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ENCLOSURE I

MFN 06-477, Supplement I

Partial Response to RAI Letter No. 60 Related to ESBWR
Design Certification Application.

Radiation Protection

RAI Number 12.3-05 SOI

Supplement
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NRC RAI 12.3-05 S01:
Received via email from NRC Staff on 01/03/07:

a) Clarify whether the ESBWR design accounts for hydrogen and/or noble metal
injection chemistry. Unclear if the N16 inventories, and resulting offsite doses,
given in the answer are based on 185 MBq/g of outlet steam (normal) or the 9.25
MBq/g given for H2 chemistry. State this in the DCD. Provide all assumptions and
input parameters (including the transit/decay times applied to each component,
component/source geometry and dimensions) used to calculate the doses given.

b) It is not clear to what measurements and which components "guideline" number (2)
refers in the answer

c) Guideline number (3) needs justification. There should be no liquid phase in the
steam line. Furthermore, the N16 released from the reactor in the steam is in
volatile chemical form. It could be argued that very little would be condensed into
the liquid phase in the condenser. Partitioning the N16 based on relative mass of
H20 would underestimate the turbine/upper condenser concentration

GE Response:

The following responses correspond to the supplement questions identified above:

Part a):

Hydrogen and/or noble metal injection chemistry

The ESBWR design takes into account the hydrogen and/or noble metal injection
chemistry, having conservatively used 11.1 MBq/g as the specific N-16 activity in
the vessel nozzle outlet steam. This is equivalent to using a value six times the
normal value of 1.85 MBq/g.

DCD Subsection 12.3.1.3 will be revised in the DCD Tier 2, Revision 3, as shown in
the attached markup.

Assumptions and input parameters

The main contribution to the plant N-16 skyshine dose from Turbine Building is
produced by the steam turbine (High Pressure: HPT, and Low Pressure: LPT) and the
upper two Main Steam Line (MSL) inlets to the HPT. The Moisture Separator
Reheaters (MSRs) shielding is sufficient enough (150 cm and 130 cm) to consider its
N-16 skyshine dose contribution as negligible.

Table 1 includes the input parameters used for the radiation sources calculations.

The inventory of N-16 is:
o HPT 1.6239x1012 MeV/s.
a LPT 7.9497x 109 MeV/s.
a MSL 3.8938x1012 MeV/s.

0 TOTAL 5.5256x10 12 MeV/s.

QAD-CGGP and SKYIII-PC codes have been used in the calculations. QAD-CGGP
code has been used to obtain dose rates (without buildup) through the main walls
around the LPT and HPT. These dose rates are calculated only to obtain the
equivalent point radiation for skyshine (input to SKYIII-PC code).
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The Turbine, with its covers, is surrounded by a 90 cm thick concrete structure with
steel structures at the front.
In the QAD-CGGP HPT model, detectors have been defined to calculate radiation
dose rates at the operating plant. The geometrical model and the detector positions
are shown in Figures 1 and 2.
Detector 1 is located 18 cm away from the steel structure (SS)

Detector 2 is located 90 cm away from the normal concrete structure to study the
equivalent point.
Detector 3 is located to obtain dose rates at HPT elevation. These are representative
of the turbine volumetric doses.
In the QAD-CGGP LPT model, detectors have been defined to calculate radiation
dose rates at the operating plant. The geometrical model and the detector positions
are shown in Figures 1 and 2.
Detector ' is located 3 cm away from a 12-cm stainless steel plate to simulate dose
rates at the back.
Detector 2' is located to evaluate the effect of one turbine body instead of the 3
existing bodies.
Detector 3' is used, as in the case above, to obtain dose rates at LPT elevation.
In the QAD-CGGP MSL model the detectors have been considered common to the
HPT detectors.
To calculate the equivalent point radiation source to be used with SKY-III, one
massive 3-ft (90-cm) normal concrete structure is simulated in a parallel-piped form
representative of the area to be studied. Figures 3, 4, and 5 show the different bodies
and the main dimensions of the model. A simplification is introduced in the model
considering only a single radiation group of 6.4 MeV instead of a histogram
representative of the radiation sources. The detector is placed at 30 feet (9.0 m) from
the Y-axis, representative of the detector points used in the previous QAD models.

The SKYIIIPC considered all the structures with their real thicknesses. In
particular, no slab over the turbine equipment has been considered.
As SKYIII-PC input, only one radiation source has been considered: 3.035x10 9

particles/s.MeV and the remaining points are specified by a fraction (f) of this value,
thus the input data are:
* For the HPT: I radiation points; R = 3.035x109 particles/s.MeV.
* For the LPT: 3 radiation points, each of them with a fraction of 0.009.

Three detector points are specified at a distance of 2665.6 ft (800 m), 1666.6 ft
(500 m) and 833.3 ft (250 m) from the Y-axis, representative of the site boundary
and other closer distances.

