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Attached is the response to NRC staff questions included in Request for Additional Information
(RAI) letter number 407 related to Combined License Application (COLA) Part 2, Tier 2,
Section 12.2.

The Attachment contains response to RAI question 12.02-20. This response will be
supplemented with an appendix to Chapter 12 later in January.

The indicated COLA change will be incorporated into the next routine revision of the COLA
following NRC acceptance of the RAI response.

There are no commitments in this letter.

If you have any questions regarding these responses, please contact me at (361) 972-7136 or
Bill Mookhoek at (361) 972-7274.
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RAI 12.02-20

QUESTION:

The staff has reviewed the information provided in the revised response to RAI 12.02-14. On the
basis of this review, the staff has the following questions, regarding this RAI.

1. The response includes STP 3&4 FSAR revisions to ABWR DCD Tables 12.2-5a and 12.2-5b
as well as new Tables 12.2-31 (SFP Peak Gamma Radiation Source) and 12.2-32 (SFP Peak
Neutron Source). These new tables provide the source term for the Spent Fuel Pool (SFP)
based on 270% of the core load one day post shutdown. However, the response does not
include a source term for radionuclides (corrosion and fission products) contained in the SFP
water. This information is necessary to perform radiation dose calculations for workers
standing on the fuel handling bridge and to completely satisfy Tables 12.2-5a and 12.2-5b of
the ABWR DCD, which state that the SFP radiation source and geometry information is the
applicant's responsibility. Also, Regulatory Guide 1.206, Section C.I. 12.2.1 "Contained
Sources", states that the applicant is to provide the models, parameters, and bases for all
values used to calculate source magnitudes, for normal and accident conditions. Please
provide this SFP water source term information and include it in the STP 3&4 FSAR.

2. A figure was included in the RAI response showing a vertical cut view of the SFP. Some of
the dimensions on the figure appear to be inconsistent with the spent fuel storage shielding
dimensions shown in Table 12.2-5c of the ABWR DCD and STP 3&4 FSAR. In addition,
this figure does not include some of the dimensions and spatial relationships needed by the
staff to perform a shielding calculation. Specifically, there appears to be an inconsistency
between the depth of water above the fuel assemblies as shown in the SFP figure and the
depth of water as indicated in Table 12.2-5c. In addition, the figure does not show the
minimum distance between the top of a raised fuel assembly at maximum height and the SFP
water surface, the height of the SFP fuel pool bridge above the water surface, and the
location of refueling personnel during refueling operations on the fuel pool bridge. In order
for the staff to be able to perform an accurate deep dose equivalent calculation for a person
standing on the fuel pool bridge, please provide an updated figure of the SFP, addressing
these items.

3. As stated in the response to 1. above, additional information is needed in order to perform a
radiation dose calculation for workers standing on the fuel handling bridge. During refueling
operation ANSI/ANS-57.1-1992 states that fuel handling equipment shall be designed so that
the operator will not be exposed to >2.5 mrem/hr (25 [tSv/hr) from an irradiated fuel unit,
control component, or both, elevated to the up-position interlock with the pool at normal
operating water level. Verify that the maximum dose rate to an operator on the fuel handling
bridge will not exceed the 2.5 mrem/hr criteria stated in this ANSI/ANS standard.

4. Regulatory Guide 1.206, Section C.I.12.3.2, states that the applicant should provide
information regarding the shielding of each radiation source. Section C.I. 12.1.3 of this
Regulatory Guide also states that applicants should describe how operating procedures will
be used to ensure doses are kept ALARA. The RAI response does not provide a description
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of any design features/access controls that will be used to limit the dose rate to individuals
working in the Spent Fuel Pool area. Please provide a description of any design features/access
controls (such as installing additional shielding to the fuel handling bridge/refueling machine to
lower dose rates to the operator on the fuel handling bridge and minimizing the personnel stay
times on the refueling bridge) that will be used, to ensure that the dose to refueling personnel are
maintained ALARA during refueling operations.

5. ABWR DCD Chapter 12 figures provide radiation zone maps for areas adjacent to the spent
fuel storage room. Please confirm that the dose rates in'areas adjacent to the SFP room will
be no higher than what is indicated in the ABWR DCD Chapter 12 figures and include any
changes in estimated dose rates in the Chapter 12 FSAR radiation zone maps.

