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Chapter 11 Radioactive Waste Management

11.1 Source Terms

The information provided in this section defines the radioactive source terms in the reactor water
and steam which serve as design bases for the gaseous, liquid and solid radioactive waste
management systems.

Radioactive source term data for boiling water reactors has been incorporated in American National
Standards Institute (ANSI)/American Nuclear Society (ANS) 18.1 (Reference 11.1-1). This standard
provides bases for estimating typical concentrations of the principal radionuclides that may be
anticipated over the lifetime of a Boiling Water Reactor (BWR) plant. The source term data is based
on the cumulative industry experience at operating BWR plants, including measurements at several
stations. It therefore reflects the influence of a number of observations made during the transition
period from operation with fuel of older designs to operation with fuel of current improved designs.
The source terms specified in this section were obtained by applying the procedures of Reference
11.1-1 for estimation of typical source terms and adjusting the results upward, as appropriate, to
assure conservative bases for design. The operational source term calculated supports compliance
with General Design Criteria (GDC) 60 (Reference 11.1-5) for liquid and gaseous effluent releases,
which are discussed in Subsection 12.2.2.

The various radionuclides included in the design basis term have been categorized as fission
products or activation products and tabulated in the subsections that follow. The lists do not
necessarily include all radionuclides that may be detectable or theoretically predicted to be present.

Those that have been included are considered to be potentially significant with respect to one or
more of the following criteria:

* Plant equipment design

+ Shielding design

» Understanding system operation and performance
* Measurement practicability

The values provided in this section are not valid for calculation of environmental releases. Source
terms calculated for doses in unrestricted areas are provided in Subsection 12.2.2. The scale factor
for 1-131 is given in Table 11.1-1 and is discussed in Subsection 12.2.2.

11.1.1 Fission Products

Noble Radiogas Fission Products

Typical concentrations of the thirteen principle noble gas fission products as observed in steam
flowing from the reactor vessel are provided in the Source Term Standard ANSI/ANS-18.1
(Reference 11.1-1). Concentrations in the reactor water are considered negligible under normal
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power operation because all of the gases released to the coolant are assumed to be rapidly
transported out of the vessel with the steam and removed from the system with the other
non-condensables in the main condenser. As a result of the rapid removal of the gases, the
expected relative mix of gases does not depend on the reactor design.

The design basis noble gas source term mixture is from Reference 11.1-1, and is the release rates
for the thirteen principle noble gases from the vessel. The noble radiogas source term rate after
30 minute decay has been used as a conventional measure of the fuel leakage rate, because it is
conveniently measurable and was consistent with the nominal 30 minute offgas holdup system
used on a number of early plants. A design basis noble gas release rate of 3,700 MBqg/sec
(100,000 uCi/sec) at 30 minutes decay has historically been used for the design of the gaseous
waste treatment systems in BWR plants (Reference 11.1-2) with satisfactory results. It was selected
on the basis of operating experience with consideration given to several judgmental factors,
including the implications to environmental releases, system contamination, and building air
contamination. The design basis principle noble radiogas source terms are presented in Table
11.1-2a, and the normal operation source terms reside in Table 11.1-2b.

Radioiodine Fission Products

For many years, design basis radioiodine source terms for BWRs have been specified to be
consistent with an 1-131 leak rate of 26 MBq/sec (700 uCi/sec) from the fuel (Reference 11.1-2).
Experience indicated that 1-131 leakage rates this high would be approached only during operation
with substantial fuel cladding defects.

The design basis reactor water radioiodine concentrations are based on the relative mix of
radioiodines in reactor water predicted by the data of Reference 11.1-1 with magnitudes increased
such that the 1-131 concentration is consistent with the Table 11.1-1 release rate from the fuel. This
provides a margin relative to the expected [-131 release rate shown in Table 11.1-1. Reference
11.1-1 specifies expected concentrations of the 5 principal radioiodines in reactor water for a
reference BWR design and provides bases for adjusting the concentrations for plants with relevant
plant parameters that do not match those of the Reference Plant. The concentration adjustment
factors were calculated as described in Subsection 12.2.2 using the plant parameters in Table
11.1-3. The design basis concentrations are presented in Table 11.1-4a, and the normal operation
concentrations are in Table 11.1-4b.

The ratio of concentration in reactor steam to concentration in reactor water (carryover ratio) is
taken to be 0.02 for radioiodines (Reference 11.1-1). Consequently, the design basis
concentrations of radioiodines in steam are defined by multiplying the values of Table 11.1-4a by
the factor 0.02.
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Other Fission Products

This category includes fission products other than noble gases and iodines and also includes
transuranic nuclides. Some of the fission products are noble gas daughter products that are
produced in the steam and condensate system. The only transuranic which is detectable in
significant concentrations is Np239. Concentrations of those radionuclides that are typically
observable in the coolant are provided in Reference 11.1-1 for a reference BWR plant. The
Reference Plant concentrations are adjusted to obtain estimates for the ESBWR plant by using the
procedure described in Subsection 11.1.3 and appropriate data from Table 11.1-3. In order to
assure conservative design basis concentrations for the ESBWR, the results were increased by the
factor used to obtain design basis radioiodine concentrations. The design basis reactor water
concentrations are presented in Table 11.1-5a, and the normal operation concentrations reside in
Table 11.1-5b. The ratio of concentration in steam to concentration in water (carryover) for these
nuclides is expected to be less than 0.001 (Reference 11.1-1). The design basis concentrations in
steam are obtained by multiplying the values in Table 11.1-5a by 0.001 (Reference 11.1-1).

11.1.2 Activation Products

Coolant Activation Products

The coolant activation product of primary importance in BWRs is N'6. ANSI/ANS-18.1 (Reference
11.1-1) specifies a concentration of 1.85 MBg/gm (50 uCi/gm) in steam leaving the reactor vessel
for plants without Hydrogen Water Chemistry System (HWC). Plants with HWC are specified at
9.25 MBg/gm (250 uCi/gm). This HWC concentration is used as the design basis N'® concentration
in steam for the ESBWR shielding design. This is treated as essentially independent of reactor
design because both the production rate of N'® and the steam flow rate from the vessel are
assumed to vary in direct proportion to reactor thermal power. It should be noted that a portion of
the source term traditionally identified as “N'®” actually represents C'. To the extent that C'%is
present, it is generally about ~ 0.55 MBg/gm (15 pCi/gm) or less. Historically, gross gamma dose
rate measurements made to confirm the magnitude of the N'® concentration have included
responses to gamma rays from C'®. Use of the combined “N'®” source term in shielding design
introduces additional conservatism because the C'> component has a 2.45 second half-life, and
therefore decays more rapidly with transport time through the system than N'¢, which has a 7.1
second half-life.

The design basis N'® concentrations in steam and reactor water are shown in Table 11.1-6.
Reference 11.1-1 gives the reactor water concentration at the recirculation system. Because the
ESBWR does not have an external recirculation loop, the reactor water concentration has been
decay-corrected to the reactor core exit to obtain an estimated value shown in Table 11.1-1.
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Non-Coolant Activation Products

Radionuclides are produced in the coolant by neutron activation of circulating impurities and by
corrosion of irradiated system materials. Typical reactor water concentrations for the principal
activation products are contained in Reference 11.1-1. The values of Reference 11.1-1 were
adjusted to ESBWR conditions by using the procedure described in Subsection 11.1.3 and
appropriate data from Table 11.1-3. These results were increased by the same factor used for the
design basis radioiodine concentrations to obtain the conservative design basis reactor water
concentrations shown in Table 11.1-7a, with the normal operation concentrations provided in Table
11.1-7b. The steam carryover ratio for these isotopes is estimated to be less than 0.001 (Reference
11.1-1). A factor of 0.001 is applied to the Table 11.1-7a values to obtain the design basis
concentrations in steam.

