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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.:  ER 1-8428 

SRP Section:  Environmental Report 

Application Section:  APR1400 Environmental Report 

Date of RAI Issue:  03/22/2016 

 

Question No. EIS ACC/SA-3 

10 CFR 51.55(a) requires each applicant for a standard design certification under subpart B of 
10 CFR Part 52 (i.e., 10 CFR 52.47(b)(2)) to submit with its application a separate document 
entitled, "Applicant's Environmental Report—Standard Design Certification."  The 
environmental report must address the costs and benefits of severe accident mitigation design 
alternatives, and the bases for not incorporating severe accident mitigation design alternatives 
in the design to be certified. 

The environmental standard review plan (ESRP) Section 7.2, Severe Accidents, of NUREG 
1555 directs the staff to evaluate and independently confirm severe accident risks and analyses 
presented in an Environmental Report (ER) (i.e., the APR1400 ER, “Applicant’s Environmental 
Report – Standard Design Certification,” found under ML15006A038 and the proprietary 
technical report, “Severe Accident Mitigation Design Alternatives (SAMDAs) for the 
APR1400,’Under ML15012A105) of accidents involving radioactive material that can be 
postulated for the plant under review.  The scope of this review should include probability-
weighted consequence (i.e., risks) analysis for severe accidents, including dose and 
socioeconomic risk impacts based on plant specific data in sufficient detail to appropriately 
evaluate the risks for severe accidents. 

The staff requires the following additional information in order to complete its review of the 
environmental impacts of severe accidents and to ensure appropriate documentation of the 
applicant’s assessment in the APR1400 Environmental Report. 

Provide a detailed explanation on how the population values for each grid element (or rosette 
segment) taken from SecPop2000 were extrapolated out to the year 2030.  Although a process 
is described in Section 5.5.1, Population Distribution, on pages A21 and A22 of APR1400-E-
PNR-14006-P, the staff requires additional details including the information obtained from 
references used for determining the 2030 year population distribution, especially given that 
some grid elements (or rosette segments) contain two or more county segments.  In particular, 
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the response should provide the information obtained from References 17 and 19 of APR1400-
E-P-NR-14006-P along with explaining how information from Tables 5.5.1-4 and 5.5.1-5. 

The NRC staff request that any revisions to the ER or supporting technical reports be provided 
as a markup as part of the response to this RAI. 

Response 

Level 3 analysis documented in Appendix A of APR1400-E-P-NR-14006-P/NP will be revised to 
clarify how population distribution projections were calculated (see Attachment). 

 

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  

The SAMDA Report will be revised as discussed above. There is no impact on any Technical, 
Topical, or Environmental Report. 

 
 



SAMDAs APR1400-E-P-NR-14006- P, Rev. 0 

KEPCO & KHNP A21 

5.5. SITE Data File: “ASITE.INP” 

The population distribution and land use information for the region surrounding the site are specified in the 
site data file.  Contained in the site data file are the geometry data used for the site (spatial intervals and 
wind directions), population distribution, fraction of the area that is land, watershed data for the liquid 
pathways model, information on agricultural land use and growing seasons, and regional economic 
information.  Some of the detailed data in this file supersedes certain data in the EARLY input file. 

 Population Distribution 5.5.1.

The most recent version of the SECPOP computer program, SECPOP2000 (Reference 11), was used to 
process block-level 2000 Census data (Reference 12), as extracted to the SECPOP2000 reference data 
files, to prepare population estimates for the region surrounding the plant. Census 2010 data of this detail 
are not yet available. 

The plant location for the Surry Units is taken here to be the same as listed in SECPOP2000 for the Surry 
site, i.e., latitude 37 9’56”N and longitude 76 41’54”W.  The 50-mile radius area around the plant was 
divided into 16 directions that are equivalent to a standard navigational compass rosette. This rosette was 
further divided into 10 "inner" radial rings, each with 16 azimuthal sections.  Part of the innermost ring 
(0.65-mile radius) is considered to be the exclusion zone without a resident population. A picture of the 
rosette for Surry is shown in Attachment I. 

