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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

1210212013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1056-7236

SRP SECTION: 01.05 - Other Regulatory Considerations

Application Section: MUAP-13002

APPLICATION SECTION: 1.5

DATE OF RAI ISSUE: 1012512013

QUESTION NO. 01.05-10:

The staff reviewed the US-APWR Fukushima Technical Report, MUAP-13002 Revision
1. Among the report areas evaluated were: Core Cooling in Modes 5 and 6 with the
steam generators unavailable and the vessel head installed, the plan for using a
charging pump to provide borated RCS makeup. Also evaluated was the plan for core
heat removal that involves either steaming through open SG manways, or through
pressurizer safety valves with the valve internals removed, or through a pressurizer
manway if opened, depending if the plant is in POS 4-2 or POS 4-3.

The staff requests the following information and corresponding updates to MUAP-1 3002
Revision 1 and DCD Chapters 5 and 19, as appropriate:

1. An analysis justifying that a single charging pump (approximately 135 gpm) can keep
the core covered in the early stages of an outage when decay heat is the highest.

2. A discussion on how the charging pump will be cooled given an extended loss of AC
power and loss of the UHS.

3. A discussion on the strategy for core cooling when the vessel head is removed before
the refueling cavity is flooded.

4. A discussion on the strategy for core cooling when the vessel head is removed, and
the refueling cavity is flooded.

5. Additional information to be added to MUAP-1 3002 explaining how the containment
will be closed before boiling following a SBO event with loss of the UHS.

6. Additional information to be added to MUAP-13002 regarding boron precipitation
control given prolonged RCS feeding and steaming in the RCS. Specifically, the staff is
requesting additional information on: (1) actions taken to control potentially increasing
boron concentrations during the duration of the event assuming the reactor vessel head
is on but the RCS has open penetrations, (2) actions taken to control potentially
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increasing boron concentration during the duration of the event assuming the reactor
vessel head is removed.

ANSWER:
Question 1

During the plant operating states of Mode 1 through 4 and Mode 5 POS 4-1, the RCS
pressure boundary is maintained so that RCS cooling via the secondary system is
available. Therefore the same core cooling strategy for Mode 1 is applied for these
states, i.e. cooling the core through the steam generators (SGs) using the turbine-driven
emergency feedwater (EFW) pumps and depressurizing RCS with safety
depressurization valves (SDVs). The core cooling behavior for these plant conditions
can be therefore bounded by the analysis case provided in Appendix 2 of MUAP-13002,
Revision I (herein after "MUAP-1 3002").

During the POS 4-2, which begins at 60 hours after reactor shutdown, core decay heat is
the highest amongst Modes 5 and 6 plant operating states. The primary system
collapsed water level for the analysis performed in Appendix 5 of MUAP-13002 for POS
4-2 is shown in Figure 1. Water level, measured from the bottom of the reactor vessel
(RV), is maintained at around 30ft, which is sufficient level to keep the core covered.
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Figure 1 RCS Collapsed Water Level
(Analysis for Appendix 5 of MUAP-1 3002, Rev 1)
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It should be noted that the analysis performed in Appendix 5 of MUAP-1 3002 is to
evaluate the containment pressurization behavior. Therefore, for conservatism, the
charging pump (CHP) flow rate is assumed approximately 550 gpm, which is the
maximum flow rate of a CHP with several assumptions, such as maximum pump head

01.05-10-2



and valve wide open, etc. However, this analysis is not conservative for an evaluation of
core cooling behavior, which should assume a lower CHP capability.