Tritium

Tritium is produced by activation of naturally occurring deuterium in the primary coolant and, to a
lesser extent, as a fission product in the fuel (Reference 11.1-2). The tritium is primarily present as
tritiated oxide, T-O-H. Because tritium has a long half-life (12 years) and is not affected by cleanup
processes in the system, the concentration is controlled by the rate of loss of water from the system
by evaporation or leakage (Reference 11.1-1). Plant process water and steam have a common
tritium concentration. The concentration reached depends on the actual water loss rate; however,
References 11.1-1 and 11.1-3 both specify a typical concentration of 370 Bg/gm (0.01 uCi/gm) that
is stated in Reference 11.1-3 to be based on BWR experience adjusted to account for liquid recycle.
This value is taken to be applicable for the ESBWR.

Argon-41

Argon-41 is produced in the reactor coolant as a consequence of neutron activation of naturally
occurring Argon-40 in air that is entrained in the feedwater. The Argon-41 gas is carried out of the
vessel with the steam and stripped from the system with the non-condensables in the main
condenser. Observed Argon-41 levels are highly variable due to the variability in air in-leakage
rates into the system. Reference 11.1-3 specifies a normal operation Argon-41 release rate from
the vessel into the offgas treatment system of 1.5 MBq/sec (40 uCi/sec). This value is considered
conservative as it bounds the available experimental database; this value is provided in
Table 11.1-1.

11.1.3 Radionuclide Concentration Adjustment

In order to determine the estimated concentrations of radionuclides in the groups classified as
iodines, other non-volatile fission products, and non-coolant activation products using the
ANSI/ANS-18.1 Source Term Standard (Reference 11.1-1), it is necessary to apply appropriate
adjustment factors to the Reference Plant concentrations provided in the Standard.
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Equilibrium concentrations in reactor water are assumed to satisfy the relationship:

C = m (11.1-1)
where:
C = radionuclide concentration
S = radionuclide input rate to coolant
M = reactor water mass
A = radionuclide decay constant
R = sum of removal rates of the radionuclide from the system.

Consequently, if the radionuclide input rate is taken to depend primarily on the reactor thermal
power, the adjustment factors to be applied to the Reference Plant reactor water concentrations are
given by:

PM (A +R)

Adjustment Factor = W

(11.1-2)

7l

where the subscript “r” refers to the Reference Plant, P is the reactor thermal power and M, A, and
R are as defined above.

The removal rate from the system is the sum of the removal rates due to the Reactor Water
Cleanup System and the condensate demineralizer and is given by:

_ FEc *FghABEg

R
M

(11.1-3)
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where:
Fc = cleanup system flow rate
Ec = fraction of radionuclide removed in cleanup demineralizer
Fs = steam flow rate
A = ratio of radionuclide concentration in steam to concentration in water

(carryover ratio)

B = fraction of radionuclide in steam which is circulated through the
condensate demineralizer

Es = fraction of radionuclide removed in condensate demineralizer.

The Reference Plant and ESBWR plant parameters and the nuclide-dependent removal rate
parameters used for the ESBWR are shown in Table 11.1-3. The nuclide-dependent parameters are
the same as those used for the Reference Plant except for the fraction circulated through the
condensate demineralizer.

11.1.4 Fuel Fission Product Inventory

Fuel fission product inventory information is used in establishing fission product source terms for
accident analysis and is discussed in Appendix 15B.

11.1.5 Process Leakage Sources

Process leakage results in potential release of noble gases and other volatile fission products via
ventilation systems. Liquid from process leaks is collected and routed to the liquid-solid radwaste
system. Leakage of fluids from the process system results in the release of radionuclides into plant
buildings. In general, the noble radiogases remain airborne and are released to the atmosphere
with little delay via the building ventilation exhaust ducts. Other radionuclides partition between air
and water and may plate-out on metal surfaces, concrete, and paint. Radioiodines are found in
ventilation air as methyl iodide and as inorganic iodine (particulate, elemental, and hypoiodous acid
forms).

As a consequence of normal steam and water leakage into the drywell, equilibrium drywell
concentrations exist during normal operation. Purging of this activity from the drywell to the
environment occurs via the Reactor Building Contaminated Area HVAC Subsystem (CONAVS) as
described in Subsection 9.4.6.2.

Subsection 12.2.3 delineates the models, parameters, and sources required to evaluate the
airborne concentrations of radionuclides during plant operations in various plant radiation areas due
to process leakage.
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Airborne release data from BWR building ventilation systems and the main condenser Mechanical
Vacuum Pump (MVP) have been compiled and evaluated in Reference 11.1-4, which contains data
obtained by utility personnel and from special in-plant studies of operating BWR plants by
independent organizations and by GE Hitachi Nuclear Energy (GEH). Releases due to process
leakage are reflected in the airborne release estimates discussed in Subsection 12.2.2.

11.1.6 COL Information
None.

11.1.7 References

11.1-1 ANSI/ANS - 18.1-1999, Radioactive Source Term for Normal Operation of Light Water
Reactors.

11.1-2 General Electric Company, “Technical Derivation of BWR 1971 Design Basis
Radioactive Material Source Terms,” NEDO-10871, March 1973.

11.1-3 United States Nuclear Regulatory Commission (USNRC), “Calculation of Releases of
Radioactive Materials in Gaseous and Liquid Effluents from Boiling Water Reactors
(BWR),” NUREG-0016, Revision 1, January 1979.

11.1-4 General Electric Company, “Airborne Releases From BWRs for Environmental Impact
Evaluations,” NEDO-21159, March 1976.

11.1-5 Title 10 Code of Federal Regulations, Part 50, Appendix A, “General Design Criteria 60,
Control of Releases of Radioactive Materials to the Environment.”
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Table 11.1-1 Source Term Design Basis Parameters

Parameter Value

Total of the design basis release rates of the 13 noble gases (30 | 3700 MBg/sec (100,000 uCi/sec)
minute decay reference, t30)

Normal operational noble gas release rate (t30) 740 MBg/sec (20,000 pCi/sec)
Design basis 1-131 radioiodine core release rate 26 MBq/sec (700 uCi/sec)
Expected |-131 radioiodine core release rate 3.7 MBg/sec (100 pCi/sec)

Reactor core exit N'® concentration 1.85 MBg/gm (50 puCi/gm) w/o HWC
(design basis same as normal operation) 9.25 MBqg/gm (250 pCi/gm) w/HWC
Normal operational Argon*' release rate into the offgas 1.5 MBqg/sec (40 uCi/sec)

treatment system
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Table 11.1-2a Design Basis Noble Radiogas Source Terms in Steam
Decay Source Term at
Constant Steam Concentration t=30min
Isotope (per hour) (MBg/gm) (uCilgm) (MBg/sec) (uCilsec)
Kr-83m 3.73E-1 5.4E-05 1.5E-03 1.1E+02 2.9E+03
Kr-85m 1.55E-1 9.1E-05 2.5E-03 2.0E+02 5.5E+03
Kr-85 7.37E-6 3.6E-07 9.8E-06 8.9E-01 2.4E+01
Kr-87 5.47E-1 3.0E-04 8.1E-03 5.6E+02 1.5E+04
Kr-88 2.48E-1 3.0E-04 8.1E-03 6.5E+02 1.7E+04
Kr-89 1.32E+1 1.9E-03 5.2E-02 6.4E+00 1.7E+02
Xe-131m 2.41E-3 3.0E-07 8.1E-06 7.3E-01 2.0E+01
Xe-133m 1.30E-2 4.5E-06 1.2E-04 1.1E+01 2.9E+02
Xe-133 5.46E-3 1.3E-04 3.4E-03 3.1E+02 8.4E+03
Xe-135m 2.72E+0 4.0E-04 1.1E-02 2.5E+02 6.8E+03
Xe-135 7.56E-2 3.5E-04 9.4E-03 8.1E+02 2.2E+04
Xe-137 1.08E+1 2.4E-03 6.4E-02 2.6E+01 6.9E+02
Xe-138 2.93E+0 1.4E-03 3.7E-02 7.7E+02 2.1E+04
Totals 7.3E-03 2.0E-01 3.7E+03 1.0E+05
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Table 11.1-2b Normal Operational Noble Radiogas Source Terms in Steam
Decay Source Term at
Constant Steam Concentration t=30min

