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From: Ciocco, Jeff
Sent: Wednesday, October 07, 2015 6:30 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 235-8254 (12.03-12.04 - Radiation 

Protection Design Features) 
Attachments: APR1400 DC RAI 235 RPAC 8275.pdf

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, 45 days to respond to the first 23 RAI questions, and 
120 days to respond to RAI question 12.03-46, which .  We may adjust the schedule accordingly. 
 
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: 10/07/2015 

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 
 
 
12.03-23 

10 CFR 20.1601 provides requirements for controlling access to high radiation areas. 

  
SRP 12.3-12.4 indicates that the reviewer review technical specifications for proposed alternate controls for high and very high 
radiation areas. 
  
A review of FSAR Chapter 16, Technical Specification 5.7, reveals the applicant’s alternatives to complying with 10 CFR 20.1601(a) 
and 10 CFR 20.1601(b), as provided in paragraph 10 CFR 20.1601(c).  While the technical specifications in this section appear to 
be copied directly from the combustion engineering standard technical specifications, it contains a few wording errors which make 
the intent of the technical specifications unclear and are inconsistent with other standard technical specification, and should be 
fixed.  Therefore, the staff requests the following changes in wording: 
  
Section 5.7.1, paragraph b, states; 
  
Access to, and activities in, each such area shall be controlled by means of Radiation Work Permit (RWP) or equivalent that 
includes specification or radiation dose rates in the immediate work area(s) and other appropriate radiation protection equipment 
and measurers. 
  
In this paragraph, please replace the underlined “or” above with the word “of” and the word “measurers” with “measures.” 
  
Section 5.7.1, paragraph 4.ii., states;  
  
Be under the surveillance, as specified in the RWP or equivalent, while in the area, by means of closed circuit television, or 
personnel qualified in radiation protection procedures, responsible for controlling personnel radiation exposure in the area, and with 
the means to communicate with individuals in the area who are covered by such surveillance. 
  
In this paragraph, please replace the underlined “or” with the word “of.” 
 
 
 
12.03-24 

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). 

  
Regulatory Guide 8.8, Regulatory Position 2.i(4) indicates that, “Where filters or other serviceable components can constitute 
substantial radiation sources, exposures can be reduced by providing features that permit operators to avoid the direct radiation 
beam and that provide remote removal, installation, or servicing.  Standardization of filters should be considered.” 
  
FSAR Section 11.4.2 indicates that after spent filters are transferred to the compound building in a shielded cask, where they are 
then placed and capped in a 55 gallon drum.  Please update the FSAR to discuss how exposure to workers will be maintained 
ALARA when transferring the filter to the drum and during servicing of the drum to remove water.  Provide information regarding any 
shielding provided for the drum during this process. 
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12.03-25 

 

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). 
  
FSAR Section 12.3.1.2 indicates that tanks are provided with vents to facilitate the removal of potentially radioactive gases, 
however, the FSAR does not indicate where the vent lines send the potentially radioactive gases or if there are appropriate 
provisions to ensure the proper operation of the ventilation system. 
  

1.     Please update FSAR Section 12.3.1.2 to indicate where the tank vent lines send the potentially radioactive gases. 
  

2.     If gases are vented to the plant atmosphere, please indicate the vicinity of the vent line discharge points to the HVAC 
system intake and how the design minimizes airborne radioactivity in the plant.   
  

3.     Update the FSAR to discuss any provisions to prevent intrusion of liquids or moisture into the ventilation systems. 
 
 
 
12.03-26 

 

  
10 CFR 20.1101(b) requires licensees to control external occupational exposure, and to ensure that 
engineering controls are used to keep occupational doses ALARA. In 10 CFR 20, the definition for 
ALARA includes guidance to make every reasonable effort to maintain exposures below regulatory limits, 
taking into account the state of technology. 10 CFR 50 GDC 61 requires licensees to ensure that there is 
adequate shielding for routine activities in the area of the equipment.  

While FSAR Sections 9.1.4 and 12.2.1.1.6 provide some information on in-core instrumentation (ICI), including the use of a 
hydraulic cutter to cut used ICI leads for disposal, and FSAR Section 12.3.2.3 discusses design features to limit access to the ICI 
chase, insufficient information is provided in the FSAR describing the insertion and removal process of in-core instrumentation.  For 
example, the application does not clearly describe equipment used to insert and remove the in-core instruments.  In addition, 
industry experience shows that detectors can stick in the core, and require personnel to work at the 
location of the movable drive system to rectify the problem. There have been personnel over exposures 
due to working on in core detector systems. Insufficient information is available to determine the 
adequacy of the shielding and personnel protective features provided for the removal of in-core 
instrumentation. 
  