RESPONSE:

1. The attached figure shows a representative SFP rack modules layout drawing, with a capacity
of 2365 bundles, which is conservative for a dose calculation compared to the maximum
270% (2354) bundles allowed in the SFP, as specified in STP 3&4 COLA FSAR Section 9.1.
The radiation environment in the SFP corresponding to one full core offload (872 bundles),
plus previously discharged batches, has been calculated assuming operation for a full cycle at
rated power. For the 1-day post-shutdown data, these previously discharged batches were
decayed for 2 years (320 bundles), 4 years (320 bundles), 6 years (320 bundles), 8 years (320
bundles), and 10 years (213 bundles). The radioisotope inventory and gamma and neutron
sources, as a function of time post-irradiation, were calculated with the NRC-endorsed
ORIGEN-S Code. The calculated values were increased by 10% to provide an added safety
margin. The supporting proprietary calculation can be made available for NRC Staff review
if needed.

The calculation accounts for activation and corrosion products as well as fission products.
The fuel bundle structural support and cladding materials are included in the ORIGEN-S
irradiation calculations. The mass for non-fuel components such as the Zircaloy cladding,
spacer, and stainless steel supporting components were included in the source term
calculations that generated Tables 1 and 2 provided in this response. The radioisotope
sources contained in the spent fuel and support and cladding material, which corresponds to
the data in Tables 1 and 2, are presented in Table 3. These data correspond to one full core
offload plus existing pool batches.
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The Fuel Pool Cooling and Cleanup (FPC) system described in FSAR Subsections 9.1.3 and
12.3.1.4.3 maintains the SFP water at a very low radioactive nuclide level. In support of this

statement, data from an operating ABWR plant in Japan is presented as new FSAR Table
12.2-34. Measurements at 1.2 m above the refueling floor indicate a typical maximum of
0.007 mSv/hr (0.7 mrem/hr) during plant outages attributable to 1) fuel assemblies fully
seated in the storage racks and 2) radionuclides in the SFP water. Note that this typical
maximum dose rate measured at 1.2 m (3.9 ft) will be considerably less at the operating
trolley platform (8.8 ft) if consideration is given to reduction because of the increased
distance and attenuation through the refueling machine lower structure and platform.

SFP water source data from operating ABWR plants is provided in Table 4. FSAR Tables
12.2-5a and 12.2-5b will be revised as shown below to reflect the approximate SFP geometry
information. Gray highlighting shows the changes. Note that Appendix 12B referred to in
Table 12.2-5a will be provided in a supplemental response to this RAI, scheduled for January
of 2011.

Table 12.2-5a Radiation Sources-Radiation Sources

Source Table For Drawing Location Approximate Geometry

App,4-GSee Spent Fuel Storage 12.3-6 (R4, RFw
Appendix 12B 12.3-10 R 14.Om x 9.4m x 11.9m deep (pool)

Tables 10.7m x 9.Om x 4.5m (fuel racks)

Table 12.2-5b Radiation Sources-Source Geometry

Component Assumed Shielding Source Geometry
Spent Fuel Storage ...... '

Spent uel SorageSpent fuel source evenly dis~persed over volumie of racks in
the ~pool

eU77A746n, ttiel !.oat1 fam+te deie 4'
1

,,ag .showgiT tliejh~li, soue gemty
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Table 1: SFP Peak Gamma Radiation Source (MeVIsec)

Energy Energy Range (MeV) 1-Day Post-Shutdown
Group

1 0.02 - 0.035 5.5E+17
2 0.035 -0.05 5.1 E+17
3 0.05 - 0.075 4.5E+17
4 0.075 - 0.125 6.2E+18
5 0.125 - 0.175 1.8E+18
6 0.175-0.25 3.9E+18
7 0.25 - 0.40 7.4E+18
8 0.40 - 0.90 4.5E+19
9 0.90-1.35 6.OE+18

10 1.35-1.80 1.3E+19
11 1.80-2.20 9.9E+17
12 2.20 - 2.60 9.7E+17
13 2.60-3.00 1.9E+16
14 3.00 - 3.50 7.6E+15
15 3.50 - 4.00 5.2E+13
16 4.00 - 4.50 8.4E+12
17 4.50-5.00 6.9E+13
18 5.00-10.00 5.4E+1 I

