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MITSUBISHI HEAVY INDUSTRIES, LTD.
16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN
August 30, 2012
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Attention:

Mr. Jeffrey A. Ciocco
Docket No. 52-021
MHI Ref: UAP-HF-12221

Subject:

MHI's 2nd Amended Response to US-APWR DCD RAI No. 578-4483 Rev. 2
(SRP 12.03-12.04)

References: 1)

2)
3)
4)

"Request for Additional Information No. 578-4483 Revision 2, SRP Section:
12.03-12.04 - Radiation Protection Design Features, Application Section:
12.3," dated April 27, 2010 (ML101170209)
"MHI's Response to US-APWR DCD RAI No. 578-4483 Rev. 2",
UAP-HF-1 0225, dated August 2, 2010 (ML1 02180115)
"MHI's Amended Response to US-APWR DCD RAI No. 578-4483 Rev. 2",
UAP-HF-10232, dated August 9, 2010 (ML102240274)
"United States -Advanced Pressurized Water Reactor Design Certification
Application - Safety Evaluation with Open Items for Chapter 12, 'Radiation
Program"', dated March 21, 2011 (ML110770408).

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "2 nd Amended Response to Request for
Additional Information No.578-4483 Revision 2".
MHI has revised their amended response to Questions 12.03-12.04-37 and 12.03-12.04-38
provided in Reference 3 in order to address NRC concerns identified as Open Items
12.03-12.04-3 and 12.03-12.04-4 in Reference 4. This letter transmits only the revised
response to RAI 578-4483 Questions 12.03-12.04-37 and 12.03-12.04-38; the responses to
the other questions transmitted by Reference 3 are not revised by this letter.
Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of this
submittal. His contact information is provided below.
Sincerely,

Yoshiki Ogata,
Director- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
8/30/2012
US-APWR Design Certification
Mitsubishi Heavy Industries
Docket No. 52-021
RAI NO.:

NO. 578-4483 REVISION 2

SRP SECTION:

12.03-12.04 - Radiation Protection Design Features

APPLICATION SECTION:

12.3

DATE OF RAI ISSUE:

412712010

QUESTION NO.: 12.03-12.04-37
20.1406, ISG-006, RG-4.21
US-APWR DCD RAI 91-1496, Question 12.03-12.04-2 asked the applicant to address compliance
with 10 CFR 20.1406(b), which requires the application to describe how facility design and operation
will minimize contamination of the facility and environment.
The applicant noted in their response that Design Control Document (DCD) Revision 0 was
submitted to NRC, prior to the issuance of RG 4.21, so the design features to address the RG 4.21
specific objectives of minimization of contamination and radioactive waste generation during the
design life of the plant and its subsequent decommissioning, were either expressly described in the
various DCD sections on plant systems, or deferred for further design development with vendor
specifics.
As noted in Interim Staff Guidance DC/COL-ISG-06 "Evaluation and Acceptance Criteria for 10 CFR
20.1406 to Support Design Certification and Combined License Applications" (ISG-6), alternative
methods to RG 4.21 may be acceptable to meet the requirements of 10 CFR 20.1406, provided the
methods are documented fully in the DC or the COL applications, and accepted by the staff. In
Question 12.03-12.04-2 the applicant was asked to describe the DCD design features provided to
minimize contamination and to provide COL Information items in the applicable sections of the DCD
addressing the objectives which are more operational or procedural in nature for the specific
systems. However, since FSAR Tier 2 Revision 2 Chapters 3, 5, 6 and 10 do not mention 20.1406,
and the only reference to 10 CFR 20.1406 in Chapter 9 is to the Spent Fuel Pool leakage detection
system, it is not clear to the staff that the applicant has fully described the design provisions and
program element requirements provided for compliance with 10 CFR 20.1406.
In Question 12.03-12.04-2, the applicant was asked to provide the general description of design
features and program elements provided to comply with 20.1406(b), in Section 12.3 of the DCD
along with a pointer directing the reader to the section of the DCD which specifically addresses the
system. This information would facilitate NRC Staff understanding of how the applicant complied
with 20.1406. However, while the response to question 12.03-12.04-2 provided a summary of how
some specific objectives are met on a system basis, it did not include this information in FSAR.

12.03-12.04-1

Supplemental Question:
Please revise and update the US-APWR FSAR Tier 2 Revision 2, to fully describe how facility
design will minimize, to the extent practicable, contamination of the facility and the environment
compliant with the requirements of 10 CFR 20.1406.
ANSWER:
MHI has revised this response in order to address NRC's concerns identified as part of Open Item
12.03-12.04-3 in the "United States - Advanced Pressurized Water Reactor Design Certification
Application - Safety Evaluation with Open Items for Chapter 12, 'Radiation Program" dated March
21,2011.
The US-APWR design includes design features in conjunction with operational programs to address
the requirements of 10 CFR 20.1406 and RG 4.21 by applying a contaminant management
philosophy to the design of structures, systems, and components (SSC) that have the potential to
contain radioactive materials. The application of the contaminant management philosophy produces
a design that maintains occupational doses ALARA, minimizes environmental contamination, and
facilitates the eventual decommissioning of the facility. The principal design features include one or
more of the approaches listed below.
>
>

>

>

>

Minimize leaks through the proper selection of materials that are compatible with the fluids
they are in contact with, and proper utilization of construction techniques (e.g., butt weld,
floor sloping, etc.) to minimize leakage.
Detect leaks early and initiate alarms for operator actions. As the tanks are located at the
lowest (basemat) elevation, the floor drain and equipment drain piping at this elevation is
double-walled piping embedded in concrete and equipped with leak detection
instrumentation in the hand holes for early leak detection and prevention of unintended
contamination of the facility and the environment. Drainage piping is double-walled stainless
steel piping. Tank cubicles are also equipped with leak detection.
Tanks that contain radioactive fluids are located outside; specifically, the primary makeup
water tanks (PMWTs) and refueling water storage auxiliary tank (RWSAT), are located in a
tank house consisting of a concrete foundations and concrete retaining walls/dikes around
the tanks. The primary purpose of the tank house is to protect the tanks from the elements
(rainfall, snow, direct sun, etc.), thus preventing erroneous actuation of the leakage detection
system. The surface of the tank house foundation is sloped to facilitate drainage to a valve
pit with level instrumentation to provide leak detection to avoid unintended releases of
contamination to the environment. The concrete foundation, walls, and valve pit are coated
with a Service Level 11concrete epoxy coating to facilitate easy decontamination in the event
of contaminated water leakage. The design and construction of the tank foundations and
retaining walls/dikes are designed to comply with federal, state, and local regulations. This
information has been added to DCD Subsection 9.2.6.2.6 to clearly describe how the design
satisfies the applicable guidance in RG 4.21.
For waste minimization, the design provides multiple tanks for waste segregation and for
separate processing, maximizes the use of polished steel equipment surfaces to facilitate
ease of decontamination, and maximizes the recycle and re-use of quality water. As part of
the waste minimization effort, operation shall use only approved and non-hazardous
chemicals to minimize the generation of mixed waste.
To avoid unintended and unmonitored releases, building floors are slightly sloped to facilitate
the collection of drainage for early detection and treatment. In areas where the potential
exists for spreading contamination, retaining walls/dikes are provided to prevent the spread
of contamination and unintentional releases. For seismic category Iand 11structures, thick
reinforced concrete with special porosity-reducing additives, waterproof coatings, and special
sealing of joints and penetrations are used to reduce any unintended releases.
12.03-12.04-2
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For piping that carries contaminated or potentially contaminated fluid outside the buildings,
the design emphasizes containment of leaks, prompt detection of leaks, provisions for
inspections, and mitigation for unintended releases. The piping design consists of singlewalled piping enclosed within pipe chases or coated trenches, or buried double-walled piping.
Specifications for the installation and maintenance of the trench coating are described in
DCD Subsection 9.2.6.2.4 and DCD Table 12.3-8. Inspection manholes with drain collection
basins and liquid level switches are provided for trenches of single-walled piping.
The main trench is designed to be equipped with removable but sealed covers to minimize
the infiltration of precipitation and to provide the capability to maintain, repair and replace
piping and trench segments when required. The trench also has inspection manholes with
drain collection basins and liquid level switches. When fluid is detected, the instrument
initiates an alarm for operator actions which includes inspection, sampling, and analysis to
determine the characteristics and source of the fluid and subsequent extraction of the fluid,
for treatment and disposal. Failure of components located in the auxiliary building will alarm
locally in the radwaste control room and in the MCR. When an operator sees a particular
sensor flashing, the operator reviews the serial display unit to determine the specific alarm
for the radwaste system that triggered the indication in the schematic diagram. If an alarm is
acknowledged, and a new (subsequent) alarm from a different component is generated, the
indications on the MCR panel will still flash for operator action. Again, the operator must
scan a list of alarm messages to determine the meaning of a flashing symbol on the display
unit for further action. The design is supplemented by operational programs which includes
periodic (once every two years) hydrostatic or pressure testing of pipe segments, instrument
calibration, and when required, visual inspection and maintenance of piping, trench
segments, and instrument integrity. The inspection of manholes and leak detection
instruments, and testing of the piping minimize the need to remove the trench covers,
helping to maintain the integrity of the seals. Sections of the covers are removed only when
leakage is detected or when trench repair is needed. For piping between buildings,
penetration sleeves are provided to collect and direct any leakage back into the building floor
drain system for further processing. In the case of sleeve leakage, leakage is collected to
the sump tank via floor drain, and detected by the sump tank water level instrument. For
those situations in which the above containment approaches are not practicable and/or
desirable, COL Item 12.3(l 0) was included in DCD Rev. 3 to provide flexibility for the COL
Applicant to implement designs and/or operational programs to comply with RG 4.21.

A new Subsection 12.3.1.3 "Minimization of Contamination and Radioactive Waste Generation" was
added to DCD Rev. 3 to delineate the design objectives incorporated into the LIS-APWR design, and
included a new Table 12.3-8 "Regulatory Guide 4.21 Design Objectives and Applicable DCD
Subsection Information for Minimizing Contamination and Generation of Radioactive Waste". This
table identifies the system design features implemented to address the specific design requirements,
stipulated in RG 4.21, and provides cross-references to the specific system discussions of these
features within the US-APWR DCD. This table is similar to the table provided in response to
RAI 91-1496, Revision 1 dated January 9, 2009 (UAP-HF-09003, ML09015021 1), but was
significantly expanded to include additional systems and design features. Also, a new
Subsection 12.3.1.3.2 "Operational / Programmatic Considerations" was added to DCD Rev. 3.
Additionally, COL action item 12.3(l 0) was added to DCD Rev. 3 Subsection 12.3.6, requiring the
COL Applicant to address the site-specific, operational and post-construction objectives and
conceptual site model guidance of Regulatory Guide 4.21.
As part of the effort to close SE Open Item 12.03-13.04-3, it was noted that some contamination
minimization features discussed in the DCD were not adequately captured in DCD Table 12.3-8.
The following list describes changes to DCD Table 12.3-8 intended to provide additional information
regarding US-APWR design features that ensure compliance with RG 4.21.

12.03-12.04-3

"
"
*
*
"
*
*
*

Minimization of contamination by selection of the finishing surface as described in DCD
Subsection 9.1.2.2.2 for the SFP liner
Examples of practical methods of minimizing contamination from an ALARA perspective as
described in DCD Subsection 12.1.2.2.1
Minimization of leaks and spills due to isolation valve configuration as described in DCD
Subsections 9.2.2.2.1.5 and 9.2.2.3.2
The use of low cobalt materials to reduce the plant source term as described in DCD
Subsection 12.3.1.1.1.1.D and DCD Table 12.3-7
Ventilation system features as described in DCD Section 9.4, Subsections 9.4.1.2,
9.4.3.1.2.1, 9.4.3.2.1, 9.4.3.2.4, 9.4.5.2.1, 9.4.6.1.1, 9.4.6.2.4.1 and 12.3.3.3
Tank design features described in DCD Subsection 12.3.1.1.1.2.E
Sump design features described in DCD Subsection 9.3.3.2.2 and DCD Table 11.2-8
Wording updates to ensure consistency between DCD Table 12.3-8 and DCD Subsection
10.1.2 (Steam Power and Conversion System), DCD Subsection 10.3.3 (MSS System) and
DCD Subsection 10.4.8 (Steam Generator Blowdown System)

The NRC summarized the RG 4.21 requirements into nine design and operational objectives in
RAI 91-1496, Question 12.03-12.04-2. These nine objectives are captured below for convenience.
Guided by these nine objectives, a review of the various DCD chapters that are impacted by this and
other related RAIs was conducted and cross-references to the new Subsection 12.3.1.3 were added
to the affected DCD subsections and system descriptions as part of DCD Rev. 3. Specifically, crossreferences were added to Chapters 1, 3, 5, 9, 10, and 11, covering the systems and subsystems
with design features implemented to address 10 CFR 20.1406 and RG 4.21.
DCD Chapter 6 includes descriptions of Engineered Safety Features in terms of their ability to limit
fission product releases to the environment, for example
*
*
*

6.2.1.6 - Leak testing of refueling water storage pit (RWSP) liner and containment liner.
6.2.4 - Containment isolation provisions to prevent or limit the release of fission products to
the environment
Table 6.3-1, item II1.D.1.1 - Leak detection and control for radioactive fluids outside
containment

Although these capabilities are consistent with 10 CFR 20.1406 and RG 4.21, these ESF design
features are governed by regulations and guidance specific to ESF functional performance
requirements, e.g., General Design Criteria 16 and 50, and Item ll.D.1.1 of NUREG-0737, in lieu of
10 CFR 20.1406 and RG 4.21. Hence, specific cross-references to RG 4.21 objectives are not
necessary to demonstrate the ESF performance requirements. However, it is noted that some of the
specific ESFs that interface with the environment are discussed in more detail in other sections of
the DCD, such as Subsection 9.4.5 on HVAC systems, and cross-references to RG 4.21 are
provided in these sections. Additionally, as a supplement to the RWSP leak testing description in
DCD Subsection 6.2.1.6, a description of the RWSP detection system and inspection of the
standpipe as part of the operational leakage monitoring program will be added to DCD
Subsection 9.1.3.2.
In conjunction with this new subsection, COL action items 12.1(6), 12.1(7), 12.1(8), and 12.3(10)
were added to DCD Rev. 3 to address the following operational programs:
* COL Action Item 12.1(6) is to conduct periodic review of overall operational practices to
ensure configuration management, personnel training and qualification update, and
procedure adherence. This item addresses RG 4.21 Objective 5.
* COL Action Item 12.1(7) is to track implementation of requirements for record
retention. This item addresses RG 4.21 Objective 6a and 6c.
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"

"

COIL Action Item 12.1(8) is to supplement Subsection 12.3.1.3 for the development of
procedures to limit leakage and the spread of contamination within the plant. This item,
in conjunction with Subsection 12.3.1.3, addresses RG 4.21 Objectives 1, 2, 3, 4, 6b,
and 7.
COL Action Item 12.3(l 0) is to supplement Subsection 12.3.1.3 to address the sitespecific design features, operational, post-construction objectives and conceptual site
model guidance of RG 4.21. This development of a site model is to aid in the
understanding the interface with environmental systems and the features that will control
the movement of contamination in the environment. This item addresses RG 4.21
Objectives 8 and 9.

