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Subject: MHI's Response to US-APWR DCD RAI No. 280-2060 REVISION 1

Reference: 1) "Request for Additional Information 280-2060 Revision 1, SRP Section:
09.03.04 - Chemical and Volume Control System (PWR) (Including Boron
Recovery System), Application Section: 9.3.4" dates March 17, 2009.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Response to Request for Additional
Information No. 280-2060 Revision 1."

Enclosed is the response to the RAI contained within Reference 1.

Please contact Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc. if the NRC has questions concerning any aspect of the submittals. His contact
information is below.

Sincerely,

Yoshiki Ogata
General Manager- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/14/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 280-2060 REVISION 1

SRP SECTION: 09.03.04 - Chemical and Volume Control System (PWR)
(Including Boron Recovery System)

APPLICATION SECTION: 9.3.4

DATE OF RAI ISSUE: 3/17/2009

QUESTION NO. : 09.03.04-1

Provide additional detail concerning the mixing and storage of the boric acid solutions, particularly
with respect to avoiding precipitation of boric acid. The following items should be addressed:

a) How are solutions in boric acid (BA) storage tanks made up?
b) Is the mixing process for boric acid solutions a batch process or continuous process?
c) What are the ingredients and how are they added?
d) When is sampling done?
e) What is the nominal temperature at which these tanks are maintained?
f) Are there any checks for precipitation (of BA or other solids)?
g) How is mixing monitored and ensured?
h) What solutions actually involve 4 % (by weight) BA?
i) How are the 4% boric acid solutions monitored?

Back-ground

SRP 9.3.4 (Areas of Review 4) requires a review to ensure that precipitation of boric acid is
avoided. This requirement is based on GDC 14, as it relates the CVCS to maintaining RCS water
chemistry (Acceptance Criteria 4), and GCD 29, as it relates the CVCS to provide negative
reactivity using borated water (Acceptance Criteria 5). BA tank inventories are specified as 7000
ppm (about 2.4 % by weight). If solutions are formulated by mixing solid BA with water, then it is
essential to ensure complete dissolution. It is mentioned in DCD 9.3.4.2.3.1 that the BA transfer
pump is used to circulate solution in the BA tanks, but this action is not described in any detail at
all.
Also, it is mentioned in several subsections that tanks or pipes containing 4 % BA solutions will
be heated to at least 65 0F, but the BA tanks are not that high in concentration. At 65°F (18.3°C)
the solubility of BA is about 4.9 % (Linke, Solubilities, Vol. 1, 1958), which suggests that a 4%
solution is close to its solubility limit. Hence, it is necessary to have more information about how
they will be monitored and controlled. It is mentioned that there is a filter to collect sediment that
accumulates in BA tanks (DCD 9.3.4.2.6.19), which suggests that settling or precipitation is
possible.
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ANSWER:

a) Boric acid solution in the BA storage tanks is prepared at the BA batching tank by mixing boric
acid powder and demineralized water. The BA batching tank is provided with a mechanical
mixer to improve mixing. In addition, the tank is provided with a steam jacket to accelerate
boric acid dissolution and prevent precipitation of boric acid.

b) The boric acid solution mixed in the BA batching tank is transferred to the BA storage tank by
a batching process after confirmation of the dissolved boric acid powder. The boric acid
solution stored in the BA storage tanks is periodically recirculated by the BA pump to ensure
adequate mixing.

c) In the batching tank powdered boric acid in solid form is dissolved in demineralized water. No
other substance is added.

d) Manual samplings of the boric acid solution in the BA storage tank are periodically performed
to monitor boron concentration and water chemistry. The BA batching tank is provided with a
local sampling point for verifying the solution concentration as necessary prior to transferring
to the BA storage tank.

e) The nominal temperature of boric acid solution in the BA storage tanks and the associated
piping is to be maintained at least 650F, A low temperature alarm is set at 70°F to provide
early detection of decreasing boric acid solution temperature. The boric acid solution in the
tanks is heated to a temperature above the low temperature alarm setpoint and maintained
within the temperature ranges of approximately 70'F to 1050F.

