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KHNPDCDRAIsPEm Resource

From: Ciocco, Jeff
Sent: Thursday, September 24, 2015 5:49 AM
To: apr1400rai@khnp.co.kr; KHNPDCDRAIsPEm Resource; Harry (Hyun Seung) Chang; Andy 

Jiyong Oh; Christopher Tyree
Cc: Stutzcage, Edward; McCoppin, Michael; Olson, Bruce; Lee, Samuel
Subject: APR1400 Design Certification Application RAI 225-8254 (12.03-12.04 - Radiation Protection 

Design Features) 
Attachments: APR1400 DC RAI 225 RPAC 8254.pdf; image001.jpg

KHNP, 
 
The attachment contains the subject request for additional information (RAI).  This RAI was sent to you in draft 
form.  Your licensing review schedule assumes technically correct and complete responses within 30 days of 
receipt of RAIs.  However, KHNP requests, and we grant, the time shown below to respond to the RAI 
questions.  We may adjust the schedule accordingly. 
 
12.03-11:  45 days 
12.03-12:  30 days 
12.03-13:  45 days 
12.03-14:  60 days 
12.03-15:  60 days 
12.03-16:  60 days 
12.03-17:  45 days 
12.03-18:  60 days 
12.03-19:  60 days 
12.03-20:  45 days 
12.03-21:  30 days 
12.03-22:  45 days. 
 

Please submit your RAI response to the NRC Document Control Desk. 
 
Thank you, 
 
 
 
Jeff Ciocco 
New Nuclear Reactor Licensing 
301.415.6391 
jeff.ciocco@nrc.gov 
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Issue Date: 09/24/2015 
Application Title: APR1400 Design Certification Review – 52-046 

Operating Company: Korea Hydro & Nuclear Power Co. Ltd. 
Docket No. 52-046 

Review Section: 12.03-12.04 - Radiation Protection Design Features 
Application Section: 12.3-12.4 

   
  

QUESTIONS 
 
 
12.03-11 

 

10 CFR 20.1406(b) requires that, “Applicants for standard design certifications, standard design approvals, and manufacturing 
licenses under part 52 of this chapter, whose applications are submitted after August 20, 1997, shall describe in the application how 
facility design will minimize, to the extent practicable, contamination of the facility and the environment, facilitate eventual 
decommissioning, and minimize, to the extent practicable, the generation of radioactive waste.” 
  
The application discusses the separate structure in the APR1400 design to for the component cooling water (CCW) heat 
exchangers that interface with the essential service water system.  Staff has the following questions regarding minimization of 
contamination and this structure.   
  

1.     FSAR Section 9.2.2 discusses how leakage in the component cooling water (CCW) structure will be collected by the local 
sump and routed for treatment.  Please indicate in the FSAR where the liquid collected in the sump is routed.   
  

2.     For the sump for the CCW structure and all other sumps for which a leak could result in a direct leakage pathway to the 
environment, please discuss in the FSAR design features to minimize the risk of a leak of radioactive fluid to the 
environment (such as concrete sealer and/or seals around pipes leading to or from the sump to prevent radioactive 
material from escaping from the sumps). 

 
 
 
12.03-12 

 

10 CFR 20.1406(b) requires that, “Applicants for standard design certifications, standard design approvals, and manufacturing 
licenses under part 52 of this chapter, whose applications are submitted after August 20, 1997, shall describe in the application how 
facility design will minimize, to the extent practicable, contamination of the facility and the environment, facilitate eventual 
decommissioning, and minimize, to the extent practicable, the generation of radioactive waste.” 
                                                                  
FSAR Section 12.2.1.6 indicates that the holdup tanks, reactor makeup water tanks, and boric acid storage tanks are located 
outdoors.  FSAR Section 9.3.4 indicates that these tanks are located outside in a tank house designed to prevent the infiltration of 
rainwater and the spread of contamination.  It also discusses other design features related to minimizing contamination including 
that any leakage will be collected in a sump with level instrumentation that sends a signal to the main control room on high sump 
level.  However, it does not discuss where fluid collected in the sump is routed.  Please update the FSAR to provide this information, 
considering the requirements of 10 CFR 20.1406 in the response. 
 
 
 
12.03-13 

 

10 CFR 52.47(a)(5) requires that the FSAR contain the kinds and quantities of radioactive materials expected to be produced in the 
operation and the means for controlling and limiting radioactive effluents and radiation exposures within the limits set forth in 10 
CFR 20. 
  
