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CHAPTER 12 

RADIATION PROTECTION 

12.1 Assuring that Occupational Radiation Exposures Are As-Low-As-Reasonably Achievable 
(ALARA) 

12.1.1 Policy Considerations 

The AP1000 plant is designed with administrative programs and procedures to maximize the 
incorporation of good engineering practices and lessons learned to accomplish ALARA 
objectives. 

12.1.1.1 Design and Construction Policies 

The ALARA policy is applied during the design of AP1000. The design is reviewed for ALARA 
considerations and updated and modified as experience from operating plants is applied. ALARA 
reviews include the plant design and integrated layout, considering shielding, ventilation, and 
monitoring instrument designs as they relate to traffic control, security, access control and health 
physics. 

Similarly, routing of pipe containing radioactive fluids is reviewed as part of the design effort. 
This confirms that lines expected to contain significant radiation sources are adequately shielded 
and properly routed to minimize exposure of personnel. 

Many of the engineers and supervisors assigned to the AP1000 design have performed similar 
design work or service work on other nuclear power plants. Through this experience, they have 
acquired knowledge of the radiation protection aspects which are applied to AP1000. Nuclear 
plant operating experience is incorporated through Nuclear Regulatory Commission (NRC) 
inspection and enforcement bulletins, information notices, and other documents. Independent 
reviews are conducted by the Electric Power Research Institute (EPRI) and Utility Steering 
Committee and its subcommittees. Knowledge of radiation protection and ALARA is applied to 
AP1000 design. This allows integration of experience and ALARA considerations from plant 
operators and plant designers and promotes incorporation of recent operating and service 
experience and lessons learned. 

12.1.1.2 Operation Policies 

The activities conducted by management personnel who have plant operational responsibility for 
radiation protection are addressed in subsection 12.1.3. 

12.1.1.3 Compliance with 10 CFR 20 and Regulatory Guides 1.8, 8.8, and 8.10 

Compliance of the design with 10 CFR 20 is confirmed by compliance of the design and operation 
of the facility within the guidelines of Regulatory Guides 1.8, 8.8, and 8.10. Compliance with 
Regulatory Guides 1.8, 8.8, and 8.10 is addressed as discussed in subsection 12.1.3. 
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The design of AP1000 meets the guidelines of Regulatory Guide 8.8, Sections C.2 and C.4, which 
address facility, equipment and instrumentation design features. Features of the plant that are 
examples of compliance with Regulatory Guide 8.8 are delineated in Section 12.3. 

12.1.2 Design Considerations 

Provisions and designs for maintaining personnel exposures ALARA are presented in the 
following paragraphs. The basic management philosophy guiding the AP1000 design effort so that 
radiation exposures are ALARA can be expressed as: 

• Design structures, systems and components for reliability and maintainability, thereby 
effectively reducing the maintenance requirements on radioactive components. 

• Design structures, systems and components to reduce the radiation fields, thereby allowing 
operation, maintenance and inspection activities to be performed in the minimum design 
radiation field. 

• Design structures, systems and components to reduce access, repair and removal times, 
thereby effectively reducing the time spent in radiation fields during operation, maintenance, 
and inspection. 

• Design structures, systems and components to accommodate remote and semi-remote 
operation, maintenance and inspection, thereby effectively reducing the time spent in 
radiation fields. 

12.1.2.1 General Design Considerations for ALARA Exposures 

General design considerations and methods to maintain in-plant radiation exposures ALARA 
consistent with the recommendations of Regulatory Guide 8.8 have two objectives: 

• Minimizing the necessity for access to and personnel time spent in radiation areas 

• Minimizing radiation levels in routinely occupied plant areas in the vicinity of plant 
equipment expected to require personnel attention 

Equipment and facility layouts and designs are considered for maintaining exposures ALARA 
during plant operations, including: 

• Normal operation 
• Maintenance and repairs 
• Refueling operations and fuel storage 
• Inservice inspection and calibrations 
• Radioactive waste handling and disposal 
• Other anticipated operational occurrences  
• Decommissioning 
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The actual design features are described in Section 12.3. Examples of features that assist in 
maintaining exposures ALARA include: 

• Provision of features to allow maintenance of state-of-the-art reactor coolant chemistry 
conditions, such that corrosion and consequential source terms are minimized:  these include 
pH control capability sufficient to meet current and evolving industry standards and the 
ability to add zinc to the primary coolant 

• Provision of features to allow draining, flushing, and decontaminating equipment and piping  

• Design of equipment to minimize the creation and buildup of radioactive material and to ease 
flushing of crud traps 