f) Monitoring of boric acid solution temperature and periodic sampling are performed to preclude
precipitation.

g) The BA batching tank is provided with a basket located at the boric acid inlet that allows visual
check of boric acid dissolution. Boric acid mixing is continuously performed until the boric acid
in the basket is completely dissolved. Also, as discussed in answer d) above, the BA batching
tank is provided with a local sampling point for verifying the solution concentration as
necessary.

h) The following equipment and the associated piping that contains 4 wt% boric acid solution that
is used to prepare, store, and transfer the boric acid solution for reactor coolant makeup or
boration are:

- Boric acid batching tank
- Boric acid tanks
- Boric acid transfer pumps
- Boric acid filter
- Boric acid blender
- Boric acid evaporator (concentrate part)

i) Please refer to the above d) for the response.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

9.3.4-2



There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/14/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 280-2060 REVISION I

SRP SECTION: 09.03.04 - Chemical and Volume Control System (PWR)
(Including Boron Recovery System)

APPLICATION SECTION: 9.3.4

DATE OF RAI ISSUE: 3/17/2009

QUESTION NO. : 09.03.04-2

a) How and when is concentration in the BA mixing tank monitored?
b) Is there continuous monitoring of BA solution injected into RCS?

Background

SRP 9.3.4 (Areas of Review 4) requires this review to ensure that precipitation of boric acid is
avoided. This requirement is based on GDC 14, as it relates the CVCS to maintaining RCS water
chemistry (Acceptance Criteria 4), and GCD 29, as it relates the CVCS to provide negative
reactivity using borated water (Acceptance Criteria 5). From DCD Table 9.3.2-6, it appears that
occasional grab samples are taken. From the description in DCD Sect. 9.3.4.2.3.1, it appears that
concentration in the mixing tank is set solely by control of the inlet streams (from BA tanks and
makeup water). There is possible uncertainty in such a system, since inlet flows can be impeded
by sediment or precipitation, or pump irregularities. It is essential that outlet flow should be
monitored rigorously.

ANSWER:

The tank (BA mixing tank) is not used to adjust the concentration of boric acid solution to be
supplied to the RCS. As described in Subsection 9.3.4.2.6.25, the boric acid blender is used for
mixing of the boric acid solution transferred from BA storage tanks with primary makeup water for
the reactor coolant makeup. The reactor makeup control system adjusts the boron concentration
of the makeup water to RCS by controlling both the flow rate of boric acid solution from BA
storage tank and primary makeup water that are supplied to boric acid blender. During makeup
operation, the flow rates of the boric acid solution and primary makeup water are monitored.
Indication and a deviation alarm are provided Makeup operation is automatically stopped upon
receiving the deviation alarm.

Impact on DCD

There is no impact on the DCD.
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Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/14/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 280-2060 REVISION 1

SRP SECTION: 09.03.04 - Chemical and Volume Control System (PWR)
(Including Boron Recovery System)

APPLICATION SECTION: 9.3.4

DATE OF RAI ISSUE: 3/17/2009

QUESTION NO. : 09.03.04-3

a) What are concentration limits for Li and radioactive ions exiting the BA recycle demineralizer
(DCD 9.3.4.2.3.2)?

b) How are the concentration limits for Li and radioactive ions exiting the BA recycle
demineralizer monitored?

c) What fraction of water is removed by the evaporator?

Background

GDC 14 requires that the CVCS maintain proper RCS chemistry limits. Since the exit stream from
the demineralizer will be further concentrated in the evaporator, the RCS limits (as specified in
the EPRI Guidelines) are not adequate. They must be more stringent, depending on the amount
of water removed in the evaporator.