Summary of RG 4.21 design and operationalobjectives as stated in RAI 91-1496:
1)
2)
3)

4)

5)

6)

7)

8)

9)

Minimize leaks and spills and provide containment in areas where such events may occur,
Provide for adequate leak detection capabilityto provide prompt detection of leakage for
any structure, system, or component which has the potential for leakage,
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 regularinspections
(such as for spent fuel pools, tanks that are in contact with the ground, and buried,
embedded, or subterraneanpiping) to avoid release of contaminationfrom undetected
leaks and to minimize contaminationof the environment,
Reduce the need to decontaminateequipment and structures by decreasing the
probabilityof any release, reducing any amounts released,and decreasingthe spreadof
the contaminantfrom the source,
Periodicallyreview operationalpractices to ensure that, operatingproceduresare revised
to reflect the installationof new or modified equipment, personnel qualificationand training
are kept current, and facility personnel are following the operatingprocedures,
Facilitatedecommissioning by a) maintenance of records relatingto facility design and
construction, facility design changes, site conditions before and after construction, onsite
waste disposal and contaminationand results of radiologicalsurveys, b) minimizing
embedded and buriedpiping, and c) designing the facility to facilitate the removal of any
equipment andlor components that may require removal andlor replacement during facility
operationor decommissioning,
Minimize the generation and volume of radioactive waste both during operationand during
decommissioning (by minimizing the volume of components and structuresthat become
contaminated duringplant operation)
Develop a conceptual site model (based on site characterizationand facility design and
construction) which will aid in the understandingof the interface with environmental
systems and the features that will control the movement of contaminationin the
environment,
Evaluate the final site configuration after construction to assist in preventing the migration
of radio-nuclidesoffsite via unmonitored pathways,

12.03-12.04-5

Refer to "Impact on DCD" section below for the DCD Tier 2 mark-up and changes that address these
design and operational objectives.
In addition to the above-mentioned DCD Chapter 12 changes, the reference document is also
updated. NEI 07-08, Revision 3 is referenced in Subsection 12.1. Since this NEI report is approved
by the NRC, DCD Chapter 12 was revised in Rev. 3 to reference the approved version of
NEI 07-08A. Also, NEI 08-08A "Generic FSAR Template Guidance for Life Cycle Minimization of
Contamination" was added as a reference in Subsection 12.1.5 of DCD Rev. 3.
Impact on DCD
There are extensive markups related to RG 4.21 attached to this response. Specifically, crossreferences were added to Chapters 1, 3, 5, 9, 10, and 11, covering the systems and subsystems
with design features implemented to address 10 CFR 20.1406 and RG 4.21. Additionally,
Chapter 12 has been revised to reflect updated information. Please note that these changes to the
relevant sections have been included in DCD Revision 3 and the amended RAI response issued on
Aug. 9, 2010; MHI letter UAP-HF-10232.
Further change information after the DCD Revision 3 is attached here for reference. Please see the
DCD markups in Attachment 1.
Design information of the Tank House will be added in DCD Subsection 9.2.6.2.6. Additional
descriptions include the design information discussed in the Amended Response to RAI No.
532-4019 Revision 1, Question 12.02-29 (MHI letter UAP-HF-12192 dated July 10, 2012).
Additionally, as a result of discussions with the NRC staff and for clarity, Subsection 5.2.5.4.1.3
entitled "Containment Airborne Gaseous Radioactivity Monitor" has moved to Subsection 5.2.5.4.2 D.
These changes are consistent with the removal of this monitor from Technical Specification per the
response to RAI No. 165-1967 (MHI letter UAP-HF-09064 dated February 20, 2009). Corresponding
DCD changes are shown in Attachment 2.
Impact on R-COLA
A COL Applicant action item 12.3(1 0) was added to DCD Rev. 3 requiring the COL Applicant to
address the site-specific, operational, post-construction objectives, and conceptual site model
guidance of Regulatory Guide 4.21. As a result, the COL Applicant added new subsections to the
FSAR and new Table 12.3-8R that addresses the site-specific design considerations.
Impact on S-COLA
A COL Applicant action item 12.3(10) was added to DCD Rev. 3 requiring the COL Applicant to
address the site-specific, operational, post-construction objectives, and conceptual site model
guidance of Regulatory Guide 4.21. As a result, the COL Applicant added new subsections to the
FSAR and new Table 12.3-8R that addresses the site-specific design considerations.
Impact on PRA
There is no impact on the PRA.
Impact on Technical / Topical Report
There is no impact on any US-APWR Technical / Topical Report.
This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
8/30/2012
US-APWR Design Certification
Mitsubishi Heavy Industries
Docket No. 52-021
RAI NO.:

NO. 578-4483 REVISION 2

SRP SECTION:

12.03-12.04 - Radiation Protection Design Features

APPLICATION SECTION:

12.3

DATE OF RAI ISSUE:

4/27/2010

QUESTION NO. : 12.03-12.04-38
20.1406, ISG-006, RG-4.21, SRP 12.03-12.04
RAI-91-1496 Question 12.03-12.04-2 Supplemental Question
In the original RAI the applicant was asked to describe specific examples of the design and
operational considerations which demonstrate compliance with 10CFR20.1406. The applicant was
asked to identify and add these considerations to the appropriate DCD sections in the USAPWR
DCD and provide the basis for these considerations.
The staff had requested that the applicant include in the response how the design and operational
objectives, accomplished the following objectives:
* Minimize leaks and spills and provide containment in areas where such events may occur,
* Provide for leak detection capability to provide prompt detection of leakage for any structure,
system, or component which has the potential for leakage,
* Use leak detection instrumentation capable of detecting minor 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.
US-APWR FSAR Tier 2 Revision 2, Table 11.1-9 "Realistic Source Terms" states that a typical
activity of tritium in the secondary side water and steam is 0.001 pCi/g. In addition to the tritium
activity, the stated activity of the Steam Generator blowdown and main steam system (MSS)
exceeds 3 E-6 pCi/g and 1.5E-8 pCi/g, respectively, even when iodines and noble gases are
excluded. Contrary to the information provided in FSAR Table 11.1-9, the applicant noted in their
response that the Main Condenser is not expected to be a significant source of contamination within
PWRs in general and the US APWR in particular.
The applicant was asked to describe design features for any other plant systems which may
generate radioactive waste or could result in the contamination of non-radioactive systems. Based
on the realistic source term information provided by the applicant, the Condensate and Feedwater
System, Main Steam Supply System (MSS), Steam Generator Blowdown System (SGBDS),
Auxiliary Steam Supply System (ASSS) and portions of the Main Condensers are examples of
systems that are expected to contain low but detectable concentrations of radioactive material.

12.03-12.04-7

The information provided in the applicant's RAI-91-1496 Question 12.03-12.04-2 response, does not
address environmental contamination at the current generation PWR plants due to undetected
leakage and subsequent release of tritium or other isotopes as a result of corrosion of buried piping
from these types of systems. For example:
1. The applicant's response did not fully address the Condensate Storage and Transfer System,
specifically the underground condensate transfer line from the hotwell to the condensate storage
tank (CST), depicted on USAPWR FSAR Revision 2 Tier 2 Figure 12.3-1 as located in the
Transformer Yard. As described in the USAPWR DCD Tier 2, Revision 2, section 10.4.1.2.1
"System Operation" states that during normal power operation, the hotwell level controller
provides automatic makeup or rejection of condensate to maintain a normal level in the
condenser hotwells. On low level, the makeup control valves open and admit condensate to the
hotwell from the condensate storage tank. On high-water level, the condensate reject control
valves open to divert water from the condensate pump discharge to the condensate storage tank.
2. The applicant's response did not fully address the ASSS, especially, any buried condensate
piping. As noted in DCD section 10.4.11 "Auxiliary Steam Supply System", the ASSS is supplied
by MSS during operation of the main steam system, or by the auxiliary boiler when main steam
is not available. Condensed water from these components is collected in the auxiliary steam
drain tank and then is transferred to the condenser during normal operation or to the auxiliary
boiler when the main steam is not available. The Condensate Storage Facility supplies make up
feed water to the auxiliary boiler. The auxiliary steam system supplies the following components:
Boric acid evaporator
Boric Acid Batching Tank
Non safety-related HVAC equipment
Steam for the condensate system deaerator for condensate heating during start up
Turbine gland seal
Deaerator heating
Pre-operational cleanup of the condensate and feedwater system.
Steam for maintaining pressure in the condensate system deaerator after a turbine
trip.
3.

The applicant's response did not fully address the Steam Generator Blowdown System,
especially, any buried piping, including the resin transfer lines, and blowdown water discharge
line connections to off site disposal systems. The Steam Generator Blowdown System has the
following attributes noted in the DCD:
10.4.8.2.2 "System Operation" In the case of primary to secondary Steam Generator (SG)
tube leakage within the allowable tube leak rate, as specified in the plant technical
specifications, blowdown water continues to be purified with SG blowdown demineralizers to
remove the radioactivity entering from leaking SG tube(s). When the SG tube leak exceeds
the allowable limits, the SG blowdown lines are automatically isolated upstream of the SG
blowdown demineralizers by the SG blowdown return water radiation monitor high signal.

US-APWR FSAR Tier 2 Revision 2, Chapter 12, identifies some US-APWR 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, such
as the auxiliary steam and condensate systems. Current plant experience has demonstrated that
normal PWR plant operation will likely result in detectable levels of tritium as well as other
radionuclides in systems like the Main Steam, Condensate and Auxiliary Steam and Auxiliary Boilers
systems.

12.03-12.04-8

Supplemental Question:
Please revise and update the US-APWR FSAR Tier 2 to describe the design features for leakage
prevention and early leakage detection that will be implemented for the condensate, steam
generator blowdown, auxiliary steam and similar systems. Ifdesign features for leakage prevention
are not applied, please describe how the combined construction and operating license applicants will
address these systems. Include the information in the DCD and provide a markup of the text and
appropriate revised diagrams/maps in your response.
ANSWER:

MHI has revised this response in order to address NRC's concerns identified as Open Item 12.0312.04-4 in the "United States - Advanced Pressurized Water Reactor Design Certification
Application - Safety Evaluation with Open Items for Chapter 12, 'Radiation Program" dated March
21,2011.
1. The Condensate Polishing System (CPS) is located on the 2nd floor inside the Turbine
Building (T/B). The CPS is designed to remove dissolved ionic solids and impurities from the
condensate and assist in the removal of suspended corrosion products. The condensate still
contains a small amount of tritium due to tritium diffusion in the SG tubes and primary to
secondary leakage. In the event of valve and piping leaks inside the building, the leakage is
collected in the T/B sumps for analysis. If it is determined to be contaminated, the leakage is
forwarded to the Liquid Waste Management System (LWMS) for processing.
The CPS is used for clean up the entire condensate system before plant startup and is
usually bypassed during normal operation. The condensate is sent to the condensate
storage tank (CST) to maintain the liquid level in the hotwell. The CST is located in the yard
and is connected to the hotwell via a condensate transfer pipe which can transfer
condensate from the hotwell at high liquid level and transfers makeup to the hotwell at low
hotwell liquid level. As a result of industry lessons learned, underground segment of the
condensate transfer pipe is a single-walled welded stainless steel piping located in a coated
trench with removable covers.
The epoxy coating in the trench is Service Level II as defined in RG 1.54 Revision 1 and is
subjected to RG 1.54 requirements for inspection and maintenance. The trench also has
inspection manholes with drain collection basins and liquid level switches. The make-up
water line to the CST from the demineralized water storage tank contains uncontaminated
water and is therefore not required to follow RG 4.21 design requirements. The piping
segments that are not in the trench are the CST recirculation piping and the piping to and
from the condensate transfer pumps to the CST. These piping segments (recirculation and
overflow) are designed to be above ground between the CST and the condensate transfer
facility.
This design is supplemented by operational programs that include periodic (once every two
years) hydrostatic or pressure testing of pipe segments, instrument calibration, and when
required, visual inspection and maintenance of piping, trench and instrument integrity. The
trench is equipped with removable but sealed covers to minimize infiltration of precipitation
and to provide the capability to maintain, repair, and replace piping and trench segments
when needed. The trench also has inspection manholes with drain collection basins and
liquid level switches. When fluid is detected, the instrument initiates an alarm for operator
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actions that include inspection, sampling, and analysis to determine the characteristics and
source of the fluid, to allow for subsequent extraction of the fluid for treatment and disposal.
The provisions of inspection manholes, leak detection instruments, and testing of the piping
minimize the need to remove the trench covers while maintaining the integrity of the seals.
Sections of the manholes are removed only when leakage is detected or when trench repair
is needed. This design approach provides maximum accessibility to inspect and test the
piping and the trench and prompt detection of leaks for operator action. Thus, this design
approach is compliant with the guidance of RG 4.21. COL Item 12.3(10) is included to
provide flexibility to the COL Applicant to implement the site-specific design features and
operational programs of the condensate piping to prevent leakage. Refer to "Impact on
DCD" section below for the DCD Tier 2 Subsection 9.2.6.2.4 markup.
2. The ASSS supplies steam for plant system heating when main steam is not available. As
indicated in DCD Figure 10.4-11, the auxiliary boiler takes condensate makeup (secondary
water system) from the auxiliary steam drain tank inside the Auxiliary Building (A/B), or from
the condensate storage tank in the yard. The auxiliary boiler contains the same
concentration of activity as the secondary water systems. Therefore, the auxiliary boiler
facility and the associated piping are designed in accordance with the requirements of
RG 4.21. The auxiliary boiler facility is located in the yard near the T/B. The condensate
piping from the ASSS drain tank is a single-walled carbon steel pipe run above ground in
pipe chases from the A/B to the T/B, and is then connected to double-walled welded carbon
steel piping through the T/B wall penetration to the auxiliary boiler. Since this is not a high
traffic area, this segment of pipe is run above ground and is slightly sloped so that any
leakage is collected in the outer pipe and drained to the auxiliary boiler building.
At the auxiliary boiler building end, leak detection instrumentation is provided to monitor
leakage. A drain pipe is routed to the auxiliary boiler facility sump located inside the auxiliary
boiler facility. The auxiliary boiler facility sump drain line pumps the liquid contents to the T/B
sump for collection and analysis. The auxiliary boiler facility is equipped with radiation
monitoring instrumentation and leak detection capabilities. Detection of contamination above
a pre-determined setpoint automatically turns off the pump and aligns the valve to send
condensate from the T/B sump to the LWMS waste holdup tanks (WHTs) for further
processing when required. If the contents are not contaminated, the contents are pumped to
the waste water system (WWS) for discharge. The facility floor has an epoxy coating and
the sump has a liquid level detection instrument to initiate an alarm for operator actions.
The steam piping is jacketed with insulation and heat protection. This design is
supplemented by operational programs which includes periodic (once every two years)
hydrostatic or pressure testing of pipe segments, instrument calibration, and when required,
visual inspection and maintenance of piping, trench segments, and instrument integrity. This
design approach prevents leakage, provides accessibility, and is compliant with the guidance
of RG 4.21. COL Item 12.3(10) is included to provide flexibility to the COL Applicant to
implement the site-specific design features of the ASSS to minimize leakage. Refer to
"Impact on DCD" section below for the DCD Tier 2 Subsection 10.4.11.2.1 markup.
3.

The US-APWR SGBDS employs two subsystems: one for normal operation (described in
DCD Subsection 10.4.8); and another for startup operations (site specific design). During
normal operation, the steam generator blowdown flash tank located inside the T/B is used.
The flow path during normal operation of the SGBDS routes the blowdown through the
steam generator blowdown flash tank, the steam generator blowdown regenerative heat
exchanger, and the steam generator blowdown non-regenerative cooler before it is routed to
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the steam generator blowdown demineralizers. From the demineralizers, the blowdown is
routed to the condenser for recycle and is not intended for release.
The piping in the T/B, and between the T/B, Power Source Building (PS/B), Reactor Building
(R/B), and A/B, is routed above ground inside the buildings. There is no buried piping. The
piping for the spent resin transfer lines that transfer spent resin to the spent resin storage
tanks is also run above ground in pipe chases, and is not buried. In the event that the
blowdown water is contaminated, the water, downstream of the SGBD mixed bed
demineralizers, is routed to the WHTs for treatment and release through the LWMS
discharge piping. The lines on Figure 10.4.8-1 which route the blowdown to the WWS are
used as part of the startup steam generator blowdown system and are not used during
normal operation. The startup steam generator blowdown system is a site-specific design
and the lines after the manual angle valves as shown on Figure 10.4.8-1 are connected to
the WWS via the startup SGBD system as described in the COLA FSAR Subsection 10.4.8.
This subsystem will be composed of site-specific components to cool and release the
blowdown to the WWS.
During plant restart after refueling operation, steam generator blowdown is directly flashed
into the startup SG blowdown flash tank located inside the startup SGBDS facility located
outside the T/B. The startup SG blowdown flash tank is equipped with its own startup SG
blowdown heat exchanger to lower the temperature of the blowdown for release to the WWS.
The condensate exiting the bottom of the startup SG blowdown flash tank is cooled by the
startup SG blowdown heat exchanger, and its contamination level is monitored by a radiation
element designed to detect gross gamma. At this point, the piping is split into a condensate
return line and a discharge line. When a pre-determined setpoint is reached, the radiation
monitor initiates a signal to alarm in the MCR for operator action, automatically closes the
isolation valve (located on the discharge line to WWS) and opens the return line valve to
forward the condensate to the WHTs in the LWMS for further processing and release.
The blowdown condensate return line from the startup SGBD facility to the WHT in the A/B is
a double-walled pipe designed to run above ground and is kept as short as practical before it
penetrates the building wall back to the T/B. The piping is changed to a single-walled pipe
and is run in the pipe chases inside the T/B to the WHT in the A/B to minimize pipe leakage
to the outside. Leakages inside the T/B and A/B are collected in sumps for processing. The
short length of piping with insulation jackets located outside is inspected periodically to check
for leakage.
During steam generator (SG) restart operation, which is anticipated to be a few hours for
each SG restart, the condensate is cooled and is directed to the WWS for release. This
discharge line consists of the following piping segments:
1.
2.

3.
4.

Single-walled stainless steel pipe from the heat exchanger up to and including the
radiation monitor and the valves inside the startup SGBDS facility. This line section
includes the condensate return line and the discharge piping;
The discharge piping segment, including the portion through the wall penetrations,
is then connected to double-walled carbon steel piping from the startup SGBDS
facility through the T/B wall penetration;
Once inside the T/B, the discharge piping is connected to single-walled carbon
steel pipe and is routed in pipe chases;
From the pipe chase, the discharge pipe exits the T/B penetration and is routed as
a single-walled carbon steel piping in a concrete trench from the T/B to the
transiting manhole downstream of the condensate storage tank (CST). This
portion of the piping is in the same concrete trench for the condensate transfer
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5.

piping to the CST. The concrete trench has an epoxy coating to facilitate drainage
and act as a barrier for unintended release. Using single-walled carbon steel pipe
in the trench facilitates additional radial cooling of the fluid and enables the use of
high density polyethylene (HDPE) piping for underground burial;
From the transition manhole the discharge piping is connected to a buried doublewalled HDPE piping to an existing WWS discharge. A transition manhole is
constructed near the plant pavement boundary. HDPE piping has good corrosion
resistance in the soil environment.

