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ACRONYM AND ABBREVIATION LIST

AB auxiliary building

ACU air cleaning unit

ADV atmospheric dump valve

AHU air handling unit

ALARA as low as is reasonably achievable

ALI annual limit on intake

ANS American Nuclear Society

ANSI American National Standards Institute
AOO anticipated operational occurrence

API american petroleum institute

APR Advanced Power Reactor

ARMS area radiation monitoring system

ASME American Society of Mechanical Engineers
ASTM American Society of Testing And Materials
BAC boric acid concentrator

BTP branch technical position

CCW component cooling water

CCWS component cooling water system

CEA control element assembly

CFR Code of Federal Regulations

COL combined license

COLA combined license application

CREVAS control room emergency ventilation actuation signal
CVCS chemical and volume control system

CWT chemical waste tank

DAC derived air concentration

DAW dry active waste

DC design certification

DCD Design Control Document
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DF decontamination factor

DOT U.S. Department of Transportation

EAB exclusion area boundary

EDT equipment drain tank

EPA U.S. Environmental Protection Agency
EPRI Electric Power Research Institute

ESW essential service water

EWT equipment waste tank

FDS floor drain system

FDT floor drain tank

GDC general design criteria (of 10 CFR Part 50, Appendix A)
GI gastrointestinal

GRS gaseous radwaste system

GWMS gaseous waste management system
FSAR Final Safety Analysis Report

HEPA high-efficiency particulate air

HIC high-integrity container

HPS Health Physics Society

HVAC heating, ventilation, and air conditioning
HX heat exchanger

IE Inspection and Enforcement

IPS information processing system

IRSF interim radwaste storage facility
IRWST in-containment refueling water storage tank
ISG Interim Staff Guidance

IX ion exchange

LASRT low-activity spent resin tank

LOCA loss-of-coolant accident

LPZ low-population zone

LRS liquid radwaste system
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LWMS liquid waste management system

LWR light water reactor

MCR main control room

MF membrane filter

NEI Nuclear Energy Institute

NNS non-nuclear safety

NRC United States Nuclear Regulatory Commission
NSSS nuclear steam supply system

NUREG NRC technical report designation

OBE operating basis earthquake

ODCM offsite dose calculation manual

P&ID piping and instrumentation diagram

PCA primary coolant activity

PERMSS process and effluent radiation monitoring and sampling systems
PTS primary-to-secondary

PWR pressurized water reactor

QA quality assurance

QIAS qualified indication and alarm system
RCA radiologically controlled area

RCPB reactor coolant pressure boundary

RCS reactor coolant system

RDT reactor drain tank

RG Regulatory Guide

RMS radiation monitoring system

R/O reverse osmosis

SC shutdown cooling

SFP spent fuel pool

SFPCCS spent fuel pool cooling and cleanup system
SG steam generator

SGBS steam generator blowdown system
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SGTR steam generator tube rupture
SRLST spent resin long-term storage tank
SRP Standard Review Plan

SRS solid radwaste system

SRST spent resin storage tank

SSC structure, system, or component
SWMS solid waste management system
TEDE total effective dose equivalent
TEMA Tubular Exchanger Manufacturers Association
TID total integrated dose

TMI Three Mile Island

VCT volume control tank

WCT waste collection tank
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CHAPTER 11 — RADIOACTIVE WASTE MANAGEMENT

11.1 Source Terms

This section presents information on the sources of radioactivity that serve as design bases
for the various radioactive waste treatment systems for normal operation, including
anticipated operational occurrences (AOOQOs) (expected source term), as well as for design
basis conditions (design basis source term). The application of the source terms and the
mathematical models and parameters used to calculate source terms for normal operation
and for design basis conditions are different. A clear distinction is made between the
design basis source term and the expected source term. The design basis source term used
for the radiation shielding design is addressed in Section 12.2, and the accident source term
used for the radiological consequence analysis is addressed in Chapter 15.

Definitions
a. Design basis source term

The design basis source term is used for the design of the radioactive waste
management system and for determining design lifetime integrated doses for the
design specifications of plant equipment. The design basis source term is based
on design basis data used for calculating the maximum reactor coolant activity as
shown in Table 11.1-1.

b. Expected source term

The expected or operating basis source term is used for describing annual releases
from the plant to the environment on an average basis. Site boundary doses due
to releases from the plant ventilation exhausts, liquid discharges, and offsite
shipment of solid radioactive material are examples of calculations that use this
source term. The expected source term is based on a realistic model as described
in ANSI/ANS 18.1 (Reference 1) for reactor coolant activity during normal
operation as represented in Table 11.1-1. Calculations pertaining to releases
described in 10 CFR Part 50, Appendix I (Reference 2), conform with the methods
and parameters described in U.S. Nuclear Regulatory Commission (NRC)
Regulatory Guide (RG) 1.112 (Reference 3).
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11.1.1 Design Basis Source Term

11.1.1.1 Fission Product Activities in the Reactor Coolant

The DAMSAM Code (Reference 4) is used to calculate the design basis source term of
fission products in the reactor coolant for the design of the radioactive waste management
system and to determine design lifetime integrated doses for plant equipment. The
isotopes considered in the maximum case are those that are significant for design purposes
by reason of a combination of energy, half-life, and/or abundance.

The mathematical model used to determine the concentration of nuclides in the reactor
coolant system (RCS) involves a group of linear, first-order differential equations. These
equations are obtained by applying a mass balance for production and removal in both the
fuel pellet region and the reactor coolant region.

In the fuel pellet region, the mass balance includes fission product production by direct
fission yield, by parent fission product decay, and by neutron activation, while removal
includes decay, neutron activation, and escape to the reactor coolant.

