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Robert E. Brown, Request for Additional Information Letter No. 190, 
Related To ESBWR Design Certification Application, dated May 14, 2008 

 
Enclosures: 

 
1. Response to Portion of NRC Request for Additional Information Letter No. 

190, Related to ESBWR Design Certification Application – Radiation 
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Protection – RAI Number 12.7-5 - DCD Markups 
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NRC RAI 12.7-5: 
 
Using the guidance provided in RG 4.21, the applicant should address how they will 
comply with the requirements of 10 CFR 20.1406, both as they apply to Chapter 12, as 
well as how they apply to other sections of the DCD.  (This RAI supersedes the 
previously issued version of RAI 12.7-5) 
This RAI supersedes the previous RAI 12.7-5 sent to GEH by memo dated December 
27, 2007 (ML#073550176).  This RAI also addresses remaining staff concerns with 
GEH’s responses to RAIs 12.7-1, 12.7-2, and 12.7-3 S01.  These RAIs will be closed 
out and their issues tracked by the revised RAI 12.7-5 listed below.  This RAI consists of 
parts A), B), C), and D) as shown below: 
Background 
The staff developed Regulatory Guide 4.21 (issued in draft as DG-4012) in order to 
provide guidance to the industry on how to meet the requirements of 10 CFR 20.1406 
with respect to minimizing, to the extent practicable, contamination of the facility and the 
environment, facilitating eventual decommissioning, and minimizing, to the extent 
practicable, the generation of radioactive waste. 
The following 9 design and operational objectives summarize the objectives contained 
in the Regulatory Position section of RG 4.21.  Appendix A of RG 4.21 contains 
examples of measures that might be taken to address the requirements of 10 CFR 
20.1406. 

1) Minimize leaks and spills and provide containment in areas where such events 
may occur, 

2) Provide for adequate leak detection capability to provide prompt detection of 
leakage for any structure, system, or component which has the potential for 
leakage, 

3) Use leak detection methods (e.g., instrumentation, automated samplers) capable 
of early detection of leaks in areas where it is difficult or impossible to conduct 
regular inspections (such as for spent fuel pools, tanks that are in contact with 
the ground, and buried, embedded, or subterranean piping) to avoid release of 
contamination from undetected leaks and to minimize contamination of the 
environment, 

4) Reduce the need to decontaminate equipment and structures by decreasing the 
probability of any release, reducing any amounts released, and decreasing the 
spread of the contaminant from the source, 

5) Periodically review operational practices to ensure that, operating procedures are 
revised to reflect the installation of new or modified equipment, personnel 
qualification and training are kept current, and facility personnel are following the 
operating procedures, 

6) Facilitate decommissioning by a) maintenance of records relating to facility 
design and construction, facility design changes, site conditions before and after 
construction, onsite waste disposal and contamination and results of radiological 
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surveys, b) minimizing embedded and buried piping, and c) designing the facility 
to facilitate the removal of any equipment and/or components that may require 
removal and/or replacement during facility operation or decommissioning, 

7) Minimize the generation and volume of radioactive waste both during operation 
and during decommissioning (by minimizing the volume of components and 
structures that become contaminated during plant operation) 

8) Develop a conceptual site model (based on site characterization and facility 
design and construction) which will aid in the understanding of the interface with 
environmental systems and the features that will control the movement of 
contamination in the environment, 

9) Evaluate the final site configuration after construction to assist in preventing the 
migration of radio-nuclides offsite via unmonitored pathways, 

The above list contains a mixture of design and operational objectives.  Since Chapter 
12 deals with radiation protection related issues, some of these objectives are partially 
addressed in various sections of Chapter 12 of the DCD.  The subject matter of others 
(e.g., item number 8 on the conceptual site model) dictates that they be addressed in 
detail in other sections of the DCD. 
A) In Section 12.3 of the DCD, provide a general description of how each of the 

objectives will be met.  Some of these objectives can be met by incorporating 
specific design features into the design while others, which are more operational or 
procedural in nature, can be addressed by the addition of COL action items (to be 
implemented by the COL applicant) to the appropriate sections of the DCD.  The 
general description of how each of these objectives will be met should be 
accompanied by a pointer in DCD Section 12.3 pointing the reader to the 
appropriate section of the DCD where each of these objectives will be addressed 
in a more detailed manner. 

B) For each of the listed design objectives (item numbers 1-4, 6b, 6c, and 7), provide 
several examples of ESBWR design features that illustrate how these design 
objectives are met by the ESBWR design.  These examples should be provided in 
the appropriate sections of the DCD (note that the examples listed in Section 12.6 
of the DCD should be relocated to DCD Sections 12.1 or 12.3 and Section 12.6 
deleted). 

