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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.:  146-8152 

SRP Section: 12.02 – Radiation Sources 

Application Section:  12.2 and 12.3 

Date of RAI Issue:  08/10/2015 

Question No. 12.02-14 

This is a follow-up to RAI 7855, Question 12.02-1 and RAI 7930, Question 12.3-6. 

10 CFR 50, Appendix A, Criterion 61, requires, in part, that the fuel storage and handling, 
radioactive waste, and other systems which may contain radioactivity be designed to assure 
adequate safety under normal and postulated accident conditions and with suitable shielding for 
radiation protection. 

SRP 12.2 states that, “The reviewer will consider whether source strengths, concentrations of 
airborne radioactivity, and quantitative source descriptions are consistent with the assumptions 
made and the methods used by the applicant.” 

SRP 12.3-12.4 indicates that, “The applicant’s shielding design is acceptable if the methods are 
comparable to commonly accepted shielding calculations and if assumptions regarding source 
terms, cross sections, shield and source geometries, and transport methods are realistic, and 
specified radiation zones are consistent with the assumed source term and shielding specified 
in the design.” 

In the response to the above RAIs, the applicant provided source term and shielding information 
for spent fuel, including for being transferred from the refueling pool to the spent fuel pool. All of 
the information is based on fuel being transferred 100 hours post operation. The applicant 
indicates that the 100 hour time frame is based on data from currently operating plants in Korea. 
However, a review of FSAR Chapter 15 indicates that the fuel handling accident is based on a 
fuel assembly being transferred 72 hours post operation. In addition, the basis for technical 
specifications 3.9.3, “Containment Penetrations” and 3.9.6, Refueling Pool Water Level” 
indicate that they are based on core alterations being performed 72 hours after shutdown. 

Differences in the decay time of spent fuel can significantly impact the source term and plant 
shielding and zoning. Therefore, staff cannot accept that shielding and zoning is based on an 
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assumed 100 hours decay when plant technical specifications allow movement with only 72 
hours decay. 

Please provide a 72 hour spent fuel source term and revise all shielding and dose calculations 
to account for fuel being transferred 72 hours post-operation. In doing so, the applicant should 
ensure that all radiation shielding and radiation zones are appropriate for the peak fuel 
element(s) being transferred at 72 hours post-operation (including that the estimated dose to an 
operator on the refueling platform remains below 2.5 mrem/hour in accordance with ANSI/ANS 
57.1-1992). 

Response 

As indicated in the response to Item #3 of RAI 7-7855 Question 12.02-1, the APR1400 design 
for shielding and spent fuel pool cooling and cleanup system is based on the spent fuel decay 
time of 100 hours. In the safety analysis for a fuel handling accident, however, a shorter decay 
time of 72 hours is assumed for conservatism as indicated in DCD Section 15.7.4.2 and this 
decay time becomes the bases for the LCOs for TS 3.9.3 (Containment penetrations) and TS 
3.9.6 (Refueling Operations).  

However, to avoid an inconsistency, bases for TS 3.9.3 (Closure of containment penetrations) 
and TS 3.9.6 (Maintaining the minimum water level of 23 feet) will be updated such that the fuel 
handling accident analysis is based on 100 hours minimum decay time. However, the decay 
time used in the actual analysis will not be changed, since the source term for 72 hours is more 
conservative than that for 100 hours. 

 

Impact on DCD 

DCD Section 15.7.4.2 will be revised as shown in the Attachment. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

SR 3.9.3.1, B 3.9.3 and B 3.9.6 will be revised as shown in the Attachment. 

Impact on Technical/Topical/Environmental Reports 

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

 



SURVEILLANCE REQUIREMENTS 
SURVEILLANCE FREQUENCY 

 
SR  3.9.3.1 

 
Verify each required containment penetration is in the 
required status. 

 
Within 72 hour 
prior to the start of 
movement of 
irradiated fuel in 
the containment 
building 
 
AND 
 
Once per 7 days 
during CORE 
ALTERATIONS or 
movement of 
irradiated fuel in 
the containment 
building 
 

 
SR  3.9.3.2 

 
Verify each required containment purge and exhaust 
valve actuates to the isolation position on an actual or 
simulated actuation signal. 
 

