL Item, 8.3 (3) states that the COL applicant is to provide testing, inspection, and 
monitoring programs for detecting insulation degradation of underground and 
inaccessible power cables within the scope of 10 CFR 50.65. 

• Describe inspection, testing and monitoring programs to detect the degradation of 
inaccessible or underground power cables that support EDGs, offsite power, 
essential service water, component cooling water and other systems that are within 
the scope of 10 CFR 50.65. 

• Provide a description of the condition monitoring methods that would be used to 
detect cable insulation degradation. 

3. Operating experience, as documented in NRC Generic Letter (GL) 2007-01, has shown 
that undetected degradation of electric cables could result in multiple equipment 
failures. Please discuss how the APR1400 design addressed the concerns detailed in 
NRC GL 2007-01, and also, why this GL is not included in DCD Tier 2. 
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Response 

KHNP provides answers to the staff’s request as follows: 

1. Of the four Class 1E EDGs, two EDGs (Train A and Train B) are each located in 
separate rooms of the EDG building and the other two EDGs (Train C and Train D) are 
each located in separate rooms of the auxiliary building. Each Class 1E switchgear of 
all four trains is located in separate room of the auxiliary building according to the 
geographical quadrant division of the auxiliary building by train. 

Cables between the EDG and the Class 1E switchgear of each train run on the 
raceways (trays or conduits) designated to each train. The raceways of each train do 
not interfere with the other trains since the quadrant division of the auxiliary building 
also applies to the raceway design. 

A graphical expression of the cabling between the EDG and the Class 1E switchgear of 
each train is provided in Attachment 1. 

2. Cables and terminations are periodically monitored to detect the degradation by 
infrared imaging thermography inspection, partial discharge test, visual inspection, and 
very-low-frequency ac testing, as applicable. For inaccessible or underground power 
cables, the very-low-frequency ac test is performed every two to five years according to 
importance of the cables. In parallel, partial discharge tests will be performed when 
required. 

Condition monitoring to detect cable insulation degradation will be periodically 
implemented by the very-low-frequency ac test in accordance with EPRI 1013187 
(LCM MV Cables and Accessories) and EPRI 1013085 (Advanced diagnostics and life 
estimation of extruded dielectric cable). 

As stated in DCD Tier 2, Subsection 8.3.1.1.10, program details and detection 
method(s) will be established and chosen by the COL applicant. 

3. In the APR 1400 design, electrical duct banks and underground tunnels in which 
electric cables are installed are designed to keep cables from degrading due to the 
submergence as follows: 

A. Electrical duct bank (EDB) 

- A uniform slope of 1/16” (minimum) per 1 ft shall be maintained in all duct 
banks. The slope shall be such to drain the duct bank toward a manhole. If 
drainage to a manhole is not possible, a drain point shall be installed and 
sloped down from the duct bank to allow draining.  

- All conduits and cable duct joints shall be watertight.  

- Conduit sleeves passing through the wall shall be installed with offset. 

B. Underground Tunnel (Underground Common Tunnel, CV Cable Tunnel, GIB 
Tunnel, TR Area Cable Tray Tunnel) 
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All tunnels have sumps and pits to collect water at specified points. Sump pumps 
installed in the sumps operate automatically as the water level reaches the set 
point of the level transmitters. Water drained by the sump pumps flows out to storm 
drain manholes. 

Furthermore, inaccessible or underground power cables are monitored by infrared 
imaging thermography inspection, partial discharge test, visual inspection, and very-
low-frequency ac test, as applicable. 

DCD Tier 2, Table 1.9-5, Subsections 8.1.3.3, 8.3.1.1.10, and 8.3.4 will be revised to 
incorporate the design aspects mentioned above. 

 

Impact on DCD  

DCD Tier 2, Table 1.9-5, Subsections 8.1.3.3, 8.3.1.1.10, and 8.3.4 will be revised as shown in 
Attachment 2. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

There is no impact on any Technical, Topical, or Environmental Report. 
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APR1400 DCD TIER 2 

1.9-92 

Table 1.9-5 

Generic Communications Applicability to APR1400 

GC No. Title Comment DCD Tier 2 Section 

GL 2008-01 Managing Gas Accumulation in Emergency Core Cooling, Decay Heat 
Removal, and Containment Spray Systems. 

The APR1400 conforms with this 
Generic Letter. 

