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DOMINION VIRGINIA POWER
NORTH ANNA UNIT 3 COMBINED LICENSE APPLICATION
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 034
(FSAR CHAPTER 2)

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 RAIs. Dominion responded to nine of the RAIs by letter dated June 17,
2009 (Serial No. NA3-09-013R). The response to one of the other three RAIs is provided in
Enclosure 1 of this letter:

0 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 RAIs 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,
2009.

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 day of 20
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Enclosure:

1. Response to NRC RAI 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.

cc: U. S. Nuclear Regulatory Commission, Region II
T. A. Kevern, NRC
J. T. Reece, NRC
J. J. Debiec, ODEC
R. Kingston, GEH
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 RAI 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 presented 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 Kd
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 Kd 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 Kd

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:

K dh 9.9v- ___- x0.040=1.58ft/d
ne dx 0.25

The groundwater travel time is then:

L _1000

t = L = -= 1.73 y
v 1.58

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 lx106 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, Kd, for each radionuclide was assigned its minimum site-specific
value, based on data included in FSAR Table 2.4-207. Site-specific Kd 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 Kd value was assumed to be the same as
strontium, Sr-90 and Sr-91 serving as parent radionuclides. The Kd values for
Zr-95, Nb-95m, and Nb-95 were conservatively established based on data
published in NUREG/CR-6697 (i.e., the 10 th percentile of their distribution). For
Pr-144, a daughter product of Ce-144, its Kd value was assumed to be the same
as for cerium. In the case of Np-239, the parent of Pu-239, its Kd value was
assumed to be the same as for plutonium. For H-3, a component of water, the Kd
value is zero by definition. The Kd 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 Kd values as described above, an effective porosity
of 0.25, and a bulk density of 1.83 g/cm 3. 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 1x10-6 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, ti, are calculated as

Lti =--

vRi

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

'elease

Qr elease

where: Vrelease = 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, 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 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, I, and width, w. Considering that the release would occupy a fraction of
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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

Q,.eIease = qA = -Kdhbw = 9.9x 0.040x 26 x 24.67 254 ft3/d 0.00294 ft3 /s
dx

Given the above, T is calculated as

- =3957 ft'/86,400 s/d = 15.6 d
0.00294 ft3/s

Using the radionuclide arrival times and discharge duration as described above,
the sum of fractions, YX 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

Cdisch arg e _ release C

Y ECL d Y, ECL

where: Cdischarge = radionuclide concentration in the discharge canal (restricted
area); C = radionuclide concentration of the groundwater discharging to surface
water (Table 1); and Vdischarge = 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

Vdischarge =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 Vdischarge as follows:

VIisjarge = [100 + 2.5(23)](23)(3850) = 13,947,000 ft3

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

Cdisclirge _ 3957 x 2.39 = 0.00068 < I

H-3: £ ECL 13,947,000

S-90/Y-90: , (usc/,arg•e 3957 x (390 + 27.9) = 0.12 < I
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 -
1Kreiease Y

ECL Vcoie ECL

where: Coove = radionuclide concentration in the Lake Anna cove (restricted
area); and Vcove = volume of water in cove (3,929,000 ft3 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-90/Y-90: Ccove 3957 x(390 + 27.9) = 0.42 < 1
ECL 3,929,000

The results presented above demonstrate that use of the maximum observed
hydraulic conductivity and minimum site-specific Kd 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 ft3

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.
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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 Kd 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 Kd 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, itshould 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 compliance 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

Parent Progeny Deca Tank Tank Water Water Distribution Water Water
Radio- in Half-life, ranchra Rate ECL' Conc' Conc Conc' Conc / Coefficient Retardation Conc Concc
nuclide Chain (days) d12 d13 d23 (days') (ttCi/cm3) (MBq/m') (gCilcm') K, K, K3 (itCilcmr) ECL (cmrIg) Factor' (ACi/cm') ECL

H-3 4.51E+03 1.54E-04 1.OOE-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 6.251-01 1.11E+00 5.00E-05 4.74E601 1.28E-03 1.28E-03 1.091-307 0.00E+00

P-32 1.43E+01 4.856-02 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 7.051-02 7.05E-02 9.72E-09 1.94E-05

Mn-54 3.13E602 2+21E-03 3.60E-05 9.83E+01 2.66E-03 2.66E-03 6.56E-04 2.19E+01 4.5 33.9 6.81E-24 0.00E+00
Mn-56 1.07E-01 6.48E+00 7.OOE-05 7.59E+01 2.05E-03 2.051-03 0.OOE+00 0.OOE+00
Fe-55 9.86E+02 7.03E-04 1.001-04 3.08E+03 8.32E-02 8 32E-02 5.34E-02 5.34E+02 4504 32943.3 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 6.5 485 2.41E-133 0 00E+00

Co-60 1.93E+03 3.59E-04 3.00E-06 6,25E602 1,69E-02 1.690-02 1.35E-02 4.49E+03 6.5 46.5 2.806-07 9.35E-02
Ni-63 3.51E+04 1.97E-05 1.00E-04 3.24E+00 8,76E-05 8.76-O05 8.65E-05 8.65E-01 J 12.7 93.9 2.72E-05 2.72E-01

Cu-64 5.29E-01 1.31E+00 2.00E-04 5.92E+01 1.60E-03 I.60E-03 .000E+00 0.00E+00
Zn-65 2.44E+02 2.84E-03 5.OOE-06 2.60E+03 7.16E-02 7.161-02 1.19E-02 2+38E+03 11.8 87.3 7.17E-70 0.OOE+00
Rb-89 1.06E-02 6.54E+01 9.OOE-04 1.25E+00 3.38E-05 3.38E-05 0.00E+00 0.001100 3.6 27.3

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 27.3 5.44E-106 000E+00
St-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 2.601-01 7.OOE-06 6.95E-01 1.88E-05 6.03E-04 -5.84E-04 5.78E-04 8.26E+01 3.6 273 1.956-04 2.79E+01

Sr-91 3.96E-01 1.75E+00 2.00E-05 5.68E+01 1.54E-03 155AE-03 -. 2E+0 0.00E+00 3.6 27.3
Y-91m 3.45E-02 0,5780 2601E+01 2.00E-03 9.72E64- 6.672E- 040.0E+00 3.1-E+00 3.6 273
Y-91 5.85E+01 0.4220 120000 1.18-02 8.00E-06 6.28E.01 1.70E-03 -1.10E-05 5.74E4-003 9.63E-07 1.20E-01 3.6 273 2479&92 0600E+00

Sr-92 1.13E-01 6.14E-00 4.00E-0 8 3.25E+01 , 178E-04 8.78E-04 . 00.00+00 0.00E+00
Y-92 1.48E-01 1.0000 4.68E+00 4.NAE-05 2.67E-01 7.22E-04 -2.83E-03 3.55E-03 4.0E+00 0.0067-00

Y-93 4.21E-01 1.65E+00 2.26E-05 5.98E701 1.62E-03 1262E-03 0.002.+00 1.-1E+00
Z595 6 440E+01 1.084-02 230E-05 1.34E+01 3.62E-94 3.62E-04 3.89-1-07 1.94E-02 6.13 45,8 2.67E-140 0.001+00

Nb-95m 3.61E+00 0.0070 1 7E-01 3.000-05 2.69E-06 -2169E-06 2.885-09 9.61 E-05 6.13 4598
Nb-95 3.52E+01 0.9930 1.000 1.97E-02 .00E-05 8 076E+00 2.37E-04 8.05E-04 3.07E-07 -5.69E-04 8.62E-07 4287E-02 6.13 45.8 5.95E-140 0.00E+O0

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 6.00-E03 6.33E-02 6,30E-07 6.45E-04 -6,44E-04 9-.3E-09 1.57E-06
Ru-106 3.68E+02 1.88E-03 3900E-06 8.176+00 3.270-04 2.21E-04 6672E-05 2.24E+01 272 1990.4 0.00E+00 0400E+00

Rh-106 3.5E-04 1.0000 2401E+03 NA1 2.95E-05 7.97E-10 2.213E-04 -2.21.E-04 6.72E-05

Ag-110m 2.50E+02 2+77E-03 6700E-06 2.67E+00 7.22E-05 1.221-05 1.25E-05 2.09E+00 2.5 19.3 1,58E-19 0.00E+00
Aq-110 2.8E-04 0.0133 2.4311+03 ; NA' 9,60E-07 -9.60E-07 1.67E-07

Te-129m 3.36E+01 2006E.02 7.O1E-06 4.29E+01 1.16E-03 1.16E-03 2.56E-09 1 66E-04
Te-129 4.8311-02 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 5455E-01 8,00E-06 4.85E+00 1.31 E-04 1.31E-04 1.21E-156 0 0E+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 136E-02 4.30E-26 3 .0E+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 .58-02- 1.0000 7.24E+00 1.00E-04 6.58E+01 1.78E-03 3.3711-05 1.74E-03 1,71E-63 0.00E+00

1-133 8.67E-01 7.99E-01 7.00E-06 5.51E+02 1.49E-02 1+49E-02 9.4E-222 0.0011+00
Xe-133m 21E+00 0.0290 3.17E-01 NA' -2.83E-04 2.83E-04 3.9E-9

