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Attention: Document Control Desk Docket No. 52-017
Washington, D. C. 20555 COL/BCB

DOMINION VIRGINIA POWER
NORTH ANNA UNIT 3 COMBINED LICENSE APPLICATION

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 034
(FSAR CHAPTER 2)

4

On March 26, 2009, the NRC requested additional information to support the review of
certain portions of the North Anna Unit 3 Combined License Application (COLA). The letter
contained twelve RAls. Dominion responded to nine of the RAls by letter dated June 17,
2009 (Serial No. NA3-09-013R). The response to one of the other three RAls is provided in
Enclosure 1 of this letter:

e RAI Question 02.04.13-4  Accidental Release Groundwater Transport Analysis

The information provided in the RAI response will be incorporated into a future submission
of the North Anna Unit 3 COLA, as described in the Enclosure. Additional analysis is
required to complete the responses to the two remaining RAls from Letter No. 034
(02.05.04-12, Engineering Properties of Concrete Fill, and 02.05.04-15, Dynamic Bearing
Capacity for Reactor/Fuel Buildings). These responses will be submitted by August 31,
20009.

Please contact Regina Borsh at (804) 273-2247 (regina.borsh@dom.com) if you have
questions. ‘

Very truly yours,

Eugene S. Grecheck
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COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President-Nuclear
Development of Virginia Electric and Power Company (Dominion Virginia Power). He has
affirmed before me that he is duly authorized to execute and file the foregoing document
on behalf of the Company, and that the statements in the document are true to the best of
his knowledge and belief.

Acknowledged before me this gﬁ day of , 2009
My registration number ’7/'73057 nd

ires: 3/ / 9/

Ngérﬁ Public X

Commissi

Enclosure:
1. Response to NRC RAl Letter No. 034, RAI Question No. 02.04.13-4

Commitments made by this letter:

1. The information provided in the RAI response will be incorporated into a future
submission of the North Anna Unit 3 COLA, as described in the Enclosure.

2. These responses [02.05.04-12, Engineering Properties of Concrete Fill, and
02.05.04-15, Dynamic Bearing Capacity for Reactor/Fuel Buildings] will be
submitted by August 31, 2009.

ccC: S. Nuclear Regulatory Commission, Region Il
A. Kevern, NRC

T. Reece, NRC

J. Debiec, ODEC

Kingston, GEH

S

U.
T
J.
J.
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P. Smith, DTE
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ENCLOSURE 1

Response to NRC RAI Letter Number 34

RAI Question Number 02.04.13-4

~
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NRC RAIl 02.04.13-4

The purpose of this RAI is to address the requirements of 10 CFR 20, Appendix
B, which requires that radionuclides released in liquid effluents do not result in
concentrations at the nearest source of potable water that exceed the
concentrations listed in Table 2, column 2.

Staff request additional information demonstrating that the applicant’s transport
analysis constitutes a bounding analysis, i.e. an analysis that is based on the
largest or smallest parameter values measured onsite, which consequently
calculates the highest receptor-point radionuclide concentrations consistent with
onsite measurements.

As currently presénted in the FSAR, the transport analysis uses a groundwater
hydraulic conductivity (to compute groundwater velocity) that is less than the
maximum value observed at the site. In addition, the transport analysis uses Ky
values based on literature data that, in some cases, are greater than the
minimum observed site-specific values. Staff requests the results of a transport
analysis that uses the maximum observed hydraulic conductivity and the
minimum site-specific Ky values for comparison with the 10 CFR 20, Appendix B,
Table 2 effluent concentration limits.

Dominion Response

The analysis of an accidental release of liquid effluent to groundwater, as
originally presented in FSAR Section 2.4.13.1, has been revised to use the
maximum observed hydraulic conductivity and minimum observed site-specific Ky
values. The analysis uses the accident scenario, conceptual model, and
transport analysis methodology as described in FSAR Section 2.4.13.1. The
methodology, data and assumptions, analysis, and results are presented in this
RAI response. Design features, intended to mitigate the effects of a postulated
Liquid Waste Management System (LWMS) tank failure, are described as well.

As described in FSAR Section 2.4.13.1.3, an initial screening analysis is
performed considering advection and radioactive decay only to eliminate from
consideration the radionuclides that would be well below the 10 CFR 20,
Appendix B, Table 2 effluent concentration limits (ECLs) under very conservative
modeling assumptions (i.e., no adsorption and no dispersion). For this limiting
. case, -activity concentrations for parent and relevant progeny radionuclides are
calculated at the point where liquid effluent from a postulated accidental release
from an LWMS tank would discharge from the groundwater to Lake Anna. This
point has been identified to be the Lake Anna cove that will serve as the forebay
for the Unit 3 makeup water intake, based on observed water table contours
(FSAR Figures 2.4-207 through 2.4-214) and groundwater modeling results that
reflect post-construction conditions. This portion of the lake is within the restricted
area as defined in SSAR Section 2.1.1.3 and illustrated on SSAR Figure 2.1-1.
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Activity concentrations for the parent and first two progeny radionuclides at the
point of groundwater discharge can be calculated from FSAR Equations 2.4.13-8,
-13, and -18 with time, t, being equal to the groundwater travel time. The
groundwater travel time between when the LWMS tank is postulated to fail and
reaching Lake Anna is calculated based on the following data:

Hydraulic conductivity (K) = 9.9 ft/d
Hydraulic gradient (dh/dx) = -0.040
Effective porosity (ne) = 0.25
Transport distance (L) = 1000 ft

The hydraulic conductivity value represents the maximum observed value for the
site, based on test data summarized in FSAR Table 2.4-16R. The other
properties were established as described in FSAR 2.4.13.1.3.

_ ( ‘

Using the above values, the average linear velocity is calculated to be:

v = _Kdn = £x0.040 =1.58 ft/d

n, dx 0.25

The groundwater travel time is then:

Using FSAR Equations 2.4.13-8, -13, and -18, the source term concentrations
were decayed for a period of 1.73 y. Results are provided in Table 1 (page 9 of
this response) under the column heading “Advection and Decay” and include the
groundwater concentration, C, at the point of discharge to Lake Anna and the
ratio of groundwater concentration to the associated effluent concentration limit,
C/ECL. Note that in calculating this ratio, values of less than 1x10° were taken to
be zero. Radionuclides for which the C/ECL value is greater than or equal to 0.01
are H-3, Mn-54, Fe-55, Co-58, Co-60, Ni-63, Zn-65, Sr-89, Sr-90, Y-90, Y-91,
Zr-95, Nb-95, Ru-106, Ag-110m, Cs-134, Cs-137, Ce-144, Pr-144, and Pu-239;
and are taken to be the radionuclides of interest for the purposes of assessing
compliance with 10 CFR 20. The C/ECL values for the remaining radionuclides
are so small that they do not play a role in assessing regulatory compliance,
even when summed; these radionuclides are eliminated from further
~ consideration.

The radionuclides of interest identified above were further evaluated considering
adsorption, in addition to advection and radioactive decay. The distribution
coefficient, Ky, for each radionuclide was assigned its minimum site-specific
value, based on data included in FSAR Table 2.4-207. Site-specific Kq values are
not available for some radionuclides, including isotopes of yttrium (Y), zirconium
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(Zr), niobium (Nb), praseodymium (Pr), and neptunium (Np). In the case of the
yttrium isotopes, Y-90 and Y-91, the Ky value was assumed to be the same as
strontium, Sr-90 and Sr-91 serving as parent radionuclides. The Ky values for
Zr-95, Nb-95m, and Nb-95 were conservatively established based on data
_ published in NUREG/CR-6697 (i.e., the 10™ percentile of their distribution). For
Pr-144, a daughter product of Ce-144, its K4 value was assumed to be the same
as for cerium. In the case of Np-239, the parent of Pu-239, its Ky value was
assumed to be the same as for plutonium. For H-3, a component of water, the Ky
value is zero by definition. The Ky values used in the transport analysis are
provided in Table 1.

Retardation factors for the radionuclides of interest were calculated using FSAR
Equation 2.4.13-2 using the Ky values as described above, an effective porosity
of 0.25, and a bulk density of 1.83 g/cm®. The concentration of each radionuclide
was then determined at the point of groundwater discharge to Lake Anna using
FSAR Equations 2.4.13-8, -13, and -18, as necessary, and the appropriate initial
concentration, decay rate, and retardation factor. Table 1 provides the results
under the column heading “Advection, Decay, and Adsorption.” As before, C/ECL
values less than 1x10° were taken to be zero. Radionuclides for which the
C/ECL value is greater than or equal to 0.01 are H-3, Co-60, Ni-63, Sr-90, Y-90,
and Pu-239. :

In interpreting the results provided in Table 1, it is important to recognize that
differential transport rates result from the adsorption process. Consequently, any
radionuclides associated with an accidental release of liquid effluent to the
groundwater would arrive at the lake shoreline at different times. The arrival
times, t;, are calculated as

L
t, =
v/ R,

where: t; = arrival time for radionuclide i; and R, = retardation factor for
radionuclide i. The duration of a liquid effluent release, 1, can be determined as

release

Qrelease

T =

where: Vigease = Volume of liquid effluent released (29,600 gal. or 3957 ft3); and
Qrelease = Volumetric flow rate of liquid effluent into the subsurface. Noting that
Qrelease IS limited by the groundwater flow rate, Qreease Can be estimated as a
function of the geometry of the liquid effluent plume and the Darcy velocity. It is
assumed that the liquid effluent released from the LWMS tank occupies a volume
in the saturated zone in the shape of rectangular parallelepiped with a height, b,
equal to the saturated thickness of the water table aquifer (26 ft), and equal
length, |, and width, w. Considering that the release would occupy a fraction of

Page 4 of 11



Serial No. NA3-09-013RA
Docket No. 52-017

the aquifer volume equal to the effective porosity, the length and width of the
plume can be calculated as 24.67 ft. The flow rate of the liquid effluent release in
the subsurface can then be estimated as

D0 =GA = —K%bw =9.9%0.040x26x24.67 = 254 ft*/d = 0.00294 ft’/s
X .

Given the above, 1 is calculated as

. 3
1= 3BT o6 4005/ =156
0.00294 ft*/s

Using the radionuclide arrival times and discharge duration as described above,
the sum of fractions, £ C/ECL, is plotted as a function of time elapsed following
the postulated release in Figure 1 (page 11- of this response). This plot assumes
that the release is instantaneous and that transport mechanisms are limited to
advection, adsorption, and decay. These results indicate that H-3 would
discharge to Lake Anna 1.7 years following a release, while Sr-90 and Y-90
would discharge about 47 years following a release. In these cases, the H-3 and
the Sr-90 and Y-90 concentrations would be above 10 CFR 20 limits within the
restricted area. Pu-239, Co-60, and Ni-63 would discharge much later, about 69,
84, and 162 years, respectively, following a release. Pu-239, Co-60, and Ni-63
concentrations are predicted to be below 10 CFR 20 limits at their point of
discharge to Lake Anna and within the restricted area. These results
demonstrate that Pu-239, Co-60, and: Ni-63 require no further evaluation.