Isotope (per hour) (MBg/gm) (uCi/gm) (MBg/sec) (nCilsec)
Kr-83m 3.73E-1 1.1E-05 2.9E-04 2.2E+01 5.9E+02
Kr-85m 1.55E-1 1.8E-05 4.9E-04 4. 1E+01 1.1E+03
Kr-85 7.37E-6 7.3E-08 2.0E-06 1.8E-01 4.8E+00
Kr-87 5.47E-1 6.0E-05 1.6E-03 1.1E+02 3.0E+03
Kr-88 2.48E-1 6.0E-05 1.6E-03 1.3E+02 3.5E+03
Kr-89 1.32E+1 3.8E-04 1.0E-02 1.3E+00 3.5E+01
Xe-131m 2.41E-3 6.0E-08 1.6E-06 1.5E-01 3.9E+00
Xe-133m 1.30E-2 8.9E-07 2.4E-05 2.2E+00 5.8E+01
Xe-133 5.46E-3 2.6E-05 6.9E-04 6.2E+01 1.7E+03
Xe-135m 2.72E+0 8.0E-05 2.2E-03 5.0E+01 1.4E+03
Xe-135 7.56E-2 6.9E-05 1.9E-03 1.6E+02 4.4E+03
Xe-137 1.08E+1 4.7E-04 1.3E-02 5.1E+00 1.4E+02
Xe-138 2.93E+0 2.7E-04 7.4E-03 1.5E+02 4.2E+03

Totals 1.5E-03 3.9E-02 7.4E+02 2.0E+04
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Table 11.1-3 Calculational Parameters For Source Term Adjustment
A. Plant Parameters for Source Term Adjustment
Parameter Reference Plant ESBWR
Thermal Power, MWt 3400 4500
Reactor Water Mass, kg (Ib) 1.7E+5 3.06E+5
(3.8E+5) (6.74E+5)
Cleanup System Flow Rate, kg/hr (Ib/hr) 5.8E+4 8.76E+4
(1.3E+5) (1.93E+5)
Steam Flow Rate, kg/hr (Ib/hr) 6.8E+6 8.76E+6
(1.5E+7) (1.93E+7)
Ratio of Condensate Demineralizer Flow Rate to Steam Flow 1 0.663
Rate
B. Removal Parameters for Source Term Adjustment
Parameter lodines Rb, Cs All Others
Fraction removed by cleanup system 0.9 0.5 0.9
Fraction removed by condensate demineralizers 0.9 0.5 0.9
Ratio of concentration in steam and reactor water 0.02 0.001 0.001
Fraction of radionuclides in steam treated by condensate 0.18 0.01 0.01
demineralizer
11-11 Revision 0

October 2015




Fermi 3
Updated Final Safety Analysis Report

Table 11.1-4a Design Basis lodine Radioisotopes in Reactor Water and Steam
Decay
Constant Water Concentration Steam Concentration
Isotope (per hour) (MBg/gm) (uCilgm) (MBg/gm) (uCi/gm)
1-131 3.59E-3 8.6E-04 2.3E-02 1.7E-05 4.7E-04
1-132 3.03E-1 6.1E-03 1.6E-01 1.2E-04 3.3E-03
1-133 3.33E-2 5.6E-03 1.5E-01 1.1E-04 3.0E-03
1-134 7.91E-1 9.3E-03 2.5E-01 1.9E-04 5.0E-03
1-135 1.05E-1 7.4E-03 2.0E-01 1.5E-04 4.0E-03
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Table 11.1-4b Normal Operational lodine Radioisotopes in Reactor Water and

Steam

Decay

Constant Water Concentration Steam Concentration
Isotope (per hour) (MBg/gm) (uCi/gm) (MBg/gm) (uCi/gm)
1-131 3.59E-3 1.2E-04 3.3E-03 2.5E-06 6.6E-05
1-132 3.03E-1 8.6E-04 2.3E-02 1.7E-05 4.7E-04
1-133 3.33E-2 8.0E-04 2.2E-02 1.6E-05 4.3E-04
1-134 7.91E-1 1.3E-03 3.6E-02 2.7E-05 7.2E-04
1-135 1.05E-1 1.1E-03 2.8E-02 2.1E-05 5.7E-04
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Table 11.1-5a Design Basis Non-Volatile Fission Products In Reactor Water
Decay Constant Concentration
Isotope“) (per hour) (MBg/gm) (uCi/gm)

Rb-89 2.74E+0 7.0E-04 1.9E-02
Sr-89 5.55E-4 1.8E-05 4.9E-04
Sr-90 2.81E-6 1.3E-06 3.4E-05
Y-90 2.81E-6 1.3E-06 3.4E-05
Sr-91 7.31E-2 6.9E-04 1.9E-02
Sr-92 2.56E-1 1.6E-03 4.3E-02
Y-91 4.93E-4 7.3E-06 2.0E-04
Y-92 1.96E-1 9.8E-04 2.6E-02
Y-93 6.80E-2 6.9E-04 1.9E-02
Zr-95/Nb-95 4.41E-4 1.5E-06 3.9E-05
Mo-99/Tc-99m 1.05E-2 3.6E-04 9.7E-03
Ru-103/Rh-103m 7.29E-4 3.6E-06 9.8E-05
Ru-106/Rh-106 7.83E-5 5.5E-07 1.5E-05
Te -129m 8.65E-4 7.3E-06 2.0E-04
Te-131m 2.31E-2 1.8E-05 4.8E-04
Te-132 8.89E-3 1.8E-06 4.9E-05
Cs-134 3.84E-5 4.9E-06 1.3E-04
Cs-136 2.22E-3 3.3E-06 8.8E-05
Cs-137/Ba-137m 2.63E-6 1.3E-05 3.5E-04
Cs-138 1.29E+0 1.4E-03 3.8E-02
Ba-140/La-140 2.26E-3 7.3E-05 2.0E-03
Ce-141 8.88E-4 5.5E-06 1.5E-04
Ce-144/Pr-144 1.02E-4 5.5E-07 1.5E-05
Np-239 1.24E-2 1.4E-03 3.9E-02

Note:

1. Nuclides shown as pairs are assumed to be in secular equilibrium. The parent decay

constant and concentration are shown.
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Table 11.1-5b Normal Operational Non-Volatile Fission Products In Reactor
Water
Decay Constant Concentration
Isotopem (per hour) (MBqg/gm) (uCi/gm)
Rb-89 2.74E+0 9.9E-05 2.7E-03
Sr-89 5.55E-4 2.6E-06 7.0E-05
Sr-90 2.81E-6 1.8E-07 4.9E-06
Y-90 2.81E-6 1.8E-07 4 9E-06
Sr-91 7.31E-2 9.8E-05 2.7E-03
Sr-92 2.56E-1 2.3E-04 6.2E-03
Y-91 4.93E-4 1.0E-06 2.8E-05
Y-92 1.96E-1 1.4E-04 3.8E-03
Y-93 6.80E-2 9.9E-05 2.7E-03
Zr-95/Nb-95 4.41E-4 2.1E-07 5.6E-06
Mo-99/Tc-99m 1.05E-2 5.1E-05 1.4E-03
Ru-103/Rh-103m 7.29E-4 5.2E-07 1.4E-05
Ru-106/Rh-106 7.83E-5 7.8E-08 2.1E-06
Te-129m 8.65E-4 1.0E-06 2.8E-05
Te-131m 2.31E-2 2.5E-06 6.9E-05
Te-132 8.89E-3 2.6E-07 7.0E-06
Cs-134 3.84E-5 7.0E-07 1.9E-05
Cs-136 2.22E-3 4.7E-07 1.3E-05
Cs-137/Ba-137m 2.63E-6 1.9E-06 5.1E-05
Cs-138 1.29E+0 2.0E-04 5.4E-03
Ba-140/La-140 2.26E-3 1.0E-05 2.8E-04
Ce-141 8.88E-4 7.8E-07 2.1E-05
Ce-144/Pr-144 1.02E-4 7.8E-08 2.1E-06
Np-239 1.24E-2 2.1E-04 5.6E-03
Note:
1. Nuclides shown as pairs are assumed to be in secular equilibrium. The parent decay constant and
concentration are shown.
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Table 11.1-6 Design Basis(®N16 Concentrations in Reactor Water and Steam
Steam Concentration(!) Reactor Water Concentration(?)
Isotope Half-Life (MBg/gm) (uCi/lgm) (MBg/gm) (uCi/gm)