In the reactor coolant region, the fission product is introduced when it escapes from the fuel
pellet through defective fuel rod cladding, parent decay in the reactor coolant, and neutron
activation of the fission products in the reactor coolant. The fission products are removed
by decay; coolant purification; boron feed-and-bleed operations (to accommodate fuel
burnup); leakage and other feed-and-bleed operations during startups, shutdowns, and

power maneuvers; and neutron activation.

The expression to determine the fission product inventory in the fuel pellet region is:

dN;

— = BOMP) + (fi-1Ai—1)Npji1 + 0jdNp; — (A + Dv; + 0;$)Np; (Eq. 11.1-1)

The expression to determine the fission product inventory in the reactor coolant region is:

dN;
dtc'l = (D)(vi)(Npi) + (fi1Ai-1)Nci—1 + (6;¢CVR) N;
: Q (1-n)C | L
—(Q+ oni+ 2+ + 0idCVR) N (Eq. 11.1-2)
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Where the variables are defined as:

N = nuclide population, atoms

F = average fission rate, fissions/MWt-sec

Y = core averaged fission yield of nuclide, fraction
P = core power, MWt

A = decay constant, sec’

6 = microscopic capture cross section, cm’

¢ = thermal neutron flux, neutrons/cm*-sec

v = escape rate coefficient, sec™

f = branching fraction

t = time, seconds

D = defective fuel cladding, fraction

CVR = ratio of core coolant volume to reactor coolant volume

Q = chemical and volume control system (CVCS) purification mass flow rate
during power operation, kg/sec

W = RCS mass during power operation, kg

n = resin efficiency of CVCS ion exchanger and gas stripper efficiency

Co = boron concentration at the beginning of core life, ppm

C = boron concentration reduction rate due to feed and bleed, ppm/sec

L = mass flow rate of reactor coolant leakage or the other feed and bleed,
kg/sec

Where the subscripts are identified as:
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i nuclide

._..
I

i-1 = precursor to i™ nuclide for decay

j = j™nuclide to i" nuclide for neutron activation
p = pellet region

c = reactor coolant region

This model does not involve the fuel plenum and gap region. Instead, escape rate
coefficients are used to represent the overall release from the fuel pellets to the reactor
coolant. The escape rate coefficient is an empirical value derived from experiments
involving the Nuclear Research Reactor and Material Testing Reactor that were initiated at
the Bettis Plant (Reference 5). The escape rate coefficients were obtained from test rods
that were operated at high linear heat rates.

The linear heat rates were uniform over test sections of 26.035 cm (10.25 in) in length.
The exact linear heat rates were not known, but post-irradiation inspection showed that
some test specimens had exhibited centerline melting. Supplemental tests were conducted
in Canada to determine the effect of rod length on the release of fission gases and iodines
from the defective fuel rods (Reference 6). The experiments also determined the
relationship between linear heat rate and the escape rate coefficient. Because the average
heat rate for a fuel rod is below the linear heat rate of 591 W/cm (18 kW/ft), which
corresponds to the selected escape rate coefficients for halogens and noble gases shown in
Table 11.1-1, the current escape rate coefficients are conservative.

Table 11.1-1 shows the values of the parameters that are used to calculate the reactor
coolant fission product source term. The maximum reactor coolant fission product source

term used for the design is presented in Table 11.1-2.

The design basis reactor coolant activities are based on 1 percent fuel cladding defects.
The total activities of iodine and noble gases are 3.6 uCi/g (I-131 dose equivalent) and
580 uCi/g (Xe-133 dose equivalent), respectively. The activities of iodine and noble gases
are limited to 1.0 nCi/g (I-131 dose equivalent) and 300 puCi/g (Xe-133 dose equivalent) by
the plant Technical Specifications. The reactor coolant activities that are limited by the
Technical Specifications during normal power operation are lower than the design values.

11.1-4 Rev. 3



APR1400 DCD TIER 2

11.1.1.2 Spent Fuel Pool and Refueling Pool Activities

Table 11.1-3 contains the assumptions used in calculating the design basis specific activities
of the fission and corrosion products in the spent fuel pool for the start of the refueling
period, and Table 11.1-4 contains the results of the calculations. The RCS is assumed to
cool down for 2 days upon shutdown for refueling. During this period, the primary
coolant is let down through the purification filter, purification ion exchanger, gas stripper,
and volume control tank. The letdown serves two purposes: (1) removing the noble gases
in the gas stripper prevents large activity releases from the refueling pool to the reactor
containment building following reactor vessel head removal, and (2) reducing, through ion
exchange and filtration, the dissolved fission and corrosion products in the reactor coolant
that would otherwise enter the spent fuel pool and refueling pool.

At the end of this period, the reactor coolant above the reactor vessel flange is partially
drained. The reactor vessel head is unbolted, and the refueling pool is filled with water
from the in-containment refueling water storage tank (IRWST). The remaining reactor
coolant containing radioactivity is then mixed with water in the refueling pool and spent
fuel pool. Refueling pool water is cooled by the shutdown cooling system and cleaned of
radioactivity by the spent fuel pool cooling and cleanup systems. The spent fuel pool
water is cooled and cleaned of radioactivity by the spent fuel pool cooling and cleanup
systems.

After refueling, the spent fuel pool is isolated, and the water in the refueling pool is
returned to the IRWST. The total activity in the spent fuel pool is determined through
these serial processes.

