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REVISED 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.:  131-8087  

SRP Section:  11.05 - Process and Effluent Radiological Monitoring Instrumentation 
and Sampling System 

Application Section:  11.5  

Date of RAI Issue:  08/07/2015 

 

Question No. 11.05-1 

11.5 - SRP 11.5.2.2, Description of the PERMSS 

Gaseous PERMSS 

Information contained in DCD section 11.5.2.2 does not include the level of detail SRP section 
11.5 describes for the description for the PERMSS. The description of monitors in DCD section 
11.5.2.2 for the Gaseous PERMSS, and the detectors functions are not completely described in 
Table 11.5-1. There are several instances where a detector will have the function and remark of 
“Alarm (MCR)” but have no clarifying detail to describe these functions in DCD section 11.5.2.2. 
Upon inspection of Tier 1 Section 2.7.6.4 NRC staff observes that there are indications not 
described in Section 11.5 that are seen in Tier 1 Table 2.7.6.4-1. Tier 1 Table 2.7.6.4-1 has a 
column to describe any Display/Alarm at MCR/ or RSR indication. Each detector in this TIER 1 
table has a "Yes" marked for all three indications, however DCD Section 11.5 does not include a 
full description of all indications in either the text or DCD Tables 11.5-1. 

As a result NRC staff request that the applicant provide the following information: 

 Each monitor should contain a description of its functions and safety related 
requirements  in meeting redundancy or independence (where applicable) 

 Each monitor should contain a discussion on radiation detection ranges 

 Each monitor should contain a discussion on the process configuration of the detector 

 Each monitor should contain a discussion on its location 

 Discussions of applicable regulatory guides should be referenced 

 Provide a discussion on the alarms and interlocks established for each detector. 
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 Each monitor should contain information on the sampling stations if applicable, 
especially effluent monitors. 

 Provisions for purging of sample lines and minimizing process and effluent volumes 

 Each monitor should contain a discussion of the safety classification associated with 
the monitor 

 There should be a discussion on the calibration and quality assurance for each 
detector 

Please address these items and provide a markup for the proposed DCD changes. This 
information exchange may require an audit. 

Response – (Rev. 3) 

 Each monitor should contain a description of its functions and safety related 
requirements in meeting redundancy or independence (where applicable) 

Each monitor function will be included in a revised “Function and Remark” column of 
Tier 2 Table 11.5-1. All safety related radiation monitors are classified as Safety Class 3 
conforming to ANSI/ANS-51.1 and Electrical Class A/B/C/D per Class 1E separation 
division as identified in “Class” column of Tier 2 Table 11.5-1.These monitors are 
designed to meet the requirements of redundancy and independence in accordance 
with IEEE603 and IEEE 308 as described in the Tier 2 Section 3.2.3 “Safety Class”. 

Subsection 11.5.2.2.5 will be added to describe the function of each monitor and the 
redundancy of the safety related monitor. 

 Additional Clarification on the RMS with relation to ODCM and REMP 

The radiation monitors and sampling locations are provided to monitor and control the 
performance of SSCs that process, handle, and store radioactive wastes, including 
radioactive gases, ventilation streams, and the liquid effluent stream; to provide 
operating data for the safety of plant personnel; and to ensure the radioactivity releases 
are within the limits stipulated in the applicable regulations, including 10 CFR 20 
Appendix B and 10 CFR 50 Appendix I. The gaseous and liquid effluent monitors also 
provide the continuous monitoring function during effluent discharges, and provide 
alarm, isolation, and/or diversion functions when the release reaches the designated 
setpoints. The provisions of these radiation monitors are based on industry practices 
and are in compliance with the NRC guidance, as stipulated and delineated in DCD 
Subsection 11.5.2.1. 

The APR1400 Standard Plant Design Certification establishes two COL items (COL 
11.5(4) and COL 11.5(9)) for the COL applicant to develop the site-specific ODCM and 
REMP, respectively, following the guidance of NEI 07-09A (Reference 21) and the 
requirements incorporated by reference in the NRC-approved template. The ODCM 
specifies the methodology and parameters used in the determination of the alarm and 
trip setpoints for the gaseous and liquid effluent monitors, in the development of the 
offsite dose calculations, and in the conduct of the REMP. 
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The ODCM contains the integrated requirements of NUREG-1301 for pressurized 
water reactors for the calculation and the dose analysis of the effluent releases based 
on the dispersion factors, meteorology, hydrology and site-specific water bodies 
stipulated in the REMP. 

The methodology and parameters in the ODCM include the sampling and monitoring 
requirements as follows:  

1. Specifications of the types, range, and sensitivity (including the lower detection 
limits and the uncertainty) of the radiation monitors appropriate for the types of 
environmental discharge; 

2. Specifications of the formula and instrument-specific parameters for determination 
of the alarm and trip setpoints, and the associated procedures for the inspection, 
testing and calibration of the corresponding radiation monitors; 

3. Sufficient survey locations, sampling points, and frequency to adequately evaluate 
the status of the gaseous and liquid discharges; 

4. Samples shall be representative of the volume and type of each discharge 
monitored; 

5. Requirements on documentation with sufficient details, accuracy, completeness, 
and clarity of the data for analysis and trending; and 

6. Periodic reporting requirements of the Radioactive Effluent Release Report 
including any unplanned releases, radioactive leaks and spills, etc., as specified in 
NEI 07-09A, Subsection 6.7. 

The dose analysis from the sampling and measurements stipulated in the ODCM is 
used to satisfy the technical objective of the REMP so as to adequately determine if the 
measurable levels of radiation or radioactive materials in the local environment are 
attributable to the plant operation and if the levels of plant-related radiation and 
radioactive materials in the local environment are commensurate with the radioactive 
effluents and the plant design objectives (e.g., as low as reasonably achievable). 

It is noted that the ODCM and REMP may contain common requirements for the 
design, procurement, installation, and operation of the RMS. These two programs, 
when used in an integrated manner, provide the basic principles and implementation 
details for developing and maintaining effluent and environmental monitoring programs 
at nuclear power plants. 

The PCP, in conjunction with site-specific procedures, manages and controls the 
packaging and shipment of solid wastes and the solidification of certain liquid wastes, 
as applicable, both of which result from the treatment and processing of liquid, 
gaseous, and ventilation streams. As such, there is no direct connection between the 
PCP and the ODCM/REMP with respect to the radiation monitoring and sampling of 
gaseous and liquid effluents. However, the monitoring and sampling data on the 
performance of SSCs that process, handle, or store the radioactive wastes, are used to 
characterize some of the solid wastes (in particular, spent charcoal and liquid filters, 
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and spent ion exchange resins) for waste disposal purposes. Since the radiation 
monitors are designed, calibrated, tested, and inspected in accordance with the ODCM, 
an indirect relationship exists between the ODCM and PCP, in which the ODCM 
provides the guidance to facilitate accurate operating data to insure that the processing 
and packaging of solid wastes meets the waste acceptance criteria for shipment and 
disposal. 

Based on this evaluation, KHNP will update the Tier 2 DCD, Subsection 11.5.1.2, Sub-
items l and m to include clarification on the relationship between the RMS, ODCM, and 
REMP. 

 Each monitor should contain a discussion on radiation detection ranges 

The engineering unit(Bq/cc) provided as a radiation range will be changed to μCi/cc 
and the updated detection ranges of each monitors will be provided in the Table 11.5-1.  

In the newly added Subsection 11.5.2.2.5 a pointer is provided to state that the 
measuring range of each monitor is specified in Table 11.5-1. 

 Each monitor should contain a discussion on the process configuration of the detector 

The gaseous PERMS local unit extracts, transports and retains a representative 
sample of the monitored process medium with minimum loss or sample distortion. The 
gaseous sample nozzle assembly and transport system are designed in accordance 
with ANSI/HPS N13.1. Each local unit consists of in-line or off-line samplers, a local 
skid, and a local panel. The local skid contains detector sensors, sample pump or 
blower, and associated piping/tubing and valves. Each sampler is designed to be a 
lead shielded stainless steel chamber of sufficient volume to allow monitoring of the 
minimum detectable concentration of the gaseous isotope. Integral particulate and 
iodine samplers are installed vertically in stainless steel containers to hold filters or 
cartridges for collecting particulate and iodine isotopes. The flow regulating system is 
provided with mass flow sensors on the pump input and a vacuum relief valve on the 
pump suction. The local panel contains local microprocessors, local operator controls 
and displays, and a local audible/visual alarm. Each local unit is designed to have 
stand-alone operation capability. 

 All connections ahead of the sample filter provide a smooth transition between system 
components. Horizontal runs of particulate sample transport tubing to the filter are 
minimized. All bends upstream of the filters have radii designed in accordance with 
ANSI/HPS N13.1. Transport tubing is insulated to prevent thermal shock and 
condensation. For the monitors, which may incur condensation, a moisture separator 
with drain and heat tracing is provided for piping, tubing, and skid equipment to 
maintain the sample path at a temperature above the dew point to prevent 
condensation. 