10 CFR 20.1101(b) requires that the licensee use, to the extent practical, procedures and engineering controls based upon sound 
radiation protection principles to achieve occupational doses and doses to members of the public that are as low as is reasonably 
achievable (ALARA). 
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Regulatory Guide 8.8 indicates that appropriate station layout and design features should be provided to reduce the potential doses 
to personnel who must operate, service, or inspect station instrumentation and controls. 
  
The gaseous radwaste management system contains four delay beds in two cubicles.  The areas are listed as potential very high 
radiation areas using the design basis failed fuel source term.  The design also includes two guard beds to reduce moisture to the 
delay beds which are also listed as significant radiation areas.  FSAR Chapter 11 indicates that there are temperature and humidity 
sensors associated with the guard beds and delay beds.  In addition, FSAR Chapter 11 discusses the possibility of replacing the 
delay beds if necessary.  However, the FSAR does not provide any information on accessing requirements for the delay bed or 
guard bed area. 
  

1.     Please update the FSAR to specify the need and frequency for access the delay bed and guard bed areas, such as to 
check temperature or humidity levels or to perform other activities or inspections.  In the FSAR discussion indicate how 
the design features limit worker exposure, consistent with RG 8.8 and 10 CFR 20.1101(b).   

  
2.     Also update the FSAR to discuss the process for replacing the beds, if they need to be replaced.  In the FSAR discussion 

indicate how the design is commensurate with limiting worker exposure consistent with RG 8.8 and 10 CFR 20.1101(b).   
 
 
 
12.03-14 

 

10 CFR 50.2 defines safety-related structures, systems, and components (SSCs), as those components that are relied upon to 
remain functional during and following design basis events to assure: (1) The integrity of the reactor coolant pressure boundary; (2) 
The capability to shut down the reactor and maintain it in a safe shutdown condition; or (3) The capability to prevent or mitigate the 
consequences of accidents which could result in potential offsite exposures comparable to the applicable guideline exposures set 
forth in 10 CFR 50.34(a)(1) or 10 CFR 100.11, as applicable. 
  
The main steam line radiation monitors are listed as non-safety related, non-seismic, and non-class 1E radiation monitors for the 
APR1400 design.  However, in some new reactor applications the main steam line monitors are safety-related as the provide 
indication of a steam generator tube rupture, thus mitigating offsite releases.   
  
In addition, FSAR Table 7.5-1 lists the main steam line monitors as variable Type E monitors in accordance with RG 1.97 and IEEE 
Std. 497-2002, which is referenced in RG 1.97.  Since the main steam line monitors are used to indicate a breach of the reactor 
coolant pressure boundary it is unclear why a higher classification than Type E would not be appropriate for the main steam line 
monitors, provided the guidance in IEEE Std. 497-2002. 
  
Also, IEEE 497-2002, Section 6.6, provides information on power supply requirements for different type variables.  In reviewing 
paragraph 2 of Section 6.6, it is unclear if it is appropriate for the main steam line monitors to be connected to a non-class 1E power 
supply which may not be available during accident conditions.   
  
Please provide justification for why it is appropriate for the main steam line monitors to be classified as non-safety related, non-class 
1E, and non-seismic Category 1 or update the FSAR as appropriate.  If justification is provided, please indicate if other safety-
related equipment is being relied on to detect a steam generator tube rupture.  
 
 
 
12.03-15 

SRP 12.3-12.4 indicates that, the applicant’s area radiation monitoring system is designed to (1) monitor the radiation levels in areas 
where radiation levels could become significant and where personnel may be present, (2) alarm when the radiation levels exceed 
preset levels to warn of increased radiation levels, and (3) provide a continuous record of radiation levels at key locations throughout 
the plant. 

  
Main steam line area radiation monitors RE-217 through RE-220 are shown in FSAR Figures 11.5-2K and 11.5-2L as being located 
on the opposite side of a wall from the main steam lines.  Since it would seem that the purpose of these monitors would be to 
monitor for primary to secondary leakage, it is unclear why they would be located on the opposite side of a wall from the main steam 
lines.   
  

1.     Please indicate if the locations where the monitors are shown in FSAR Figures 11.5-2K and 11.5-2L are the actual 
locations of the radiation detectors will be located or if that is where the electronics and monitor display is located.  Also 
indicate if the monitors are direct radiation monitors, as eluded to in the FSAR or if the monitors are measuring radiation 
levels from fluid samples.   
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2.     If the radiation monitors are direct radiation monitors with the detectors located on the opposite side of walls from the main 

steam lines, please discuss why the locations are appropriate for detecting primary to secondary leakage.  In the 
discussion, discuss the wall thicknesses of the walls separating the detectors from the main steam lines.   
  

