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NRC Request for Additional Information 12.02-1: 
 
10 CFR 52.57(a) requires that an application for design certification renewal contain all 
information necessary to bring up to date the information and data contained in the previous 
application.  The NRC staff views this requirement as including the correction of known errors.  
10 CFR 52.59(a) also requires, in pertinent part, a finding of compliance with the regulations in 
effect at the time of original certification in order to issue a renewed design certification.  As 
required by the regulations in effect at the time the ABWR DC was originally issued, the ABWR 
DC application must contain "[t]he technical information which is required of applicants for 
construction permits and operating licenses by 10 CFR part 20, part 50 and its appendices, and 
parts 73 and 100, and which is technically relevant to the design and not site-specific."  10 CFR 
52.47(a)(1)(i).  In 1997, operating license Final Safety Analysis Reports (FSARs) were required 
by 10 CFR 50.34(b)(3) to include “[t]he kinds and quantities of radioactive materials expected to 
be produced in the operation and the means for controlling and limiting radioactive effluents and 
radiation exposure within the limits set forth in part 20 of this chapter.” 
 
GEH ABWR DCD, Tier 2, Table 12.2-3b “Gamma Ray Source Energy Spectra – Post Operation 
Gamma Sources in the Core” and Table 12.2-3c “Gamma Ray Source Energy Spectra – 
Gamma Ray Sources External to the Core During Operation” contain errors.  The source terms 
in both of these tables are approximately a million times lower than comparable source term 
tables in currently operating BWRs and in the comparable Economic Simplified Boiling-Water 
Reactor (ESBWR) DC application.  The NRC staff also notes that the text in GEH ABWR DCD, 
Tier 2, Sections 12.2.1.2.1.1.4 and 12.2.1.2.8 associated with the aforementioned tables 
contains different units than the units provided in the tables. (For example, Table 12.2-3b uses 
units of pJ/W.s, but Section 12.2.1.2.1.1.4 indicates that the gamma ray energy spectrum is 
provided in J/s/W, which also does not appear appropriate for Table 12.2-3b). 
 
Correct source term information is necessary to ensure compliance with 10 CFR 20.1101, 10 
CFR 20.1201, 10 CFR 20.1601, and 10 CFR 20.1602 (1997).  If the incorrect source term 
information in GEH ABWR DCD Tables 12.2-3b and 12.2-3c were to be used during plant 
design, significant design errors in the plant shield design could result.  This could lead to an 
underestimation of area dose rates and higher worker doses could result.  In this case, 
compliance with 10 CFR Part 20 would not be ensured because the potential design errors 
could result in a facility that is not designed in accordance with the principles of as low as is 
reasonably achievable (ALARA) (10 CFR 20.1101) and could also potentially result in workers 
receiving doses in excess of the worker dose limits (10 CFR 20.1201).  Furthermore, if the 
incorrect source term information provided in the tables was utilized, potential high and very 
high radiation areas may not be properly identified (10 CFR 20.1601 and 10 CFR 20.1602). 
 
Therefore, in accordance with 10 CFR 52.57 and 10 CFR 52.59 (2014), and 10 CFR 
52.47(a)(1)(i), 10 CFR 50.34(b)(3), and 10 CFR Part 20 (1997): 
 
1) Correct the core source term data in Tables 12.2-3b and 12.2-3c and provide calculations or 

other documentation demonstrating the accuracy of the revised source terms. 
2) Update the text in Chapter 12, as appropriate, to ensure that units used in referencing 

Tables 12.2-3b and 12.2-3c are accurate.   
3) Ensure that the errors in the aforementioned tables did not result in any other errors or 

inaccuracies in any other areas of the DCD, including but not limited to, facility design, 
shielding design (including the shielding design of the fuel transfer tube), radiation zoning, 
dose assessment, and equipment qualification.  If any additional errors are identified, correct 
them.  Please provide justification for your response. 
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GEH Response to RAI 12.02-1: 
 
Based on a GEH review of the analysis supporting ABWR DCD Tables 12.2-3b and 12.2-3c, 
GEH agrees both tables contain a unit conversion error, and that the text supporting these 
tables in GEH ABWR DCD, Tier 2, Sections 12.2.1.2.1.1.4 and 12.2.1.2.8 erroneously contain 
different units than the tables.  GEH will implement the three step correction outlined in RAI 
12.02-1. 
 