For purging provision, please refer to discussion below. 

Subsection 11.5.2.2.1 and Figure 11.5-3A will be added to describe the process 
configuration of the gaseous PERMSS.  
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 Each monitor should contain a discussion on its location 

The locations of each monitor are described in Subsection 11.5.2.2 and the physical   
locations are shown in the Figure 11.5-2. 

The gaseous PERMSS monitors listed in Table 11.5-1 have been thoroughly reviewed 
to correct the discrepancies and omissions of the monitor location. 

Figures 11.5-2 will be revised to show the correct location of the radiation detectors 
(RE) and the monitor electronics/displays (RT). In the figures, RE/RT means that the 
detector and electronic/display are installed together adjacent to each other. The 
location of some RE and RT have been changed to the correct location. Subsection 
11.5.2.2.5 will be added to describe that the location of each monitor is shown in 
Figures 11.5-2.  

 Discussions of applicable regulatory guides should be referenced 

The applicable regulatory guides in Section 11.5 are described in Subsection 11.5.6 
“References” as follows: RG 1.97 classification and related requirements are discussed 
and referenced in 11.5.2.1. 

The regulatory guides for the gaseous PERMSS are identical to those for the liquid 
PERMSS. Regulatory guide 1.109, 1.111, 1.113 are added to reference list for 
consistency with the response to RAI 132-8088 Question 11.05-2. 

- Regulatory Guide 1.21, “Measuring, Evaluating, and Reporting Radioactive 
Material in Liquid and Gaseous Effluents and Solid Waste,” U.S. Nuclear 
Regulatory Commission, June 2009 (Reference 5). 

- Regulatory Guide 1.45, “Reactor Coolant Pressure Boundary Leakage Detection 
Systems,” Rev. 1, U.S. Nuclear Regulatory Commission, May 2008 (Reference 7). 

- Regulatory Guide 1.97, “Instrumentation for Light-Water-Cooled Nuclear Power 
Plants to     Assess Plant and Environs Conditions During and Following an 
Accident,” Rev. 4, U.S. Nuclear Regulatory Commission, June 2006 (Reference 8). 

- Regulatory Guide 1.143, “Design Guide for Radioactive Waste Management 
Systems,   Structures, and Components Installed in Light-Water-Cooled Nuclear 
Power Plants,” Rev. 2, U.S. Nuclear Regulatory Commission, November 
2001(Reference 12). 

- Regulatory Guide 1.109, “Calculation of Annual Doses to Man from Routine 
Release of Reactor Effluents for the Purpose of Evaluating Compliance with 10 
Code of Federal Regulations Part 50, Appendix I,” Rev. 1, U.S. Nuclear Regulatory 
Commission, October 1977 (Reference 22). 

- Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and 
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled 
Reactors,” Rev. 1, U.S. Nuclear Regulatory Commission, July 1977(Reference 23). 
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- Regulatory Guide 1.113, “Estimating Aquatic Dispersion of Effluents from 
Accidental and Routine Reactor Releases for the Purpose of Implementing 
Appendix I,” Rev. 1, U.S. Nuclear Regulatory Commission, April 1997(Reference 
24). 

- Regulatory Guide 1.33, “Quality Assurance Program Requirements (Operation),” 
U.S. Nuclear Regulatory Commission, February 1978(Reference 25).  

- Regulatory Guide 4.15, “Quality Assurance for Radiological Monitoring Programs 
(Inception through Normal Operations to License Termination) - Effluent Streams 
and the environment,” Rev. 2, U.S. Nuclear Regulatory Commission, July 
2007(Reference 26).  

- Regulatory Guide 8.8, “Information Relevant to Ensuring that Occupational 
Radiation Exposures at Nuclear Power Stations Will Be as Low as Is Reasonably 
Achievable,” Rev. 3, U.S. Nuclear Regulatory Commission, June 1978 (Reference 
28). 

- Regulatory Guide 8.10, “Operating Philosophy for Maintaining Occupational 
Radiation Exposures as low as Is Reasonably Achievable,” Rev. 1, U.S. Nuclear 
Regulatory Commission, May 1977 (Reference 29). 

- Regulatory Guide 4.21, “Minimization of Contamination and Radioactive Waste 
Generation: Life-Cycle Planning,” U.S. Nuclear Regulatory Commission, June 
2008 (Reference 31). 

 Provide a discussion on the alarms and interlocks established for each detector. 

The updated information of the alarms are provided in the Table 11.5-1. The interlock 
function can be divided into isolation and diversion function. These are tabulated in the 
Table 11.5-1. Two functions for each detector are described in note 4 of the same Table 
as applicable. 

Subsection 11.5.2.2.5 will be added to describe the alarms and interlocks of each 
monitor. 

 Each monitor should contain information on the sampling stations if applicable, 
especially effluent monitors. 

Subsections 11.5.2.2.3, 11.5.2.2.3.1, and 11.5.2.2.3.2 will be added to describe the 
equipment and instrument for the gaseous effluent monitoring and process monitoring. 

 Provisions for purging of sample lines and minimizing process and effluent volumes 

Each local skid has a provision for purging the sample line with the service air for 
gaseous monitors. The pressure regulator and air filter are provided on the inlet line of 
the air purge. For purging the sampler with service air, a two-way solenoid valve is 
installed at the sampler inlet to facilitate background checking. The valve is designed to 
be operable locally from the local unit or remotely from the Operator Interface Unit 
(OIU) keyboard. A local manual purge valve is also provided.  
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Service air used in purging the sample line will be sent through the Air Cleaning Unit 
(ACU) before being discharged to the environment. This minimizes the amount of 
radioactive contaminants. 

Subsection 11.5.2.2.2 will be added to describe the purging of sample lines.  

 Each monitor should contain a discussion of the safety classification associated with 
the Monitor 

The safety classification in accordance with ANSI/ANS-51.1-1983(Reference 32) is 
provided in the “Class” column of Table 11.5-1 and the details of each classification is 
given in note 1 at the end of the table. 

Subsection 11.5.2.2.5 will be added to describe the safety classification of each 
monitor. 

 There should be a discussion on the calibration and quality assurance for each 
detector 

The calibration procedures are developed in accordance with NRC RG 1.33 (Reference 
25) and NRC RG 4.15 (Reference 26) (COL 11.5 (6)) as described in the Subsection 
11.5.1.2 “Design Criteria”. The methodology to determine the calibration methods and 
frequency of the PERMSS and ARMS is provided by the offsite dose calculation 
manual (ODCM) based on plant procedures as described in the Subsection 12.3.4.1.7 
“Calibration Methods and Frequency”. 

The quality assurance (QA) program for the design, installation, procurement, and 
fabrication of PERMSS components conforms to Regulatory Position C.7 of NRC RG 
1.143 (Reference 12) as described in the Subsection 11.5.1.2 “Design Criteria”. 

Post-accident radiation monitors conform to NRC RG 1.97 including equipment 
qualification, quality assurance testing, and calibration as described in the Subsection 
11.5.2.1 “Monitor Design and Configuration”. 

 NRC requested a COL item be added to the DCD that stipulates the applicant provide 
information regarding line loss calculations. 

A COL item is proposed as follows:  The COL applicant is to design the sample nozzle 
location, sample line size, line routing/configuration/length, and monitor location to 
minimize the line loss in accordance with ANSI/HPS N13.1 (COL 11.5 (11)). 

 

Impact on DCD  

DCD Tier 1, Table 2.7.6.4-1 will be revised. 

DCD Tier 2, Table 1.8-2, Subsections 11.5.1.2, 11.5.2.2, 11.5.2.3, 11.5.3, 11.5.4, 11.5.5, 11.5.6 
and Table 11.5-1, Figures 11.5-2E, 11.5-2F, 11.5-2G, 11.5-2H, 11.5-2I, 11.5-2J, 11.5-2K, 11.5-2L, 
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11.5-2M, 11.5-2O, 11.5-2P, 11.5-2Q, 11.5-2U, 11.5-2V, 11.5-2W, 11.5-2Z, and 11.5-2BB will be 
revised.  

Since the markup of Figures 11.5-2K, 11.5-2L, 11.5-2M, 11.5-2O, 11.5-2U, and 11.5-2BB have 
already been submitted in the response to RAI 376-8496 Question 12.03-49, the markups for 
these figures are not attached to this response. 

Figure 11.5-3A will be added.  

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

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

 
 



APR1400 DCD TIER 2 

1.8-24 

Table 1.8-2 (20 of 29) 

Item No. Description 

COL 11.5(4) The COL applicant is to prepare an ODCM that contains a description of the methodology 
and parameters for calculation of the offsite doses for the gaseous and liquid effluents.  The 
COL applicant is to follow NEI 07-09A as an alternative to providing an offsite dose 
calculation manual. 