The results presented in Table 1 and Figure 1 indicate that H-3, Sr-90, and Y-90
need to be further evaluated to determine compliance with 10 CFR 20, Appendix
B, Table 2 limits, which apply to the nearest source of potable water located in an
unrestricted area. This evaluation requires consideration of surface water
pathways, which in turn are determined by the status of plant operation. Because
of its mobility, a release of H-3 would likely enter the surface water within the
operational lifetime of Unit 3 (up to 60 years), whereas the less mobile Sr-90 and
Y-90 could enter the surface water either during Unit 3 operation or after the
plant has been shutdown, depending on when an accidental release might occur.
As described in FSAR Section 2.4.13.2, any constituent in the groundwater
discharging to Lake Anna during plant operation is expected to be: (1) entrained,
mixed, and diluted with surface water in the cove that comprises the Unit 3 intake
forebay; (2) subsequently abstracted from the cove by the water-supply intake for
Unit 3, introduced into the closed-cycle circulating water system, and circulated
through wet cooling towers; and (3) discharged with the cooling tower blowdown
to the discharge canal. If Unit 3 were not operating, constituents in groundwater
discharging to Lake Anna would simply be mixed and diluted with surface water
in the cove. Note that this cove is isolated from the rest of Lake Anna by a berm
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and is connected hydraulically with the lake by a set of culverts as shown in
FSAR Figure 2.4-204.

For the scenario in which the plant is operating (where H-3, Sr-90, and Y-90 are
of interest), radionuclide concentrations in the discharge canal can be estimated
by diluting the volume of liquid effluent released into the volume of the discharge
canal and accounting for the radioactive decay that would occur during
groundwater transport. This approach assumes that Units 1 & 2 are not
operating, which is conservative because it ignores the large volume of
circulating water discharged from Units 1 & 2 that would otherwise be available
for dilution. Assuming fully mixed conditions and no hydraulic interaction with the
Waste Heat Treatment Facility, the sum of fractions can be calculated as

C(Ii:charge _ Vrelense C
2, ECL 7 2 ECL

discharge

where: Cgischarge = radionuclide concentration in the discharge canal (restricted
‘area); C = radionuclide concentration of the groundwater discharging to surface
water (Table 1); and Vgischarge = volume of water in the discharge canal. The
discharge canal is 3850 ft long with a bottom width of 100 ft, side slopes of 2.5:1,
and an invert elevation of 227 ft NGVD 29 (ESP-ER Section 3.4.2.2). Given
these characteristics, the discharge canal volume can be calculated as

v

discharge

= AL = (b+zy)yL

where: A = cross sectional area; b = bottom width; z = side slope; y = depth; and
L = channel length. For a lake elevation of 250 ft NGVD 29, the volume of the
discharge canal is calculated using the equation for Vischarge @s follows:

v =100 +2.5(23)](23)(3850) = 13,947,000 ft’

discharge

Applying the equation above to H-3 and Sr-90 and Y-90 yields the following:

C,
H-3: D 907 239=0.00068 <1
“~ ECL " 13,947,000

S-90/Y-90: Y Cuscrmge _ 3957 X(390+27.9)=0.12 <1
» ECL- 13,947,000
: !
For the scenario in which the plant is not operating (where Sr-90 and Y-90 are of
“interest), a bounding estimate of the sum of fractions in the unrestricted area of
Lake Anna can be determined by calculating the radionuclide concentration in
the isolated cove of Lake Anna that receives the effluent release via groundwater
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discharge. Assuming fully mixed conditions, this concentration can be calculated
as

Ccove _ I/release C
_ 2 ECL V )2 ECL

cove

where: Cce = radionuclide concentration in the Lake Anna cove (restricted
area); and V¢ve = volume of water in cove (3,929,000 ft* assuming a 250 ft
NGVD 29 water surface elevation). This value is considered bounding because
any water leaving the cove would have to mix with additional surface water prior
to entering the unrestricted area. Applying this equation to Sr-90 and Y-90 gives

s-00/Y-90: Y Cope __ 3957 x(390+27.9) = 0.42 < |

ECL 3,929,000

The results presented above demonstrate that use of the maximum observed
hydraulic conductivity and minimum site-specific K4 values result in sum of
fraction values less than one (unity) during plant operation and after the plant has
been shut down. Therefore, it is concluded that the requirements of 10 CFR 20
are met under these limiting conditions that combine maximum hydraulic
conductivity and minimum distribution coefficients.

Note that the above analysis embodies a number of conservative assumptions
regarding the LWMS tank failure mechanism and subsequent transport in the
groundwater and surface water environments. The key conservatisms in the
analysis are identified and described below.

1. The accidental release analysis assumes an instantaneous release to the
groundwater. This assumption is very conservative because it requires
simultaneous failure of the LWMS tank, steel-lined tank cubicles of the
radwaste building, and reinforced walls and basemat of the radwaste
building, all of which are seismically designed.

2. The LWMS tank being evaluated, an equipment drain collection tank
located on the lowest level of the radwaste building, is about 26 ft below
the water table. If a failure as described above were to occur, groundwater
would flow into the lower levels of the radwaste building, precluding the
release of liquid effluents out of the building. The building interior would
have to be flooded to an elevation greater than or equal to the water table
before a release to the groundwater could occur. Based on the nominal
dimensions of the radwaste building (65.0 m by 32.8 m), about 477,315 ft*
of water would be required to fill the building interior to the water table
elevation, assuming 80 percent of the volume is susceptible to water
flooding. This would dilute the radioactive source term by a factor of about
120 (477,315 / 3957) from that used in the present analysis.

Page 7 of 11



Serial No. NA3-09-013RA
Docket No. 52-017

3. Longitudinal and transverse hydrodynamic dispersion during groundwater
transport is not accounted for in the transport analysis. Hydrodynamic
dispersion would act to attenuate radionuclide concentrations in the
groundwater, which would result in" surface water concentrations lower
than those predicted.

4. The maximum observed hydraulic conductivity and the minimum site-
specific Ky values are used for the groundwater transport analysis, which
represents a highly unlikely combination. This in turn yields very
conservative (lower  duration) groundwater transport times that
underestimate radioactive decay. The use of more realistic hydraulic
conductivity and Ky values (e.g., geometric mean values) would result in
longer groundwater travel times, more radioactive decay, and lower
groundwater and surface water concentrations.

In addition to the above, it.should be noted that the Unit 3 design incorporates
special design features to mitigate the consequences of a failure of a tank as
described in FSAR Section 2.4.13. In particular, compartments in the radwaste
building containing high level liquid radwaste are steel-lined up to a height
capable of containing the release of all liquid radwaste in the compartment.
These design features are durable and passive and require no operator
intervention. Steel liners are cited in BTP 11-6 as design features considered
acceptable for mitigating the consequences of LWMS tank failures. However, no
credit has been taken in the analysis described above or in FSAR Section 2.4.13
- for these design features mitigating the consequences of an accidental release of
liquid effluent from a LWMS tank.

Finally, it is noted that compliance with 10 CFR 20.1406(a) requires an onsite
monitoring program, as an integral part of the radiological environmental
monitoring program. Implementation of the program will provide early detection
and quantification of any leaks and spills and maintain a current baseline of
radiological and hydrogeological parameters. Given that groundwater travel times
for the radionuclides of interest conservatively range from 1.7 to 47 years, there
would be ample time to monitor groundwater conditions and to perform
remediation, if needed, to ensure compliancg with 10 CFR 20 limits.

Proposed COLA Revision

FSAR Section 2.4.13 will be revised as shown in the attached mark-up to
incorporate the above response.
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Table 1: Groundwater Concentrations at Point of Discharge to Lake Anna