Part b):

Given that there is no operating experience with N-16 activity, guideline No. 2 is
applicable to plants under design and to design modifications in operating plants. It
was included in the initial response to RAI 12.3-05 as an additional reference to
criteria of potential use in the study of the N-16 transport process in the
steam/condensate cycle.
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Part c):
Guideline No. 3 applies to two-phase equipment, such as the cycle heat exchangers
or the condenser.
The term "partitioned" has not been used in the sense that the activity transported to
equipment of this type is distributed between the steam phase and the liquid phase.
Since N-16 is incondensable, all specific N-16 activity is found in the steam phase.

The specific N-16 activity in the steam phase has been calculated for each
equipment item based on the activity and input flow, and on the steam mass
contained therein. It is conservatively assumed that in the liquid phase of the
equipment (even though N-16 is incondensable) there is a certain additional
concentration (partition) of N- 16 that is calculated as a fraction of the "real total" in
the gaseous phase.



MFN 06-477, Supplement 1
Enclosure I Page 4 of 11

Table 1
Source Term Input Parameters

Input parameter HPT LPT* MSL**

Steam flow rate, Kg/s 2306.774 597.188 N/A***

Mean specific volume, cm3/g 69.5 6983.2 30.13

Residence time, s 0.018 0.0005 3.26

N-16 mean intensity for 6.4 MeV, 3.86x10 7  2.67x107  3.89x107

MeV/s g

Geometry Cylindrical Cylindrical Cylindrical

Length, cm 658 1050 300

Internal diameter, cm N/A N/A 80

External diameter, cm 132.3 260 N/A

*

**

Per body
Only two lines considered (Upper)
Data not necessary. The mass is calculated from the volume and the specific
volume.
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Figure 1
QAD-CGGP Model
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Figure 2
QAD-CGGP Model
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Figure 4
SKYIII-PC X-Y axis Model
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SKYIII-PC X-Z axis Model



MFN 06-477, Supplement I
Enclosure I Page 10 of 11

26A6642BJ Rev. OI
ESBVWR Design Control Document/Tier 2

12.2.1.3 Turbine Building Source Terms

This section provides a summation of the significant radioactive source terms found in the
ESBWR turbine building. These source terms consist of those elements which are found to
contain significant quantities of radioactive materials but do not include sources due to
incidental contamination such as sources in valves due to deposition of corrosion or fission
products species on the surfaces of the components.

Normal Operating Sources

N16 in the steam flow from the pressure vessel, is the primary turbine building source of
radioactivity. The N16 source results in sigmficant gamma shine from the main steam lines
and steam bearing components on the order of 0.2-0.5 Gybr (20-50 rad1hr) contact. Other
major sources of radiation in the turbine building are the Offgas System (Section 11.3) and
the Condenser and Feedwater System. The Offgas System consists of the steam jet air
ejector, recombiner, offgas condenser, and offgas charcoal tanks. Table 12.2-10 provides
the sources for the Offgas System. The sources for the turbine condenser and feedwater
filtertdemineralizer system are given in Tables 12.2-11 and 12.2-12.

N16-skvshine offs•ie dose contribution

The ESBWR design takes into account the hydrogen andlor noble metal injecton
chemistry. having conservatively used 11.1 MBo/g as the specific N- 16 activity in the
vessel nozzle outlet steam. This is equivalent to using a value six times the normal value of
1.85 MBa/g.

The N- 16 skyshine contribution to offsite dose is provided in Table 12.2-21

Post-Accident Radioacthe Sources

The turbine building contains no major sources of releasable radioactivity (discounting N 16
because of the 7.7 second half-life) and potential releases are limited to liquid releases of
low activity water from the feedwater and condenser systems. Two other sources exist
which contain radioactive species but in a form not amenable for release. The potential for
accident releases from these two sources, the offgas system, and the condenser
demmeralizers, is reduced due to heavy shielding and compartmentalizing of the
components.

12.2.1.4 Radwaste Building Source Terms

This section provides a summation of the significant radioactive source terms found in the
ESBWR radwaste building These source terms consist of those elements which are found
to contain significant quantities of radioactive materials but do not include sources due to
incidental contamination such as sources in valves due to deposition of corrosion or fission
products species on the surfaces of the components.

Normal Operating Sources

Tables 12.2-13a through 12.2-13g and 12.2-14a through 12.2-14b provide source
inventories for the major radwaste components for operation. These sources are based upon
the stream concentrations given in Section 11.1 and represent sources for shielding

12.2-5
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calculations. These inventories should not be construed to represent sources for offsite
release. A complete description of the ESBWR radwaste system is given in Sections 11.2
through 11.4.

Post-Accident Radioacthie Sources

Potential releases in the radwaste building are contained by isolating the radwaste budding
atmosphere and sealing any water releases in the building. The radwaste building is
seismically qualified and lined to prevent any potential water releases from high activity
areas-

12.2-5