3.     Update the FSAR, as appropriate, to more accurately describe these monitors and their functions. 
  

In addition, monitors RE-237 and RE-238, which are listed as main steam and feed line containment penetration monitors are 
located in a near direct radiation streaming path from the main steam line penetrations from containment.  Main steam line monitors 
are identified in FSAR Table 7.5-1 as being monitors relied on to monitor accident conditions (although it is unclear which monitors 
are being relied on for this function (RE-217 through RE-220, RE-237, or RE-238) or if all of them are).  In a design basis LOCA, it is 
unclear if monitors RE-237 and RE-238 would be capable of detecting primary to secondary leakage, if that is there purpose, 
because of the potential of high radiation streaming from containment. 
  

4.     Please discuss why the locations of monitors RE-237 and RE-238 are appropriate for these monitors, considering the 
discussion above.   
  

5.     Update the FSAR, including FSAR Appendix 11B and Table 7.5-1, to clarify which monitors are being credited for 
conforming to NEI 97-06 and post-accident monitoring.  

 
 
 
12.03-16 

 

10 CFR 50, Appendix A, GDC 64 requires that, a “means shall be provided for monitoring the reactor containment atmosphere, 
spaces containing components for recirculation of loss-of-coolant accident fluids, effluent discharge paths, and the plant environs for 
radioactivity that may be released from normal operations, including anticipated operational occurrences, and from postulated 
accidents.” 
  
FSAR Tables 7.5-1, 11.5-1, 11.5-2, and 12.3-6 provide information on radiation monitors.  There are apparent inconsistencies and 
clarification required regarding these tables.  Issues identified are as follows: 
  

1.     Table 12.3-6, provides main steam and feed water containment piping penetration area, area radiation monitors (RE-237 
and RE-238), with a range from 100 to 105 mSv/hour; Table 11.5-1 provides main steam line area radiation monitors (RE-
217 through RE-220) with a range of 10-4 to 102 mSv/hour, shown on FSAR Figures 11.5-2K and 11.5-2L, as being 
located in rooms adjacent to the main steam line enclosure; and Table 7.5-1 provides main steam line radiation monitors 
with a range of 10-3 to 102 mSv/hour. 

  
It is unclear which monitors are being credited for the accident monitoring variables in Table 7.5-1 and why the range of 
the monitors in Table 7.5-1 does not match up with either Table 12.3-6 or Table 11.5-1.  Please clarify and update the 
FSAR as necessary. 
  

2.     It is unclear how the ranges for some of the monitors in FSAR Table 7.5-1 correspond to the ranges in the Chapter 11 
tables.  For example, for the containment purge and auxiliary building controlled area HVAC, the ranges in Table 7.5-1 
correspond to the ranges for, gas gross beta in Table 11.5-1, but the containment purge effluent and auxiliary building 
controlled area HVAC also contain separate ranges for particulate gross beta, and I-131 gammas.  Therefore, the ranges 
provided in Table 7.5-1 for these monitors need to specify what they are measuring or provide equivalent information to 
Chapter 11, for monitor range. 

  
In addition, for the Compound Building HVAC effluent monitor in Table 7.5-1, the range does not correspond to either RE-
082 or RE-083 in Table 11.5-1.   
  
Please clarify and update the FSAR as necessary. 

  
In responding to the above, it may be easiest to simply delete the ranges from FSAR Table 7.5-1 and refer to the monitor tag 
numbers and the information in the Chapter 11 and 12 tables.  In responding to this question, please consider FSAR changes made 
in other RAI responses, including the response to RAI 8087, Question 11.05-1. 
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12.03-17 

10 CFR 20.1101(b) requires that the licensee use, to the extent practical, procedures and engineering controls based upon sound 
radiation protection principles to achieve occupational doses and doses to members of the public that are as low as is reasonably 
achievable (ALARA). 

  
SRP Section 12.3-12.4 indicates that the acceptability of the facility design features will be based on evidence that the applicant has 
fulfilled dose limiting requirements and that major exposure accumulating functions (maintenance, refueling, etc) have been 
considered in the plant design.  It also indicates that the evidence should include radiation protection features incorporated into the 
design, taking into account the state of technology, that will keep potential radiation exposure from these activities ALARA in 
accordance with 10 CFR 20.1101(b).  It states that such features include the ability to reduce source intensity and design measures 
to reduce the production, distribution, and retention of activated corrosion products.   
  
