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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 11

CHAPTER TITLE: RADIOACTIVE WASTE MANAGEMENT

DATE OF MEETING: 04/22/11

QUESTION: Item 1

Regarding the waste processing systems, there is a question about the cited volumes of spent resin
disposal in terms of number of containers per year. There was some operating experience cited and
was that consistent with the plant's design for the APWR where you don't have radwaste
evaporators?

ANSWER:

During the development of DCD Chapter 11, data from operating plants were collected from the
utilities in order to form a basis for comparison for the projected solid waste volumes to be
generated by the US-APWR. This collection of data from about 30 operating PWR plants
included several solid waste categories including Class B/C spent resin. The data collected from
operating PWR plants show a range for the annual generation of spent resin volumes, reflecting
different operating conditions and events. The data were then used to compare to the
US-APWR projected values. The values shown for the projected volumes of annually generated
solid waste, as presented in the tables of DCD Section 11.4, are believed to be conservative
based on the comparison to the collected industry data.

At the time of the compilation of this data, the inquiry did not include information as to whether
each plant had an operating evaporator as part of its radwaste processing systems. From the
review of the updated licensing documents for each of the operating plants and discussions with
two of the utilities, the majority of the U.S. operating plants no longer implement evaporators in
the processing of radioactive wastes (although many had evaporators in the systems' designs
which were no longer utilized). Therefore, the volumes cited in Ch. 11 are considered to be
representative of waste amounts without implementing evaporators.

The values presented in DCD Section 11.4 are calculated based on the US-APWR
implementation of demineralizers within its systems and the expected change-out frequencies for
each of these demineralizers. The volume of resin for each demineralizer was considered to be
entirely changed-out twice per operating cycle for demineralizers processing high-activity process
fluids and once per operating cycle for demineralizers processing low-activity process fluids.
The operating cycle for the US-APWR is 24 months. Therefore, the volumes of annually
generated spent resin are calculated based on the US-APWR systems design and Japanese
operating experience. This consideration is conservative as U.S. operating experience indicates
that demineralizer resin in most plants is normally changed-out once per cycle, due to the
accumulation of resin fines which produces higher pressure drops within the demineralizer
columns or, less commonly, due to the activity level of the resin. The industry data collected
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was used as a benchmark to show that the US-APWR projected solid waste volumes are
conservative. However, these industry values are not directly used in the calculation of the solid
waste volumes presented in DCD Section 11.4 for the US-APWR. Therefore, the spent resin
volumes calculated for the US-APWR are not impacted by the inclusion of radwaste system
evaporators in this analysis.

It should be noted that the US-APWR contains sufficient on-site temporary storage space, as part
of the Solid Waste Management System, and satisfies the requirement in ANSI 55.1, 'Solid
Radioactive Waste Processing System for Light-Water-Cooled Reactor Plants' for 30 days of
operation. The space dedicated in the Auxiliary Building to store Class B/C waste, which will
include spent resin, is large enough to store at least 16 high integrity containers (HICs). If
required, this storage space can be expanded to accommodate the storage of 32 HICs by
relocating the movable wall and providing temporary shielding. As the calculated expected
generation rate of Class B/C solid waste for the US-APWR is 4 HICs per year, there is generous
and ample storage space for packaged solid waste. This capacity greatly exceeds the
requirement for on-site storage for the volume of generated solid waste for 30 days of operation.

It should also be noted that the COL Applicant can increase the on-site storage capacity through
the inclusion of a separate facility, the Interim Radwaste Storage Facility (IRSF), which will store
the solid waste generated from several more years of operation until shipments can be made to
sites for permanent disposal.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 11

CHAPTER TITLE: RADIOACTIVE WASTE MANAGEMENT

DATE OF MEETING: 04/22/11

QUESTION: Item 2

A question about the piping connections from the pressurizer and reactor vessel head vent lines,
how that ties into the gaseous waste system and in particular with relevance to gassing
operations for shutdown?

ANSWER:

Please refer to Figure 2-1 below for an illustration of the Reactor Coolant System and Volume
Control System connections.

The pressurizer vent line and the reactor vessel head vent line merge and connect to the
pressurizer relief tank. The pressurizer vent line is routed from the depressurization valves and
pressurizer safety valves. When the RCS pressure increases, steam is vented to the
pressurizer relief tank through the pressurizer vent line. The reactor vessel head vent is used to
enhance natural circulation of the reactor coolant by eliminating non-condensable gases in the
upper plenum of the reactor vessel during severe accident. These lines are not connected to the
gaseous waste management system, as indicated by the red arrows in Figure 2-1 below.