Additional manholes are provided for testing and inspection for the buried piping. Each
manhole is equipped with a drain collection basin and leak detection instrument. This design
approach minimizes unintended releases and provides accessibility to facilitate periodic
(hydrostatic or pressure) testing and visual inspection, and provides for maintaining pipe
integrity. This design approach is also compliant with RG 4.21. COL Item 12.3(10) is
included to provide flexibility to the COL Applicant to implement the site-specific design
features of the startup SGBDS to minimize leakage.
Other piping associated with the SGBD operation, and those of other systems that carry
radioactively contaminated liquid or that may become contaminated, are designed with
welded connections to reduce leakage through flanged or screwed connections. Piping
materials are compatible with the transferred fluid to preserve water quality and minimize
pipe corrosion for the life of the plant.
4.

In addition to the above, information on the primary makeup water tanks (PMWTs) and the
refueling water storage auxiliary tank (RWSAT) piping will also be added to the DCD. The
PMWT and the RWSAT are housed in a tank house which protects the tanks and the piping
from the environment. The tank house consists of a concrete foundation and concrete
retaining walls around the tanks. To prevent cross-contamination, the tanks are protected by
walls and a roof to prevent infiltration of rain and other precipitation. The surface of the tank
house foundation is sloped to facilitate drainage to a valve pit with leak detection capability
and to avoid release of contamination to the environment. The concrete foundation, walls,
and valve pit are coated with epoxy (Service Level II) to facilitate decontamination in the
event of contaminated water leakage.
The piping to and from the PMWTs is single-walled stainless steel piping designed to run
above ground and penetrates the building wall directly into the tank. For piping between
buildings, penetration sleeves are provided to collect and direct any leakages back into the
building for further processing. Similar piping is provided for the PMWTs carrying recycle
water back to the A/B. The routing of the piping to/from the RWSAT is similar to the piping
provided for the PMWTs. The piping routed to and from the RWSAT penetrates the R/B at
the north end and enters a pipe chase at the tank house.
This design is supplemented by operational programs that includes periodic (once every two
years) hydrostatic or pressure testing of pipe segments, and visual inspections to maintain
piping integrity. This design approach is also compliant with RG 4.21. COL Item 12.3(10)
was included in DCD Rev. 3 to provide flexibility to the COL Applicant to implement the sitespecific design features of the PMWTs and the RWSAT to prevent and/or minimize leakage.
Refer to "Impact on DCD" section below for the DCD Tier 2 Subsection 9.2.6.2.6 markup.
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Impact on DCD
Revise the second paragraph of DCD Subsection 9.2.6.2.4 "Condensate Storage Tank" such
that it reads as follows:
"The underground segment of transfer piping running between the CST and the hotwell is
single-walled welded stainless steel piping in a coated trench with removable but sealed
covers. The coating in the trench is Service Level II as defined in RG 1.54 Revision 1 and is
subject to the graded QA provisions, selection, qualification, application, testing,
maintenance, and inspection provisions of RG 1.54 and standards referenced therein, as
applicable to Service Level II coatings. Post-construction initial inspection is performed by
personnel qualified using ASTM D 4537 using the inspection plan guidance of ASTM D 5163.
The trench also has inspection manholes with drain collection basins and liquid level
switches. This design is supplemented by periodic hydrostatic or pressure testing of pipe
segments, instrument calibration, and when required, visual inspection and maintenance of
piping, trench and instrument integrity, in compliance with the guidance of RG 4.21 and
industry operating experience. Design and system features addressing RG 4.21 are
captured in Subsection 12.3.1.3 of the DCD."
2.

Revise the third paragraph of DCD Subsection 10.4.11.2.1 "General Description", after the
third bullet (non- safety-related HVAC equipment) such that it reads as follows:
"The ASSS supplies steam for plant system heating when main steam is not available. The
auxiliary boiler takes condensate makeup from the auxiliary steam drain tank inside the A/B,
or from the condensate storage tank (CST) in the yard. The auxiliary boiler is located in the
yard near the plant area. The auxiliary boiler facility and the associated piping are designed
in accordance with RG 4.21. The condensate piping from the ASSS drain tank is a singlewalled carbon steel pipe run above ground in pipe chases from the A/B to the T/B, and is
then connected to double-walled welded carbon steel piping through the T/B wall penetration
to the auxiliary boiler. Since this is not a high traffic area, this segment of pipe is run above
ground and is slightly sloped so that any leakage is collected in the outer pipe and drained to
the auxiliary boiler building. At the auxiliary boiler building end, a leak detection instrument is
provided to monitor leak. A drain pipe is provided to direct any drains to the building sump.
The facility floor has an epoxy coating and the sump has a liquid level detection instrument to
initiate an alarm for operator actions. The sump drain line pumps the liquid contents to the
T/B sump for collection and analysis. The sump drain line inside the auxiliary boiler building
is constructed of single-walled carbon steel pipe. From the auxiliary boiler building wall
penetration to the T/B outside wall, the drain line is constructed of double-walled piping run
above ground. Inside the T/B, the pipe is single-walled as it is routed to the T/B sump. The
double-walled segment of the sump drain line is sloped towards the turbine building and is
equipped with leak detection instrumentation. The steam piping is jacketed with insulation
and heat protection. The Auxiliary Boiler is designed with a blowdown connection from the
boiler drum to the building sump. The boiler blowdown is drained directly into the sump for
transfer into the Turbine Building sump. The T/B sump contents are then pumped to the
Waste Holdup Tanks in the LWMS for processing. This design is supplemented by
operational programs which includes periodic hydrostatic or pressure testing of pipe
segments, instrument calibration, and when required, visual inspection and maintenance of
piping, trench and instrument integrity.
A discussion of the radiological aspects of the system leakage is contained in DCD
Section 11.1. Design and system features addressing RG 4.21 are captured in
Subsection 12.3.1.3."
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3.

The change to DCD Revision 3, Tier 2 Subsection 10.4.8.3 will also be incorporated into
DCD Table 12.3-8.

4.

Add the following as the 4th paragraph to DCD Tier 2, Subsection 9.1.3.2
"The SFPCS consists of one 100% capacity RWSAT (29,410 cu. ft), pumps, associated
valves, piping, and instrumentation. The piping to and from the RWSAT is single-walled
stainless steel that runs above ground and penetrates the building wall directly into the tank.
For piping between buildings, penetration sleeves are provided to collect and direct any
leakage back into the building drain for further-processing. The RWSAT employs leak-tight
valves to minimize leakage to environment. This design is supplemented by operational
programs, which include periodic visual inspections for piping integrity. Testing the piping
segments will be included as a part of the plant routine inspections and maintenance
program."
And also add the following as the second and the third paragraph to DCD Tier 2, Subsection
9.2.6.2.6 "Primary Makeup Water Tanks". The second paragraph has already been included
in DCD Rev.3. The third paragraph was added as part of the Amended Response to RAI No.
532-4019 Revision 1, Question 12.02-29 (MHI letter UAP-HF-12192 dated July 10, 2012).
"The piping to and from the PMWT is single-walled stainless steel piping designed to run
aboveground and penetrates the building wall directly into the tank. For piping between
buildings, penetration sleeves are provided to collect and direct any leakages back into the
building for further processing. The piping may require heat tracing to protect against
freezing. The PMWTs employ non-leakage type valves such as diaphragm-type valves, or
leak control valves with graphite packing for handling radioactive fluid, or leak-off connection
is provided to prevent leakage to environment. Similar piping is provided for the PMWTs
carrying recycle water back to the A/B. This design is supplemented by operational
programs which includes periodic hydrostatic or pressure testing of pipe segments, and
visual inspections to maintain piping integrity. A discussion on minimizing radioactive
contamination of the system is contained in DCD Subsection 12.3.1.3.
The tank house for the RWSAT and the two smaller PMWTs consists of a low porosity
concrete foundation and concrete retaining walls around the tanks. To prevent cross
contamination, the tanks are protected by walls and a roof to prevent infiltration of rain and
other precipitation. The surface of the tank house foundation is sloped to facilitate drainage
of the leakage from the tanks. The leakage water flows into the piping embedded in the
concrete base mat via the funnel to the valve pit located outside the PMWTs and RWSAT
watertight compartments and is equipped with a normally closed valve. The piping located at
the valve pit has a leak detection instrument that sends a signal to the main control room in
the instance of the accumulation of leakage. The concrete foundation, the walls, and the
valve pit are coated with epoxy to facilitate easy decontamination in the event of
contaminated water leakage. The epoxy coating in the tank house is Service Level II as
defined in RG 1.54 (Ref 9.2.11-10) and is subject to the graded QA provisions, selection,
qualification, application, testing, maintenance, and inspection provisions of RG 1.54 and
standards referenced therein, as applicable to Service Level II coatings. Post-construction
initial inspection is performed by personnel qualified using ASTM D 4537 (Ref. 9.2.11-11)
using the inspection plan guidance of ASTM D 5163 (Ref. 9.2.11-12). Segments of drain
pipe are embedded into the low porosity concrete foundation. The embedded segments are
kept as short as practicable to minimize unmonitored leakage from the drain pipe. These
design features satisfy the applicable guidance provided in RG 4.21 (Ref 9.2-11-9)."
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RG 4.21 applies to additional sections for systems not discussed above. Please see the attached
markups for all of the changes.
Impact on R-COLA
A COL Applicant action item 12.3(10) was added to DCD Rev. 3 requiring the COL Applicant to
address the site-specific, operational, post-construction objectives, and conceptual site model
guidance of Regulatory Guide 4.21.
Impact on S-COLA
A COL Applicant action item 12.3(10) was added to DCD Rev. 3 requiring the COL Applicant to
address the site-specific, operational, post-construction objectives, and conceptual site model
guidance of Regulatory Guide 4.21.
Impact on PRA
There is no impact on the PRA.
Impact on Technical / Topical Report
There is no impact on any US-APWR Technical / Topical Report.
This completes MHI's response to the NRC's question.
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Attachment 1
9. AUXILIARY SYSTEMS

US-APWR Design Control Document

" The system piping is arranged such that the failure of any line cannot drain the
SFP water level below a point 11 ft 1 in above the top of the stored fuel
assemblies, which is the minimum SFP water level that provides adequate
shielding.
" The SFPCS is designed to collect system leakage. A liner collection system to the
R/B sump is provided to collect possible leakage from the SFP liner plate welds
on the pit walls and floor. Leakage from the system piping is collected to the R/B
sump. A leakage alarm will be installed upstream of the R/B sump for immediate
detection of significant leakage levels. Details are described in DCD Subsection
9.1.2.2.
" Instrumentation is provided to indicate SFP water level and temperature.
" The SFP cooling portion is designed to limit the radiation dose at the surface of
the SFP through the shielding provided by the SFP water.
" To continuously indicate the radiation levels inside the fuel handling area, an
alarm signal warns the occupants of the fuel handling area of a deteriorated radiological condition. A description is presented in DCD Subsection 12.3.4.1.
9.1.3.2

System Description

A schematic of the SFPCS, which consists of two 100% cooling capacity trains, is shown
in Figure 9.1.3-1. Each train includes one SFP pump, one SFP heat exchanger, one SFP
filter, and one SFP demineralizer. In addition, each train of equipment has its own suction
and discharge headers and includes the piping, valves, and instrumentation necessary
for system operation.
Each SFPCS train contains a cooling portion for cooling of the SFP and a purification
portion for purification of the boric acid water in the SFP, RWSP, RWSAT, and the
refueling cavity. The SFPCS is designed such that either train can be operated to perform
all the functions required of the system independently of the other train. Normally, one
train is continuously cooling and purifying the SFP while the other train is available for
water transfers, refueling water purification, or aligned as a backup to the operating train.
The suction line, which is protected by a strainer, is connected to the SFP at an elevation
approximately 4 ft below the normal SFP water level. The return line contains a siphon
breaker located near the surface of the water. These features are provided so that the pit
cannot be gravity drained below a point 11 ft 1 in above the top of the spent fuel
assemblies.
The SFPCS consists of one 100% capacity RWSAT (29,410 cu. ft). pumps, associated
DCD_12.03valves, piping, and instrumentation. The piping to and from the RWSAT is single-walled 12.04-38
stainless steel that runs above ground and penetrates the building wall directly into the
tank. For piping between buildings, penetration sleeves are provided to collect and direct
any leakage back into the building drain for further processing. The RWSAT employs
leak-tight valves to minimize leakage to the environment. This design is supplemented by
operational programs, which include periodic visual inspections for piping integrity.
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Cooling is performed for the SFP water by circulating the SFP water with the SFP pump
and removing decay heat through the SFP heat exchanger. The heat removal is
accomplished by taking high temperature water from the SFP, pumping it through a heat
exchanger, transferring heat from the SFP water to the CCWS (discussed in Subsection
9.2.2), and returning the cooled water to the SFP.
Purification is performed for the SFP water by bypassing approximately 265 gpm from the
cooling portion into the purification portion's demineralizer and filter, and removing solid
materials and dissolved impurities. An isolation valve is provided to permit isolation from
the cooling portion and allow purification of the SFP water in the refueling cavity, the
RWSAT, or the RWSP in parallel to the SFP cooling operation.
When the heat load of the SFP is high (for full core offload), two RHRS trains (A and D),
each comprising of one CS/RHRS pump and one CS/RHRS heat exchanger, perform
SFP cooling in conjunction with the two SFP cooling trains.
The SFP is initially filled with water that has a boron concentration of approximately 4000
ppm; refer to Table 9.1.3-2 for the SFP design parameters. The boric acid water is
supplied from the RWSP to the SFP through the refueling water recirculation pump, or
directly supplied by connecting a temporary pipe to the boric acid water supply end
connection located at the outlet of the boric acid blender in the chemical and volume
control system.
The SFP condition resulting from the unlikely failure of the spent fuel cooling portion
would be a rise in the SFP water temperature followed by an increase in evaporative
losses. Minor leakage from SFPCS piping, components, or SFP liner will also decrease
the SFP water level. A liner leakage collection system directs any possible leakage from
SFP liner plate welds and floor to the R/B sump. A leakage level alarm for early detection
is installed upstream of the R/B sump. Makeup to the SFP is manually started upon
receipt of a low-level alarm signal from the SFP to the MCR. These losses could be made
up from the following water sources.
The safety-related boric acid water makeup line is provided from the RWSP to the SFP.
This tank contains 4000 ppm boric acid, thereby maintaining the initial boric acid water
concentration in the SFP. The same concentration will be maintained during normal
operations. The RWSP, as a primary water source of water to the SFP, is seismic
category I. The makeup line from the RWSP to the SFP is seismic category I, ASME
Code section III Class 3. The RWSP has a leak detection system which consists of leak DCD_12.03detection channels that interface with the RWSP liner and are routed throuah the RWSP 12.04-37
interface ith the RWSP liner and are routed throuah the RWSP
channels that
detection
floor into standpipes
between
the RWSP and the PCCV. These standpipes are visually
insoected durino refuelina outaaes as nart of the leak monitorina operational oroaram. in
accordance with RG 4.21.
As a backup of the safety-related makeup line, another makeup line is also provided from
the emergency feedwater (EFW) pit to the SFP. The EFW pit, as a backup water source
of the RWSP, is also seismic category I. The backup line from the EFW pit to the SFP is
non-seismic.
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US-APWR Design Control Document

Motor-operated containment isolation valves are installed on the containment-penetratinq
coolant lines that lead to the letdown and the excess letdown heat exchanaer. The
i.•alation walves c~lo.e automatically uinon a containment isolation sianal ("T" sianalY. The
close auto ntically unon a contain ent isolation sional ("T" sional) The
valves
isolation
ooen/close
Dositions of the valves are displayed in the MCR. It is not reauired to restore
CCW flow to the letdown and the excess letdown heat exchangers after T signal isolation.
•

Isolation valve between seismic category I portion and non-seismic category I
portion (NCS-AOV-057A/B. NCS-AOV-058A/B)
I DCD_09.02.
02-60

The CCW system supplies cooling water to components located in the non-seismic
Category I buildings (turbine building and auxiliary building). Each CCW supply line (A2
and C2) has two in-series air operated isolation valves. These valves close automatically
to isolate the non-seismic Category I portion of the CCW system upon receipt of a S4,jv
signal, P signal or surge tank low-low level signal (See Figure 9.2.2-1. Sheets 1. 2 of 9)._
The open/close positions of the valves are displayed in the MCR. These valves
automatically close to protect against CCW leakage upon operator initialed demand
signals. The valves also fail close.
In-series check valves are provided on the CCW return lines from the non-seismic
Category I portion of the CCW system (See Figure 9.2.2-1, Sheets 81.2 of 9).
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and control contents (i.e., tank located away from the safety-related SSCs, site grading
and yard drainage) of the CST in the event of a system leak, tank overflow or tank
rupture, so that structural failure of the system will not affect the ability of safety-related
SSCs to perform their intended function. Hence, the design of the CST is in conformance
with the guidelines of Regulatory Position C.2 of RG 1.29, and with the relevant
requirements of GDC 2.

