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12.2
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Question No. 12.02-7
REQUIREMENTS
10 CFR 52.47(a)(5) requires that the FSAR contain the kinds and quantities of radioactive
materials expected to be produced in the operation and the means for controlling and limiting
radioactive effluents and radiation exposures within the limits set forth in 10 CFR 20.
SRP Section 12.2 indicates that the description of airborne sources should include a tabulation
of the calculated concentrations of radioactive material, by nuclide, expected during normal
operation, AOOs, and accident conditions for areas normally occupied by operating personnel
and that the FSAR should provide the models and parameters used for the calculations.
ISSUE
FSAR Section 12.2.2.3 describes how the applicant determined airborne activity concentrations
throughout the plant. This section provides an equation for calculating the equilibrium airborne
calculations in rooms and cubicles. In addition, Table 12.2-26 provides assumptions and
parameters used in the airborne source term calculations.
Staff is unable to duplicate the applicant’s airborne source terms due to a lack of information
and apparent inconsistencies between Chapter 12 and other FSAR questions. Therefore, the
staff has the following questions related to airborne source terms.
INFORMATION NEEDED
1.

The equation in FSAR Section 12.2.2.3 for calculating equilibrium airborne
concentration contains a “P” variable for the fraction of activity released to air. The
applicant does not provide any information on what the P values are or how they were
determined. Therefore, the applicant should describe how the P values were
determined and list the P values in FSAR Table 12.2-26.
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2.

FSAR Table 12.2-26 provides parameters for calculating airborne source terms. This
table indicates that the RCS letdown flow rate is “364 L/min (80 gpm).” However, FSAR
Table 9.3.4-3, which provides parameters for the chemical and volume control system,
indicates that the normal RCS letdown and purification flow rate is “302.8 L/min (80
gpm).” Please update the FSAR to ensure both tables contain the correct values. If an
incorrect value was used in any calculations or assumptions made in the FSAR (in
airborne activity calculations or otherwise) please make the appropriate modifications
and update the FSAR as appropriate, or justify an alternative.

3.

As indicated above, Table 12.2-26 provides assumptions and parameters for the
airborne source term calculations. However, some of the parameters given would
appear to provide extra information beyond what it needed to perform the calculation.
For example, Table 12.2-26 (1 of 8) provides a filter efficiency for low-volume purge
filters for calculating containment building airborne activity, even though it does not
appear the efficiency of these filters would have an effect on the airborne source term
in containment since air sent through the purge system is not returned to containment.
It is acceptable to provide additional information beyond the parameters needed to
perform the calculation, however, staff cannot duplicate the applicant’s results for
airborne source terms.
a.

Therefore, the staff requests that the applicant select one non-noble gas isotope
and demonstrate how the values in Table 12.2-23 (1 of 4) “Reactor Containment
Building (Normal Operation)” and Table 12.2-23 (2 of 4) “Reactor Containment
Building (48 hr after Shutdown)” for that isotope were obtained.

b.

In addition, select one cubicle in FSAR Table 12.2-23 (3 of 4) “Auxiliary Building
Cubicles (Normal Operation)” (for example, Charging Pump room) and
demonstrate how all values for “Airborne Radioactivity Concentration” and “Derived
Air Concentration (DAC) Fraction” were obtained.

4.

In sheets 3 of 4 and 4 of 4 of FSAR Table 12.2-23, the applicant contains column
providing concentrations for Kr and Xe together and Br and I together and derived air
concentration fractions for each, however the combined concentration of many different
isotopes does not appear to have much meaning and it is unclear how it is compared to
the DAC values when DAC values are isotope specific. Please explain what the values
in the following columns represent; 1) “Kr, Xe” under Airborne Activity concentration; 2)
“Br, I” under Airborne Activity Concentration; 3) “Kr, Xe” under DAC fraction; 4) “Br, I”
under DAC fraction; and 5) Total under DAC Fraction.

5.

In sheets 3 of 4 and 4 of 4 of FSAR Table 12.2-23, please indicate if other radionuclides
beyond those shown in the tables were considered and how the specific nuclides
shown were selected for inclusion in the table.

6.

Please indicate why the Kr, Xe and Br, I airborne activity concentrations for the fuel
handling area (normal operations) and fuel handling area (refueling) in Table 12.2-23,
sheet 3 of 4 are blank when all cubicles listed in sheets 3 of 4 and 4 of 4 of FSAR Table
12.2-23 contain numerical values in those columns (even if the value is zero). Please
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update FSAR Table 12.2-23 sheet 3 of 4 to provide numerical values in these columns.
In addition, provide justification for the values that are provided.
7.

