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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

November 26, 2008

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-08274

Subject:. MHI's Response to US-APWR DCD RAI No. 90-1495 Revision 1

Reference: 1) "Request for Additional Information No. 90-1495 Revision 1, SRP Section:
12.03-12.04 - Radiation Protection Design Features, Application Section:
SRP 12.4," dated October 30, 2008.

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.90-1495 Revision 1".

Enclosed is the response to Question 12.03-12.04-1 that is 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 submittal. His contact
information is below.

Sincerely,

Yoshiki Ogata,
General Manager- APWR Promoting.Department
Mitsubishi Heavy Industries, LTD.
Enclosures:

1. Response to Request for Additional Information No.90-1495 Revision 1

CC: J.A. Ciocco
C. K. Paulson

Contact Information
C. Keith Paulson, Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
E-mail: ckpaulson@mnes-us.com
Telephone: (412) 373-6466
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

1112612008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 90-1495 REVISION 1

SRP SECTION: 12.03-12.04 - RADIATION PROTECTION DESIGN FEATURES

APPLICATION SECTION: 12.4

DATE OF RAI ISSUE: 10/30/2008

QUESTION NO.: 12.03-12.04-1

DCD Tier 2 (Rev 1), Section 12.4 states that the in-plant radiation doses during normal operation
and anticipated operational occurrences in Tables 12.4-1 through 12.4-8 are based on RG 8.19
"Occupational Radiation Dose Assessment in Light-Water Reactor Power Plants Design Stage
Man-Rem Estimates," Rev 0, 1978.' Staff review indicates insufficient information is presented in
these tables to independently confirm the doses (person-rem/yr) for activities in the occupational
dose categories. Specifically, please address the following items and revise the DCD to include
this information.

1. Sections 12.4 and 12.4.4: The current revision and year for RG 8.19 should be Revision 1,
1979.

2. Tables 12.4-1 through 12.4-7: Frequencies of activities for occupational dose categories
are given as follows: 1/shift, 1/day, 1/week, 1/month, 1/year, 2/year, 4/year, 6/year, 10/year,
1/2year, 1/4year, and 1/10year. Afootnote in Table 12.4-5 estimates the dose
(8.0 person-rem/yr) for the reactor pressure vessel head and internals-removal and
installation activity (frequency of 1/2year) on a 24-month refueling cycle; however, no
additional information is presented on how the doses (person-rem/yr) are determined for
the remaining activities and categories.

(a) Provide the details such as number of shifts/day, days/week, weeks/year, etc. and
any assumptions used to calculate the doses (person-rem/yr) for the various
activities and categories.

(b) Describe the frequencies of 1/2year, 1/4year, and 1/1Oyear, and how the does
(person-rem/yr) for the associated activities and categories are determined.

(c) Update the calculated doses (person-rem/yr) for the activities and categories as
needed.

ANSWER:

1. Formats, titles, items and so on of DCD Tables 12.4-1 through 12.4-7 (Rev. 1) are based
on RG 8.19 Rev. 1. So, the reference citation in DCD Section 12.4 for RG 8.19 will be
changed from Rev.0 to Rev. 1. Use was made of certain data from Revision 0 of this
Regulatory Guide. The data from Revision 0 are considered to be reasonable estimates of
annual exposure since the data generally agrees with more current similar industry
averages. As described in DCD Section 12.4, Table 4.2 of NUREG-0713 (Vol. 27),
"Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other
Facilities" lists the average annual exposures from US pressurized-water reactors (PWRs)



for the years 1973 through 2005. The total average exposure per reactor has remained
less than 100 person-rem per year since 2000. Additionally, MHI has provided data on
similar occupational doses from Comanche Peak Units 1 and 2 in DCD Table 12.4-9,
which gives a total dose of 61.069 person-rem or the equivalent of 30.5 person-rem per
year per plant. These comparisons indicate that the RG 8.19 Rev. 0 data provides a
reasonable base estimate of the expected US-APWR occupational radiation doses.
Additionally, as stated in DCD Section 12.4, US-APWR doses from occupational radiation
exposure will be less than these design estimates due to the following reasons:

- Better nuclear fuel performance. The amount of fission products "leaked" from
fuel elements is far smaller than the "design basis" 1% value.
- Better fuel performance has led to fewer refueling outages. Prior to 1990; annual
refueling outages were not uncommon. The US-APWR will be on a 24-month
cycle.
- ALARA awareness, ALARA training, and ALARA planning included by plant
operators in refueling and maintenance activities further reduced unnecessary
exposures.
- Refueling and other major outage planning that includes ALARA considerations
has led to shorter outages and, therefore, less exposure.
- Plants have also undertaken Cobalt reduction programs to minimize the Cobalt-60
source of radioactivity.

For all of the above reasons, the values given in RG 8.19 Rev. 0 are considered to be
conservative estimates, appropriate for use in the MHI US-APWR DCD.

2.
a) Tables 12.4-1 through 12.477 provide estimates of expected occupational dose

grouped by activity / work function. Columns in each table provide data for the
average dose rate (mrem/h), the exposure time (h), the number of workers, the
frequency, and the total annual dose associated with performing the activity
(person-rem/y). The first four columns are simply multiplied together (and divided by
1000 to convert from mrem to rem) to produce the dose quantity in the fifth column.
However, the tables give the activity frequency in several different units, as indicated
by the NRC question. To properly calculate the dose, the units associated with the
frequency must be the number of times per year. When the frequency is given in
terms .of other units, simple conversion factors are used to appropriately calculate the
yearly frequency. The following assumptions apply to all tables:

o 3 shifts/day
o 365 days/year
o 52 weeks/year
o 12 months/year

b) In other cases, the frequency is given as less than yearly (i.e., 1/2 year, 1/4 year,
1/10 year). The reason for this is that many maintenance or other activities are
performed only during refuel outages. The current tables assume a 24-month fuel
cycle. Activities that are performed during every refueling are given a frequency of
1/2 year (once every two years or 0.5 times per year). Activities that are performed
every other refueling are given a frequency of 1/4 year (once every 4 years or 0.25
times per year). Other activities are performed very infrequently (i.e., inspection of
RCP internals) and are assigned a frequency of 1/10 year (once every 10 years or 0.1
times per year). Using the frequencies that are less than 1 per year result in a
reduction in the dose consistent with the idea of annualizing a quantity that may not
occur in a year. This is described in Section 12.4, which also describes how PWR
doses are often compiled on a rolling three year basis. It is also important to note
that while the doses in these tables assume a 24-month cycle, the estimates could be
revised assuming an alternative cycle length and the overall results would not change
drastically.



c) The calculated doses (person-rem/yr) shown in Tables 12.4-1 through 12.4-7 do not
need to be updated. However, the sources of the doses should be clarified, since the
current DCD revision does not clearly indicate the data source. The doses in Tables
12.4-1 through 12.4-7 come from the following sources:

o Dose estimates for the US-APWR
o Average exposure data for operating Japanese PWRs
o Exposure data from RG 8.19 Rev. 0

The footnote in Table 12.4-5 for the reactor pressure vessel head and
internals-removal and installation activity indicates that the dose is based on an
estimate for the US-APWR. The DCD will be revised to include similar footnotes in
the appropriate tables to indicate if the data is based on dose estimates for the
US-APWR or comes from Japanese PWR data. All dose values without footnotes
have been taken from RG 8.19 Rev. 0.

Impact on DCD

1) Revise Section 12.4, the ninth paragraph, as follows:

Tables 12.4-1 through 12.4-8 are based on Regulatory Guide 8.19, "Occupational Radiation
Dose Assessment in Light-Water Power Plants Design Stage Man-Rem Estimates," Revision
0 1, 1-978 1979(Reference 12.4-1). Use was made of certain data from Revision 0 of this
Regulatory Guide because the data from Revision 0 are considered to be reasonable
estimates of annual exposure since the data generally agrees with more current similar
industry averages. Table 12.4-8 is a summation of the US-APWR's individual dose
estimates in person-rem/year. The total annual station exposure is 72.63 person-rem, which
is substantially less than the 100 person-rem annual value cited in NUREG -0713 (Reference
12.4-2).