Xe-133 5+25E+00 0,9710 1 00OO 1.32E-01 NA' -2.81E-03 -2+03E-04 3.01E-03 1.76E-39

1-134 3.65E-02 1.0+1 4.00E-04 4.38E+01 ,1.18E-03 1.18E-03 0.00E+00 0.00E+00

Page 9 of 11



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

Source Term Characteristics Adection and Decay Advection, Deca and Adsorption

Collection Collection Ground Ground Ground Ground
Parent Progeny Decay Tank Tank Water Water Distribution Water WaterRadio- in Half-life' Branching Fraction' Rate/ ECL' Cnnc' Coon Conc' Conc / Coefficient Retardation Cone' Conc /

nuclide Chain (days) d12 dl, d,, (days") (piCilc.') (MBq/m3) (pCi/c.n) K, K2 K3 (RCilcmn') ECL (cm'tg) Factor' (gCi/cmr) ECL

1-135 2.75E-01 2.52E+00 3.00E-05 2.19E+02 5,92E-03 5.92E-03 0.000-00 0.OOE+00

Xe-135.n 1.06E-02 0.1540 6.53E+01 NA' 9,48E-04 -9.48E-04 0000.00
Xe-135 3,79E-01 0.8460 10000 1.83E+00 NA' -1.57E-02 2.73E-05 1.57E-02 000E+00

Cs-134 7.53E+02 9,21E-04 9.O0E-07 7,36E501 1,99E-03 1,99E-03 1.11E-03 1,24E+03 64.9 475.7 1,76E-123 O000E+00

Cs-136 1.31E÷01 5.29E-02 6.hOE-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.O0E-06 209E+.02 5.65E-03 5 65E-03 5.43E-03 5,43E.03 64.9 475.7 3.42E-11 3.42E-05

8a-137. 1.77E-03 0.9460 3.91E+02 NA' 3371E-03 1.OOE-07 5,34E-03 -5.34E-03 5.14E-03

Cs-138 2.24E-02 3.09E01 4.00E-04 5.62E+00 1.52E-04 1.52E-04 0.00E+00 0.O0E+00

Ba-140 1.27E+01 5.46E-02 8.00E-06 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 -4174E-03 5,92E-18 0.00E+00

Ce-141 3.25E+01 2.13E-02 3.00E-05 2.97E501 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

P,-144.r 5.07E-03 0.0178 1.37E+02 NA' 3.78E-06 -3.78E-06 8.101-07

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+00

W-187 9.96E-01 6.96E-01 3.00O-05 1.155E+01 3.11E-04 3.11E-04 4 84-195 00E+00

N-239 2.36E+00 2.94E-01 2.00E-05 7.17E002 1.94E-02 1 94E-02 5.76E-83 0,00E+00 53 39.8

Pu-239 8.79E+06 10000 7.89E-08 2.OOE-08 -5.20E-09 5.20E-09 5.20E-09 2.605-01 5.3 39.8 5.19E-09 2.60E-01

Obtained from ICRP Publication 38.
2 Calculated using FSAR Equation 2.4.13-4.

3 Obtained from 10 CFR 20, Appendix B, Table 2, Column 2.
4 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.

7 Calculated using FSAR Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain.

8 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 B1 F
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 m3

(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 conservative

because the radwaste building is seismically designed in accordance
with RG 1.143, Class RW-Ila, 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 m3 (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 m3 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 Lake 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 n•t4d ab"v., thc The portion
of Lake Anna closest to the release point is the cove that is used for thc
wat. r supply intake foer• U • 3. Thi•, cav was crctcd te • cn4tr.. t t,,, ,
Mntakes for tWo unicts (an -a'ic Unit 3 and a Unit 4) that wcrc not

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

of the cove, which se 'cS as thc feorbay for Unit 3's wat.. .UPPly intak-.
This eeve-is physically separated from the rest of the lake by a cofferdam,

*Openings in the cFfcdamn arc prc~hded te eenycy watcr from the Not
Anne rc ..... r to thc .. t.. aupply :.takc but hydraulically connected to
the lake by a set of culverts. This-The intake provides make-up water to
the normal plant circulating water and service water cooling systems, and
suppliesw tstation water system for demineralized7

water and fire protection use.watcr systems. Thc ma^ up .... flew

rates Wre about 1 .42 m%3 (50 cfc) and abeut 0.96 mn~is (34 efs wig the
einergy ocnseFvatien and maximum watcr ccnccrvaticn moedc-,
... p...•,,ly. Under n..rmal op..ating . .nditicnc Because flow though
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 c•t"aincd, mixed,
and dilutcd with zUrfacc watcr in the Unit 3 intakc forcbay arca and
sw.b..q..1..fe. 4ywould be abstracted from the eeye-lake by the
water-supply intake for Unit 3. Any radionuclides introduced into the
make-up water systems ar Iithcr ..... lat. d through the elescd cyclc,
wet eeeli ng tew~ assciated with the norm~al plant eiroulating watcran

zc~c atcr codling systems, er cntcr the petablc, demincraelizcd, andl
firc protcctien systems. Vo latilc radionucelidcz in the circulating Watcr

padin throug~h wet cooling tewcrc arc lost to the atmesphcrc.r
Ncn volatilc radienuclidcc conccntratc in the circulating watcr duc to

eapqreai;ve loses ano Wre uwmately WOUla De aiscnargea witn the
cooling tower blowdown to the discharge canal. :F-he-This blowdown
dischargc, about 0.34 ma/s (12 efs) in cncrgy .... R... ti.n mod.. an-d
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about 0.25 M341 in maximum wat.. c.nz. .. ati+n mode, mixe- in would

be mixed and diluted with surface water in the discharge canal._w4h

1-PA FA'" (1 216 Gf) ef circulating wat.. from Inits 1 and 2 as Iluclratod
i n SSAR Figurc 2.1 13. RadionuclidcC tranSportcd by the flow in the
diccharge canal then pa. . h thru. the WHT.F, nt.•r The discharge canal

is hydraulically connected to the WHTF, which in turn discharges to the

North Anna Reservoir through Dike 3. _,-aid-Any radionuclides released

from the discharge canal would undergo additional mixing and dilution in

the rc'crvoir (SSAR Figure 2.4 13). WHTF as well as the North Anna

Reservoir Moct of tho flo• ; ;nd assco..i-atc.. d di,.olvod adioncidc. . -;.....,:.

eonctituonits arc thcn rccirculatcd Upctrcam to the Watcr intakes fcr
Unitc 1, 2 and 3, while a rclativcly smallI fraeticn ef thecflow dischargcc
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 chanqes 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 noted in

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, aftcr thc

2-186 Revision 3 (Draft 07/28/09)
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.... ult. for cch step ar, availablc 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 2.4.13-1 91:

a c D2C aC (2.4.13-1)

at a2 ax

where: C = radionuclide concentration in terms of atom density;
R = retardation factor; D = coefficient of longitudinal hydrodynamic

dispersion; '-v__ = average linear velocity; and X = radioactive decay
constant. The retardation factor is defined from the relationship:

R = lI +PbKd (2.4.13-2)

ne

where: Pb = bulk density; Kd = distribution coefficient; and ne = 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:

AIn 2 (2.4.13-4)

t/ 2
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where: t1/2 = 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 aC dx aC (2.4.13-5)

dt at dt Ox

Conservatively neglecting hydrodynamic dispersion, the characteristic
equations for Equation 2.4.13-1 can be expressed as follows:

dC (2.4.13-6)

dt

dx v (2.4.13-7)

dt R

The solutions of the system of equations comprising Equation 2.4.13-6

and Equation 2.4.13-7 can be obtained by integration to yield the
characteristic curves of Equation 2.4.13-1. For the parent radionuclide,
the equations representing the characteristic curves can be obtained as:

C, = CI0 exp(-)It) (2.4.13-8)

t = R1L/v (2.4.13-9)

where: C1 = activity concentration of the parent radionuclide; C10 = initial
activity concentration of the parent radionuclide; X, = radioactive decay

constant for the parent radionuclide; R1 = retardation factor for the parent
radionuclide; and L = groundwater pathline length.

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

C-2 = D a2C2  ac R1C1 -,2R (2.4.13-10)

R2 aX,-Va2d22Cat ax2' ax

where: subscript 2 denotes the first progeny radionuclide; and

d12 = fraction of parent radionuclide transitions that result in production of
progeny radionuclide. The characteristic equations for

Equation 2.4.13-10, assuming R1 zR 2_and again conservatively
neglecting hydrodynamic dispersion, can be derived as:

I__ (2.4.13-11)
I2 d 12 1 1-t
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dx v (2.4.13-12)

dt R2

wheFe -'-4-, 4R 4fR27-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:

I . (2.4.13-13)

IC 2 = Kl exp(-21 t) + K2 exp(- t)

t = R2L/v (2.4.13-14)

for which:

K,
K 0 K2 =C 20 d1ýýAC

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

R9___ C D a2_C3 - v 0C3  + d132RCl +d23•R 2C2 ;2R 3C3  (2.4.13-15)
R3 at X2  Ox

where: subscript 3 denotes the second progeny radionuclide;
d13 = fraction of parent radionuclide transitions that result in production of
second progeny radionuclide; and d23 = fraction of first progeny
radionuclide transitions that result in production of second progeny
radionuclide. The characteristic equations for Equation 2.4.13-15,
assuming R_1 ýRR 32 and again conservatively neglecting hydrodynamic
dispersion, can b5e derived as

_ _ _ 
(2 .4 .13 -16 )

dC3 = dl 3 Cl +-d 2 3A2C 2 -'W 3

dt

dx v (2.4.13-17)

dt R 3

whcrz. - 7AR-A1. 1 L 3 ; and ••3. . 2 ' 2 / I?3. 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

radionuclide:

C3 =K xp- K - ex( -'t)
I C, = K, exp(-,ýt) + K2 exp(-.ýt) + K3 exp(-A3t) I

second progeny

(2.4.13-18)

t =R3L/v

for which:

23 dC0
1  

"23 2 1 1

2-23

(2.4.13-19)

K 1,- dl 3 ,,2 rC1 0  d 23 A.d 12A 3 Clo

K2 = d 2 3 ddC2 0  d 2 3 1Ad2 C1 ,

= 3 Ao- A, -A3 l )2A 2 -o

K3 - -3 d13'A3C10 d2A3ýC20 +±2ZAI

To estimate the radionuelidc canccntratiens in groUndlwatcr disehargin
te Lake Annga, Eguaticn 2.4.13 8, Equation 2.4.13 1 3, and
Equaticn 2.4.13 18 werc applied 'ac ' prpiate aleng the groundwater-
pathlinc that would originatc at the rad&0t building and tcrmfinatc at the
L~akc Annae shecrzline. The anal,~a a pzrfefrmd sequentially ae
d e.eribed belw..

b. T4rnOPort Cancidering Radioaotrve Deoay 0Nl~Srenntnayi

An f~e1Using 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 CER 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

2-190 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 groaundwater discharge can be calculated from
Equations 2.4.13-8, 2.4.13-13, and 2.4.13-18 with time, t, being equal to

the groundwater travel time. This analysis a..um..d that all ,adi•...lide.

mnifrate at the CamC ratP A-; Fircu-ndwater and considercd Fie adscrptiefn
and rctardation, which would otherwicc resl in lwcr radionwclidem
conccntratiens. The ecneentratiens ef the radionuclides assumed tC b
rcleascd frem an eqUipment drain eellecticn tank werz deeayed fer a
peried equal te the g ..undwat trav.l time f..... the point of . l.a.. t

Lake Anauig Eguwaticn 2.4.13 8, lEquation 2m4.13 13, e+
Equaticn-2.4.13 18 aS appropriete with R.1.-=-R-2-=R-=4-a- 1. Ai-y.
radionuelidc haying a eeneentratien ef lessz than 0.01 timecs its ECL= was
eliminated from consideratien beoauaCe its concentratien wcuild be w~l
belew OtS regulater; limit. Any radienuoelide haein a Cnntratien freatefr
than cr equal te 0.01 tomes its ECLi WaS retakned for fur~ther eyaluatien.

E=Valuating tranoSpert eensidcring radieaotiye deeay only .cuic an+
cotimatC of the groundwater travel time. The groundwater travel time

between the radwaste buidnad point of the postulated release and
the point of discharge to Lake Anna has been estimated using the.
following site speeific hydrogeologic dharaceteristico is calculated based
on the fo[lloin dt:

Hydraulic conductivity, K a-&4-9.9_ft/ay

Hydraulic gradient, dh/dx =-0.040-Wft/f

Effective porosity, ne =0.25

Transport distance, L =1000 ft

Nete that the hydraulic conduotivity (3.4 ftday) was established as a site
eharaoeteriotic in the SSAR based en hydraulic testing of 13 ebocrwatien
wells eemplcted in the watcr table aguifer, with the 3.1 Mt'ay valuce b in_
the mnaximum of the 13 ebservatiens. Subseqguintly, thrcC additional
obscrvation wells wcrc inotallcd and tested as part of the Unit-3

uBoUrDUfacC invcotigatien, inereasing the total nuimbcr ef hydrauli
conductivity ebocrwatieno to 16 for the 8aprclite mnatcrfial. Table 2.416
summarizco these data. A reyicw of these ebscrations indicatcC that1
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out of the 16 values (87.5 pcrccnt) arc less than er equal te 3.1 ftday.
Bccausc a value of 3.1 ftday iS grcatcr than 8:7.5 perocnt of the
.bse...d data, it is .on.idcrd t. be a . .n...ativ. .uc. Thev tw

values that cxeecd 3.1 ft/ay include these ebrvcd at QV 046
(3.8 ft/day) and OWV 916 (0.9 ft/day), whieh arc located 2000 to 2500 ft
upgradient fromf the radwastc building (see Figurc 2.4 206). These
values arc not Feprczcntative of the hydrOgeologfie conditions along the
froundwater pathway bctween the radwastc building and Lake Anna.
Hencc, the 3.1 ftday value established ar, site aharaeteristio i
concRseatowc and is oonsidercd apfropriate fcr asesing an aooidenta
rclcacc of liquid cfflucnt to the groundwatcr.

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.

Wrong the abe-ve Based on these values, in-Equation 2.4.13-37 is used to
calculate the average linear velocity as ealeulatsd toe b as:

Kdh 44v = - . x 0.040 = 4 ft/da-ý-.e dx 0.25

T-he-Using Equation 2.4.13-9, the groundwater travel time is then:

t = Liv = 1000 /-54 = -840,days- -,,' years

W'si-RgTaking R1=R 2 _R.3=1 and using Equations 2.4.13-8,
Equation 2.4.13 13, Equation 2.4.13 18 2.4.13-13, and 2.4.13-18, as
appropriate with R - 1, th•c initial, the source term concentrations were
decayed for a period of &OG1.73 years. Radioactive decay data and
decay chain specifications were taken from NUREGU'R 5512, Vol. 1 1
Table E.1 (Refcrcnee 2.4 211). Radioeative dccay data for semc of the

heOrt+ l"yd radin•..lide' w... +btain^d from,- 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 discharge to Lake Anna and .'mmari-.es
the . ..ult, and id,"tifies these, adionulide. for whih• the ratio of
groundwater concentration to the associated effluent concentration limit,
C/ECL. would cxcccd 0.01. Thcsc Ratios of less than 1 x 10-6 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.

C. TrAncpor Concidoring Radioeacrtive- Dec6ay and Adserption-
Groundwater Pathway

Rad-enAulids; retai•nod• .fonho vorooning aal•Ysis (H 0, MR 54, Pe 55,

Cc 60, N. 7=1 Zn 656, Sr 90, Y 90, RU 106, Aq il0Fm, Cs, 134, Cs 137,
Co 144, and Pu 239) The radionuclides of interest identified above were

further evaluated aRd scroonod considering adsorption and rotardation in

addition to advection and radioactive decay. Distribution coefficient&-fef

these elements Wcrc assigned using litcraturc .alucs. in patiula , Kd,

values were s.l..ted assuming the ... e.au. d.ata t. be leg n.rmally

dicribtodAnAd coploceting the 10th perccntile of the dictribu-tion to
c.nsc÷V.ti.ely assign a .alu. fer the radionuolido transpoFt analysih.

NUREGiCR 6607 (Rcfcrcncc 2.4 215), Attachmonnt C, Tablo 3. 1 ic
used to assign the mean-- -Andi s-tandard deviatien fcr eaeh ef thew
dictributionc. in tho case ef Y 00, no) data Wcrc ayailablo to assign a Kg4
.alu. for ytFtium. Instead, adsorption cha•r•ac÷c;tic; for yttrUim w..r

assumed to be simfilar to that of seandium, as there twoeclcmcnts Wo

adjacent in the p..iodic table. The K, yaluc for Y 00 was then cstif÷iated

as thc 10Oth percontile of the diStribution for GcondI"um using the m~ean and
standaFrd doniation from NUREG!CR 6697 determined by laboratory

analysis of site soil samples (Reference 2.4-219).

TO assess the validity of the Kd valucs dcrivcd fromf NUREGiCR 6697 as
dcscribcd abo-c, Gitc Gpceific Kd For the purpose of assessing
10 CFR 20 compliance, each radionuclide was assigned its minimum
site-specific Kd value as obtained by laboratory testing. Site-specified Kd
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. Kd values for these samples were
determined using the batch method in accordance with ASTM D 4646-03
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at Savannah River National Laboratory using site water obtained from

the unconfined aquifer. Table 2.4 207 ....... the F u .... ," with

the values estmated frcmA N UREGiCR 669:7. Comfparing the site sp ccif
Kd- yalu, against these assumed in the t•rasport analysis indisatcs the

fe.-ewingi-The results are summarized in Table 2.4-207. Site-specific Kd

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 Kd

value was assumed to be the same as strontium, Sr-90 and Sr-91

serving as parent radionuclides. The Kd values for Zr-95, Nb-95m, and
Nb-95 were conservatively assigned 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 Kd
value was assumed to be the same as for cerium. In the case of Np-239!

the parent of Pu-239, its Kd value was assumed to be the same as for

plutonium. For H-3, a component of water, the Kd value is zero by

definition. The Kd values used in the transport analysis are provided in

Table 2.4-206.

- The Kd Yalucs assumed fer 6 elements (Fe, Zn, Sr, Ru, Cs, Cc) arc
less than the minimum obse.vcd va lus.

- The Kd valucs assumed fer 2 elements (Mn, Co) arc bebunded by the

1 perccntile ef the ebscrwcd datar

- The Kd Yalucs assumed for 2 elements (Ag, PU) are boundcd by the
10Oth pcrccntile ef the obacrvcd data.

-The Kd valuecsue for 1 element (Ni) is beunded by thed 26th

Based on. I.hc -bo.e camparisonl, the Kd valucs dcrivcd from,

NUREG/GR 6697 arc conservatiye rclativc to the site speeifie valucs
The lieftcratu Yalues we.e rV tcrfcrc rctained fer the transpert analysis.