Source Term Characteristics

Advection and Decay

Advection, Decay, and Adsorption

Collection | Collection Ground Ground Ground Ground
Pargn! Progsny _ o o Decay R Tank Tank Watsr5 Water Distribution Walel; Water
Radio- in Half-life’ Branching Fraction Rate ECL Conc* Conc Conc Conc/ Coefficient | Retardation Conc Conc/
nuclide Chain (days) diz dis das (days™) | (uCilem®) | (MBg/m®) | (uCilem®) Ki K2 Ks {pCifem®) ECL (cm’lg) Factor® (uCifem®) ECL
H-3 4.51E+03 1.54E-04 | 1.00E-03 | 9.73E+01 2.63E-03 2.63E-03 2.39E-03 2.39E+00 0 1.0 2.39E-03 2.39E+00
Na-24 6.25E-01 1.11E+00 | 5.00E-05 | 4.74E+01 1.28E-03 1.28E-03 1.09E-307 | 0.00E+00 .
P-32 1.43E+01 4.85E-02 | 9.00E-06 | 1.98E+01 5.35E-04 | 5.35E-04 2.75€-17 0.00E+00
Cr-51 2.77E+01 2.50E-02 | 5.00E-04 | 2.61E+03 | 7.05E-02 7.05E-02 9.72E-09 1.94E-05
Mn-54 3.13E+02 2.21E-03 | 3.00E-05 | 9.83E+01 2.66E-03 2.66E-03 6.56E-04 2.19E+01 45 339 6.81E-24 0.00E+00
Mn-56 1.07E-01 6.4BE+00 | 7.00E-05 | 7.59E+01 2.05E-03 2.05E-03 0.00E+00 0.00E+00
Fe-55 9.86E+02 7.03E-04 | 1.00E-04 | 3.08E+03 | 8.32E-02 8.32E-02 5.34E-02 5.34E+02 4504 329433 0.00E+00 0.00E+00
Fe-59 4.45E+01 1.56E-02 | 1.00E-05 | 3.82E+01 1.03E-03 1.03e-03 5.54E-08 5.54E-03 -
Co-58 7.08E+01 9.79E-03 | 2.00E-05 | 1.76E+02 | 4.76E-03 4.76E-03 9.84E-06 4.92E-01 6.5 48.5 2.41E-133 0.00E+00
Co-60 1.93E+03 3.59E-04 | 3.00E-06 | 6.25E+02 | 1.69E-02 1.69E-02 1.35E-02 4.49E+03 6.5 48.5 2.80E-07 9.35E-02
Ni-63 3.51E+04 1.97E-05 | 1.00E-04 | 3.24E+00 | 8.76E-05 8.76E-05 8.65E-05 8.65E-01 J 12.7 939 2.72E-05 2.72E-01
Cu-64 5.29E-01 1.31E+00 | 2.00E-04 | 5.92E+01 1.60E-03 1.60E-03 0.00E+00 0.00E+00
Zn-65 2.44E+02 2.84E-03 | 5.00E-06 | 2.65E+03 | 7.16E-02 7.16€E-02 1.19E-02 2.38E+03 11.8 87.3 7.17E-70 0.00E+00
Rb-89 1.06E-02 6.54E+01 | 9.00E-04 | 1.256+00 | 3.38E-05 3.38E-05 0.00E+00 0.00E+00 3.6 273
Sr-89 5.05E+01 | 1.0000 1.37E-02 | 8.00E-06 | 1.43E+02 | 3.86E-03 -7.09E-09 3.86E-03 6.67E-07 8.33E-02 3.6 273 5.44E-106 0.00E+00
Sr-90 1.06E+04 6.54E-05 | 5.00E-07 | 2.23E+01 6.03E-04 6.03E-04 5.78E-04 1.16E+03 3.6 27.3 1.95E-04 3.90E+02
Y-90 2.67E+00 | 1.0000 2.60E-01 | 7.00E-06 | 6.95£-01 1.88E-05 6.03E-04 -5.84E-04 5.78E-04 8.26E+01 3.6 273 1.95E-04 2.79E+01
S$r-91 3.96E-01 1.75E+00 | 2.00E-05 | 5.68E+01 1.54E-03 1.54E-03 0.00E+00 0.00E+00 3.6 273
Y-91m 3.45E-02 [ 0.5780 2.01E+01 | 2.00E-03 9.72E-04 -9.72E-04 0.00E+00 0.00E+00 36 273
Y-91 5.85E+01 0.4220 | 1.0000 } 1.18E-02 | 8.00E-06 | 6.28E+01 1.70E-03 -1.10E-05 5.74E-07 1.71E-03 9.63E-07 1.20E-01 3.6 273 2.79E-92 0.00E+00
Sr-92 1.13E-01 6.14E+00 | 4.00E-05 | 3.25E+01 8.78E-04 8.78E-04 0.00E+00 0.00E+00
Y-92 1.48E-01 | 1.0000 4.68E+00 | 4.00E-05 | 2.67E+01 7.22E-04 -2.83E-03 3.55E-03 0.00E+00 0.00E+00
Y-93 4.21E-01 1.65E+00 | 2.00E-05 | 5.98E+01 1.62E-03 1.62E-03 0.00E+00 0.00E+00
2r-95 6.40E+01 1.08E-02 | 2.00E-05 | 1.34E+01 3.62E-04 3.62E-04 3.89E-07 1.94E-02 6.13 458 2.67E-140 0.00E+00
Nb-95m | 3.61E+00 | 0.0070 1.92E-01 | 3.00E-05 2.69E-06 -2.69E-06 2.88E-09 9.61E-05 6.13 458
Nb-95 3.52E+01 0.9930 | 1.0000 | 1.97E-02 | 3.00E-05 | 8.76E+00 | 2.37E-04 8.05E-04 3.07E-07 -5.69E-04 8.62E-07 | 2.87E-02 6.13 45.8 5.95E-140 0.00E+00
Mo-99 2.75E+00 2.52E-01 | 2.00E-05 | 2.07E+02 | 5.59E-03 5.59E-03 4.37E-72 0.00E+00
Tc-99m 2.51E-01 | 0.8760 2.76E+00 | 1.00E-03 | 1.72E+01 4.65E-04 5.39E-03 -4.93E-03 4.22E-72 0.00E+00
Ru-103 3.93E+01 1.76E-02 | 3.00E-05 | 2.39E+01 6.46E-04 6.46E-04 9.43E-09 3.14E-04
Rh-103m | 3.90E-02 | 0.9970 1.78E+01 | 6.00E-03 | 2.33E-02 6.30E-07 6.45E-04 -6.44E-04 9.41E-09 1.57E-06
Ru-106 3.68E+02 1.88E-03 | 3.00E-06 [ B8.17E+00 | ~2.21E-04 2.21E-04 6.72E-05 2.24E+01 272 1990.4 0.00E+00 0.00E+00
Rh-106 3.45E-04 | 1.0000 2.01E+03 NA® 2.95E-05 7.97E-10 2.21E-04 -2.21E-04 6.72E-05
Ag-110m 2.50E+02 2.77E-03 | 6.00E-06 | 2.67E+00 | 7.22E-05 7.22E-05 1.25E-05 2.09E+00 25 19.3 1.58E-19 0.00E+00
Ag-110 2.85E-04 | 0.0133 2.43E+03 NA® 9.60E-07 -9.60E-07 1.67E-07
Te-129m 3.36E+01 2.06E-02 | 7.00E-06 | 4.29E+01 1.16E-03 1.16E-03 2.56E-09 3.66E-04
Te-129 4.83E-02 | 0.6500 1.44E+01 | 4.00E-04 0.00E+00 7.55E-04 -7.55E-04 1.67E-09 4.17E-06
Te-131m 1.25E+00 5.556-01 | 8.00E-06 | 4.85E+00 | 1.31E-04 1.31E-04 1.21E-156 | 0.00E+00
Te-131 1.74E-02 | 0.2220 3.98E+01 | 8.00E-05 2.95E-05 -2.95E-05 2.72E-157 | 0.00E+00
1-131 8.04E+00 0.7780 | 1.0000 | 8.62E-02 | 1.00E-06 | 6.89E+02 1.86E-02 -2.42E-05 6.40E-08 1.86E-02 4.30E-26 0.00E+00
Te-132 3.26E+00 2.13E-01 | 9.00E-06 | 1.21E+00 | 3.27E-05 3.27E-05 1.66E-63 0.00E+00
1-132 9.58E-02 | 1.0000 7.24E+00 | 1.00E-04 | 6.58E+01 1.78E-03 3.37E-05 1.74E-03 1.71E-63 0.00E+00
-133 8.67E-01 7.99-01 | 7.00E-06 | 5.51E+02 | 1.49E-02 1.49E-02 9.45E-222 | 0.00E+00
Xe-133m | 2.19E+00 | 0.0290 3.17E-01 NA® -2.83E-04 2.83E-04 3.94E-91
Xe-133 | 5.25E+00 0.9710 | 1.0000 | 1.32E-01 NA® -2.81E-03 -2.03E-04 3.01E-03 1.76E-39
1-134 3.65E-02 1.90E+01 | 4.00E-04 | 4.38E+01 1.18E-03 1.18E-03 0.00E+00 0.00E+00
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Source Term Characteristics

Advection and Decay

Advection, Decay, and Adsorption

Collection | Collsction Ground Ground Ground Ground
Pargnt Progsny ‘ R ] Decay s Tank Tank Water Water Dislrit':u_tion . Wate; Water
Radio- in Half-life' Branching Fraction Rate ECL Conc* Conc Conc® Conc / Coefficient | Retardation Conc Conc/
nuclide Chain {days) dn de das {days™) | (uCifem®) | (MBg/m®) | (uCifem®) Ky Kz Ks (uCitem?) ECL {cm®lg) Factor® (uCifem®) ECL
1-135 2.75E-01 2.52E+00 | 3.00E-05 | 2.19E+02 5.92E-03 5.92E-03 0.00E+00 0.00E+00
Xe-135m | 1.06E-02 | 0.1540 6.53E+01 NA® 9.48E-04 -9.48E-04 0.00E+00
Xe-135 3.79-01 0.8460 | 1.0000 | 1.83E+00 NA® -1.57E-02 2.73E-05 1.57E-02 0.00E+00
Cs-134 7.53E+02 9.21E-04 | 9.00E-07 | 7.36E+01 1.99E-03 1.99E-03 1.11E-03 1.24E+03 64.9 4757 1.76E-123 0.00E+00
Cs-136 1.31E+01 5.29E-02 | 6.00E-06 | 7.25E+00 1.96E-04 1.96E-04 6.09E-19 0.00E+00
Cs-137 1.10E+04 6.30E-05 | 1.00E-06 | 2.09E+02 5.65E-03 5.65E-03 5.43E-03 5.43E+03 649 4757 3.42E-11 3.42E-05
Ba-137m | 1.77E-03 | 0.9460 3.91E+02 NA® 3.71E-03 1.00E-07 5.34E-03 -5.34E-03 5.14E-03
Cs-138 2.24E-02 3.09E+01 | 4.00E-04 | 5.62E+00 1.52E-04 1.52E-04 0.00E+00 0.00E+00
Ba-140 1.27E+01 5.46E-02 | 8.00E-08 1.75E+02 4.73E-03. 4.73E-03 5.14E-18 0.00E+00
La-140 1.68E+00 | 1.0000 "4.13E-01 | 9.00E-06 | 2.62E+01 7.08E-04 5.45E-03 -4.74E-03 5.92E-18 0.00E+00
Ce-141 3.25e+01 2.13E-02 | 3.00E-05 | 2.97E+01 8.03E-04 8.03E-04 1.14E-09 3.80E-05
Ce-144 2.84E+02 2.44E-03 | 3.00E-06 | 7.86E+00 | 2.12E-04 2.12E-04 4.55E-05 1.52E+01 329.1 2408.0 0.00E+00 0.00E+00
Pr-144m 5.07E-03 | 0.0178 1.37E+02 NA® 3.78E-08 -3.78E-06 8.10E-07
Pr-144 1.20E-02 0.9822 | 0.9990 | 5.78E+01 | 6.00E-04 | 1.03E-03 2.78E-08 2.12E-04 2.76E-06 -2.15E-04 4.55E-05 7.58E-02 3291 2408.0 0.00E+00 0.00E+00
W-187 9.96E-01 6.96E-01 | 3.00E-05 | 1.15E+01 3.11E-04 3.11E-04 4 84E-195 0.00E+00
Np-239 2.36E+00 2.94E-01 | 2.00E-05 | 7.17E+02 1.94E-02 1.94E-02 5.76E-83 0.00£+00 53 39.8
Pu-239 8.79E+06 [ 1.0000 7.89E-08 | 2.00E-08 -5.20E-09 5.20E-09 5.20E-09 2.60E-01 5.3 39.8 5.19E-09 2.60E-01

® N oA @ N o

Obtained from ICRP Publication 38.
Calculated using FSAR Equation 2.4.13-4.
Obtained from 10 CFR 20, Appendix B, Table 2, Column 2.

Obtained from DCD Table 12.2-13a.

Calculated using FSAR Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain and assuming no retardation.
Calculated using FSAR Equation 2.4.13-2.
Calculated using FSAR Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain.
ECL is not available.
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Figure 1: Sum of Fractions as a Function of Time for Groundwater Discharged to Lake Anna
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were selected to produce an accident scenario that leads to the most
adverse contamination of groundwater, or surface water via the
groundwater pathway.

Radwaste tanks outside of containment are located on the levels B1F
and B2F of the radwaste building as shown on DCD Figure 1.2-25. The
radwaste tanks having the largest volumes include the three equipment
drain collection tanks and the equipment drain sample tank, all in the
lowest level, B2F. Each of these tanks has a volume of 140 m?3
(37,000 gal) according to DCD Tables 12.2-13a and 12.2-13b.