1.      Please discuss, in more detail, the process of removing and inserting in-core instrumentation 
from the core and preparing and transporting irradiated in-core instrumentation for storage and/or 
disposal and the equipment relied on to do so, including description of an underwater vacuum 
system to clean up debris from cutting ICI.   If there is not an underwater vacuum system, discuss 
why this is acceptable.   

2.      In accordance with 10 CFR 20.1101(b), please update FSAR Section 12.3 to describe the 
personnel protective features and shielding provided for work on the ICI during an anticipated 
operational occurrence, such as stuck detectors and how the design ensures that doses to 
workers will remain ALARA during such an event. 
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12.03-27 

 

10 CFR 20.1101(b) requires licensees to control external occupational exposure, and to ensure that 
engineering controls are used to keep occupational doses ALARA. In 10 CFR 20, the definition for 
ALARA includes guidance to make every reasonable effort to maintain exposures below regulatory limits, 
taking into account the state of technology. 10 CFR 50 GDC 61 requires licensees to ensure that there is 
adequate shielding for routine activities in the area of the equipment.  
  
While FSAR Section 12.2 provides source term information for areas around the reactor vessel, the 
application is unclear regarding design features to limit worker dose from refueling outage activities in the 
vicinity of reactor pressure vessel.  For example, it is unclear if radiation streaming through the reactor 
coolant penetrations in the primary shield wall are considered and how the design will ensure that worker 
dose will be ALARA and in accordance with 10 CFR 20. 
  
Please discuss work activities that could occur during an outage in the area around the reactor vessel 
and discuss how the design ensures that workers will not be exposed to radiation streaming paths during 
fuel movement. Update the FSAR as appropriate. 
 
 
 
12.03-28 

 

10 CFR 50, GDC 61, requires that the fuel storage and handling, radioactive waste, and other systems which may contain 
radioactivity shall be designed to assure adequate safety under normal and postulated accident conditions.  These systems shall be 
designed (1) with a capability to permit appropriate periodic inspection and testing of components important to safety, (2) with 
suitable shielding for radiation protection, (3) with appropriate containment, confinement, and filtering systems, (4) with a residual 
heat removal capability having reliability and testability that reflects the importance to safety of decay heat and other residual heat 
removal, and (5) to prevent significant reduction in fuel storage coolant inventory under accident conditions. 
  
ANSI/ANS-57.1-1992, which is referenced by the applicant, indicates that fuel handling equipment shall be designed so that the 
operator will not be exposed to greater than 2.5 mrem/hour from an irradiated fuel unit, control component, or both, elevated to the 
up position interlock with the pool at normal operating water level. 
  
While the applicant references ANSI/ANS-57.1-1992, and provides spent fuel dose information in FSAR 
Figures 12.2-1 and 12.2-2 the applicant provides no information indicating what the maximum lift height of 
a fuel assembly in the refueling pool and spent fuel pool would be in order to maintain the 2.5 mrem/hour 
criteria for an operator on the refueling platform, considering the maximum fuel assembly being 
transferred at the earliest time allowed by technical specifications.  Please specify this lift height in the 
FSAR and ensure that there is appropriate height in the spent fuel pool and refueling pool to allow for the 
movement of fuel (for example, ensure that sufficient shielding can be provided over the raised fuel 
assembly while allowing clearance between the fuel and storage racks seated in the bottom of the spent 
fuel pool). 
 
 
 
12.03-29 

 

10 CFR 20.1101(b) requires licensees to control external occupational exposure, and to ensure that 
engineering controls are used to keep occupational doses ALARA. 
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SRP 12.3-12.4 indicates that one of the design features reviewed by the staff to ensure that exposures remain ALARA include 
design measures to reduce the production, distribution, and retention of activated corrosion products, including water chemistry.   
  
FSAR Section 12.3.1.3 indicates that increasing primary water chemistry pH from 6.9 to 7.4 reduces corrosion rates and the buildup 
of corrosion products on primary system surfaces.  However, the applicant does not provide any information on water chemistry 
control for the APR 1400 design in FSAR Chapter 12.   
  