Leakage of radionuclides into the spent fuel pool from damaged fuel stored in the pool is
not considered a significant contributor to the radionuclide concentration in the spent fuel
pool water because of the extremely low escape rate coefficients of the spent fuel in the
spent fuel pool. The low escape rate coefficients are due in part to the low spent fuel pool
temperature. Most of the activity are released from the defective fuel elements during
shutdown and cooldown of the reactor prior to removal of the reactor vessel head. If
significant releases from the defective fuel are detected, the defective fuel elements are
isolated in a separate container so the released activity does not contribute to the specific
activity in the spent fuel pool water. The primary source of radioactivity in the spent fuel
pool water, after refueling operations have been completed, is due to displaced activation
products, or crud, from the surfaces of the spent fuel assemblies.
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11.1.1.3 Secondary System Activity

For the purpose of the design, the steam generator (SG) is assumed to have tube leaks, and
radionuclides are moved to the secondary system from the primary system. In
determining design basis sources in the secondary system, a total SG tube leakage is
assumed to be 3,270 L/day (0.6 gal/min), which is the accident-induced SG leakage
criterion (Chapter 16, Subsection 5.5.9.b.2). This value is conservatively used even
though the limiting condition of operation for SG operational leakage in the Technical
Specifications is 562 L/day (0.1 gal/min) (Chapter 16, Subsection 3.4.12).

Radionuclides are removed from the secondary system by the following mechanisms:
a. Steam generator blowdown demineralizer treatment
b. Condensate polishing demineralizer treatment
c. Radioactive decay
d. Exhaust through the main condenser vacuum pumps
e. Main steam leakage

Primary coolant activities used to determine the design basis sources in the secondary
system are addressed in Subsection 11.1.1.1. Assumptions used in determining the
secondary system activities are listed in Table 11.1-5. Design basis equilibrium
radionuclide concentrations in the secondary system are determined as described below:

a. Steam generator liquid activity

The following expression determines the concentration of nuclides in the SG

liquid (i.e., blowdown source):

dN
Mslf = RN,, — TNy, — BNg — ANgMg; + TNgg (1 — F)
0.8333 0.1667 1 0.1667
+TFNgg |72+ DFdDFC] + BNy 5 [0.8333 + 20 (Eq. 11.1-3)

Where the variables are defined as:
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N = nuclide concentration, uCi/g (Bq/g)

R = primary-to-secondary leakage rate, g/sec

T = main steam flow rate, g/sec

F = fraction of radionuclide in the main steam reaching to the main
condenser

M = secondary liquid mass in SG, g

B = SG blowdown rate, g/sec

DF = decontamination factor

A= decay constant, sec”

0.1667 = fraction of condensate water processed in condensate polishing

system (0.8333 means fraction of bypassing the condensate
polishing system)

Where the subscripts are defined as:

S = SG

w = RCS

c = condensate polishing system
d = condenser vacuum system

b = SG blowdown system

1 = liquid in the secondary system
g = steam in the secondary system

Also, Ngg = aNg

Where:
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a =  SG partition coefficient (the ratio of concentration-in-steam

to concentration-in-liquid)

Therefore, the equilibrium concentration of nuclides in the SG liquid is given by:

RN,,

0.8333 , 0.1667

+

N, =
sl 1 0.1667
}\MSI‘HXTF{].—( DFq DFdDFC>}+B{1—D—Fb(O.8333+D—FC)}

(Eq. 11.1-4)

Parameter definition and units are shown in Eq. 11.1-3.

The design basis radionuclide concentrations in the SG liquid are listed in Table
11.1-6.

Main steam activity

To obtain the peak noble gas concentration in the main steam leaving the SGs, all
of the noble gases that enter the SG via primary coolant leakage are assumed to
exit with the steam (i.e., no noble gases are in the SG secondary liquid). The
noble gas activities in the steam exiting the SG are the ratio of the primary-to-
secondary (PTS) leakage rate multiplied by the radionuclide concentration in the
primary coolant to the steam flow rate out of the SG.

This is expressed as:

Ngg = —=% (Eq. 11.1-5)

The parameter definition and units are shown in Eq. 11.1-3.

The equilibrium concentration of non-noble gas radionuclides in the steam exiting
the SG is the equilibrium concentration of the radionuclides in the SG liquid
multiplied by the SG partition coefficient, which is the ratio of concentration in the
SG steam to the concentration in the SG water.

This is expressed as:

Neg = - Ny (Eq. 11.1-6)

Parameter definition and units are shown in Eq. 11.1-3.
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The design basis radionuclide concentrations in the main steam are determined
using Equations 11.1-5 and 11.1-6 and are listed in Table 11.1-6.

High-capacity blowdown liquid activity

Approximately once a week, a high-capacity blowdown is performed to remove
accumulated crud in the SG. The high-capacity blowdown is performed for
2 minutes per week. For the two SGs, the high-capacity blowdown rate is
5 percent of the nuclear steam supply system (NSSS) maximum steaming rate
(113 kg/sec [249.0 1b/sec]) based on cold leg temperature, and the minimum value
is 3.6 percent (81.2 kg/sec [179.2 Ib/sec]) based on hot leg temperature. For
conservatism, the flow rate of 81.2 kg/sec (179.2 lb/sec) is used to calculate
radionuclide crud concentration in the high-capacity blowdown liquid. To obtain
the radionuclide crud activity in the high-capacity blowdown liquid, it is assumed
that the crud radionuclides (i.e., Mn, Co, Fe, Cr, Zr) due to PTS coolant leakage
remain in the SGs between high-capacity blowdown operations. The
accumulated radionuclide crud is diluted with 9.78 x 10° kg (2.15 x 10* 1b) of the
high-capacity blowdown water and discharged to the high-capacity blowdown
flash tank. The radionuclide crud concentrations in the high-capacity blowdown
liquid are calculated as follows:

_ RNw . 2t )
Nn = 3o {1-e™} (Eq. 11.1-7)
Where:

N = radionuclide concentration of crud within the high-capacity

blowdown water, uCi/g (Bg/g)

.—>
I

period of high-capacity blowdown, sec

A = decay constant, sec”’

\Y% N mass of high-capacity blowdown water, g

R and Ny, are described in the variable identifications for Eq. 11.1-3.
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The remaining radionuclide concentrations in the high-capacity blowdown liquid
(i.e., non-noble gas and non-crud radionuclides) are determined using Eq. 11.1-4,
which determines the equilibrium radionuclide concentration in the SG liquid.