Therefore, an additional analysis was performed for POS 4-2 based on the same
analysis conditions as performed in Appendix 5 of MUAP-1 3002 except for a CHP flow
rate of 160 gpm for core cooling in this ELAP and loss of normal access to the UHS
event. This 160 gpm is the design flow rate of normal charging flow (shown in DCD Tier
2 Chapter 9 Table 9.3.4-2). The primary system collapsed water level calculated in this
additional analysis is shown in Figure 2. The evaluation result is very similar to the one
for Appendix 5 of MUAP-1 3002; the water level is maintained at around 30 ft above the
RV bottom after initiation of charging pump injection, where the SG manways are located,
therefore water injected by the CHP flows out from the RCS at the level of SG manways.
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Figure 2 RCS Collapsed Water Level
(Additional analysis for POS 4-2 assuming 160 gpm CHP flow)
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Question 2

As described in Section 3.1, Appendix 5 of MUAP-13002, a charging pump (CHP) is
actuated approximately one hour after the ELAP. During the first two hours of pump
operation the CHP is cooled by the CCWS (without heat removal by UHS).

Although CCW temperature increases because heat removal by the UHS is not available
due to loss of normal access to the UHS, the CHP can be sufficiently cooled since the
CCW temperature remains under the maximum allowable temperature of the cooling
water for the CHP.

It has been calculated that the CCW temperature exceeds the maximum temperature
limit for charging pump cooling at some time greater than 2 hours after CHP activation.
However, after 2 hours, the CHP cooling via the CCWS is switched to the alternate UHS,
which supply cooling water to the CHP. Thus, cooling of the CHP will not be challenged.
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Question 3

The Mode 6 plant condition when the reactor vessel (RV) head is open but before the
refueling cavity is flooded (one of the conditions in POS 4-3) is very similar to the Mode 5
POS 4-2 conditions because a large RCS vent path (i.e., removed RV head) is provided.
The RCS and containment pressure for POS 4-2 evaluated in Appendix 5 of
MUAP-13002 is shown in Figure 3. The pressure in the RCS and containment is almost
equivalent when the RCS pressure boundary is open to containment via the pressurizer
manway or SG manways.

The additional pathway from the RCS to containment via removed vessel head in POS
4-3 does not have significant influence on the plant behavior when compared to POS 4-2,
with the SG manways open. The core cooling strategy for the plant condition POS 4-3 in
Mode 6 is therefore equivalent with Mode 5 POS 4-2, and a single charging pump is
capable of providing sufficient water to keep the core covered.
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Figure 3 Pressure of RCS and Containment
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Question 4

When the reactor vessel head is removed and the refueling cavity is flooded, 70,630 ft3

(Ref. DCD Figure 6.2.2-7) water is available in the refueling cavity. A boiling and
steaming calculation is performed for this plant condition assuming the entire decay heat
is transferred to the water in the refueling cavity. RCS inventory is conservatively
ignored in this evaluation. The analysis shows that approximately 8,000 ft3 water is left
in the refueling cavity at 72 hours after initiation of ELAP. No core uncovery occurs
within 72 hours following the ELAP and loss of normal access to the UHS, assuming no
RCS makeup by the charging pump. Therefore, no RCS makeup is required to maintain
the core covered within 72 hours after onset of this event. After 72 hours, offsite
resources can be expected to provide additional water, as shown in Figure A5-7 of
MUAP-1 3002.
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Question 5

The strategy for containment closure is equivalent to the scenario discussed in the
response to RAI 1020-7081 Question 19-584 Item (2) (Ref. UAP-HF-13124, dated June
7, 2013). Equipment hatch hoist is available almost immediately (within 100 seconds)
following an ELAP with loss of normal access to the UHS because the AACs are
automatically actuated within 100 seconds, as described in DCD Subsection 8.4.1.3.
The strategy will be addressed in MUAP-1 3002, as shown in the attached markups.
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Question 6

Item (1)

Boron concentration is calculated for POS 4-2 with charging pump (CHP) flow rate of
160 gpm. This calculation is a balance of boron concentration in the core region of RCS
to which borated water is fed by a CHP and from which water and steam is released
through the RCS openings.