Note: Source is based on 2365 Fuel Bundles (270% core). Peak source occurs one day post-
shutdown, which is the earliest allowed for fuel movement.
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Table 2: SFP Peak Neutron Source (nlsec)

Energy Neutron Energy (keV) 1-Day Post-Shutdown
Group

I 1.OE-8 to 1.OE-5 1.0E-02
2 1.OE-5 to 3.OE-5 8.OE-03
3 3.OE-5 - 5.OE-5 1.4E+00
4 5.OE-5 to 1.OE-4 1.2E+00
5 1.OE-4 to 2.25E-4 9.5E+00
6 2.25E-4 to 3.25E-4 8.7E+00
7 3.25E-4 to 4.OE-4 7.9E+00
8 4.OE-4 to 8.OE-4 5.1E+01
9 8.OE-4 to 1.0E-3 2.7E+01

10 1.OE-3 to 1.13E-3 2.6E+01
11 1.13E-3 to 1.3E-3 3.1 E+01
12 1.3E-3 to 1.77E-3 9.7E+01
13 1.77E-3 to 3.05E-3 3.3E+02
14 3.05E-3 to 0.01 2.9E+03
15 0.01 to 0.03 1.5E+04
16 0.03 to 0.1 9.3E+04
17 0.1 to 0.55 1.3E+06
18 0.55 to 3.0 1.7E+07
19 3.0 to 17.0 2.3E+08
20 17.0 to 100.0 3.2E+09
21 100 to 400 2.1E+10
22 400 to 900 4.7E+10
23 900 to 1400 4.7E+10
24 1400 to 1850 3.8E+10
25 1850 to 3000 7.2E+10
26 3000 to 6430 6.5E+10
27 6430 to 2.0E4 5.9E+09

Note: Source is based on 2365 Fuel Bundles (270% core). Peak source occurs one day post-
shutdown, which is the earliest allowed for fuel movement.
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Table 3: Contained Radionuclides in the Spent Fuel Assemblies

Isotopes Curies Isotopes Curies
1-131 1.07E+08 Sr-92 3.25E+05
1-132 1.36E+08 Y-91 1.46E+08
1-133 1.09E+08 Y-91M 1.56E+07
1-134 6.20E+00 Y-92 4.81 E+06
1-135 1.79E+07 Y-93 3.35E+07
Total I 3.71 E+08 Zr-93 3.78E+02

Zr-95 2.02E+08
Na-24 3.19E+03 Nb-95M 2.24E+06
P-32 3.16E+04 Nb-95 1.99E+08
Cr-51 1.76E+07 Mo-99 1.67E+08
Mn-54 7.62E+05 Tc-99M 1.60E+08
Mn-56 6.13E+04 Tc-99 2.61 E+03
Fe-55 6.38E+06 Ru-103 1.75E+08
Fe-59 3.88E+05 Rh-103M 1.75E+08
Co-58 9.22E+05 Ru-106 6.63E+07
Co-60 1.54E+05 Rh-106 6.63E+07
Ni-63 1.71E+05 Ag-110M 3.50E+05
Cu-64 1.59E+04 Ag-110 4.77E+03
Zn-65 3.70E+01 Te-129M 5.68E+06
Sr-89 1.11E+08 Te-129 5.21E+06
Sr-90 1.51E+07 Te-131M 1.44E+07
Y-90 1.55E+07 Te-131 2.89E+06
Sr-91 2.46E+07 Te-132 1.32E+08
Total 1.93E+08 Ba-1 37M 1.89E+07

Ba-140 1.93E+08
Kr-83m 6.41 E+04 La-140 2.06E+08
Kr-85m 7.52E+05 Ce-141 1.90E+08
Kr-85 1.89E+06 Ce-144 1.61E+08
Kr-87 1.27E+02 Pr-144M 2.25E+06
Kr-88 2.30E+05 Pr-144 1.61 E+08
Total Kr 2.94E+06 W-187 1.91 E+05