DCD_09.02.
06-3

The underground seament of transfer piping running between the CST and the hotwell is
single-walled welded stainless steel piping in a coated trench with removable but sealed
covers. The coating in the trench is Service Level II as defined in RG 1.54 Revision 1 and
is subiect to the graded QA provisions, selection, qualification, application, testing.
maintenance, and inspection provisions of RG 1.54 and standards referenced therein, as
aDDlicable to Service Level II coatinas. Post-construction initial insDection is Derformed
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by nersonnel nualified usino

DCD_12.0312.04-38

ASTM fl 4!i37 usinri the insner~tion nien niiidence of A~TM

D 5163. The trench also has inspection manholes with drain collection basins and liquid
level switches. This design is supplemented by periodic hydrostatic or pressure testing of
pipe segments, instrument calibration, and when required, visual inspection and
maintenance of piping, trench and instrument integrity, in compliance with the guidance of
RG 4.21 and industry operating experience. Design and system features addressing RG
i DCD 12.034.21 are captured in Subsection 12.3.1.3 of the DCD.
12.04-38

Design parameters of the CST are shown in Table 9.2.6-1.
The water chemistry in the CST is maintained in accordance with Table 9.2.6-2.
9.2.6.2.5

Condensate Transfer Pumps

Two 100% capacity condensate transfer pumps are provided. The condensate transfer
pumps take suction from the CST and supply condensate to the condenser hotwell and
various other users throughout the plant as shown in Figure 9.2.6-1. Design parameters
of the condensate transfer pumps are shown in Table 9.2.6-1.
9.2.6.2.6

Primary Makeup Water Tanks

Two 140,000 gallon capacity PMWTs are provided. Each tank is provided with a
diaphragm that is in continuous contact with the tank water to prevent absorption of
oxygen from air. The top of the diaphragm is blanketed with deaerated, demineralized
water. The tanks receive deaerated, demineralized water from the DWST. They also
receive distilled water discharged from the boric acid evaporator (subsection 9.3.4).
Normally, one tank supplies water to the users, while the other tank is standby. Each tank
has sufficient capacity to serve all users. Each tank is provided with level and other
instrumentation as shown in Figure 9.2.6-2. Design parameters of the PMWT are shown
in Table 9.2.6-1.
DCD-12.03The piping to and from the PMW-TankPMWT is single-walled stainless steel piping
designed to run aboveground and penetrates the building wall directly into the tank. T40s- 12.04-38
pIpi-n ic oc""
stly
- in^ido th
inRpip chao.. For piping between buildings, penetration
sleeves are provided to collect and direct any leakages back into the building for further
processing. The piping may require heat tracing to protect against freezing. The PMWTs
employ non-leakage type valves such as diaphragm-type valves, or leak control valves
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with graphite packing for handling radioactive fluid, or leak-off connection is provided to
prevent leakage to environment. Similar piping is provided for the PMW Tanks carrying
recycle water back to the A/B. This design is supplemented by operational programs
which includes periodic hydrostatic or pressure testing of pipe segments, and visual
inspections to maintain piping integrity. A discussion on minimizing radioactive
contamination of the system is contained in DCD Subsection 12.3.1.3.

DCD-12.0312.04-38

The tank house for the RWSAT and the two smaller PMWTs consists of a low porosity
concrete foundation and concrete retaining walls around the tanks. To prevent crosscontamination, the tanks are protected by walls and a roof to prevent infiltration of rain
and other precipitation. The surface of the tank house foundation is sloped to facilitate
drainage of the leakage from the tanks. The leakage water flows into the piping
embedded in the concrete base mat via the funnel to the valve pit located outside the
PMWTs and RWSAT watertight compartments and is equipped with a normally closed
valve. The piping located at the valve pit has a leak detection instrument that sends a
siqnal to the main control room in the instance of the accumulation of leakage. The
concrete foundation, the walls, and the valve pit are coated with epoxy to facilitate easy
decontamination in the event of contaminated water leakage. The epoxy coating in the
tank house is Service Level II as defined in RG 1.54 (Ref 9.2.11-10) and is subject to the
graded QA provisions, selection, qualification, application, testing, maintenance, and
inspection provisions of RG 1.54 and standards referenced therein, as applicable to
Service Level II coatings. Post-construction initial inspection is performed by personnel
qualified using ASTM D 4537 (Ref. 9.2.11-11) using the inspection plan guidance of
ASTM D 5163 (Ref. 9.2.11-12). Segments of drain pipe are embedded into the low
porosity concrete foundation. The embedded segments are kept as short as practicable
to minimize unmonitored leakage from the drain pipe. These design features satisfy the
applicable guidance Drovided in RG 4.21 (Ref 9.2-11-9).
9.2.6.2.7

Primary Makeup Water Pumps

Two 100% capacity primary makeup water pumps are provided. The pumps take suction
from the PMWT and supply deaerated, demineralized water to plant users as shown in
Figure 9.2.6-2. Each pump is a centrifugal pump with 275 gpm capacity. Design
parameters of the primary makeup water pumps are shown in Table 9.2.6-1.
9.2.6.3

Safety Evaluation

The CSF system has no safety-related function, and therefore requires no nuclear safety
evaluation.
9.2.6.4

Inspection and Testing and Inspection Requirements

The initial preoperational acceptance testing demonstrates proper equipment functioning
and system operation. The system's normal functionality is demonstrated by the
continuous use during normal plant operation in accordance with the requirement of
chapter 14. CSF tanks including PMWTs and CST and their associated piping are
periodically tested/ inspected for leakages.
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drain systems and components that are designed as seismic category I,
equipment Class 3.
If the failure of any nonsafety-related component (such as drain piping, sump
tanks and sump pumps) has the potential to result in damage to safety-related
components by an earthquake, that non-safety related component is designed as
seismic category II.
9.3.3.1.3

Codes and Standards

The equipment and floor drainage systems are designed in accordance with the
applicable codes and standards as listed in Chapter 3,Table 3.2-2.
9.3.3.2

System Description

The equipment and floor drains include the drains of A/B, R/B, T/B, CN, PS/B and access
building. Liquid waste drains by gravity and collects to tanks or sumps in each building.
The waste is then transferred to the waste holdup tank for processing. The radioactive
waste is processed in the LWMS before being discharged to the environment.
The detergent drains, including personnel decontamination waste, and the chemical
drains are collected separately, and treated as required.
All the radioactive wastes are monitored prior to discharge, as discussed in Chapter 11,
Section 11.2.
9.3.3.2.1

General Description

The equipment and floor drainage systems consist of collection piping, valves, equipment
drains, floor drains, collection sumps and sump pumps.
9.3.3.2.2

Component Description

1. Collection piping: In all potentially radioactive areas, the collection system piping for
the liquid waste is stainless steel. Potentially radioactive laboratory and
decontamination waste, regeneration waste, and detergent waste collection system
piping is stainless steel. Non-radioactive collection piping is made of stainless steel.
The collection piping is double-walled piping with leak detection instruments to
prevent contamination discharge to the environment at the lowest elevation floor of
the A/B and the R/B.
2. Collection sumps: The .etReFIystrategicalty
located sumps are used to collect fefiaa.nd petent•i•, radioactive and non radioactive liquid waste. The non-radioactive
collection sumps are constructed of concrete with a corrosion resistant coating or
liner. These sumps are fitted with a vent connected to the ventilation system to
remove any potential radioactive gases. The sumps also collect discharge by gravity
from areas that are maintained under a slight negative pressure boundary.
Radioactive sumps are coated with an impermeable epoxy liner (coating) to facilitate
drainage and decontamination. The sumps are equipped with stainless steel sump
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Air Conditioning, Heating, Cooling, and Ventilation Systems

This section describes the heating, ventilation and air conditioning (HVAC) systems
serving the plant during normal and abnormal conditions including SBO. HVAC systems
are designed to provide suitable environment for plant equipment and personnel.
Ventilation zones, air distribution and airflows migrations are configured and arranged so I DCD 12.0312.04-37
that the ventilation air is drawn from the clean areas to areas of potentially greater
radioactive contamination to a final filtration and exhaust systems discharging to the plant
vent stack.
The HVAC systems airflow diagrams are shown on Figures 9.4.1-1 through 9.4.6-1. The
area temperature and relative humidity during the plant normal and abnormal condition,
including accident condition and LOOP condition, are described in Table 9.4-1.
The following are the reference sections where the various HVAC and related systems
are covered:
Title

Section

Chilled Water System

9.2.7

Main Control Room HVAC System

9.4.1

Spent Fuel Pool Area Ventilation System

9.4.2

Auxiliary Building Ventilation System

9.4.3

Turbine Building Area Ventilation System

9.4.4

Engineered Safety Feature Ventilation System

9.4.5

Containment Ventilation System

9.4.6

The main control room heating, ventilation and air conditioning system, isthe auxiliary
building ventilation system, the engineered safety feature ventilation system and the
containment ventilation system are all subjected to the design objectives of RG 4.21,
"Minimization of Contamination and Radioactive Waste Generation: Life-Cycle Planning"
as.it......ertains to airborne radioactive material. A discussion of the design
objectives and operational programs to address these radiological aspects of the system
is contained in DCD Subsection 12.3.1. System and component design features
addressing RG 4.21 (Ref.9.4.8-29) are summarized in Table 12.3-8. RG 4.21 is a
.4Ar
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9.4.1

Main Control Room Heating, Ventilation and Air Conditioning System

DCD_12.0312.04-37

DCD 12.0312.04-37
DCD_12.0312.04-37

The MCR HVAC System is designed to provide and control the proper environment in the
MCR and other areas within the control room envelope (CRE) as defined in Chapter 6,
Section 6.4. The MCR HVAC system complies with:
0

10 CFR 50, Appendix A, GDC 2,3,4,19

*

10CFR50.63
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Upon the electric heating coil outlet high temperature, the electric heating coil is
automatically tripped to prevent the abnormal heating.
Redundant leak-tight dampers, MCR air intake, toilet/kitchen exhaust line and smoke
purge line isolation damper, are located in series in the outside air intake line and in each
duct serving non-safety related systems such as the toilet/kitchen exhaust system and
the smoke purge system that penetrates through the CRE boundary to provide CRE
isolation during design basis accidents.
All duct penetrations in fire walls are protected by fire dampers to prevent the spread of
fire from an affected area to the adjacent redundant component areas. The fire dampers
will close automatically on a high temperature condition within the duct. HEPA filters are
specified to withstand at least 20 inches wq differential pressure. Ventilation systems
containing HEPA filters have fans with static pressure capacities below 20 inches wg.
9.4.1.2.1

Normal Operation Mode

During the normal operation mode, the MCR HVAC system is operated without the
operation of the emergency filtration units. Two of the four 50% capacity air handling units
operate, while the other two units are kept in standby. Upon energizing the selected air
handling units the following is to take place:
" The MCR outside air intake isolation dampers open.
•

Selected air handling units inlet and outlet dampers open and their supply air fans
start.

" The MCR toilet/kitchen exhaust line isolation dampers open and the associated
non-safety toilet/kitchen exhaust fan starts.
"

During the normal operation mode, the selected air handling units run on a fixed
amount of outside airflow sufficient to maintain a normal environment in the CRE.
The pressure in the CRE is not an issue of concern during normal mode of
operation.

" Each air handling unit discharge air temperature is controlled by the MCR air
handling unit inlet temperature controller that modulates the position of the chilled
water control valve.
" The electric heating coil in each air handling unit is controlled by the MCR air
handling unit inlet air temperature controller that modulates the electric heating
coil output. The heating coil is automatically de-energized upon air handling unit
loss of airflow.
"

Non-safety electric in-duct heaters are energized upon sensing airflow and a call
for heating from the local room thermostat.

"

Low airflow condition in any one of the activated air handling units alarms in the
MCR.

Tier 2
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•

MCR high temperature alarm.

•

MCR emergency filtration unit total differential pressure alarm.

*

MCR emergency filtration unit HEAP filter differential pressure alarm.

•

MCR emergency filtration unit outlet airflow rate low and high alarm.

*

MCR air handling unit outlet airflow rate low alarm.

" Smoke detection.
" Alarm on airborne radioactivity detection at the outside air intake.
The requirements for controls and instrumentation associated with fire protection for MCR
are provided in Subsection 9.5.1, and Appendix 9A, Subsection 9A.3.51 Main Control
Room.
9.4.2

Spent Fuel Pool Area Ventilation System

The spent fuel pool area in the reactor building is serviced by the auxiliary building HVAC
system. Ventilation for the spent fuel pool area is addressed in Section 9.4.3.
9.4.3

Auxiliary Building Ventilation System

The auxiliary building ventilation system is designed to provide proper environmental
conditions during normal plant operation throughout all areas of the A/B, R/B, PS/B and
AC/B, except for the CRE, and Class 1 E electrical rooms.
Other HVAC systems serving areas in the R/B are discussed in other sections; The MCR
HVAC system is discussed in Section 9.4.1 and the Class 1E electrical room HVAC
system is discussed in Section 9.4.5.
During design basis accidents, HVAC systems serving safeguard components,
emergency feedwater pump and safety-related component areas are discussed in
Section 9.4.5. The Auxiliary Building Ventilation System complies with RG 4.21.

IDCD_12.0312.04-37

The auxiliary building ventilation system includes:
" Auxiliary building HVAC system
"

Non-Class 1E electrical room HVAC system

"

Main steam/feedwater piping area HVAC system

" Technical support center (TSC) HVAC system
9.4.3.1

Design Bases

The auxiliary building ventilation system is classified as a non-safety related system. Nonsafety related equipment and ductwork within areas containing safety-related equipment
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related isolation dampers and associated ductwork are seismic Category I. The system is
of a once through type, and consists of supply and exhaust air systems. The supply air
system includes two auxiliary building air handling units, each is sized for 50% of the total
system airflow and consists of, in the direction of airflow, a low efficiency pre-filter, a
medium efficiency filter, a steam heating coil, a chilled water cooling coil, a supply fan and
associated controls. The cooling coil of each air handling unit is supplied with chilled
water from the non-essential chilled water system (Section 9.2.7). Both air handling units
are connected to a common air distribution ductwork through discharge air isolation
dampers.
The exhaust airflows from the served areas are drawn through air ductwork, by three
auxiliary building exhaust fans, each sized for 50% of the total system airflow. Each
exhaust fan is equipped with an isolation damper and discharge ductwork leading to the
vent stack. The exhaust fan and associated isolation damper are interlocked to close the
damper when the exhaust fan is not in operation. Dreventina backflow into the auxiliary
da '
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The penetration of the penetration and safeguard component area and the discharge duct
of the auxiliary building HVAC system are provided with safety-related isolation dampers
that automatically close upon receipt of the ECCS actuation signal. The penetration and
safeguard component area supply and exhaust line isolation damper assemblies, and the
auxiliary building HVAC system exhaust line isolation damper assemblies are equipment
class 2, seismic category I.
There is no separate spent fuel pool ventilation system. The fuel handling area in the
reactor building is serviced by the auxiliary building HVAC system. There are supply and
exhaust ductwork branches from the auxiliary building HVAC system that enter into the
fuel handing area. The exhaust air duct from the fuel handling area is monitored for
airborne radioactivity (Subsection 12.3.4.2.8).
During normal plant operation, the two air handling units and two exhaust fans are placed
into operation. The total supply airflow of two air handling units is 196,000 ft3/min and the
total exhaust airflow of two exhaust fans is 2089000216 000 ft3/min. Upon energizing the
air handling unit, its isolation dampers automatically open. Upon energizing the two
exhaust fans, their airflow is continuously and automatically controlled at a predetermined
value to maintain a slightly ,,gati'.'.
prcccuro inprovide control of the release of
potentially radioactive airborne materials from the controlled areas within A/B, R/B,
including the fuel handling area, and AC/B to mninimize efiltr.atien from the radilegical
eentrelled aro•a. The design exhaust flowrate is maintained with or without the low
volume or high volume containment purge exhaust in operation. The fuel handling area is
supplied airflow of 21,800 ft3/min from auxiliary building HVAC system air handling units
and exhausts an airflow of 24,000 ft3/min from this area. The airflow to radiological
controlled area is adjusted by the balancing damper located in supply and exhaust duct
branch throughout the system.

DCD 09.04.
03-16
DCD_09.04.
03-18

DCD_09.04.
03-15

Backdraft dampers are provided in the ventilation ductwork supplying and exhausting
DCD_12.03uncontrowlld pressevinbcedlo byo the auxiliary buildingHVAC syste~m itself which hasi 12.04-37

dampers will Drevent backflow from the auxiliary buildingi HVAC system itself, which has
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been contaminated by radiologically controlled areas ventilated by the auxiliary building
HVAC system when the auxiliary building HVAC system is not running.