This calculation is performed focusing on the core region and hot leg. Other RCS nodes
such as intermediate leg and cold leg are ignored. This is a conservative assumption in
terms of boron precipitation because only limited volume is considered as the mixing
volume for borated water in the calculation.

The core water temperature is calculated as shown in Figure 4. Initial temperature of
RCS inventory is assumed 140 OF and it will boil within approximately 20 minutes. The
core water temperature continuously increases even after water injection by a CHP, and
it is above 212 OF throughout the calculation time after CHP injection. Therefore in this
boron precipitation analysis two criteria are conservatively considered, the boron critical
concentration at 140 °F and 212 OF, before CHP injection and after CHP injection,
respectively.
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Figure 4 Water Temperature in Core Node

Summary of the calculation basis:

- Plant condition: POS 4-2, 60 hours after reactor shutdown
- Decay heat: ANSI/ANS5.1-1979
- CHP injection initiates at 1 hour after ELAP event occurs
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- Initial boron concentration of RCS inventory: 4,200 ppm
- Boron concentration of RWSP water (i.e. source of CHP injection): initially

4,200 ppm, gradually increases due to concentrated water from the RCS
- Initial temperature of RCS inventory: 140 OF
- Boron critical concentration at 140 OF: 22,672 ppm
- Boron critical concentration at 212 OF: 48,122 ppm

Calculation result of core boron concentration is shown in Figure 5.
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Figure 5 Core Boron Concentration

Boron concentration rapidly increases before the CHP injection initiates due to steaming
by the core decay heat. The highest boron concentration before CHP injection is
approximately 12,000 ppm which is less than 22,672 ppm, the critical concentration at
140 OF, the initial temperature of the RCS inventory. This highest boron concentration is
calculated at immediately before CHP injection, and at this time the temperature of water
in core is much higher than 140 OF as shown in Figure 4. Therefore no boron
precipitation will occur before the CHP injection. Even after CHP injection of low borated
RWSP water (initially 4,200 ppm), the boron concentration gradually increases because
160 gpm injection flow rate is not sufficient to dilute the concentration. The boron
condensation is temporarily controlled at approximately 14,000 ppm for short term after
the CHP injection, approximately within 10 hours. Long term after CHP injection, the
boron concentration gradually increases due to steaming from RCS inventory as well as
injection of higher borated RWSP water. The boron concentration reaches
approximately 24,000 ppm at 72 hours, which is still much less than 48,122 ppm, the
critical concentration at 212°F. The core water temperature is substantially higher than
212 OF at 72 hours, as shown in Figure 4, and therefore the actual critical concentration
is higher than the criterion shown in Figure 5 with a red broken line.
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It is concluded that no boron precipitation will occur within 72 hours after onset of ELAP
plus loss of normal access to the UHS event under conditions when the reactor vessel
head is not removed but the RCS has open penetrations. Even after 72 hours, the
boron concentration does not reach the precipitation limit due to the effect of spray water
for containment depressurization.

Item (2)

When the reactor vessel head is removed and the refueling cavity is not flooded (POS 4-
3), the plant condition is very similar with POS 4-2 as answered to Question 3 of this RAI.
RCS is open to the containment atmosphere in POS 4-2 via opened SG manways, so
that the RCS pressure and containment pressure is almost equivalent as shown in
Figure 3. The mechanism that increases boron concentration is the loss of core liquid
inventory due to steaming. The steam release behavior from RCS openings is
considered very similar between POS 4-2 with opened SG manways and POS 4-3 with
removed reactor vessel head. Boron precipitation is therefore negligible as answered
above in Item (1).

When the reactor vessel head is removed and the refueling cavity is flooded, the initial
coolant volume in the refueling cavity is 70,630 ft3 and the initial boron concentration in
the refueling cavity is equivalent to the water in the RWSP (i.e., 4,200 ppm) because the
water in the refueling cavity is transported from the RWSP. As answered in Question 4
of this RAI, the boron concentration assuming no RCS makeup by charging pump is
calculated to be approximately 38,000 ppm at 72 hours, which is still less than the critical
concentration at 212 *F. There is still the coolant with 14,120 ft3 in the RWSP. The
boron concentration crediting all the coolant in the RWSP is less than 38,000 ppm,
therefore boron precipitation is negligible.