Np-239 1.65E+09
Xe-131m 1.25E+06 Pu-239 5.03E+04
Xe-133m 6.63E+06 Total 4.16E+09
Xe-133 2.28E+08
Xe-135m 2.92E+06 Cs-134 2.65E+07
Xe-135 5.84E+07 Cs-135 8.82E+01
Total Xe 2.98E+08 Cs-136 5.21 E+06
Noble Gas Totals 3.00E+08 Cs-137 2.01 E+07

Total Cs 5.1 8E+07

These data correspond to the peak gamma and neutron sources listed in Tables 1 and 2 for
one full core offload plus existing pool batches in the SFP racks.
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Table 4: SFP Water Radionuclides

Nuclide Bqlcm 3  Nuclide Bqlcm 3

Cr-51 9.4E-02 Nb-95 8.1E-03
Mn-54 9.7E-02 Cs-134 1.4E-02
Mn-56 3.6E-02 Cs-1 37 7.7E-03
Co-58 5.1E-01 Sb-124 5.1E-01
Co-60 1.3E+00 Sb-125 3.4E-02
Cu-64 1.0E-01

2. ABWR DCD Table 12.2-5c shows spent fuel storage of 7.4 m water depth above the fuel
elements. This is consistent with ABWR DCD Figure 12.3-10, which shows the spent fuel
storage pool as (31.7 m - 19.8 m) or 11.9 m. Reducing this value by the length of the active
spent fuel (3.8 m) plus an additional conservative 0.4 m for the support portions of the bundle
and rack seat height, and approximately 0.3 m for water level to operating floor results in
slightly more than 7.4 m of water above the top of the active spent fuel elements. Table
12.2-5c also indicates a room dimension of 4.1 m (13.5 ft) height. This is an indication of
"effective" pool room height from the floor to the upper body of an operator on the trolley.

As requested, the following information is provided. The refueling machine design is that
the bridge deck is approximately 8.8 ft above the operating floor, and the trolley that mounts
the controls is above the bridge deck. The refueling machine will have both local and remote
controls. The trolley operator controls motions of the bridge, trolley, and all hoists and
grapples. The remote control system consoles will be located in a control room on the
refueling floor, providing the operator with the functions for automatic control of fuel
handling. As discussed in FSAR Subsection 9.1.4.1, the fuel grapple design will maintain
adequate water shielding over the top of the active fuel of 8.5 ft.
No COLA change is required as a result of this response.

3. STPNOC has calculated the radiation dose rate from the highest activity irradiated fuel
bundle elevated to the maximum up-position in the SFP with water coverage of 8.5 ft from
the top of the fuel assembly active fuel region, using the point-kernel code, QAD. The
calculated maximum radiation dose rate at the operating trolley platform, with an increase of
10% as added safety margin, is approximately 1.0 mrem/hr, which is below the criteria of 2.5
mremr/hr stated in ANSI/ANS - 57.1 - 1992, subsection 6.3.4.1.5. The supporting proprietary
calculation can be made available for NRC Staff review if needed. As discussed in the
response to Item No. 1, the typical maximum dose rate from the water source measured at
1.2 m above the refueling floor during plant outages is 0.7 mrem/hr. The dose rate to an
operator on the trolley platform at 8.8 ft would be considerably less if consideration is given
to reduction because of the increased distance and attenuation through the refueling machine
lower structure and platform.

STP 3&4 COLA Part 2, Tier 2, Section 12.4 will be revised as shown below. Gray
highlighting shows the changes.
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12.4.2 Reactor Building Dose

STD DEP 9.1-1

STD DEP Admin

The following provides the basis by which the Reactor Building dose estimates for
occupational exposure were made.

(2) ABWR refueling is accomplished via an automated refueling Mdge machine.
All operations for refueling are accomplished fro. an enclosed automation
centerF ff the rof,,,,ng fc,' as described in Section 9.1.4.2.7.1. Time for
refueling is reduced from a typical 4,400 person-hours down to 2, 000 person:
hours and from an effective dose rate of 25 tiylhwSvlh to less than 2
pG ipSv/h. During spent fuel handling operations, the radiation dose rate
from the highe4st ac~tivity irradiated fuel bundle elevated to the maximum up-
oition in the SFP was calculated. The refueling machine maximum up-_