N-16 7.13 sec 1.85 50 2.2 60
Notes:
1. During operation with hydrogen water chemistry, increase this value by a factor of five.
2. Valid at core exit.
3. Normal operational concentrations are the same as design basis concentrations.
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Table 11.1-7a Design Basis Non-Coolant Activation Products in Reactor Water
Decay Constant Concentration
Isotope (per hour) (MBg/gm) (uCi/gm)

Na-24 4.63E-2 3.5E-04 9.5E-03

P-32 2.02E-3 7.3E-06 2.0E-04

Cr-51 1.04E-3 5.5E-04 1.5E-02

Mn-54 9.53E-5 6.4E-06 1.7E-04

Mn-56 2.69E-1 4.0E-03 1.1E-01

Fe-55 3.04E-5 1.8E-04 4.9E-03

Fe-59 6.33E-4 5.5E-06 1.5E-04

Co-58 4.05E-4 1.8E-05 4.9E-04

Co-60 1.50E-5 3.6E-05 9.8E-04

Ni-63 7.90E-7 1.8E-07 4.9E-06

Cu-64 5.42E-2 5.2E-04 1.4E-02

Zn-65 1.18E-4 1.8E-04 4.9E-03

Ag-110m 1.16E-4 1.8E-07 4.9E-06

W-187 2.90E-2 5.3E-05 1.4E-03
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Table 11.1-7b Normal Operational Non-Coolant Activation Products in Reactor
Water
Decay Constant Concentration
Isotope (per hour) (MBg/gm) (uCi/gm)
Na-24 4.63E-2 5.0E-05 1.4E-03
P-32 2.02E-3 1.0E-06 2.8E-05
Cr-51 1.04E-3 7.8E-05 2.1E-03
Mn-54 9.53E-5 9.1E-07 2.5E-05
Mn-56 2.69E-1 5.7E-04 1.5E-02
Fe-55 3.04E-5 2.6E-05 7.0E-04
Fe-59 6.33E-4 7.8E-07 2.1E-05
Co-58 4.05E-4 2.6E-06 7.0E-05
Co-60 1.50E-5 5.2E-06 1.4E-04
Ni-63 7.90E-7 2.6E-08 7.0E-07
Cu-64 5.42E-2 7.5E-05 2.0E-03
Zn-65 1.18E-4 2.6E-05 7.0E-04
Ag-110m 1.16E-4 2.6E-08 7.0E-07
W-187 2.90E-2 7.6E-06 2.1E-04
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11.2 Liquid Waste Management System

The ESBWR Liquid Waste Management System (LWMS) is designed to control, collect, process,
handle, store, and dispose of liquid radioactive waste generated as the result of normal operation,
including anticipated operational occurrences.

The LWMS is housed in the Radwaste Building and consists of the following four subsystems:
» Equipment (low conductivity) drain subsystem
* Floor (high conductivity) drain subsystem
* Chemical drain subsystem
* Detergent drain subsystem

A LWMS Process Diagram depicting all four subsystems is provided in Figure 11.2-1. ALWMS
Processing Stream Information Directory and simplified flow diagram are provided in Figure 11.2-2.
The Radwaste Building general arrangement drawings are provided in Figures 1.2-21 through
1.2-25. The LWMS equipment codes and component capacities are provided in Tables 11.2-1,
11.2-2a, 11.2-2b, and 11.2-2c, respectively. The process decontamination factors and normal and
maximum daily inputs for the LWMS Subsystems are provided in Tables 11.2-3 and 11.2-4,
respectively.

The equipment and floor drainage collection system, a major input source to the LWMS, is
described in Subsection 9.3.3.

Process and effluent radiological monitoring and sampling systems are described in Section 11.5.
The LWMS complies with Regulatory Guide 1.143 (Reference 11.2-1) guidance regarding liquid

radwaste treatment systems.

11.2.1 Design Bases

Safety Design Bases
The LWMS has no safety-related function.

LWMS Design Bases

LWMS design bases is provided below; process and effluent radiological monitoring systems are
described in Section 11.5.

* The LWMS has the capability to process the maximum anticipated quantities of liquid waste
without impairing the operation or availability of the plant during both normal and anticipated
operational occurrence conditions, satisfying the requirements of Title 10 Code of Federal
Regulations (CFR) Part 20 App. B (Reference 11.2-2), 10 CFR 50.34a and 10 CFR 52.47
(Reference 11.2-3) (see Table 11.2-4 for time to process maximum inputs).
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» Alternate process subsystem cross-ties and adequate storage volumes are included in the
LWMS design to provide for operational and anticipated surge waste volumes.

* The LWMS is designed so that no potentially radioactive liquids can be discharged to the
environment unless they have first been monitored and diluted, as required. Offsite radiation
exposures on an annual average basis are within the limits of 10 CFR 20 App. B (Reference
11.2-2) and 10 CFR 50.34a and 10 CFR 52.47 (Reference 11.2-3).

» The LWMS is designed to meet the requirements of General Design Criteria (GDC) 60
(Reference 11.2-4) and RG 1.143 (Reference 11.2-1). Regulatory Guide 1.143 provides
radioactive waste management systems; structures and components design guidance; and
quality group clarification and quality assurance provisions so that liquid waste as result of
natural phenomena hazards and external man-induced hazards can be successfully processed.
Further, it describes provisions for mitigating Design Basis Accidents (DBA) and controlling
releases of liquids containing radioactive materials; e.g., spills or tank overflows, from all plant
systems outside reactor containment.

+ The LWMS is designed to keep plant personnel exposure As Low As Reasonably Achievable
(ALARA) during normal operation and plant maintenance, in accordance with RG 8.8
(Reference 11.2-5).

» The seismic category, quality group classification, and corresponding codes and standards that
apply to the design of the LWMS are discussed in Section 3.2.

« All atmospheric liquid radwaste tanks are provided with an overflow connection at least the size
of the largest inlet connection. The overflow is connected below the tank vent and above the
high-level alarm setpoint. Each collection tank room is designed to contain the maximum liquid
inventory in the event that the tank ruptures. Steel tank cubicle liners are utilized to preclude
accidental releases to the environment. The radwaste tank cubical walls are sealed and coated.

* An evaluation is included in Chapter 12 to show that the proposed systems are capable of
controlling releases of radioactive materials within the numerical design objectives of Appendix |
to 10 CFR 50 (Reference 11.2-6).

* An evaluation is included in Chapter 12 to show that the proposed systems have sufficient
capacity, redundancy, and flexibility to meet the concentration limits of 10 CFR 20 App. B
(Reference 11.2-2) during periods of equipment downtime and during operation at design basis
fuel leakage.

» Temporary connections are installed up stream and down stream of the Equipment Drain and
Floor Drain Subsystems of the LWMS Processing Subsystem to provide alternate processing
capability in the event of a subsystem failure, or additional processing capacity as required by
NUREG-800, Branch Technical Position 11-6 (Reference 11.2-11).

Process and effluent radiological monitoring systems are described in Section 11.5.
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Regulatory Guide 1.110 methodology was applied to satisfy the cost-benefit analysis requirements
of 10 CFR 50, Appendix I, Section II. D, for the system augments compatible with BWR plant design
features. Cost parameters used to calculate the Total Annual Cost (TAC) for each applicable
radwaste treatment system augment listed in RG 1.110 are taken without exception from RG 1.110,
Appendix A. These costs are Annual Operating Cost (AOC) (Table A-2), Annual Maintenance Cost
(AMC) (Table A-3), Direct Cost of Equipment and Materials (DCEM) (Table A-1), and Direct Labor
Cost (DLC) (Table A-1). Other cost parameters used to determine TAC are as follows:

» Capital Recovery Factor (CRF) - Obtained from RG 1.110, Table A-6, this factor reflects the
cost-of-money for capital expenditures. A cost-of-money value of 7 percent per year is assumed
in this analysis, consistent with "Guidelines and Discount Rates for Benefit-Cost Analysis of
Federal Programs" (OMB Circular A-94) (Reference 11.2-201). Based on a 30-year service life,
Table A-6 gives a CRF of 0.0806.