6.2.2, 6.3.2.5.2 

BL 2007-01 Security Officer Attentiveness Not applicable (COL) N/A 

BL 2011-01 Mitigation Strategies Not applicable N/A 

BL 2012-01 Design Vulnerability in Electric Power System Not applicable (COL) N/A 

Rev. 0

      GL 2007-01         Inaccessible or Underground Power Cable Failures that Disable The APR1400 conforms with this               8.3.1.1.10 
Accident Mitigation Systems or Cause Plant Transients Generic Letteradd
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APR1400 DCD TIER 2 

8.1-10 

Generic Letters 

 GL 77-07, “Reliability of Standby Diesel Generator (DG) Units,” December 15, 1977. 

 GL 79-17, “Reliability of Onsite Diesel Generators at Light Water Reactors,” April 18, 
1979. 

 GL 84-15, “Proposed Staff Actions to Improve and Maintain Diesel Generator 
Reliability,” July 2, 1984. 

 GL 88-15, “Electric Power Systems – Inadequate Control Over Design Processes,” 
September 12, 1988. 

 GL 91-11, “Resolution of Generic Issues 48, ‘LCOs for Class 1E Vital 
Instrument Buses,’ and 49, ‘Interlocks and LCOs for Class 1E Tie Breakers,’ Pursuant to 
10 CFR 50.54(f),” July 18, 1991. 

 GL 94-01, “Removal of Accelerated Testing and Special Reporting Requirements for 
Emergency Diesel Generators,” May 31, 1994. 

 GL 96-01, “Testing of Safety-Related Logic Circuits,” January 10, 1996. 

 GL 2006-02, “Grid Reliability and the Impact on Plant Risk and the Operability of Offsite 
Power,” February 1, 2006. 

Industrial Standards 

 ASME NQA-1-2008, “Quality Assurance Requirements for Nuclear Facility 
Applications,” 2008. 

 ASME NQA-1a, “Quality Assurance Requirements for Nuclear Facility Applications,” 
2009. 

 IEEE Std. 80, “IEEE Guide for Safety in AC Substation Grounding,” 2000. 

Rev. 0

• GL 2007-01, “Inaccessible or Underground Power Cable Failures that Disable Accident
Mitigation System or Cause Plant Transients,” February 7, 2007.add
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APR1400 DCD TIER 2 

8.3-25 

protect the EPAs from damage due to short-circuit current or overload, primary and backup 
protections are provided.  For MCCs, backup protection is provided with two thermal-
magnetic breakers in series.  For 480V load centers and 13.8 kV medium-voltage 
switchgears for the reactor coolant pump, backup protection is provided by the main 
breaker and overcurrent relays coordinated with the feeder breaker to protect the electrical 
penetration assemblies.   

8.3.1.1.10 Cable and Raceway Design Criteria 

The power cables are designed, fabricated, and tested in accordance with NEMA WC 74 
(Reference 33) and NEMA WC 70 (Reference 34).  The control cables are designed, 
fabricated, and tested in accordance with NEMA WC 57 (Reference 35).  The 
instrumentation cables are designed, fabricated, and tested in accordance with NEMA WC 
57. Safety-related cables are qualified for the design life of the plant in accordance with
IEEE Std. 323. 

Cable conductor size selection for medium and low-voltage power and control cables is 
based on cable ampacity and voltage drop considerations.  In addition, the conductors of 
all medium- and low-voltage power cables are sized to withstand the maximum available 
fault current.  The cable ampacity is based on the maximum cable ambient temperature, 
the rated cable insulation temperature of 90 ºC (194 ºF), the cable raceway design, and 
cable routing paths.  IEEE Std. 835 (Reference 36) and NEMA WC 51/ICEA P-54-440 
(Reference 37) are used for cable conductor size selections. 

NRC RG 1.218 (Reference 38) requires that the plant have monitoring techniques for 
electric cables.  Cable monitoring programs include cable tests to measure and trend the 
condition of the cable.  Tests that can be used for detecting insulation degradation in 
underground cable include partial discharge testing, time-domain reflectometry, dissipation 
factor testing, and very-low-frequency ac testing. 

The COL applicant is to provide testing, inspection, and monitoring programs for detecting 
insulation degradation of underground and inaccessible power cables within the scope of 
10 CFR 50.65 (COL 8.3(3)) (Reference 39). 