1) Correct the core source term data in Tables 12.2-3b and 12.2-3c and provide 

calculations or other documentation demonstrating the accuracy of the revised 
source terms. 

 
Post Operation Gamma Sources in the Core: 
A review of the original verified analysis supporting ABWR DCD Table 12.2-3b reports the 
gamma source in units of MeV/W-sec as shown in Table 1. 
 

Table 1- Post Operation Gamma Sources in the Core in MeV/W-sec* 

Energy Bounds 
(MeV) 

Gamma Source (MeV/W-sec) 
Time After Shutdown 

0 seconds 1 day 1 week 1 month 
6.0 > E > 4.0 8.2E+09 1.0E+06 1.0E+07 1.0E+06 
4.0 > E > 3.0 1.8E+10 7.0E+06 4.6E+06 1.0E+06 
3.0 > E > 2.6 1.1E+10 5.7E+06 3.7E+06 1.0E+06 
2.6 > E > 2.2 1.7E+10 2.9E+08 1.7E+08 1.0E+06 
2.2 > E > 1.8 2.1E+10 4.5E+08 4.0E+07 5.2E+06 
1.8 > E > 1.4 3.3E+10 3.1E+09 2.1E+09 6.4E+08 
1.4 > E > 0.9 3.7E+10 2.3E+09 1.6E+09 1.1E+09 
0.9 > E > 0.4 5.1E+10 7.5E+09 3.8E+09 2.1E+09 
0.4 > E > 0.1 1.2E+10 1.8E+09 8.7E+08 3.6E+08 

*Operating history of 3.2 years. 
 
Converting these values to units of picojoule (consistent with those currently used in ABWR 
DCD Table 12.2-3b) using the conversion factor 1 MeV = 0.160218 pJ results in the values 
shown in Table 2. 
 

Table 2- Post Operation Gamma Sources in the Core in pJ/W-sec* 

Energy Bounds 
(pJ) 

Gamma Source (pJ/W-sec) 
Time After Shutdown 

0 seconds 1 day 1 week 1 month 
0.96 < E < 0.64 1.3E+09 1.6E+05 1.6E+06 1.6E+05 
0.64 < E < 0.48 2.9E+09 1.1E+06 7.4E+05 1.6E+05 
0.48 < E < 0.42 1.8E+09 9.1E+05 5.9E+05 1.6E+05 
0.42 < E < 0.35 2.7E+09 4.6E+07 2.7E+07 1.6E+05 
0.35 < E < 0.29 3.4E+09 7.2E+07 6.4E+06 8.3E+05 
0.29 < E < 0.22 5.3E+09 5.0E+08 3.4E+08 1.0E+08 
0.22 < E < 0.14 5.9E+09 3.7E+08 2.6E+08 1.8E+08 

0.140 < E < 0.064 8.2E+09 1.2E+09 6.1E+08 3.4E+08 
0.064 < E < 0.016 1.9E+09 2.9E+08 1.4E+08 5.8E+07 
*Operating history of 3.2 years. 
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Comparing ABWR DCD Table 12.2-3b and Table 2 demonstrates that the gamma source terms 
in Table 12.2-3b contain a common unit conversion error and that the gamma source terms 
reported are a factor of a million (1.0E+06) lower than indicated in the supporting analysis.  It is 
further noted that the energy bounds reported in ABWR DCD Table 12.2-3b did not contain a 
unit conversion error, thus when converted as shown in Table 2 the energy bounds match those 
reported in the DCD and the supporting analysis.  As such, GEH has confirmed the gamma 
source values reported in ABWR DCD, Tier 2, Table 12.2-3b are one million times lower than 
the supporting analysis results indicate.  
 