Retardation factors for the radionuclides of interest were calculated using
Equation 2.4.13-2 with the Kd values the distribution coc=fficicnts.
establ.ish das described above, an effective porosity of 0.25, and a bulk
density of 1.83 g/cm3. The bulk density was estimated using a soil grain
specific gravity of 2.65 and total porosity of 0.31, as dcseribcd!in which.
were determined on a site-specific basis (Section 2.4.12.1.21. The
concentration fef-of each radionuclide was then determined at the point
of groundwater discharge to Lake Anna using E-quai-en---

2-9neiin3(rf 72/9
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Equations 2.4.13-8, er EquatiRn 2.4.13-13, and 2.4.13-18, as necessary,

and the appropriate initial concentration, decay rate, and retardation

factor. Rcsults arc Summfarzod in Tablc 2.4 208 and indicatc that

,rOUndwatr Gcn•e•tration to E-Cl rFati- fGo H 3, 6r 90, Y 90, aRd

Pu 239 would cxcccd 0.01. 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 10-6 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,_ti, is

calculated as:

ti = L (2.4.13-20)
v/Ri

where: ti = arrival time for radionuclide i; and RE = retardation factor for
radionuclide i. The duration of a liauid effluent release. ,;. can be

determined as:

Vrelease f2.4.13-21)

Qreiease

where: Vrelease = volume of liquid effluent released (29,600 gal or
3957 ft3); and Qrelease = volumetric flow rate of liquid effluent in the
subsurface. Noting that Qrelease 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, I,
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:

Qreie... = qA = -Kdhbw = 9.9 x 0.040 x 26 x 24.67 = 254 ft3/d = 0.00294 ft 3/s
dx
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Given the above, T is calculated from Equation 2.4.13-21 as:

3957 ft /86,400 s/d =15.6 d

0.00294 ft3/s

Using the radionuclide arrival times and discharge durations as described

above, the sum of fractions, E 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
no further evaluation.

d. T-"anP-r Co .idoring R-- , • ay, Ad.. pti_, and Dilution
Surface Water Pathways

As dizcucccd in Scotion 2.4.13.1.2, the H 3, Sr 00, Y 00, and Pu 23
;et.pe. di.harfI•;g with thc rc,,.dwater t Lake Anne arc •.t.incd;,

mixcId, and diluted in the sufaee water, flew ef whieh by t

w-tr' Iupply intake for Unit 3. A dilution factor was•s timated to account

for the mixing and diluition as dccoribed below.

The total radionuclide flux in the groundwatF w .as caleculatcd uscing

i-ftrtcpt 0868 tmefecrnee - 2161, Eguation 3.23 as a basis.
Ccnscrvatircly fignoring hydrcdynamie dispersioen, this cguaticn can bo
Festated -as7

Gw .,I ,,,;veIG;wA (24.4.1; 2,,

wheF,.,-, , - total rdi.nucl•d. flux in g....ndwatr; +-. . - r,;adi..u.,I
eeneentratien in thz grcundweter; A - ercss scctienal arca narmffal te h
dircctien ef grewundwater flow; and the othczr timrms; arc as deflinc
prcvieusly. The ercss sectienal aree ef the plume is eeinservativcl!P
assumed to extend evor the wntirc GatUrated thicknoess ef the uncsnfaned
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aquifer and the entire length of the radwa stc building. The Saturatc
thaielnss as taken tc extend from the water table to the top of thn
Zcne I"l IV, slightly wcathercd to moldcraitely wcathercd rock. inth
vicinity of the radwaste building, Figuro 2.4 207 through Figurc 2.124
0 ndicate a water table eleyation of about 82.30 mn (270 ft) mnsl, while,
Table 2.5 208 nndnnatus the Z•on11n 1 IV top of renk elenntin n to be
74.37 nm (244 ft) msI. Th•s•c valu" S . .. Ult in a satU.at.d thilike;ss of

about 7.02 mn (26 ft). DCD) FigUrc 1.2 25 indicatcs the radlwaste buildin~g
tc be 65 mn (213 ft) in length normifal to the diroction of groundwater flow.
The assumption that the plume extends the cntirc length of the building is
ccnocrwatuye bcca us the e.hwarateistie dimensions of the ccurcco fromA
which a rclease us pestulated are a rclatively Sffall fraceticn of the 65 mf
length. The nroso seetienal Wee is then the pridun t of 26 ft and 213 ft, i r

The tetal radionuclide flux in the sbi~aee water of Lake Annag, induccd by
pumAping fromH the watcr Supply inaofor Unit 3, is calculated as:

F-sw -, Q es-w (..32

f•lowrate; and G. - rdi.nu"lidc ..nc.ntr.ti.n in the su..a. wat... Thi

approach for calculating0 the radionuelide flux in surfaec watcr iS jIAstified-,
considering that any radionuelideS rcleascd to the groundwatcr wouild
likely discha•gi to the Unit 3 intake foucbay Wrea, whi1h hos been
isolated from the rcst of the alako and from which the water intake for
Unit 3 will obtain watc;. The sufaccwat1r flwis d:et•,rined by the water-
SUPPly rcqUiremcnts for Unit 3, which total 1 .42 ma/1s (50 cfs) whn

in the cncrgy conseration mode and 0.06 3
mImm wat• onseratioe Fde. Thecrc aFr times of the year when

the combination wet and dry cooling tewers used for normael plant eooleing
could function in a completely dy iidi partieu•Wlay duriing cold weather-.
Under these conditions, no Fmake up water is rcquircd for the norma
plant 6irculating watcr system, whieh com~priscs most of the total
demand. Howcvcr, these eonditiens arc expected to pcrsiSt fcr rclaticy*
short duraitionS and arc not rcpresentativc of transport conditions ovcr
longer time scalcs.

Becausc the total rainoisfu utbe eonserved, rPMOdi ,-nuclId

coneentrationsoin the surfac e trae estimated by equating-
Equation 2.4.13 21 and Equation 2.4.13 22 and solving for G

.... , ..... ;.... ,.4:^.. ,,..- 3 "•';•" cta'4.4 m'•s • n ^e • "'vo
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42.4.3 '23)
CSW -e "' CGW

whers the quantity 4 defines the dilution facter. Assuming fv n

con~servatiSmf that the plant is 3pcrating in thecg m imum water
conscrwation moede, the dilution factor is calculatcd using the prcviousl
defined valuis freF 9,Y, A, a nd Qto

34

This dfilution factor ie applied to the H 3, Sr 00, Y 00, and Pu 23
eenccntratienS rsperted in Table 2.1 200 to account fcr dilution in
addiutien to radjoastive deeay and adscrptien. Table 2.4 210 sumgmariEs

the rosuilting csncontrations, whieh rcpressnt the eencsntratiens inth
su~faee walter withdraWn by the water. supply intake for Unit 3. it is seen
that the conecntratiens of each of these raldienuclides arc below thci
rospcctive ECI~s.

Meat ef the 0.06 mq'3s (34 esf) withdrawn fromR Lake Anna is used as
mnake up watcr to roplenish evaporative losses fromn coli ng t vw r tha
arc part sf elessd cyele eeeling systeoms. As dissussed in
Section 2.4.13.1.2, the non velatile radionuolidss coneentrate in the
circuilating water by a factsr of about feur, prier to being disehargsed ts the
dis-halrg. canal. Even then, conccntrati.ns arc well bleow EC;s. I4
sho.ld also be not.d that ,adien ,lid.S r-'. ascd in cooling towco
blowdswn disohargoe would miux with circulating watcr disehargse frcM
Ungits 1 and 2 (up to 120.2 mn~is (4246 cfs)) as long as these untS arc
epefriting. if Units 1 and 2 arc shuitdcwn, af minmu of 1A4 maleý
(5,31 cfs) will continuc to be circuilated to proVide adequate da'itionfo
neFrmal plant roleases. These flows fromn Units 1 and 2 would fWrther
dilute the radionuslfides disohargod fromn Unit,3, which Or- net aoccuntc
for in Tablc 2.1 200.

As desscibed in Ssction 2.4.13.1.2, thcrc is an atmoesphcrie pathway
a ssosiatc d with the acsidental releI e of liquid effluents to groundWatcr-,
which entails the rsleasc of tritiUM to the atmcesphcrc, as water Vapesr,
from, the .vapeati. n of cooling wat.. fr..m the Unit 3 wet cooling tc r._

Table 2.4 209 *ndmeates a titium ccncsntIatien of 5.08 )(4n-•. ITei na

(508 pGWil) for surfacs wator withdrawn as m~akeup water to tho-
circulating water systomn and ssntributed b9y the accidental rslease. Ti
value is about onse twentieth the 9417 pGi/ Yalue evaluated prsvieusly i

2-198 Revision 3 (Draft 07/22/09)
2-198 Revision 3 (Draft 07/22/09)



Serial No. NA3-09-013RA
Docket No. 52-017 North Anna 3
RAI 02.04.13-4 Combined License Application
Page 18 of 39 Part 2: Final Safety Analysis Report

FErS Appendix H.3 (RcfcncTab 2.4 2167). The FES dctc4mincd that the

do~;ý a ocieated with a ee.nccntration of 0417 p~i/I wcrc insignificant
when com:parcd to the maximally expe~cd individual (MEl) doco from
atmozGphcric rclcacse fromR the stac-ki. o-f U-nit 3. Bccausc the prcdictcd
conccntratic of 608 poi/ is about a factor ef twenty Icsp than 04117 p~i/I,
the dezc ascociated with this atmoz~pheric pathway iz alzO OnSignifieant.