DCD_12.0312.04-37

In addition, isolation dampers are also provided in the main exhaust duct to the plant
ventilation stack, upstream of the annulus emergency exhaust system tie-in connection.
This will prevent the backflow of discharge air from the annulus emergency exhaust
system from entering into the auxiliary building HVAC system, when the auxiliary building
HVAC system is not running. The balancing damper prevents the backflow of discharge
air from the containment ventilation system from entering into the auxiliary building HVAC
system.
The auxiliary building HVAC system exhausts a sufficient quantity of air from each of the
essential chiller mechanical equipment rooms and non-essential chiller mechanical
DCD_09.04.
eguipment room to meet ASHRAE Standard 15 reguirements to prevent an excessive
concentration of refrigerant within the chiller room in the event of a leak or rupture from a 03-15
chiller.
In summer, the outside supply airflow is cooled by the air handling unit's chilled water
cooling coil. Upon supply air temperature rise, as sensed by thermostats located in the
supply air duct, the air handling unit's chilled water control valves allow for an increase in
the chilled water flow through the cooling coils.
In winter, the supply air is heated by the air handling unit steam heating coil to maintain
the supply air temperature at the design set point. Supplemental heating with local unit
heaters or in-duct heaters, that are non-safety related equipment and locally installed, is
provided in areas with higher heat loss, due to their proximity to exterior walls.
Airborne radioactivity is monitored inside the exhaust air duct from the fuel handling area,
penetration and safeguard component area, R/B controlled area, A/B controlled area, and
sampling/laboratory area (AC/B controlled area) (Subsection 12.3.4.2.8). An alarm will
be actuated in the MCR when the radiation levels exceed a predetermined value. If this
event occurs, the normal supply and exhaust from the affected area is manually isolated,
remotely from the MCR, and the exhaust flow is manually diverted, remotely from the
MCR, to the containment low volume purge filtration exhaust system (Section 9.4.6) for
the following areas: the penetration and safeguard component area, fuel handling area,
RPB controlled area, A/B controlled area, and sampling/laboratory area. The airflow from
the containment low volume purge exhaust filtration unit exhausts through the vent stack,
which also contains radiation monitors. These radiation monitors are used during all
modes of operation. This design complies with GDC 64, Monitoring Radioactivity
Releases, and GDC 63, Monitoring Fuel and Waste Storage, as indicated in Section 11.5.
This redirects normal exhaust from radiological controlled area to HEPA and charcoal
absorber filters in the containment low volume purge system. Thereby, this system
arrangement meets the requirements of GDC 61 for normal plant conditions.
The auxiliary building HVAC system and containment low volume purge system
arrangement for the fuel handling area meets the GDC 60 requirements for normal plant
operation based on compliance with RG 1.140. However, based on the fuel handling
accident analysis (Section 15.7.4) no credit is given for any filtration of released
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During normal plant operation coincident with a LOOP, the TSC HVAC system is served
by the alternate ac power source.
Smoke detectors located in the supply and return air ducts detect the presence of smoke,
and automatically shut down the system, and activate an alarm in the MCR. Any
ductwork penetrating a fire rated barrier have a fire rated damper installed in the barrier.
The TSC HVAC system has the same habitability considerations with respect to
radiological accidents as the MCR HVAC system. 10 CFR 50, Appendix A, GDC 19
criteria is applicable and is consistent with the guidance provided in NUREG 0696.
DCD Subsection 15.6.5.5.1.3 provides the basis for the TSC acceptability with respect to
habitability after radiological accidents, which includes compliance with 10 CFR 50.34.
The welded ductwork design with flanged connections for the TSC, combined with its
configuration, will minimize in-leakage such that no greater in-leakage than that
evaluated will occur.
There is a dedicated radiation monitoring system for the TSC to ensure radiological
protection of TSC personnel. This monitoring system will indentify changing conditions
and provides early warning of adverse conditions affecting habitability. HEPA filters are
specified to withstand at least 20 inches wg differential pressure. Ventilation systems
containing HEPA filters have fans with static pressure capacities below 20 inches wg.
9.4.3.3
9.4.3.3.1

Safety Evaluation
Auxiliary Building HVAC System

Other than the safety-related seismic category I isolation damper assemblies of
penetration and safeguard component area supply and exhaust line and auxiliary building
HVAC system exhaust line, the auxiliary building HVAC system has no safety-related
function and therefore requires no safety evaluation. However, a part of ductwork in the
reactor building is designed in accordance with seismic Category II requirements to
remain in place during an SSE to preclude damage to any safety-related structures,
systems or components located in the vicinity of the ductwork.
Upon receipt of the ECCS actuation signal, the penetration and the safeguard component
areas are automatically isolated by the equipment class 2, seismic category I isolation
dampers in order that operation of the annulus emergency exhaust system maintains a
negative pressure and mitigates the release of airborne fission products to the
atmosphere.
Upon receipt of the ECCS actuation signal, the auxiliary building HVAC system discharge
duct is automatically isolated by the equipment class 2, seismic category I isolation
dampers in order to prevent backflow of discharge air from the annulus emergency
exhaust system into the auxiliary building HVAC system.
Failure mode and effects analysis Table 9.4.3-2 concludes that no single failure
coincident with a LOOP compromises the system's safety functions.

9.4-19
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coils are tested in accordance with Air Conditioning and Refrigeration Institute
Standard (Ref. 9.4.8-21, Ref. 9.4.8-22).
" System instruments and automatic controls are to be calibrated to insure proper
set points and confirm proper sequence of operation at all system operating
modes.
*

The system is operated and tested initially with regard to flow paths, flow capacity
and component operability.

9.4.4.5

Instrumentation Requirements

The turbine building area ventilation system is provided with a non-safety monitoring and
indication system to annunciate abnormal operating conditions such as loss of airflow,
high temperature return air, low temperature of return air, high filter differential pressure,
operating status of fans. Malfunctions of the system and detection of the smoke are
alarmed in MCR.
9.4.5

Engineered Safety Feature Ventilation System

The engineered safety feature (ESF) ventilation system includes:
" Annulus Emergency Exhaust System
" Class 1E Electrical Room HVAC System
" Safeguard Component Area HVAC System
"

Emergency Feedwater Pump Area HVAC System

" Safety Related Component Area HVAC System
The annulus emergency exhaust system is designed for fission product removal and
retention by filtering the air it exhausts from penetration areas and safeguard component
areas following accident.
Other systems of the ESF ventilation system are designed to provide the proper
environmental conditions within plants areas that house engineered safety feature
equipment. The system function is to support and assure the safe and continuous
operation of the ESF equipment during normal and emergency operating conditions.
The ESF ventilation system complies with 10 CFR 50, Appendix A, GDC 2,4, and 60., and ICO_12.03-

112.04-37

RG 4.21.
The COL Applicant is to provide a system information and flow diagram of ESW pump
area ventilation system if the ESW pump area requires the ventilation system.
9.4.5.1
9.4.5.1.1

Design Bases
Safety Design Bases

The ESF ventilation system is designed to satisfy the following design bases.

Tier 2

9.4-26

ReviameR

2

9. AUXILIARY SYSTEMS

9.4.5.2
9.4.5.2.1

US-APWR Design Control Document

System Description
Annulus Emergency Exhaust System

The annulus emergency exhaust system is an ESF system designed for fission product
removal and retention. The system is shown in Figure 9.4.5-1 and the system equipment
design data is presented in Table 9.4.5-1. The annulus emergency exhaust system
consists of two redundant divisions, each sized to satisfy 100% capacity.
Each annulus emergency exhaust filtration unit consists of, in the direction of airflow, a
high efficiency filter, a HEPA filter and a fan.
In the event of a LOCA, both trains are energized by the ECCS actuation signal. The
annulus emergency exhaust system draws down the pressure of the penetration and
safeguard component areas to a negative pressure of 0.25 in. w.g. with regard to the
adjacent areas. Exhaust air is filtered and discharged into the vent stack and the
penetration and safeguard component areas remains isolated from the auxiliary building
HVAC system (Section 9.4.3). Chapter 15, Subsection 15.6.5 analyzes the DBA LOCA.
The EAB and LPZ doses are shown to meet the 10 CFR 50.34 dose guidelines. Chapter
15, Subsection 15.4.8 analyzes the DBA rod ejection accident. The resultant doses are
well within the guideline limit of 25 rem identified in 10 CFR 50.34. Both analyses meet
the criteria without charcoal adsorber.
There are several common duct sections that interface between the annulus emergency
exhaust system and the auxiliary building ventilation system at the penetration areas and
the safeguard component areas. There are backdraft dampers at these interface points
that perform the following functions:
" The backdraft dampers prevent backward airflow through the annulus emergency
exhaust system, while the auxiliary building HVAC system is operating.
" The backdraft dampers prevent short circulating air between the safeguard
component areas, while the safeguard component area AHU's are operating
during a DBA.
" The backdraft dampers have to open and remain functional when the annulus
emergency exhaust system is operating to ensure flow from the penetration areas
and safeguard component areas to maintain them at a negative pressure.
These backdraft dampers are equipment class 2, seismic Category I. HEPA filters are
specified to withstand at least 20 inches wg differential pressure. Ventilation systems
containing HEPA filters have fans with static pressure capacities below 20 inches wg.
9.4.5.2.2

Class 1E Electrical Room HVAC System

The Class 1 E electrical room HVAC system is shown in Figure 9.4.5-2 and system
equipment design data is presented in Table 9.4.5-1. The COL Applicant is to determine
the capacity of heating coils that are affected by site specific conditions. The system
consists of four redundant trains, each is sized to satisfy 100% of the cooling and heating
demand of two trains, i.e., train A or B can provide cooling and heating for both trains A &
B, and train C or D can provide cooling and heating for both trains C & D.
Tier 2
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Ductwork is supported, as required, to prevent adverse interaction with safety-related
systems during a seismic event per RG 1.29.
9.4.6.1.1

Safety Design Bases

The containment ventilation system is designed to satisfy the following design bases:
•

The containment purge system has the capability to close the safety-related,
seismic category I, containment isolation valves during a design basis accident.

•

The safety-related containment isolation valves isolating the containment are
connected to separate electrical safety buses that satisfy the single active failure
criterion.

" The containment isolation valves assemblies are design to withstand the effect of
adverse environment conditions.
" The containment ventilation system meets GDC 2 by being located within seismic
Category I and II structures and by compliance to Regulatory Guide (RG) 1.29,
position C.1 for safety-related portions and position C.2 for non-safety-related
portions. The containment and the reactor building contain the safety-related
portions of the containment ventilation system and are protected from the effects
of natural phenomena such as earthquakes (Section 3.7), wind and tornados
(Section 3.3), floods (Section 3.4), and external missiles (Section 3.5).
"

During a design basis accident, air operated valves (VAS-AOV-511-S and VASAOV-512-S) isolate the auxiliary building HVAC system discharge duct, which the
containment purge system is tied into, in order to prevent the backflow of
discharge air from the annulus emergency exhaust system into the auxiliary
building HVAC system and the containment purge system.

9.4.6.1.2
9.4.6.1.2.1

Power Generation Design Bases
Containment Fan Cooler System

The containment fan cooler system is designed to satisfy the following design bases:
" Maintain containment air temperature below 1200 F (Table 9.4-1) during normal
plant operation and below 150' F during LOOP condition.
*

Provide proper air distribution.

•

Provide standby for the active containment fan coolers to ensure continuous and
reliable performance during normal plant operation.

" During a LOOP condition, the containment fan coolers are served by the alternate
ac power source.
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combination with high containment pressure of 2 psig. The filtration unit is interlocked with I
the auxiliary buildina HVAC exhaust line (plant ventl isolation damoers to nrevent fan
operation when one of the two series dampers (i.e. VAS-AOD-511 or VAS-AOD-512) is
closed.
These containment low volume purge exhaust filtration units are cross connected to the
auxiliary building ventilation system (Subsection 9.4.3.2.1) with the following areas, fuel
handling area, penetration and safeguard component area, and controlled area of the
reactor building, auxiliary building, and access building. Radiation monitors in the normal
exhaust ducts (Subsection 12.3.4.2.8) from these areas will alarm in the MCR upon
detecting high radiation. In this event, operators will manually isolate normal ventilation to
the impacted area, and redirect exhaust airflow to these containment low volume purge
exhaust filtration units. This minimizes the potential spread of radioactive contamination
for the areas serviced by the auxiliary building HVAC system. WheRBefore exhaust from DCD_09.04.
03-14
the auxiliary building HVAC system is fiteFed- by aligned to the containment low volume
purge exhaust filtration unit, the containment low volume purge system containment
isolation valve is manually closed and the containment low volume purge supply fan is
manually stopped.
The containment low volume purge system meets the GDC 60 and 61 requirements
based on compliance with RG 1.140 and control of radioactive material releases to
environment. However, based on the results of the fuel handling accident analysis
presented in DCD Section 15.7.4 with no credit given for any filtration of released
radionuclides, the calculated offsite doses remain well within the guideline dose limit
values of 10 CFR 50.34.
The capacity of the containment low volume purge system is sized to maintain acceptably
low levels of radioactivity, including noble gases, during normal plant operation.
The containment area includes four radiation monitors that are part of the Area Radiation
Monitoring System (ARMS) described in Section 12.3.4.1. The monitors provide detection
of radioactivity due to airborne particulate within the circulating air of the containment.
Following the detection of high levels of radioactivity by any of the four radiation monitors,
alarms are indicated in the main control room and the containment isolation valves on the
containment low volume purge system is automatically closed.
The containment radiation monitors RMS-RE-040 and 041 described in Subsection
11.5.2.2.1 provide a means for detection of unidentified leakage into the containment
atmosphere from the reactor coolant pressure boundary (RCPB). When the unidentified
leakage rates increases, alarms are initiated in the MCR and a containment purge
isolation signal is generated. Upon receipt of the isolation signal, the containment low
volume purge system containment isolation valves are automatically close. The radiation
monitors are required in normal operation as described in DCD Subsection 5.2.5.4. HEPA
filters are specified to withstand at least 20 inches wg differential pressure. Ventilation
systems containing HEPA filters have fans with static pressure capacities below 20
inches wq.
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tqfduurin" a load rejection. Additional protection is provided by an omorgenoy trpth..e
turbine protection system TPLTS)which continuously monitors critical turbine parameters
on a multi-channel basis--and trips the turbine in the event that speeds in excess of
overspeed protection control trip set points are reached. Emergency overspeed trip
consists of a mechanical and an electrical trip. Mechanical overspeed trip (MOST) device
drains emergency trip header (MTSV&RSV) oil and closes the main turbine stop valves,
the main turbine control valves, the reheat stop valves, the intercept valves and thereheat valvocone of the extraction non-return valves in the No.5 extraction line if the
turbine speed exceeds 110 percent of the rated speed. The electric overspeed trip(EOST) system closes the tho miA.n. .nd
o
step valvos (2 out Of 3 trip
legie)same valves as of MOST if the turbine speed exceeds 111 percent of rated speed.
This system is described in Subsection 10.2.2.3.

DCD_10.024

DCD_10.024

Turbine Missile Protection
Turbine rotor integrity minimizes the probability of generating turbine missiles and is
discussed in Subsection 10.2.3. Turbine missiles are addressed in Subsection 3.5.1.3.
The favorable orientation of the turbine-generator directs potential missiles away from
safety-related equipment and structures.
Radioactivity Protection
Under normal operating conditions, theFe aFe- n mr oacAv en
..

.

.aminanef
o; oper-aic •,nol
,l•^p

the system temay become contaminated through steam generator tube leakage and/or
tritium diffusion. in thic e.ent, :adiologicalRadiological monitoring of the main condenser
air removal system, the gland seal system, the steam generator blowdown system, and
the main steam lines wilis used to detect contamination and alarm high Fadieee""ty
concentrations. A discussion of the radiological aspects of primary-to-secondary system
leakage and limiting conditions for operation is ee.tatiebddescribed in Chapter 11.
T-heOne of the functions of the steam generator blowdown system described in
Subsection 10.4.8 see,,esis to im~imonitor the radioactivity level in the secondary
eyeleside to ensure levels remains, below the operational limits.
Flow Accelerated Corrosion Protection
Flow accelerated corrosion (FAC) resistant materials are used in steam and power
conversion systems for components exposed to two-phase flow where significant erosion
can occur. Factors considered in the evaluation of FAC include system piping and
component configuration and geometry, water chemistry, piping and component material,
fluid temperature, and fluid velocity.
In addition to material selection, pipe size and layout may also be used to minimize the
potential for FAC in systems with two-phase flow condition. To maintain a noncorrosive
environment, the secondary side water chemistry (see Subsection 10.3.5) uses an all
volatile chemistry for pH adjustment and corrosion prevention chemicals. Steam and
power conversion systems are designed to facilitate inspection and FAC monitoring
programs.
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"

Each line is provided with a MSDV for controlled removal of reactor decay heat (in
conjunction with the EFWS) during safe shutdown after plant transient and
accident conditions.

"

Redundant power supplies are provided to operate MSIVs and MSBIVs for
containment isolation.