ANSWER:

a) The Boric acid evaporator feed demineralizer described in Subsection 9.3.4.2.6.17 is utilized
to further remove the Li and ionic impurities in the shim bleed extracted from the RCS by the
CVCS purification system. No specific limit is specified for the effluent concentration of the BA
recycle demineralizer outlet. Manual samplings of the evaporator concentrate are taken as
required to determine that the processed fluid meets the specification for reuse.
As stated in Section 9.3.4.2.3.2, Li-7 concentration in the RCS is controlled by feed of the
LiOH from the chemical mixing tank and bleed of the reactor coolant to the cation bed
demineralizer. Additionally, the mixed bed demineralizers and the cation bed demineralizer
remove radioactive ions from the RCS as stated in Section 9.3.4.2.2.1. These provide proper
chemistry control to the RCS.

b) Although no concentration limit is specified for the effluent of the boric acid evaporator feed
demineralizer, grab sampling points are provided at upstream and downstream for verification
of the demineralizer performance and chemistry of the effluent water.

c) While one batch of concentrated boric acid water is being processed, the boric acid
evaporator continuously receives feed water and discharges distilled water. The amount and

9.3.4-6



fraction of water varies depends on the boron concentration of water to be processed.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.

9.3.4-7



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/1412009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 280-2060 REVISION 1

SRP SECTION: 09.03.04 - Chemical and Volume Control System (PWR)
(Including Boron Recovery System)

APPLICATION SECTION: 9.3.4

DATE OF RAI ISSUE: 3/17/2009

QUESTION NO. : 09.03.04-4

The staff requires the following additional details regarding the boric acid recycle system:

a) Is the evaporator in the BA recycle system (DCD 9.3.4.2.3.2) a batch process or continuous?
b) How is the concentrate sampled and how often?
c) What provision is made to ensure that excessive concentration does not result, which could

result in precipitation of the concentrated BA solution as it cools in pipes and the BA tank?

Background

SRP 9.3.4 (Areas of Review 4) requires a review to ensure that precipitation of boric acid is
avoided. This requirement is based on GDC 14, as it relates the CVCS to maintaining RCS water
chemistry (Acceptance Criteria 4), and GCD 29, as it relates the CVCS to provide negative
reactivity using borated water (Acceptance Criteria 5). The evaporator produces a concentrated
BA solution at high temperature (not specified, but probably close to the boiling point of water),
where the solubility of BA is quite high (about 6 times the solubility at 650F, from Linke,
Solubilities). Cooling will occur in pipes as solution is transported to BA storage tank. If the
solution is concentrated too much in the evaporator, precipitation could result in a cooler location.
The description in the DCD (9.3.4.2.6.24) is very brief, but appears to be a batch process rather
than continuous.
Table 9.3.2-6 mentions grab samples on evaporator inlet and outlet, but doesn't mention how
often or what limits are required.

ANSWER:

a) The evaporator in the BA recycle system operates in a batch process. The boric acid
evaporator continuously receives feed water until the boron concentration of concentrate in
the evaporator becomes 7,000ppmB. Manual sampling of the holdup tank is taken to analyze
the boron concentration of the process water which and determines the amount of the process
water to be concentrated. The concentration process automatically stops after transferring the
preselected amount of the process water.

b) The concentrate is manually sampled and analyzed to determine that the processed
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concentrate satisfies the specification for reuse before transferring it to the BA storage tank for
reuse. Sampling can be taken during the concentration process as necessary.

c) As mentioned in above item a), concentration process stops automatically when the
preselected amount of the feed water is processed, and inadvertent excessive concentration
is prevented. Additionally, sampling of the concentrate also prevents transferring excessive
concentrated boric acid solution.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/14/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 280-2060 REVISION 1

SRP SECTION: 09.03.04 - Chemical and Volume Control System (PWR)
(including Boron Recovery System)

APPLICATION SECTION: 9.3.4

DATE OF RAI ISSUE: 3/17/2009

QUESTION NO.: 09.03.04-5

The staff requires the following additional information regarding "pre-selected" quantities such as
amounts of makeup water and flow rate mentioned in the discussion of boron dilution events in
DCD Section 9.3.4.2.7.6:

a) How and by whom are the pre-selected values chosen?
b) Who initiates the action?
c) What monitoring is done to follow the progress of such events?