Radionuclide crud concentrations in the high-capacity blowdown liquid are listed
in Table 11.1-7.

11.1.1.4 Radwaste System Activities

Source terms for the liquid waste management system (LWMS) are described in
Section 11.2.  Source terms for the gaseous radwaste system (GRS) are described in
Section 11.3.

11.1.1.5 Volume Control Tank Activity

The total activity inventory in the volume control tank (VCT) is based on an expected
maximum water volume, 15,725 L (4,154 gal), of reactor coolant letdown and an expected
maximum vapor volume of 17,500 L (618 ft’). The design basis specific activities of
gaseous sources vented from the VCT to the gaseous radwaste system (GRS) are provided
in Table 11.1-8.

11.1.1.6 Reactor Drain Tank Activity

The total activity inventory in the reactor drain tank (RDT) is based on an expected
maximum water volume of 11,962 L (3,160 gal) and an expected maximum vapor volume
of 9,085 L (321 ft’). The design basis specific activities of gaseous sources vented from
the RDT to the GRS are provided in Table 11.1-8.

11.1.1.7 Gas Stripper Activity

The total activity inventory in the gas stripper is based on the summation of activity in the
aftercooler, the heat recovery exchanger, the overhead condenser, the reboiler, the stripper
column, and the feed preheater within the gas stripper package. The design basis specific
activities of gaseous sources vented from the gas stripper to the GRS are provided in Table
11.1-8.
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11.1.1.8 Equipment Drain Tank Activity

The total activity inventory in the equipment drain tank (EDT) is based on an expected
maximum water volume of 13,306 L (3,515 gal) and an expected maximum vapor volume
of 33,085 L (1,168 ft’). The design basis specific activities of gaseous sources vented
from the EDT to the GRS are provided in Table 11.1-8.

11.1.2 Expected Source Term

11.1.2.1 Reactor Coolant Activities

The data in Table 11.1-9 represent the expected normal fission and corrosion product
specific activities in the reactor coolant with no gas stripping. The data are used in
evaluating only normal operations including AOOs. The expected specific activities in the
reactor coolant are calculated in accordance with ANSI/ANS 18.1 using an adjustment
factor to take into account the normal operating parameters provided in Table 11.1-1.

11.1.2.2 Spent Fuel Pool and Refueling Pool Activities

The model used to determine the spent fuel pool and refueling pool radionuclide activities
is described in Subsection 11.1.1.2. The model used to predict expected activities is the
same as the analysis model of the design basis source term except that the expected source
terms in the primary coolant are used. The expected specific activities for the spent fuel
pool and refueling pool are shown in Table 11.1-4.

11.1.2.3 Secondary System Activities

The equilibrium radionuclide concentrations in the SG liquid and in the main steam during
the normal operation are determined using the method described in Subsection 11.1.1.3.
The SG tube leak rate from the primary to the secondary system is assumed to be 34 kg/day
(75 1lb/day), based on ANSI/ANS 18.1. Additional assumptions used to determine the
secondary activity are provided in Table 11.1-5.

The expected specific activities for the secondary system are provided in Table 11.1-10.
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11.1.3 Neutron Activation Products

11.1.3.1 Deposited Crud Activities

Deposited crud activities on primary system surfaces have been evaluated using measured
data from various operating pressurized water reactors (PWRs). Even though these
reactors have different water chemistries and different materials in contact with the primary
coolant, their crud activities (uCi/g-crud (Bg/g-crud)), crud film thicknesses, and dose rates
are remarkably similar. The half-lives, reactions, and gamma decay energies for each of
the long-lived isotopes in the radioactive crud are used to calculate the activities of
deposited crud and provided in Table 11.1-11.

The radioactive crud originates from in-core and out-of-core surfaces. The radioactive
crud deposits on the in-core surfaces and erodes after a short irradiation period. This
irradiation period or core residence time (t.s) for each isotope is determined by the
following equations. See Appendix 11A for the derivation of these equations.

Circulating crud:

1 AA
treSZZIn(l - ﬁ) (Eq. 11.1-8)

Deposited crud:

frog = %jln(l - i) (Eq. 11.1-9)

2id
Where:
A;, Aj= crud activities for each isotope, uCi/g-crud (Bg/g-crud)
%0, Xij¢ =activation rate for each isotope, reaction/g-sec
Ar = total primary system area, cm’
Ac = core surface area, cm?

Ai, A = decay constant for each isotope, sec”!

tes = core residence time, sec
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The activation cross section (%) is:

¥ = (a/0)i(W/0)iNoGi
l {A};

(Eq. 11.1-10)

Where:
(a/o);= isotopic abundance, fraction

(w/0)i= elemental abundance in the crud or the elemental abundance in
the base metal, fraction

N, = Avogadro’s number, 6.023 x 10* atoms/g-mole
{A}; = atomic weight of isotope (i)

o;j = microscopic cross section, cm?