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. Assuming fully mixed
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conditions and no hydraulic interaction with the WHTF, the sum of

fractions can be calculated as:

Cdischarge _ Vlease IC (2.4.13-22)SECL Vdsch arg EL
where: Cdischarge = radionuclide concentration in the discharge canal

(restricted area); Vdischarge = 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:

Vdischarge = AL = (b + zy)yL (2.4.13-23)

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:

Vdaiscrge = [100 + 2.5(23)](23)(3850) = 13,947,000 ft 3

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:

Cdisch args e = 3957

H-3: LECL - 13,947,000 2.39 = 0.00068 <1

C aisharg• 3957
S-90/Y-90: disch age - 397 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 discharge. Assuming fully

mixed conditions and no hydraulic interaction with the main lake, this

concentration can be calculated as:
C cove __ release C (2.4.13-24)

ECL V,,ove, ECL
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where: Ccove' = radionuclide concentration in the Lake Anna cove
(restricted area); Vcove = volume of water in cove (3,929,000 ftq 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:

S-901--90: 39C x (390 + 27.9) = 0.42 < 1S-9/Y90 •ECL 3,929,000

The results presented above demonstrate that use of the maximum

observed hydraulic conductivity and minimum site-specific Kd 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

The raldienuelidc trancpeit analysis prcacnted abeyc dcmenctrates that
cach of tho aiou-ic that eeould be accidentally rcleased t3,would| | | indiiduu n

grUndwateFwr l be ,~iidal blew its ECL=. However, 1 0 CFR 209,
Appendix B, Table 2, impeses additional rcgUirzmcnts whcn the fidentity

and uenccntratien of each radienuelide in a muXWur Wr known. In thic

ease, the ratio prcccnt in the MiXturz and the coneentratie~n othcrwise
establkshed in 10 CFIR 20, Appendix B for the spccific radionuclide not inR
a mfiktur must be detcFR~mind. The sum ef sueh raties for all ef thcý
r;dienuelides in the M•iWI ma. y net em.ecd ;1"I",.., "unity")-

This sum ef fraotienc approach was applied to the radienu,.lid

conccntrations conzcr~atiyely estimated as dccoribcd in,

See. t o ̂  ^ ^^ 2 .4.13 ^- .1.3 .. ,,. ^;. Res lt We-1^. ,^1;.-1^^ie on Table 2 I.4;2 0 ., ^ The Fat

f f-6 A 

10- 
f"... 

. ..-..

2'
teF the .;.-'X[UFP .%U"FA +A ' '•

-. .~ ~.~ i. -u l. p. wu by a ruteeroi
fourF to account for conccntratien of radionucelides in circulating waterdu
to eyaporaltiye locccc, which rccults in a value ef 2.26 x0~-4.This Ye1ue
Vis below unity and dcmoncAtrates that an accidental rolcase of ffadioacti
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liquid effluent in rondwr a ,eFemplics with the 10 CFR 20 limits at t hc

cnt.ancs . f the di.shg, scanal. The 2.26 ) "p ' ;alue i .bounding
beeause the 0.25 mq~is (9 efs) ef blwondischarge weuld bze dilutcdl
with a .minimum ,f 15.041.. i m/ (531 Os) of flow fro- •• itS 1 and 2 within
the diseharfgc anal and PriFr te the end of the canal, which i, designated

as the rsleasc point to unrcStrieted arcas.

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.

2.4.13.2.1 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 9.2z10,

the volume of liquid released is 3908 m3 (138,010 ft3).

2-202 Revision 3 (Draft 07/22/09)
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NAPS COL 2.0-24-A Table 2.4-206 Results el.
• RIp A I ^...... _m

VHiiH glH•Vi i i HIIV•Vi 5 JlilHilVIV VVii•iHVi liiH I •HHiVHVi

Groundwater Concentrations at Point of Discharae to Lake Anna
=,.v wvv=3 v,,,3

Tank Ta~k
PaWe~ PF.qe~e*W-R H.aif-Ilfe4 ~ GGyRate QGaG~
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P-a2

MR 44

MR6

(days) 04,a 443 42

4- f I- F03.

d t&"4r- - -

A A -- '

4da"e-) fMl q 23 0ptG3ireRia

14-1E+00
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7.0a•E04

4.74E4.01

1.84-01O

2.61 E+03

9.83FE+0l 2.66E 03

2.06E 03

8.2 02r"/'

GFeG*fd GFOend
Water Wte~

O.e4  E-GL Gene
fPtG4ieffa fýtGYi/eR) EC"

M0E 0 3 4-0ý 14- '1E+00
5.E096OOS 05 .G40

I.4E--2 90E06 1.29E 37

74 F=-226.9 940- 1.49E4-84.E9 .09E 06

O.E--O0 7.00.-E 06 OGAG4400

2..E02 1.09E 04 2.29E4*O0

V• I - - - ;.IMI -" We-" O.Or,="di .'O- to;0, 5ff 11 ;.WtL;.'- Wj C3.;,j.'-F I I

Ge 68 7.08E+0 - - 979E0 , 1.7E4.2 .76E 05 74E--1 21.00E 06 3.3E-06

Ge.-6 - 1.93E0 - - - 3.6E04 6 &.42.E- 6E402 8..E 03 30OE-Or 2 44O0

NO 633.1 E+4 - - - 1.97-i-06 3.24E400 8.7-6E06 &4A-Q 06 !9QF04 :A44E-041

Gw 64 6.9E- - - - 1.1 4j*9 6.92E01 1.60E 03 O.OE+09 2.00E 04 O.0OE+0G

-66 2-44E - - - 2.84E03 276+03 ;.!6 02 ME-04 65.00E 6 7.7,3E-'4

Rb 89 - 1.065E 02 - - - 6.64E+4 14.26-E0 3.38E0 O0.01=+00 980.-04 0Q.OQQE+-

- F--89 6-l6E4()!. io - - 1.37 02 1.43E40 3.8E 3 4.•E-14 8.O0E 06 6.33E 90

8F-80 - 1.06E-04 - - - 6.64E--06 2.23E40 .9E04 &6.3-04 500E 07 1.E03

- -90 2.67E+09 1.0000 - - 2.60E 01 6.96E 01 1.488F05 Q6-E=-04 7.Q0O0r 7.4E401

SF-4- - 96E--04 - - - 1.76E*00 6.0Ql 1.64& 03=-4.00 2.0E-0E 05 .OOG

- Y WA 3.46E--02 0.780 - - 2.04E9+ - .OE+00 2.00E 03 O0.0E+Q0
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NAPS COL 2.0-24-A Table 2.4-206 Results of Goundwn•te- T r-n"ip Analysis , noidering Radw300tivz• Dcay Only
Groundwater Concentrations at Point of Discharge to Lake Anna

Brncin Facio 4 Geleetwen. GelleetaeR GFGedG~w4
eTan Tan! a Wte~

Pa eIe PgegR-i fife4  ee,,ey-y Rate Gone rene Gee 4  EiGO Ge~ e
RadmeA~auie Ghaa (ay) 4. '4. '42 fdayS,-* (MBq4R3) (tGiieFR3 fýtGWGMe# (JiGaiffRa fGL

*-94 &UP4 0.22 .90 1.18E 02 40 1.7E 03 6.OE: 43 .0GE 06 742E 08

F--- 1. 13 E 01 - - 6.14E4 00 3-.26E4.0- 9F 04 Q.=4§0 4g.GF=06 Q

- -92 1.48E-04. 1.0O - - 4.68F4.0 2.67F=+O4 7.22E-O4 O.QEO&=. 4.00E 0-Q. OOQE4.0

*-Y3 - 4.21-E-- - - - 1.4.00 6.8F41 1.6E2§ 3 Q.QE4 2.QO-06E 0.95=4G0

-, -.- 1.08E 02 1.34E+1 3.62E--4 82E43 2.99E 06 4.9-E 8

- Nb-964n .61 E40 9 -. 1.92E - 64E-16 3.90E 05 2.02E 10

N96 2-6 4.Q - o.9930 . 1.97-E 02 8.76E40 2.7F 04 ! 3.00E 05 6.06FE 08

M - - 2.62E 0 2.07E0 669E 3.3E--204 2.00E 05 1.67F 199

Te-99n 2.65E 0- 9.869 - 2.76E4O0 1.404 4.66E-4 3.224 1.00E 03 3.23F-2

R -W Ia3E---- - 1.76 02 2.940 6.4E--4 6.E4-18 3.O0E 051.7

- Rh 193m 3.90E 0 9970 - - 1.8E4.0 2.33E 02 6.30E 07 64E-48 6.00E 03 8.93E-46

Ru---6 -- - - - .1.88E 03 8.17E+09 2.21 E-O4 9.E--6 3.00E 06 2 4-O

R-h- -6 .4,6E -4• -. 2.01E4.03 29.96E06 797E 0 6.9 6 NA 6

^q 449R _ 2.0E0 _ _ 2.77F= 0• 2.7=40 7.,2E 06 4.F 07 6.O= 06 iý,-7• M• E ý,

- 149 2.86E 04 .0-133 - - 2.43E430- 6.9F= 09 NA6

Te 129F -- 33E40- - - 2.06E-O2 4.29F=4.9 1.16E-03 3.9E-29 7.09E 6 6.462E

-Te-129 4.83E-02 0.6609 - - 1.4§4E40 ME 206-2 4.GOF-O4 6.41-E-17-

T- Q!e. - 144-QQ - - - 6.6E 01 4 . 1.31E 04 - Q7 O 80AE 06
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NAPS COL 2.0-24-A Table 2.4-206 Re,..l. , of G r-. . -r.....aRSPOAal. , i __Co idFRng Radioaotive_ a c.;.l.
Groundwater Concentrations at Point of Discharge to Lake Anna