Estimates of activity concentrations in various liquid radwaste tanks are
provided in DCD Tables 12.2-13a through 12.2-13g. Of these tanks, the
limiting tank in terms of radionuclide activity is the Equipment Drain
Collection Tank, and its activity is provided in DCD Table 12.2-13a.
Values are also provided in Table 2.4-206.

The accident scenario assumes that one of the equipment drain
collection tanks ruptures and its contents are released to the
groundwater. Note that this accident scenario is extremely co\nservative
because the radwaste building is seismically designed in accordance
with RG 1.143, Class RW-lla, as described in DCD Section 12.2.1.4.
Also, the concrete in each tank cubicle is provided with a steel liner, as
described in Section 11.2.2.3, to prevent any potential liquid releases to
the environment.

2.4.13.1.2 Model

Figure 2.4-217 illustrates the model used to evaluate an accidental
release of radioactive liquid effluent to groundwater, or to surface water
via the groundwater pathway. The key elements and assumptions
embodied in the model are described and discussed below.

As indicated above, one of the equipment drain collection tanks is
assumed to be the source of the release, with each tank having a
capacity of 140 m?3 (37,000 gal) and radionuclide concentrations as given
in DCD Table 12.2-13a. These tanks are located on the lowest level of
the radwaste building (level B2F), which has a floor elevation of
244 ft msl. One of the tanks is postulated to rupture, and 80 percent of
the liquid volume (112 m3 or 29,600 gal) is assumed to be released
following the guidance provided in BTP 11-6. Following tank rupture, it is
conservatively assumed that a pathway is created that allows the entire
112 m® to enter the groundwater (unconfined aquifer) instantaneously.

2-183 Revision 3 (Draft 07/20/09)
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The assumption of instantaneous release to the groundwater following
tank rupture is very conservative because it requires failure of the floor
drain system, plus it ignores the barriers presented by the basemat and
the steel liners incorporated into the tank cubicles of the radwaste
building, which is seismically designed. It should also be recognized that
level B2F of the radwaste building is well below the water table.
Piezometric head contour maps presented in Figure 2.4-207 through
Figure 2.4-214 indicate that the ambient water table in the vicinity of the
radwaste building is about 270 ft msl, or 26 ft above the floor elevation. If
the basemat or exterior walls of the radwaste building and associated
steel liners were to fail simultaneously, groundwater would flow into the
radwaste building, precluding the release of liquid effluents out of the
building. Only if the interior of the radwaste building was flooded to a level
higher than the surrounding groundwater would there be a pathway for
liquid effluents to be released out of the building and to the groundwater.
Hence, the assumption of an accidental release of liquid effluents from
the radwaste building to groundwater is extremely conservative, given
the design features of the radwaste building intended to prevent an
accidental release and the hydrogeologic conditions at the site.

With the postulated instantaneous release of the contents of an
equipment drain collection tank to groundwater, radionuclides enter the
unconfined aquifer and migrate with the groundwater in the direction of
decreasing hydraulic head. Hydraulic head contour maps for the

" unconfined aquifer presented in Figure 2.4-207 through Figure 2.4-214

indicate that the groundwater pathway from the radwaste building is
north-northeast toward Lgke Anna, a groundwater discharge.area. In
particular, the hydrogeologic data suggest that the groundwater pathway
terminates in the cove used for the Unit 3 intake from Lake Anna. The
flow path is assumed to be a straight line between the radwaste building
and the south edge of the cove, a distance of about 305 m (1000 ft)
based on Figure 2.1-201. As indicated in Section 2.4.12.1.2, groundwater
flow occurs in both the saprolite and underlying, shallow bedrock. During
saturated zone transport, radionuclide concentrations of the liquid
released to the groundwater are reduced by the processes of adsorption,
hydrodynamic dispersion, and radioactive decay. As described in
Section 2.4.12.1.3, there is an existing water-supply well in the power
block area (Well No. 2 on Figure 2.4-215). This well will be closed and
grouted to accommodate the construction of Unit 3. There are no other

2-184 Revision 3 (Draft 07/20/09)
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existing water-supply or monitoring wells between the postulated release
point and Lake Anna.

Lake Anna serves as a groundwater discharge area for the unconfined
aquifer: The radionuclides associated with a liquid release would enter

the surface water system via Lake Anna. As-reted-abeve-the-The portion
of Lake Anna closest to the release point is the cove that isused-ferthe

completed-was created for the abandoned Units 3 and 4. Fre-As shown
in Figure 2.4-204, the water-supply intake for Unit 3 is located at the end

of the cove, which serves-as-theferebay-for-Unit-3-s-water-supply-intake- |
T—h+s—eeve-|s wseparated from the rest of the lake by a cofferdam,

Anﬁa-Resewew—te—ﬂae—wa%er—supply—mtake—but hydraullcally connected to

the lake by a set of culverts. Fhis-The intake provides make-up water to
the normal plant circulating water and s service water cooling systems, and
supplies water to the petable-station water system for demineralized-

water and fire protection_use.watersystems—Fhe-make-dp-waterflow
Fa4es-afe—abeaHe42—m3#s+59-efs+and—abeut—9=964ﬂ3fs—€3+eszﬁ+he

Fespeetwew—u-ndeHmnaJ-epe%ng—eendm“rs—Because flow through

the cove is induced when Unit 3 is operating, the subsequent surface

water pathways for any radionuclides discharged with the groundwater to
the cove depends on the operating status of the plant.

During the operational lifetime of Unit 3 (up to 60 years), any
contaminated groundwater discharging to the cove is-entrainred—ixed:

| ditated il ‘ i-the_Unit-3-intake—forel I
subsegquenti-would be abstracted from the eeve-lake by the
water-supply intake for Unit 3. Any radionuclides introduced into the

make- up water systems we—eﬁher—ewe—u%ed—th#eug#ﬂae—éesed—eye#e—

e*a-pe#amfe—lesses—and—afe—ultlmately would be dlscharged with the

cooling tower blowdown to the discharge canal. Fhe-This blowdown

discharge—abeut-0-34-m®/s{12 eis)-in-energy-conservation-mode—eand

2-185 , Revision 3 (Draft 07/20/09)
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about-0-26-m3/s-inmaximurm-water-censervation-mede—rixes—in would
be mixed and diluted with surface water in the discharge canal._with
mmswmmmmmwmmwm%mm
discharge-canatthen-pass-threugh-the WHT=—-enterThe discharge canal
is_ hydraulically connected to the WHTF, which in turn discharges to the
North Anna Reservoir through Dike 3. ;-and-Any radionuclides released
from the discharge canal would undergo additional mixing and dilution in

the reserveir{SSARFigure24-43)-WHTF as well as the North Anna

- Reservoir Mest-of-the-flow—-and-assosiated-disselved-radionuclide

constituents—are-then—recireutated-upstream-to-the-waterintakes-for
Unite-4--2 L 3_whil el W frach  tho el

prior to discharge from the North Anna Dam to the North Anna River.

If Unit 3 were not operating, any contaminated groundwater discharging
to Lake Anna would simply be mixed and diluted with surface water in the
cove. Because the cove is isolated from the rest of the lake by the
cofferdam and connected by culverts, hydraulic interaction between the
two surface water bodies would occur only when there are changes in
lake level or during runoff events.

As described in SSAR Section 2.1.1.3, the liquid effluent release limits for
Unit 3 apply at the end of the discharge canal, which is designated as the
release point to unrestricted areas in the context of 10 CFR 20. This
would be the compliance point if Unit 3 were operating. As noteﬁ
ESP-ER Table 2.3-4, the Doswell Water Treatment Plant is the nearest
and only municipal water system currently supplied from the North Anna
River. The treatment plant is about 20 miles downstream of the North
Anna Dam and near the confluence with the Little River.

2.4.13.1.3 Radionuclide Transport Analysis

A radionuclide transport analysis has been conducted to estimate the.

radionuclide concentrations that might expose existing and future water
users based on an instantaneous release of the radioactive liquid from an
equipment drain collection tank. Analysis of liquid effluent release
commences with a screening model, using demonstratively conservative
assumptions and coefficients. Radionuclide concentrations resulting from
the screening analysis are then compared against the effluent
concentration limits (ECLs) identified in 10 CFR 20, Appendix B, Table 2,
Column 2, to determine acceptability. Further analysis, using more

realistic modeling techniques, is conducted—as-necessary—-afterthe

2-186 Revision 3 (Draft 07/28/09)
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sereening-resultsfor-each-step-are-avaiable-for the radionuclides of

interest as identified in the screening analysis.

a. Methodology

This analysis accounts for the parent radionuclides assumed present in
the radwaste tank plus progeny radionuclides that are generated
subsequently during transport. The analysis considered all progeny in the
decay chain sequences that are important for dosimetric purposes.
International Commission on Radiation Protection (ICRP) Publication 38
(Reference 2.4-211) was used to identify the member for which the decay
chain sequence can be truncated. For some of the radionuclides
assumed present in an equipment drain collection tank, consideration of |
up to three members of the decay chain sequence was required. The
derivation of the equations governing the transport of the parent and
progeny radionuclides follows.

Transport of the parent radionuclide along a groundwater pathline is
governed by the advection-dispersion-reaction equation

(Reference 2.4-212), which is given as [equations and associated
citations renumbered to 2.4.13-1 through 2.4.13-19]:

d o d (2.4.13-1)
RE-pZC % ke

ot Ox Ox
where: C = radionuclide concentration_in terms of atom density; |
R = retardation factor; D = coefficient of longitudinal hydrodynamic
dispersion; ¥-v = average linear velocity; and A = radioactive decay |
constant. The retardation factor is defined from the relationship:

K, (2.4.13-2)

R=1+£24
n

e

where: p, = bulk density; Ky = distribution coefficient; and n, = effective
porosity. The average linear velocity is determined using Darcy’s law,
which is:

K dh - (2.4.13-3)

- n, dx
where: K = hydraulic conductivity; and dh/dx = hydraulic gradient. The
radioactive decay constant can be written as:
_In2 - (2.4.13-4)

tl/2

A
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where: t;/, = radionuclide half-life.

Using the method of characteristics approach described in
Reference 2.4-213, the material derivative of concentration can be
written as:

dC oC N dx oC ' (2.4.13-5)
dt o dt ox
Conservatively neglecting hydrodynamic dispersion, the characteristic
equations for Equation 2.4.13-1 can be expressed as follows:

ac__. (2.4.13-6)
dr |

dc v - (2.4.13-7)
dt R '

The solutions of the system of equations comprising Equation 2.413-6
and Equation 2.4.13-7 can be obtained by integration to yield the

-characteristic curves of Equation 2.4.13-1. Fovr the parent radionuclide,

the equations representing the characteristic curves can be obtained as:

C, = C,exp(—=A4t) (2.4.13-8)

t=RL/v ‘ (2.4.13-9)

where: C = activity concentration of the parent radionuclide; C4q = initial
activity concentration of the parent radionuclide; A4 = radioactive decay
constant for the parent radionuclide; Ry = retardation factor for the parent
radionuclide; and L = groundwater pathline length.