p~osition results in minimumh water coverage of 8.5 ft from the top of the fuie
~assembly active fuel region, resulting in a calculatedJ dose rate at~ the
operatng tro6lley plataform of 1.Omreim/hr from the bu~ndle.~ This dfose rate is
below the criteria of 2.5 mrem/hr from an irradiated fu'el unit, control
component. or both, as req uired b• ANS/ANS-57.,1fi 1992. This value does
not include dose from radionuclides contained in Spent Fuel Pool waters
which is expectedito.be no 'greater than 0.7 mremlhr. at approximately 1.2
meters above the Refueling Floor, based on data from currently operatin.d
plants utilizing the'ABWR Spent Fuel Pooldesign. qThe value is conservative,
taking nocredit f•rattenuation through hRefueling Brid.e construction material
or the additional distance to the Refueling Bridge itself. which is
approximately 8.8 feet above ~the Refueling Floor.!

4. The STP 3 & 4 Operational Radiation Protection Program is addressed in the FSAR.
Specifically, in Section 12.5S, Nuclear Energy Institute Report NEI 07-03A, "Generic FSAR
Template Guidance for Radiation Protection Program Description" and NEI 07-08A,
"Generic FSAR Template Guidance for Ensuring that Occupational Radiation Exposures are
as Low as is Reasonably Achievable (ALARA)," are incorporated by reference. The
guidance contained in these two documents will be used to develop and implement the
Radiation Protection and ALARA programs for STP 3&4, including refueling and spent fuel
handling activities.

NEI 07-03A provides the following sectionsthat include guidance for procedures addressing
shielding and dose to workers:

* Section 12.5.4.1 "Radiological Surveillance"

* Section 12.5.4.2 "Methods to Maintain Exposures ALARA"

* Section 12.5.4.4 "Access Control"

* Section 12.5.4.5 "Radiation Work Permits"

* Section 12.5.4.6 "Personnel Monitoring"
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Section 12.5.4.7 "Dose Control"

* Section 12.5.4.9 "Respiratory Protection"

* Section 12.5.4.11 "Radiation Protection Training"

NEI 07-08A provides the following guidance for ensuring that occupational radiation
exposures are ALARA in Section 12.1.3:

" Radiation protection training, the radiation protection plan, the RWP system, and
procedure reviews all help to ensure that radiation exposure of personnel is
maintained ALARA. The following examples illustrate the incorporation of ALARA
work practices.

" Personnel required to be monitored for radiation exposure in accordance with 10 CFR
20.1502 are assigned TLDs to establish exposure history.

" Workers are provided with direct-reading dosimeters on jobs, so that the worker can

determine accumulated exposure at any time during a job.

* Dose rate meters are used as needed to identify elevated dose rates.

* Pre-job briefs are used to review radiological surveys and to plan work before
personnel enter a radiation area. Written procedures provide guidelines regarding the
amount of detail to be included in the pre-job briefings.

For work involving high radiation areas, high collective doses, high levels of
removable contamination relative to site posting criteria for contamination areas, or
known or suspected airborne radioactivity areas.

Work is preplanned to minimize personnel exposure as defined in ALARA program
procedures.

Radiation protection personnel provide coverage as required by radiation protection
procedures.

On complex jobs in high radiation areas, dry-run training may be utilized. In some
cases, mockups are used to familiarize workers with the operations that they are to
perform. These techniques are beneficial to improving worker efficiency and
minimizing the amount of time spent in the radiation field.

* As practical, work area entry and exit points are established in areas with low
radiation levels. This is done to minimize dose accumulated while changing.

* Protective clothing and respiratory equipment: Control points are also established to
minimize the spread of removable contamination from the job site.

Individuals working in radiologically controlled areas are trained to be aware of the
varying intensities of radiation fields within the general vicinity of their job locations,
and are instructed to remain in the areas of lower radiation levels as much as possible,
consistent with performing their assigned tasks.
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For high radiation area jobs, maps, postings, and/or detailed instructions are provided to
clearly delineate the source of radiation or to alert personnel concerning the location of
elevated dose rates. Provided with this information, workers will be cognizant of their
immediate radiological environment and will minimize their stay times in areas of
elevated dose rates, thus maintaining exposures ALARA.