* Indirect Cost Factor (ICF) - Obtained from RG 1.110, Table A-5, this factor takes into account
whether the radwaste system will be shared with an operating unit on site. At Fermi, the
radwaste system for Fermi 3 will not be shared with the radwaste system for Fermi 2; which
gives an ICF of 1.625.

» Labor Cost Correction Factor (LCCF) - Obtained from RG 1.110, Table A-4, this factor takes into
account the relative labor cost differences among geographical regions. A factor of 1.5 is
assumed in the analysis based on Fermi being located in Region Il as shown on RG 1.110,
Figure A-1.

A value of $1,000 per person-rem is prescribed in 10 CFR 50, Appendix .

There are three augments which fall below the $1000 per person-rem threshold value; these are a
20 gpm cartridge filter, evaporator distillate demineralizer, and 10,000 gallon tank.

If it is conservatively assumed that each radwaste treatment system augment is a "perfect"”
technology that reduces the effluent dose by 100 percent, the annual cost of the augment can be
determined and the lowest annual cost can be considered a threshold value. The lowest-cost option
for augments is a 20 gpm cartridge filter at $11,900 per year, which yields a threshold value of 11.9
person-rem whole body or thyroid dose from liquid effluents.

Neglecting the modeling of filters in the development of the source term, the addition of a 20 gpm
cartridge filter would treat only 20 percent of the total analyzed liquid radwaste discharge of 105
gpm. Assuming 100 percent effectiveness, this would represent a dose reduction of 30.07
person-rem x 20 percent = 6.014 person-rem. The cost benefit ratio for this augment is therefore
greater than the $1000/person-rem and not a cost benefit augment.

The addition of an evaporator distillate demineralizer is dependent on the existence of an
evaporator. Even though the cost of the option, $16,400, is below the threshold value, this system
cannot be incorporated without the use of an evaporator which would have a cost greater than the
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$30,700 threshold. Based on the threshold of $30,700 and the presence of the evaporator, it is
determined that this augment is not cost-beneficial.

The cost to incorporate a 10,000 gallon tank is $18,600. The purpose of such a tank is to provide
additional holdup capacity to allow decay of short-lived radionuclides prior to discharge. The 10,000
gallon tank would be used for holdup, based on 105 gpm effluent discharge; holdup time would be
95 minutes. The list of nuclides in the effluent discharge can be found from the average annual
liquid release in Table 12.2-19b. By examining the half-life of each nuclide, only three of the
half-lives are less than the 95 minute holdup time Compared to overall release, these comprise
<0.001% of the total annual release; therefore this augment will have little affect and is not a cost
benefit augment.

Of the three augments which fall below the $1000 per person-rem threshold value, none of these is
cost-beneficial.

Note that the ESBWR Radwaste LWMS is designed to monitor and process all radioactive liquid
streams and to provide water management for those streams. Under normal conditions, the water
management is not expected to result in any routine release of radioactive effluents in the liquid
discharges.

11.2.2 System Description

11.2.2.1 Summary Description

The LWMS collects, monitors, processes, stores, and disposes of potentially radioactive liquid
waste collected throughout the plant.

The equipment and floor drainage systems are described in Subsection 9.3.3.

Potentially radioactive liquid wastes are collected in tanks located in the Radwaste Building.
System components are designed and arranged in shielded enclosures to minimize exposure to
plant personnel during operation, inspection, and maintenance. Tanks, processing equipment,
pumps, valves, and instruments that may contain radioactivity are located in controlled access
areas.

The LWMS normally operates on a batch basis. Provisions for sampling at important process points
are included. Protection against accidental discharge is provided by detection and alarm of
abnormal conditions and by administrative controls.

The LWMS is divided into several subsystems, so that the liquid wastes from various sources can
be segregated and processed separately, based on the most economical and efficient process for
each specific type of impurity and chemical content. Cross-connections between subsystems
provide additional flexibility in processing the wastes by alternate methods and provide redundancy
if one subsystem is inoperative.
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The radwaste processing equipment is designed to meet or exceed the decontamination factors in
Table 11.2-3.

11.2.2.2  System Operation

The LWMS is operated at atmospheric and greater pressures. Tanks are vented to the atmosphere
via the radwaste ventilation system described in Subsection 9.4.3. No condensing vapors are
housed to create a vacuum. The vent is also large enough to accommodate the airflow associated
with pumping down the tank at a maximum flowrate. Therefore, no adverse conditions are
expected.

The LWMS consists of the following four processing subsystems.

11.2.2.2.1 Equipment (Low Conductivity) Drain Subsystem

The equipment drain collection tanks receive low conductivity inputs from various sources within the
plant. These waste inputs have a high chemical purity and are processed on a batch basis. The
equipment drain subsystem consists of three collection tanks and collection pumps, a processing
system featuring a filtration system, reverse osmosis, Mixed-Bed lon Exchanger and the associated
piping, instrumentation and electrical systems as required, and two sample tanks and sample
pumps. Additional collection capacity is provided by cross connection to the floor drain collection
tanks. Cross-connections with the floor drain subsystem allow processing through the Processing
Subsystem for floor drain treatment. The equipment drain subsystem is shown on Figure 11.2-1a.

A strainer or filter is provided downstream of the last ion exchanger in series to collect crud and
resin fines that may be present.

The process effluents are collected in one of the two sample tanks for chemical and radioactivity
analysis. If acceptable, the tank contents are returned to the condensate storage tank for plant
reuse. A recycle line from the sample tanks allows the sampled effluents that do not meet water
quality requirements to be pumped back to an Equipment (Low Conductivity) Drain Collection Tank
or Floor (High Conductivity) Drain Collection Tank for additional processing. If the plant condensate
inventory is high, the sampled process effluent may be discharged.

Filters are backwashed periodically to maintain capacity. Backwash waste is discharged to the Wet
Solid Waste Collection Subsystem. Spent mixed-bed ion exchanger resin is either discharged to a
low activity resin holdup tank as a slurry, or sent directly to a High Integrity Container (HIC).

Reverse osmosis units create a brine waste stream with a nominal flow rate of three gpm based on
current industry experience, which is discharged to the concentrated waste tank.

11.2.2.2.2 Floor (High Conductivity) Drain Subsystem

The floor drain collection tanks receive high conductivity waste (HCW) inputs from various floor
drain sumps in the Reactor Building (RB), Turbine Building (TB), Fuel Building (FB), and Radwaste
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Building (RW). The floor drain collection tanks also receive waste input from the chemical drain
collection tank.

The floor drain subsystem consists of two floor drain collection tanks and collection pumps, a
processing system featuring a filtration system, reverse osmosis, Mixed-bed lon Exchanger and the
associated piping, instrumentation and electrical systems as required, and two sample tanks and
sample pumps. The waste collected in the floor drain collection tanks is processed on a batch
basis. Cross-connections with the equipment drain subsystem also allow for processing through
that subsystem. The floor drain subsystem is shown on Figure 11.2-1b.

Additional collection capacity is provided by cross connection to the equipment drain collection
tanks.

A strainer or filter is provided downstream of the last ion exchanger in series to collect crud and
resin fines that may be present.

The floor drain sample tanks collect the process effluent, so that a sample is taken for chemical and
radioactivity analysis before discharging or recycling. The discharge path depends on the water
quality, dilution stream availability and plant water inventory. Off-standard quality effluent can be
recycled to floor drain collection tanks or equipment drain collection tanks. If the treated effluent
meets water quality standards, and if the water inventory permits it to be recycled, the processed
floor drain effluent can be recycled to the condensate storage tank or discharged offsite.