Please demonstrate how the information in FSAR Table 12.2-26 (2 of 8) was used to
develop the airborne activity source term for the fuel handling area (both normal and
refueling). In the response please indicate if the information in FSAR Table 12.2-17,
“Fission and Corrosion Product Activities in the Spent Fuel Pool” was used in
calculating the airborne activity concentrations in the fuel handling area (both normal
and refueling).

Response - (Rev. 1)
1.

“P” variable indicates the partition factor or the fraction of the leaked activity that
becomes airborne. The values used to determine the airborne activity are dependent
upon the types of nuclide and temperature of the leaking fluid and are as follows:
x

1.0 for noble gases

x

1 u 10-3 for halogens in a cold liquid (< 120 °F) and 0.1 for halogens in a hot liquid
(> 120 °F)

x

0.53 for H-3 in primary coolant and 0.1 for H-3 in cold liquids

x

0.0 for all other nuclides

Basis of the “P” values are described below:
x

All noble gases (i.e., Xe and Kr) in the leaked fluid are assumed to be suspended
into the air conservatively, because the noble gases have extremely low chemical
reactivity.

x

The partition factors for halogens (i.e., I and Br) in the leaked fluid with greater than
120 °F and less than 120 °F are conservatively selected as 0.1 and 0.001,
respectively. Regulatory Guide (RG) 1.183, which provides acceptable radiological
analysis assumptions for use in conjunction with the accident source terms,
specifies that the partition factor for elemental iodine in the bulk water in the steam
generators (SG) may be assumed to 0.01. This partition factor is derived based on
the condition that the bulk water in SGs is at the boiling condition of high
temperature and pressure. This value is a maximum value of the range from
0.00005 to 0.01 presented in NUREG-0409, “Iodine Behavior in a PWR Cooling
System Following a Postulated Steam Generator Tube Rupture Accident”. Also,
according to a European Commission Report, “Realistic Methods for Calculating
the Release of Radioactivity Following SG Tube Rupture Faults, EUR 15615,
1994”, under recirculating condition, a partition factor value of 10-5 is
recommended. Therefore, the partition factors of 0.1 and 0.001 used for estimating
airborne source terms in FSAR Section 12.2.2.3 are considered conservative
because the temperature and pressure conditions in the leaked fluid are lower than
those in the SG.
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For H-3, the fraction of airborne radioactivity that can be transported through air is
derived based on the flashing fraction (ff), which means the portion of discharged
fluids that flashes to vapor. This value is calculated based on the enthalpy
difference under circumstance of coolant leakage by assuming the leakage to be a
constant enthalpy process and expressed as follows in accordance with RG 1.183:

ff =

hrcs - h f
h fg

In the cases that the temperature of the leakage is less than 100°C (212 °F) or the
calculated flashing fraction is less than 10%, the amount of radionuclides that
becomes airborne is assumed to be 10% of the total tritium activity in the leaked
fluid.
•

The suspension of particulate nuclides is limited by the moisture carryover, of
which the phenomenon is led by droplet formation of steam due to boiling, or by
atomization of water leaked from the components in a system, of which fineness is
dependent upon the pressure drop across the leak path. Therefore, the amount of
airborne nuclides can be considered negligible so that no particulate nuclide in the
leaked fluid is assumed to be suspended into the air.

2.

The RCS letdown flow rate of 364 L/min (80 gpm) in Table 12.2-26 is an editorial error.
It will be updated to 302.8 L/min (80 gpm) as indicated in Attachment.

3.

Table 12.2-26 (1 of 8) provides the filter efficiency for low volume purge system. This
value is not used for calculating the airborne activity in the containment during normal
operation. Instead, it is used to calculate the airborne source term in containment after
shutdown.
The containment low volume purge system is designed either to return the processed
air to the containment or to exhaust directly to the environment. In the calculation of
airborne activity during shutdown operation, a recirculation fraction of 100% is assumed
to obtain the conservative results. Therefore, the whole volume of air that passes
through the filter of the purge system is assumed to flow back into the containment.
a.