 
18 months 
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BASES 
 
APPLICABLE 
SAFETY 
ANALYSES 

During CORE ALTERATIONS or movement of irradiated fuel assemblies 
within containment, the most severe radiological consequences result 
from a fuel handling accident.  The fuel handling accident is a postulated 
event that involves damage to irradiated fuel (Reference 2).  Fuel 
handling accidents, analyzed in Section 15.7.4, include dropping a single 
fuel assembly and handling tool or a heavy object onto other irradiated 
fuel assemblies.  The requirements of this LCO and LCO 3.9.6, 
“Refueling Water Level,” and the minimum decay time of 72 hours prior to 
CORE ALTERATIONS ensure that the release of fission product 
radioactivity subsequent to a fuel handling accident, results in doses that 
are well within the guideline values specified in 10 CFR Part 100.  The 
acceptance limits for offsite radiation exposure are contained in Standard 
Review Plan 15.7.4, Rev. 1(Reference 3), which defines “well within” 10 
CFR 50.34 to 25 % or less of 10 CFR 50.34 values. 
 
Containment penetrations satisfy LCO Selection Criterion 3. 
 

 
LCO 

 
This LCO limits the consequences of a fuel handling accident in 
containment by limiting the potential escape paths for fission product 
radioactivity released within containment.  The LCO requires any 
penetration providing direct access from the containment atmosphere to 
the outside atmosphere to be closed except for the OPERABLE 
containment purge and exhaust penetrations.  For the OPERABLE 
containment purge penetrations, this LCO ensures that these 
penetrations are isolable by the containment purge system.  The 
OPERABILITY requirements for this LCO ensure that the automatic purge 
and exhaust valve closure times specified in DCD Tier 2, Chapter 15 can 
be achieved and therefore meet the assumptions used in the safety 
analysis to ensure releases through the valves are terminated, such that 
the radiological doses are within the acceptance limit. 
 

 
APPLICABILITY 

 
The containment penetration requirements are applicable during CORE 
ALTERATIONS or movement of irradiated fuel assemblies within 
containment because this is when there is a potential for a fuel handling 
accident.  In MODES 1, 2, 3 and 4, Containment Penetration 
requirements are addressed by LCO 3.6.1, “Containment.”  In MODES 5 
and 6 when CORE ALTERATIONS or movement of irradiated fuel 
assemblies within containment are not being conducted, the potential for 
a fuel handling accident does not exist.  Therefore, under these 
conditions no requirements are placed on containment penetration status. 
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B 3.9  REFUELING OPERATIONS 
  
B 3.9.6  Refueling Pool Water Level 
 
 
BASES 
 
BACKGROUND 

 
The movement of irradiated fuel assemblies or performance of CORE 
ALTERATIONS, except during latching and unlatching of control rod drive 
shafts, within containment requires a minimum water level of 7 m (23 ft) 
above the top of the reactor vessel flange.  During refueling this 
maintains sufficient water level in the containment, the refueling canal, the 
fuel transfer canal, the refueling cavity, and the spent fuel pool.  
Sufficient water is necessary to retain iodine fission product activity in the 
water in the event of a fuel handling accident (References 1 and 2).  
Sufficient iodine activity would be retained to limit offsite doses from the 
accident to under 25 % of 10 CFR 50.34 limits, as provided by the 
guidance of Reference 3. 
 

 
APPLICABLE 
SAFETY  
ANALYSES 

 
During CORE ALTERATIONS and during movement of irradiated fuel 
assemblies, the water level in the refueling pool and refueling canal is an 
initial condition design parameter in the analysis of the fuel handling 
accident in containment postulated by NRC RG 1.183 (Reference 1).  A 
minimum water level of 7 m (23 ft) allows a decontamination factor of 200 
to be used in the accident analysis for iodine.  This relates to the 
assumption that 99.5 % of the total iodine released from the pellet to 
cladding gap of all the dropped fuel assembly rods is retained by the 
refueling pool water. 
 
The fuel handling accident analysis inside containment is described in 
Reference 2.  With a minimum water level of 7 m (23 ft) and a minimum 
decay time of 72 hours prior to fuel handling, the analysis and test 
programs demonstrate that the iodine release due to a postulated fuel 
handling accident is adequately captured by the water and offsite doses 
are maintained within allowable limits (Reference 4). 
 

 
LCO 

 
Refueling water level satisfies LCO SELECTION CRITERION 4. 
A minimum refueling water level of 7 m (23 ft) above the reactor vessel 
flange is required to ensure that the radiological consequences of a 
postulated fuel handling accident inside containment are within 
acceptable limits (Reference 3). 