COL action items addressing the remaining listed objectives, which are more 
operational or procedural in nature (item numbers 5, 6a, 8, and 9), should be provided 
in the appropriate sections of the DCD, as mentioned in A above (see issue described 
in part D3 below for an example of an operational issue that should be addressed as a 
COL action item). 
C) The information presented in Chapter 12 of DCD Tier 2, Rev. 4 identifies some 

ESBWR general design features that would minimize the contamination of the 
facility and environment and would minimize the generation of radioactive waste.  
However, this information does not address design features that are unique to 
system designs or their locations in the plant warranting more technical details, 
and does not identify issues that should be addressed as COL action items.  For 
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each of the systems listed below (and for any other plant systems which may 
generate radioactive waste or could result in the contamination of non-radioactive 
systems), describe specific design features which are incorporated into the 
ESBWR design to comply with the requirements of 10 CFR 20.1406. 
Nuclear Steam Supply 
Isolation Condenser System 
Fuel Storage and Handling 
Condensate Storage and Transfer System 
Process Sampling System 
Equipment, Floor, Chemical, and Detergent Drain Systems 
Standby Liquid Control System 
Building heating, ventilating and air conditioning systems used to process 
radioactive process and effluent streams 
Turbine Main Steam System 
Other Features of Steam and Power Conversion System 
List these specific design features and/or COL action items in the appropriate 
section of the DCD where the system is described and include a reference to these 
sections in Chapter 12.3 of the DCD. 

D) GEH did not adequately address the following issues in its response to RAI 12.7-3 
S01.  Please provide your response to the following (note that since issue 3 below 
concerns operational rather than design issues, it should be addressed in the 
appropriate section of the DCD as a COL action item): 
1) Describe any design features to detect leakage (large acute or small, long 

term) from the piping in the radwaste tunnels. 
2) Verify that there are no piping runs which contain or could potentially contain 

contaminated fluids that will be buried in the ground and not routed through 
one of the radwaste tunnels. 

3) Add a new COL action item which commits the COL applicant to describe the 
criteria which govern the frequency of performing periodic visual inspections of 
the piping in the radwaste tunnels to check for leaks and of the floor/wall 
expansion joints in the radwaste tunnels to ensure that no spills or leaks on the 
floors enter unmonitored areas beneath the floors and foundations. 

 
GEH Response: 
 
A) ESBWR DCD Tier 2 Subsection 12.3.1.5, “Minimization of Contamination and 

Radioactive Waste Generation” has been created to provide a general description 
of the design and operational objectives taken from the Regulatory Position of 
Regulatory Guide 4.21.  DCD Tier 2, Section 12.6 has been combined with the 
new Subsection 12.3.1.5.  DCD Tier 2 Table 12.3-18 has been added to provide a 
cross-reference to design features for ESBWR systems/structures and associated 
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DCD subsections that address the Regulatory Position described in design 
objectives 1 through 4, 6b, 6c and 7 above.  Table 12.3-18 includes specific design 
features currently described in the DCD and also includes design basis information 
that will be addressed during detailed design. 

B) DCD Tier 2 Table 12.3-18 identifies the DCD chapter and subsections that discuss 
implementation of the design objectives (item numbers 1 through 4, 6b, 6c, and 7 
above) from Regulatory Guide 4.21.  Both generic and specific design objective 
examples are also included in Subsection 12.3.1.5.1.  The systems listed are of 
varied construction, purpose and function, and as such, not all of the above design 
objectives or concepts are represented by a design feature in each identified 
system subsections. 

Regulatory objectives that are operational or procedural in nature (item numbers 5, 
6a, 8, and 9 above) will be addressed by the COL Applicant.  A COL action item 
(12.3.1.5-1-A) has been added in DCD Tier 2 Subsection 12.3.1.5.3. 

C) The systems listed in Part C of this RAI were reviewed for applicability of the 
requirements of 10 CFR 20.1406 based on the design concepts and objectives 
contained in Regulatory Guide 4.21.  Additional systems and structures were also 
reviewed.  The following systems and structures were reviewed for applicability of 
10 CFR 20.1406 requirements: 

Chapter 3 - Design Of Structures, Components, Equipment, And Systems 

• 3.1 Conformance With NRC General Design Criteria (3.1.2, 3.1.6) 

• 3.4 Water Level (Flood) Design (3.4.1) 

• 3.7 Seismic Design (3.7.3) 

•  3.8 Seismic Category 1 Structures (3.8.1, 3.8.4, 3.8.6) 

Chapter 4 – Reactor 

•  4.1 Summary Description (4.1.2) 

•  4.2 Fuel System Design (4.2.1, 4.2.4) 

•  4.6 Functional Design of Reactivity Control System (4.6.2) 
Chapter 5 - Reactor Coolant System and Connected Systems 