" Protective clothing and respiratory equipment prescribed by radiation protection
personnel are commensurate with the radiological hazards involved. These
requirements cannot be modified without the permission of radiation protection
personnel. Consideration is given to the discomfort of workers to minimize the effect
of protective efforts on efficiency and the time spent in a radiation area.

" Special tools or jigs are used on jobs when their use permits the job to be performed
more efficiently or prevents errors, thus reducing the time spent in a radiation area.

" Where applicable, special tools are used to increase the distance from the source to
the worker, thereby reducing the exposure received.

* Consideration is given to the use of remote monitoring of personnel with various
combinations of audio, visual, and dose information to reduce exposure of personnel.
Direct communications (e.g., radios) may be used to further enhance radiation
protection.

" Permanent shielding is used, ývhere practicable, to reduce radiation exposure at the
work site and in designated "waiting areas" for personnel during periods when they
are-not actively involved in the work.

" On some jobs, temporary shielding such as lead sheets draped or strapped over a pipe
or concrete blocks stacked around a piece of equipment is used. Temporary shielding
is used only if the estimated total exposure, which includes exposure received during
installation and removal, is reduced. Experience with such operations is used in
developing guidelines in this area.

These program components are discussed primarily in FSAR Sections 12.3, 12.5, 12.5S, 13.1,
and 13.2, and elsewhere throughout the FSAR.

Specifically, for fuel handling in the SFP area, this RAI requests information regarding
shielding, a description of how operating procedures will be used to ensure doses are kept
ALARA, and a description of design features/access controls that will be used to limit the
dose rate to individuals working in the SFP area.

The above discussion of the STP 3&4 Operational Radiation Protection Program fully
addresses procedures to assure ALARA.

As discussed in the response to 3. above, the 8.5 ft water cover from the top of the active
maximum irradiated bundle is sufficient to ensure a dose rate to refueling operators less than
2.5 mrem/hr. Note that administrative controls will require temporary shielding as warranted
to maintain ALARA. However, installation of additional shielding to the fuel handling
bridge/refueling machine is not warranted. Access control, monitoring, and stay times for
personnel in the refueling area will be procedurally controlled with radiation work permits
(RWPs) required as also discussed above.
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Note that design provision in addition to the shielding, automated refueling handling machine,
radiation monitoring and alarms, and controls is the design of the Fuel Pool Cooling and
Cleanup (FPC) system described in FSAR Subsections 9.1.3 and 12.3.1.4.3. This system
reduces radiation dose rates and further clarifies water for increased visibility, thus reducing
worker stay time for fuel movement activities. FSAR Table 12.2-16 reflects the radionuclide
removal capability of the FPC demineralizers.

No COLA change is required as a result of this response.

5. ABWR DCD Tier 2 Figure 12.3-6, Reactor Building Radiation Zone Map for Full Power &
Shutdown Operation at Elevation 18100mm and Figure 12.3-10, Reactor Building Radiation
Zone Map for Full Power and Shutdown Operation, Section A-A, provide the radiation zone
maps for areas adjacent to the SFP. STPNOC has calculated the radiation dose rates in these
areas by modeling the 270% full core loading in close proximity to the SFP walls for a
conservative dose rate to the adjacent rooms. The dose rates were calculated using the point-
kernel code, QAD, with a concrete wall thickness of 2 m consistent with DCD Table 12.2-5c,
with results as follows. The calculated values were increased by 10% to provide an added
safety margin. The supporting proprietary calculation can be made available for NRC Staff
review if needed.

Room/Area DCD Location DCD Zone Dose Calculated Dose
Figure Rate Rate

Stairwell Large Component Hatch 12.3-6 R5, RF <5 mrem/hr 0.71 mrem/hr
(< 50 pSv/h)

Miscellaneous Electrical 12.3-6 R3, RF <5 mrem/hr 0.36 mrem/hr
Component Area (< 50 pSv/h)
Below SFP (FCS Room, 12.3-10 RE, RF, <5 mrem/hr 0.35 mrem/hr
Penetration Room, Upper Drywell). RG (< 50 IpSv/h)

The above results demonstrate that the dose rates in rooms/areas adjacent to the SFP are
bounded by those given in the DCD.

No COLA change is required as a result of this response.