 
  

RAI 146-8152 - Question 12.02-14 Attachment (3/5)

B 3.9.6-1 

100



signal of high airborne radiation.  The containment purge system is also designed to close 
the isolation valve of the low volume exhaust system with shorter time than the transit time 
of radioactive materials through the inner damper of low volume exhaust system.  These 
requirements are applicable when irradiated fuel is moved in the containment (i.e., during a 
refueling outage) to confine the post-FHA release inside the containment and eliminate any 
potential activity release to the environment.  Even if LOOP is assumed in the FHA 
analysis, the radioactive materials do not escape to the environment because the isolation 
valves of the purge system is designed to be closed when the narmal power is lost.  
Therefore, it is not required to analyze the radiological consequence of FHA in the 
containment. 

FHA Outside Containment 

The spent fuel pool (SFP) is located in the fuel handling area inside the auxiliary building.  
After the FHA in the SFP, the fission products released from the breached fuel assembly are 
scrubbed in the SFP water with a depth of 7 m (23 ft) from the top of the SFP racks to the 
SFP surface.  Escaped radioactivity is detected by the fuel handling area radiation 
monitors so that the fuel handling area emergency ventilation actuation signal (FHAEVAS) 
is actuated.  The post-FHA activity from the SFP is then drawn by the safety-grade fuel 
handling area emergency ventilation system equipped with HEPA and charcoal prior to 
being released to the environment.  The release from the FHA in the SFP is terminated 
when all the radioactivities released from the breached fuel assembly are discharged to the 
environment with the flow capacity of the emergency fuel handling area ventilation system. 

15.7.4.2 Input Parameters and Initial Conditions 

The fractions of the core inventory assumed to be in the gap for the various radionuclides 
are given in NRC RG 1.183.  The release fractions are used in conjunction with the core 
fission product inventory with the maximum core radial peaking factor of 1.80. 

It is assumed that all gap activity in the damaged rods is instantaneously released to the 
pool water.  The gap radionuclides included are xenons, kryptons, and iodines.  It is 
further assumed that the irradiated fuel is not removed from the reactor until the unit has 
been shut down for at least 72 hours. 
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APR1400 DCD TIER 2 

100 hours (1)

(1) Although the design is based on 100 hours of decay time, the analysis is performed
using the source term determined based on 72 hours.



Non-iodine halogen isotopes (e.g., bromine) are not modeled due to their short half-lives, 
which leave a negligible activity in the fuel source term at 72 hours.  Alkali metal (i.e., 
particulate) isotopes are not modeled because they are not released from the water.  The 
assumed inventory of fission products in the reactor core and available for release to the 
containment or fuel handling area is based on the maximum power level of 4,062.66 MWt 
corresponding to current fuel enrichment and fuel burnup, which is 1.02 times the 
APR1400 rated thermal power of 3,983 MWt. 

For FHA in which fuel damage is projected, the release from the fuel gap is assumed to 
occur instantaneously with the onset of the projected damage (i.e., 72 hours after reactor 
shutdown). 

The chemical form of radioiodine released from the fuel to the surrounding water is 
assumed to be 95 percent cesium iodide (CsI), 4.85 percent elemental iodine, and 0.15 
percent organic iodine.  The CsI released from the fuel is assumed to completely 
dissociate in the pool water.  Because of the low pH of the pool water, the iodine 
re-evolves as elemental iodine.  The re-evolution as elemental iodine is assumed to occur 
instantaneously. 

Since the depth of water above the damaged fuel for the APR1400 is 7 m (23 ft), the overall 
effective iodine decontamination factor of 200 is used.  The iodine above the water is 
composed of 57 percent elemental and 43 percent organic species. 

The retention of noble gases in the water in the fuel pool or refueling pool is negligible (i.e., 
decontamination factor of 1).  Particulate radionuclides are assumed to be retained by the 
water in the fuel pool or refueling pool (i.e., infinite decontamination factor). 

A reduction in the amount of radioactive material released from the fuel pool by engineered 
safety features (ESF) filter systems may be taken into account since these systems meet the 
guidance of NRC RG 1.52 and Generic Letter 99-02.  Delays in radiation detection, 
actuation of the ESF filtration system, or diversion of ventilation flow to the ESF filtration 
system are determined and accounted for in the radioactivity release analyses.  However, 
although the APR1400 provides the safety-grade filtration system by the fuel handling area 
emergency ventilation system, no credit is taken for conservatism in this analysis.  The 
main control room HVAC system charcoal and HEPA filtration is credited. 
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