" Branch lines located on the safety-related portion of the main steam lines contain
normally closed valves or power operated valves which are closed remotely when
required.
" Radioactive contamination of the MSS can occur by a primary side to secondary
side leak in the SG. The FriAi, -teemMSS can also become contaminated due to
tritium diffusion through SG tubes even without primary-to-secondary leakage. A
discussion of the radiological aspects of primary-to-secondary system leakage
and conditions for operation is contained in Chapter 11. AdditieRay.4,, theThe
MSIVs provide controls for reducing releases by isolating the affected main steam
line following a steam generator tube rupture (SGTR). In I"e radiatioRadiation
monitors on each steam line, condenser vacuum pump exhaust line- r•tdciienFRORiter, GSS exhaust fan discharge line radiation mon.tor and the SG blowdown
line radiation mnitor facilitate primary-to-secondary leak detection.
" The safety-related portions of the MSS are located in the containment and the
main steam/feedwater piping area of the reactor building. These buildings are
designed to withstand the effects of earthquakes, tornadoes, hurricanes, floods,
external missiles and other natural phenomena. Sections 3.3, 3.4, 3.5, 3.7 and 3.8
describe the bases of the structural design of these buildings.
" The safety-related portion of the MSS is designed to remain functional after a
SSE.
" The MSS and components are initially tested with the program given in Chapter
14. Periodic in-service functional testing is done in accordance with Subsection
10.3.4. Section 6.6 ISI for Class 2 and 3 component lists appropriate ASME
Section Xl (Reference 10.3-8) requirements for the safety-related portion of the
system.
" The safety-related components of the MSS are qualified to function in normal,
test, and accident environmental conditions. The environmental qualification
program is described in Section 3.11.
" Section 3.2 provides quality group classification, design and fabrication codes,
and seismic category applicable to MSS.
"

Failure mode and effects analysis Table 10.3.3-1 concludes that no single failure
coincident with loss of offsite power compromises the system's safety functions.
All vital power sources, onsite and offsite are described in Chapter 8

*

The steam supply lines to the EFW pump turbine located upstream of the MSIV
assure steam supply to these turbines.
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Condensed water from these components is collected in the auxiliary steam drain tank
and then, by using the auxiliary steam drain pump, is transferred to the condenser during
plant normal operation, or to the auxiliary boiler during the period in which the main steam
is not available.
•

Boric acid (B/A) evaporator

°

B/A batching tank

•

Non safety-related HVAC equipment

The ASSS supplies steam for plant system heating when main steam is not available.
The auxiliary boiler takes condensate makeup from the auxiliary steam drain tank inside
the A/B, or from the condensate storage tank (CST) in the yard. The auxiliary boiler is
located in the yard near the plant area. The auxiliary boiler facility and the associated
piping are designed in accordance with RG 4.21. The condensate piping from the ASSS
drain tank is a single-walled carbon steel pipe run above ground in pipe chases from A/B
to the T/B, and is then connected to double-walled welded carbon steel piping through the
T/B wall penetration to the auxiliary boiler. Since this is not a high traffic area, this
segment of pipe is run above ground and is slightly sloped so that any leakage is
collected in the outer pipe and drained to the auxiliary boiler building. At the auxiliary
boiler building end, a leak detection instrument is provided to monitor leak. A drain pipe is
provided to direct any drains to the building sump. The facility floor has an epoxy coating
and the sump has a liquid level detection instrument alarm for operator action. The sump
drain line pumps the liquid contents to the T/B sump for collection and analysis. The
sump drain line inside the auxiliary boiler building is constructed of single-walled carbon
steel pipe. From the auxiliary boiler building wall penetration to the T/B outside wall, the
drain line is cons~trucfted of double-walled ninina run above around. Inside the T/B. the
pipe is single-walled as it is routed to the T/B sump. The double-walled seqment of the
sump drain line is sloped towards the turbine building and is eguipped with leak detection
instrumentation. The steam piping is jacketed with insulation and heat protection. The
Auxiliary Boiler is designed with a blowdown connection from the boiler drum to the
building sump. The boiler blowdown is drained directly into the sump for transfer into the
Turbine Building sump. The T/B sump contents are then pumped to the Waste Holdup
Tanks in the LWMS for processing. This design is supplemented by operational programs
which includes periodic hydrostatic or pressure testing of pipe segments, instrument
calibration, and when required, visual inspection and maintenance of piping, trench and
instrument integrity.
A discussion of the radiological aspects of the system leakage is contained in DCD
Section 11.1. Design and system features addressing RG 4.21 are captured in
Subsection 12.3.1.3 of the DCD.

DCD_12.0312.04-38
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Monitoring the leakage from the primary side of the evaporator, the radiation monitor is
attached to the downstream of the auxiliary steam drain pump. The high alarm of the
monitor isolates the pump discharge line and steam supply line from main steam and trips
the pump.
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1.54 Revision 1, and are subject to the limited QA provisions, selection, qualification,
application, testing, maintenance and inspection provisions of RG 1.54 and standards
reference therein, as applicable to Service Level II coatings. Post-construction initial
inspection is performed by personnel qualified using ASTM D 4537 (Reference 11.2-22)
using the inspection plan guidance of ASTM D 5163 (Reference 11.2-23). Level-detecting
instrumentation measuring the current tank inventories is provided. High- and low-level
alarms are provided. These alarms are annunciated in the radwaste control room located
DCD_12.03in the A/B and also in the MCR. The four waste holdup tanks have an interlock which,
upon receiving a high level alarm on one of the tanks, will automatically close the valve to 12.04-37
the full tank and route the liquid waste inflow to the next available tank.
The sump tanks are equipped with two pumps and level instruments. This redundancy
serves to minimize the effect of pump failure.
11.2.2.2.3

Pumps

The LWMS pumps are constructed from material appropriate for their intended use and
the material is listed in Table 11.2-4. Generally, these pumps are stainless steel,
horizontal centrifugal type. A listing of codes applicable to pumps is presented in Table
11.2-1.
11.2.2.2.4

Cartridge Filter

Cartridge filters are housed in enclosures that facilitate simplified change out with minimal
occupational dose in compliance with the ALARA principle. These filters are located
inside a shielded environment commensurate with the design basis source term. The
filters efficiently remove suspended solids and radioactive particulates. Differential
pressure measured across the filter provides an indication of its performance and is
indicated locally in the radwaste control room. Spent filters are transferred to the solid
waste management system (SWMS) for packaging and disposal.
11.2.2.2.5

Activated Carbon Filter

The carbon filter is a column holding carbon media designed to remove organic
contaminants. This serves to protect the downstream ion exchange media from fouling.
Differential pressure measured across the filter is indicated locally in the radwaste control
room and provides an indication of the performance of the filter. Spent filter media is
transferred as slurry with primary make-up water to the SWMS for further processing and
packaging. A listing of applicable codes is presented in Table 11.2-1.
11.2.2.2.6

Ion Exchange Columns (Demineralizers)

The ion exchange columns are designed to remove radionuclide impurities in the liquid
stream. The ion exchange resins, which consist of anion and cation resins, are selected
during the detailed design phase. Differential pressure measured across the columns is
indicated in the radwaste control room and provides an indication of the performance of
the columns. Spent resin is transferred as slurry with primary make-up water to the
SWMS. A waste effluent strainer is installed downstream of the ion exchange columns
for the purpose of removing any resin fines that may be carried over from the columns.
These stainless steel strainers are basket-type with 25 micron to 550 micron mesh
openings. Differential pressure measured across the strainer is indicated locally and
Tier 2
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Summary of Tank Indication, Level Annunciations, and Overflows
Level Indication
Location

Alarm

Location of Alarm

Overflows Into

WHTs

radwaste control
room

High Level
Low Level

Radwaste control room
Radwaste control room

NB Sump

Chemical Drain
Tank

Radwaste control
room

High Level
Low Level

Radwaste control room
Radwaste control room

Portable container

Waste Monitor
Tanks

Radwaste control
room

High Level
Low Level

Radwaste control room
Radwaste control room

NB Sump

Detergent Drain
Tank

Radwaste
control
TankroomNB
room

High Level
Low Level

Radwaste control room
Radwaste control room

Sump

CN Sump

MCR + Radwaste
control room

High Level

Tank

MCR

Sump Tanks
(Note 1)

MCR + Radwaste

Detergent Drain
Monitor Tank
Stand Pipe

MCR + Radwaste
control room

Radwaste control

Low Level

Radwaste control room

High Level

MCR + Radwaste control
room

Low Level

Radwaste control room

MCR

CN Reactor
Coolant Drain
Tank

r

room

control room

MCR + Radwaste
control room

+

High Level
Low Level
High Pressure

+

r

CNaump
CN Sump

Cell

Radwaste
control
oom
room

Radwaste control room
MCR + Radwaste control
room

MCR + radwaste
control room

High Temp

Radwaste
control
Monior
oomN
ank
room

High Level
Low Level

Radwaste control room

Local + MCR

High Level

MCR

Local + MCR

Low Level

MCR

CN Sump

MCR + Radwaste control
room
B Sump

Radwaste control room
CN Sump

Notes:
1.

2.

All the sump -al-.m.istedSUmDS include instrumentation that in the MCR and radwaste control room
e.eopt floor and .-uipmont d•,in sumps l.at.din
iNB. The leak detection instruments for the floor
drains sump and the equipment drains sump in the A/B alarm locally and also in the MCR throuah a

representative alarm.
High level alarms in the radwaste control room are annunciated in the MCR as a common alarm.
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Table 12.3-8

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet I of 75)

Fuel Storage and Handling

(Note: The "System Features" column consists of excerpts/summary from the DCD)

Objective

System Features

DCD Reference

New and spent fuel storage facilities are located in the fuel handling area of
the Reactor Building (RIB) which is designed to meet the Seismic Category
I requirements of Regulatory Guide (RG) 1.29.

9.1.1.1
9.1.2.2.2

The fuel storage and handling area is protected against natural phenomena.
The robust concrete walls and ceiling surrounding the fuel storage and
handling area are designed to withstand the loads and forces caused by
wind, tornados, floods, and external missiles.

9.1.1.1
9.1.2.2.2

The spent fuel storage pit is constructed of reinforced concrete lined with
stainless steel plate. Similarly, the refueling canal, fuel inspection pit, and
cask pit are constructed of reinforced concrete lined with stainless steel
plate. The SFP is lined with stainless steel. The liner surface will have a 2B
or higher finish, selected to minimize accumulation of corrosion and fission
products, and also provide easy maintenance and decontamination. This
liner surface is smooth and non-porous to avoid buildup of radioactive
material.

9.1.2.2.2

Penetrations for the drain and makeup lines are located to preclude the
draining of the SFP due to a break in a line or failure of a pump to stop. The
connection for the SFP pumps' suction is located below normal water level
and above the level needed to provide sufficient water for shielding and for
cooling of the fuel if the SFPCS is unavailable.
This design feature aids in minimizing the leakages and spills (dispersion of
water) from the SFP.

9.1.2.2.2

1

Tier 22
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Minimize leaks and spills and
provide containment in areas
where such events may occur.
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Table 12.3-8

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 2 of 75)

Objective

2

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

System Features

DCD Reference

The SFP is not connected to the equipment drain system to preclude
unanticipated drainage.

9.1.2.2.2

Heating, Ventilation, and Air Conditioning (HVAC) provides ventilation for
the fuel handling area to maintain the atmospheric pressure in this area
slightly negative with respect to outside the building.

9.1.1.1
9.1.2.1
9.1.2.2.2

The SFPCS consists of one 100% capacity RWSAT (29.410 cu. ft), pumps.
associated valves, pipina. and instrumentation. The piping to and from the
RWSAT is single-walled stainless steel that runs above ground and
penetrates the building wall directly into the tank. For piping between
buildings, penetration sleeves are provided to collect and direct any leakage
back into the building drain for further processing. The RWSAT employs
leak-tight valves to minimize leakage to the environment. This design is
supplemented by operational programs, which include periodic visual
inspections for piping integrity. Testing the piping segments will be included
as a part of the plant routine inspections and maintenance program.

9.1.3.2

The SFPCS is designed to collect system leakage; instrumentation is
provided to indicate SFP water level.

9.1.3.1

A fuel pool liner leakage collection system is provided to collect possible
leakage from liner plate welds on the pit walls and floor. This system is
provided with a leak detection capability and alarm. Leaked water is
directed to the R/B drain sump.

9.1.2.1
9.1.2.2.2

A liquid level transmitter is installed in the SFP to monitor water level. The
water level indication, high water level alarm, and low water level alarm are
relayed to the MCR. A local alarm is also installed for detection by
personnel present in the vicinity of the SFP.

9.1.3.5.4

12.3-54
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Objective

Tier
Tier 22

US-APWR Design Control Document

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 3 of 75)
System Features

DCD Reference

The RWSP has a leak detection system which consists of leak detection
channels that interface with the RWSP liner and are routed throuah the
RWSP floor into standoipes between the RWSP and the PCCV. These
standpipes are visually inspected during refueling outages as part of the
leak monitoring ooerational program, in accordance with RG 4.21.

9.1.3.2

12.3-55
12.3-55
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Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 13 of 75)

Water Systems

(Note: The "System Features" column consists of excerpts/summary from the DCD)

Component Cooling Water System

(CCWS)
The CCWS normally dac na.t cAnta ra;ie,-aot fluids and is a closed loop system. It is designed to serve as an intermediate system between
components containing radioactive fluids, which are cooled by the system, and the ESW so as to prevent direct leakage of radioactive fluid into
the environment through the ESW system (DCD Section 9.2.2.1.2). Radioactive contamination of CCWS occurs only if there are leakages from
radioactive users into the CCWS.
Objective
1

Minimize leaks and spills and
provide containment in areas
where such events may occur.

System Features

DCD Reference

The system is designed to assure that leakage of radioactive fluid from the
cooled components is held within the plant.

1.2.1.5.4.4

IDCD_12.0312.04-37

Design features to minimize leaks

Tier 22

Water chemistry control of CCWS is performed by adding chemicals to the
CCW surge tank to prevent long term corrosion that may degrade system
performance. The CCW in the surge tank is covered with nitrogen gas to
maintain water chemistry.

9.2.2.3.4

Piping joints and connections are welded, except where flanged
connections are required.

9.2.2.2.1.4
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Table 12.3-8

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 18 of 75)

Objective

2

Tier 2

US-APWR Design Control Document

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

System Features

DCD Reference

The underaround segment of transfer piping running between the CST and
the hotwell is single-walled welded stainless steel piping in a coated trench
with removable but sealed covers. The coating in the trench is Service Level
11as defined in RG 1.54 Revision 1 and is subiect to the araded QA
provisions, selection. qualification. application, testing, maintenance, and
inspection provisions of RG 1.54 and standards referenced therein, as
applicable to Service Level II coatingqs. Post-construction initial inspection is
performed by personnel qualified using ASTM D4537 using the inspection
olan guidance of ASTM D 5163. The trench also has inspection manholes
with drain collection basins and liquid level switches. This design is
supplemented by periodic hydrostatic or pressure testing of pipe segments,
instrument calibration, and when required, visual inspection and
maintenance of piping, trench and instrument integrity, in compliance with
the guidance of RG 4.21 and industry operating experience.

9.2.6.2.4

Piping in a coated trench with removable but sealed covers, this design is
supplemented by periodic hydrostatic or pressure testing of pipe segments,
instrument calibration, and when required, visual inspection and
maintenance of piping, trench and instrument integrity.

9.2.6.2.4

12.3-70
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 20 of 75)
Water Systems

(Note: The "System Features" column consists of excerptslsummary from the DCD)

Primary Makeup Water Tanks (PMWTs)
Objective
1

Tier
Tier 22

System Features
Minimize leaks and spills and
provide containment in areas
where such events may occur.

DCD Reference

Design features to minimize leaks
The piping to and from the PMW Tank is single-walled stainless steel piping
designed to run aboveground and penetrates the building wall directly into
the tank. This piping is, Fctly inii•" !he
,VB in pipe,
•
h,•". For piping
between buildings, penetration sleeves are provided to collect and direct
any leakages back into the building for further processing. The piping may
require heat tracing to protect against freezing. The PMWTs employ
non-leakage type valves such as diaphragm-type valves, or leak control
valves with graphite packing for handling radioactive fluid, or leak-off
connection is provided to prevent leakage to environment. Similar piping is
provided for the PMW Tanks carrying recycle water back to the A/B. This
design is supplemented by operational programs which includes periodic
hydrostatic or pressure testing of pipe segments, and visual inspections to
maintain piping integrity. A discussion on minimizing radioactive
contamination of the system is contained in DCD Section 12.3.1.3.

9.2.6.2.6
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Objective
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Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for Minimizing
Contamination and Generation of Radioactive Waste (Sheet 21 of 75)
System Features

DCD Reference
DCD_12.0312.04-38

The tank house for the RWSAT and the two smaller PMWTs consists of a
low porosity concrete foundation and concrete retaining walls around the
tanks. To prevent crosscontamination, the tanks are protected by walls and
a roof to prevent infiltration of rain and other precipitation. The surface of the
tank house foundation is sloped to facilitate drainage of the leakaae from
the tanks. The leakaae water flows into the pipina embedded in the concrete
base mat via the funnel to the valve pit located outside the PMWTs and
RWSAT watertight compartments and is equipped with a normally closed
valve. The piping located at the valve pit has a leak detection instrument
that sends a signal to the main control room in the instance of the
accumulation of leakage. The concrete foundation, the walls, and the valve
pit are coated with epoxy to facilitate easy decontamination in the event of
contaminated water leakage. The epoxy coating in the tank house is Service
Level II as defined in RG 1.54 (Ref 9.2.11-10) and is subiect to the graded
QA orovisions, selection. qualification, application, testing. maintenance.
and inspection provisions of RG 1.54 and standards referenced therein, as
applicable to Service Level II coatings. Post-construction initial inspection is
oerformed by personnel qualified using ASTM D 4537 (Ref. 9.2.11-11) using
the inspection plan guidance of ASTM D 5163 (Ref. 9.2.11-12). Segments of
drain pipe are embedded into the low porosity concrete foundation. The
embedded seaments are kept as short as practicable to minimize
unmonitored leakage from the drain pipe.
CSF tanks including PMWTs and CST and their associated piping are
periodically tested / inspected for leakages.

9.2.6.4

12.3-73
Tier
Tier 22

12.3-73
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Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 31 of 75)

Process Auxiliaries

(Note: The "System Features" column consists of excerptslsummary from the DCD)

Air Conditioning, Heating, Cooling, and
Ventilation Systems
Objective
1

System Features
Minimize leaks and spills and
provide containment in areas
where such events may occur.

DCD Reference

Design features to minimize leaks
Air distribution ductwork is leak-tested in accordance with the Sheet
Metal and Air Conditioning Contractors' National Association
(SMACNA) technical manual "HVAC Air Duct Leakage Test Manual"
and American Society of Mechanical Engineers, ASME N510, AG-i
Section SA and TA.
All non-safety related ductwork located in areas containing safety
related components (Reactor Building, the Fuel Handing Area and
the Power Source Building) shall be designed to seismic category
II. They will .... n Wneaol and fti
onA8 and prevent interaction

9.4.1.4
9.4.3.4
9.4.5.4
9.4.3.3.1

IDCD
12.0312.04-37

with safety-related SSC's in these areas.
Ventilation zones, air distribution and airflow migrations are
confiaured and arranaed so that the ventilation air is drawn from the
clean areas to areas of potentially areater radioactive
contamination to a final filtration and exhaust systems discharging
to the plant vent stack.