Y, = activation cross section, cm?/ g

The core residence times are determined by applying the measured average and maximum
crud activities (LCi/g-crud (Bg/g-crud)) from various operating reactors, system parameters,
and activation rates to the above expressions. The core residence times are used to
calculate the activities of deposited crud and shown in Table 11.1-12. The crud activities
(A;) are determined by applying the averages (t.s) of the maximum core residence times in
Table 11.1-12, the system parameters, and the activation rates to the following equation.
Because all of the Fe-59 residence times are long, the activity (A;) is assumed to be

saturated.
2 Ac
Ai=Xip(1—e Mres)A—T (Eq. 11.1-11)
Where:
A; = crud activities, uCi/g-crud (Bg/g-crud)

As the averages (t;s) of the maximum core residence times are, in general, a factor of 2 to 4
greater than a straight average residence time, the resulting calculated crud activities are

conservative. These calculated crud activities of the long-lived isotopes are shown in
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Table 11.1-13. These calculated crud activities are applied to both the circulating crud and
out-of-core deposited crud.

Applying the average crud level (0.075 ppm) in the reactor coolant of various operating
reactors to the calculated crud activities (uCi/g-crud (Bg/g-crud)) in Table 11.1-13, the crud
specific activities in the reactor coolant, as shown in Table 11.1-14, are determined. The
partial crud activities in the reactor coolant from the above conservative evaluation can be
less than the expected crud activities (Table 11.1-9) in the reactor coolant during normal
operations. In this case, the expected crud activities during normal operations are used as
design basis maximum activities. These circulating crud activities in the reactor coolant
are listed in Table 11.1-2.

The maximum coolant activities can be greater due to “crud bursts” during shutdown or
changes in reactor power level. However, these “bursts” occur over short periods, and the
average values are therefore more reasonable for use during long-term operation.

11.1.3.2 Carbon-14 Production

Carbon-14 is produced by neutron activation of O'” and N'* isotopes in the RCS. The
greatest amount of C-14 is produced by the 0'" (n, @) C'*reaction, and a lower amount of
C-14 is produced by the N**(n, p)C" reaction. The production rate of C-14 (Q, uCi/cycle
(Bg/cycle)) from both reactions can be calculated by using the following equation:

Q=AtmN (ot + or Of) (Eq. 11.1-12)
Where:
A = decay constant, 3.84 x 10" sec™
t = reactor operating time, 4.15 x 107 sec
m = mass of active core water, 1.64 x 10" g
N = atom concentration in the RCS water

{N(0'7) =1.27 x 10" atoms/g H,O, N(N'*)=1.31 x 10'” atoms/g H,O}

om = microscopic effective thermal cross section, cm’
{om (0') =121 x 107, 64 (N'=9.51 x 107}
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. . . . 2
microscopic effective fast cross section, cm

Of =

{o¢(0')=4.79 x 102, 5y (N'*=3.92x 10724}
¢m = thermal neutron flux, 6.32 X 10" n/cm*-sec
¢¢ = fast neutron flux, 3.06 X 10" n/cm>-sec

The production rate of the C-14 by O'(n, )C"* reaction is 2.0 x 10’ uCi/cycle (7.4 x 10"
Bg/cycle). The production rate of the C-14 by N'*(n, p)C'* reaction is 8.1 x 10° uCi/cycle
(3.0 x 10" Bg/cycle). The production rate of C-14 from these sources during reactor
operation is 2.1 x 10" pCi/cycle (7.7 x 10" Bg/cycle).

11.1.33 Argon-41 Production and Releases

Argon-41 (Ar-41) is formed in the reactor containment building air by neutron activation of
naturally occurring Ar-40 in the air surrounding the reactor vessel and could be produced
within the reactor coolant by the Ar-40 dissolved in the primary coolant. Ar-41 is released
to the environment via the reactor containment building vent when the reactor containment
building is vented or purged. The annual release amount of Ar-41 from a PWR is assumed
to be 34 Ci/yr (Reference 7).

11.1.34 Nitrogen-16 Production

Nitrogen-16 (N-16) is produced by the neutron reaction with oxygen-16. N-16 is not a
significant radiation source outside the reactor containment building due to its short half-
life (7.13 seconds). N-16 activities for the shielding design inside the reactor containment
building are provided in Subsection 12.2.1.1.2.

11.1.4 Tritium Production in Reactor Coolant

The principal sources of tritium production in a PWR are from ternary fission and neutron-
induced reactions in boron, lithium, and deuterium that are present in the reactor coolant
and control element assemblies (CEAs). The tritium produced in the reactor coolant
contributes immediately to the overall tritium concentration, while the tritium produced by
fission and neutron capture in the CEAs contributes to the overall tritium concentration via

release through the fuel cladding.
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11.1.4.1 Activation Sources of Tritium

The activation reactions producing tritium are shown in Table 11.1-15. The tritium
production from B-11 and N-14 sources is insignificant due to low reaction cross section
and abundance and can be neglected. The activation reactions from B-10, lithium, and
deuterium are the major sources of tritium in the reactor coolant and CEAs.

The tritium production from the above sources is determined by the following expressions:

dN

= = Zab — AN (Eq. 11.1-13)
%
N = ;‘\q) (1—e™)

Activity (LCi(Bq)) = VAN =2, (1 - ™)V

Where:
N = tritium concentration, atoms/cm’
Y.0 = production rate, atoms/cm’-sec
A = decay constant, sec™
t = reactor operating period of interest, sec
V = effective core volume or CEA volume, cm®

The parameters used in the calculation are shown in Table 11.1-16. Based on these
parameters, the tritium produced from activation sources in the reactor coolant is provided
in Table 11.1-17 and can be used to check the adequacy of the tritium activities in Tables
11.1-2 and 11.1-9.