The SECPOP2000 algorithm for determining the population resident in each segment of each radial 
annulus is the same as used in SECPOP90, the only difference being the 2000 Census as the basis year. 
Further population estimates and projections beyond 2000 have to be pursued outside SECPOP2000 
("post-processing") as only county data are available, not the census block data relied upon by 
SECPOP2000. The segment population distribution prepared with SECPOP2000 is shown in Table 
5.5.1-1. 

The extension to 2030 is accomplished in steps – from 2000 to 2010, and then from 2010 to 2030, on a 
county-by-county basis (because of the difference in the information available). Two sets of county growth 
factors were developed, one for each of these two steps. Finally, a segment specific growth factor was 
developed based on the area-weighted growth contribution from each of its component counties. 

The county 2000-2010 growth factors are developed directly as the 2010 county population estimate 
divided by the 2000 county population estimate listed in the 2000 and 2010 Census Bureau population 
results in Reference 12. The results are shown in Table 5.5.1-1. 

The average total population growth from 2000 to 2010 for the 45 counties or independent cities that are 
all or partly within 50 miles of the Surry site is 109 percent. The smallest is 87 percent and the largest is 
145 percent. The six counties or cities within 10 miles grew by 100, 103, 105, 116, 119, and 139 percent. 
Because the weighting factors are based on real census numbers and because of the limited range of 
growth, the method of preparing the 2010 segment population growth is considered to be sufficiently 
robust. 

A similar process was used to develop the growth factors for each county for the 2010 to 2030 period. In 
this step, the Census Bureau data were replaced by Virginia and North Carolina State government 
projections of future populations by county prepared as part of the Virginia Workforce Connection 
Population Projections Program (Reference 17) and the North Carolina Office of State Budget and 
Management (Reference 18). The county 2010-2030 growth factors are developed directly as the ratio of 
the projection for 2030 divided by the projection for 2010. These are shown in Table 5.5.1-2. 
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References 12 and 19

Example:  Accomack County 
2000 Census Data: 38,305 
2010 Census Data: 33,164 
2000-2010 growth factor = (33,164 / 38,305) = 0.87 

The state based county data reflects the data published at the time of this analysis.
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For each rosette segment, the fraction of its area in each component county was estimated.  Each 
segment's growth factor was then calculated as the sum of the products of each component county area 
fraction multiplied by that county's 2000-2010 growth factors and by that county's 2010-2030 growth factor. 

Because of the very small population (<100) in the 0 to 1 mile radial annulus, no attempt was made to 
estimate growth, and a constant factor of 1.0 was used. 

The final year 2030 segment populations were then calculated as the product of the detailed Census 2000 
data (see Table 5.5.1-3) multiplied by the individual segment growth factors (see Table 5.5.1-4).  
Transient population data were not available for the 50-mile radius around the Surry site and were not 
included in this version of the APR1400 Level 3 analysis. 

The projected 2030 segment populations developed through the preceding steps are shown in Table 
5.5.1-5. These are the population numbers used for the WinMACCS site INP file (ASITE.INP), replacing 
the raw SECPOP2000 data. 

 Land Fractions 5.5.2.

SECPOP2000 calculates the land fraction for each rosette section as explained in the manual for the code 
(Reference 11).  The code contains a county-level database with the land fractions for each county 
obtained from the 2000 Census data files (Reference 12).  The calculated values are used directly in 
these analyses.  Due to the way in which SECPOP2000 allocates population from the census blocks, 
certain of the radial blocks near the plant are shown as all water.  These segments have zero population 
so that the effect on the results is not significant. 

 Region Index 5.5.3.

The region indexes were selected to allow unique region numbers for the sectors with large areas, that is, 
the very small regions of the rosette near the plant were assigned to similar regions. This is required 
because SECPOP90 has a limit of 99 regions only. 

 Watershed Index 5.5.4.

For Surry, the original SECPOP90-produced watershed indexes for the Surry site were used directly in this 
analysis.  These values were chosen to more accurately model the landmass and bodies of water 
surrounding the site up to the 80.47 km (50 mile) radius of this analysis.  This is represented by specifying 
a 1 or 2 for each coordinate as shown in the ASITE input data file in Attachment II. 

 Crop Season and Share 5.5.5.

The crop season data were taken from the NUREG-1150 analysis for Surry (Reference 9). Agricultural 
data available in the 1997 Census of Agriculture (Reference 15) were used to produce the land fraction 
used for each crop. 