BraRching Fraction4  Ge4Ieefie4 Geileefien GFueidi G.Feu~4
Tak Tani Watef Wate•

,FPR 14efy NHla-14fe 4  Desy-Raetea GeR Ge•e Genef EGO GGR4
Raidaonue~d Ghoii (daeys) d4 443 42a fdaye) f~~4 (i*GWOM3)~ (tiGii/efa) fstG4ieRfia ECL

1134 8.04E+ - 0.7780 1.009 8.62E 02 6.89E0 14.86E 02 1ME4 -.00E 6O 2.78E -6

Te12 - 3.26E+40 - - - 2.13E 0- 1.2-1-E400 3.27E 05 6.9E 476 Q.QF-O6 6.5.E 470

-4432 9.68F--2 1.0000 - - 7.24E+Q 6.68E+04 17UP 03 6.1E 475 -. E--4 6.98E !71

68.57E 14 - 7 -- 6.4 E2 1.49E2 E 7.901E 06 O.9O4OO

- Xe- 33mR 2.-4Q94.0 g0.290-g 3.7E 01 - - 3.5-2657 NA6
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-l-4 3.66F2 - -2- 1.E4- 4. 0 .18E 03 oE4-* 4.OgOe4 "GE-4oo

Q6 - 2.75-4 0 - - 2.62E4-00 2._-E42 6.92E--3 O.QE4-0 3.00E 05OOOE4OO

XP-4 1235 6M !.0G-E 02 ".140 - 6.63F-4.94 - - OE4-O9 NA6

- Xe1-36 3.79E--1 - .8460 1-.0000 .83E4.99 - -OE+00 NA6

Gs434 - 7.6302 - - - 9.2 E04 74.01 4.99E03 3.7-04 9.09E 07. -1.07E+

GG 4 r - 21 F=404 -- 6.9 - &2-02 7.26E4.09 4.~96E 04 1.~4F=4 6.991E-06 1.87-E-41

Gs437 - 10+04 -4 - 6.30E 05 2.09E+02 6.66E 03 6)E--03 1.-00gE 0 .,.

- B-a 12--7M 1.77E 03 0.9460 - - 91E-492 3.7!E 03 !.00E 07 4.E 03 NA6

-G13 2.24E 02 - - - 3.09E+94 6.62E400 1.62E-04 0G0E-.00 4.QG0= 04 G.OOE+0

-;140 12+ - - 6.46E -2 176E402 4.303 4.3E 46 8.00F=06 1.68E 44

- ka-440 1.46(0 1.00 4.43E04 2.2E04 08RE04 4.6E 46 9.00E-06 4.62E 44

Ge-144 - XiF0440 - -2.13E 02 2.9.7-E04 8.03E 04 7-f= -24 3.00E 05 2.62E 16
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NAPS COL 2.0-24-A Table 2.4-206 Results . f G"c"- .. :at.. -r...p..t A. alyeb C.nid..ing Radca-tiaw^ Oe.ay......
Groundwater Concentrations at Point of Discharge to Lake Anna

Branching rFraction 4  CA"eeANe. GeI"eetie GFewRd GFOU~d
Task Xak Wate Wate

Pa4rea4 eFg~e4~y-if Neff-lie Deesy Rate G&Re~ CAR& GeOe4 EGO Ge.,.e
RadIORUe G4haIR (days 442 444 '4 Jdye) (MBqMm3 fjt•ti*ei GfiGiR3 ) e tGWGe4 E: E01

P.-144m .07-E 03 00178 - - 1.7E4.02 4.3E -08 NA

- PF1444 1.20E 02 - 0.982 0.9999 6.78E+01 1.03E 03 2.7E-08 2.4F 06 .00E-04 3.99E-0

W--!-8- Q- . -re 01 619 4 14•,-.,. 31E04 O0E*O0 3 = n96 O.0E4.00

Np- -- - 294E-0 -.17402 -.94E-02 6.6E 237 2.00E 05 3.24E 23

- P2 8.7-9E06 1.0090 - 789E-08 6 - 8EE-- 2.0E80 2. 0

1. Values fromR Tablc E.1, NUREGiCR 5512 (Rcfcrcnec 2.4 211) and ICRP Publication 38 (Refcrcncc 2.4 2114) for S 92 Rh 106,
Ag 110, Ba 137mF, Xc 4 33m, Xc 1 33, Xc 136m, Xc 1 36, and Pr 4 44mF.

2. Values ealculatcd fromn Equation 2.4.13 4.
3. Values fromR DCD Table 12.2 1 3a.
4. Values caleulated fromn Equation 2.4.13 8, Equto ..

time of 5.03 Ycarc.
6. Malueq. from 1 0 CFR 20, Appendix B, Tablc 2, Column 2.
6. ECL is not avafilable.

A A • • • A
3i !:3 or t7Gau1At-o 2. 4.2 1ccan A- cocion in accav enain ror a travelI
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NAPS COL 2.0-24-A Table 2.4-206 R. ..lte ' f C ...... ate. T. .:R:. .t An-al3i, " . . ... .. : , O.•!l," Groundwater Concentrations at Point of Discharge to Lake Anna

Source Term Characteristics Advection and Decay Advection. Deca and Adsortion

Branching Fraction2 Collection Collection Ground Ground Ground Ground
Parent ec - -T -- R- -Wif rI WIIIr Distribution WIIIF -WiiI
Radio Progenyin Half-lifea' ECL' (onI' Coric C -nc NO Zolicnt Retardation Eo -nc Uonc
nucrie a a 4 d13 d23 (IIi_.__ • l K1 i2 K3 s =s 4 A fA.IR )• ._

H-3 4.51 E+03 1.54E-04 1.OOE-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.OOE+00

P-32 - 1.43E+01 4.85E-02 9.OOE-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.OOE-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 33.9 6.81E-24 0.OOE+00

Mn-56 1.07E-01 6.48E+00 7.OOE-05 7.59E+01 2.05E-03 2.05E-03 0.OOE+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 32943.3 0.00E+00 0.00E+00

Fe-59 4.45E+01 1.56E-02 1.0OE-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.OOE-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._55 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 12.7 93.9 2.72E-05 2.72E-01

Cu-64 5.29E-01 1.31E+00 2.OOE-04 5.92E+01 1.60E-03 1.60E-03 0.OOE+00 0.00E+00

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 11.8 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.OOE+00 0.OOE+00 3.6 27.3

Sr-89 5.05E+01 1.0000 1.37E-02 8.OOE-06 1.43E+02 3.86E-03 -7.09E-09 3.86E-03 6.67E-07 8.33E-02 3.6 27.3 5.44E-106 0.OOE+00

Sr-90 1.06E+04 6.54E-05 5.OOE-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 6.95E-01 1.88E-05 6.03E-04 -5.84E-04 5.78E-04 8.26E+01 3.6 27.3 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 0.00E+00 0.00E+00 3.6 27.3

Y-91m 3.45E-02 0.5780 2.01E+01 2.OOE-03 9.72E-04 -9.72E-04 0.00E+00 0.00E+00 3.6 27.3

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 1.71 E-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

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

Zr-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 45.8 2.67E-140 0.00E+00

Nb-95m 3.61 E+00 0.0070 1.92E-01 3.00E-05 2.69E-06 -2.69E-06 2.88E-09 9.61E-05 6.13 45.8

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
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NAPS COL2.0-24"A Table 2.4-206 Re:Jtz of G, -±:pt8F T-FaRSPz. AR8lo , *ideFi g ...t: geoey Only ' 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 Ground
Parent W- Tank- -Wa-ter Water Distribution -W81f Wate
R Progenyin Half-ife at ECLc eN P oc Uo i nc• CM Coefficient Retardation U C-onO
n-uc i To~ ChFain d23)~ z~ 1 !~1 C7ii1 ~ ( ( (MjT7r-R) (IZU a _

-< . : Tc-99m" 2.51 E-01 0.8760 - - 2.76E+00 1.OOE-03 1.72E+01 4.65E-04 5.39E-03 -4.93E-03 - " 4.22E-72 O.OOE+00

Ru-I 03 3.93E+01 , : 1.76E-02 3.OOE-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.OOE-03 2.33E-02 6.30E-07 6.45E-04 -6.44E-04 .... 9.41 E-09 1.57E-06 . . -

Ru-106 . 3.68E+02 , - - 1.88E-03 3.OOE-06 8.17E+00 2.21 E-04 2.21 E-04 . 6.72E-05 2.24E+01 272 1990.4 0.OOE+00 0.00E+00
Ji'+++ Rh-106 3.45E-04 1.0000 + .:+i!•"+ 2.01E+03 NAh 2.955-05 7.97E-10 2.215-04 -2.21E-04 • -, 6.72E-05 -++r+'+++" 1 '' '+ "#+"+' "

Ag-.11 ..m ......... 2.50E+02 c. 2.77E-03 6.OOE-06 2.67E+00 7.22E-05 7.22E-05 1.25E-05 2.09E+00 2.5 19.3 1.58E-19 O.OOE+00

Ag 110 2.85E-04 0.0133 -' . 2.43E+03 NA. . ....... A- 9.60E-07 -9.60E-07 1.67E-07

Te-129m 3.36E+01 2•-206E-02 7.OOE-06 4.29E+01 1.16E-03 1.16E-03 2.56E-09 3.f,66E-•0 '4
-129 3-02 0-04 ,-04 -7.55E-04 2.6E-09 4.17E-06 -'-"

Te-131m __1.25E+00 5.55E-01 8.OOE-06 4.85E+00 1.31E-04 1.31E-04 1.21E-156 0.O0E+00

: Te-131 1.74E-02 0.2220 3.98E+01 8.OOE-05 2.95E-05 -2.95E-05 . 2.72E-157 0.OOE+00 -

- . 1-131 8.04E+00 . 0.7780 1.0000 8.62E-02 1.001E-06 6.89E+02 1.86E-02 -2.42E-05 6.40E-08 1 .8E-02 4.30E-26 0.OOE+00

Te-132 3.26E+00 ............ .......... 2.13E-01 9.OOE-06 1.21E+00 3.27E-05 3.27E-05 1.66E-63 0.OOE+00

1-132 9.58E-02 1.0000 7.24E+00 1.OOE-04 6.58E+01 1.78E-03 3.375-05 1.74E-03 - , 1.71 E-63 0.OOE+00 - + "

1-133 , 8.67E-01 . . - , + 7.99E-01 7.OOE-06 5.51 E+02 1.49E-02 1.49E-02 -9.45E-222 0...E+00 .