11.1.4.2 Tritium from Fission

The ternary fission production of trittum in the core is calculated using the ORIGEN-S
Computer Code (Reference 8). Tritium as a product of fission is released to the reactor
coolant through the fuel cladding. One percent of an average expected tritium release
from the fuel and 2 percent of a maximum design value are used to estimate the tritium

production in the reactor coolant.  Tritium production is shown in Table 11.1-17.
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11.1.4.3 Tritium Concentrations in the Secondary System

In determining the tritium activity concentrations in the secondary system, it is assumed
that tritium that enters the secondary system from the primary system via SG tube leakage
is uniformly mixed in the secondary system steam and liquid masses. In the equilibrium
condition, the decay and leakage losses of tritium from the secondary system are equal to
the primary-to-secondary system tritium leakage.

The tritium activity concentrations in the secondary system are calculated using the

following equation:

Ng :L_SNW (Eq. 11.1-14)
Where
Ny = tritium activity concentrations in the primary system, Bq/g
R = primary-to-secondary leak rate, g/sec
Ly = steam leak rate, g/sec
Ns = tritium activity concentrations in the secondary system, Bq/g
11.1.5 Leakage Sources

Systems containing radioactive liquids and gases are potential sources of leakage and
discharge to the environment. Liquid leakage is from potential sources such as pump seals
and valve packings. Expected leakage of primary coolant into the reactor containment
building is at a rate that would result in the release of 3 percent per day of the primary
coolant noble gas inventory and 8.0 x 10 percent per day of the primary coolant iodine
inventory. The expected primary coolant leak rate into the auxiliary building is 72.6
kg/day (160 lb/day), and the expected leak rate of steam into the turbine generator building
is 771 kg/hr (1,700 1b/hr). The expected primary-to-secondary leakage rate across the SG
tubes is 34 kg/day (75 1b/day). Table 11.1-18 provides maximum anticipated leak rates
from NSSS-related valves and pumps.

Liquid radioactive releases are further addressed in Section 11.2. Gaseous radioactive
effluents to the environment are further addressed in Section 11.3. Concentrations of
airborne radioactive nuclides in cubicles are addressed in Subsection 12.2.2.3.
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11.1.6 Combined License Information

No combined license (COL) information is required with regard to Section 11.1.
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Table 11.1-1

Parameter Values Used to Calculate

the Reactor Coolant Fission Product Source Term

Parameter Maximum" Normal®
Core power level (MWt) 4,063 3,983
Duration of reactor operation (core cycles) 5 -
Equilibrium fuel cycle (effective full-power days) 480 -
Thermal neutron flux, n/cm*-sec 6.32E+13 -
Average thermal fission rate (fission/MW-sec) 3.12E+16 -
Fraction of fuel defect (fraction) 0.01 -
Reactor coolant mass, kg (Ib) 2.92E+05 2.92E+05
(6.43E+05) (6.43E+05)
Core-to-reactor coolant volume ratio (fraction) 0.073 -
Purification flow, kg/sec (Ib/sec) 5.02 5.02
(11.07) (11.07)
Purification flow for boron control, kg/sec (Ib/sec), - 2.65E-02
cycle average (5.85E-02)
Boron concentration at BOC (ppm), minimum 1,110 -
Ion exchanger and gas stripper removal efficiency
CVCS purification ion exchanger
Xe, K, tritium 0.0 0.0
Cs, Rb 0.5 0.5
Anion 0.99 0.99
Others 0.98 0.98
CVCS gas stripper
Xe, Kr 0.999 -
Others 0.0 -
CVCS gas stripper operation Continuous None
Fission product escape rate coefficients (sec™)
Xe, Kr 6.5E-08 -
I, Br, Rb, Cs 1.3E-08 -
Mo 2.0E-09 -
Te 1.0E-09 -
Sr, Ba 1.0E-11 -
Y, Zr, Nb, Tc, Ru, La, Ce 1.6E-12 -

(1) Design basis source term (1% fuel defect, DAMSAM code input)
(2) Expected source term (ANSI/ANS 18.1)
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Table 11.1-2

)

(Core Power: 4,063 MWt. 1.0% Fuel Defect, Continuous Gas Stripping)

Specific Activity
Nuclide uCi/g Bq/g
Kr-85m 8.10E-01 3.00E+04
Kr-85 2.00E-02 7.40E+02
Kr-87 7.90E-01 2.92E+04
Kr-88 2.00E+00 7.40E+04
Xe-131m 2.00E-01 7.40E+03
Xe-133m 5.20E-02 1.92E+03
Xe-133 2.60E+01 9.62E+05
Xe-135m 6.20E-01 2.29E+04
Xe-135 3.50E+00 1.30E+05
Xe-137 1.50E-01 5.55E+03
Xe-138 5.30E-01 1.96E+04
Br-84 2.10E-02 7.77E+02
[-131 2.70E+00 9.99E+04
[-132 7.20E-01 2.66E+04
[-133 3.80E+00 1.41E+05
[-134 4.50E-01 1.67E+04
I-135 2.10E+00 7.77E+04
Rb-88 2.00E+00 7.40E+04
Cs-134 3.80E-01 1.41E+04
Cs-136 5.10E-02 1.89E+03
Cs-137 4.40E-01 1.63E+04
N-16 2.22E+02% 8.22E+06%
H-3 3.51E+00" 1.30E+05%
Na-24 4.89E-02V 1.81E+03D
Cr-51 1.48E-02 5.48E+02
Mn-54 1.71E-03 6.34E+01"
Fe-55 1.28E-03 4.75+01"
Fe-59 3.21E-04" 1.19E+01D
Co-58 4.92E-03" 1.82E+02"