 Watershed Definition 5.5.6.

The crop season data were assumed to be the same as for the Surry site and were taken from the 
NUREG-1150 analysis for Surry (Reference 9). 
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Insert "A" (on next page)

Insert "C" (on next page)

Insert "B" (on next page)

2000-2030

was
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Example:  Accomack County 
2010 County Data: 40,245 
2030 County Data: 44,249 
2010-2030 growth factor = (44,249 / 40,245) = 1.10

"A"

Segment Growth Factor = (Rosette Segment Area Fraction) * (2000-2010 growth
factor * 2010-2030 growth factor)
Example: North 20-30 mile rosette segment:
North 20-30 mile = [0.75 * (King and Queen County 2000-2010 growth factor*
King and Queen County 2010-2030 growth factor)] + [0.25 (Gloucester County
2000-2010 growth factor * King and Queen County 2010-2030 growth factor)]
North 20-30 mile = [0.75 * (1.05 * 1.10)] + [0.25 * (1.06 * 1.28)]
North 20-30 mile = 1.20

"B"

This was accomplished by reviewing each segment of the 50 mile spatial location 
rosette (approximated in Attachment I, Page A45) and visually estimating the 
fraction of that segment that was occupied by a particular county, counties, or 
water.  For example, the North 20-30 mile rosette segment area fraction is 
estimated as being occupied by 75% King and Queen County Virginia and 25% 
Gloucester County Virginia.  

"C"
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Table 5.5.1-1 (2 of 2) 

Increase 2000-2010 

Factor % 2010 CENS 1-Jul-09 1-Jul-08 

VIRGINIA (cont.) 

.Hopewell city 1.01 101% 22,591 23,123 23,206 22,354 

.Newport News city 1.00 100% 180,719 193,172 193,212 180,150 

.Norfolk city 1.04 104% 242,803 233,333 234,653 234,403 

.Petersburg city 0.96 96% 32,420 32,986 33,111 33,740 

.Poquoson city 1.05 105% 12,150 11,794 11,797 11,566 

.Portsmouth city 0.95 95% 95,535 99,321 99,542 100,565 

.Richmond city 1.03 103% 204,214 204,451 202,867 197,790 

.Suffolk city 1.33 133% 84,585 83,659 82,420 63,677 

.Virginia Beach city 1.03 103% 437,994 433,575 432,228 425,257 

.Williamsburg city 1.17 117% 14,068 12,729 12,437 11,998 

NORTH CAROLINA 

Camden County 1.45 145% 9,980 9,730 9,632 6,885 

Currituck County 1.29 129% 23,547 24,216 24,160 18,190 

Gates County 1.16 116% 12,197 11,768 11,746 10,516 

Hertford County 1.09 109% 24,669 23,283 23,357 22,601 

Northampton County 1.00 100% 22,099 20,136 20,459 22,086 

Pasquotank County 1.17 117% 40,661 41,578 41,442 34,897 
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2000 Census
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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.:  ER 1-8428 

SRP Section:  Environmental Report 

Application Section:  APR1400 Environmental Report 

Date of RAI Issued:  03/22/2016 

 

Question No. EIS ACC/SA-7 

10 CFR 51.55(a) requires each applicant for a standard design certification under subpart B of 
10 CFR Part 52 (i.e., 10 CFR 52.47(b)(2)) to submit with its application a separate document 
entitled, "Applicant's Environmental Report—Standard Design Certification." The environmental 
report must address the costs and benefits of severe accident mitigation design alternatives, 
and the bases for not incorporating severe accident mitigation design alternatives in the design 
to be certified. 

The environmental standard review plan (ESRP) Section 7.2, Severe Accidents, of NUREG 
1555 directs the staff to evaluate and independently confirm severe accident risks and analyses 
presented in an Environmental Report (ER) (i.e., the APR1400 ER, “Applicant’s Environmental 
Report – Standard Design Certification,” found under ML15006A038 and the proprietary 
technical report, “Severe Accident Mitigation Design Alternatives (SAMDAs) for the APR1400,’ 
under ML15012A105) of accidents involving radioactive material that can be postulated for the 
plant under review. The scope of this review should include probability-weighted consequence 
(i.e., risks) analysis for severe accidents, including dose and socioeconomic risk impacts based 
on plant specific data in sufficient detail to appropriately evaluate the risks for severe accidents. 