Tier 22

12.3-83
12.3-83

DCD_12.0312.04-37
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Table 12.3-8

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 34 of 75)

Objective

2

US-APWR Design Control Document

System Features
Ventilation ooeninas. in areas where flooding might occur, are
located so that water entry is not possible.,
HEPA filters are specified to withstand at least 20 inches wa
differential pressure. Ventilation systems containing HEPA filters
have fans with static pressure capacities well below 20 inches wa.

DCD Reference

Provide for adequate leak detection
capability to provide prompt

The auxiliary building HVAC system controls exhaust fan airflow
continuously and automatically at a predetermined value higher than the

9.4.3.1.2.1
12.3.3.3

detection of leakage for any

supply fan airflow to maintain

structure, system, or component

of the release of potentially radioactive airborne materials from the
controlled areas reo--t".'o tl the e-dWi3 atm,--zepho,. ThiS ,iniiA-,

which has the potential for leakage.

^etati^n fr...m the

8 Slightly

....

fi

pr......

DCD_12.0312.04-37
DCD_12.0312.04-37

12.3.3.3
9.4.1.2

DCD_09.04.
03-18

.-provide control

.•eiielg^^a, oortrlled a..a. during normal plant

operation. The exhaust airflow through the plant's vent stack is a
radiologically monitored path.
Airborne radiation monitors in the exhaust ductwork from areas like the fuel
handling area, reactor building controlled areas, auxiliary building controlled
areas and access control building areas will alarm in the control room. The
control room operators will remotely from the control room manually isolate
the supply and exhaust ductwork from the areas as needed and redirect
airflow to the containment low volume purge exhaust system, filters, which
are then vented through the plant vent stack, during normal plant operation.
The exhaust airflow through the plant's vent stack is a radiologically
monitored path.

Tier 22

9.4.3.2.1
12.3.4.2

12.3-86
12.3-86
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 35 of 75)
Objective

3

Tier 2

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 of the environment.

System Features

DCD Reference

To minimize the buildup of radioactive contamination within the ducts, the
exhaust ducts are designed and sized for the transport velocities needed to
convey the radioactive contaminants without settling. Ducts for nuclear
exhaust and post-accident air cleanuo systems are sized for a minimum
duct velocity of aP~roximately 2.500 feet per minute (fpm).
Control exhaust fan airflow is continuously and automatically set at a
predetermined value to maintain a slightly negative pressure in the
controlled areas within the A/B. R/B and AC/B relative to the outside
atmosphere. This minimizes exfiltration from the radiological controlled
areas during normal plant operation.
Durno normal plant operation, the two air handling units and two exhaust
fans are placed into operation. Upon energizing the air handling units, the
isolation dampers automatically open. Upon energizing the two exhaust
fans, their airflow is continuously and automatically controlled at a
predetermined value to provide control of the release of potentially
radioactive airborne materials from the controlled areas within A/B. R/B
including the fuel handling area, and AC/B.

9.4.3.2.1
9.4.3.1.2.1
9.4.3.2.1

The MCR HVAC system equipment and components are provided with
proper access for initial and periodic inspections and maintenance during
normal operation.

9.4.1.4

12.3-87

DCD_12.0312.04-37
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 40 of 75)
Objective

System Features

DCD Reference

Design features to provide containment
Tank cubicles are coated with non-porous material up to a wall height to
contain the entire tank content. The floors of these cubicles containina

12.3.1.1.1.2.E
9.2.6.2.6

DCD_ 2.0312.04-37

radioactive fluid are slooed to facilitate faster drainage and to minimize
liquid accumulation. The cubicles are equipped with drainage system
to direct any leakage and overflows to sumps with pumps tethat will
redirect flow to other tanks.
In addition, the primary makeup water tanks and refueling water

storage auxiliary tank, which are located in a tank house, also have
same design features. The walls and floors of the tank house are
coated with non-porous material. The floor is sloped towards the
drainage pit or funnel. The drainage system is equipped with a liquid
detection.
RWS oipina from the RWSAT is connected to the RIB through the
piping tunnel located at the east side of the tank house. There are
construction joints (seal) between the tank house - piping tunnel and
the piping tunnel - R/B. This connection is made of elastomeric and
watertight material that serves as a seal between the two structures to
prevent leakage from the floor of the tunnel connection. These
construction Joints will be preserved the seal function continuously by
the appropriate installation and the Deriodic maintenance.

DCD 12.0229

All sumps include instrumentation that

DCD_12.0312.04-37

alarms in the MCR and

radwaste control room. The leak detection instruments for the floor
drain sump and the equipment drain sump in the A/B alarm locally and
also in the MCR through a representative alarm.

Tier 22

12.3-92
12.3-92
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 53 of 75)
Steam Generator Blowdown System

(Note: The "System Features" column consists of excerptslsummary from the DCD)

Objective

System Features

DCD Reference

The major elements of the SG program in accordance with NEI 97-06 are
outlined below:

5.4.2.2.2

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.

5. Primary to secondary leak monitoring, which gives operators information
needed to safely respond when tube integrity becomes impaired and
significant leakage or tube failure occurs.
Radioactive contamination of the SGBDS can occur by a primary to

10.4.8.3
DCD_12.0312.04-38

secondary leakage in the steam generator. Und8r noFrm. l oP..ating
conditi
thom
^, Is no signifcant amun!t of raiieoa•nty in !he steam

gcR...tor bl.^d-w... The SGBDS can become contaminated due to tritium
diffusion through SG tubes even without primary-to-secondary leakage. A
discussion of the radiological aspects of primary-to-secondary leakage and
conditions for operation is contained in Chapter 11. The isolation valve(s) in
each blowdown line provides controls for reducing releases by isolating the
affected steam generator blowdown line following a steam generator tube
rupture. An inline radiation monitor on the common line from the steam
generator blowdown sample lines, facilitate leak detection.
The SG blowdown water radiation monitor in the blowdown sample line
continuously monitors SG tube leakage. Upon detection of the significant
levels of radioactivity, the blowdown flow is also isolated.

12.3-105
Tier 22

12.3-105

10.4.8.5
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 54 of 75)
Objective
3

Tier 22

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 of the environment.

System Features

DCD Reference

Sample blowdown water for chemistry and detect primary-tosecondary
leakage with the SG blowdown water radiation monitor.

1.2.1.5.3.5

The blowdown samples are used to check the water chemistry of the
blowdown water and to detect leakage or failure of a steam generator tube
by radiation monitoring.
The SGBDS is automatically isolated from the steam generator by closing
the isolation valves in the event of an abnormal condition.

Ground water conditions and issues relative to the US-APWR are
site-specific, including monitoring and safeguards requirements to be
implemented to the design and operational requirements in RG 4.21.

COLA

The specification of low cobalt tubing for the US-APWR steam generator
design is an important feature of the design: not only in terms of reduced
exposure relative to the steam generator, but to the total plant radiation
source term. The cobalt content is controlled to not be more than 0.016
mass percent, with an average of 0.014 mass percent for the US-APWR
steam aenerator tubing.

12.3.1.1.1.1.D

DCD_12.0312.04-37

Maximum mass percent of cobalt content for the Upper Core Plate,
Upper/Lower Core Support Plate and Upper Core Barrel is 0.05.

Table 12.3-7

DCD 12.0312.04-37

Maximum mass percent of cobalt content for the Main Coolant Piping is
0.15.

Table 12.3-7

DCD_1 2.0312.04-37

12.3-106
12.3-106

Re~e~~4
Reyor,89R
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 62 of 75)
Steam and Power Conversion System

(Note: The "System Features" column consists of excerptslsummary from the DCD)

Objective

System Features

DCD Reference

Minimize leaks and spills and
provide containment in areas

Radioactivity Protection

10.1.2

where such events may occur.

Under normal operating conditions, thc-e a"re no adi--vc•atie eonetaF•m!inntG of

1

DCD_12.0312.04-37

.p...ional eenoom pr•cn. in!,h steam
.m. ad p r ns
Huy.. r.,it he pieoeblz for the system temay become contaminated through
steam generator tube leakage- and/or tritium diffusion. Radiological-atdhie.......l,....
F ,
.
lmonitoring
of the main condenser air removal system,
the gland seal system, the steam generator blowdown system, and the main
steam lines wis used to detect contamination and alarm high Fadieethi'y
concentrations. A discussion of the radiological aspects of
primary-to-secondary system leakage and limiting conditions for operation
is contained in Chapter 11. Th--One qf the functions of the steam generator
blowdown system described in Subsection 10.4.8 seemees to I4R*--monitor
the radioactivity level in the secondary cycle, below the epational
limits..

Tier 22

12.3-114
12.3-114

1 DCD

12.0312.04-37
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 63 of 75)
Main Steam Supply

(Note: The "System Features" column consists of excerptslsummary from the DCD)

Objective

System Features

DCD Reference

Radioactive contamination of the MSS can occur by a primary side to
secondary side leak in the SG U.do, norm"al
.
pfating
.
O.dit•i.., 1ho.c arc
Re oignifiGBnt .amoun of R•
iaaloti.y in the 101666. Additlinally, Iho The MSS
can also become contaminated due to tritium diffusion through SG tubes
even without primary-to-secondary leakage. A discussion of the
radiological asoects of Primary-to-secondary system leakage and conditions
for ooeration is contained in Chaoter 11. The MSIVs provide controls for
reducing releases by isolating the affected main steam line following a
steam generator tube rupture (SGTR).

10.3.3

Provide for adequate leak detection

1Aio-ns FdietieA.Radiation monitors on each steam line, condenser vacuum

10.3.3

capability to provide prompt
detection of leakage for any
structure, system, or component
which has the potential for leakage.

pump exhaust line radiation m.nffito, GSS exhaust fan discharge line
.ai......
m.nit-.and the SG blowdown line roiaticn m.n.iter f^oilitatz o^^k
deteetienfacilitate primary-to-secondary leak detection.

1

Minimize leaks and spills and
provide containment in areas
where such events may occur.

2

Tier 22

12.3-115
12.3-115

DCD_12.0312.04-37
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Table 12.3-8

Auxiliary Steam Supply System

(Note: The "System Features" column consists of excerpts/summary from the DCD)

Objective

System Features

DCD Reference

The condensate piping from the ASSS drain tank is a single-walled carbon
steel pipe run above ground in pipe chases from the A/B to the T/B, and is
then connected to double-walled welded carbon steel piping through the T/B
wall penetration to the auxiliary boiler. Since this is not a high traffic area,
this segment of pipe is run above ground and is slightly sloped so that any
leakage is collected in the outer pipe and drained to the auxiliary boiler
building. At the auxiliary boiler building end, a leak detection instrument is
provided to monitor leak. A drain pipe is provided to direct any drains to the
building sump. The facility floor has an epoxV coating and the sump has a
liquid level detection instrument alarm for operator action. The sump drain
line oumDs the liquid contents to the T/B sumg for collection and analysis.
The sump drain line inside the auxiliary boiler building is constructed of
sinale-walled carbon steel pipe. From the auxiliary boiler building wall
penetration to the T/B outside wall, the drain line is constructed of
double-walled piping run above around. Inside the TIB, the pipe is
single-walled as it is routed to the T/B sump. The double-walled segment of
the sump drain line is sloped towards the turbine building and is eguipped
with leak detection instrumentation. The steam piping is jacketed with
insulation and heat protection. The Auxiliary Boiler is designed with a
blowdown connection from the boiler drum to the buildinq sump. The boiler
blowdown is drained directly into the sump for transfer into the Turbine
Building sump. The T/B sump contents are then pumped to the Waste
Holdup Tanks in the LWMS for processing. This design is supplemented by
operational programs which includes periodic hydrostatic or pressure
testing of pipe segments, instrument calibration, and when required, visual
inspection and maintenance of piping, trench and instrument integrity.

10.4.11.2.1

1

Tier 22
Tier

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 67 of 75)

Minimize leaks and spills and
provide containment in areas
where such events may occur.

12.3-119
12.3-119

DCD 12.0312.04-38
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Table 12.3-8

Refuelino Water Storaae Auxiliary Tank
(RWSAT)

(Note: The "System Features" column consists of excerpts/summary from the DCD)

Obiective

System Features

DCD Reference

Desian features to minimize leaks

9.1.3.2

1

Tier
Tier 22

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 70 of 75)

Minimize leaks and spills and
provide containment in areas
where such events may occur.

DCD-12.03-1
2.04-37

The SFPCS consists of one 100% capacity RWSAT (29.410 cuft), pumps,
associated valves. piping, and instrumentation. The piping to and from the
RWSAT is sinale-walled stainless steel that runs above around and
penetrates the buildina wall directly into the tank. For piping between
buildings, penetration sleeves are provided to collect and direct any leakaae
back into the building drain for further processina. The RWSAT employs
leak-tiaht valves to minimize leakaae to environment. This design is
supplemented by operational programs, which include periodic visual
inspections for piping integrity. Testing the piping segments will be included
as a part of the plant routine inspections and maintenance program.

12.3-1 22
12.3-122
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Table 12.3-8

US-APWR Design Control Document

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 71 of 75)

US-APWR Eauioment Desion

DCD-12.03-1
2.04-37

(Note: The "System Features" column consists of excerpts/summary from the DCDI

Considerations for Keeoinq Radiation

Exoosure ALARA
Obiective
1

Tier 22

Minimize leaks and spills and
provide containment in areas
where such events may occur.

System Features

DCD Referenc

Design features to minimize leaks

12.1.2.2.1

Consistent with the requirements of 10 CFR 20.1406 (Reference 12.1-6).
the design criteria strive to minimize the oossibilities for contamination of the
facility and environment, to facilitate eventual decommissioning. and to
reduce the Generation of radwaste.
Examples of practical means for system design to minimize the possibilities
for contamination are described below.
*
The basic plant layout is planned to minimize the soread of
contamination.
*
Radioactive and potentially radioactive drains are separated from
non-radioactive drains.
* The airflow is directed from areas with lesser potential for
contamination to areas with greater potential for contamination.
* Ventilation systems are designed for minimizing the spread of
airborne contamination
*
In building compartments with a potential for contamination, the
exhaust is designed forareater volumetric flow than the air intake
into that area.

12.3-123
12.3-123

Re~3
Revision 3
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 72 of 75)
US-APWR Eauioment Design
r KeAninn Radiatinn
Considerations
Exposure ALARA

(Note: The "System Features" column consists of excerots/summary from the DCD)

Obiective

System Features

Considerations for Keenina Radiation

DCD-12.03-1
2.04-37

DCD Reference

Additionally, examoles of practical means for equipment design to minimize
the possibilities for contamination are described below.
*
Overflow lines of tanks are directed to the waste collection system
to control any contamination within plant structures.
*
Tank vents are hard-piped to heating, ventilation, and air
conditioning (HVAC) ducts, not to open room spaces.
*
Equipment vents and drains from highly radioactive systems are
piped directly to the collection system.
* All-welded piping systems are employed in contaminated systems
to the maximum extent practicable to reduce system leakage and
crud buildup at the ioints.
* The valves in some radioactive systems are provided with leak-off
connections piped directly to the collection system.
•
Floor drains are provided to recover radioactive leakage.
* Ventilation ducts are designed to minimize the buildup of
radioactive contamination within the ducts.
* Refueling tool has smooth surfaces to reduce contamination.
Collection piping: In all potentially radioactive areas, the collection system
piping for the liquid waste is stainless steel. Potentially radioactive
laboratory and decontamination waste, regeneration waste. and detergent
waste collection system piping is stainless steel. Non-radioactive collection
piping is made of stainless steel. Collection sumps: The strategically located
sumps are used to collect radioactive and non-radiactive liquid waste. The
non-radioactive collection sumps are constructed of concrete with the
corrosion resistant coatina or liner.

Tier 2

12.3-124
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 73 of 75)
Comoonent Cooling Water (ccW)
Isolation Valves

(Note: The "System Features" column consists of excerpts/summary from the DCD)

Obiective

System Features

DCD Reference

Design features to minimize leaks

9.2.2.2.1.5

1

Minimize leaks and spills and
provide containment in areas
where such events may occur.

The CCW system supplies cooling water to components located in the
nonseismic Cateaory I buildings (turbine building and auxiliary building).
Each CCW supply line (A2 and C2) has two in-series air operated isolation
valves. These valves close automatically to isolate the non-seismic
CateGory I portion of the CCW system upon receipt of a S signal, P signal or
surge tank low-low level signal (See FiGure 9.2.2-1. Sheets 1. 2 of 9). The
open/close positions of the valves are displayed in the MCR. These valves
automatically close to protect against CCW leakage uoon detection of
sudden pressure drop and/or operator initialed demand signals. The valves
also fail close.
In-series check valves are provided on the CCW return lines from the
nonseismic
Categorv Iportion of the CCW system (See Figure 9.2.2-1. Sheets
1. 2 of 91.
If leakaoe from a higher pressure comoonent to the CCWS should
occur, the water level of CCW surae tank increases and an alarm is
transmitted to the MCR. Ifthe in-leakage is radioactive, the radiation
monitors of the CCWS will orovide an indication in the MCR of an
increased radiation level and transmit an alarm when the radiation
level reaches its set ooint. After the leak source is identified, the leak
is isolated from the CCWS.
In the event that the in-leakage is throuoh the RCP thermal barrier HX.
the isolation valves on the RCP thermal barrier HX CCW return line are
automatically closed by the high flow rate signal. thereby preventing
further CCWS contamination.