Specific Activity
Nuclide uCi/g Bqg/g
Co-60 5.67E-040 2.10E+01"
Zn-65 5.46E-04" 2.02E+01"
Sr-89 3.50E-03 1.30E+02
Sr-90 2.40E-04 8.88E+00
Sr-91 5.20E-03 1.92E+02
Y-91m 3.00E-03 1.11E+02
Y-91 5.10E-04 1.89E+01
Y-93 1.20E-04 4 44E+00
Zr-95 6.49E-04 2.40E+01®
Nb-95 5.50E-04 2.04E+01
Mo-99 3.00E-01 1.11E+04
Tc-99m 1.80E-01 6.66E+03
Ru-103 1.90E-04 7.03E+00
Ru-106 8.10E-05 3.00E+00
Ag-110m 1.39E-03") 5.15E+01"
Te-129m 6.40E-03 2.37E+02
Te-129 6.80E-03 2.52E+02
Te-131m 3.00E-02 1.11E+03
Te-131 1.20E-02 4 44E+02
Te-132 2.10E-01 7.77E+03
Ba-137m 4.20E-01 1.55E+04
Ba-140 430E-03 1.59E+02
La-140 1.50E-03 5.55E+01
Ce-141 1.60E-04 5.92E+00
Ce-143 4.50E-04 1.67E+01
Ce-144 4.60E-04 1.70E+01
W-187 2.62E-03" 9.70E+01"
Np-239 2.33E-03" 8.62E+017

(1) Expected source terms based on ANSI/ANS 18.1 (Reference 1 in Subsection 11.1.7) are used when
these values are higher than the design basis source terms, for added conservatism.

(2) Summation of fission and corrosion product specific activity

(3) Specific activity at the reactor vessel outlet nozzle

(4) Based on the tritium measurement in domestic operating reactors in Korea

(5) This source term is used to determine the design basis radioactive source terms for LWMS tanks, pumps,
and other miscellaneous components listed in Table 11.2-13 and Table 11.2-14.
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Table 11.1-3

Assumptions Used in Determining Activities
in the Spent Fuel Pool Cooling and Cleanup System

During the 2 days after shutdown, the primary coolant is purified by the purification filter,
purification ion exchanger, and gas stripper of the CVCS. The purified primary coolant is
then diluted by the spent fuel and refueling pool cooling water.

During the first 30 days after shutdown, the primary coolant, spent fuel pool cooling water,
and refueling pool cooling water are simultaneously purified by the spent fuel pool cooling and
cleanup system; thereafter, the spent fuel pool cooling water is only purified.

The capacity of the spent fuel pool cooling and cleanup system is 1,324.9 L/min (350 gpm).

The decontamination factors of the spent fuel pool cooling and cleanup system demineralizers
are as follows:

Noble gases 1

I, Br 100
Cs,Rb 2
Others 100

No credit is taken for removal of activity by filters in the spent fuel pool cooling and cleanup
system when calculating the spent fuel pool and refueling pool cooling water activities. In
calculating the cumulative activities of filters, the filter element is assumed to have a
decontamination factor of 10.
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Table 11.1-4 (1 of 2)

Maximum and Expected Specific Activities

in the Spent Fuel Pool and Refueling Pool

Maximum'" Expected®”

Nuclide uCi/g Bqg/g uCi/g Bqg/g
H-3 1.1E+00 4.0E+04 3.0E-01 1.1E+04
N-16 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Kr-85m 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Kr-85 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Kr-87 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Kr-88 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-131m 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-133m 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-133 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-135m 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-135 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-137 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-138 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Br-84 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Rb-88 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sr-89 3.0E-05 1.1E+00 1.2E-06 4.4E-02
Sr-90 9.5E-06 3.5E-01 5.1E-07 1.9E-02
Sr-91 1.7E-06 6.4E-02 3.2E-07 1.2E-02
Y-91m 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Y-91 6.8E-05 2.5E+00 7.0E-07 2.6E-02
Y-93 1.8E-07 6.6E-03 6.5E-06 2.4E-01
Zr-95 5.7E-06 2.1E-01 3.5E-06 1.3E-01
Nb-95 4.1E-06 1.5E-01 2.2E-06 8.3E-02
Tc-99m 8.9E-06 3.3E-01 2.4E-07 8.9E-03
Mo-99 1.4E-03 5.3E+01 3.2E-05 1.2E+00
Ru-103 1.5E-06 5.4E-02 6.2E-05 2.3E+00
Ru-106 1.8E-06 6.5E-02 2.1E-03 7.6E+01
Ag-110m 2.5E-05 9.1E-01 2.4E-05 8.9E-01
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Table 11.1-4 (2 of 2)