FSAR Section 5.2.3.2.1 indicates that the COL applicant is to specify the version of EPRI’s “Primary Water Chemistry Guidelines” 
that are to be implemented.   
  

1.     Please update the COL item in Section 5.2.3.2.1 or add a COL item to FSAR Chapter 12 to ensure that the COL applicant 
will specify how the water chemistry control measures chosen limit radiation fields in the plant.   
  

2.     Please indicate if the APR 1400 design includes provisions for water chemistry control equipment, such as a connection to 
hook up a zinc injection system. 

 
 
 
12.03-30 

 

10 CFR 50.34(f)(2)(vii) requires and NUREG-0737 II.B.2, notes that vital areas which require access by 
operators aiding, mitigating or recovering from the accident, need to be identified. 
  
In FSAR Sections 12.3.1.8 and 12.3.1.9, the applicant indicates that the main control room and technical 
support center require continuous access and that the post-accident sampling system, remote shutdown 
room and remote control console room, class 1E switchgear room, I&C equipment room, and access 
areas outside the CS and SC pump rooms require limited access and that accessing and performing vital 
actions in these areas will not result in a dose exceeding 5 rem.  The FSAR also indicates that the safety 
injection system, containment spray system, shutdown cooling system, and CVCS system were 
considered for post-accident access but do not constitute vital areas.   
  
In addition, FSAR Section 12.4.1.2 indicates that vital areas are based on performing vital functions 
following a LOCA.  However, it is unclear if other accidents were considered and if vital areas or dose 
rates could be different for other design basis accidents. 
  

1.      Please update the FSAR to explain why the safety injection system, containment spray system, 
shutdown cooling system, and CVCS system do not constitute vital areas. 
  

2.      Please indicate why the emergency diesel generators and diesel generator oil delivery area is not 
considered a vital area. 
  

3.      The FSAR indicates that manual action may be required in the areas outside the CS and SC 
pump rooms and that is why these areas are considered vital areas.  It is unclear what manual 
actions could be performed outside of these rooms.  Please update the FSAR to specify what 
vital post-accident actions are performed outside these rooms (for example, what equipment is 
located at that location and what actions may be required at the equipment).   
  

4.      Please update FSAR Section 12.4.1.2 to indicate if other design basis accidents (other than a 
LOCA) were considered in identifying vital areas and determining dose rates for vital area access. 
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12.03-31 

 

10 CFR 100.11(a)(1) requires that the exclusion area boundary dose be limited to 25 rem in 2 hours following the onset of a 
postulated fission product release. 
  
FSAR Section 12.3.2.1 Paragraph a.2.b. indicates that shielding is adequate to keep direct and scattered radiation below the 
100.11(a)(1) limit (which is referenced in 10 CFR 50.34) and the limits in Chapter 15 during an accident.  However, the 25 rem limit 
is a dose limit from a combination of all sources.  Please revise FSAR Section 12.3.2.1, Paragraph a.2.b. to specify that the 
shielding is adequate to ensure that the total radiation dose to the whole body does not exceed the dose requirements.  If the 
shielding design is inadequate to ensure that the exclusion area dose will remain below 25 rem from all sources, during the worst 
case design basis accident, increase plant shielding thicknesses, as appropriate. 
 
 
 
12.03-32 

 

Regulatory Guide 8.8, Section C.4.b, provides guidance on the types of portable radiation monitoring instruments that would likely 
be needed at a light-water reactor.   
  
While the FSAR provides COL item 12.3(1) on portable instruments, the COL item only appears to be focused on portable 
instruments needed for post-accident conditions and does not reference the guidance on portable instruments provided in 
Regulatory Guide 8.8.  Please update the COL item to include portable instruments that may be needed during normal operations 
and AOOs and reference the guidance in Regulatory Guide 8.8 in the COL item, or justify an alternative. 
 
 
 
12.03-33 

10 CFR 50, GDC 63 requires that an appropriate systems shall be provided in fuel storage and radioactive waste systems and 
associated handling areas (1) to detect conditions that may result in loss of residual heat removal capability and excessive radiation 
levels and (2) to initiate appropriate safety actions. 

