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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.: 148-8104 

SRP Section: 08.03.01 – AC Power Systems (Onsite) 

Application Section:  8.3.1 

Date of RAI Issue: 08/10/2015 

Question No. 08.03.01-13 

DCD Tier 2, Section 8.3.1.3, “Electrical Power System Calculations and Distribution System 
Studies for AC System”, stated: 

“The analysis of load flow, voltage regulation, and short-circuit studies is performed by using 
ETAP, version 12.0.0N, which is qualified for nuclear power plants in accordance with 10 CFR 
Part 21, 10 CFR Part 50, Appendix B, and ASME NQA-1”. 

Provide a summary of the results of 1 to 4 below, providing Grid/Utility parameters and all other 
equipment parameters including transformers (LV and MV), medium voltage motors, motor 
operated valves, main generator, diesel generator, cable assumptions, static loads, LV and MV 
bus ratings, LV and MV circuit breaker ratings, etc. : 

1. Load flow/voltage regulation and under/overvoltage protection studies that demonstrate
system capability to provide minimum required voltage to safety-related equipment
terminals and assumptions used for the analysis.

2. EDG load requirements, acceptance criteria and assumptions used.

3. Minimum voltage requirements for safety-related equipment, demonstration of electrical
distribution system capability and assumptions used.

4. Class 1E inverter sizing and assumptions used

In addition, discuss the worst case load-flow scenarios for normal operation, start-up, and bus 
transfer. Provide the acceptance criteria to demonstrate minimum voltages are maintained to 
safety-related equipment during available plant configurations and various plant operations. 

Discuss diversity factor as applied to components/loads for equipment sizing. 



08.03.01-13 - 2 / 5 KEPCO/KHNP 

Non-Proprietary 

Response 

The onsite ac power system analysis technical report (hereinafter referred to as “TeR”), 
APR1400-E-E-NR-14001-P (Rev.1), attached to this RAI response, addresses the design 
adequacy of the onsite ac power system of the APR1400 by evaluating whether the electrical 
equipment operates properly in various plant operating modes and power source conditions. 

Steady-state load flow (LF), short-circuit (SC), motor starting (MS), harmonic, and bus transfer 
analyses were performed and the results of the analyses are included in the TeR. 

Based on the analyses, the results of which are provided in the TeR, the following provides 
answers to the each item requested in the question: 

Summary of load flow analysis 

Based on the assumptions and input data derived from the APR1400 reference plants, Shin-Kori 
Nuclear Power Plants Units 3 and 4 (SKN 3&4), load flow/voltage regulation analysis 
(undervoltage and overvoltage) was performed for various plant operating conditions (i.e., 
normal, startup, hot standby, unit trip with LOCA, SBO, and no load condition) and is described 
in Section 6.1 of the TeR. 

As stated in DCD Tier 2, Subsection 8.3.1.3.1, the acceptable voltage limit is ± 10 percent of the 
rated voltage at the equipment terminals. Based on the acceptable voltages at equipment 
terminals, acceptable voltages at buses were calculated as shown in Table 6-1 of the TeR, and 
then operating voltages at the buses were analyzed through ETAP LF analysis. The LF analysis 
results demonstrate that the operating voltage at each bus is maintained within the acceptable 
bus voltage limits as shown in Tables 6-2 through 6-5 of the TeR. 

The assumptions and input data that were used, and the summary of the LF analysis are 
provided in the TeR, Chapter 5 and Section 6.1, respectively. 

Summary of motor starting analysis 

The MS analysis was performed to verify that the voltages of the onsite ac power system are 
within the acceptable voltage limits (75 percent of motor rated voltage for Class 1E motors and 
80 percent for non-Class 1E motors at the terminals) by analyzing the voltage drops during 
starting of large motors. 

Based on the acceptable voltages at the equipment terminals during starting of a large 
motor, acceptable voltages at the buses were calculated, and then operating voltages at 
the buses were analyzed through ETAP MS analysis. 

The MS analysis demonstrates that the voltage drops due to large motor starting conditions are 
maintained within the acceptable limits mentioned above such that: (1) the large motors being 
started are proven to be successfully started, and (2) temporary voltage drops on other buses 
are maintained within the acceptable limits, and do not compromise the intended functions of 
the loads connected to the buses nor cause an adverse impact on the loads. 