: )

Similar relationships exist for progeny radionuclides. For the first progeny
in the decay chai_n, the advection-dispersion-reaction equation is:

oC o*C, oC : (2.4.13-10)
2 6t2 =D axz?-_v axz'*'dlzﬂlRlCl—ﬂszCz

where: subscript 2 denotes the first prbgeny radionuclide; and
dq = fraction of parent radionuclide transitions that result in production of

R

. progeny radionuclide. The characteristic equations for

Equation 2.4.13-10, assuming R1zR2Fand again conservatively
neglecting hydrodynamic dispersion, can be derived as:
ac; dc, _

g ) —ﬂzcz : dt _dli2ﬂ‘lcl—/1zcz

(2.4.13-11)

2-188 Revision 3 (Draft 07/20/09)
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R2
where—x/ =X R4/Ro—Recognizing that Equation 2.4.13-11 is formally
similar to Equation B.43 of Reference 2.4-214, these equations can be

integrated to yield an expression for the activity concentration of the first
progeny radionuclide:

dx _ v ' (2.4.13-12)
dt

C,=K.® ; 1) . (2.4.13-13)
G, = K, exp(-An) + K, exp(-4,1)
t=RL/v (2.4.13-14)
for_ which:
Pt « _dohCyo
>y ' h-A
K2 = d 10 K2 — C20 - dlZ/?’ZCIO
' A=A

The advection-dispersion-reaction equation for the second progeny in the
decay chain is:

oC, =D o°C, _y oG,

ot o’ ox
where: subscript 3 denotes the second progeny radionuclide;
d43 = fraction of parent radionuclide transitions that result in production of
second progeny radionuclide; and d,3 = fraction of first progeny
radionuclide transitions that result in production of second progeny
radionuclide. The characteristic equations for Equation 2.4.13-15,
assuming R1=R>~R3 and again conservatively neglecting hydrodynamic
dispersion, can be derived as

R3 +d1321R1C1 +d2322R2C2 _*%R3C3 (2413_15)

2.4.13-16
2=d C,-4,C, ( )
dC
: 7;=d13ﬂlcl +dy 4G, = 4G,
v (2.4.13-17)
dt R, :
where—A=ARARaRd—A=7ARA+R—Considering the formal

similarity of Equation 2.4.13-16 to Equation B.54 of Reference 2.4-214,
Equation 2.4.13-16 and Equation 2.4.13-17 can be integrated to yield_an

2-189 Revision 3 (Draft 07/20/09)
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expression for the activity concentration of the second progeny
radionuclide:

(2.4.13-18)

G, =K, exp(¥ﬂ1t )+ K, exp(=A,1) + K, exp(=4,t)
t=RL/v (2.4.13-19)

for which:

K — d13ﬂ3C10 + d23ﬁ‘2d122’3C10
Coh=A (B—A)(A4,—A)
K — d23A3C20 _ d23z2d122’3C10
T A=k (A=A -4
K3 — C30 _ dl3}'3C10 _ dzé%CZO + d23}'2d12ﬂ'3C10
h=d A=k (A=) —4)

b. Franepert-CensideringRadioastive-Deecay-Only-Screening Analysis

An-nitial-Using the methodology developed above, a screening analysis
was performed considering advection and radioactive decay only to
eliminate from consideration those radionuclides in the source term that
would be well below the 10 CFR 20, Appendix B, Table 2 ECLs under
very conservative modeling assumptions (i.e., no adsorption and no
dispersion). For this limiting case, activity concentrations for parent and
relevant progeny radionuclides were calculated at the point where liquid
effluent from a postulated accidental release from an equipment drain
collection tank would discharge from the groundwater to Lake Anna. This

2-180 Revision 3 (Draft 07/20/09)
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point has been identified to be the Lake Anna cove that will serve as the
forebay for the Unit 3 makeup water intake, as discussed previously. This
portion of the lake is within the restricted area as defined in SSAR
Section 2.1.1.3 and illustrated on SSAR Figure 2.1-1. Activity

. concentrations for the parent and first two progeny radionuclides at the

point of groundwater discharge can be calculated from
'Equations 2.4. 15-8 2.4.13-13, and 2.4.13-18 with time, t, being equal to

the groundwater travel time. 4h+s—aﬁa4ys+s-assumed—t4=rat—aﬂ+ad+enuehdes

eshm-a’ee—ef—t-he—gfeu-nd-wa%ef—tﬁaa@—&me—The groundwater travel time
between the Fadwas%e-bu#mng—and—pomt of the postulated release and

“the point of discharge to Lake Anna has-been-estimated—usingthe

fellowing-site-speecific-hydregeologic-charaeteristies is calculated based

on the following data:
Hydraulic conductivity, K = 3-4-9.9 ft/day
Hydraulic gradient, dh/dx = =0.040-f/#

Effective porosity, ne = 0.25
Transport distance, L = 1000 ft

. 24191 Revision 3 (Draft 07/22/09)
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The hydraulic conductivity value represents the maximum observed

value for the site, based on test data summarized in Table 2.4-16R. The
hydraulic gradient and effective porosity were established as described in
Section 2.4.12.1.2.

Using-the-abeve-Based on these values, iﬁ—Eduation 2.4.13-3;is used to
calculate the average linear velocity is-ealettated-te-be-as:

Kdh 34
y=———=—-x0.040 =6:544 ft/day
n, dx 025
Fhe-Using Equation 2.4.13-9, the groundwater _travel time is then:

t = L/v=1000/8-54 = t846-days=>5-63 years

Using-Taking R1—R9 R3=1 and using Equations 2.4.13-8,
Equation-2-4-13-13-orEquation24-13-18-2.4.13-13, and 2.4.13-18, as
appropriate-with-R—=31-—the-initial, the source term concentrations were
decayed for a period of 6-:8631.73 years. Radioactive decay data and
decay chain specifications were taken from NUREG/GRE542 Vel
shortertived-radionuchdes—were—obtairedfrom-ICRP Publication 38
(Reference 2.4-211).Results are provided in Table 2.4-206, under the

column heading “Advection and Decay” and include the groundwater

concentration, C, at the point of dlscharge to Lake Anna and summarizes
the—results—and-identifies-theseradienuclidesforwhieh-the ratio of

groundwater concentration to the associated effluent concentration limit,
CIECL. weuld-exceed-0-04—Fhese-Ratios of less than 1 x 108 were

taken to be zero. Radionuclides for which the C/ECL value is greater than
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or equal to 0.01 include H-3, Mn-54, Fe-55, Co-58, Co-60, Ni-63, Zn-65,
Sr-89, Sr-90, Y-90, Y-91, Zr-95, Nb-95, Ru-106, Ag-110m, Cs-134,
Cs-137, Ce-144, Pr-144, and Pu-239, and are considered to be the:
radionuclides of interest for the purpose of assessing compliance with
10 CFR 20. The C/ECL values for the remaining radionuclides are so
small that they do not play a role in assessing regulatory compliance,
even when summed; these radionuclides were eliminated from further

‘consideration.

Ge444-and-Ru-239)-The radionuclides of interest identified above were
further evaluated and-sereened-considering adsorption and-retardation-in
additic;n to advection and radioactive decay. Distribution coefficientsfer
| | - | . it | | 1 P ' Kdé
values were selested-assuming-the-literature-datate-be-log-rormally
Lstributed-and-selecting-the 104 o of tho-distributi

C -, -, - O - Savaae > cypae - = - o1

standard-deviationfremNUREGICR-6697-determined by laboratory
analysis of site soil samples (Reference 2.4-219).

deseribed-aboeve—site-spesifieikd-For the purpose of assessing
10 CFR 20 compliance, each radionuclide was assigned its minimum
site-specific K4 value as obtained by laboratory testing. Site-specified K4
values were determined for Mn, Fe, Co, Ni, Zn, Sr, Ru, Ag, Cs, Ce, and
Pu for 20 saprolite and weathered rock samples. These samples were
obtained from borings B-901, B-904, B-913, B-917, B-919, B-920, B-928,
B-929, B-931, B-932, B-949, and B-951, the locations of which are shown
on Figures 2.5-221 and 2.5-222. K4 values for these samples were
determined using the batch method in accordance with ASTM D 4646-03
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at Sa\)annah River National Laboratory using site water obtained from

the unconfined aquifer. Fable-2-4-207-summarizes-the-results-along-with

Kek vl . I ‘ Lintt hesic ingi :
following=The results are summarized in Table 2.4-207. Site-specific K4
values are not available for some radionuclides, including isotopes of
yttrium (Y), zirconium (Zr), niobium (Nb), praseodymium (Pr), and
neptunium (Np). In the case of the yttrium isotopes, Y-90 and Y-91, the K4
value was assumed to be the same as strontium, Sr-90 and Sr-91
serving as parent radionuclides. The K, values for Zr-95, Nb-95m, and
Nb-95 were conservatively assigneﬂ the 10th percentile of their
distribution based on data published in NUREG/CR-6697
(Reference 2.4-215). For Pr-144, a daughter product of Ce-144, its K4
value was assumed to be the same as for cerium. In the case of Np-239,
the parent of Pu-239, its K4 value was assumed to be the same as for
plutonium. For H-3, a component of water, the K4 value is zero by
definition. The K4 values used in the transport analysis are provided in
Table 2.4-206.

Retardation factors for the radionuclides of interest were calculated using

Equation 2.4.13-2 with the K4 values the-distribution—ceefficients
established-as described above, an effective porosity of 0.25, and a bulk
density of 1.83 g/cm®. The bulk density was estimated using a soil grain
specific gravity of 2.65 and total porosity of 0.31, as-deseribed-in-which
were determined on a site-specific basis (Section 2.4.12.1.2). The
concentration fer-of each radionuclide was then determined at the point

of groundwater discharge to Lake Anna using Eguatien
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Equations 2.4.13-8, erEquatien-2.4.13-13, and 2.4.13-18, as necessary,
and the appropriate initial concentration, decay rate, and retardation
factor. Resulis—aresummarizedinFable24-208-and-inrdicate-that

Puy-239-weuld-exceed-0-04—Table 2.4-206 provides the results under the
column heading “Advection, Decay, and Adsorption.” As before for the
groundwater concentration (C) to ECL ratios, C/ECL values less than
1 x 108 were taken to be zero. Radionuclides for which the C/ECL value
is greater than or equal to 0.01 include H-3, Co-60, Ni-63, Sr-90, Y-90,

~and Pu-239.