Background

GDC'29 requires assurance (with extremely high probability of success) that BA concentration
will be adequate for reactivity control. If the operator does the "preselecting" and continuously
monitors the system while boron dilution progresses, then there is little likelihood of excessive
dilution. However, if automatic "pre-selection" is implemented with no approval or monitoring by
the operator, then excessive dilution could result.

ANSWER:

During "dilute" mode and "alternate dilute" mode, preselected quantity of reactor makeup water is
supplied at a preselected flow rate to the reactor coolant system. The operator selects the
mode selector switch to "Dilute" or "Alternate dilute", and set the reactor makeup water flow rate
and batch quantity of the reactor makeup water. Then the operator actuates the makeup start.
When the preset quantity of reactor makeup water has been added, the batch integrator stops the
makeup.
When the reactor makeup water flow exceeds the predetermined setpoint, a high flow alarm
signal is received causing, the automatic isolation valves to close, and terminating the operation
to prevent abnormal boron dilution. Instrumentations located in makeup supply line provides
indication and alarm in the main control room to permit the operator to monitor the progress of
dilute operation.
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Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

04/14/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

NO. 280-2060 REVISION IRAI NO.:

SRP SECTION:

APPLICATION SECTION:

DATE OF RAI ISSUE:

09.03.04 - Chemical and Volume Control System (PWR)
(Including Boron Recovery System)

9.3.4

3/17/2009

QUESTION NO. : 09.03.04-6

a) Provide design details on how workers will be protected from toxic and/or explosive chemicals
(including fission products) prior to entry into the CVCS areas.

b) Describe the possible threats, including a listing of toxic chemicals and locations where they
may be present, and protective controls to prevent exposure.

BackQround

SRP 9.3.4 (Areas of Review 4) requires this review to ensure the adequacy of the system design
to allow personnel access considering the effects of toxic, irritating, or explosive chemicals. GDC
21 requires that reactivity control systems be designed to permit periodic testing even when the
reactor is in operation. There is no mention in DCD Section 9.3.4 of any protective features or
controls.

ANSWER:

a) The following table summarizes the uses, storage locations, and potential toxicity and
explosive characteristics for the chemicals used in the Chemical and Volume Control
System (CVCS):

Potentially Potentially
Chemical Name Added to / for Storage Location Toxic Explosive Reference Basis

(Yes / No) (Yes / No)
Boric Acid Boric Acid Warehouse No No MSDSBatching Tank Warehouse NoNo_(CAMEO Chemical)

hemical CMSDSHydrazine Mixing Tank Chemical Storage Yes Yes (NIOSH)

Lithium Chemical MSDS
Hydroxide (LiOH) Mixing Tank Chemical Storage Yes Yes (CAMEO Chemical)

Gaseous Outside inHydrogen Purification separate No Yes ME h cI detached building (CAMEO Chemical)
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Boric Acid:

Boric acid is used to control reactivity for normal, startup, shutdown and refueling operations.
A boric acid blender is provided to mix boric acid solution with primary make up water to
provide makeup to the reactor coolant through the charging pump.

Boric acid solution is prepared from boric acid powder (stored in clearly labeled bags or
drums), and is not flammable, combustible, or explosive, and presents no hazard if involved in
a fire. Prior to use, boric acid is stored in a chemical storage facility and is brought in sufficient
quantities to prepare a batch. This boric acid solution is stored in the two boric acid tanks.

Batching is performed on the second level (at elevation of 25' 3") in the Auxiliary Building. The
batching area is open and fully ventilated to prevent any fume buildup. The two storage tanks
are closed covered tanks and are located in an isolated cubicle that is shielded for radiation
and not easily accessible.