COL 11.5(5) The COL applicant is to provide analytical procedures and sensitivity for selected 
radioanalytical methods and types of sampling media for site-specific matter. 

COL 11.5(6) The COL applicant is to develop the calibration procedures in accordance with NRC RG 
1.33 and 4.15. 

COL 11.5(7) The COL applicant is to develop detailed location and tubing installation and provide the 
sampling method including the sampling time to acquire representative sampling. 

COL 11.5(8) The COL applicant is to provide operational procedures and maintenance programs related 
to leak detection and contamination control. 

COL 11.5(9) The COL applicant is to develop a radiological and environmental monitoring program, 
taking into consideration local land use and census data in identifying all potential radiation 
exposure pathways.  The COL applicant is to follow NEI 07-09A as an alternative to 
providing a radiological and environmental monitoring program. 

COL 12.1(1) The COL applicant is to provide the organizational structure to effectively implement the 
radiation protection policy, training, and reviews consistent with operational and 
maintenance requirements, while satisfying the applicable regulations and Regulatory 
Guides including NRC RGs 1.33, 1.8, 8.8, and 8.10. 

COL 12.1(2) The COL applicant is to describe the operational radiation protection program to provide 
reasonable assurance that occupational radiation exposures are ALARA. 

COL 12.1(3) The COL applicant is to describe how the plant follows the guidance provided in NRC RGs 
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. 

COL 12.2(1) The COL applicant is to provide any additional contained radiation sources, such as 
instrument calibration radiation sources, that are not identified in Subsection 12.2.1. 

COL 12.3(1) The COL applicant is to provide portable instruments and the associated training and 
procedures in accordance with 10 CFR 50.34(f)(2)(xxvii) and the criteria in Item III.D.3.3 of 
NUREG-0737. 

COL 12.3(2) The COL applicant is to determine the WARN and ALARM setpoints of the ARMS based 
on the site-specific conditions and operational requirements 
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Item No. Description 
COL 11.5(4) The COL applicant is to prepare an offsite dose calculation manual 

(ODCM) that contains a description of the methodology and parameters for 
the calculation of the offsite doses for the gaseous and liquid effluents. 

COL 11.5(5) The COL applicant is to provide analytical procedures and sensitivity for 
selected radio-analytical methods and types of sampling media for site-
specific applications 

COL 11.5(6) The COL applicant is also to develop operational procedures in accordance 
with NRC RG 1.33 (Reference 25) and NRC RG 4.15 (Reference 26) 

COL 11.5(7) The COL applicant is to develop detailed locations, tubing installations, and 
provide the sampling method including the sampling frequency and time to 
acquire representative sampling 

COL 11.5(8) The COL applicant is to provide operational procedures and maintenance 
programs related 
to leak detection and contamination control. 

COL 11.5(9) The COL applicant is to develop a radiological and environmental 
monitoring program (REMP) in accordance with NUREG-1301 and 
NUREG-0133, and NRC RG 4.1, Rev. 2, (Reference 42) which describes 
the scope of the program, taking into account local and land use census data 
in identifying all potential radiation exposure pathways, associated 
radioactive materials present in liquid and gaseous effluent, and direct 
external radiation from SSCs 

COL 11.5 (10) The COL applicant is to determine the monitor type, safety class, measuring 
range, and installed location of the RE-165 and RE-166. 

C

RAI 131-8087 - Question 11.05-1_Rev.2
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COL 11.5 (11) The COL applicant is to design the sample nozzle location, sample line size, line 
routing/ configuration/ length, and monitor location to minimize the line loss in 
accordance with ANSI/HPS N13.1. 
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l. The COL applicant is to prepare an offsite dose calculation manual (ODCM) that 
contains a description of the methodology and parameters for calculation of the 
offsite doses for the gaseous and liquid effluents (COL 11.5 (5)).  NEI 07-09A 
(Reference 21) is an alternative and provides a radiological and environmental 
monitoring program.  The ODCM is to be in accordance with NRC RGs 1.109 
(Reference 22), 1.111 (Reference 23), and 1.113 (Reference 24).  The COL 
applicant is to provide analytical procedures and sensitivity for selected radio-
analytical methods and type of sampling media for site-specific matter (COL 11.5 
(5)).  

m. The COL applicant is to develop a radiological and environmental monitoring 
program in accordance with NUREG-1301 and also NUREG-0133, which 
describes the scope of the program, taking into account local and land use census 
data in identifying all potential radiation exposure pathways, associated 
radioactive materials present in liquid and gaseous effluent, and direct external 
radiation from SSC.  The COL applicant is also to develop calibration procedures 
in accordance with NRC RG 1.33 (Reference 25) and NRC RG 4.15 (Reference 
26) (COL 11.5 (6)).  The COL applicant is to develop detailed location and 
tubing installation and provide the sampling method including the sampling time 
to acquire representative sampling (COL 11.5 (7)). 

The RMS monitors normal and potential paths for release of radioactive materials to 
provide continuous indication and recording of radioactivity levels of the gaseous and 
liquid waste leaving the plant. 

Continuous representative sampling is provided for airborne particulate and iodine 
radioactivity in discharge paths.  The gaseous PERMSS is designed in accordance with 
ANSI/HPS N13.1 (Reference 27).  The RMS also initiates control actions as shown in 
Tables 11.5-1 and 11.5-2 to control or reduce continuous effluent releases or to terminate 
releases. 

The RMS is installed in the HVAC systems to monitor the airborne radioactivity resulting 
from system malfunction or misoperation, or from maintenance activities that could cause 
radioactivity to reach unacceptable levels.  Portable airborne radiation monitors are 
available for use in areas where work activities or surveillance poses an unacceptable risk 
to plant personnel of exposure to airborne radioactive material. 

APR1400 DCD TIER 2 
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l. The COL applicant is to prepare an offsite dose calculation manual (ODCM) that 
contains a description of the methodology and parameters for the calculation of the 
offsite doses for the gaseous and liquid effluents (COL 11.5 (4)). The ODCM is to be 
prepared in accordance with NRC RGs 1.109 (Reference 22), 1.111 (Reference 23), and 
1.113 (Reference 24). The COL applicant is to provide analytical procedures and 
sensitivity for selected radio-analytical methods and types of sampling media for site-
specific applications. Alternatively, the COL applicant may follow the guidance of NEI 
07-09A (Reference 21) and provide the methodology and the parameters in the ODCM 
as follows: 

1. Actual specifications of the types, range, and sensitivity (including the lower 
detection limits and the uncertainty) of the radiation monitors appropriate for the 
types of environmental discharge; 

2. Specifications of the formula and instrument-specific parameters for determination 
of the alarm and trip setpoints, and the associated procedures for the inspection, 
testing and calibration of the corresponding radiation monitors; 

3. Sufficient monitoring locations, sampling points, and frequency to adequately 
evaluate the status of the gaseous and liquid discharges; 

4. Procedures to insure that the samples shall be representative of the volume and type 
of each discharge monitored; 

5. Requirements on documentation with sufficient details, accuracy, completeness, 
and clarity of the data for analysis and trending; and 

6. Periodic reporting requirements of the Radioactive Effluent Release Report 
including any unplanned releases, radioactive leaks and spills, etc., as specified in 
NEI 07-09A, Subsection 6.7. 

The COL applicant is also to develop operational procedures in accordance with NRC 
RG 1.33 (Reference 25) and NRC RG 4.15 (Reference 26) (COL 11.5 (6)), to assure 
that the quality of the radiation monitoring and measurement meets the requirements 
stipulated in item 2 above.  

The methodology and parameters are used to facilitate the preparation of dose analysis 
from the sampling and radiation measurement data stipulated in the ODCM to satisfy 
the technical objectives of the 

REMP) (subitem m below) so as to adequately determine if the measurable levels of 
radiation or radioactive materials in the local environment are attributable to the plant 
operation and if the levels of plant-related radiation and radioactive materials in the 
local environment are commensurate with the radioactive effluents and the plant design 
objectives (e.g., as low as reasonably achievable.) 

RAI 131-8087 - Question 11.05-1_Rev.2
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m. The COL applicant is to develop a radiological and environmental monitoring program 
(REMP) in accordance with NUREG-1301 and NUREG-0133, and NRC RG 4.1, Rev.2, 
(Reference 42) which describes the scope of the program, taking into account local and 
land use census data in identifying all potential radiation exposure pathways, associated 
radioactive materials present in liquid and gaseous effluent, and direct external radiation 
from SSCs (COL 11.5(9)). The COL applicant is to develop detailed locations, tubing 
installations, and provide the sampling method including the sampling frequency and 
time to acquire representative sampling (COL 11.5 (7)). 

n. The quality assurance (QA) program for the design, installation, procurement, and 
fabrication of PERMSS components conforms with Regulatory Position C.7 of NRC RG 
1.143 (Reference 12). 
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The RMS has provisions at the monitor/sampler skid for maintenance and repair.  The 
RMS subcomponents are designed to be quickly and easily dismantled for corrective or 
routine maintenance such as cleaning. The sample chamber is designed so that a cleaning 
solution may be introduced into it and be drained. 