In interpreting the results provided in Table 2.4-206, it is important to
recognize that differential transport rates result from the adsorption
process. Consequently, any radionuclides associated with an accidental
release of liquid effluent to the groundwater could arrive at the lake
shoreline at different times. The arrival time of a given radionuclide, t;, is
calculated as: )

‘= L

" V/R,
where: t. = arrival time for radionuclide i; and R, = retardation factor for
radionuclide i. The duration of a liquid effluent release, t;, can be

(2.4.13-20)

‘determined as:

7, = _release | C(2.4.13-21)

Qrelease .
where: Viglease_ = Volume of liquid effluent released (29,600 gal or
3957 ft2); and Qejease = VOlumetric flow rate of liquid effluent in the

subsurface. Noting that Q,g(ease IS limited by the groundwater flow rate,
Qrelease_Can be estimated as a function of the geometry of the liquid

effluent | plume and the Darcy velocity. It is assumed that the liquid effluent
released from the failed tank occupies a volume in the saturated zone in
the shape of rectangular parallelepiped with a height, b, equal to the
saturated thickness of the water table aquifer (26 ft), and equal length, |,
and width, w. Considering that the release would occupy a fraction of the
aquifer volume equal to the effective porosity, the length and width of the
plume can be calculated as 24.67 ft. The flow rate of the liquid effluent
release in the subsurface can then be estimated as:

dh

Qe =4 ==K —=bw=9.9x 0.040x 26x 24.67 = 254 fi’/d = 0.00294 ft’/s

X
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Given the above, 1 is calculated from Equation 2.4.13-21 as:

L, 3957 ft’
0.00294 ft*/s

Using the radionuclide arrival times and discharge durations as described
above, the sum of fractions, T C/ECL, is plotted as a function of time

elapsed following the postulated release in Figure 2.4-218 for the
hydraulic conductivity and distribution coefficient values assigned as
described above. This plot assumes that the release is instantaneous
and that transport mechanisms are limited to advection, adsorption, and
decay. These results indicate that H-3 would discharge to Lake Anna
1.7 years following a release, while Sr-90 and Y-90 would discharge
about 47 years following a release. In these cases, the H-3 and the Sr-90
and Y-90 concentrations would be above 10 CFR 20 limits within the
restricted area. Pu-239, Co-60, and Ni-63 would discharge much later,
about 69, 84, and 162 years, respectively, following a release. Pu-239,
Co-60, and Ni-63 concentrations are predicted to be below 10 CFR 20
limits at their point of discharge to Lake Anna and within the restricted
area. These results demonstrate that Pu-239, Co-60, and Ni-63 require

/86,400 s/d =15.6d

no further evaluation.
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The results presented in Table 2.4-206 and Figure 2.4-218 indicate that

H-3, Sr-90, and Y-90 need to be further evaluated to determine
compliance with 10 CFR 20, Appendix B, .Table 2 limits, which apply to
the nearest source of potable water located in an unrestricted area. This
evaluation requires consideration of surface water pathways, which in
turn are determined by the status of plant operation. Because of its
mobility, a release of H-3 would likely enter the surface water within the
operational lifetime of Unit 3 (up to 60 years), whereas the less mobile
Sr-90 and Y-90 could enter the surface water either during Unit 3
operation or after the plant has been shutdown, depending on when an
accidental release might occur. As described previously, any constituent
in the groundwater discharging to Lake Anna during plant operation is
expected to be: 1) entrained, mixed, and diluted with surface water in the

cove that comprises the Unit 3 intake forebay; 2) subsequently
abstracted from the cove by the water-supply intake for Unit 3, introduced
into the closed-cycle circulating water system, and circulated through wet
cooling towers; and 3) discharged with the cooling tower blowdown to the
discharge canal. If Unit 3 were not operating, constituents in groundwater
discharging to Lake Anna would simply be mixed and diluted with surface
water in the cove. Note that this cove is isolated from the rest of Lake
Anna by a cofferdam and is connected hydraulically with the lake by a set

of culverts as shown in Figure 2.4-204.

For the scenario in which the plant is operating (where H-3, Sr-90, and
Y-90 are of interest), radionuclide concentrations in the discharge canal
can be estimated by diluting the volume of liquid effluent released into the

volume of the discharge canal and accounting for the radioactive decay
that would occur during groundwater transport. This approach assumes

-that Units 1 and 2 are not operating, which is conservative because it

ignores the large volume of circulating water discharged from Units 1
and 2 that would otherwise be available for dilution. As'suming fully mixed
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conditions and no hydraulic interaction with the WHTF, the sum of
fractions can be calculated as:

chischarge - I/release Z c §2413'22>
ECL  Vypuge “—ECL —

where: Cischarge_=_radionuclide concentration in the discharge canal

(restricted area); Vgischarge. = Volume of water in the discharge canal; and
C = radionuclide concentration of the groundwater discharging to surface
water (Table 2.4-206). The discharge canal is 3850 ft long and has a
trapezoidal cross-section with a bottom width of 100 ft, side slopes of
2.5:1, and an invert elevation of 227 ft NGVD 29 (ESP-ER
Section 3.4.2.2). Given these characteristics, the discharge canal volume
can be calculated as:

= AL = (b+2z)yL (24.13-23)

14

discharge

. where: A = cross sectional area; b = bottom width; z = side slope;

y = depth; and L = channel length. For a lake elevation of 250 ft
NGVD 29, the volume of the discharge canal is calculated using Equation
2.4.13-23 as follows:

14

discharge

= [100 +2.5(23)](23)(3850) = 13,947,000 ft’

Applying Equation 2.4.13-22 to H-3 and Sr-90 and Y-90 then yields the
following for a lake elevation of 250 ft NGVD 29:

C,
H-3; ) —=2ee = 957 2.39=0.00068 <1
==& ECL 13,947,000

S-90/Y-90: chmhmge =27
==l ECL 13,947,000

x(390+27.9)=0.12<1

For the scenario in which the plant is not operating (where Sr-90 and
Y-90 are of interest), a bounding estimate of the sum of fractions in the
unrestricted area of Lake Anna can be determined by calculating the
radionuclide concentration in the isolated cove of Lake Anna that
receives the effluent release via groundwater discharge. Assuming fully
mixed conditions and no hydraulic interaction with the main lake, this
concentration can be calculated as:

Z Ccave — Vrelease Z C _ $2413-24!
ECL V ECL

cove
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where: Ccove = radionuclide concentration in the Lake Anna cove
(restricted area); V.= volume of water in cove (3,929,000 ft2 assuming
a 250 ft NGVD 29 water surface elevation); and C = radionuclide
concentration of the groundwater discharging to surface water
(Table 2.4-206). This value is considered bounding because any water
leaving the cove would have to mix with additional surface water prior to
entering the unrestricted area. Applying Equation 2.4.13-24 to Sr-90 and

Y-90 gives:

Coe 3957
ECL 3,929,000

S-90/Y-90: Y x (390 +27.9) =0.42 <1
The results presented above demonstrate that use of the maximum
observed hydraulic conductivity and minimum site-specific K4 values
result in sum of fraction values less than one (unity) within the restricted
area, both during plant operation and after the plant has been shut down.
Because 10 CFR 20 limits are met within the restricted area, the same
limits will be achieved with even greater margin in unrestricted areas as a
consequence of additional mixing and dilution. Therefore, it is concluded
that the requirements of 10 CFR 20 are met under these limiting
conditions that combine maximum hydraulic conductivity and minimum
distribution coefficients.

2.4.13.1.4 Compliance with 10 CFR 20
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A conservative analysis of a postulated, accidental release of liquid

effluents in groundwater has been conducted. The analysis was
performed using demonstratively conservative coefficients and
assumptions, and physical conditions likely to give the most adverse
dispersion of liquid effluent. In addition, no credit was taken for design
features considered acceptable for mitigating the consequences of an
accidental release of liquid effluent from a LWMS tank. It is concluded
that an accidental release of liquid from an ESBWR equipment drain
collection tank to groundwater would result in radionuclide concentrations
in the nearest potable water supply, located in an unrestricted area, that
are below the 10 CFR 20 limits.

2.4.13.2 Surface Water

The purpose of this section is to provide a conservative analysis of a
postulated, accidental release of radioactive liquid effluents to the surface
water at the Unit 3 site. The key assumptions and accident scenario are
described. The dilution analysis is presented along with various plant
operating scenarios. The bounding case is identified. The radionuclide
concentrations to which a water user might be exposed are compared
against the regulatory limits for the bounding case.

24.13.21 Assumptions
The key assumptions adopted in this analysis area are as follows:

* The accidental release of radioactive liquid effluents to surface water
results from a failure of the CST.

* The radionuclide inventory for the CST is based on 80 percent of the
volume capacity of that tank as recommended in BTP 11-6. Based on
the CST capacity of 4885 m3 (172,512 ft3) given in DCD Table 9.2:10,
the volume of liquid released is 3908 m3 (138,010 ft3).
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Parent Progeny-in Haltlifet Decay-Rate® Cens® Cens Cene? EcL® Cone
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Groundwater Concentrations at Point of Discharge to Lake Anna

Branching-Fraction* Collcction GCollection Ground . Ground

Fank Fank Water Water

Parent  Progenyin Halfdife? ' Decay-Rate® Gons®  GCens Cenet EGL Ceone+

Radionuclide  Ghain  (days) dyg  dyy  dy  (days™)  (MBam®)  (uCilem®) (uCilem®) (uCilem®  ECL

- Rh-106  345E04 10000 - - 201E+03 205E05 7O7E10 69E08  NA® -

Ag-110m - 250E+02 - - - 277E-03 267E+00 722E-05 44E07 6.00E06 |736ED2

- Ag-+10 2.85E-04 00133 - - 2:43E+03 - . §9E-09  NA® -
North Anna 3 : ' : . Revision 3 (Draft 07/20/09)
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Groundwater Concentrations at Point of Discharge to LLake Anna

Branching-Fraction* - ’ Gollestion Geollection Ground Ground

' Fank Fank Water Water

Parent Progeny-in Half-life*  Deecay-Rate® Cene® Cone Cene? EcL® Cone

Radionuclide  Ghain  (days) dyy  dyy  dy  (days™)  (MBahn®) (uCilem® (uCilem®) (uCilem®  EGL

- Xe-433m 2-10E+00 00200 - - 347E-04 - - 36E267 NAS -

- Xe433 528E+00 - 09710 10000 4-32E-04 - - 9-5E108  NAS -

- Xe-135m 1:06E02 01640 - - 6-53E+01 - - 0-0E+00  NAS -

- Xe-435 370E01 -  0:8460 10000 1-83E+00 - - 0-0E+80  NAS -

- Ba-137m 477E03 09460 - - 301E+02 374E03 400E07 48503  NAS -
North Anna 3 ’ R Revision 3 (Draft 07/20/09)
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..............