I-131 is selected to explain how the resultant values were obtained. The source
term calculation for containment building airborne activity is based on 0.25% fuel
defect. The RCS I-131 specific activity corresponding to this fuel defect is
2.48E+04 Bq/g. The leak rate of RCS is assumed to be 0.5 gpm, which is the LCO
for unidentified leakage defined in the Technical Specifications. The flashed portion
of the coolant leakage becomes the airborne, and the flashing fraction is calculated
considering the difference of enthalpy between the inside and the outside of the
RCS. The flashing fraction of 0.5687 is used in the calculation for normal
operation. This value is determined by using the formula given in response to the
above Question No. 1. During normal operation, temperature of the RCS is 613.4
˚F and that of the containment building atmosphere is 68 ˚F.
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The airborne concentrations during normal operation provided in Table 12.2-23 (1
of 4) are the concentrations at 100 hours before shutdown. Also, as indicated in
Table 12.2-26 (1 of 8), the low volume purge system is assumed to start operating
at 100 hours before shutdown, which means that the filter efficiency of the purge
system is not used for this case. Therefore, I-131 decay constant of 3.59E-03/hr is
the only removal mechanism during normal operation. In addition, normal
operation time of 18 months is assumed in the calculation. As a result, the airborne
activity in the containment during normal operation can be determined by using the
parameters indicated above and the other parameters in Table 12.2-26 (1 of 8).
In case of the refueling condition, the airborne concentration at 48 hours after
shutdown is obtained as listed in Table 12.2-23 (2 of 4). And, the filter efficiency of
99% (except for noble gas and tritium) is considered based on the conservative
assumption that the air is sent to the low volume purge system filters and flows
back into the containment. Therefore, the effective removal rate is a combination of
this filter efficiency and the decay constant of I-131. After shutdown, the
temperature of the reactor coolant is assumed to decrease linearly depending on
the limiting temperature of plant operating modes (i.e., Modes 1 to 6). Based on
the temperature changes, time-dependent flashing fraction can be calculated. And,
the RCS leak rate of 0.5 gpm is assumed to decrease proportionally to the square
root of the gap between two pressures of reactor coolant system and containment
building atmosphere. The airborne activity in the containment at 48 hours after the
shutdown is then calculated using a set of first-order differential equations and the
above design parameters and assumptions.
b.

The charging pump room (055-A42A) is selected to illustrate how to obtain the
airborne concentration and the DAC fraction,
To calculate the air borne concentration in the charging pump room the following
equation is used:

CA =

CLP
7.48 (λ V+F)

Where,
CA

=

the airborne concentration in the charging pump room (Bq/cm3)

C

=

liquid or gas concentration in charging pump (Bq/cm3)

L =

leak rate (gpm)

P

=

fraction of the leaked activity that becomes airborne

λ

=

decay constant (min-1)

V

=

enclosed room volume (ft3)

F

=

air exhaust flow rate (cfm)


12.02-7_Rev.1 - 6 / 9

7.48

KEPCO/KHNP

=

conversion factor (7.48 gal/ft3).

Since the charging pumps are directly connected to the volume control tank (VCT),
the concentrations, C, of halogen nuclides in the charging pump are obtained from
those in the VCT and the concentrations of noble gases are from the primary
coolant.
Leak rates (L) of the components in the charging pump room are determined using
the maximum allowable design leak rates of the components shown in Table 1.
Table 1 Maximum Allowable Leak Rates for Each Component
Component
Valves
Disk Leakage
Stem Leakage
Pumps
Centrifugal (mechanical seal)
(Except SI Pumps)

Positive Displacement
SI Pumps
Flanges

Leakage Assumptions
10 cm3/hr/inch seat diameter
10 cm3/hr/inch seat diameter
x 50 cm3/hr/seal during normal operating
conditions with availability of seal cooling
water
x 100 cm3/hr/seal during loss of externally
supplied cooling water
1 gal/hr
1,000 cm3/hr/seal (each pump)
30 cm3/hr

According to the detailed layout of the reference APR1400, there are one(1) pump,
six (6) flanges, one(1) 1-inch diameter valve, two (2) 4-inch diameter valves and
four (4) 3-inch diameter valves in the charging pump room. Therefore, the total
leak rate is determined using the number of components and the maximum
allowable leak rates of the corresponding components.
The partition factors (P) used in the calculation is as follows:
෬

IRUQREOHJDV

෬

uIRUKDORJHQ

෬

IRU+

These values are discussed in response to the above Question No. 1.
The volume of the charging pump room (V) is obtained from the general
arrangement of the APR1400 layout and is calculated to be 9,380 ft3 (|17 ft (W) u
30 ft (L) u 23 ft (H)u 0.8 (Free volume fraction)) .
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The required air flow rate of the charging pump room which maintains the sum of
the DAC fractions less than 1.0 is calculated to be 361 cfm. In order to apply
ALARA principle, the air flow rate (F) is determined to be 500 cfm, which makes
the sum of DAC fractions to be 0.729 as presented in Table 12.2-23 (3 of 4). Table
2 shows the nuclide-specific airborne concentrations and their DAC fraction values
for the charging pump room. In Table 2, the sum nuclide-specific DAC fraction
(FDAC) is calculated using the following equation:
FDAC = 
i

CAi
DACi

Where,
CAi

=

the airborne concentration of each isotope

DACi

=

Derived Air Concentration of each isotope (Bq/cm3) in 10 CFR 20
Appendix B

Table 2 Nuclide-specific Airborne Concentrations and DAC Fractions
with Air Flow Rate of 500 cfm in Charging Pump Room
Nuclide
Kr-85m
Kr-85
Kr-87
Kr-88
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-138
Br-84
I-131
I-132
I-133
I-134
I-135
H-3
Sum
4.