Plants with high fluid temperatures and high surface heat flux at the fuel clad (high duty cores) have a portion of the total heat 
transfer to the coolant occur by sub-cooled nucleate boiling.  This leads to more severe duty on the fuel and surface boiling which is 
known to enhance the formation of corrosion product deposits (crud) on the cladding surface.  During the pre-application review, 
staff requested that the applicant identify if the APR1400 has a high duty core, as defined in EPRI Report 1008102, “PWR Axial 
Offset Anomaly (AOA) Guidelines.”  In the pre-acceptance discussions, the applicant indicated that the APR1400 was a medium 
duty core, however based on the review of information in FSAR Chapter 4, staff calculates the core to be a high duty core.   
  
Therefore, please provide information on design features to reduce crud buildup in the core or to reduce dose rates, monitor 
radiation levels, or reduce airborne activity levels during refueling.  Please update the FSAR, as appropriate, to discuss design 
features that are not already discussed.   
  
As an alternative, the applicant may justify why the APR1400 design is not susceptible to such crud deposits within the core.   
 
 
 
12.03-18 

 

SRP 12.3-12.4 indicates that, the applicant’s area radiation monitoring system is designed to monitor the radiation levels in areas 
where radiation levels could become significant and where personnel may be present. 
  
In addition, ANSI/ANS-HPSSC-6.8.1-1981, which the applicant references and which is referenced in the SRP indicates that, 
“Detectors shall be located in those areas which require entry or exit, or both, to be monitored or controlled for purposes of 
occupational radiation protection which are normally accessible, and where changes in plant conditions can cause significant 
increases in personnel exposure rate above that expected for the area. Detectors shall be located to best measure the 
representative exposure rates within the specific area so as to assist in minimizing exposure to personnel.” 
  
The in-core instrument monitor (RE-235) is shown in FSAR Figure 11.5-2A (the 156 foot elevation of containment).  This is high 
above the in-core instrumentation cavity area which is located at elevations 100 foot and below.  In addition, all other monitors in 
containment are shown at the 156 foot elevation.  It is unclear if the monitor is actually anticipated to be located near the 156 foot 
elevation or if it will be located at a lower elevation.   
  

1.     Please ensure that all monitors in containment are shown at an elevation which best represents there location or update 
the FSAR accordingly. 
  

2.     If the monitors are all located near the 156 foot elevation, please explain why it is not necessary to have monitors on other 
elevations and why it is not necessary to have the in-core instrument monitor at an elevation far above the in-core 
instrument cavity.   

 
 
 
  



Request for Additional Information 225-8254 
 

5 
 

12.03-19 

 

10 CFR 50.68(b)(6) requires that radiation monitors are provided in storage and associated handling areas when fuel is present to 
detect excessive radiation levels and to initiate appropriate safety actions.   
  
SRP 12.3-12.4 indicates that, the applicant’s area radiation monitoring system is designed to monitor the radiation levels in areas 
where radiation levels could become significant and where personnel may be present. 
  
In addition, ANSI/ANS-HPSSC-6.8.1-1981, which the applicant references and which is referenced in the SRP indicates that, 
“Detectors shall be located in those areas which require entry or exit, or both, to be monitored or controlled for purposes of 
occupational radiation protection which are normally accessible, and where changes in plant conditions can cause significant 
increases in personnel exposure rate above that expected for the area. Detectors shall be located to best measure the 
representative exposure rates within the specific area so as to assist in minimizing exposure to personnel.” 
  
The monitor location for the new fuel storage area (RE-245) is shown in FSAR Figure 11.5-2O in general access area 156-AO5B 
which is on the other side of a wall from where the new fuel storage area is located.  Please indicate why this location is appropriate 
for the new fuel storage monitor. 
 
 
 
12.03-20 

SRP 12.3-12.4 indicates that, the applicant’s area radiation monitoring system is designed to (1) monitor the radiation 
levels in areas where radiation levels could become significant and where personnel may be present, (2) alarm when the 
radiation levels exceed preset levels to warn of increased radiation levels, and (3) provide a continuous record of radiation 
levels at key locations throughout the plant. 
  
In addition, ANSI/ANS-HPSSC-6.8.1-1981, which the applicant references and which is referenced in the SRP provides 
examples of locations for radiation monitors in a PWR plant in Table 2.  Table 2 also provides examples of appropriate 
ranges for monitors. 
  