Safety-related monitors are powered from a Class 1E 120 Vac distribution panel in the 
instrument power system.  Information on instrumentation and control power is provided 
in Subsection 8.3.2. 

11.5.2.2 Gaseous PERMSS 

In accordance with ANSI/HPS N13.1, sample tubing for gaseous monitors is installed and 
routed to minimize interference with sample integrity.   

The following paragraphs contain descriptions of the monitors in the gaseous process and 
effluent radiation monitoring system.  Each monitor is listed along with associated 
parameters (also see Table 11.5-1). 

a. High-energy line break area HVAC effluent monitors (RE-006, 007) 

A monitor at the exhaust air cleaning unit (ACU) inlet in the auxiliary building 
detects particulate, iodine and noble gas activities, and the other monitor at the 
outlet of the exhaust ACU has a particulate and iodine sampler. 

b. Auxiliary building controlled area I, II HVAC normal/emergency exhaust ACU 
inlet effluent monitors (RE-013, 014, 017, and 018) 

Four monitors with particulate, gas, and iodine channels are provided to monitor 
HVAC effluent from the auxiliary building. 

c. Auxiliary building controlled area HVAC normal/emergency exhaust effluent 
monitors (RE-015, 016, 019, and 020) 

Four samplers for particulate and iodine are provided to monitor HVAC effluent 
from the auxiliary building controlled area HVAC filter discharge. 

Replaced with "A" on next page
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d. Containment purge effluent monitor (RE-037) 

A monitor with air particulate, gas, and iodine channels is provided to monitor 
containment purge effluent. 

e. Containment air monitors (RE-039A and 040B) 

Two monitors with air particulate, gas, and iodine channels are provided to 
monitor the radiation level in the containment.  The wet parts of the detectors 
maintain pressure boundary integrity during normal conditions.  The containment 
air monitors continuously measure, indicate, and record the radioactivity of 
particulate, iodine, and noble gas in a sample of air extracted from the containment.  
The sample lines of these offline monitors are provided with heat tracing to 
prevent dew condensation and are purged before sampling to provide reasonable 
assurance that samples are representative.  The purge gas is routed back to the 
containment atmosphere. 

f. Fuel handling area HVAC effluent monitor (RE-043) 

A monitor with air particulate, gas, and iodine channels is provided to monitor the 
fuel handling area HVAC effluent. 

g. Condenser vacuum pump vent effluent monitor (RE-063) 

A monitor with a gas channel, air particulate, and iodine sampler is provided to 
monitor the condenser vacuum system effluent. 

h. MCR air intake monitors (RE-071A, 072B, 073B, and 074B) 

Two monitors per division (a total of four monitors) are provided with gas 
channels to monitor each of the intakes.  The monitors are interlocked with the 
makeup air cleaning unit and MCR air intake dampers.  On a high-radiation 
emergency signal, the outside air intake damper, which is open for normal 
operation, automatically closes and the air is routed through the makeup air-
cleaning unit.  The channels used for monitoring are Class 1E. 
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i. Gaseous radwaste system exhaust monitor (RE-080) 

A monitor with gas channels is provided to monitor the radiation level of gaseous 
radwaste system exhaust to the compound building vent stack. 

j. Compound building HVAC effluent monitor (RE-082) 

One monitor with air particulate and iodine sampler is provided to monitor 
compound building HVAC effluent. 

k. Compound building exhaust ACU inlet monitor (RE-083) 

A monitor with air particulate, iodine, and gas channels is provided to monitor the 
compound building plant area. 

l. Compound building hot machine shop monitor (RE-084) 

One monitor with air particulate, iodine, and gas channels is provided to monitor 
the compound building hot machine shop. 

m. Main steam line area and N-16 radiation monitors (RE-217, 218, 219, and 220) 

These monitors are located near the main steam safety valves and main steam 
atmospheric dump valves.  Alarms are provided in the MCR to alert the operator 
when these monitors detect the PTS leakage due to a steam generator leakage.  
The method of detecting the SG leak rate is described in Appendix 11B. 

The RMS for the release point in the high-energy line break (HELB) area, auxiliary 
building, and compound building is described in Subsection 9.4. 

11.5.2.3 Liquid PERMSS 

Each liquid process and effluent monitor is described in the following paragraphs.  A list 
of each monitor and associated parameters is given in Table 11.5-2. 
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11.5.2.2  Gaseous PERMSS 

11.5.2.2.1 Process configuration 

The gaseous PERMSS local unit extracts, transports and retains a representative sample of the 
monitored process medium with minimum loss or sample distortion. The gaseous sample nozzle 
assembly and transport system are designed in accordance with ANSI/HPS N13.1. Each local 
unit consists of in-line or off-line samplers, a local skid, and a local panel. The local skid 
contains detector sensors, sample pump or blower, and associated piping/tubing and valves. Each 
sampler is designed to be a lead shielded stainless steel chamber of sufficient volume to allow 
monitoring of the minimum detectable concentration of the gaseous isotope. Integral particulate 
and iodine samplers are installed vertically in stainless steel containers to hold filters or 
cartridges for collecting particulate and iodine isotopes. The flow regulating system is provided 
with mass flow sensors on the pump input and a vacuum relief valve on the pump suction. The 
local panel contains local microprocessors, local operator controls and displays, and a local 
audible/visual alarm. Each local unit is designed to have stand-alone operation capability. 

All connections ahead of the sample filter provide a smooth transition between system 
components. Horizontal runs of particulate sample transport tubing to the filter are minimized. 
All bends upstream of the filters have radii designed in accordance with ANSI/HPS N13.1. 
Transport tubing is insulated to prevent thermal shock and condensation. 

For the monitors, which may incur condensation, a moisture separator with drain and heat tracing 
is provided for piping, tubing, and skid equipment to maintain the sample path at a temperature 
above the dew point to prevent condensation. 

Generic process configuration for the gaseous PERMSS is shown in Figure 11.5-3A. 

11.5.2.2.2 Purging of sample lines 

Each local skid has a provision for purging the sample line with the service air for gaseous 
monitors. The pressure regulator and air filter are provided on the inlet line of the air purge. For 
purging the sampler with service air, a two-way solenoid valve is installed at the sampler inlet to 
facilitate background checking. The valve is designed to be operable locally from the local unit 
or remotely from the Operator Interface Unit (OIU) keyboard. A local manual purge valve is also 
provided.  

Service air used in purging the sample line will be sent through the Air Cleaning Unit (ACU) 
before being discharged to the environment. This minimizes the amount of radioactive 
contaminants. 

  

A 
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11.5.2.2.3 Monitoring of gaseous effluent discharge and process stream 

In accordance with ANSI/HPS N13.1, sample tubing for gaseous monitors is installed and routed 
to minimize interference with sample integrity. The sample lines for gaseous PERMSS are 
sloped down toward the monitor skid, and the use of sample line fittings such as unions, elbows, 
and tees are avoided to the extent practical. Design details are provided belows. 

11.5.2.2.3.1  Effluent Monitoring 

Effluent monitoring instruments are provided for monitoring the containment atmosphere, spaces 
containing components for recirculation of loss-of-coolant accident (LOCA) fluids, effluent 
discharge paths, and the plant environs for radioactivity that may be released from normal 
operations, including AOOs and from postulated accidents, as shown in Tables 11.5-1 and 11.5-2. 

Periodic sampling is performed to supplement the function of the process and effluent radiation 
monitors. The sampling programs conform with NRC RG 1.21 and the sampling requirements 
defined in the Technical Specifications. 

Special provisions are made for post-accident sampling of effluent pathways in accordance with 
the guidelines of NUREG-0737, 10 CFR 50, Appendix I, and NRC RG 1.97. Subsection 9.3.2 
describes additional post-accident sampling details. 

Sampling locations conform with NRC RG 1.21 and NUREG-0800. Post-accident sampling 
points and equipment conform with NUREG-0737 and NRC RG 1.97. 

The containment atmosphere and the vapor space of the liquid radioactive waste tanks are 
sampled prior to release to the environment. An analysis is performed to determine constituent 
radionuclides in the liquid radioactive waste tanks, to set the proper release rates and isolation 
setpoints in accordance with 10 CFR 20 limits. The containment purge isolation setpoint is 
determined so that there is reasonable assurance that 10 CFR 20 limits will be met. 

Sampling equipment is designed to prevent the spread of contaminants and radiation exposure to 
operating personnel while taking grab samples and to include provisions for a rapid change-out 
of filter elements to limit possible radiation exposure to operating personnel. Sampling 
equipment is modularized to the maximum extent possible for quick component change-out and 
calibration. 