The staff requires the following additional information in order to complete its review of the 
environmental impacts of severe accidents and to ensure appropriate documentation of the 
applicant’s assessment in the APR1400 Environmental Report. 

Provide a discussion in ER Section 3, Base Risk, of the socioeconomic, individual and 
population health risks from the postulated APR1400 severe accidents. 

The NRC staff request that any revisions to the ER or supporting technical reports be provided 
as a markup as part of the response to this RAI. 

This RAI is related to the Environmental Audit Information Needs ER-IT-6 (ML15198A023). 
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Response 

The Environmental Reports (ER) Section 3 will be revised to discuss the results of the analysis 
for the socioeconomic, individual and population health risks from the postulated APR1400 
severe accidents (see Attachment 1). 

Section 3 of the “SAMDA Report” APR1400-E-P-NR-014006-P/NP will be revised to include the 
same information added in the ER (see Attachment 2). 

 

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  

Environmental Reports and the SAMDA Report will be revised as discussed above.  

 
 



APR1400 Applicant’s Environmental Report – Standard Design Certification

Details of the socioeconomic, individual, and population health risks attributed to the 
postulated APR1400-DC severe accident analysis are documented in the WinMACCS 
output files (Reference 4). 
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3. BASE RISK

The first step to determine base risk is to develop and quantify the risk that could be presented by 
operation of an APR1400 reactor.  Risk is calculated using a Level 1 and Level 2 probabilistic risk 
assessment (PRA) model.  The results of that model provide overall risk measured by core damage 
frequency (CDF) and the characteristics of any expected radionuclide release following a severe accident. 

The APR1400 Level 1 PRA model quantified at-power internal events, at-power internal fire, at-power 
internal flooding, and low power and shutdown (LPSD) internal events, LPSD fire events, and LPSD 
internal flooding events.  Risk from other external events, e.g., high winds and seismic events, was 
determined to be negligible.  Total CDF from the at-power internal events PRA is 1.3E-06 per year and is 
calculated as the sum of the 21 source term categories (STCs) calculated from the Level 2 PRA model.  
Total CDF from internal flooding events is 4.2E-07 per year.  Fire-induced accident sequences had a 
calculated CDF of 2.1E-06 per year.  LPSD internal event accident sequences had a calculated CDF of 
2.9E-06 per year.  LPSD flooding events had a CDF of 1.8E-08 per year and LPSD fire had a CDF of 
1.7E-06 per year.  Total CDF, therefore, is 8.5E-06 per year. 

Using the results of the Level 1 PRA, the second step in determining base risk is to identify the 
characteristics of any expected radionuclide release following a severe accident and then to quantify the 
expected frequency of release.  The APR1400 Level 2 PRA model characterizes releases into 21 STCs. 
Each of the STCs is distinguished by the magnitude of fission products released, the timing of the fission 
product release, and the pathway for the release.  The STC definitions and contributions to risk are 
presented in Tables 1a and 1b. 

For each STC, representative releases are determined.  References 6 through 8 analyze representative 
sequences from each STC and develop timing and release characteristic information for representative 
fission product groups.  This information is then used to approximate the radiological release plumes 
used in the Group Controller Level 3 analysis. 

Offsite consequences are calculated from the Level 3 PRA analysis.  For each STC, the Level 3 PRA 
provides values for the conditional offsite dose and conditional offsite property damage that would result 
given that a fission product release with the plume characteristics used to represent the source term 
occurred (Reference 4).  The total expected dose consequence is obtained by multiplying the conditional 
offsite dose by the expected frequency for each STC, then summing the expected doses for all STCs.  
The conditional dose and expected dose for each STC along with the total expected dose are shown in 
Tables 2a through 2f.  Similarly, the total expected property damage is obtained by multiplying the 
conditional property damage value by the expected frequency for each STC, then summing the expected 
property damage values for all STCs.  The conditional property costs and expected property costs for 
each STC, along with the total expected property costs, are shown in Tables 3a through 3f. 

Details of the socioeconomic, individual, and population health risks attributed to the 
postulated APR1400-DC severe accident analysis are documented in the WinMACCS 
output files in Appendix A. 
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