  
COL information item 12.3(2) indicates that the COL applicant is to determine the WARN and ALARM setpoints of the area radiation 
monitoring system based on the site-specific conditions and operational requirements.  However, in addition to alarming, the 
containment operating area and containment upper operating area monitors provide an ESF function of sending a containment 
purge isolation actuation signal and the spent fuel pool area monitors provide an ESF function of sending a fuel handling area 
emergency ventilation actuation signal.  Please update COL item 12.3(2) to indicate that the COL applicant will also determine the 
setpoints for these ESF actuation signals.   
  
 
 
 
12.03-34 

 

10 CFR 20.1602 requires that in addition to the requirements in 10 CFR 20.1601, the licensee shall institute additional measures to 
ensure that an individual is not able to gain unauthorized or inadvertent access to areas in which radiation levels could be 
encountered at 500 rads or more in 1 hour at 1 meter from a radiation source or any surface through which the radiation penetrates.   
  
SRP 12.3-12.4 indicates that the staff will review the design features provided to control access to radiologically restricted areas 
(including potentially very high radiation areas) and that the staff’s review will emphasize areas potentially greater than 100 
Rad/hour.   
  
In addition SRP 12.5 indicates that the staff will review the description of physical and administrative measures for controlling 
access to, and work within, radiation areas, high-radiation areas, and very high radiation areas. 
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In FSAR Table 12.3-5, the applicant lists areas in the plant that could potentially be greater than 100 Rad/hour.  Many of these 
areas are also very high radiation areas (greater than 500 Rad/hour), as indicated in the normal radiation zone figures in FSAR 
Section 12.3.   
  
While the applicant specifies design features to control access to a few of these significant radiation areas in FSAR Section 
12.3.2.3, the applicant does not discuss design features to control access to the other areas.  Please update the FSAR to discuss 
design features to control access for all areas potentially greater than 100 Rad/hour. 
 
 
 
12.03-35 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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 12.3.1.2, item p, indicates that high-pressure demineralized water will be used to decontaminate equipment that has 
been in the spent fuel pool.  Please discuss in the FSAR how the spread of contamination and the generation of airborne radioactive 
material will be minimized while using this equipment. 

 
 
 
12.03-36 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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 12.3.1.4, Section “a,” indicates that reactor containment building sumps are small and that frequent transfers to the 
liquid waste management system will occur.  Please indicate if the sumps are large enough to facilitate easy repair of pumps and 
decontamination of the sump area, if necessary.  If the sumps are too small to allow for easy access, please discuss design 
provisions to allow work on the sump pumps and other work on the sumps. 
 
 
 
12.03-37 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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. 
  
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. 
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In FSAR Chapter 11 the applicant describes the use of a mobile equipment for solid waste processing and the potential for mobile 
equipment to assist in liquid waste processing.  Since the equipment used is the responsibility of the COL applicant, the FSAR 
should contain a COL item to describe how the systems are consistent with the guidance of SRP Section 12.3-12.4, how the 
systems meets the requirements of 10 CFR 20.1406 and RG 4.21, and to ensure that the radiation zones provided in the FSAR are 
appropriate.   
 
 
 
12.03-38 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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. 
  
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. 
  
FSAR Section 11.4 provides COL 11.4(7) indicating that the COL applicant is responsible for the provisions of a site-wide IRSF for 
interim storage of radioactive wastes. 
  
In order to ensure that any additional storage facilities meet the guidance of SRP Section 12.3-12.4, please include a COL item in 
FSAR Section 12.3-12.4 to specify that the COL applicant will describe how any additional waste storage facilities meet the 
guidance provided in SRP 12.3-12.4.   
 
 
 
12.03-39 

 

10 CFR 20.1406(b) requires that applicants for standard design certifications 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. 
  
While COL 12.4(2) indicates that the COL applicant is to provide operational procedures and programs, including the development 
of a site radiological environmental monitoring program, to implement a minimization of contamination approach, it does not specify 
if the COL applicant will ensure that site specific equipment or design features will meet the requirements of 10 CFR 20.1406 or the 
guidance of Regulatory Guide 4.21.  Please update COL 12.4(2) or provide a new COL item with this information, or justify why it is 
not needed. 
 
 
 
12.03-40 

 

The accident monitoring instrumentation is needed so that responses to corrective actions can be observed and the need for further 
actions can be determined in accordance with NUEG-0737.  
  