The liquid waste filter sludge is periodically discharged to a low activity phase separator. Spent
mixed-bed ion exchanger resin is discharged to a low activity spent resin holdup tank as slurry.

The capability exists to accept used condensate polishing resin in a condensate resin receiver tank.
The used condensate polishing resin from Condensate Purification System is transferred to the
condensate resin receiver tank, as described in Subsection 10.4.6.2.3, prior to use in the pre-
treatment mixed-bed ion exchanger in the floor drain subsystem.

Reverse osmosis units create a brine waste stream with a nominal flow rate of three gpm based on
current industry experience, which is discharged to the concentrated waste tank.

11.2.2.2.3 Chemical Drain Subsystem

To the greatest extent practicable, waste chemicals will be kept out of the LWMS, including the
Chemical Drain Subsystem. The chemical waste collected in the chemical drain collection tank
consists of laboratory wastes and decontamination solutions. After accumulating in the chemical
drain collection tank, the tank contents are transferred to the low activity spent resin tank, detergent
drain tank, or to the floor drain collection tanks. Chemical Control programs ensure that unapproved
liquids are not added to chemical drain subsystem or LWMS. The chemical drain subsystem is
shown in Figure 11.2-4.
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11.2.2.2.4 Detergent Drain Subsystem

Waste water containing detergent from the controlled laundry and personnel decontamination
facilities throughout the plant is collected in the detergent drain collection tanks. The detergent drain
subsystem consists of two detergent drain collection tanks and collection pumps, a processing
system (consisting of a filtration system, organic pre-treatment equipment, and the associated
piping, instrumentation and electrical systems as required), and two sample tanks and sample
pumps. The detergent waste treatment includes suspended solid removal processing and organic
material removal processing as necessary. The treated waste is collected in sample tanks. A
sample is taken, and if discharge standards are met, the waste is discharged offsite. Off-standard
quality water can either be recycled for further processing to the detergent collection tank or to the
floor drain collection tank. A cross-connection with the chemical drain collection subsystem is also
provided. The detergent drain subsystem is shown on Figure 11.2-3.

11.2.2.3 Detailed System Component Description

The LWMS consists of permanently installed tanks, pumps, pipes, valves, and instruments, and
processing subsystems for waste processing. Processing Subsystems provide operational flexibility
and maintainability to support plant operation. The major components of the LWMS are as follows
below.

11.2.2.3.1 Pumps

The LWMS process pumps are constructed of materials suitable for their intended service. See
Table 11.2-2b for type and capacity of pumps.

Pump codes are per the noted requirements of Table 3.6-2 for K10 Liquid Waste Management
Systems.

11.2.2.3.2 Tanks

Tanks are sized to accommodate the expected volumes of waste generated in the upstream
systems that feed waste into the LWMS for processing. See Table 11.2-2a for type and volume of
tanks. The tanks are constructed of stainless steel to provide a low corrosion rate during normal
operation. The tanks are provided with mixing eductors and/or sparger nozzles. The capability
exists to sample all LWMS collection and sample tanks. LWMS tanks are vented into the radwaste
ventilation system. The LWMS tanks are designed in accordance with the equipment codes listed in
Table 11.2-1.

All atmospheric liquid radwaste tanks are provided with an overflow connection at least the size of
the largest inlet connection. The overflow is connected below the tank vent and above the
high-level alarm setpoint. Each collection tank room is designed to contain the maximum liquid
inventory in the event that the tank ruptures. Tank cubicles are lined with steel to preclude
accidental releases to the environment. Concrete walls are sealed and coated for added protection.
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Tanks are vented to the radwaste ventilation system. The radwaste ventilation system is described
in Subsection 9.4.3.

Tank codes are per the noted requirements of Table 3.6-2 for K10 Liquid Waste Management
Systems.

11.2.2.3.3 Processing Systems

Specific equipment connection configuration and plant sampling procedures are used to implement
the guidance in Inspection and Enforcement (IE) Bulletin 80-10 (Reference 11.2-10). The
non-radioactive systems, which are connected to radioactive or potentially radioactive portions of
process LWMS, are protected from contamination with an arrangement of double check valves in
each line. The configuration of each line is also equipped with a tell-tale connection, which permits
periodic checks to confirm the integrity of the line and its check valve arrangement. Plant
procedures describe sampling of non-radioactive systems that could become contaminated by
cross-connection with systems that contain radioactive material. In accordance with the guidance in
RG 1.109, exposure pathways that may arise due to unique conditions are considered for
incorporation into the plant-specific ODCM if they are likely to contribute significantly to the total
dose.

Section 12.3 discusses how ESBWR design features and procedures for operation will minimize
contamination of the facility and environment, facilitate decommissioning, and minimize the
generation of radioactive wastes, in compliance with 10 CFR 20.1406. Section 13.5 describes the
requirement for procedures for operation of radioactive waste processing system. Operating
procedures for LWMS process systems required by Section 12.3, Section 12.4, Section 12.5, and
Section 13.5 address the requirements of 10 CFR 20.1406.

The processing systems are configured for installation ease and process reconfiguration at system
connections.

The LWMS Processing Systems are located in the Radwaste Building (RW) to allow truck access
and processing system installation. Modular shield walls are provided in the RW to allow shield
walls to be constructed to minimize exposure to personnel during operation and routine
maintenance.

11.2.2.3.4 Equipment Drain Reverse Osmosis and Mixed-Bed Demineralizer Processing
Subsystem

The design of the Equipment Drain Reverse Osmosis and Mixed-Bed Demineralizer Processing
Subsystem is depicted in Figure 11.2-1. The equipment drain processing system utilizes filters for
removing suspended solid and radioactive particulate material, and charcoal adsorbtion for organic
material removal as necessary. Backwash operation for filtration units is performed when the
differential pressure across the filter exceeds a preset limit. Filtration backwash waste is discharged
to a low activity phase separator or sent directly to a High Integrity Container (HIC).
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The Equipment Drain Subsystem consists of a filter for removing large particles, a carbon bed for
removing organics, as required, a reverse osmosis membrane for removing submicron particulates,
and mixed-bed ion exchangers for polishing dissolved ionic compounds. Exhausted resins from a
mixed bed ion exchange unit are sluiced to the low activity spent resin holdup tank when an effluent
purity parameter (such as conductivity) exceeds a preset limit or upon high differential pressure
across the unit. Fine mesh strainers with backwashing connections are provided in the ion
exchange vessel discharge and in the downstream piping to limit resin fines from being carried over
to the sampling tanks. Reverse osmosis concentrates are accumulated in the Concentrated Waste
Tank to facilitate processing.

The processing system is designed and configured for installation ease and process
reconfiguration. In-plant supply and return connections from permanently installed equipment to the
processing system are provided for operational flexibility.

11.2.2.3.5 Floor Drain Reverse Osmosis and Mixed-Bed Demineralizer Processing
Subsystem

The design of the Floor Drain reverse osmosis and Mixed-Bed Demineralizer Processing
Subsystem is depicted in Figure 11.2-1. The Floor Drain Subsystem consists of a filter for removing
large particles, a carbon bed for removing organics, as required, a reverse osmosis membrane for
removing submicron particulates, and mixed-bed ion exchangers for polishing dissolved ionic
compounds.

Exhausted ion exchange resins may be sluiced to the spent resin tank when a chemistry parameter
(such as conductivity) exceeds a preset limit or upon high differential pressure. Fine mesh strainers
with backwashing connections are provided in the ion exchange vessel discharge and in the
downstream piping to limit resin fines from being carried over to the sampling tanks. Reverse
osmosis concentrates are accumulated in the Concentrated Waste Tank to facilitate processing.

The processing system is configured for installation ease and process reconfiguration. In-plant
supply and return connections from other radwaste equipment to the processing system are
provided to ensure operational flexibility.