CA(Bq/cm3)
5.13E-03
2.30E-02
3.60E-03
1.09E-02
2.30E-02
1.39E-03
1.49E+00
1.67E-03
2.99E-02
1.52E-03
3.77E-10
7.95E-08
1.85E-08
1.11E-07
9.33E-09
6.13E-08
3.56E-02
-

FDAC
6.93E-03
6.21E-03
1.95E-02
1.47E-01
1.55E-03
3.76E-04
4.04E-01
5.01E-03
8.09E-02
1.03E-02
5.09E-10
1.07E-04
1.66E-07
3.00E-05
1.26E-08
2.37E-06
4.82E-02
7.29E-01

In order to avoid complexity of the DCD tables related to airborne concentrations, the
isotopes considered in the airborne concentration calculations are divided into three
groups of “Kr, Xe”, “Br, I” and “H-3”. Isotopes included in each of the group are as
follows:
෬

Kr, Xe : Noble gases
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Br, I : Halogens


%U



,,,,,

H-3 : Tritium

Therefore, the airborne radioactivity concentration given in the units of Bq/cm3 in
column “Kr, Xe” in Table 12.2-23 is the sum of concentrations of the four (4) Krypton
and five (5) Xenon isotopes. Similarly, the column labeled as “Br, I” presents the sum of
concentrations of one (1) Bromine and five (5) Iodine isotopes. For “H-3”, there is only
one isotope in this group. In addition, since the values in the “DAC Fraction” columns
represent the sum of the DAC fractions of all isotopes in each group, of which DAC
fractions for each isotope is calculated separately, the DAC fraction values in Table
12.2-23 are not directly obtained from the concentration values for each isotope group.
For example the values for “Charging Pump Room” in Table 12.2-23 are obtained as
presented in Table 2 of the above response to Question No. 3.
5.

As discussed in the response to above Question No. 4, the isotopes considered in the
airborne activity concentrations are noble gases, halogens and tritium. These are the
most important radionuclides to be considered. Particulates that might exist in the
leaking liquid are assumed to be dissolved in the liquid without any partitioning (i.e.,
partition factor of 0.0) as indicated in the response to Question No. 1.

6.

The airborne activity in the fuel handling area is calculated by only considering tritium.
It is because tritium was considered as the most dominant nuclide for airborne activity
in fuel handling area. Since the noble gases of the RCS are degassed by CVCS gas
stripper during shutdown cooling operations or released to the Containment Building
while the reactor head is open, these nuclides do not exist in the spent fuel pool. For
iodines and particulates, the release from the spent fuel pool is normally considered
negligible compared to the rates of tritium evaporation.

7.

Tritium airborne activity in the fuel handling area is calculated using the design
parameters given in Table 12.2-26 (2 of 8). Since the tritium activity is determined by
the evaporation rate of the spent fuel pool (SFP), most of the parameters such as air
pressure, temperature, relative humidity, surface area of SFP, and wind speed are
used to calculate the evaporation rate of the SFP. The surface area changes according
to the operating mode, because the SFP water is mixed with reactor coolant, reactor
makeup water, and in-containment refueling water during refueling. For normal
operation, the evaporation is assumed to occur only in SFP. During refueling operation,
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the evaporation could also occur in refueling pool and canal. This difference of the
surface area is conservatively reflected to the calculation for refueling case.

Impact on DCD
DCD section Table 12.2-26 will be updated as indicated in the Attachment.
Impact on PRA
There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environmental Reports.
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APR1400 DCD TIER 2
Table 12.2-26 (1 of 8)
Assumptions and Parameters Used in Airborne Source Term Calculations
302.8

Reactor Containment Building
Assumptions/Parameters

Values

Fuel failure

0.25 % fuel defect

RCS leak rate

1.89 L/min (0.5 gpm)
(design basis leak rate)

RCS letdown flow

364 L/min (80 gpm)

Iodine spike

Not considered

Low-volume purge flow rate

2.549E+03 m3/hr (1,500 cfm)
(Assumed that CLVPS operates for 100 hours
before shutdown)

High-volume purge flow rate

9.14E+04 m3/hr (54,000 cfm)
(Assumes that CHVPS operates at cold
shutdown operation mode for 29 hours)

Filter efficiency for low-volume
purge filters

Particulate: 99 %
Halogen: 99 %

Gas stripping

No gas stripping

Containment free volume

8.858E+04 m3 (3.128E+06 ft3)
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