Compliance to design requirements for the ALARA provisions of NRC RG 8.8 and 8.10 provide 
reasonable assurance of conformance with the occupational dose limits of 10 CFR 20.1201, 10 
CFR 20.1202, and the occupational limits (ALI and DAC) in Table 1 of Appendix B to 10 CFR 
20. Sufficient shielding is provided to all equipment of the PERMSS, and any equipment that 
requires frequent maintenance, inspections, testing, and calibration is designed so that radiation 
exposures to operating and maintenance personnel are maintained ALARA. In addition, 
instrument locations provide sufficient space for easy access, operation, inspections, testing, and 
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maintenance to maintain personnel exposures ALARA. High-radiation alarms and interlock 
signals are provided to operating and maintenance personnel to meet ALARA requirements. 

11.5.2.2.3.2  Process Monitoring 

Process monitoring instruments include the means to control the release of radioactive materials 
to meet the requirements of 10 CFR 50, Appendix A, GDC 60 during normal operation and 
AOOs. Automatic isolation functions are also implemented to conform with 10 CFR 50, 
Appendix A, GDC 60. 

Radiological monitoring instruments for fuel and waste storage are provided to detect conditions 
that may result in the loss of residual heat removal capability and excessive radiation levels and 
to initiate appropriate safety actions. These are to meet the requirements of 10 CFR 50, Appendix 
A, GDC 63. 

11.5.2.2.4 Calibration 

Calibration procedure is described in Subsection 11.5.1.2.l. 

11.5.2.2.5 Gaseous PERMSS monitor component description 

Gaseous PERMSS are classifies as non-safety-related except Containment air monitors and 
MCR air intake monitors, which are Safety Class 3. Setpoints for safety-related monitors are 
described in Subsections 12.3.4.1.6.  

Table 11.5-1 lists the measuring range, safety class, seismic category, quality class, electrical 
class, and other associated design information for each monitor.  

a. High-energy line break area effluent monitors (RE-006 and 007) 

The sample line inlet of RE-006 is located at High-energy line break area HVAC effluent. 
The monitor has particulate and iodine sampler and sends the radiation signal to RMS 
computer to analyze the radiation data. There is no indication, alarm, and automatic 
actuation generated from RE-006.  

The sample line inlet of RE-007 is located at High-energy line break area exhaust ACU 
inlet. The monitor is used to detect particulate, iodine, and noble gas activities. The 
monitor has measuring range specified in Table 11.5-1 and provides indication and alarm 
to the MCR, RSR, and local RMS skid. There is no automatic action initiated by RE-007. 

These monitors are located in Auxiliary Building as shown in Figure 11.5-2E. 
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b. Auxiliary Building controlled area I, II HVAC normal/emergency exhaust ACU inlet 
monitors (RE-013, 014, 017, and 018) 

The sample line inlet of RE-013 is located at Auxiliary Building controlled area I HVAC 
normal exhaust ACU inlet. The monitor is used to detect particulate, iodine, and noble 
gas activities. The monitor has measuring range specified in Table 11.5-1 and provides 
indication and alarm to the MCR, RSR, and local RMS skid. There is no automatic action 
initiated by RE-013. The monitor is located in Auxiliary building as shown in Figure 
11.5-2F. 

The sample line inlet of RE-014 is located at Auxiliary building controlled area II HVAC 
normal exhaust ACU inlet. The monitor is used to detect particulate, iodine, and noble 
gas activities. The monitor has measuring range specified in Table 11.5-1 and provides 
indication and alarm to the MCR, RSR, and local RMS skid. There is no automatic action 
initiated by RE-014. The monitor is located in Auxiliary Building as shown in Figure 
11.5-2G. 

The sample line inlet of RE-017 is located at Auxiliary building controlled area I HVAC 
emergency exhaust ACU inlet. The monitor is used to detect particulate, iodine, and noble 
gas activities. The monitor has measuring range specified in Table 11.5-1 and provides 
indication and alarm to the MCR, RSR, and local RMS skid. There is no automatic action 
initiated by RE-017. The monitor is located in Auxiliary Building as shown in Figure 
11.5-2H. 

The sample line inlet of RE-018 is located at Auxiliary building controlled area II HVAC 
emergency exhaust ACU inlet. The monitor is used to detect particulate, iodine, and noble 
gas activities. The monitor has measuring range specified in Table 11.5-1 and provides 
indication and alarm to the MCR, RSR, and local RMS skid. There is no automatic action 
initiated by RE-018. The monitor is located in Auxiliary Building as shown in Figure 
11.5-2H. 

These monitors are designed to provide alarm to operator not to exceed the dose limits in 
10 CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

c. Auxiliary building controlled area HVAC normal/emergency exhaust ACU effluent 
monitors (RE-015, 016, 019, and 020) 

The sample line inlet of RE-015 is located at Auxiliary building controlled area I HVAC 
normal exhaust ACU effluent. The sample line inlet of RE-016 is located at Auxiliary 
building controlled area II HVAC normal exhaust ACU effluent. The sample line inlet of 
RE-019 is located at Auxiliary building controlled area I HVAC emergency exhaust ACU 
effluent. The sample line inlet of RE-020 is located at Auxiliary building controlled area 
II HVAC emergency exhaust ACU effluent.  
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These monitors have particulate and iodine sampler and send the radiation signal to RMS 
computer to analyze the radiation data to ensure that the radioactive effluent discharged 
to the environment does not exceed the dose limit given in 10 CFR 50, Appendix I 
ALARA condition and the effluent concentration limit in 10 CFR 20, Appendix B. There 
is no individual separate indication, alarm, and automatic action initiated by these 
monitors other than one combined common alarm generated by the RMS computer to 
alert the operator. When the common alarm is generated, the operator uses the RMS 
computer log to determine the details of the alarm.  

The monitors are located in Auxiliary building as shown in Figure 11.5-2G (RE-015), 
Figure 11.5-2M (RE-016), Figure 11.5-2I (RE-019), and Figure 11.5-2J (RE-020). 

d. Containment purge effluent monitors (RE-037N01 and 037N02) 

These monitors detect particulate, iodine, and noble gas activities from the containment 
before they are released to the environment. The sample lines of these offline monitor is 
provided with heat tracing to prevent condensation and are purged before sampling to 
provide reasonable assurance that samples are representative. The monitors have 
measuring range specified in Table 11.5-1 and provide indication and alarm to the MCR, 
RSR, and local RMS skid. High radiation signal initiated by these monitors stops the high 
volume purge exhaust ACUs or low volume purge exhaust ACU automatically. 

These monitors are designed to provide alarm to operator not to exceed the dose limits in 
10 CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

The monitors are located in Auxiliary building as shown in Figure 11.5-2O. 

e. Containment air monitors (RE-039A and 040B) 

Two monitors with air particulate, gas, and iodine channels are provided to monitor the 
radiation level in the containment. The wet parts of the detectors maintain pressure 
boundary integrity during normal conditions. The containment air monitors continuously 
measure, indicate, alarm, and record the radioactivity of particulate, iodine, and noble gas 
in a sample of air extracted from the containment. The sample lines of these offline 
monitors are provided with heat tracing to prevent condensation and are purged before 
sampling to provide reasonable assurance that samples are representative. In order to 
obtain a representative sample of containment air, the sample line inlet is located on the 
operating level between two reactor containment fan cooler air intakes. The purge gas is 
routed back to the containment atmosphere. 

The monitors have measuring range specified in Table 11.5-1 and provide indication and 
alarm to the MCR, RSR, and local RMS skid. There is no automatic action initiated by 
these monitors. The particulate detector serves as reactor coolant pressure boundary leak 
detection in accordance with NRC RG 1.45.  
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The sample lines connected to these monitor have containment isolation valves. When the 
design bases accident (DBA) occurs, all containment isolation valves are to be closed 
receipt upon the containment isolation actuation signal (CIAS). The monitors are not 
required to detect the reactor coolant pressure boundary leak during and following DBA. 

The monitors transmit the radiation signals to the licensing entity via emergency response 
data system (ERDS) link. 

The monitors are located in Auxiliary building as shown in Figure 11.5-2F. 

f. Fuel handling area HVAC effluent monitor (RE-043) 

The sample line inlet of RE-043 is located at the common duct at the outlet of the fuel 
handling area normal and emergency exhaust ACUs.  

The monitor detects particulate, iodine, and noble gas activities of the fuel handling area 
before it is released to the environment. The sample lines of these offline monitor is 
provided with heat tracing to prevent condensation and are purged before sampling to 
provide reasonable assurance that samples are representative. The monitor has measuring 
range specified in Table 11.5-1 and provides indication and alarm to the MCR, RSR, and 
local RMS skid. High radiation signal initiated by the monitor starts the fuel handling 
area emergency exhaust ACU and isolates the isolation dampers installed upstream of the 
normal supply AHU and downstream of the normal exhaust ACU in the fuel handling 
area.  