Instead, the primary coolant water, including dissolved radioactive gases and hydrogen gas
enters the volume control tank (VCT) through the letdown line (as shown by the blue arrows in
Figure 2-1 below). The primary coolant water is dispersed inside of the VCT at the inlet spray
nozzle. During plant shut down, the evolved radioactive and hydrogen gases in the VCT are
transferred from the gas space by percolating nitrogen gas through the VCT. The off-gasses are
then sent to the gaseous waste management system and processed.

As per the operating practice of 4 loop nuclear power plants in Japan, 2 or 3 days are allocated
for the degasifying operation during refueling outages.
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Figure 2-1. Schematic of the Reactor Coolant System and Chemical and Volume Control System
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 11

CHAPTER TITLE: RADIOACTIVE WASTE MANAGEMENT

DATE OF MEETING: 04/22/11

QUESTION: Item 3

A question about the sampling data management program, how do you handle online sampling,
manual grab sampling and how is that processed into kind of a decision management?

ANSWER:

The sampling throughout the plant is managed by the Process and Post-Accident Sampling
System (PSS) as described in DCD Section 9.3.2. The PSS includes a number of local sample
stations throughout the plant for taking grab samples manually or through automatic sampling
equipment. The primary purpose of sampling data is for confirmation of the automatic control
instrument accuracies and to allow plant personnel to clearly identify the status of plant operation.

The US-APWR critical operations are controlled through the use of instruments designed
specifically for the intended processing and operational requirements. As an example, the liquid
waste management system (LWMS) effluent radiation monitor is designed to ensure plant
releases meet the effluent specifications stipulated by 10 CFR 20, Appendix B, Table 2, by
monitoring the total gamma radiation in the stream. In the event that the setpoint is reached or
exceeded, the effluent monitor provides a signal to close the dual release valves and initiates
alarms in the radwaste control room and the main control room for operator actions. However,
this monitor does not include detailed compositions of the stream. Sampling analysis data are
then used to provide detailed analysis to confirm the adequacy of treatment media (resin
exhaustion), the status of processing equipment (resin breakthrough or channeling, filter bursting,
etc), and determine whether recycle for reprocessing is required.

Radwaste grab samples are also used to make processing decisions. All three radwaste
systems are processed by a batch operation, and each batch may vary in pH, radioactivity, oil
content, and other parameters. Based on these parameters, the batch may or may not require
neutralization or different levels of processing through the filters, ion exchangers, or other
equipment. Therefore the sampling results from each batch are used to determine chemical
addition and processing requirements for each individual batch, such as bypassing the charcoal
adsorber when there are no organic contaminants. However, because radwaste operates in
batch processing, and because of the different sources of inputs, analytical data from grab
samples should only be used to make decisions on specific batches of operation, and are not
useful for long term trending for plant behavior.
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For the primary systems, which are continuously monitored by the Automatic Analyzer Rack, long
term sampling is most valuable as the operation of these systems are continuous. The samples
from these systems can be trended for both short and long term prediction of system operations.

During operation, the sample results are distributed to those responsible for the individual
systems that remain focused on the day-to-day operation and can use the results to make
decisions about the process. This strategy prevents the operators from being overwhelmed by
the large amounts of data, by allowing them to focus on their areas of expertise. The chemistry
department is also available to review sample results and provide recommendations as required.
In summary, the operators will receive the sample results and process them according to
system-specific procedures in order to correlate the data to system performance and operational
decisions.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 12

CHAPTER TITLE: RADIATION PROTECTION

DATE OF MEETING: 04/22/11

QUESTION: Item 4

We are currently at a dose limit of 50 mSv as opposed to 20, which is the other standard that applies
mostly around the country. Do features of the design, the certified design, support possible future
revisions of US dose - standards for worker doses that would be more consistent with international
standards?
In other words, is there anything that you've put into the design specifically for the US that might have
to be revised if, for example, the US revised their standards?

ANSWER:

Both the Japanese APWR and the US-APWR are designed with the overall objective of achieving
As Low As Reasonably Achievable (ALARA) personnel doses. No design changes were made
in the US-APWR design to credit the higher allowable individual dose limits in the US, since this
would violate ALARA objectives.

The standard design only evaluates expected cumulative annual plant-wide doses for
maintenance activities during the design phase, using the methodology in NUREG 8.19, Rev.l.
During the operational phase, individual personnel doses are controlled administratively by the
plant operator to meet the ALARA goal. Within practicable limits, individual doses can be
lowered as necessary through the use of additional personnel during maintenance and refueling
activities. In addition, most US utilities already impose administrative limits on annual individual
doses at or below 20 mSv.

