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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 911712013

QUESTION: Item 1
DCD Section 6.2.1.2.2 says that the pressurizer spray valve room is excluded from the
subcompartment analyses because there is no postulated pipe break location in the
pressurizer spray valve room. The stated basis for the no postulated pipe break conclusion
was that the terminal ends of pressurizer spray line are not located in the pressurizer spray
valve room. The ACRS pointed out that the pressurizer spray valves, located at the
discharge of the reactor coolant pumps, are normally pressurized to reactor coolant system
(RCS) pressure and are presumably designed to the same codes and criteria as the RCS
piping, which is postulated to break and cause subcompartment pressurization. The ACRS
requested MHI explain the rationale of why a break in the pressurizer spray piping or blow
out of a pressurizer spray valve is not considered credible given that the piping and valve are
pressurized to the same pressure as other components that are not excluded.

ANSWER:

Class 1 Piping (ASME Code Section III) is described in DCD Subsection 3.6.2.1.1.2. In
accordance with BTP3-4 B.A.(iii) (1), breaks in Class 1 piping are postulated at the following
locations:

(a) At terminal ends.
(b) At intermediate locations where the maximum stress range as calculated by Eq. (10) and

either Eq. (12) or Eq. (13) exceeds 2.4 Sm.
(c) At intermediate locations where the cumulative usage factor exceeds 0.1.

The portion of the pressurizer spray line located within the spray valve room does not match
criteria (a), (b) or (c) because no terminal ends exist in the piping within this area as shown in
Figure 1 and the piping is designed to ensure intermediate breaks associated with criteria (b)
and (c) do not need to be postulated.

Although the pressurizer spray valves are located within the spray valve room, the
connections to the valves are excluded from the definition of "terminal end" because without
anchor supports neither the valve nor the piping acts as a rigid restraint to piping motion or
thermal expansion. Additionally, the normally closed valves of the pressurizer spray line are
not considered to be terminal ends because there is a negligible pressure difference across
the valve due to the bypass piping that connects to both sides of the closed valves as shown
in Figure 1.
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In conclusion, no pipe break location is postulated within the spray valve room in accordance
with the guidance in BTP 3-4 B.A.(iii) (1). As a result, the pressurizer spray line break within
the pressurizer spray valve room is excluded from the subcompartment analyses.

Pressurizer Spray Valve Rooms

Anchor Support ('Terminal End)
Figure 1 Pressurizer Spray Line Configuration

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 9/17/2013

QUESTION: Items 2

DCD Section 6.3.2.2.5 states that it takes approximately 12 hours of containment spray
operation to dissolve the NaTB needed to adjust the RWSP pH. At the Ch 15 SC meeting, the
ACRS raised a concern about operator actions to prematurely terminate containment spray
because normally the emergency operating procedures instruct the operators to terminate
containment spray when containment pressure gets down to a specified range. The
containment pressure criteria for spray termination would occur significantly before 12 hours for
all events under consideration. MHI's written response to the previous concern indicated that
the EOP guidance document to the COL applicants would be revised to instruct the operators to
maintain containment spray flow for long enough to ensure that sufficient NaTB is dissolved.
How do the operators now know when they should shutoff containment spray flow?

ANSWER:

MHI determined the containment spray termination criteria are the containment pressure and
the elapsed time needed to provide sufficient dissolution of NaTB (Ref.: UAP-HF-12320,
dated December 6, 2012). MHI thinks 12 hours elapsed time is sufficient. Solubility is
periodically confirmed by SR 3.5.5.2. Therefore, MHI thinks it is an appropriate operating
procedure to use the containment pressure and the elapsed time. In addition, the operator
will know the pH of the RWSP water by using the sampling system described in DCD Section
9.3.2. Table 9.3.2-2 shows the Post-Accident Sampling System (PASS) Sample Points
which includes the pH of the RWSP being measured. Therefore, the operator can confirm
that sufficient NaTB has dissolved during the accident.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 911712013

QUESTION: Item 3

Does the US-APWR design contain any normally open, AC motor operated, containment
isolation valves that must be closed within less than 60 minutes after a station blackout
occurs? If the answer is yes, explain how the timing of the availability of AAC electrical
power meets the design requirement for containment isolation to close ac valves within 100
seconds?