The monitor is designed to provide alarm to operator not to exceed the dose limits in 10 
CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

The monitor is located in Auxiliary building as shown in Figure 11.5-2F. 

g. Condenser vacuum pump vent effluent monitor (RE-063) 

The sample line inlet of RE-063 is located at the condenser vacuum pump vent effluent. 
RE-063 has particulate and iodine sampler and detects noble gas activities. The monitor 
sends the radiation signal to RMS computer to analyze the radiation data. The sample 
lines of these offline monitor is provided with heat tracing to prevent condensation and 
are purged before sampling to provide reasonable assurance that samples are 
representative. 

The monitor has measuring range specified in Table 11.5-1 and provides indication and 
alarm to the MCR, RSR, and local RMS skid.  

High radiation signal from the monitor automatically stops the condenser overboard 
pump and diverts condensate flow to the condensate overflow storage sump by the 
modulating condenser overflow valve. The deaerator vent gas diverts from atmosphere to 

RAI 131-8087 - Question 11.05-1_Rev.1
RAI 131-8087 - Question 11.05-1_Rev.2

RAI 131-8087 - Question 11.05-1_Rev. Attachment (15/41)
Non-Security-Related  

Information 



condenser by closing atmosphere valve and opening condenser valve simultaneously. 
Then, the condenser exhaust atmosphere valve closes and the containment isolation valve 
opens simultaneously. Also, the exhausted gases from condenser vacuum pump discharge 
are diverted to the reactor containment building drain sump by the booster fan start 
simultaneously. 

The monitor transmits the radiation signal to the licensing entity via ERDS link. 

The monitor is designed to provide alarm to operator not to exceed the dose limits in 10 
CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

The monitor is located in Turbine Generator Building as shown in Figure 11.5-2Z. 

h. MCR air intake monitors (RE-071A, 072B, 073A, and 074B) 

Two monitors per division (a total of four monitors) are provided with gas channels to 
monitor each of the intakes. The sample line inlet of two monitors are located in the air 
intake duct of each safety division as close to the intake point as practicable. The 
monitors detect noble gas activities.  

The monitor has measuring range specified in Table 11.5-1 and provides indication and 
alarm to the MCR, RSR, and local RMS skid. Upon detection of high radiation, control 
room emergency ventilation actuation signal (CREVAS) is generated. The AHU inlet 
isolation dampers, which are open for normal operation, automatically close and the 
outside air is routed through the control room emergency makeup ACU.  

The monitors are located in Auxiliary Building as shown in Figure 11.5-2P (RE-073A, 
074B) and Figure 11.5-2Q (RE-071A, 072B). 

i. Gaseous radwaste system exhaust monitor (RE-080) 

The sample line inlet of RE-080 is located at waste gas exhaust line in the gaseous 
radwaste system. The monitor detects noble gas activities.  

The monitor has measuring range specified in Table 11.5-1 and provides indication and 
alarm to the MCR, RSR, and local RMS skid. Upon detection of high radiation, the 
waste gas exhaust line in the gaseous radwaste system is isolated with an automatic 
closure of isolation valve.  

The monitor is designed to provide alarm to operator not to exceed the dose limits in 10 
CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

The monitor is located in Compound Building as shown in Figure 11.5-2V. 

j. Compound building HVAC effluent monitor (RE-082) 
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The sample line inlet of RE-082 is located at the compound building HVAC effluent duct. 
The monitor has particulate and iodine sampler and sends the radiation signal to RMS 
computer to analyze the radiation data to ensure that the radioactive effluent discharged 
to the environment does not exceed the dose limit given in 10 CFR 50, Appendix I 
ALARA condition and the effluent concentration limit in 10 CFR 20, Appendix B. There 
is no individual separate indication, alarm, and automatic action initiated by this monitor 
other than one combined common alarm generated by the RMS computer to alert the 
operator. When the common alarm is generated, the operator uses the RMS computer log 
to determine the details of the alarm. 

The monitor is located in Compound Building as shown in Figure 11.5-2W. 

k. Compound building exhaust ACU inlet monitor (RE-083) 

The sample line inlet of RE-083 is located at the compound building exhaust ACU duct 
at the inlet. The monitor detects particulate, iodine, and noble gas activities.  

The monitor has measuring range specified in Table 11.5-1 and provides indication and 
alarm to the MCR, RSR, and local RMS skid. Upon detection of high radiation, the 
gaseous radwaste exhaust line in the gaseous radwaste system is isolated with an 
automatic closure of isolation valve. High radiation also diverts normal ventilation to 
emergency ventilation by starting the carbon adsorber exhaust ACUs and stopping the 
HEPA filter exhaust ACUs automatically.  

The monitor is designed to provide alarm to operator not to exceed the dose limits in 10 
CFR 50, Appendix I and the effluent concentration limits in 10 CFR 20, Appendix B. 

The monitor is located in Compound Building as shown in Figure 11.5-2W. 

l. Compound building hot machine shop monitor (RE-084) 

The sample line inlet of RE-084 is located at the compound building hot machine shop 
ACU outlet duct. The monitor detects particulate, iodine, and noble gas activities.  

The monitor has measuring range specified in Table 11.5-1 and provides indication and 
alarm to the MCR, RSR, and local RMS skid. There is no automatic action initiated by 
the monitor.  

The monitor is located in Compound Building as shown in Figure 11.5-2U. 
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the discharge flow is automatically diverted to the LWMS prior to release to the 
environment, and the high-radiation alarm is provided to the operator.  This 
monitor is also used to detect gross gamma activity at the outlet of the condenser 
pit sumps. 

g. Miscellaneous process liquid monitors (RE-204 and 265) 

Two monitors are provided to continuously monitor the radiation levels of the 
letdown and gas stripper outlets in the CVCS.  Detailed information for these 
monitors is presented in Subsection 9.3.4.5.5. 

h. Essential service water pump discharge header monitors (RE-113 and 114) 

Two monitors for essential service water discharge header are installed.  The 
essential service water is sampled downstream of the component cooling water 
heat exchangers and is continuously monitored by a gamma scintillation detector 
mounted in a shielded liquid sampler.  After passing through the monitor, the 
sample is returned to the essential service water system.  Activity detected above 
background is indicative of a leak into the essential service water system from the 
ultimate heat sink basins or one of the other systems containing radioactive fluids. 

The sample lines for gaseous PERMSS are sloped down toward the monitor skid, and the 
use of sample line fittings such as unions, elbows, and tees are avoided to the extent 
practical.  Setpoints, the calibration method, and the frequency for safety-related monitors 
are described in Subsections 12.3.4.1.6 and 12.3.4.1.1. 

11.5.2.4 Design Features for Minimization of Contamination 

The APR1400 is designed with specific features to meet the requirements of 10 CFR 
20.1406 and Regulatory Guide 4.21.  The basic principles of RG 4.21, and the methods of 
control suggested in the regulations, are specifically delineated in four design objectives 
and two operational objectives described in Subsection 12.4.2 of this DCD.  The following 
evaluation summarizes the primary features to address the design and operational 
objectives for the RMS. 

7
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Site Radiological Environmental Monitoring 

The RMS is designed to provide data for plant operation.  The RMS components do not 
process or generate wastes that can impact contamination of facility and the environment.  
The RMS is designed to provide data for plant operation and the data can be used to 
support the radiological environmental monitoring program.  The program is included as a 
COL information item (COL 11.5 (9)). 

11.5.3 Effluent Monitoring and Sampling 

Effluent monitoring and sampling instruments are provided for monitoring the containment 
atmosphere, spaces containing components for recirculation of loss-of-coolant accident 
(LOCA) fluids, effluent discharge paths, and the plant environs for radioactivity that may 
be released from normal operations, including AOOs and from postulated accidents, as 
shown in Tables 11.5-1 and 11.5-2. 

Periodic sampling is performed to supplement the function of the process and effluent 
radiation monitors.  The sampling programs conform with NRC RG 1.21 and the sampling 
requirements defined in the Technical Specifications. 

Special provisions are made for post-accident sampling of effluent pathways in accordance 
with the guidelines of NUREG-0737, 10 CFR 50, Appendix I, and NRC RG 1.97.  See 
Subsection 9.3.2 for additional post-accident sampling details. 

Sampling locations conform with NRC RG 1.21 and NUREG-0800.  Post-accident 
sampling points and equipment conform with NUREG-0737 and NRC RG 1.97.   

The containment atmosphere and the liquid radioactive waste tanks are sampled prior to 
release to the environment.  An analysis is performed to determine constituent 
radionuclides in the liquid radioactive waste tanks, to set the proper release rates and 
isolation setpoints in accordance with 10 CFR 20 limits.  The containment purge isolation 
setpoint is determined so that there is reasonable assurance that 10 CFR 20 limits will be 
met. 
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Sampling equipment is designed to prevent the spread of contaminants and radiation 
exposure to operating personnel while taking grab samples and to include provisions for a 
rapid change-out of filter elements to limit possible radiation exposure to operating 
personnel.  Sampling equipment is modularized to the maximum extent possible for quick 
component change-out and calibration.   