• Provision of shielding for personnel protection during maintenance or repairs and during 
decommissioning 

• Provision of means and adequate space for the use of movable shielding 

• Separation of more highly radioactive equipment from less radioactive equipment and 
provision of separate shielded compartments for adjacent items of radioactive equipment 

• Provision of shielded access hatches for installation and removal of plant components 

• Provision of design features, such as the chemical and volume control system, to minimize 
crud buildup 

• Provision for means and adequate space for the use of remote and robotic maintenance and 
inspection equipment 

• Simplifying the plant design compared to previous pressurized water reactors with design 
approaches such as: 

– Elimination of boron recycle 
– Elimination of evaporators 
– Use of an extended fuel cycle  
– Reduction in components containing radioactive fluids 
– Clearly and deliberately separating clean areas from potentially radioactive ones 

12.1.2.2 Equipment General Design Considerations for ALARA 

Equipment design considerations to minimize the necessity for, and amount of, time spent in a 
radiation area generally include: 

• Reliability, durability, constructibility, and design features of equipment, components, and 
materials to reduce or eliminate the need for repair or preventive maintenance.  
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• Servicing convenience for anticipated maintenance or potential repair, including ease of 
disassembly and modularization of components for replacement or removal to a lower 
radiation area for repair (For example, the passive residual heat removal heat exchanger is 
designed with extra tubes to allow for plugging of some tubes. Heat exchangers have drains 
to allow draining of the shell side water.) 

• Provisions, where practicable, to remotely or mechanically operate, repair, service, monitor, 
or inspect equipment.  

• Redundancy of equipment or components to reduce the need for immediate repair when 
radiation levels may be high and when there is no feasible method available to reduce 
radiation levels. 

• Provisions for equipment to be operated from, and have its instrumentation and control in, 
accessible areas both during normal and abnormal operating conditions. 

• Provisions for remote operation, draining and flushing of systems such as the chemical and 
volume control system. 

• Past experience and lessons learned from servicing currently operating nuclear power plants. 

Equipment design considerations directed toward minimizing radiation levels near equipment or 
components requiring personnel attention include: 

• Selection of materials that minimize the creation of radioactive contamination.  

• Provision of equipment and piping designs that minimize the accumulation of radioactive 
materials (for example, the use of seamless piping and minimizing the number of fittings 
reduces radiation accumulation at the seams and welds). 

• Provisions for draining, flushing, or if necessary, remote cleaning or decontamination of 
equipment containing radioactive materials. 

• Provision in the design for limiting leaks or controlling the fluid that does leak. This includes 
the use of high quality valves and valve packings, and the direction of leakage via drip pans 
and piping to sumps and floor drains. 

• Provisions for isolating equipment from radioactive process fluids. 

• Provisions for the chemical and volume control system; the spent fuel pit cleanup system; 
and the liquid radwaste cleanup system to limit radioactive isotope levels in the process 
water. 
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12.1.2.3 Facility Layout General Design Considerations for ALARA 

Facility design considerations to minimize the amount of personnel time spent in a radiation area 
include the following: 

• Locating equipment, instruments, and sampling stations that require routine maintenance, 
calibration, operation, or inspection, in a manner that promotes ease of access and minimum 
of required occupancy time in radiation areas 

• Laying out plant areas to allow remote or mechanical operation, service, monitoring, or 
inspection of highly radioactive equipment 

• Providing, where practicable, for transportation of equipment or components requiring 
service to a lower radiation area 

Facility design considerations directed toward minimizing radiation levels in plant access areas 
and in the vicinity of equipment requiring personnel attention generally include the following: 

• Separating radiation sources and occupied areas, where practicable (for example, pipes or 
ducts containing potentially highly radioactive fluids do not pass through occupied areas). 
Redundant components requiring periodic maintenance that are a source of radiation are 
located in separate compartments to allow maintenance of one component while the other 
component is in operation. 

• Providing shielding to separate equipment such as demineralizers and filters from 
nonradioactive equipment to provide unrestricted maintenance on the nonradioactive 
equipment. 

• Providing shielding between radiation sources and access and service areas. 

• Providing labyrinth entrances to radioactive pump, equipment, and valve rooms. Adequate 
space is provided in labyrinth entrances for easy access. Highly radioactive passive 
components with minimal maintenance requirements are located in completely enclosed 
compartments and are provided with access via a shielded hatch or removable blocks. 

• Separating equipment or components in service areas with permanent shielding, where 
appropriate. 