In Technical Specification 3.3.11, Table 3.3.11-1, the containment upper operating area radiation monitors are provided with the 
designation “F,” indicating that if the monitors are not restored to operable status within 7 days, that a report has to be issued, 
instead of being required to be in MODE 3 in 6 hours and MODE 4 in 12 hours, as is required for most other accident monitoring 
instrumentation, which are provided with a designation of “E.”   
  
Please explain why it is acceptable for the containment upper operating area monitors to have the designation of “F” instead of “E,” 
in Technical Specification 3.3.11, Table 3.3.11-1. 
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12.03-41 

 

REQUIREMENTS  
  
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 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, with suitable shielding 
for radiation protection, and with appropriate containment, confinement, and filtering systems. 
  
SRP Section 12.3-12.4 indicates that the plant shielding design and normal operation radiation zoning should consider conditions of 
normal operation, refueling, and anticipated operational occurrences (AOOs), including fuel handling and storage and radioactive 
material handling, processing, use, storage, and disposal.   
  
ISSUE 
  
FSAR Table 12.3-4 provides design basis minimum radiation shield thicknesses for the plant.  However, while in the response to 
RAI 7930, Question 12.03-6, the applicant provided shielding information for the refueling canal (room 119-A01B), the applicant 
does not provide clear shielding information for the fuel transfer tube.  In addition, it is unclear if the radiation zones account for 
radiation dose rates during fuel transfer. 
  
Information Needed 
  

1.     Please update FSAR Table 12.3-4 to provide the minimum radiation shield thicknesses for the fuel transfer tube 
based on transferring of the maximum source term (maximum two fuel assemblies at the earliest time transfer would 
be allowed by technical specifications) that could be contained within the tube.   

  
2.     Please ensure that zoning for the areas surrounding the fuel transfer tube in FSAR Figures 12.3-4 through 12.3-8 

include dose contributions from the maximum source term that would be expected within the fuel transfer tube during 
fuel transfer operations (considering the required minimum shielding to be provided in FSAR Table 12.3-4).   

 
 
 
12.03-42 

 

10 CFR 20.1406(b) requires that applicants for standard design certifications 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 12.4.2.4.4 indicates that when embedded piping segments cannot be avoided, double-walled piping is used to the 
extent practicable and that the outside piping of the double wall pipe is designed to drain to a local sump or onto the floor for 
drainage into a nearby sump.   
  

1.     In accordance with 10 CFR 20.1406, please justify why it is appropriate for the pipe to drain to the floor instead of to the 
sump or modify the FSAR, as appropriate.  
  

2.     In addition, describe how leaks within these double-walled pipes will be identified. 
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12.03-43 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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 11.3.2 discusses the use of the gas stripper to remove dissolved gases from the reactor coolant.  However, the 
application does not appear to discuss the process for removing gasses from the pressurizer to facilitate reactor shutdown.  Some 
nuclear power plants have been known to degas the pressurizer directly using the primary sampling system, which could potentially 
cause equipment degradation issues, which could potentially result in the unexpected release of radioactive material or unnecessary 
worker dose due to the event or system repair. 
  
Please indicate if the processes of degassing the pressurizer directly will be used in the APR 1400 design and update the FSAR to 
specify if this process will be used.  If this process will be used please provide justification ensuring that the primary sampling line 
heat exchangers, valves, and other components are designed to handle this process.   
 
 
 
12.03-44 

 

10 CFR 20.1101(b),10 CFR 20.1406(b) require licensees to describe design feature to maintain 
Occupational Radiation Exposure (ORE) ALARA, reduce contamination of the facility, facilitate eventual 
decommissioning, and minimize, to the extent practicable, the generation of radioactive waste. 10 CFR 
52.47 requires applications to include information describing how operating experience has been 
incorporated into the design. SRP Section 12.3-4 Acceptance Criteria and Regulatory Guides 8.8 and 
4.21, provide guidance for meeting the requirements of 10 CFR 20.1001 and 10 CFR 20.1406 while 
Regulatory Guide 1.206 sections C.I.5.4 and C.I.9.3 note that applicants should discuss system reliability 
considerations. 
  