1.     The following area radiation monitors identified in ANSI-18.1 do not appear in the APR1400 design; 
  

a.     Radwaste and drumming station control panel areas. 
b.      Shutdown cooling system pump and heat exchanger areas 
c.      Auxiliary Building and Compound Building HVAC filter areas 
d.     Equipment decontamination areas 
e.     Safe shutdown panel areas 

  
Please provide area monitors at these locations or justify why they are not necessary. 
  

2.     Please indicate why the low radioactive waste storage area radiation monitor (RE-321) has a range that can 
detect higher radiation levels than the medium radioactive waste storage area monitors (RE-322 and RE-323). 

 
 
 
12.03-21 

 

REGULATIONS AND GUIDANCE 
  
10 CFR 52.47(a)(5) requires that the FSAR contain the kinds and quantities of radioactive materials expected to be produced in the 
operation and the means for controlling and limiting radioactive effluents and radiation exposures within the limits set forth in 10 
CFR 20. 
  
SRP Section 12.3-12.4, indicates that the plant structures, as well as the general plant yard should be subdivided into radiation 
zones, with maximum design dose rate zones and the criteria used in selecting maximum dose rates identified. 
  
SRP Section 12.2 indicates that shielding and ventilation design fission product source terms will be acceptable if developed based 
on 0.25-percent fuel cladding defects for PWRs. 
  
RG 8.8 indicates that the basis for design should be based on 0.25-percent fuel cladding defects for PWRs. 
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INFORMATION NEEDED 
  
FSAR Section 12.2.1.6 indicates that plant areas storing radioactive wastes are shielded based on maximum stored waste volumes 
and average expected source strengths so that the radiation level outside the storage area is below the limit of the designated 
radiation zone.   
  
Since the above guidance indicates that shielding and zoning should be based on an assumed 0.25-percent fuel failure.  Please 
provide justification and update the FSAR to justify why it is acceptable to base shielding and zoning for radwaste storage areas on 
the expected average source strength, instead of design basis (0.25-percent fuel failure) source strengths or modify the FSAR as 
appropriate to base shielding and zoning for these areas on the design basis source strengths.   
 
 
 
12.03-22 

 

REQUIREMENTS AND GUIDANCE 
  
10 CFR 52.47(a)(5) requires that the FSAR contain the kinds and quantities of radioactive materials expected to be produced in the 
operation and the means for controlling and limiting radioactive effluents and radiation exposures within the limits set forth in 10 
CFR 20.   
  
10 CFR 50, Appendix A, Criterion 61, requires that systems which may contain radioactivity be designed to assure adequate safety 
under normal and postulated accident conditions, with suitable shielding for radiation protection, and with appropriate containment, 
confinement, and filtering systems. 
  
SRP Section 12.3-12.4 states that the plant should be subdivided into radiation zones with maximum design dose rate zones and 
the criteria used in selecting maximum dose rates identified.  It also indicates that the assumptions and technics used for radiation 
shielding should be provided and that anticipated operational occurrences should be considered in the determination of plant 
shielding and zoning.  
 
ISSUE 
  
While FSAR Chapter 12 discusses nitrogen-16 (N-16) within the reactor coolant system and major sources include contribution of N-
16, when relevant, the application does not discuss N-16 concentrations in chemical and volume control (CVCS) system piping 
leaving containment.  A review of source term information reveals than N-16 is anticipated to be a significant contributor to 
purification filter dose during operation and N-16 is still noticeable in the purification ion exchanger source term during 
operation.  Both of these components are located outside containment, in the auxiliary building.  While, these components contain 
significant shielding to limit dose to surrounding areas, it is unclear that N-16 is appropriately considered in piping leaving 
containment, such as piping running from containment to the purification filter.  Therefore, please provide the following 
  
INFORMATION NEEDED 
  

1.     Please update the FSAR to provide the estimated time it takes for RCS fluid to travel from the reactor vessel to the nearest 
containment penetration during normal operation and the estimated N-16 concentration at that point. 
  

2.     Please indicate the location of piping running from the CVCS containment penetration to the purification filter and discuss if 
the shielding for these areas adequately considers N-16 and if there is margin for differences that may occur in piping 
lengths between the design calculations and actual physical pipe lengths.   
  

3.     Discuss if the CVCS piping penetration areas are anticipated to be accessed during normal operation. 
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