• Providing means and adequate space for using movable shielding for sources within the 
service area, when required. 

• Incorporating, within the plant layout, restrictions and control of access to the various 
radiation zones. Access to a given radiation zone generally does not require passing through a 
higher radiation zone. In the case of an abnormal occurrence or accident, the zone restrictions 
may change due to increased dose rates. Special access controls would be implemented at 
that time as discussed in subsection 12.1.3. 
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• Locating equipment, instruments, and sampling sites in the lowest practicable radiation zone. 

• Providing control panels to permit remote operation of essential instrumentation and controls 
from the lowest radiation zone practicable. 

• Providing means to control contamination or facilitate decontamination of potentially 
contaminated areas. 

• Providing means for decontamination of service areas. 

• Maintaining ventilation air flow patterns from areas of lower radioactivity to areas of higher 
radioactivity. 

• Provide adequate lighting and support services (electrical power, compressed air, 
demineralized water, ventilation, and communications) at workstations. 

12.1.2.4 Equipment and Facility Layout General Design Considerations for 10 CFR 20.1406 

General equipment and facility layout design considerations to prevent the spread of 
contamination and to facilitate eventual decommissioning in accordance with 10 CFR 20.1406 
include the features discussed in the following subsections. 

12.1.2.4.1 Piping 

The use of embedded pipes is minimized to the extent possible, consistent with maintaining 
radiation doses ALARA. 

To the extent possible, radioactive piping is located inside the auxiliary building and the 
containment vessel. This minimizes the potential for leakage to the groundwater from piping or 
fittings. The few exceptions are as follows: 

• Process piping to and from the radwaste building (which can be fully visually inspected from 
the radwaste building pipe trench to the auxiliary building wall). 

• Drain lines from the radwaste building and annex building back to the auxiliary building. 
These lines are not normally water filled, and can also be fully visually inspected from the 
annex or radwaste building pipe trench to the auxiliary building wall. 

• Piping associated with the waste monitor tanks in the radwaste building. These tanks contain 
processed water, and they are located within the curbed radwaste building, which drains to 
the liquid radwaste system. 

 
• Monitored radwaste discharge pipeline as discussed below. 

The monitored radwaste discharge pipeline is engineered to preclude leakage to the environment. 
This pipe is routed from the auxiliary building to the radwaste building (the short section of pipe 
between the two buildings is fully available for visual inspection as noted above) and then out of 
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the radwaste building to the appropriate point for dilution and discharge. The exterior piping 
either incorporates a guard pipe, or is available for visual inspection. No valves, vacuum breakers, 
or other fittings are incorporated outside of buildings. 

12.1.2.4.2 Fuel Pool Design 

The spent fuel pool and connected pools are designed to eliminate unidentified leakage to the 
groundwater as follows: 

• The walls of these pools are constructed using modular construction techniques. This allows 
higher quality than traditional construction. The advanced welding techniques used minimize 
the potential for weld failures during operation, and allow for inspection to verify weld 
quality. 

• The pools walls are made of 1/2-inch stainless steel plate, joined to one another with full 
penetration welds.  

• The thickness of the wall plate and the use of full penetration welds prevents wall or weld 
damage from fuel handling operations, including tool manipulation and storage. 

• The pools are equipped with leak chases at each weld. This leak detection system uses piping 
that is adequately sized to allow testing and to minimize the potential for blockage by 
encrustation of precipitates (boric acid), and facilitates removal of any such blockage. 

• The pool leak detection system will be zoned to allow identification of the area of the pool 
liner which is leaking, even for very small leaks. 

• To the extent possible, these pools are located entirely inside the auxiliary and containment 
building, so that any theoretical leakage from the tanks is into the building rather than having 
the potential for release to the environment. Specifically, for pools other than a portion of the 
fuel transfer canal, the concrete support structure of the pools may be inspected from rooms 
adjacent to or below (i.e., outside) the pool. 

12.1.3 Combined License Information 

Operational considerations of ALARA, as well as operational policies and continued compliance 
with 10 CFR 20 and Regulatory Guides 1.8, 8.8, and 8.10, will be addressed by the Combined 
License applicant. In addition, the Combined License applicant will address operational 
considerations of the Standard Review Plan to the level of detail provided in Regulatory 
Guide 1.70. Regulatory Guides that will be addressed include:  8.2, 8.7, 8.9, 8.13, 8.15, 8.20, 
8.25, 8.26, 8.27, 8.28, 8.29, 8.34, 8.35, 8.36, and 8.38. 


	Chapter 12 TOC


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