Design requirements regarding the ALARA provisions of NRC RG 8.8 and 8.10 provide 
reasonable assurance of conformance with the occupational dose limits of 10 CFR 20.1201, 
10 CFR 20.1202, and the occupational limits (ALI and DAC) in Table 1 of Appendix B to 
10 CFR 20.  Sufficient shielding is provided to all equipment of the PERMSS, and any 
equipment that requires frequent maintenance, inspections, testing, and calibration is 
designed so that radiation exposures to operating and maintenance personnel are 
maintained ALARA.  In addition, instrument locations provide sufficient space for easy 
access, operation, inspections, testing, and maintenance to maintain personnel exposures 
ALARA.  High-radiation alarms and interlock signals are provided to operating and 
maintenance personnel to meet ALARA requirements. 

11.5.4 Process Monitoring and Sampling 

Process and effluent monitoring and sampling instruments include the means to control the 
release of radioactive materials to meet the requirements of 10 CFR 50, Appendix A, GDC 
60 during normal operation and AOOs.  Automatic isolation functions are also 
implemented to conform with 10 CFR 50, Appendix A, GDC 60. 

Radiological monitoring and sampling instruments for fuel and waste storage are provided 
to detect conditions that may result in the loss of residual heat removal capability and 
excessive radiation levels and to initiate appropriate safety actions.  These are to meet the 
requirements of 10 CFR 50, Appendix A, GDC 63. 

11.5.5 Combined License Information 

COL 11.5(1) The COL applicant is to determine the WARN and ALARM setpoints of 
the PERMSS based on the site-specific conditions and operational 
requirements. 

RAI 131-8087 - Question 11.05-1_Rev.1
RAI 131-8087 - Question 11.05-1_Rev. Attachment (20/41)

Non-Security-Related  
Information 



APR1400 DCD TIER 2 

11.5-17 

COL 11.5(2) The COL applicant is to develop an annual report that specifies the 
quantity of each principal radionuclide released to unrestricted areas in 
liquid and gaseous effluents. 

COL 11.5(3) The COL applicant is to provide site-specific procedures that conform with 
the numerical guides of 10 CFR 50.34a and 10 CFR 50, Appendix I. 

COL 11.5(4) The COL applicant is to prepare an ODCM that contains a description of 
the methodology and parameters for calculation of the offsite doses for the 
gaseous and liquid effluents.  The COL applicant is to follow NEI 07-09A 
as an alternative to providing an offsite dose calculation manual. 

COL 11.5(5) The COL applicant is to provide analytical procedures and sensitivity for 
selected radioanalytical methods and types of sampling media for 
site-specific matter. 

COL 11.5(6) The COL applicant is to develop the calibration procedures in accordance 
with NRC RG 1.33 and 4.15. 

COL 11.5(7) The COL applicant is to develop detailed location and tubing installation 
and provide the sampling method including the sampling time to acquire 
representative sampling. 

COL 11.5(8) The COL applicant is to provide operational procedures and maintenance 
programs related to leak detection and contamination control. 

COL 11.5(9) The COL applicant is to develop a radiological and environmental 
monitoring program, taking into consideration local land use and census 
data in identifying all potential radiation exposure pathways.  The COL 
applicant is to follow NEI 07-09A as an alternative to providing a 
radiological and environmental monitoring program. 

Rev. 0
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COL 11.5 (10) The COL applicant is to determine the monitor type, safety class, 
measuring range, and installed location of the RE-165.
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COL 11.5(4) The COL applicant is to prepare an offsite dose calculation manual 

(ODCM) that contains a description of the methodology and parameters for 
the calculation of the offsite doses for the gaseous and liquid effluents. 

 
COL 11.5(5) The COL applicant is to provide analytical procedures and sensitivity for 

selected radio-analytical methods and types of sampling media for site -
specific applications. 

 
COL 11.5(6) The COL applicant is also to develop operational procedures in accordance 

with NRC RG 1.33 (Reference 25) and NRC RG 4.15 (Reference 26). 

 
COL 11.5(7) The COL applicant is to develop detailed locations, tubing installations, 

and provide the sampling method including the sampling frequency and 
time to acquire representative sampling. 

 
COL 11.5(8) The COL applicant is to provide operational procedures and maintenance 

programs related to leak detection and contamination control. 
 
COL 11.5(9) The COL applicant is to develop a radiological and environmental 

monitoring program (REMP) in accordance with NUREG-1301 and 
NUREG-0133, and NRC RG 4.1 Rev.2, (Reference 42) which describes 
the scope of the program, taking into account local and land use census 
data in identifying all potential radiation exposure pathways, associated 
radioactive materials present in liquid and gaseous effluent, and direct 
external radiation from SSCs. 

 
COL 11.5(10) The COL applicant is to determine the monitor type, safety class, 

measuring range, and installed location of the RE-165 and RE-166. 
 
COL11.5(11) The COL applicant is to design the sample nozzle location, sample line 

size, line routing/configuration/length, and monitor location to minimize 
the line loss in accordance with ANSI/HPS N13.1. 
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Table 11.5-1 (1 of 3) 

Gaseous Process and Effluent Radiation Monitors 

Location Tag No. 

Class(1) Range (Bq/cc)(2) 

Function 
and Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

High-energy line break 
area HVAC effluent 
(offline) 

RE-006 N III A N Sampler Sampler N/A N/A N/A Analysis 

High-energy line break 
area exhaust ACU inlet 
(offline) 

RE-007 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

Auxiliary building 
controlled area (I, II) 
HVAC normal/emergency 
exhaust ACU inlet 
(offline) 

RE-013 
RE-014 
RE-017 
RE-018 

N II A N 3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

Auxiliary building 
controlled area (I, II) 
HVAC normal/emergency 
exhaust ACU effluent 
(offline) 

RE-015 
RE-016 
RE-019 
RE-020 

N II A N Sampler Sampler N/A N/A N/A Analysis 

Containment purge 
effluent (offline) 

RE-037 N II A N 3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-2 

to 3.7 × 109 
N/A N/A Alarm (MCR), 

containment 
building purge 
stop 

Ci/cc

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-11 to 1.0 x 102

1.0 x 10-6 to 1.0 x 103

1.0 x 10-6 to 1.0 x 105

Display & Alarm at MCR/RSR/Local
Function and Remarks (4)

No/No/No

Yes/Yes/Yes

No/No/No

Yes/Yes/Yes

RAI 131-8087 - Question 11.05-1
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Table 11.5-1 (1 of 3) 

Gaseous Process and Effluent Radiation Monitors 

Location Tag No. 

Class(1) Range (Bq/cc)(2) 

Function 
and Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

High-energy line break 
area HVAC effluent 
(offline) 

RE-006 N III A N Sampler Sampler N/A N/A N/A Analysis 

High-energy line break 
area exhaust ACU inlet 
(offline) 

RE-007 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

Auxiliary building 
controlled area (I, II) 
HVAC normal/emergency 
exhaust ACU inlet 
(offline) 

RE-013 
RE-014 
RE-017 
RE-018 

N II A N 3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

Auxiliary building 
controlled area (I, II) 
HVAC normal/emergency 
exhaust ACU effluent 
(offline) 

RE-015 
RE-016 
RE-019 
RE-020 

N II A N Sampler Sampler N/A N/A N/A Analysis 

Containment purge 
effluent (offline) 

RE-037 N II A N 3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-7 

to 3.7 × 106 
3.7 × 10-2 

to 3.7 × 109 
N/A N/A Alarm (MCR), 

containment 
building purge 
stop 

Ci/cc

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-11 to 1.0 x 102

1.0 x 10-6 to 1.0 x 103

1.0 x 10-6 to 1.0 x 105

Display & Alarm at MCR/RSR/Local
Function and Remarks (4)

No/No/No

Yes/Yes/Yes

No/No/No

Yes/Yes/Yes
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Table 11.5-1 (2 of 3) 

Location Tag No. 