Hydrazine:

Hydrazine is used as an oxygen scavenger. Hydrazine solution is toxic and reactive. It
usually comes in dilute solution no more than 35% by weight and is stored in stainless steel
drums. The number of drums in storage is also restricted to minimize the explosion hazard.
Hydrazine in its container or vessel is brought into the chemical mixing tank area, located at
elevation 25' 3" in the Reactor Building. The solution is metered into the tank via a covered
sink and is forwarded with primary make up water to the suction of the charging pumps in the
CVCS. Upon completion of chemical addition, the chemical mixing tank is flushed to remove
residual chemical.

Lithium Hydroxide:

Lithium hydroxide is used for pH control of the primary coolant. This chemical is chosen for its
compatibility with materials it will contact (stainless steel and zirconium) and with the water
chemistry of borated water.

Lithium hydroxide is a corrosive powder. Lithium hydroxide is usually shipped in poly-
containers and stored in a chemical storage area. The chemical in its container or vessel is
brought into the chemical mixing tank area, located at elevation 25' 3" in the Reactor Building.
The amount of chemical is predetermined, is carefully added into the chemical mixing tank via
the covered sink, is then mixed, and introduced to the suction of charging pumps in CVCS
with primary make water. Upon completion of chemical addition, the chemical mixing tank is
flushed to remove residual chemical.

Hydrogen:

Hydrogen is used to suppress radiolysis in the core region during normal power operation by
supplying hydrogen to the reactor coolant. Hydrogen is supplied from cylinders that are
connected to the hydrogen manifold and is fed to the volume control tank using a hydrogen
supply pressure control valve. This control valve can be adjusted to provide appropriate
equilibrium hydrogen concentration.

Hydrogen is a flammable gas and is provided in pressurized cylinders. Hydrogen is stored in a
vacuum jacketed pressure vessel. The storage area is located within a fence, outside the plant
protected area. The storage is open to prevent accumulation of hydrogen.
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All equipment which contains high-concentrations of hydrogen gas is designed to be leak-tight
(the same as for the Gaseous Waste Management System), and associated equipment
cubicles are ventilated to reduce the hazardous gas accumulation.

Prior to use, stored boric acid, lithium hydroxide, and hydrazine are brought in a sufficient quantity
to prepare batches. The storage area has limited access and is generally not occupied, and is
ventilated to prevent fume/gas accumulations. Operating procedures are prepared to provide
instructions for handling and batching.

With regard to radiation concerns regarding fission products accumulation in the CVCS, area
radiation monitors provides personnel protection to avoid worker protection.

b) Possible threats and locations

Boric Acid: As discussed in answer a) above for boric acid, there are no toxicity and flammability
threats. Procedures will be in place for safe handling of the chemical.

Hydrazine: For normal plant operation, hydrazine at 35% by weight solution is used. Drums of
hydrazine solution are stored in a chemical storage area with adequate ventilation. The chemical
in its container or vessel is brought into the chemical mixing tank in the Reactor Building for use,
and workers are dressed in protective clothing. The solution is metered into the tank via a
covered sink. The area is also adequately ventilated. The threat to workers accessing the CVCS
is therefore minimized.

Lithium Hydroxide: In the chemical mixing tank area, located in the Reactor Building, workers are
dressed in protective clothing and the lithium hydroxide is introduced into the chemical mixing
tank through a covered sink. The area is adequately ventilated to prevent fume buildup. The
threat to workers accessing the CVCS is therefore minimized.

Hydrogen: During normal plant operation, hydrogen is not handled manually but via automated
flow and pressure control valves. The manifold area is fully ventilated to prevent accumulation of
hydrogen. The threat to workers accessing the CVCS is therefore minimized. Possible threats
exist in the storage area due to gas leakage and valve malfunction. Since the gas is stored
outside in an open area, hydrogen, being a lighter than air gas, small leaks would rapidly disperse
upward into the atmosphere, minimizing threats to workers.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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