Rev. 0

In order to properly address the concerns of cable degradation as per NRC GL 2007-01 (Reference 
62), electrical duck banks (EDB) and underground tunnels in which electric cables are installed are 
designed not to degrade cables due to the submergence by means of slope of EDB and sump 
pumps for drainage. Furthermore, cables are monitored in accordance with NRC RG 1.218.add
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APR1400 DCD TIER 2 

8.3-61 

61. IEEE Std. C37.16-2009, “IEEE Standard for Preferred Ratings, Related Requirements,
and Application Recommendations for Low-Voltage AC (635 V and below) and DC
(3200 V and below) Power Circuit Breakers,” Institute of Electrical and Electronics
Engineers, 2009.

Rev. 0

add 62.  Generic Letter 2007-01, "Inaccessible or Underground Power Cable Failures that 
       Disable Accident Mitigation Systems or Cause Plant Transients"
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Question No. 08.03.01-11 

One of the miscellaneous electrical systems is cathodic protection (CP) for plant underground 
directly buried steel piping, aboveground storage tanks, buried carbon steel/metallic structures 
etc that would be impaired by corrosion. Cathodic protection design is plant unique and is 
tailored to the site conditions. Please provide a description and applications of CP systems if it 
is applicable for APR 1400 design. If it is applicable for APR1400 design to prevent structures 
from corrosion, a COL item for CP will be required for the design of the Class 1E buried 
piping/other structures. 

Response 

In the APR1400 standard design, cathodic protection will be applied in accordance with the site 
conditions. It is the responsibility of the COL applicant to provide the detailed design of the 
cathodic protection (system code: GP) system. 

KHNP will add Subsection 8.3.1.1.11 to describe the conceptual design description of the 
cathodic protection system and include the appropriate COL Item.

 

Impact on DCD  

DCD Tier 2, Table 1.8-2 and Subsection 8.3.3 will be revised and Subsection 8.3.1.1.11 will be 
added as shown in the Attachment. 

Impact on PRA 

There is no impact on the PRA. 
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Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

There is no impact on any Technical, Topical, or Environmental Report. 

 
 



1.8-15 

Table 1.8-2 (11 of 29) 

Item No. Description 

COL 8.3(1)  The COL applicant is to provide and to design a mobile generator and its support equipment. 

COL 8.3(2) The COL applicant is to describe and provide detailed ground grid and lightning protection. 

COL 8.3(3) The COL applicant is to provide testing, inspection, and monitoring programs for detecting 
insulation degradation of underground and inaccessible power cables within the scope of 10 
CFR 50.65. 

COL 8.3(4) The COL applicant is to provide protective device coordination. 

COL 8.3(5) The COL applicant is to provide insulation coordination of surge and lightning protection. 

COL 8.3(6) The COL applicant is to develop the maintenance program to optimize the life and 
performance of the batteries. 

COL 8.3(7) The COL applicant is to provide short circuit analysis of onsite dc power system with actual 
data. 

COL 8.3(8) The COL applicant is to describe any special features of the design that would permit online 
replacement of an individual cell, group of cells, or entire battery. 

COL 8.4(1) The COL applicant is to identify local power sources and transmission paths that could be 
made available to resupply power to the plant following the loss of a grid or the SBO. 

COL 8.4(2) The COL applicant is to develop detailed procedures for manually aligning the alternate AC 
power supply when two (Trains A and B) of the four diesel generators are unavailable during 
a loss of offsite power event. 

COL 9.1(1) The COL applicant is to provide operational procedures and maintenance program as related 
to leak detection and contamination control. 

COL 9.1(2) The COL applicant is to maintain complete documentation of system design, construction, 
design modifications, field changes, and operations. 

COL 9.1(3) The COL applicant is to address the load-handling procedures.  Load-handling procedures 
are established for component handling procedures and plant operating procedures in 
accordance with ASME B30.2.  ASME B30.2 requires establishing component handling 
procedures that include (1) a safe load path for lifting heavy loads to perform special 
handling component inspections, (2) acceptance criteria prior to lift, and (3) use of steps and 
proper sequence in handling the load.  ASME B30.2 requires plant operating procedure 
guidelines that include appropriate crane operator training and crane inspections.  ASME 
B30.2 also requires that the load-handling procedures include preparing operating procedures 
for preoperational load testing and checkouts of interlocks, brakes, hoisting cables, control 
circuitry, and lubrication of OHLHS equipment. 

APR1400 DCD TIER 2 

The COL applicant is to provide the analysis for the station and switchyard 
grounding system with underlying assumptions, based on the site-specific 
parameters including soil resistivity and site layout (COL 8.3(9)).