The assumptions and input data that were used, and the summary of the MS analysis are 
provided in the TeR, Chapter 5 and Section 6.3, respectively. The acceptable minimum voltages 
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at the buses are provided in Table 6-9 of the TeR and the analyzed operating bus voltages are 
provided in Tables 6-10 and 6-11 of the TeR. 

Minimum voltage requirements for safety-related equipment 

According to NEMA MG 1, during steady-state operating conditions, 90 percent of the rated 
voltage is considered as the minimum required voltage at the safety-related and non-safety-
related motor terminals. 

For non-motor loads (safety and non-safety), such as lighting fixtures, heaters, etc., 90 ~ 110 
percent of the rated voltage is considered as the allowable voltage range that ensures the 
intended functions of the powered equipment. 

During starting of motors, the required minimum voltages are 75 percent of the rated voltage for 
Class 1E motors and 80 percent for non-Class 1E motors. This criterion is to accelerate the 
connected loads without overheating. 

EDG load requirements 

The summary of emergency diesel generator (EDG) load requirements, acceptance criteria, and 
assumptions is as follows: 

DCD Tier 2, Tables 8.3.1-2 and 8.3.1-3 provide detailed listing of EDG loads with pre-destined 
step loads and loading intervals. Given the EDG sequential loading condition, the EDG 
manufacturer has to design the EDG and its support systems such that the EDG set shall be 
capable of meeting the given MS requirements without exceeding the following limitations 
during and immediately following a load application or rejection period: 

- At no time during the loading sequence shall voltage decrease to less than 75 percent 
of nominal or shall frequency decrease to less than 95 percent of nominal. 

- During recovery from transients caused by step load increases or resulting from the 
disconnection of the largest single load, the speed of the EDG set shall not exceed 75 
percent of the difference between nominal speed and the overspeed trip setpoint or 115 
percent of nominal, whichever is lower. 

- Voltage shall be restored to within 10 percent of nominal and frequency shall be 
restored to within 2 percent of nominal in less than 2 seconds in accordance with RG 
1.9. 

When the characteristics of the required EDG loads are not accurately known, the assumptions 
of electric motor rating are as follows:  

- Motor efficiencies of 90 percent or less 

- Power factors of 85 percent or less 

Class 1E inverter sizing 

The Class 1E inverter sizing is performed according to the following assumptions and 
procedures:  
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The total capacity of each train load of the Class 1E inverters is as follows. (Refer to DCD Tier 
2, Table 8.3.2-3.) 

- Train A: 26.46 kVA 

- Train B: 22.48 kVA 

- Train C: 17.65 kVA 

- Train D: 17.77 kVA 

The Class 1E inverter sizing is calculated as follows: 

- The largest actual load among the four trains, 26.46 kVA for Train A, is selected to 
determine the inverter sizing. 

- The inverter load rating is 125 percent of actual load in accordance with IEEE Std. 944, 
Subsection 5.8.1: 26.46 kVA x 1.25 = 33.08 kVA 

- Then 15 percent of engineering margin is added to the calculated inverter load rating 
considering future loads: 33.08 kVA x 1.15 = 38.04 kVA 

- According to the above calculations, the Class 1E inverter for each train is sized as 40 
kVA. 

Worst-case load flow scenarios 

The following loading and source conditions were considered for the LF analyses of normal and 
startup operation and the bus transfer analysis. 

Analysis case Loading condition Source condition 

Normal 
operation 
/Startup 

 All electrical loads, except for 
momentary loads such as motor 
operated valves, that are 
expected to operate under each 
operating condition are 
considered as operating loads. 

 Load diversity is not considered. 

 The grid voltage is 0.95 pu of rated 
voltage (minimum voltage of grid 
system voltage variation range). 

 The unit auxiliary loads for normal 
operation and startup are powered 
from the unit auxiliary transformers 
(UATs). 

Bus transfer 

 Normal operation loads plus loss-
of-coolant accident (LOCA) loads 

 All electrical loads, except for 
momentary loads such as motor 
operated valves, that are 
expected to operate under the 
operating condition are 
considered as operating loads. 

 Load diversity is not considered. 

 The onsite power system is fed 
from the alternate PPS through the 
standby auxiliary transformers 
(SATs) after bus transfer. 

 The minimum voltage of the 
alternate PPS: 0.95 pu of rated 
voltage 
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It should be noted that the worst-case loading in all plant operating conditions occurs in an 
accident condition (i.e., loss-of-coolant accident), under which normal operation loads and 
LOCA loads are assumed to be in operation. Cases 3 and 5 in Sections 4.3 and 6.1 of the TeR 
account for the LF analyses of the worst-case loading conditions. 