2) Revise DCD Table 12.4-3 to include the footnotes and to update termrinology for major valve
maintenance as shown on the following page (changes in italics):



Table 12.4-3 Occupational Dose Estimates During Routine Maintenance

Average Exposure Number Dose
Activity dose rate Epse I of Frequency (person-

(mrem/h) time (h) remy)

Mechanical:
Changing filters:

Waste filter 100 0.5 1 6/year 0.3

Laundry filter 100 0.5 1 10/year 0.5

Boric acid filter 100 0.5 1 2/year 0.1

Mechanical
components.1 10 100 5 1/2year 2.5
Electrical

Elcm etra 5 200 6 1/2year 3

Refurbishing of 50 40 4 1/2year 4
valves"

Reactor Coolant 1
pump 1  10 100 4 1/2year 2

Other pumps" 0.25 100 4 1/2year 0.05

Others:

Radiation 5 1 2 1/day 3.65management 2

Washing /1 1 3 l/day 1.1
decontamination 1/

Operation of 1 1 2 1/day 0.73
equipment 2

Total 17.93

- The dose for this activity is taken from data from operating Japanese PWRs. The dose has
been adjusted to account for the 24-month refueling cycle currently assumed for the US-APWR.

*2 This activity is part of routine maintenance that is done intermittently and not truly a daily activity.
The total yearly dose for this activity is taken from data from operating Japanese PWRs. The
remaining quantities were adjusted to match the total yearly dose given the assumption of the
frequency being once per day.



3) Revise DCD Table 12.4-5 to modify the footnote as shown below (changes in italics):

Table 12.4-5 Occupational Dose Estimates During Refueling

Average Exposure Number Dose
Activity dose rate Exposure of Frequency (person-

(mrem/h) time (h) workers rem/y)

Reactor pressure
vessel head andvsehedad100 20 8 1/2year 8.0
internals-removal and
installation 1

Fuel preparation 10 24 2 1/2year 0.24

Fuel handling 2.5 100 4 1/2year 0.5

Total 8.74

The dose for this activity including servicing of the top-mounted ICIS has been estimated as 16.0
person-rem by MHI for the US-APWR ICIS design. Given the 24-month refueling cycle currently
assumed for the US-APWR, the dose has been adjusted to account for this activity occurring only
every 2 years.



4) Revise DCD Table 12.4-7 to include the footnotes as shown below (changes in italics):

Table 12.4-7 Occupational Dose Estimates During Special Maintenance

Average Exposure Number Dose
Activity dose rate Expo sur of Frequency (person-

(mrem/h) time (h) workers rem/y)

Inspection of SG 50 40 10 1/2year 10.0
heat-transfer tube 1

Inspection of RCP 100 90 1/10year 3.6
internal .21090410ya3.

Servicing of detectors 10 10 1/2year 0.15
around core 1

Inspection of ICIS guide 4.0
thimble 3  40 50 81/4year4

Total 17.75

The dose for this activity is taken from data from operating Japanese PWRs. The dose has
been adjusted to account for the 24-month refueling cycle currently assumed for the US-APWR.

*2 The dose for this activity is taken from data from operating Japanese PWRs. This activity is

assumed to occur only once every ten years. The data for this dose has been adjusted to
account for this activity occurring only every 10 years (every 5 cycles).

*3 The dose for this activity has been estimated as 20.0 person-rem by MHI for the US-APWR ICIS
design. This activity is assumed to occur only every other refueling. Given the 24-month
refueling cycle currently assumed for the US-APWR, the dose has been adjusted to account for
this activity occurring only every 4 years (every 2 cycles).

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.