•  5.1 Summary Description 

•  5.2 Integrity of Reactor Coolant Pressure Boundary (5.2.1, 5.2.2, 5.2.3, 
5.2.5) 

•  5.3 Reactor Vessel (5.3.1, 5.3.3) 

•  5.4 Component and Subsystem Design (5.4.8, 5.4.9, 5.4.13) 
Chapter 6 – Engineered Safety Features 
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•  6.1 Design Basis Accident Engineered Safety Feature Materials (6.1.2) 

•  6.2 Containment Systems (6.2.3, 6.2.4) 

•  6.5 Atmosphere Cleanup Systems (6.5.2) 
Chapter 9 – Auxiliary System 

•  9.1 Fuel Storage and Handling (9.1.1, 9.1.2, 9.1.3, 9.1.4) 

•  9.2 Water Systems (9.2.1, 9.2.2, 9.2.4, 9.2.6, 9.2.8) 

•  9.3 Process Auxiliaries (9.3.2, 9.3.3) 

•  9.4 Heating, Ventilation, and Air Conditioning (9.4.1, 9.4.2, 9.4.3, 9.4.4, 
9.4.6, 9.4.7, 9.4.8) 

Chapter 10 – Steam and Power Conversion System 

•  10.2 Turbine Generator (10.2.3) 

•  10.3 Turbine Main Steam System (10.3.2) 

•  10.4 Other Features of Steam and Power Conversion System (10.4.1, 
10.4.2, 10.4.3, 10.4.5, 10.4.6, 10.4.7) 

Chapter 11 – Radioactive Waste Management 

•  11.1 Source Terms (11.1.5) 

•  11.2 Liquid Waste Management System (11.2.1, 11.2.2, 11.2.3, 11.2.4) 

•  11.3 Gaseous Waste Management System (11.3.1, 11.3.2, 11.3.7) 

•  11.4 Solid Waste Management System (11.4.1, 11.4.2) 

•  11.5 Process Radiation Monitoring System (11.5.1, 11.5.3, 11.5.6) 
Chapter 12 – Radiation Protection 

•  12.3 Radiation Protection (12.3.1, 12.3.3) 
A review of these structures/systems in the DCD was performed using applicable 
contamination control design measures taken from Appendix A of Regulatory 
Guide 4.21.  The reviews were targeted at either structural/architectural, HVAC, or 
mechanical process contamination control features based on the system or 
structure function.  The design review inquired about individual Appendix A design 
related contamination control measures that may apply to a given system or 
structure. 

Not all of the above systems have significant features, which addressed 10 CFR 
20.1406 requirements.  The Standby Liquid Control, Isolation Condenser, and 
Turbine Generator systems do not have significant contamination during normal 
operations and have little propensity for significant radioactive leakage leading to 
resultant contamination of the facility or environment.  High-energy systems 
associated with the reactor coolant pressure boundary (RCPB) such as Nuclear 
Steam Supply, RWCU/SDC, Main Steam, and Feedwater were judged to be low 
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probability contamination mechanisms in which any leakage would be quickly 
detected.  Leakage in these systems is identified by flow, level, temperature, 
pressure and other parameters monitored by numerous plant systems and action 
would be immediately taken to correct the condition.  For example, the Leakage 
Detection and Isolation System (LD&IS) would also serve to detect any leakage 
near the reactor coolant pressure boundary. 

As a result of the design review process described above, DCD Tier 2 Table 12.3-
18 shows design features in the specified DCD chapters and subsections that 
address the requirements of 10 CFR 20.1406. 

D) Response as follows: 

(1) The specific design features to detect leakage from piping in the Radwaste 
Tunnel will be developed during detailed design.  Generic design features to 
address leakage from the Radwaste Tunnel are included in the new DCD Tier 
2 Subsection 12.3.1.5.1. 

(2) All lines carrying radioactive waste are contained in tunnels.  There are no 
such lines directly buried in the ground.  The possibility of other buried piping 
containing contaminated fluids to be routed outside the Radwaste Tunnel will 
be reviewed during detailed design.  Generic design features addressing 
piping runs that contain contaminated fluids are also discussed in DCD Tier 2 
Subsection 12.3.1.2.4. 

(3) The requirements for the COL applicant to describe the criteria for visual 
inspections of the piping in the Radwaste Tunnel will be address by the COL 
applicant as part of the new DCD Tier 2 subsection 12.3.1.5.3 COL action 
item 12.3.1.5-1-A. 

 
DCD Impact: 
 
DCD Tier 2, Chapter 12 Subsection 12.3.1.5 and Table 12.3-18 will be added and 
Subsection 12.3.6 will be deleted as noted in the attached markups. 
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