COL 8.3(9) 
 

add

RAI 28-7942 - Question 08.02-1

COL 8.3(10) The COL applicant is to provide the detailed design of the cathodic protection 
(GP) system as applicable to the site conditions (COL.8.3(10)).

RAI 102-8017 - Question 08.03.01-11

add



APR1400 DCD TIER 2 

8.3-27 

d. Control  

e. Instrumentation 

If the trays are stacked, the order from top to bottom is as shown above. 

Cables of each train run in separate raceways are physically separated from cables of the 
other trains.  Separation of trains is in accordance with IEEE Std. 384, as endorsed by 
NRC RG 1.75.  Raceways for non-Class 1E are separated from each Class 1E train A, B, 
C, and D in accordance with IEEE Std. 384.  The raceway in the cable spreading area, 
main control room, and other congested areas is designed in accordance with IEEE Std. 384.  
The power and control wiring in control boards or panels is separated in accordance with 
IEEE Std. 420 (Reference 40). 

Medium-voltage power cables are routed in an open-top ladder-type cable tray in a single 
layer with maintained spacing.  The distance between adjacent cables within a tray is one-
quarter the diameter of the larger cable.  The cable tray fill criterion for low-voltage power 
cables does not exceed 30 percent of the cross-sectional area of the open-top ladder-type 
tray.  The cable tray fill criterion for control cable does not exceed 50 percent of the cross-
sectional area of the open-top ladder-type tray.  Solid-bottom and solid-cover type cable 
trays are used for routing instrumentation cables, with an allowable fill of 50 percent of tray 
cross-sectional area.  Cable splicing in a raceway is prohibited. 

8.3.1.2 Analysis 

The APR1400 Class 1E ac power system is designed to meet the requirements of GDCs 2, 
4, 5, 17, 18, 33, 34, 35, 38, 41, 44, 50, and the intent of NRC RGs 1.6, 1.9, 1.32, 1.47, 1.53, 
1.63, 1.75, 1.81, 1.106, 1.118, 1.153, 1.155, 1.160, and 1.204.  The criteria and guidelines 
are shown in Table 8.1-2 and include their applicability in the electrical system design. 

8.3.1.1.11 Cathodic Protection 
  
The Cathodic protection system disturbs the electrochemical reaction that causes corrosion of
metal structures and piping of which protection is decided as per the site conditions. Basically,
two methods of cathodic protection are applied. One is the sacrificial system, which is a passive
method, and the other is impressed current system, which is an active method. 
  
The COL applicant is to provide the detailed design of the cathodic protection (GP) system as 
appicable to the site conditions. (COL 8.3 (9)) 

add
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8.3-55 

The ground detector has an alarm in the MCR to monitor constant grounding and recording.  
The ground detector has high sensitivity. 

8.3.3 Combined License Information 

COL 8.3(1) The COL applicant is to provide and to design a mobile generator and its 
support equipment. 

COL 8.3(2) The COL applicant is to describe and provide detailed ground grid and 
lightning protection. 

COL 8.3(3) The COL applicant is to provide testing, inspection, and monitoring 
programs for detecting insulation degradation of underground and 
inaccessible power cables within the scope of 10 CFR 50.65. 

COL 8.3(4) The COL applicant is to provide protective device coordination. 

COL 8.3(5) The COL applicant is to provide insulation coordination of surge and 
lightning protection. 

COL 8.3(6)  The COL applicant is to develop the maintenance program to optimize the 
life and performance of the batteries. 

COL 8.3(7) The COL applicant is to provide a short-circuit analysis of the onsite dc 
power system with actual data. 

COL 8.3 (8) The COL applicant is to describe any special features of the design that 
would permit online replacement of an individual cell, group of cells, or 
entire battery. 

8.3.4 References 

1.  IEEE Std. 141-1993, “IEEE Recommended Practice for Electric Power Distribution 
for Industrial Plants,” Institute of Electrical and Electronics Engineers, 1993.  

GTG
RAI 61-7984 - Question 08.03.01-5

COL 8.3(9) The COL applicant is to provide the analysis for the station and switchyard 
grounding system with underlying assumptions, based on the site-specific 
parameters including soil resistivity and site layout (COL 8.3(9)).

RAI 28-7942 - Question 08.02-1
add

The COL applicant is to provide the detailed design of the cathodic protection 
(GP) system as applicable to the site conditions (COL.8.3(10)).

COL 8.3(10) 

add
RAI 102-8017 - Question 08.03.01-11
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