- ', " Xe-133m 2.19E+00 0.0290 3.17E-01 NA -2.3E-04 3.94E-91

Xe-133 5.25E+00 0.9710 1.0000 1.32E-01 NA -2.81E-03 -2.03E-04 3.01 E-03 1.76E-39 . . * "

1-134 3 655-02 . 1.90E+01 4.OOE-04 4.38E+01 1.18E-03 1.18E-03 0.OOE+00 0.OOE+00 , ."

1-135 . 2.75E-01 2.52E+00 3.OOE-05 2.19E+02 5.92E-03 5.92E-03 0.OOE+00 0.OOE+00

Xe-135m 1.06E-02 0.1540 , 6.535+01 NA . * - ' 9.48E-04 -9.48E-04 . . ..OOE+00 .

, Xe-1i35 3.79E-01 0.8460 1.0000 1.83E+00 NA - -1.57E-02 2.73E-05 1.57E-02 0.OOE+00 ,

Cs-134 - + 7.53E+02 9.21 E-04 9.OOE-07 7.36E+01 1.99E-03 1.99E-03 1.11E-03 1.24E+03 64.9 475.7 1.76E-123 0.OOE+00

Cs- ..36 - 1.31 E+01 5.29E-02 6.OOE-06 7.25E+00 1.96E-04 1.96E-04 . 6.09E-19 0.OOE+00

Cs-137 -- - 1.10E+04 .- 630E-05 1.00E-06 2.09E+02 5.65E-03 5.65E-03 5.43E-03 5.43E+03 64.9 475.7 3.42E-11 3.42E-05

Ba-137m 1.77E-03 0.9460 3.91E+02 NA 3.71 E-03 1.OOE-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.OOE+00 0.O0E+00

Ba-140 1.27E+01 . 5 46E-02 8.OOE-06 1.75E+02 4.73E-03 4.73E-03 5. . 5"14E-18 0.OOE+00
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NAPSCOL2.0.2" Table 2.4-206 Results .f........ Gz- - ........ AIY '........--- -- --*-.. .. -..-- :D:z, -- ," Groundwater Concentrations at Point of Discharge to Lake Anna

Source Term Characteristics Advection and Decay Advection, Decay and Adsorptlio

Branching Fraction!- Collection Collection Ground Ground Ground Ground
Parent D ca Tan Water -W-0t Distribution -W-i -W -i
R o- Progeny in Half-lifea iSt ECLc eo-nc Coc C -nc Eonc Coefficient Retardation Conc Uo Zl

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.OOE+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.OOE-06 7.86E+00 2.12E-04 2.12E-04 4.55E-05 1.52E+01 329.1 2408.0 0.00E+00 0.OOE+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+00

W-187 9.96E-01 6.96E-O1 3.00E-05 1.15E+01 3.11E-04 3.11E-04 4.84E-195 0.OOE+00

N2-239 2.36E+00 2.94E-O1 2.OOE-05 7.17E+02 1.94E-02 1.94E-02 5.76E-83 0.00E+00 5.3 39.8

Pu-239 8.79E+06 1.0000 7.89E-08 2.OOE-08 -5.20E-09 5.20E-09 5.20E-09 2.60E-01 5.3 39.8 5.19E-09 2.60E-01

a. Obtained from ICRP Publication 38 (Reference 2.4-2111.

b. Calculated using Equation 2.4.13-4.
c. Obtained from 10 CFR 20. Appendix B, Table 2, Column 2.
d. Obtained from DCD Table 12.2-13a.
e. 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.
f. Calculated using Equation 2.4.13-2.
g. Calculated using Equations 2.4.13-8, 2.4.13-13, or 2.4.13-18 depending on position in decay chain.

h. ECL is not available.
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NAPS COL 2.0-24-A Table 2.4-207 "cmPar-i. .. .f .Site-Specific Kd Values Ae.ai.et NUREGC;R 6697 Dcri'cd V-aluecs

Kd (cm 3/g)

Sample Mn Fe Co Ni Zn Sr Ru Ag Cs Ce Pu

B-949/R3 >8,145 >45,497 >15,765 >1,616 >5,110 68.5 >1,148 >31,091 >19,504 >10,422 8,680

B-951/R5 >12,196 >20,291 >18,778 >892 >4,217 60.2 >1,200 >12,729 6,863 >10,232 443

B-901/R20 >.7,858 >5,146 2,364 >615 >2,411 14.8 >632 >12,792 387 >6,753 295

B-901/R22 5,499 >14,207 5,459 >811 >4,147 33 >988 >9,903 574 >7,073 351

B-901/S5 4.5 >13,456 6.5 40.6 11.8 3.9 >272 28.6 68 329.1 5.3

B-901/S8 >6,525 >5,646 >9,423 12.7 >7,190 166.4 >1,448 28.6 181 >9,572 34.3

B-904/S10 36.9 > 12,489 58.3 342 136 3.6 > 328 73.2 241 4,175. 96.5

B-913/S9 12,492 >14,397 13,082 129 >5,901 14.5 >1,429 43.4 796 >10,149 177

B-913/S10 7,903 >6,505 5,711 162 >6,702 8.4 >1,080 6 141 >9,182 735

B-917/$12 8,046 >30,209 5,747 643 >5,511 7.6 >1,171 25.7 154 >8,831 305

B-917/S14 >10,470 >16,121 6,559 17.7 >4,563 6.6 >936 32.6 118.9 >6,893 209

B-917/S15 4,692 >4,504 3,991 53.3 >2,764 3.8 >524 16.6 64.9 >5,419 192

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 25.5 >1,593 >482 -379 >12,056 311

B-928/$7 3,801 >6,104 3,244 >424 >8,103 7.6 >1,212 >304 104 >11,468 528

B-929/$12 3,453 >19,967 5,331 45 >6,270 7.1 >1,264 2.5 104.9 >8,887 536

B-931/S11 3,988 >28,132 5,151 >369 >6,070 4.7 >1,149 44.4 67.5 >10,519 333

B-932/$6 9,013 > 16,288 6,739 766 >5,684 11.2 >1,367 > 12,665 159 10,449 2,488

B-951/S7 >21,374 >25,330 >20,653 >806 >6,991 26.8 >1,665 >12,716 3,406 >12,914 3,874

B-951/$9 6,143 >24,220 8,818 >658 >6,162 12.7 >1,472 >8,190 336 >13,194 3,603

North Anna 3
Combined License Application
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NAPS COL 2.0-24-A Table 2.4-207 G-...R--...---.Site-Specific Kd
J I d liili•X JAm AAAI I B I

Values g•- .. t UR," i."-.i 667 -U ':r . . .. "'-alu

Kd (cm 3/g)

Sample Mn Fe Co < Ni Zn Sr Ru Ag Cs Ce Pu

Min = 4.5 4504 6.5 12.7 11.8 3.6 272 2.5 64.9 329.1 5.3

10% = 3111.4 5596.0 2133.4 38.3 2183.5 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% = 7191.5 16204.5 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 18421.3 7474.4 470.6 4963.7 25.1 1094.3 5070.3 1701.4 8813.4 1204.6

NUREG Kr-= 683-7 6,9 6, a 2708 28.--8 447i 22.647- .9 84.69

PeFeeRnean - 0.60% -Men 0.200% 21.0% "MA e M -M Mf 060%0 -M Minecific1.-60 '-07

a- Rank of NUREG K v:alue as a pereentagc ef the site speeifirc4d Kd-afa7,

North Anna 3
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,AP ^ P 8-G CO31L 2.0 24 A Table 2.4-208 A m IiJ l, or. • l rouna^.-:atr I ran r l•1 in Ic Ln-ox;,zitenc! Acir, tll; HI ýI=Il ~~l I H I I . I - l _ IH • I• I I

[Deleted]

PF8eney Deooy Initial GFUd
PaI~eR 4 Rtae 4' &a~shiffg GeNe 40%-Kd Retar-d Wateir-Gene, E-066 WateiF-GeiR