11.2.2.3.6 Detergent Drain Pre-Filter and Charcoal Filter Processing Subsystem

The design of the Detergent Drain Pre-Filter and Charcoal Filter Processing Subsystem is depicted
in Figure 11.2-1. The Detergent Drain Processing Subsystem can utilize organic pretreatment to
remove organics and a filter to remove suspended solids. When the differential pressure of the filter
exceeds a preset value, the filter performance is rejuvenated in accordance with the design of the
filter. Spent filter media are packaged as solid waste.
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11.2.3 Safety Evaluation - Radioactive Releases

11.2.3.1 Safety Evaluation

The LWMS has no safety-related function. Failure of the system does not compromise any
safety-related system or component nor does it prevent shutdown of the plant. No interface with the
safety-related electrical system exists.

11.2.3.2 Radioactive Releases

During liquid processing by the LWMS, radioactive contaminants are removed and the bulk of the
liquid is purified and either returned to the condensate storage tank or discharged to the
environment. The radioactivity removed from the liquid waste is concentrated on filter media,
reverse osmosis membrane, ion exchange resins, and concentrated waste. The decontamination
factors (DFs) that are listed in Table 11.2-3 and Table 12.2-19a are in accordance with
NUREG-0016 (Reference 11.2-7), but are considered conservative values. The filter sludge, ion
exchange resins and concentrated waste are sent to the Solid Waste Management System
(SWMS) for further processing. Liquid samples are collected using the processing sampling system
described in Subsection 9.3.2. If the liquid meets the purity requirements it is returned to the plant
for condensate makeup. If the liquid is discharged, the activity concentration is consistent with the
discharge criteria of 10 CFR 20 App. B (Reference 11.2-2) and dose commitment in 10 CFR 50,
Appendix | (Reference 11.2-6).

All radioactive releases will be discharged to the circulating water system. The LWMS discharge
pipe from the Fermi 3 Radwaste Building is a buried stainless steel line with no valves, vacuum
breakers, or other inline components and is enclosed within a guard pipe and monitored for leakage
to comply with 10 CFR 20.1406. The LWMS discharge line connects to the circulating water system
blowdown line within the Exclusion Area Boundary for dilution below the limits of 10 CFR 20
Appendix B, Table Il, Column 2. Dilution at this point, downstream of the connection to the
circulating water system blowdown line is supplied by the circulating water system. The diluted flow
is discharged from the circulating water system through the blowdown line which extends into Lake
Erie. The blowdown line is a buried high density polyethylene pipe with no valves, vacuum
breakers, or other inline components in the blowdown line downstream of the LWMS connection as
required by Subsection 12.3.1.5.1. Monitoring for leakage downstream of LWMS connection is per
NEI 08-08A (Reference 11.2-202) as described in Subsection 12.3.1.5.2. This monitoring will be
implemented as part of the Fermi 3 groundwater monitoring program. Prior to discharging to the
environment, the contents of the tank being released are sampled and analyzed to ensure that the
activity concentration is consistent with the discharge criteria of 10 CFR 20 Appendix B (Reference
11.2-2) and dose commitment in 10 CFR 50, Appendix | (Reference 11.2-6). A radiation monitor
provides an automatic closure signal to the discharge line isolation valve.

The parameters and assumptions used to calculate releases of radioactive materials in liquid
effluents and their bases are provided in Chapter 12. The LWMS design ensures that calculated
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individual doses from the release of radioactive liquid effluents during normal operation and
anticipated operational occurrence is less than 0.03 mSv (3 mrem) to the whole body and 0.1 mSv
(10 mrem) to any organ to meet the requirements of 10 CFR 20 Appendix B and 10 CFR 50
Appendix | (References 11.2-2 and 11.2-6).

Expected releases of radioactive materials by radionuclides in liquid effluents resulting from normal
operation, including anticipated operational occurrences, and from design basis fuel leakage are
provided in Chapter 12.

An assessment of potential radiological liquid releases following a postulated failure of a LWMS
tank and its components, in accordance with Branch Technical Position (BTP) 11-6 (Reference
11.2-11), is provided in Subsection 15.3.16.

A tabulation of the releases by radionuclides can be found in Chapter 12. The tabulation includes
the total system and each subsystem, and indication of the effluent concentrations. The calculated
concentrations in the effluents are within the concentration limits of 10 CFR 20 App. B (Reference
11.2-2). The doses resulting from the effluents are within the numerical design objectives of
Appendix | to 10 CFR 50 (Reference 11.2-6) and the dose limits of 10 CFR 20 App. B (Reference
11.2-2) as set forth in Chapter 12.

11.2.3.3  Dilution Factors
Refer to Section 12.2 for dilution factors used in evaluating the release of liquid effluents.

11.2.4 Testing and Inspection Requirements

LWMS inspection and testing requirements are identified in Table 11.2-1. A pre-operational test is
performed on the LWMS as discussed in Chapter 14. Thereafter, portions of the systems are tested
as needed.

During initial testing of the system, the pumps and processing systems are performance tested to
demonstrate conformance with design flows and processing performance specifications. A leak
integrity test is performed on the system upon completion.

Provisions are made for periodic inspection of major components to ensure capability and integrity
of the systems. Process display devices are provided to indicate vital parameters required in routine
testing and inspection.

The demineralizers are procured with a certain capability to remove ionic species and impurities to
meet requirements in NRC Regulations 10 CFR Part 20 App B (Reference 11.2-2 and Reference
11.2-6) and 10 CFR Part 50 (Reference 11.2-2 and Reference 11.2-6), Appendix |, to ensure that
the decontamination factors for effluent releases do not exceed regulatory limits (Table 11.2-3).
Thus, an inspection of the amount of filtration and demineralizer media will be conducted to verify
that the loading meets the vendor recommended loading for the demineralizer capabilities as
specified in the vendor material, such as a vendor manual, for the equipment.
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Replacement filters, charcoal, and resins will be purchased to meet performance standards which
support overall system decontamination factors listed in Table 11.2-3.

The quality assurance program for design, fabrication, procurement, and installation of the liquid
radioactive waste system is in accordance with the overall quality assurance program described in
Chapter 17.

11.2.5 Instrumentation Requirements

The LWMS is operated and monitored from the Radwaste Building Control Room. Major system
parameters, i.e., tank levels, process flow rates, filter and ion exchanger differential pressure, ion
exchanger effluent conductivity, etc., are indicated and alarmed as required to provide operational
information and performance assessment. A continuous radiation detector, as described in
Subsection 11.5.3.2.5, is provided to monitor the discharge of radioactivity to the environs. Key
system alarms are repeated in the main control room.

11.2.6 COL Information

11.2-1-A Implementation of IE Bulletin 80-10
This COL item is addressed in Subsection 11.2.2.3.

11.2-2-A Implementation of Part 20.1406
This COL item is addressed in Subsection 11.2.2.3.
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11.2-4 Title 10 Code of Federal Regulations Part 50, Appendix A, General Design Criterion 60,
“Control of Releases of Radioactive Materials to the Environment.”

11.2-5 Nuclear Regulatory Commission, Regulatory Guide 8.8, “Information Relevant to
Ensuring that Occupational Radiation Exposures at Nuclear Power Stations Will Be as
Low as Is Reasonably Achievable,” Revision 3, June 1978.

11.2-6 Title 10 Code of Federal Regulations Part 50, Appendix I, “Numerical Guides for Design
Objectives and Limiting Conditions for Operation to Meet the Criterion “As Low as is
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11.2-7

11.2-8
11.2-9
11.2-10

11.2-11

11.2-12

11.2-201

11.2-202

Reasonably Achievable” for Radioactive Material in Light-Water-Cooled Nuclear Power
Reactor Effluents.”

Nuclear Regulatory Commission, “Calculation of Releases of Radioactive Materials in
Gaseous and Liquid Effluents from Boiling Water Reactors,” NUREG-0016, Revision 1,
January 1979.

(Deleted)
Title 10 Code of Federal Regulations, Part 20.1406 “Minimization of Contamination.”

Inspection and Enforcement (IE) Bulletin 80-10, “Contamination of Nonradioactive
System and Resulting Potential for Unmonitored, Uncontrolled Release to
Environment,” May 6, 1980.

NUREG-0800, Standard Review Plan, “For the Review of Safety Analysis Reports for
Nuclear Power Plants,” Branch Technical Position 11-6, “Postulated Radioactive
Releases Due to Liquid-Containing Tank Failures,” March 2007.