Gamma Sources External to the Core During Operation: 
The original verified analysis supporting ABWR DCD Table 12.2-3c reports the gamma source 
in units of MeV/cm3/sec/MWt as shown in Table 3. 
 

Table 3- Gamma Sources External to the Core During Operation in MeV/cm3/sec/MWt 
Energy Bounds (MeV) Zone H Shroud Zone I Vessel 

E > 10 MeV 1.2E+00 1.7E+04 2.7E-02 1.9E+00 
8 MeV < E < 10 MeV 3.3E+03 2.6E+08 7.6E+01 1.9E+03 
6 MeV < E < 8 MeV 8.5E+05 4.8E+08 1.5E+04 1.9E+04 
4 MeV < E < 6 MeV 5.2E+03 1.5E+08 1.0E+02 5.1E+03 
2 MeV < E < 4 MeV 2.2E+08 1.1E+08 2.9E+06 5.2E+03 
1 MeV < E < 2 MeV 2.8E+04 4.8E+07 3.8E+02 2.4E+03 

512 keV < E < 1000 keV 2.3E+04 2.9E+07 3.1E+02 2.1E+03 
200 keV < E < 512 keV 6.8E+04 8.0E+06 1.2E+03 2.1E+02 

E < 200 keV 8.1E+02 1.9E+06 1.6E+01 9.3E+01 
 
 
Converting the Table 3 values to units of picojoule (consistent with those used in the ABWR 
DCD) results in the values shown in Table 4. 
 

Table 4- Gamma Sources External to the Core During Operation in pJ/cm3/sec/MWt 
Energy Bounds (pJ) Zone H Shroud Zone I Vessel 

E > 1.60 1.9E-01 2.7E+03 4.3E-03 3.0E-01 
1.28 < E < 1.60 5.3E+02 4.2E+07 1.2E+01 3.0E+02 
0.96 < E < 1.28 1.4E+05 7.7E+07 2.4E+03 3.0E+03 
0.64 < E < 0.96 8.3E+02 2.4E+07 1.6E+01 8.2E+02 
0.32 < E < 0.64 3.5E+07 1.8E+07 4.6E+05 8.3E+02 
0.16 < E < 0.32 4.5E+03 7.7E+06 6.1E+01 3.8E+02 

0.082 < E < 0.16 3.7E+03 4.6E+06 5.0E+01 3.4E+02 
0.032 < E < 0.082 1.1E+04 1.3E+06 1.9E+02 3.4E+01 

E < 0.032 1.3E+02 3.0E+05 2.6E+00 1.5E+01 
 
 
Comparing ABWR DCD Table 12.2-3c and Table 4 confirms that RAI 12.02-1 is correct and that 
the gamma sources reported in Table 12.2-3c are a factor of a million lower than they should 
be.  Similar to the post-operation gamma spectra in the core in DCD Table 12.2-3b, the energy 
bounds reported in ABWR DCD Table 12.2-3c did not contain the same unit conversion error. 
 
The corrections described in this response for ABWR DCD Tables 12.2-3b and 12.2-3c will be 
implemented in the next revision of the ABWR DCD as shown in Enclosure 2. 
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2) Update the text in Chapter 12, as appropriate, to ensure that units used in referencing 

Tables 12.2-3b and 12.2-3c are accurate.   
 
The next revision of the GEH ABWR DCD, Tier 2, Sections 12.2.1.2.1.1.4 and 12.2.1.2.8 will be 
corrected to report the units shown in DCD Tables 12.2-3b and 12.2-3c as shown in Enclosure 
2. 
 
3) Ensure that the errors in the aforementioned tables did not result in any other errors 

or inaccuracies in any other areas of the DCD, including but not limited to, facility 
design, shielding design (including the shielding design of the fuel transfer tube), 
radiation zoning, dose assessment, and equipment qualification.  If any additional 
errors are identified, correct them.  Please provide justification for your response. 