Tier 2

12.3-125

9.2.2.3.1

DCD-12.03-1
2.04-37

US-APWR Design Control Document

12. RADIATION PROTECTION

Table 12.3-8

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 74 of 75)

Tanks

(Note: The "System Features" column consists of excerots/summarv from the DCDQ

Obiective

System Features

DCD Reference

Tanks are Drovided with sloled bottoms and bottom outlet connections.
Overflow lines are directed to the floor drains to control and minimize the
potential for the spread of contamination within plant structures. Tanks
containing radioactive fluids are desiqned to have overflow lines at least
egual in size to the largest inlet line. The tank vent line is either equipped
with open vents to the cubicle or connected directly to the ventilation
system. The spent resin tank vents are eauipped with a break-Dot.
which separates the air from the moisture and any entrained resin, which
are subseauentlv sent to the A/B sump. and vents the air to the exhaust
ductwork. These measures minimize the possible contamination of the area
and the ductwork.

12.3.1.1.1.2.E

IDCD-12.03-1
2.04-37

1

Minimize leaks and spills and
provide containment in areas
where such events may occur.

Tanks containing radioactive particulate material shall have smooth welds
and mixing, flushing and cleaning capabilities to Prevent retention of the
radioactive particulate material. Tanks containinq radioactive particulate
material shall include one or more of the features mentioned below:
* Purification of radioactive fluids (filtration or ion exchange) prior to
discharge
* Sloped or cone-shaped tank bottom
* Smooth surfaces and smooth internal welds to minimize crud
trags
*
Tank flushing capabilitv
*
Agitation by recirculation flow capability
*
Lancing or chemical cleaning capability

Tier 22
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Table 12.3-8

Tanks

US-APWR Design Control Document

Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 75 of 75)
(Note: The "System Features" column consists of excerpts/summary from the DCD)

I DCD-12.03-1
2.04-37

Objective

System Features

DCD Reference

Tank cubicles are coated with non-porous material up to a wall height to
contain the entire tank content. The floors of cubicles that may contain
radioactive fluid are sloped to facilitate faster drainage and to minimize
liquid accumulation. The cubicle coating for these tanks is an epoxy coating
which is Service Level II as defined in RG 1.54, and is subiect to the graded
QA provisions, selection. qualification. aoolication. testing, maintenance,
and inspection provisions of RG 1.54 and standards referenced therein, as
applicable to Service Level II coatings. The cubicles are equipped with a
drainage system to direct any leakage and overflows to sumps with pumps
that will redirect flow to other tanks. The drainage system is equipped with a
liquid detection instrumentation which can provide early warning for leakage
and/or overflow condition to initiate operator actions. The floors of these
cubicles containing radioactive fluid are sloped to facilitate faster drainage
and to minimize liquid accumulation, and provided with coating with
non-porous material to prevent cross contamination.

Tier 22

12.3-127
12.3-127

Re~e~~4
ReyislSR 3
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The safety injection pumps discharge lines are isolated from the RCS by check valves
SIS-VLV-015A through -015D and normally closed motor operated valves SIS-MOV-014A
through -014D. Leakage past these valves will increase the piping temperature. A surface
mounted RTD which is located downstream these valves is installed on the bottom of
each target pipe. Leakage past these valves is detected by these RTDs and alarms in the
MCR.
D. SiS Direct Vessel Injection Line
This direct vessel injection lines are isolated from the RCS by check valves SIS-VLV012A through -012D and SIS-VLV-013A through -013D. Leakage past these valves will
increase the piping temperature. A surface mounted RTD which is located downstream
these valves is installed on the bottom of each target pipe. Leakage past these valves is
detected by these RTDs and alarms in the MCR.
E. RHR Emergency Letdown Lines
The RHR emergency letdown lines are isolated from the RCS by normally closed motor
operated valves SIS-MOV-031A and -031 D and SIS-MOV-032A and -032D. Leakage
past these valves will increase the piping temperature. A surface mounted RTD which is
located downstream these valves is installed on the bottom of each target pipe. Leakage
past these valves is detected by these RTDs and alarms in the MCR.
F. Reactor Head Seal
Seal leakage is detected by means of two monitoring tubes in the upper shell flange, one
located between the inner and outer 0-rings, and one located outside the outer 0-rings.
Piping and associated valves direct any leakage to the CN reactor coolant drain tank.
A surface mounted RTD, installed on the bottom of the common pipe, sends a high
temperature alarm signal to the MCR indicating the possibility of a leakage from the
Reactor Vessel head seal.
G. Component Cooling Water System
Leakage from the RCS to the component cooling water (CCW) system is detected by the
CCW radiation monitors and/or increase in the CCW surge tank level.
5.2.5.4

Detection of Unidentified Leakage

Indications of unidentified coolant leakage into the containment are provided by an air
particulate radioactivity monitor, an aeirbo".
. .A....
..
t'se,..,
moni.eytor, an air cooler
condensate flow rate monitoring system, and a containment sump level and flow
monitoring system.
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In normal operation, these monitors show a background level that is indicative of the
normal level of unidentified leakage inside the containment. Variations in aiFbeFRe,
IDCD 12.03112.04-37
in
unidentified
increase
an
signify
level
normal
the
above
humidity
Frdieeetivety cspecific
leakage rates and signal to the plant operators that corrective action may be required.
Similarly, increases in containment sump level signify an increase in unidentified leakage.
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The sensitivity and response time of leakage detection equipment for unidentified
leakage is such that a change in leakage rate, or its equivalent, of 0.5 gpm can be
detected in less than an hour.
The methods employed for detecting leakage to the containment from unidentified
sources are:
" Containment sump level
•

Containment airborne particulate radioactivity

IDCD

eContAi-mot airbomo geauc
" radioactivity
"

12.0312.04-37

Condensate flow rate from air coolers.

Additionally, humidity, temperature, and pressure monitoring of the containment
atmosphere are used for alarms and indirect indication of leakage to the containment.
They do not quantify the reactor coolant leakage.
5.2.5.4.1
5.2.5.4.1.1

System Description of Unidentified Leakage detection
Containment Sump Level and Flow Monitoring System

Any leakage inside the containment from the RCPB and other components, not otherwise
identified, condenses and flows by gravity through the floor drains and other drains to the
containment sump, where the sump level meter measures the increase in the sump level
indicating the leak rates. Indication of increasing sump level is transmitted from the sump
to the MCR by means of a sump level transmitter and recorded.
A change in leak rate greater than or equal to 0.5 gpm is detectable within one hour, with
an alarm actuating in the MCR to alert the operators, consistent with regulatory positions
2.2 and 3.3 of regulatory guide 1.45.
The sump level monitoring system is qualified for a safe shutdown earthquake.
5.2.5.4.1.2

Containment Airborne Particulate Radioactivity Monitor

In US-APWR, this monitor corresponds to the containment radiation monitor (RMS-RE040). Refer to Chapter 11, Subsection 11.5.2. The containment airborne particulate
radioactivity monitor performs continuous sampling of the containment air and measures
the radiation level in the particulate. This monitor is qualified for a safe-shutdown
earthquake (SSE). An air sample is drawn outside the containment and passed through a
gamma monitor that monitors its gamma rays in radioactive particulate. After passing
through the monitor, the sample is returned via the closed system to the containment
atmosphere. The measuring range for the monitor is from lx1 0l 10 pCi /cm 3 . An indication

of the monitor counting rate is provided to the MCR and electronically recorded.
The detection sensitivity of the airborne particulate radioactivity monitor for reactor
coolant leak rate depends on conditions, such as radioactive concentration in the reactor
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coolant and a distribution coefficient of radioactive particles to the containment
atmosphere.
In addition, provided that a radioactive concentration of airborne particulate in the
containment is within the measuring range of the airborne particulate radioactivity
monitor, an alarm is adjustable to actuate upon detection of a severalfold increase.
Assuming that corrosion and activation product concentration in the reactor coolant is
2x10 1IpCi /g (Na-24,Cr-51,Zn-65,Mn-54,56, Co-58,60, Fe-55,59) and the distribution
coefficient is 0.3, after leak occurrence, a change in leak rate of 0.5 gpm can be detected
within one hour.
5.2.5.4.1.3

Contmonmont A"rb"mo G"coouc R.dioo..ivi.. Monitor Deleted

I DCD_12.03112.04-37

In US APWR, thic monitor corrocponda to the cont-3inment radiation monRitor (RMS RE
0411). Rofor to Chaptcr 114, Subce~tion 14.6.2. The containm~ent airbomoe gasoous
radioactivit; monitor Fmoacuro the radiation 18Yol in the g86 ctroom from the cantainmont
atmoephere. This moneitor is equipped with the ccintillatien monitor, which po~fermc
centinuouc sam:pling taken fromn tho aiF incido the containment to eutside the 9ontainmontPA
parti;ulat^ radiea.e;;ity mon;itor The M- aGued gas rotuFrn, to i.cido the
oontaiRFmont. T he concltivity ot theo monitor ic 6 ~1
-e¶The counting rate ci
aiFr8brn

1"Pt

/•,

moni~tor is proe.1dod to the MGR and rFcoded.

Accuming that Xe 133 cononrW!atien in the roaeter coolant or, 3.2 p~i ig, after leak
ecoUF~eR88, a chanRge in leak rate of 4 gpm can be detested Within one hour.

This mon~itor ic qualified for SeicmicG e~entS net roqukiring a plant chutdoWn.
5.2.5.4.1.4

Containment Air Cooler Condensate Flow Rate Monitoring
System

The containment air cooler condensate flow rate monitoring system consists of a
containment cooler drain collection header, a vertical standpipe, valves, and standpipe
level instrumentation. The monitoring system collects the condensate from the cooling
coils of the containment recirculation unit coolers and CRDM cooling unit and enables
volume measurements. Both humidity in the containment and the collected condensate
which start to increase are associated with indication of leakage. Under equilibrium state,
the fluid volume, which condenses in HVAC units inside the containment, is equivalent to
evaporated primary coolant volume at the leak source. The condensation from the
containment air coolers flows via the collection header to the vertical standpipe. A
differential pressure transmitter provides standpipe level signals. The system provides
measurements of low leakages by monitoring standpipe level increase versus time. The
condensate flow rate is recorded and high alarms are provided in the MCR.
The humidity at the inlet of the HVAC unit cooling coil inside the containment starts to
increase by vapor generated from the leak source resulting in the condensate volume
increase. During normal operation, a change in leakage of 0.5 gpm can be detected
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within one hour of detector response time since containment recirculation fans sufficiently
circulate the air inside the containment.
This monitoring system is qualified for seismic events not requiring a plant shutdown.
5.2.5.4.2

Additional Unidentified Leakage Detection Methods

A. Charging Pump Operation
During normal operation, one of the charging pumps is in operation. If a gross increase in
reactor coolant leakage occurred, the flow rate of the charging pump would increase,
indicating leakage from the RCS. This leakage would cause a decrease in the volume
control tank level. The flow rate of the charging pump would automatically increase to
maintain pressurizer level. The indications of charging flow rate and volume control tank
level are provided in the MCR.
The leakage rate can be determined by the amount that charging flow rate increases
above the letdown flow rate to maintain constant pressurizer level. Any significant
increase in the charging flow rate is a possible indication of a leak.
B. Containment Humidity Monitoring
The containment humidity monitoring system, utilizing temperature-compensated
humidity detectors, is provided to determine the water-vapor content of the containment
atmosphere. An increase in the humidity of the containment atmosphere indicates a
release of water within the containment. A rapid increase of humidity indicates the
possibility of a leak.
C. Liquid Inventory
Operators can surmise gross leakage from changes in the reactor coolant inventory. A
significant decrease in the pressurizer level not associated with known changes in plant
conditions is investigated. Makeup water usage information which is available from the
plant computer is checked on a regular basis for unusual makeup rates not attributed to
plant conditions.
D. Containment Airborne Gaseous Radioactivity Monitor

DCD_12.0312.04-37

The containment airborne gaseous radioactivity monitor (RMS-RE-041 identified in
Subsection 11.5.2) measures the radiation level in the gas stream from the containment
atmosphere. This monitor is equipped with a scintillation detector, which performs
continuous sampling of air inside to outside containment, and continuously measures the
sample gas after passing through the containment airborne particulate radioactivity
monitor. The measured gas returns to inside containment. The monitor sensitivity is 5
xl0-Ci /cm-. The monitor count rate is provided to the MCR and recorded. This
monitor is qualified for seismic events not requirina a plant shutdown.
5.2.5.5

Safety Evaluation

Leak detection monitoring has no safety-related function. The containment airborne
particulate radioactivity monitor system is seismic category I.
Tier 22

5.2-42

5.2-42

Re~A4
Revoise~en3

5. REACTOR COOLANT AND
CONNECTING SYSTEMS

US-APWR Design Control Document

The containment airborne gaseous radioactivity monitor, the containment air cooler
condensate flow rate monitoring system and the containment sump level and flow
monitoring system are qualified for seismic events not requiring a plant shutdown.
5.2.5.6

Instrumentation Applications

The following leak detection systems instruments will provide the indications of reactor
pressure boundary leakage in the MCR with alarms. The alarms will alert the operating
personnel to monitor for leakage. Procedures for converting various indications to a
common leakage equivalent will be available to operating personnel. Monitors for items A
through D below are provided in gallon per minute leakage equivalent. Leakage
conversion procedure is to be developed as Operating and Emergency Operating
Procedures described in DCD Section 13.5.2.1 to convert various indications to an
identified and unidentified common leakage equivalent and leakage rate of change.
A. Containment airborne particulate radioactivity monitor
(Containment radiation monitor, RMS-RE-040) - airborne particulate radioactivity
B. CoRnt-.mint 8;irbmo ,gaccucr6adioctivity monitorDeleted

(Contaminanet Fadiation m~eniter-, RMS RE 041) airbomoe gasoouc Fadieae"~A'
C. Containment air cooler condensate flow rate monitoring system - standpipe level
D. Containment sump level and flow monitoring system - sump level
E. Gross leakage detection methods - charging flow rate, letdown flow rate, pressurizer
level, VCT level and reactor coolant temperatures are available as inputs for detection
by RCS inventory balance. Containment sump levels and pump operation are also
available. Total makeup water flow is available from the plant computer for liquid
inventory.
F. Containment temperature, pressure, and humidity will only have readouts in the MCR
and alarms to indicate occurrence of leakage within the containment. This method is
used only to detect leaks and is not used to quantity leak rates.
5.2.5.7

Testing, Calibration and Inspection Requirements

Consistent with Regulatory Position C.2.5 of RG 1.45, leakage monitoring systems,
including those with location detection capability, have provisions to permit calibration and
testing during plant operation, as appropriate. Periodic testing of leakage detection
systems is conducted to verify the operability and sensitivity of detection equipment.
These tests include installation calibrations and alignments, periodic channel calibrations,
functional tests, and channel checks. A description of testing and calibration for the
containment radioactivity monitoring system is presented in Subsection 11.5.2.
Periodic inspection of the floor drainage system to the containment sump is conducted to
check for blockage and ensure unobstructed pathways.
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Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 50 of 75)
System Features

DCD Reference

Indications of unidentified coolant leakage into the containment are
provided by an air particulate radioactivity monitor, an airborne gaseous
radioactivity monitor, an air cooler condensate flow rate monitoring system,
and a containment sump level and flow monitoring system.

5.2.5.4

The sensitivity and response time of leakage detection equipment for
unidentified leakage is such that a leakage rate, or its equivalent, of 0.5 gpm
can be detected in less than an hour.
The methods employed for detecting leakage to the containment from
unidentified sources are:
*
*

Containment sump level
Containment airborne particulate radioactivity

*

GeCntainment sirbeom3 gacceews Fadiwoatii.ity
Condensate flow rate from air coolers.

IDCD_12.0312.04-37

Additionally, humidity, temperature, and pressure monitoring of the
containment atmosphere are used for alarms and indirect indication of
leakage to the containment.
The following leak detection systems instruments will provide the indications
of reactor pressure boundary leakage in the MCR with alarms. The alarms
will alert the operating personnel to monitor for leakage. Procedures for
converting various indications to a common leakage equivalent will be
available to operating personnel. Monitors for items A4,ev-G. C. Dand F
below are provided in gallon per minute leakage equivalent.
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Table 12.3-8 Regulatory Guide 4.21 Design Objectives and Applicable DCD Subsection Information for
Minimizing Contamination and Generation of Radioactive Waste (Sheet 51 of 75)
Objective

System Features

DCD Reference

Leakage conversion procedure is to be developed as Operating and
Emergency Operating Procedures described in DCD Section 13.5.2.1 to
convert various indications to an identified and unidentified common
leakage equivalent and leakage rate of change.

5.2.5.6

A.

Containment airborne particulate radioactivity monitor
(Containment radiation monitor, RMS-RE-040) - airbome particulate
radioactivity

B.

CG.n.ta-,,mcn-.t Ai•rbmo gascous rFadioai:eity monitor
(Centainmn~it rodikafien m~nitcr-, RMra RS 044) a'irtFm3 @ease-
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C.

Containment air cooler condensate flow rate monitoring system standpipe level
D. Containment sump level and flow monitoring system - sump level
F. Containment temperature, pressure, and humidity will only have
readouts in the MCR and alarms to indicate occurrence of leakage
within the containment. This method is used only to detect leaks and is
not used to quantity leak rates.
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