As answered in Item (1) above, the boron concentration does not reach the precipitation
limit even after 72 hours due to the effect of spray water for containment
depressurization.
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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 Technical/Topical Report

The changes shown in the Attachment 1 will be incorporated into MUAP-1 3002 as part
of the next revision.

This completes MHI's response to the NRC's question.
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Attachment 1 (1/4)

Add the following new section after Section 5.1.2.3.3 of MUAP-1 3002 1

5.1.2.3.4 Boron Precipitation Control in Modes 5 and 6

(1) In case the reactor vessel head is on but the RCS has open penetrations

Boron concentration is calculated for POS 4-2 with charging pump (CHP) flow rate of
160 gpm. This calculation is a balance of boron concentration in the core region of
RCS to which borated water is fed by a CHP and from which water and steam is
released through the RCS openings.

This calculation is performed focusing on the core region and hot leg. Other RCS
nodes such as intermediate leg and cold leg are ignored. This is a conservative
assumption in terms of boron precipitation because only limited volume is considered as
the mixing volume for borated water in the calculation.

The core water temperature is calculated as shown in Figure 5.1.2-3. Initial
temperature of RCS inventory is assumed 140 OF and it will boil within approximately 20
minutes. The core water temperature continuously increases even after water
injection by a CHP, and it is above 212 OF throughout the calculation time after CHP
injection. Therefore in this boron precipitation analysis two criteria are conservatively
considered, the boron critical concentration at 140 OF and 212 OF, before CHP injection
and after CHP injection, respectively.
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Figure 5.1.2-3 Water Temperature in Core Node

Summary of the calculation basis:

Plant condition: POS 4-2, 60 hours after reactor shutdown
Decay heat: ANSI/ANS5.1-1979
CHP injection initiates at 1 hour after ELAP event occurs
Initial boron concentration of RCS inventory: 4,200 ppm



Attachment 1 (2/4)

- Boron concentration of RWSP water (i.e. source of CHP injection): initially
4,200 ppm, gradually increases due to concentrated water from the RCS

- Initial temperature of RCS inventory: 140 OF
- Boron critical concentration at 140 OF: 22,672 ppm
- Boron critical concentration at 212 OF: 48,122 ppm

Calculation result of core boron concentration is shown in Figure 5.1.2-4.
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Figure 5.1.2-4 Core Boron Concentration

Boron concentration rapidly increases before the CHP injection initiates due to steaming
by the core decay heat. The highest boron concentration before CHP injection is
approximately 12,000 ppm which is less than 22,672 ppm, the critical concentration at
140 OF, the initial temperature of the RCS inventory. This highest boron concentration
is calculated at immediately before CHP injection, and at this time the temperature of
water in core is much higher than 140 OF as shown in Figure 5.1.2-3. Therefore no
boron precipitation will occur before the CHP injection. Even after CHP injection of low
borated RWSP water (initially 4,200 ppm), the boron concentration gradually increases
because 160 gpm injection flow rate is not sufficient to dilute the concentration. The
boron condensation is temporarily controlled at approximately 14,000 ppm for short
term after the CHP injection, approximately within 10 hours. Long term after CHP
injection, the boron concentration gradually increases due to steaming from RCS
inventory as well as injection of higher borated RWSP water. The boron concentration
reaches approximately 24,000 ppm at 72 hours, which is still much less than 48,122
ppm, the critical concentration at 212 0 F. The core water temperature is substantially
higher than 212 OF at 72 hours, as shown in Figure 5.1.2-3, and therefore the actual
critical concentration is higher than the criterion shown in Figure 5.1.2-4 with a red
broken line.