FSAR Section 12.3.1.2 discusses design characteristics of equipment, including pumps and valves, to increase equipment reliability, 
reduce exposure to workers, and reduce the spread of radioactive material.  A number of industry standard documents, 
notably those provided by the Electric Power Research Institute (EPRI) describe changes to previous 
design practices shown to be erroneous or which represent improvements over previous practices. A 
number of the design features described in FSAR Tier 12.3.1.2, intended to improve component reliability 
or reduce radiation exposure, are inconsistent with current operating experience or are too incomplete for 
staff to make a safety conclusion.  Examples include: 

Valves 
  

1.      Metallic bellows and diaphragms produce a hermetic seal that results in the lowest achievable 
leak rates, but they are limited to low-stroke length applications. Industry experience has shown 
that these bellows will crack and leak when installed on valves subject to frequent movement, 
such as fine control valves (e.g. Pressurizer spray valves). 

2.      The FSAR specifies the use of lantern rings, however, lantern rings generally do not prevent 
packing leakage.  Fully engineered packing sets, valve stem material and finish specifications, 
and the use of Live Load packing on critical valves, and valves subject to thermal tapering, are 
methods that improve valve reliability and reduce leakage.  

  
3.      FSAR Section 12.3.1.2 does not specify requirements for check valves.  Industry documents note 

that some important design considerations for check valve reliability are: 
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        proper sizing to reduce flutter related wear during the most frequent use conditions rather than 
maximum flow conditions, 

        reducing turbulence prior to the check valve, 

        the proper identification of the severity of the valve duty (i.e. high-pressure drop). 

        More frequent inspections for some types of check valves that are subject to severe conditions.  
  

4.      Industry experience indicates that some specific valves, like Pressurizer Spray Control valves, 
Letdown Control valves and RCS loop interface check valves can accumulate significant deposits 
of radioactive material, if not polished and/or pre-treated.  Nothing to this regard is mentioned in 
the FSAR.   

  
Pumps 
  

5.      Material selection and finishing specifications, such as electro-polishing followed by the 
application of stabilized chrome coating, effectively reduce material deposition and increase 
pump efficiency.  This is does not appear to be addressed in the FSAR. 

  
6.      Specifying the use of seal design features that enhance sealing surface lubrication improves 

cooling and reduces leaks and failures.  This does not appear to be addressed in the FSAR. 
  
Please address how the APR 1400 design meets the above guidance and update the FSAR as 
appropriate or provide justification for an alternative approach. 
 
 
 
12.03-45 

 

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). 
  
10 CFR 20.1406(b) requires that applicants for standard design certifications 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 5.2.5.1.2.3 indicates that valves inside the containment that isolate the RCS from connecting systems during normal 
operation are equipped with stem leakoffs at the stem packing.  In addition Figure 1.7-1 shows the symbol for valves that use the 
stem leakoff line.  Staff reviewed flow diagrams depicting the reactor coolant system, chemical volume control system, shutdown 
cooling system, and other systems for key valves that may include stem leakoff lines, however, staff was not able to find any in the 
FSAR figures.  Please specify which valves contain stem leakoff lines and update the FSAR, as appropriate.   
 
 
 
12.03-46 

 

10 CFR 50.48 requires that the risk of fire-induced radiological hazards to the public, environment, and personnel are minimized and 
Regulatory Guide 1.189 states that the plant should maintain the ability to minimize the potential for radioactive releases to the 
environment in the event of a fire and that radioactive waste buildings, storage areas, and decontamination areas should be 
separated from other areas of the plant by fire barriers having at least 3-hour ratings. 
  
FSAR Section 9.5.1.2.1 indicates that radioactive waste areas, storage areas, and decontamination areas are separated from other 
areas of the plant by fire barriers having at least a 3-hour rating.  However, the identification of radiological areas and analysis to 
ensure that the radiological risk to the public, environment, and personnel are minimized appears to be incomplete and 
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inaccurate.  For one example, FSAR Section 9.5A.3.6.4, discusses the fire area F000-RW, which encompasses several fire zones 
and includes significant radiation sources in the Compound Building such as the charcoal delay beds and spent resin long-term 
storage tank.  However, the radioactive release analysis for this area indicates that it is not a radiological area and does not even 
discuss significant radiation sources like the charcoal delay beds or spent resin long-term storage tank.   
  
Please provide a fire hazard analysis and plant design appropriate to ensure that the risk of fire-induced radiological hazards to the 
public, environment, and personnel are minimized in accordance with 10 CFR 50.48 and Regulatory Guide 1.189, for radiological 
hazards other than the reactor, and update the FSAR, as appropriate.  
 