Groundwater Concentrations at Point of Discharge to Lake Anna

Branching-Fraction? , Collestion GCollestion Ground Ground

Parent Progeny-in Halflife* Deeay-Rate?  Gene® Gone Conet Ect® Cone+
Radienuchide = Chain {days)  dyy @y dy days™)  (MBaim®) (:Cilem® (uCiem®) (uCilem®  EGL
- Pr144m 607E03 00178 - - 1-37E+02 - - 4.3E-08 NAS -

- P44 420802 2 - 00822 09980 &+/8E+01 403E03 278E08 24E-06 600E-04 3HB9E03

“North Anna 3

Revision 3 (Draft 07/20/09)
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Table 2.4-206

roundwater Concentrations at Point of Discharge to Lake Anna

Source Term Characteristics Advection and Decay Advection, Decay, and Adsorption
Branching Fraction2 Collection | Collection Ground Ground - Ground Ground
Parent — T 1 Deca ~Tank | Tank “Water “Water | Distribution “Water “Water
Radio- | Progenyin | Halfdife? ﬁ# ECL® Conc® Conc Conc® Concl | Toeficient | Retardation | Conc® Tondl
H3 v .| 4.51E+03 ; 1.54E-04 1.00E-03 | 9.73E+01 | 2.63E-03 | 2.63E-03 2,39E-03 | 2.39E+00 Y 1.0 2.39E-03 | 2.38E+00
N;_L_’.E 6.25E-01 1,11E+00 | 5.00E-05 | 4.74E+01 | 1.28E-03 | 1.28E-03 1.09E-307 | 0.00E+00 ' )
P32 - | 1.43E+01 4.85E-02 | 9.00E-06 | 1.98E+01 | 5.35E-04 | 5.35E-04 2.75E-17 | 0.00E+00
Cr-51 2.77E+01 2.50E-02 | 5.00E-04 | 2.61E+03 | 7.05E-02 | 7.05E-02 9.72E-09 | 1.94E-05 . .
Mn-54 3.13E+02 2.21E-03 | 3.00E-05 | 9.83E+01 | 2.66E-03 | 2.66E-03 | 6.56E-04 | 2.19E+01 4.5 339 6.81E-2 0.00E+00
Mn-56 1.07E-01 6.48E+00 | 7.00E-05 | 7.59E+01 | 2.05E-03 | 2.05E-03 0.00E+00 | 0.00E+00 e
Fe-55 . 9.86E+02 7.03E-04 1.00E-04 | 3.08E+03 | 8.32E-02 | 8.32E-02 5.34E-02 | 5.34E+02 4504 329433 0.00E+00 | 0.00E+00
Fé_{:_g N 4.45E+01 . 1.56E-02 1.00E-05 | 3.82E+01 | 1.03E-03 | 1.03E-03 5.54E-08 | 5.54E-03 A )
@ 7.08E+01 9.79E-03 | 2.00E-05 | 1.76E+02 | 4.76E-03 | 4.76E-03 9.84E-06 | 4.92E-01 E_E 48.5 2.41E-133 | 0.00E+00
g 1.93E+03 3.59E-04 | 3.00E-06 | 6.25E+02 | 1.69E-02 | 1.69E-02 1.35E-02 | 4.49E+03 _6?_5_ 48.5 2.80E-07 | 9.35E-02
Ni-63 3.51E+04 " 1.97E-05 1.00E-04 | 3.24E+00 | 8.76E-05 | 8.76E-05 8.65E-05 | 8.65E-01 127 93.9 2.72E-05 | 2.72E-01
Cu-64 5.28E-1 1.31E+00 | 2.00E-04 | 5.92E+01 | 1.60E-03 | 1.60E-03 0.00E+00 | O.00E+00 o N
Zn-65 2.44E+02 2.84E-03 | 5.00E-06 | 2.65E+03 | 7.16E-02 | 7.16E-02 1.19E-02 | 2.38E+03 18 87.3 7.17E-70 | 0.00E+00
Rb-89 1.06E-02 - 6.54E+01 | 9.00E-04 | 1.25E+00 | 3.38E-05 { 3.38E-05 0.00E+00 | 0.00E+00 3.6 27.3 . . . R
o Sr-89 5.05E+01 | 1.0000 1.37E-02 | 8.00E-06 | 1.43E+02 | 3.86E-03 | -7.09E-08 | 3.86E-03 6.67E-07 | 8.33E-02 3.6 273 5.44E-106 | 0.00E+00
$r-90 1.06E+04 6.54E-05 | 5.00E-07 | 2.23E+01 | 6.03E-04 | 6.03E-04 5.78E-04 | 1.16E+03 3.6 27.3 1.95E-04 | 3.90E+02
e Y80 2.67E+00 | 1.0000 2.60E-01 7.00E-06 ! 6.95E-01 1.88E-05 | 6.03E-04 | -5.84E-04 5.78E-04 | 8.26E+01 3.6 273 1.95E-04 | 2.79E+01
Sr-91 - 3.96E-01 1.75E+00 | 2.00E-05 | 5.68E+01 | 1.54E-03 | 1.54E-03 i 0.00E+00 | 0.00E+00 3.6 27.3
Y91m 3.45E-02 | 0.5780 2.01E+01 | 2.00E-03 ’ 9.72E-04 | -9.72E-04 0.00E+00 | 0.00E+00 3.6 gz__:i
Y91 5.85E+01 0.4220 | 1.0000 | 1.18E-02 | 8.00E-06 | 6.28E+01 | 1.70E-03 | -1.10E-05 | 5.74E-07 | 1.71E-03 | 9.63E-07 | 1.20E-01 3.6 27.3 2.79E-92 | 0.00E+00
Sr-92 1.13E-01 6.14E+00 { 4.00E-05 | 3.25E+01 | 8.78E-04 | 8.78E-04 0.00E+00 | 0.00E+00 |
Y92 1.48E-01 | 1.0000 4.68E+00 | 4.00E-05 | 2.67E+01 | 7.22E-04 | -2.83E-03 | 3.55E-03 0.00E+Q0 | 0.00E+00
Y93 4.21E-01 1.65E+00 | 2.00E-05 | 5.98E+01 | 1.62E-03 | 1.62E-03 0.00E+00 | 0.00E+00 R
Zr-95 6.40E+01 1.086-02 | 2.00E-05 | 1.34E+01 | 3.62E-04 | 3.62E-04 3.89E-07 | 1.94E-02 6.13 45.8 2.67E-140 | 0.00E+00
' v Nb-95m 3.61E+00 | 0.0070 1.92E-01 3.00E-05 i . 2.69E-06 | -2.69E-06 2.88E-09 | 9.61E-05 6.13 458 i ) ' .
i .NLﬁ 3.52E+01 0.9930 | 1.0000 1.97E-02 | 3.00E-05 | 8.76E+00 | 2.37E-04 | 8.05E-04 | 3.07E-07 | -5.69E-04 | 8.62E-07 | 2.87E-02 6.13 45.8 5.95E-140 | 0.00E+00
Mo-99 N , 2.75E+00 2.526-01 2.00E-05 | 2.07E+02 | 5.56E-03 | 5.59E-03 4.37E-72 | 0.00E+00 |
2-223 Revision 3 (Draft 07/20/09)
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NAPS COL 2.0-24-A Table 2.4-206v roundwater Concentrations at Point of Discharge to Lake Anna
Source Term Characteristics Advection and Decay Advection, Decay, and Adsorption
Branching Fraction? Collection | Collection Ground Ground Ground
Parent — T T Deca an ~Tank “Water “Water | Distribution “Water
Radio- | Progenyin | Halfife? ﬁ# ECL® Conc? Cone Conc onc] | Coefficient | Retardation Conel
G | du | dy | (@Fys) | CTem) | (WBGA) | WOTemY) | Kt K K | (o) | ECL | "Eem7a) | ~Fachor EL
2.51E-01- 1.00E-03 | 1.72E+01 | 4.65E-04 | 5.39E-03 422672 | QOOE+00 |-, .7 [T e
LAt 383ErY 3.00E-05 | 2.39E+01 | 6.46E-04 | 6.46E-04 9.43E-00 | 3.14E-04 | _ R
v 77| R0103m | 3.90E-02 6.00E-03 | 2.33E-02 | 6.30E:07 | 6.45E-04 -'| 941E-09 | 1.57E-06 s - Lo :
Ru-106 [\ .* - 0.1l 3.68E+02 3.00E-06 | 817E+00 | 2.21E-04 | 2.21E-04 .| 6.72E-05 | 2.24E+01 272 10904 | 0.00E+00 | O.00E+00
3.45E-04 NA" | 2.95E-05 | 7.97E-10 | 2.21E-04 o) 872E05 |- s s S ST
1| 2.50E+02 6.00E-06 | 2.67E+00 | 7.22E-05 | 7.22E-05 |. = '~ ;| 1.25E-05 | 2.09E+00 193 1,58E-19 | 0.00E+00
2.85E-04 NAR  Jfece A R ) 9.60E-07 | 9.60E-07 167607 |2 - -, e R :
3.36E+01 7.00E-06 | 4.20E+01 | 1.16E-03 | 1.16E-03 .. . "~ 2.56E-09 | 3.66E-04 |-
4.83E-02 4.00E-04 |57, . | D.OOE+00 | 7.55E-04 | -7.55E-04 1.67E-09 | 4.17E-06 |
1.25E+00 8.00E-06 | 4.85E+00 | 1.31E-04 | 1.31E-04 [+ . ;- '| 1216156 | o.00E+00 | -
1.74E-02 3.98E+01 | 8.00E-05 [~ |, - | 205605 | -2.95E-05 | 2.726-157 | 0.00E+00 [+
8.04E+00 | 862E-02 | 1.00E-06 | 6.89E+02 | 1.86E-02 | -2.42E-05 | 6.40E-08 4.30E-26 | 0.00E+00
1 3.26E+00 213E-01 | 9.00E-06 | 1.21E+00 | 3.27E-05 | 327605 | -, . - | - " 1.66E-63 | 0.0DE+00
9.58E-02 7.24E+00 | 1.00E-04 | 6.58E+01 | 1.78E-03 | 3.37E-05 | 1.74E-03 | 1.71E-63 | 0.00E+00
| 8.67E-01 7.99E-01 | 7.00E-06 | 5.51E+02 | 1.49E-02 | 149E-02 |:* ' | 9.45E-222 | 0.00E+00 |-
Xe-133m | 2.19E+00 3.17E-01 NA T -2.83E-04 | 2.836:04 | 3.94E-91 [ % )
Xe-133 | 5.25E+00 1.32E-01 NA ;e i | 281608 | 2.036-04 | 3.01E-08 | 1.76E-39 | ..o - |
' 3.65E-02 [ 1.90E+01 | 4.00E-04 | 4.38E+01 | 1.18E-03 | 1.18E-03 v i+ o.00E+00 | 0.00E+00
275E:01 | = 2.52E+00 | 3.00E-05 | 2,19E+02 | 5.92E-03 | 5.92E-03 [ | 0.00E+00 | 0.00E+00
1.06E-02 6.53E+01 NA ‘ 9.48E-04 | -9.48E-04 0.00E+00 |+
3.79E-01 ¢ * 1.83E+00 NA s T A5TE-02 | 273605 0.00E+00 [+ s | 57 e RS T B
7.53E+02 |\ 9.21E-04 | 9.00E07 | 7.36E+01 | 1.99E-03 | 1.99E-03 [* - "1 - 1.11E-03 | 1.24E+03 649 4757 | 1.76E-123 | 0.00E+00
| 13101 | 5.20E-02 | 6.00E-06 | 7.25E+00 | 1.96E-04 | 1.96E-04 | > ¢+ °. 6.09E-19 | 0.00E+00 | %~ - i FEERE
| 1.10E+04 630E-05 | 1.00E-06 | 200E+02 | 5.65E-03 | 565603 | =~ 5.43E-03 | 5.43E+03 4757 3.42E-11 | 3.42E-08
Ba-137m | 1.77E-03 3.91E+02 NA 3.71E-03 | 1.00E-07 | 5.34E-03 | -5.34E-03 ~ | 5.14E-03 |- : 3 I N N g
. 2.24E-02 3.09E+01 | 4.00E-04 | 5.62E+00 | 1.52E-04 | 1.52E-04 [ "_* -0 0.00E+00 | 0.00E+00 | % R S
| 1276401 5.46E-02 | B.00E-06 | 1.75E+02 | 4.73E-03 | 4.73E-03 | - 5.14E-18 | 0.00E+00 g o N
2-224 Revision 3 (Draft 07/20/09)
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NAPS COL 2.0-24-A Table 2.4-206 Results-of-GroundwaterFH port-Aralysis-Censidering-Radieastive-Deeay-Only-Groundwater Concentrations at Point of Discharge to Lake Anna
Source Term Characteristics Advection and Decay Advection, Decay, and Adsorption
‘Branching Fraction2 Collection | Collection Ground Ground Ground Ground
11 1 Deca¥ Tank Tank Water Water Distribution Water Water
ate ECL® Conc® Conc Conc® onc, Coefficient | Retardation Conc? Concl
dyy di3 dz (ays?) | @Clemd) | (MBgmd) | (uCilem?) K1 K2 K3 uCllem?) | ECC em¥g) @Clem) | ECC
La-140 1.68E+00 | 1.0000 4.13E01 | 9.00E-06-| 2.62E+01 | 7.08E-04 | 5.45E-03 | 4.74E-03 5.92E-18 | 0.00E+00
Ce-141 3.25E+01 ' 2.13E-02 | 3.00E-05 | 2.87E+01 | 8.03E-04 | 8.03E-04 | ' 1.14E-09 | 3.80E-05
Ce-144 2.84E+02 2.44E-03 | 3.00E-06 | 7.86E+00 | 2.12E-04 | 2.12E-04 4.55E-05 | 1.52E+01 3291 2408.0 0.00E+00 | 0.00E+00
Pr-144m | 5.07E-03 | 0.0178 1.37E+02 NA —— 3.78E-06 | -3.78E-06 ‘ 8.10E-07
Pr-144 1.20E-02 0.9822 ( 0.9990 | 5.78E+01 | 6.00E-04 | 1.03E-03 | 2.78E-08 | 2.12E-04 | 2.76E-06 | -2.15E-04 | 4.55E-05 | 7.58E-02 329.1 2408.0 0.00E+00 | 0.00E+0C
w-187 9.96E-01 6.96E-01 3.00E-05 | 1.15E+01 | 3.11E-04 | 3.11E-04 4.84E-195 | 0.00E+00
Np-239 2.36E+00 2.94E-01 2.00E-05 | 7.17E+02 | 1.94E-02 | 1.94E-02 5.76E-83 | 0.00E+00 53 30.8
| Pu-239 8.79E+06 | 1.0000 7.89E-08 | 2.00E-08 -5.20E-08 | 5.20E-09 5.20E-09 | 2.60E-01 5.3 398 5.19E-09 | 2.60E-01