ANSI/ANS-55.6-1993 (R1999), “Liquid Radioactive Waste Processing System for Light
Water Reactors.”

OMB Circular A-94, “Guidelines and Discount Rates for Benefit-Cost Analysis of
Federal Programs,” October 29, 1992, Office of Management and Budget.

Nuclear Energy Institute, Generic FSAR Template Guidance for Life Cycle
Minimization of Contamination, NEI 08-08A.
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Table 11.2-1 Equipment Codes (from Table 1, RG 1.143)

Design and Inspection and
Component Construction Materials(!) Welding Testing
Pressure Vessels and ASME Boiler and ASME Code Section ASME Code ASME Code
Tanks Pressure Vessel Il Section IX Section VI, Div.1
(>15 psig) Code (BPVC) or Div.2
Div.1 or Div.2
Atmospheric Tanks(”) API 650 ASME Code ASME Code API 650
Section Il Section IX
0-15 psig Tanks(") API 620 ASME Code Section ASME Code API 620
] Section IX
Heat Exchangers TEMA STD, ASTM B359-98 ASME Code ASME Code
8th Edition; ASME or ASME Code Section IX Section VIII, Div.1or
BPVC Section VIII, Section |l Div.2
Div.1 or Div.2
Piping and Valves ANSI/ASME ASME Code ASME Code ANSI/ASME B31.3
B31.3(4and5) Section 1) Section IX
Pumps API 610; API 674; ASTM A571-84 ASME Code ASME Code®
API 675; ASME (1997) or ASME Code Section IX .
BPVC Section VIII, Section 116) Section ll, Class 3
Div.1 or Div.2
Flexible Hoses and ANSI/ANS- ANSI/ANS- ANSI/ANS-40.37 ANSI/ANS-
Hose Connections for 40.37 40.37 40.37
Rwp®)
Notes:
1. Manufacturer's material certificates of compliance with material specifications may be provided in
lieu of certified material test reports as discussed in Regulatory Position 1.1.2 of Regulatory
Guide 1.143.
2. ASME Code stamp, material traceability, and the quality assurance criteria of ASME BPVC,

Section lll, Div.1, Article NCA are not required. Therefore, these components are not classified as
ASME Code Section lll, Class 3.

3. Flexible Hoses should only be used in conjunction with Radwaste Processing Systems (RWP).
Class RW-lla and RW-IIb Piping Systems are to be designed as category “M” systems.
Classes RW-lla, RW-IlIb and RW-llc are discussed in Regulatory Position 5 of Regulatory
Guide 1.143.

ASME BPVC Section Il required for Pressure Retaining Components.

Per Regulatory Guide 1.143, tank design and fabrication are in accordance with ASME BPVC
Div. 1 or Div. 2; API 620; API 650 or American Water Works Association (AWWA) D-100,
depending on design requirements.
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Table 11.2-2a LWMS Component Capacity (Tanks)“)
Nominal Capacity®
Component Type(? Quantity Liter (Gal) per Tank
Equipment Drain Collection Tanks Vertical, Cylindrical 3 140,000 (36,988)
Equipment Drain Sample Tanks Vertical, Cylindrical 2 140,000 (36,988)
Floor Drain Collection Tanks Vertical, Cylindrical 2 130,000 (34,346)
Floor Drain Sample Tanks Vertical, Cylindrical 2 130,000 (34,346)
Chemical Drain Collection Tank Vertical, Cylindrical 1 4,000 (1,057)
Detergent Drain Collection Tanks Vertical, Cylindrical 2 15,000 (3,963)
Detergent Drain Sample Tanks Vertical, Cylindrical 2 15,000 (3,963)
Notes:
1. Per RG 1.143, all materials are in accordance of ASME Section II.
2. Per RG 1.143, tank design and fabrication are in accordance with ASME BPVC Div. 1 or Div. 2; API
620; APl 650 or AWWA D-100, depending on design requirements.
3. Nominal capacity refers to the total tank capacity.
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Table 11.2-2b LWMS Component Capacity (Pumps)
Minimum Capacity
Component Type Quantity | Liters/Hour (gpm)
Equipment Drain Collection Pumps Horizontal, Centrifugal 3 60,000 (264)
Equipment Drain Sample Pumps Horizontal, Centrifugal 2 60,000 (264)
Floor Drain Collection Pumps Horizontal, Centrifugal 2 55,000 (242)
Floor Drain Sample Pumps Horizontal, Centrifugal 2 55,000 (242)
Chemical Drain Collection Pumps Horizontal, Centrifugal 2 6,000 (26.4)
Detergent Drain Collection Pumps Horizontal, Centrifugal 2 12,000 (52.8)
Detergent Drain Sample Pumps Horizontal, Centrifugal 2 12,000 (52.8)
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Table 11.2-2c

LWMS Component Capacity

Nominal
Component(" Type Quantity(? Cap.©®

1 20,000L/h
Equipment Drain Processing Subsystem (88gpm)
Equipment Drain Charcoal Filter Charcoal Filter or others
Equipment Drain Pre-filter Cartridge Type
Equipment Drain Filter Reverse Osmosis (RO)
Equipment Drain lon Exchangers Mixed Bed Type
Equipment Drain Intermediate Pump Resin Trap Horizontal, Centrifugal Basket

Type

1 15,000L/h
Floor Drain Processing Subsystem (66gpm)
Floor Drain Charcoal Filter Charcoal Filter or Others
Floor Drain Pre-Filters Cartridge Type
Floor Drain Filter Reverse Osmosis (RO)
Floor Drain lon Exchangers Mixed Bed Type
Floor Drain Intermediate Pump Horizontal, Centrifugal Basket
Resin Trap Type

1 2,000L/h
Detergent Drain Processing Subsystem (8.8gpm)
Detergent Drain Organic Pre-Treatment Charcoal Filter or others
Detergent Drain Pre-Filter Cartridge Type
Detergent Drain Charcoal Filter Charcoal Filter
Notes:
1. Typical components are shown for each processing subsystem.
2. This column shows quantities for each subsystem.
3. Flows are nominal values. Actual rates will vary depending upon filter loading.
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Table 11.2-3 Decontamination Factors®
Total
Subsystems(") Decontamination
Filter | Reverse Osmosis lon-Exchanger Factor

Equipment (low conductivity) Drain Subsystem:
Halogens 1 10 100 (1 0)(2) 10,000
Cs, Rb 1 10 10 (10)(2) 1,000
Other nuclides 1 10 100 (1 O)(2) 10,000

Floor (high conductivity) Drain Subsystem:
Halogens 1 10 100 (1 0)(2) 10,000
Cs, Rb 1 10 2 (10)@ 200
Other nuclides 1 10 100 (1 O)(2) 10,000

A DF of 1 is used for tritium.

Chemical Drain Subsystem:

Chemical drain is processed in Floor Drain Subsystem.
Detergent Drain Subsystem:
A DF of 1 is used for the detergent drain filter for all radionuclides.

Notes:

1. From NUREG-0016 Revision 1, Table 1-5.

2. ANSI/ANS-55.6 (Reference 11.2-12) for two demineralizers in series, the second demineralizer has

a decontaminator factor of 10.
3. Radwaste processing equipment is designed to meet or exceed these decontamination factors.
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Table 11.2-4 Probable Inputs to LWMS from Operational Occurrences

Normal Maximum Time Needed to

Liters/Day Liters/Day Process Maximum
Subsystem (Gal/Day) (Gal/Day) Input (Hr)
Equipment (low conductivity) Drain 65,007 125,000 6.3
Subsystem (17,173) (33,025)
Floor (high conductivity) Drain 25,551 100,000 6.7
Subsystem (6,750) (26,420)
Chemical Drain Subsystem 3,000 3,000 0.2
(793) (793)

Detergent Drain Subsystem 4,001 12,000 6.0

(1,057) (3,170)
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Figure 11.2-1 Liquid Waste Management System Processing Diagram
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Figure 11.2-1a
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