Class(1) Range (Bq/cc)(2) 

Function 
and Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

Containment air (offline) RE-039A 
RE-040B 

3 I Q B 3.7 × 10-5 

to 3.7 × 101 
3.7 × 10-5 

to 3.7 × 101 
3.7 × 10-2 

to 3.7 × 105 
N/A N/A Alarm (MCR), 

leak detection 

Fuel handling area HVAC 
effluent (offline) 

RE-043 N II A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

isolation 
interlock 
diversion 
interlock 

Condenser vacuum pump 
vent effluent (offline) 

RE-063 N III A N Sampler Sampler 3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR), 

diversion 
interlock 
analysis 

MCR air intake (inline) RE-071A 
RE-072B 
RE-073A 
RE-074B 

3 I Q A 
B 
A 
B 

N/A N/A 3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR), 

CREVAS 

Gaseous radwaste system 
exhaust (offline) 

RE-080 N III A N N/A N/A 3.7 × 101 

to 3.7 × 106 
N/A N/A Alarm (MCR) 

isolation 
interlock 

Compound building 
HVAC effluent (offline) 

RE-082 N III A N Sampler Sampler N/A N/A N/A Analysis 

Main steam line RE-217 
RE-218 
RE-219 
RE-220 

N II T N N/A N/A N/A N/A 10-4 ~ 102 
(Note 3) 

Alarm (MCR, 
Local) 

Ci/cc

1.0 x 10-9 to 1.0 x 10-3

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-6 to 1.0 x 101

1.0 x 10-6 to 1.0 x 103

1.0 x 10-6 to 1.0 x 10-1

1.0 x 10-3 to 1.0 x 102

2.7 x 10-9 to 2.7 x 10-3

A 

B

Leak detection 
Primary to secondary 
Yes/Yes/Yes

No/No/No

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Isolation 
interlock

A
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Table 11.5-1 (2 of 3) 

Location Tag No. 

Class(1) Range (Bq/cc)(2) 

Function 
and Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

Containment air (offline) RE-039A 
RE-040B 

3 I Q B 3.7 × 10-5 

to 3.7 × 101 
3.7 × 10-5 

to 3.7 × 101 
3.7 × 10-2 

to 3.7 × 105 
N/A N/A Alarm (MCR), 

leak detection 

Fuel handling area HVAC 
effluent (offline) 

RE-043 N II A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 107 
N/A N/A Alarm (MCR) 

isolation 
interlock 
diversion 
interlock 

Condenser vacuum pump 
vent effluent (offline) 

RE-063 N III A N Sampler Sampler 3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR), 

diversion 
interlock 
analysis 

MCR air intake (inline) RE-071A 
RE-072B 
RE-073A 
RE-074B 

3 I Q A 
B 
A 
B 

N/A N/A 3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR), 

CREVAS 

Gaseous radwaste system 
exhaust (offline) 

RE-080 N III A N N/A N/A 3.7 × 101 

to 3.7 × 106 
N/A N/A Alarm (MCR) 

isolation 
interlock 

Compound building 
HVAC effluent (offline) 

RE-082 N III A N Sampler Sampler N/A N/A N/A Analysis 

Main steam line RE-217 
RE-218 
RE-219 
RE-220 

N II T N N/A N/A N/A N/A 10-4 ~ 102 
(Note 3) 

Alarm (MCR, 
Local) 

Ci/cc

1.0 x 10-9 to 1.0 x 10-3

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-6 to 1.0 x 101

1.0 x 10-6 to 1.0 x 103

1.0 x 10-6 to 1.0 x 10-1

1.0 x 10-3 to 1.0 x 102

2.7 x 10-9 to 2.7 x 10-3

A 

B

Leak detection 
Primary to secondary 
Yes/Yes/Yes

No/No/No

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Yes/Yes/Yes

Isolation 
interlock

A

Delete from the table
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Table 11.5-1 (3 of 3) 

Location Tag No. 

Class(1)  Range (Bq/cc)(2)  

Function and 
Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

Compound building 
exhaust ACU inlet 
(offline) 

RE-083 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 106 
N/A N/A Alarm (MCR), 

isolation 
interlock, 
diversion 
interlock  
from normal to 
emergency 
ventilation  

Compound building hot 
machine shop 

RE-084 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR) 

(1) S = Safety Class per ANSI/ANS 51.1 (Reference 32): 1 = SC-1, 2 = SC-2, 3 = SC-3, N = NNS 
SE = Seismic Category: I, II, III 
E = Electrical Class: A, B, C, D=Class 1E Separation Division, N = Non-Class 1E 
Q  = Quality Class: Q, A, S 

(2) Detector type and calibration nuclide for each measurement: 
Particulate Gross  =  scintillator with Cs-137 
Gas Gross  =  scintillator with Kr-85 
Liquid Gross  =  scintillator with Cs-137 
Iodine  =  scintillator with Ba-133 

(3) Detector type for area radiation monitor is GM tube or ionization chamber. 

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-6 to 1.0 x 102

1.0 x 10-6 to 1.0 x 10-1

Ci/cc

Yes/Yes/Yes

(4) The detector with the isolation function isolates the effluent discharge function when the discharge reaches a preset setpoint 
      value, thus terminating the discharge. The detector with the diversion interlock function diverts the effluent discharge to a safe  
     hold-up storage or further processing for decontamination when a setpoint is reached. Certain detectors could have both 
      isolation and diversion interlock function depending on the application.

Display & Alarm at MCR/RSR/Local
Function and Remarks (4)
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Table 11.5-1 (3 of 3) 

Location Tag No. 

Class(1)  Range (Bq/cc)(2)  

Function and 
Remarks S SE Q E 

Particulate 
Gross  I-131  

Gas 
Gross  

Liquid 
Gross  Area 

Compound building 
exhaust ACU inlet 
(offline) 

RE-083 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 106 
N/A N/A Alarm (MCR), 

isolation 
interlock, 
diversion 
interlock  
from normal to 
emergency 
ventilation  

Compound building hot 
machine shop 

RE-084 N III A N 3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-7 

to 3.7 × 10-1 
3.7 × 10-2 

to 3.7 × 103 
N/A N/A Alarm (MCR) 

(1) S = Safety Class per ANSI/ANS 51.1 (Reference 32): 1 = SC-1, 2 = SC-2, 3 = SC-3, N = NNS 
SE = Seismic Category: I, II, III 
E = Electrical Class: A, B, C, D=Class 1E Separation Division, N = Non-Class 1E 
Q  = Quality Class: Q, A, S 

(2) Detector type and calibration nuclide for each measurement: 
Particulate Gross  =  scintillator with Cs-137 
Gas Gross  =  scintillator with Kr-85 
Liquid Gross  =  scintillator with Cs-137 
Iodine =  scintillator with Ba-133 

(3) Detector type for area radiation monitor is GM tube or ionization chamber. 

1.0 x 10-11 to 1.0 x 10-5

1.0 x 10-6 to 1.0 x 102

1.0 x 10-6 to 1.0 x 10-1

Ci/cc

Yes/Yes/Yes

(4) The detector with the isolation function isolates the effluent discharge function when the discharge reaches a preset setpoint 
      value, thus terminating the discharge. The detector with the diversion interlock function diverts the effluent discharge to a safe  
     hold-up storage or further processing for decontamination when a setpoint is reached. Certain detectors could have both 
      isolation and diversion interlock function depending on the application.

Delete
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11.5-34 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2E  Location of Radiation Monitors at Plant (Auxiliary Building El. 78 -0 ) 
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11.5-35 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2F  Location of Radiation Monitors at Plant (Auxiliary Building El. 100 -0 ) 
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Figure 11.5-2G Location of Radiation Monitors at Plant (Auxiliary Building El. 12 -0  

11.5-36 
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11.5-37 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2H  Location of Radiation Monitors at Plant (Auxiliary Building El. 120 -0 ) 

RAI 131-8087 - Question 11.05-1_Rev.3 Attachment (33/41)
Non-Security-Related  

Information 



APR1400 DCD TIER 2 

11.5-38 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2I  Location of Radiation Monitors at Plant (Auxiliary Building El. 120 -0 ) 
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11.5-39 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2J  Location of Radiation Monitors at Plant (Auxiliary Building El. 120 -0 ) 
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11.5-45 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2P  Location of Radiation Monitors at Plant (Auxiliary Building El. 174 -0 ) 

El. 172'-0''
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Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2Q  Location of Radiation Monitors at Plant (Auxiliary Building El. 174 -0 ) 

El. 172'-0''
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11.5-51 

Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2V  Location of Radiation Monitors at Plant (Compound Building El. 120 -0 ) 
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Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2W  Location of Radiation Monitors at Plant (Compound Building El. 139 -6 ) 
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Security-Related Information – Withhold Under 10 CFR 2.390 

Figure 11.5-2Z  Location of Radiation Monitors at Plant (Turbine Generator Building El. 170 -0 ) 
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Notes: 

1. The typical schematic block diagram shows a gaseous off-line monitor with particulate, iodine and 
noble gas detectors. Some monitors could contain only particulate, iodine and/or noble gas detectors, or 
any combination thereof. 

2. Depending on the moisture content of the gaseous sample, the sample line upstream of the detector 
could be provided with heat tracing to prevent increased moisture content in the sample.

3. The detector local skid is typically provided with purge gas (usually service air) to prevent residual 
sample accumulation.
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Figure 11.5-3A Typical Gaseous PIG (Particulate/Iodine/Noble Gas) Monitor 
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