 
GEH reviewed the ABWR DCD to ensure the error identified did not result in any other errors or 
inaccuracies in any other areas of the DCD.  It was determined that the unit conversion error in 
DCD Table 12.2-3b and Table 12.2-3c did not result in any other errors or inaccuracies in any 
other areas of  the DCD. 
 
Impact on the plant shield design 
The ABWR DCD does not report dose rates or shielding geometry for spent fuel outside of 
containment except for the assumed spent fuel pool shielding source geometry which is 
assumed (not calculated) as indicated in GEH ABWR DCD Table 12.2-5b.  The gamma source 
values in DCD Table 12.2-3b and Table 12.2-3c characterize the gamma source inside the core 
after shutdown and outside the core inside containment during operation, respectively.  Thus, 
the potential impact of the Tables 12.2-3b and 12.2-3c errors on the plant shield design is 
limited to the drywell shield wall (described in DCD Section 12.3.2.3). 
 
A review of the drywell shielding analysis supporting the ABWR DCD shows the shutdown 
gamma source in the core is used in the drywell shielding estimate, and the upper drywell 
shielding radiation dose rates shown in ABWR DCD Figure 12.3-74.  However, the gamma 
source in the supporting analysis in units MeV/W-sec (shown in Table 1) was used as input to 
the drywell shielding analysis.  As such, the unit conversion error in GEH ABWR DCD Tables 
12.2-3b and 12.2-3c does not impact the ABWR DCD shielding design. 
 
Finally, RAI 12.02-1 item 3 requests information concerning the shielding design of the fuel 
transfer tube, however, the ABWR design does not include a fuel transfer tube system. 
 
Impact on area dose rates that could result in workers receiving doses in excess of the worker 
dose limits 
There is no impact on the ABWR occupational dose assessments that could lead to workers 
receiving doses in excess of the worker dose limits as a result of the errors in Tables 12.2-3b 
and 12.2-3c.  As detailed in ABWR DCD Section 12.4.1, the assessments of drywell dose 
estimates for occupational exposure are based on estimates of occupancy and dose rates in the 
drywell that are typical in BWRs and are not based on analytical results; thus, the errors in GEH 
ABWR DCD Tables 12.2-3b and 12.2-3c do not impact ABWR DCD worker doses. 
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Impact on radiation areas not being properly identified 
There is no impact to radiation area assignments.  As depicted in GEH ABWR DCD Figures 
12.3-10 and 12.3-11, the area inside containment where the underestimated gamma sources 
could have a potential impact is designated as the highest radiation zone possible which is a 
Zone F during full power and shutdown operations.  Since the area potentially impacted by the 
under predicted gamma sources in DCD Tables 12.2-3b and 12.2-3c is already assigned the 
highest radiation zone possible it is confirmed that the radiation area assigned is not 
underestimated. 
 
Impact on equipment qualification 
There is no impact on equipment qualification.  As described in ABWR DCD Section 3I, the 
dose values used for equipment qualification are reported in ABWR DCD Tables 3I-7 through 
3I-11.  A review of the analysis supporting DCD Section 3I and Tables 3I-7 through 3I-11 shows 
the unit conversion error in GEH ABWR DCD Tables 12.2-3b and 12.2-3c did not impact the 
ABWR DCD equipment qualification dose rates. 
 
Impact on the ABWR ALARA design 
Since the GEH ABWR DCD plant shielding design, occupational exposure estimates, assigned 
radiation zones, and equipment qualification dose rate bases are not impacted by the under 
predicted gamma sources in Tables 12.2-3b and 12.2-3c the unit conversion errors identified 
have no impact on the ALARA design aspects of the ABWR design. 
 
 
Impact on DCD for GEH Response to RAI 12.02-1: 
 
GEH ABWR DCD, Tier 2, Tables 12.2-3b and 12.2-3c and Sections 12.2.1.2.1.1.4 and 
12.2.1.2.8 are revised as shown on the attached markups (Enclosure 2). 
 