ANSWER:

Containment isolation failure is evaluated in the PRA. The following five screening criteria for
the containment isolation system are considered, as shown in DCD Table 19.1-40.

1. It connects to the closed loop in containment and its integrity is kept at severe
accident.

2. There is an isolation valve, and the outside part of containment is a closed loop
that has tolerance at severe accident.

3. It has one blind flange at least.
4. It is managed and has a valve that is normally close or locked close either when

power is supplied or lost.
5. It has a normally close or automatic close valve other than containment isolation

valves and is inside of containment.

The following are the containment isolation system components that are not screened out.

V Liquid waste management system - containment sump pump discharge line
V Containment purge system - containment low volume purge exhaust line
, Instrument air system - instrument air line
" Chemical and volume control system - RCP seal water return line

These lines are open during a normal operation. If the isolation valves for these
penetrations are AC motor-operated valves, they cannot be closed in case of SBO before the
AACs are manually connected to the safety buses. Therefore, these valves are designed to
be DC-operated or air-operated. The first two isolation valves are air-operated and the
others are DC-power operated (powered from Class 1 E battery via Class 1 E MOV inverter),
considering the significance during an SBO event. The Class 1E batteries have capacity for
more than 60 minutes and the isolation valves will be closed under an SBO event.
Simplified system diagrams are provided in DCD Figure 19.1-2 (Sheets 35 to 38).
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AC-powered motor-operated valves are screened out in accordance with the above five
criteria, so that failing to close these AC operated valves do not result in containment
isolation failure.

MHI has confirmed that the US-APWR design does not contain any AC motor-operated
containment isolation valves that must be closed in less than 60 minutes. As a result, the
containment isolation valves meet the requirement for containment isolation.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 9117/2013

QUESTION: Item 4
ACRS members asked a series of questions about the hydrogen igniter design. MHI agreed
to prepare a summary response to address the following topics:
(1) Methodology for determining the number and location of igniters
(2) Type of igniters and explain why igniters are not normally energized
(3) Justification of MHI dome nodalization

ANSWER:

Item (1):

Evaluation of the effectiveness of hydrogen igniters is provided in the technical report
"US-APWR Probabilistic Risk Assessment" (MUAP-07030) Chapter 15 Section 15.3.3.

Igniter locations and numbers are provisionally determined based on engineering judgment
considering the following hydrogen release characteristics:

Hydrogen release locationAccident sequence Before RV failure After RV failure

LOCA RCS break Reactor cavity

Pressurizer relief tank

Transient RCP seal Reactor cavity

Depressurization valve

As shown in DCD Rev. 4 Figure 6.2.5-1 and summarized below, a total of 20 igniters are
installed in the following locations in containment. Eleven of these igniters are backed
up by dedicated batteries that are capable of providing power for up to 24 hours. MHI's
response to RAI 871-6121 Question 19-560 dated April 25, 2013 provides additional
details regarding the technical basis for the design of the battery backup system.

* 1 igniter in the vicinity of pressurizer relief tank, near but higher than the relief tank
rupture disk
(EL 38'-10")
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0 5 igniters in the upper dome area: 1 above each SG and 1 on the outer surface of
pressurizer room ceiling higher than the exhaust piping for the severe accident
depressurization valve
(EL 106'-0" for SG room ceiling and EL 132'-10" for pressurizer room ceiling)

* 1 igniter in the pressurizer room higher than piping that may cause potential loss
of coolant if the piping breaks within the pressurizer room
(EL 127'-8")

0 1 igniter in the pressurizer surge piping room floor area higher than the opening of
the drain flow path
(EL 41 '-1 ")

0 4 igniters total for the SG compartments (1 for each SG compartment)
(EL 58'-3")

0 4 igniters in each lower annular compartment spaced equidistant along the
compartment periphery
(EL 38'-10")

0 4 igniters in each upper annular compartments spaced equidistant along the
compartment periphery
(EL 55'-2")

The adequacy of the igniter locations is evaluated by using the MAAP and GOTHIC codes.
Hydrogen release characteristics are calculated by using MAAP and the hydrogen mixing
behavior is calculated using GOTHIC. Through this approach, the igniter design adequacy
is demonstrated by confirming that the hydrogen concentration in containment is maintained
less than 10% by volume or the atmosphere is inerted by steam.