Diversity factor 

As a conservative approach, load diversity is not considered for equipment sizing (i.e., diversity 
factor = 1).  

 

Impact on DCD  

There is no impact on the DCD. 

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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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.:  148-8104 

SRP Section:  08.03.01 – AC Power Systems (Onsite) 

Application Section:  8.3.1 

Date of RAI Issue:  08/10/2015 

 

Question No. 08.03.01-14 

DCD Tier 2, Section 8.3.1.3.3, “Equipment Sizing Studies”, stated that the electrical equipment 
sizing of the distribution system is performed using the spreadsheet load list. Please discuss 
how these equipment sizes/ratings are verified using the ETAP load flow/Voltage regulation and 
short circuit analysis results. Provide the assumptions applied, the acceptance criteria, and a 
summary of the results from equipment sizing studies. 

Response 

The electrical equipment sizes/ratings of the distribution system are determined and verified in 
accordance with the following procedures.  

• Initial equipment sizes/ratings are determined by using the spreadsheet load list plus  
consideration of the following: 

- Equipment margins; 

- Future load growth; 

- Peak loading capacity of connected loads without applying diversity factor; 

- Brake horsepower (bhp) values of motors. 

• Once the initial equipment sizing exercise is done by spreadsheet calculation, the 
outcomes are used as input data for the electrical system analysis using ETAP 
software (hereinafter, referred to as ETAP).  The onsite power system analysis for 
equipment sizing study includes load flow (LF) analysis, short-circuit (SC) analysis, and 
motor starting (MS) analysis.  The LF analysis is performed to verify that the voltage 
regulation and continuous current ratings of the onsite power system are within the 
acceptable limits, which ensures that the equipment is capable of performing its 
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intended function without damage or adverse effect.  The SC analysis is performed to 
verify that the SC ratings (i.e., momentary, make and latch, and interrupting) for all 
equipment are not less than the maximum SC currents corresponding to the ratings of 
the equipment.  The MS analysis is performed with associated parameters of the 
equipment (i.e., impedance) to verify that the motor can be successfully started under 
operating conditions and to determine if the motor starting could impede operation of 
other loads in the system. 

• Prior to performing the onsite power system analysis, some specific parameters and 
conditions necessary for the ETAP analysis are assumed.  These assumptions include 
grid system voltage variation, plant loading condition, and tolerance of impedance, and 
are derived from typical plant parameters of the APR1400 reference plant (Shin-Kori 
Units 3 and 4).  Further details of the assumptions for the onsite power system analysis 
are described in Sections 5.1 and 5.2 of the onsite ac power system analysis technical 
report (hereinafter referred to as “TeR”), APR1400-E-E-NR-14001-P (Rev.1) which is 
provided as the attachment to the response to Question 08.03.01-13 of this RAI. 

• The onsite power analysis is performed under various plant operating conditions to 
ensure that the onsite power system components are operable without damage or loss 
of function during all assumed plant operating and accident conditions.  The source 
condition and plant operating mode and analysis results are described in Sections 4.3 
and 6 of the TeR. 

• The electrical equipment sizes/ratings are verified by evaluating the analysis results to 
the following acceptance criteria: 

- Voltage variations in each piece of equipment are within acceptance limits; 

- Load flows (i.e., current and active/reactive power flows) do not exceed maximum 
equipment ratings; 

- Short-circuit currents do not exceed the SC (momentary, make and latch, and 
interrupting) capability of the buses and switching equipment. 

• As a rule, if the results of the LF and SC analyses return unfavorable outcomes that do 
not meet the acceptance criteria mentioned above, the equipment ratings and 
associated parameters that affect the LF and SC analyses are adjusted so that the 
results of the subsequent analyses will meet the acceptance criteria. 

Through the verification procedure described above, the initial equipment sizes/ratings are 
verified and validated. 

The major electrical equipment sizes/ratings, established based on the above process, are 
summarized in Section 5.2 of the TeR. 

KHNP will revise DCD Tier 2, Subsection 8.3.1.3.3 to describe the general assumptions and 
acceptance criteria for equipment sizing through the use of ETAP analysis. 
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Impact on DCD  

DCD Tier 2, Subsection 8.3.1.3.3 will be revised as shown in the Attachment. 

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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