Therefore, no part of the US-APWR standard design precludes a change in the annual individual
dose rate limit from 50 mSv to 20 mSv. Control of annual individual doses will ultimately be the
responsibility of the plant operator, but current industry and international experience indicates that
a revised annual limit of 20 mSv would be achievable without design changes to the US-APWR.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 12

CHAPTER TITLE: RADIATION PROTECTION

DATE OF MEETING: 04/22/11

QUESTION: Item 5

A question about zinc injection, just a physical question.
Is zinc injection part of the certified design? And then I think there was a peripheral question
about regardless of whether it's part of the certified design, what's been the operating experience
with zinc injection for reducing doses? In addition, include the effect of the cobalt content
limitation on reducing doses.

ANSWER:

a. Zinc iniection in the certified desian

The zinc injection system is not directly a part of the standard certified design, and no specific
equipment is included for zinc injection in the standard certified design. However, the standard
design does ensure that zinc injection can be employed and includes provisions for future
implementation by applicants. The standard design provides sufficient space and rooms to add
the necessary equipment and piping that would need to be connected. However, the decision to
employ zinc injection (and therefore to add the necessary equipment) is a COL decision.

As described in DCD Chapter 12, Section 12.1.2.1, the possibility of using zinc injection is one
example of the ALARA features that can be implemented by the plant operator.

b. Zinc iniection operating experience

During operation, particulates of cobalt are incorporated in the oxide layer. Because the zinc is
incorporated in this layer more easily than cobalt, zinc injection reduces (by substitution) the
deposition of cobalt as shown in Figure 5-1 (Reference 1).
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Figure 5-1. Mechanism in case of injection in the middle of operation

In addition, the injection of zinc from the Hot Functional Test (HFT) allows the formation of a rigid
oxide layer of Cr-Zn and suppresses corrosion as shown in Figure 5-2 (Reference 1).

Oxide layer
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Figure 5-2. Mechanism in case of injection from HFT

Figure 5-3 and Figure 5-4 (Reference 2) shows the impact of the zinc injection in Tomari Unit 3.
When looking at the 100% power shutdown, the observed dose rates of Tomari Unit 3 are
reduced by 40-60% compared to the reference plant (Reference 2).
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Figure 5-3. Surface dose rate of reactor vessel head
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Figure 5-4 Average surface dose rate on main coolant pipe

MHI has no direct information on the impact of zinc injection on the dose rates in the different
buildings. However the reduction of the surface dose rates in the case of Tomari Unit 3 shows
that a significant room dose rate reduction is to be expected. Because the collective dose is
affected by many parameters (e.g., scheduled maintenance activities, fuel failures, worker
practices, etc.), there is no available comparison of the collective dose with and without zinc
injection. However Figures 5-3 and 5-4 suggest that the use of zinc injection would significantly
reduce the collective dose.

Related to the experience of zinc injection in the U.S, EPRI indicates a high reduction of plant
dose rates, particularly inside the reactor building (Reference 3). This confirms the Japanese
experience discussed above.

c. Cobalt Limitation

The APWR cobalt limitation was based on the development program performed during the design
of Tsuruga Unit 3 & 4. The US-APWR cobalt limitation was slightly modified based on American
standards, such as those published by EPRI. The US-APWR cobalt content can be found in
Table 12.3-7 of the US-APWR DCD. The following describes the results from the Tsuruga Unit
3 & 4 design experience.

The cobalt limitation was considered from the very beginning of the APWR development for the
first APWR, Tsuruga Unit 3 & 4. This objective was fixed to achieve the good performances
revealed in the German pre-KONVOI and KONVOI plants.

It is not possible to have a direct feedback of the impact of the APWR design features to limit
cobalt because no APWRs are currently in operation. In addition, the cobalt limitation in APWR
materials is only one design feature of many in the global approach to reduce the plant radiation
dose. Therefore it is difficult to distinguish the impact of cobalt reduction from the impact of the
other design features, such as zinc injection.

The APWR design related to the reduction of cobalt content for component material was based
on a proprietary cost-benefit analysis that set the basis for selection of the design feature
candidates from among the different investigated solutions. Regarding cobalt content, two
scenarios were considered. The base scenario considered optimized components between cost
and dose reduction, and the alternate scenario considered further cobalt content limitations.

Because the base scenario already included very low cobalt content, further cobalt limitation was
found to improve the dose reduction by only 4%.
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Because further reducing cobalt content is very expensive for materials which already contain
very low cobalt content, this further dose reduction was not considered cost effective.

Table 5-5 describes APWR Tsuruga Unit 3 & 4 cobalt content limitation and the investigated

alternative scenario.

Table 5-6 summarizes the results of the cost benefit study.