Attachment 1 (3/4)

It is concluded that no boron precipitation will occur within 72 hours after onset of ELAP
plus loss of normal access to the UHS event under conditions when the reactor vessel
head is not removed but the RCS has open penetrations. Even after 72 hours, the
boron concentration does not reach the precipitation limit due to the effect of spray
water for containment depressurization.

(2) In case the reactor vessel head is removed

When the reactor vessel head is removed and the refueling cavity is not flooded (POS
4-3), the plant condition is very similar with POS 4-2. RCS is open to the containment
atmosphere in POS 4-2 via opened SG manways, so that the RCS pressure and
containment pressure is almost equivalent. The mechanism that increases boron
concentration is the loss of core liquid inventory due to steaming. The steam release
behavior from RCS openings is considered very similar between POS 4-2 with opened
SG manways and POS 4-3 with removed reactor vessel head. Boron precipitation is
therefore negligible as answered above in Item (1).

When the reactor vessel head is removed and the refueling cavity is flooded, the initial
coolant volume in the refueling cavity is 70,630 ft3 and the initial boron concentration in
the refueling cavity is equivalent to the water in the RWSP (i.e., 4,200 ppm) because the
water in the refueling cavity is transported from the RWSR The boron concentration
assuming no RCS makeup by charging pump is calculated to be approximately 38,000
ppm at 72 hours, which is still less than the critical concentration at 212 OF. There is
still the coolant with 14,120 ft3 in the RWSP. The boron concentration crediting all the
coolant in the RWSP is less than 38,000 ppm, therefore boron precipitation is negligible.

As answered in Item (1) above, the boron concentration does not reach the precipitation
limit even after 72 hours due to the effect of spray water for containment
depressurization.



Attachment 1 (4/4)

containment isolation valves are to be closed by the PSMS when the conditions for the containment

isolation phase A or phase B are met, because power for the PSMS and containment isolation

valves are maintained throughout the event. Containment internal pressure is maintained below its

ultimate capability as addressed in the DCD Tier 2 Chapter 19, because no major pipe breaks are

postulated inside the containment.

5.1.2.5.1 Containment Isolation

Containment isolation can be accomplished on the containment isolation phase A or phase B signal,
because power to the protection and safety monitoring system (PSMS) and to the containment

isolation valves is maintained throughout the event, as described below:

(1) Power to each division of the PSMS is supplied by a Class 1 E dc battery in each division up to

t=8 hrs, and by the AAC GTGs after 8 hrs.

(2) Power to all the motor-driven containment isolation valves, both dc-powered and ac-powered,

are available after t=8 hrs when the AAC GTGs are connected to the relevant Class 1 E ac bus. By

t=8 hrs, containment isolation is not required because pipe breaks are not postulated inside

containment during the event.

.1.2.5.2 Containment Pressure

Regarding the equipment hatch, the equipment hatch may be open for refueling operation in Modes 5 and
6. The equipment hatch hoist is powered from both P1 and P2 motor control centers from the non-Class
1E AACs, in addition to the offsite power source. As addressed in DCD Subsection 8.4.1.3, the non-Class
I E AACs are automatically started within 100 seconds upon detection of an undervoltage signal on the P1
and P2 non-Class 1 E ac buses, respectively. The non-Class I E AACs are completely independent from
the UHS so that the non-Class 1 E AACs are available under an SBO event with loss of the UHS.
Therefore, the containment closure can be implemented almost immediately (within 100 seconds) following
onset of an SBO with loss of the UHS.

operations and low-power and shutdown (LPSD) operations. The SGs may be isolated and the

RCS pressure boundary may be open to containment atmosphere during LPSD operations, and

therefore the containment thermal-hydraulic behavior is different from the at-power operations.
Additional mitigation activities are required to cope with the LPSD operations, so that those specific

activities are also described in Appendix 5.