RadinuM Ghain fdaye) atie. *tG R f~j 9 (GIWW Faetef ;to;GmjGM3 ,, kGI/en -;tC.,

- 164E 04 2.636 03 - - 00 4-, 8E-03 1.00E 03 -198E.400

M 4 - 2.2E 403 2.66E 03 6W 2,219 837 6226 2.30E 413 Q.00 -05 7.= IQ409

Fe 66 - 7.03E-04 8.32E 02 8&342-67 6,84- 080 2.767E 30 4.00E 04 2.67E 26

Ge-60 - 3.69E0419E 02 &-46 27a 949 684-,,9 4.76E-22 3.00-E 06 1.646

N4-63 - 1.97-E6 - 8.76E 06&6 446 66.30 47•.68 2.50E 12 l.0E 04 2.50E 08

Z--66 - 28403 7.E 02 &96708 4-44 3-63 27.67 2.16E 64 6.00E 06 4.32E 69

SF-90 - 6.64E6-0 6.03E-04 3-.462 2--08 46.22 8.57E 05 6.00E 07 ' '4 46

Y-9G 27606-04 1.0900 1.88E6-016,"43-2-2 46.08 111-30 A8757-6-01 z QF 7 0006 4264

1u406 - .88E 03 2.2-1E4-04, 7-37- 3-43 28.76 211.30 O....6*00 3.00(-E 06 97 *0

Aq 1:19m - 2.77-E-03 - 7.22E 6 &-0639 249 44 447 08.64 2.82E-246 6.90E-06 4.79E-240

Gs4 924F4 1.99E 03 64 2,3322.4 466.64 3.73E 426 9.00E 07 4.44E149

Gs437- - 6.30E 56.566E 036" 2733 22614 •66.64 2.63E -14 .00E 60 2.63E 05

Ge-444 - 2.44E-3 2.12-047,W 2-"438.9 04-7.64 O.O00E+00 3.90E 06-06 97006

Np-239 - 2.94E-04- 494E-02 2ý84 2-26 -976 80 90046*00 2.006E 05 07006*0

Pw 239 7.89E-08 4.0000 970060066,86 4-.89 84.69 649.772 ,3.68E-07- 2706-06 i47846*04
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MA PG GO Q1 2.0 24 A Table 2.4-208 Ilcaulta ot Crcundwotcr Tronoport Analvala Conoidcrinca [Indiooativc Ocony and AdaorptionI v

[DeletedI

LiteratUro K.d

Pa,.e4
Reaienme

P.,genyiff
Ghain

Desay
Rate4

("yO)
BFa.he {@ GeRG
Rrasfitie fstGii/eAR3

140% K Retard
6 (GR~kj) paeteif 4

WatGGr Cc r
(tiGiiGFF1

EGO~
(pGai=eA4*

Wa4-eGeOR
9 PC,M

1. v.alues salcuIatcdl trom Lzquatln 2.4.16 .
r2. Values fworn Table EA NUKEU/UQiC- 99 P fh~ctcrcncpP P4 414

. . . .. . . . . . . . . . . . . . I

4. Values eaI4
6. alues eaI4

sw~naara azvyz2!Ion

A-u Iat 6d- f roeM. Eut;--;t

fr, d NWRTG!CR 6607, At

ion 2.4.4 3 8 fer paoRnt and,
mRdix B, Table 2, ColumnR 2.

MGM,,,ent G, Table 3.0 1 (Rcfcrzncc 2.1 215); Sc values used as SUrrogates-

e.lted-4 fe• 'quE~ MtleR 2--.4. -Ol -I6 W I geRD- Ij,

6. V•luc• roF, I w kvP-, -,u, ,191c
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Al A PA C0 12.0 24 A Table 2.4-209
P A i

neebilts ot LwouaWO•FORr I ranopot .n ARMlYIS
mmnidFim•g Rmdieseti4o• Oeae• r

[Deleted]

GF~u~dwatef

Radionuolide fJitC4Mfia)

w- 1i.98E 03

Y-908.7E 0

S239 3.68E 97-

1. Values frcm Table 2.4 208.
2. Surfbco watcr eenccntratien

2.66f(r 10•4
3. Vale II AII

Rd Pu11 w1

Surbfa 'i'ateF
GonecntrationW

6.08E 07

2.20E 08

24.2E4 8
9AG 11

EGIa

•,,1=o0

2.vv• O8

Surftioc Water

4~E-G6

- f8.•vnwat.•, c,•,,,tation* dilution f tor Ef

Jendnin B, Table 2, rhlumn 2.
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North Anna 3
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NIAPS GOL 2.0 24 A1.1- Q Q V - V -. 0 1 3 Table 2.4-210 Rem cf ,e,,%with 10 CFIR P8rt 20 for
tadm303tive Liquid Efflu:

an Apoident A
:n in Qrau•nwnaef

[Deleted]

PFeORy

Pffen if
Deeay Deeay,
a" , 41 l i',M'I

Radminuelido Ghaoi 0ee"y! Ad.t• ie.n .anD 'tiieft Moi4am'-

- 1.98E+00 1.98E+0 08E•E-4 6.0E0-94

Na-24 - O.OO&+0 - O.OOE=-0

P-32 - 1.20E 7 - ." 7

GF-54 - 1.49E 18 -- 1.49E 18

M-64 1. + 7.68E lo - 7.68E io0

MA66 O.OE+00 - O00E+O90

F~e-66 2.29E+2 2.7- 26 - 2.66r-26

Fe-69 - 3 - 3.70E 11

Ge-60 - 2.94.03 i.59E4i - 1.59E 16

- 8.44E-0 2.50E 98 - 2.60E 08

Gu-64 - O.GOE-=- - 0.09E+00

- 7.73E+01 43 9 - 4.32E 65

8- O.GOE+00 - OQoOE+0o

-r-89 9 - 5.33E 09

8--90 - 1.07E+03 1.74E4.2 4AE-02 440E--O2

- Y--O 7.64E+0 1.22E40 3.44E W3 3.44=-E

6F 94 - O.OOE+0O - - OOO

- Y 91 Fn GOGOE+00 - - QO~OO+00

- Y-94 7.42E-08 - - 7.42E-98

8F-92 OOQE=-OO - - .OO*E=OO

Y-92 - O.OOF - - OOO=E+O

3- OGOE4OO - - O•OE=4OO

Z-r-6 - 4.09E-08 - - 4.09E 08

- Nb 96Fn 2.02E4G - - 2.02E4 1

PNb-96 6.06E 98 - - 6.06E 08
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NAPSG C 2.0 24 A. Table 2.4-210 DeCmpliated with 10 CFR Part 20 for an Aooidcntal
ReIeaae of Radweaotive Li0quid Efflueni in GF~undwatcr
[Deletedi

Geneentr-taN8R;EG6

Desay Oeeay,PFegeRY
PaFent A a" Ad6,FPVi•,

RadieRelade GhaR Oeeay4  AdSOr-ptieO -a-d i',twie, Mwim',

Me-99 - 1.67- 199 -- 1.67 4799

- Te 99 3.•E 201 _-3.23E 20-

Rua1.7-9E ,13 - 1.7-9E 13

- Rh•-3gm 8..93E- - - 8.93E 16

Ru-l-6 - 2.34E+0O.GOE+00 - O.OO)*OO

- R-h-l6 0.90E+09 -- 700E*OO

Ag VO9m - 7.6E 02 4.70E-240 - 4.020

,, ....... 0... .. - - .06+00

Te 429F - 6.E 16 - -_62E4§

- Te-429 641 17 - - 6.41 E-17

Te 131 - - -

- Te 43 ()O7E4§ - -

- 13 2.78E 66 - - 2.78E 66

Te 1r2 - 6.-E-7'. - - 66 17t

- 32 6.08E !7 - - 6.08E 171

:1433 - 9O(OQ4-(OO - - ().OOE4-oO

- Xe 133Fn &OEOQ14O - - O.OOE+90

- Xe 33 O.OOE+00 - -

1-34 - O.QOE-.0O - - .O+g

Q6 - O.QOE+0O - - O=OgE-O0

- Xe136m O7OOQOE0 - -

- Xe 136 O.GOE+90 - - 90E0

Gs 134 - 4.07E+92 4.14E-449 - 4.14E4-19

GG 36 - 1.87E1 - 4.8E-41

Gs 1,37 - 603E*93 2.63E-O& - 2.63E 06

- Ba 137m G.OGQE4O --0O
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NAPS COL 2.0- 24 Ar Table 2.4-210 Demplianed with 10 CFR PaA 20 for an Apoidental
Re'esse of Radionotive L~iquid Effluent in Grcundwatzr
[Deletedl

ConocntrzitoeniCl=

§~eeay Desay,PF~OGRY
PaFe Ao af. ,. Ad6e'Pti. ,"-

Radion uolide Gheift Deeay!' Adsee~pieiR o-011ikNAItie M4~i4.Ui

GG 138 O.OOE+OO - - O.OOE+0O

B440 1.68E -44- - - 1.8E--4-

- ~a-l40 1.62E 44 - - 1.62E 41

Ge 444 - 2.62E 16 - - 2.62E 16

Ge7044 - 7.97E 04 9OE-QQ -

- PF-144m O.QO+- -

- PF-444 3.99E-9 -3 3.99E 03

W-487 O.OOE+00 9.00E+99

Pip 239 3.~24E 232 0.0E+90 - 0.00E+99

- Pu-239 2.60E 01 1.84E+01 4.2E-03 472E 03

SUm Of Fractanc - 6.64E-02

1. Table 2.4 206
2. Table 2.0 208
3. Table 2.0 209
4. Pio ECLs arc published fo Rh 106, Aq 110, Xc 133m, Xc 133, Xc 1365m,
Xe 136, Ba 137m, and

Pr 1 44m. Haweyer, theiF half lives arc shart (on the order of days or less) and
they dccay to ncar zero

conccntrati8nz. Their ratuoc have been taken as zc.
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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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