In particular to cope with the station blackout sequences, hydrogen release characteristics
are limited to the transient sequence. The igniters which are powered by the batteries are
selected considering the hydrogen release characteristics during transient events, and the
adequacy is confirmed via MAAP and GOTHIC calculation.

Item (2):

Glow plug type igniters are employed in the US-APWR. There is no benefit to continuously
energize igniters during normal operation because no combustible concentration of hydrogen
normally exists and furthermore, continuously energized igniters will increase the risk of fire in
containment. Good design practice dictates limiting fire sources in containment during
normal operation. Therefore, the igniters are in stand-by during normal operation and
energized when they are needed.

Item (3):

MHI considers it to be inadequate to model the entire dome area by only a single node in
order to appropriately evaluate the hydrogen mixing behavior in dome. The dome
compartment is therefore further divided into 150 subnodes (5 x 6 x 5) in the GOTHIC model.
Hydrogen concentration and other gas properties show distribution within these subnodes
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showing the hydrogen and steam release characteristics, and other gas transport behavior,
temperature response of hydrogen burn by employing igniters.

MHI therefore considers that this 150 subnodes division in the GOTHIC model is sufficiently
capable of evaluating the hydrogen mixing behavior during severe accidents.

In addition, MHI reviewed the nodalization scheme utilized for the PANDA experiments and
noted that the OECD SETH-2 Project PANDA and MISTRA Experiments Final Summary
Report (NEAICSNI/R(2012)5) concluded that the Lumped-Parameter (LP) codes are
expected to be used for overall predictions of the behavior of a non-homogeneous
containment atmosphere for the time being.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 9117/2013

QUESTION: Item 5
DCD Sections 9.4.1.1.1 and 9.4.1.2.2.2 indicate that emergency modes of the MCR HVAC
system are automatically initiated. MHI explained that the emergency isolation mode is
automatically initiated from smoke detector input, but that it is possible to manually initiate the
emergency isolation mode for reasons other than smoke. Under ECCS actuation, the MCR
HVAC aligns in pressurization mode and the gas turbine generators start. Can the MCR
HVAC system realign itself out of the pressurization mode because it detects smoke coming
from the gas turbine generator exhaust? Please explain the logic utilized for determining
priority of mode signals.

ANSWER:

ESF (Engineered Safety Features) actuation signals (Safety) have a higher priority than
non-safety signals in accordance with the IEEE Std.603. The smoke signal is a non-safety
signal. Therefore, the emergency pressurization mode keeps operating under ECCS
actuation even when a smoke is detected.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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RESPONSE FOR ACRS SUBCOMMITTEE MEETING

US-APWR Design Control Document

Mitsubishi Heavy Industries, Ltd.

CHAPTER: 6

CHAPTER TITLE: ENGINEERED SAFETY FEATURES

DATE OF MEETING: 9/1712013

QUESTION: Item 6
Provide a basis for why the AEES inlet and exhaust dampers are designed to fail closed.
(Ref: DCD Section 6.5.1.2 and Fig 6.5-1)

ANSWER:

The annulus emergency exhaust filtration unit inlet and outlet dampers are normally closed
to protect / pro-long the service life of the annulus emergency filtration media. Upon system
actuation the dampers associated with the inoperable train remain closed to prevent
backflow from the operable train to the inoperable train. Therefore, failed position of these
dampers is F.C. (fail closed).

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on PRA
There is no impact on the PRA.

Impact on Topical/Technical Reports
There is no impact on the topical and technical reports.
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