(unit.:WT%)
Component Material Base Further

Lianit

Core Internal SS 0.05 0.03
(Irradiation region) _
Core Intcrnal SS 0.10 0.05
(Out irradiation

Reacto, Ve•,sl Ss 1 0.10 0.05
Pressurelizer SS 0.10 0.05
SG channel head SS 0.10 0.05
MCP SS 0.10 0.05
RCP SS 0.20 0.10
Fuel Nozzle SS 0.05 0.03
Fuel Grid Inconel 0.03 0.02

Zircaloy 0.00 0.00
SO tubing Inconel 0.02 0.02

Table 5-5. Cobalt content limitation in Tsuruga units 3 & 4

Countermeasures Effect Note(%)

Further Co limitation for .......
component materials
Zlruuluy Grid 10 Aduptiun

RcP 3 Under

CC free consideration

material CRDM 6 Not adoption
Under

Valve 4 Une
consideration

C/_ 3 Not adoption
Surface treatment for SO 0 Not adoption
tubing

Enriched boron 9 Adoption
Optimum hydrogen control - Future Decision
Zn Injection - Future Decision
EP treatment on SG 0.5 Not adoption
channel head
Increase of CVCS
purification flow rate during <1 Adoption
power operation (38mIht)
Increase of puntIcatlion flow
rate during shutdown 4 Adoption
operation (120m1h) II

Table 5-6.: Candidates for radiation reduction countermeasures at cost benefit study
(performed for APWR Tsuruga Units 3 & 4)
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 12

CHAPTER TITLE: RADIATION PROTECTION

DATE OF MEETING: 04/22/11

QUESTION: Item 6

A question about the 71 person-rem.
How is that distributed in terms of actual individual -- average individual dose? In other words,
how many people is that actually apportioned to in the plant rather just a collective plant level
dose estimate as it's presented?

ANSWER:

In this response, the term collective dose assessment refers to the dose assessment described in
US-APWR DCD Section 12.4.

The collective dose of the US-APWR is based on the operating data for American LWRs
compiled in R.G. 8.19, Rev 0. The use of these data was considered to be reasonable estimates
of annual exposure since the data generally agrees with current similar industry experience.

In the design of the US-APWR, the ALARA principle is met through a reduction of the dose rate
and of the exposure time. The reduction of the dose rate is accomplished through optimized
shielding design, and the reduction of exposure time is accomplished through optimized
accessibility of the work area and facilitated maintenance activities (remote valve operation,
adequate laydown areas, etc.). These design features ensure that the plant operator will easily
maintain individual doses below regulatory limits. However, the responsibility to achieve individual
dose targets is ultimately the responsibility of the plant operator. The responsibility of the plant
designer is to demonstrate that, for achieving the individual dose target, the plant operator will not
be forced to increase the number of exposed workers. This is ensured by a low estimated
collective dose.

The relationship between individual dose and collective dose are the design features that enable
keeping both ALARA. However, the collective dose assessment is not directly related to individual
dose.

For the different tasks included in the collective dose assessment of the US-APWR, a total of 107
workers (DCD Table 12.4-1 tol2.4-7) are assumed for the several tasks considered in the
estimation. This number does not consider the frequency of the task. It is assumed that the same
worker is always performing the same task and would not be replaced by another worker for the
same task. Nor does this number consider that some workers can perform multiple tasks. Another
way to estimate this number of workers is to enumerate the quantity of single tasks per year. For
the US-APWR, this quantity is 8810.9 person-task/yr. This represents the number of all
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accomplished tasks requiring one person, during one year. Some tasks are performed several
times a day, like the routine patrol. Other tasks are performed once every 10 years, such as the
inspection of RCP internals. The number of workers is not set directly depending on the design of
the plant but was fixed based on operating plant experience (R.G. 8.19 Rev.0). The design of the
plant ensures the individual doses are ALARA through considerations in the shielding design and
system and layout design guidelines for accessibility and ease of maintenance. However the
compliance of the individual dose target is ultimately the responsibility of the plant operator, who
determines the distribution of tasks among different workers.

There is no impact on the total collective dose assessment whether or not the workers are
assumed to perform multiple tasks. As long as the individual target is met, the operator can
assign workers to multiple tasks as desired.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 12

CHAPTER TITLE: RADIATION PROTECTION

DATE OF MEETING: 04/22/11

QUESTION: Item 7

The question about the double-wall piping, what is the interface between the DCD and COL
information items or however they're characterized, in terms of the specificity of any design
information?
In other words, is it really as specific as requiring double-walled pipe with sloping or is it just
simply the COLA - the COL applicant needs to comply with generic regulations and it's left up to
them?

ANSWER:

The DCD only specifies compliance with RG 4.21 to minimize contamination, and does not
explicitly specify or recommend design details such as double-walled or HDPE piping. These
recommendations are part of the guidance presented in RG 4.21.

Furthermore, the DCD only defines the process equipment necessary to treat liquid waste for
release. The COL applicant is responsible for identifying site-specific aspects such as the final
radioactive release points and effluent discharge piping. Use of HDPE piping outside the plant
island was presented in the April ACRS meeting as part of the standard design; however, these
design details are actually a part of the COLA and are ultimately the decision of the applicant.
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