. Obtained from ICRP Publication 38 (Reference 2.4-211).

. Calculated using Equation 2.4.13-4.

Obtained from 10 CFR 20, Appendix B, Table 2, Column 2.

. Obtained from DCD Table 12.2-13a.

. Calculated using Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain and assuming no retardation.
Calculated using Equation 2.4.13-2.

. Calculated using Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain.
. ECL is not available.

TO "o a0 o
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NAPS COL 2.0-24-A

Table 2.4-207 Gemparison-ofSite-Specific Ky Values-Against NUREG/GR-6607-Derived-Values

Kqg (cm/g)

‘Sample Mn Fe "Co Ni Zn Sr Ru Ag Cs Ce Pu
B-949/R3 >8,145 >45497 >15765 >1,616 >5,110 685 >1,148 >31,091 >19504 >10,422 8,680
B-951/R5 >12,196 >20,291 >18,778 >892 >4,217 602 >1,200 >12,729 6,863 >10,232 443
B-901/R20 >7,8568 >5,146 2,364 >615 >2,411 14.8 >632 >12,792 387 >6,753 295
B-901/R22 5,498 >14,207 5,459 >811 >4,147 33 >988 >9,903 574  >7,073 " 351
B-901/S5 45 >13,456 8.5 406 11.8 39 >272 28.6 68 3291 53
B-901/S8 >6,625 >5646 >9,423 127 >7,190 166.4 >1,448 286 181 >9,572 343
B-904/S10 36.9 >12,489 58.3 342 136 36 >328 732 241 4,175 . 96.5
B-913/89 12,492 >14,397 13,082 129  >5,901 145 >1,429 434 796 >10,149 177
B-913/S10 7,903 >6,505 5711 162  >6,702 84 >1,080 6 141 >9,182 735
B-917/812 8,046 >30,209 5,747 643 >5,511 76 >1171 257 154  >8,831 305
B-917/S14  >10,470 >16,121 6,559 17.7 >4,563 6.6 >936 326 1189 >6,893 209
B-917/S15 4692 >4,504 3,991 533 >2,764 38 >524 16.6 649 >5419 192
B-919/S8 >4,121 >40,524 3,840 387 >3,426 14.8 >1,007 232 378 >7,750 896
B-920/S11 >15,785 >19,392 8,768 >623  >7,905 255 >1,593 >482 -379  >12,056 311
B-928/S7 3,801 >6,104 3,244 >424  >8,103 76 >1,212 >304 104 >11,468 528
B-929/812 3,453 >19,967 5,331 45 >6,270 7.1 >1,264 25 1049 >8,887 536
B-931/811 3,988 >28,132 5,151 >369  >6,070 47 >1,149 444 67.5 >10,519 333
B-932/S6 9,013 >16,288 6,739 766  >5,684 1.2 >1,367 >12,665 159 10,449 2,488
B-951/87 >21V,374 >25,330 =>20,653 >806  >6,991 268 >1,665 =>12,716 3,406 >12,914 3,874
B-951/89 6,143 >24,220 8,818 >658 >6,162 127 >1,472 >8,190 336 >13,194 3,603

North Anna 3 Revision 3 (Draft 07/20/09)
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NAPS COL 2.0-24-A  Table 2.4-207 Gemparisen-of-Site-Specific Ky VaIués-Aga-inst—N-UR-EG#GR—GQO?—Deﬁved—Vak*es
Kg (cm®/g)
Sarﬁple Mn Fe Co 7 Ni Zn Sr Ru Ag Cs Ce Pu
Min = 45 4504 6.5 12.7 11.8 3.6 272 25 64.9 329.1 53
10% = 3111.4 5596.0 21334 38.3 21835 3.9 504.4 15.5 68.0 5294.6 90.3
25% =  4087.8 10993.0 3953.3 110.1 3966.8 7.0 975.0 28.6 115.4 7028.0 204.8
50%= 71915 162045 5729.0 405.5 5597.5 12.0 1160.0 152.6 211.0 9377.0 342.0
Max= 21374 45497 20653 1616 8103 166.4 1665 31091 19504 13194 8680
Mean=  7577.3 184213 74744 4706  4963.7 251 10943  5070.3 1701.4 8813.4 1204.6
Percentiled= 0-60% <Mir 8-20%  24-86% <Min <Min <Min 9-66% <Min <Mir = 9-506% |
& Rank-ofFNUREG K -value-as-apercentage-ofthe-site-specifie Ky-data: | |
North Anna 3 " Revision 3 (Draft 07/20/09)
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NARS COL2.0-24-A Table 2.4-208
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NARS-COL2.0-24-A  Table 2.4-208

[Deleted]
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NARS-GOL2.0-24-A  Table 2.4-209 Resulis-ef-GreundwaterFranspoert-Analysis-

Gensidering-RadioaetiveDeeays-
Ad o, ' Dituti
[Deleted]
Gretundwater Surface-Water Surface-Water
GCencentrationt Coneentration® GConeentration
Radionueclide {Citem?) uCitem® EcL? EcL
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NARS-COL-2.024-A Table 2.4-210 Gemplianee-with-10-GFR-Rart-20-for-an-Aesidental-
. . Rel £ Radi iveLieid-Ef s I

[Deleted]
Gonecentration/EGL
Progeny Deeay = Deeayr
Parent in and Adsorption;
Radionuclide  Chain Decay' Adserption® and-Dilution® Minimum
$r90 - 407E403  474E+02 440E-02  4-40E02
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NARSCOL2.0-24-A  Table 2.4-210 Gemplianee-with-t0-GFRPart 20for-an-Aeeidental-
Rel ¢ Radi tiveLiauid-Ef s I

[Deleted]
Goncentration/EGE
Progeny Becay Decay;-
Parent in and Adserption;
Radionuelide Chain  Deeay’ Adsorption” and-Dilution® Minimum
i - X%e133 0-00E+00 - - 8-00E+00
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NARS-COL-2:0-24-A Table 2.4-210 Gemplianee-with-10-GFR-Part 20-foran-Aeeidental
, Rel £ RadioaetiveLiauid-Eff inG Hwat

[Deleted]
GonecentrationiEGE

Rarent in and Adserption;
Radi lid Chai D £ Al t 2 I Dituti 3 Mini

2-233 Revision 3 (Draft 07/20/09)




Serial No. NA3-09-013RA
Docket No. 52-017

RAI 02.04.134
Page 39 of 39
NAPS COL 2.0-24-A  Figure 2.4-218 Sum of Fractions as a Function of Time for Groundwater Discharged to Lake Anna
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