Maximum'" Expected®"
Nuclide uCi/g Bqg/g uCi/g Bq/g
Te-129m 4.9E-05 1.8E+00 1.5E-06 5.5E-02
Te-129 0.00E+00 0.00E+00 0.00E+00 0.00E+00
I-131 1.70E-02 6.30E+02 1.41E-05 5.20E-01
Te-131m 7.84E-05 2.90E+00 4.05E-06 1.50E-01
Te-131 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Te-132 1.05E-03 3.90E+01 9.19E-06 3.40E-01
I-132 1.03E-08 3.80E-04 8.65E-10 3.20E-05
I-133 6.76E-03 2.50E+02 4.86E-05 1.80E+00
I-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cs-134 8.65E-03 3.20E+02 9.73E-07 3.60E-02
I-135 1.76E-04 6.50E+00 4.86E-06 1.80E-01
Cs-136 6.49E-04 2.40E+01 1.27E-05 4.70E-01
Cs-137 1.19E-02 4.40E+02 1.68E-06 6.20E-02
Ba-140 2.97E-05 1.10E+00 9.46E-05 3.50E+00
La-140 5.41E-06 2.00E-01 9.46E-05 3.50E+00
Ce-141 1.19E-06 4.40E-02 1.19E-06 4.40E-02
Ce-143 1.35E-06 5.00E-02 8.92E-06 3.30E-01
Ce-144 8.65E-06 3.20E-01 7.84E-05 2.90E+00
Na-24 4.86E-05 1.80E+00 4.86E-05 1.80E+00
Cr-51 1.08E-04 4.00E+00 2.43E-05 9.00E-01
Mn-54 3.51E-05 1.30E+00 3.24E-05 1.20E+00
Fe-55 4.05E-05 1.50E+00 4.05E-05 1.50E+00
Fe-59 2.54E-06 9.40E-02 2.51E-06 9.30E-02
Co-58 4.32E-05 1.60E+00 4.32E-05 1.60E+00
Co-60 2.00E-05 7.40E-01 1.97E-05 7.30E-01
Zn-65 9.46E-06 3.50E-01 9.19E-06 3.40E-01
Ba-137m 1.19E-02 4.40E+02 1.68E-06 6.20E-02
W-187 5.68E-06 2.10E-01 5.68E-06 2.10E-01
Np-239 1.03E-05 3.80E-01 1.03E-05 3.80E-01

(1) Design basis source term (1% fuel defect)
(2) Expected source term (ANSI/ANS 18.1)
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Table 11.1-5

Assumptions Used in Determining Secondary System Activities

Primary coolant activities are described in Subsection 11.1.1.1 for the design basis case and in
Subsection 11.1.2.1 for the expected case.

Primary-to-secondary leak rates:

Design basis 3,270 L/day (0.6 gal/min)
Expected 34 kg/day (75 1b/day)

Flow rates in the secondary system (based on the two SGs):

Steam flow rate, kg/hr (Ib/hr) 8.14 x 10° (1.80 x 10")
Continuous blowdown rate, kg/hr (Ib/hr) 1.63 x 10° (3.59 x 10°)
High-capacity blowdown rate (hot leg), 8.18 x 10" (1.80 x 10%)
kg/sec (Ib/sec)

Liquid masses in the secondary system of two SGs, kg (Ib): 2.41 x 10° (5.32 x 10°)

Steam generator internal partition coefficients (Reference 7 in Subsection 11.1.7):

H-3 1.0
I, Br 0.01
Others 0.005

All noble gases are assumed to be in the steam.

Fractions of radionuclide in the main steam reaching the main condenser (Reference 7 in
Subsection 11.1.7):

I, Br 0.2
Noble gases 1.0
Others 0.1

Decontamination factors of the blowdown demineralizer and condensate polishing
demineralizer (Reference 7 in Subsection 11.1.7):

Decontamination Factor
Demineralizer Noble Gases | I, Br | Cs,Rb | H-3 | Others

Blowdown" 1 100 10 1 100

Condensate polishing 1 10 2 1 10

1) In determining radioactive source terms for the secondary system, only one S/G
blowdown demineralizer is assumed to be operating during normal blowdown mode.
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Table 11.1-6

M

in the Secondary System (1% Fuel Defect)

Steam Generator

Steam Generator

Liquid Steam Liquid Steam

Nuclide (uCi/g) | (Bg/g) (uCi/g) | (Bq/g) Nuclide (nCi/g) | (Bq/g) | (uCi/g) | (Bq/g)
Kr-85m - - 1.00E-05 [3.71E-01 N-16 1.99E-05| 7.38E-01| 9.97E-08 |3.69E-03
Kr-85 - - 2.48E-07 |9.16E-03 Na-24 5.62E-05| 2.08E+00| 2.81E-07 | 1.04E-02
Kr-87 - - 9.76E-06 |3.61E-01 Sr-89 4.35E-06| 1.61E-01| 2.17E-08 |8.04E-04
Kr-88 - - 2.48E-05 |9.16E-01 Sr-90 2.97E-07| 1.10E-02 | 1.49E-09 |5.50E-05
Xe-131m - - 2.48E-06 [9.16E-02 SR-91 5.76E-06| 2.13E-01 | 2.86E-08 | 1.06E-03
Xe-133m - - 6.43E-07 |2.38E-02 Y-91m 1.57E-06| 5.81E-02 | 7.86E-09 |2.91E-04
Xe-133 - - 3.22E-04 |1.19E+01 Y-91 6.32E-07| 2.34E-02 | 3.16E-09 | 1.17E-04
Xe-135m - - 7.65E-06 |2.83E-01 Y-93 1.34E-07| 4.95E-03 | 6.68E-10 |2.47E-05
Xe-135 - - 4.35E-05 |1.61E+0 Nb-95 6.81E-07| 2.52E-02 | 3.41E-09 | 1.26E-04
Xe-137 - - 1.86E-06 |6.87E-02 Mo-99 3.65E-04| 1.35E+01| 1.83E-06 |6.76E-02
Xe-138 - - 6.57E-06 |2.43E-01 Te-99M 1.87E-04| 6.93E+00| 9.35E-07 |3.46E-02
Br-84 8.19E-06 | 3.03E-01 | 8.19E-08 |3.03E-03 Ru-103 2.35E-07| 8.70E-03 | 1.18E-09 |4.35E-05
I-131 3.24E-03 | 1.20E+02| 3.24E-05 |1.20E+0 Ru-106 1.01E-07| 3.72E-03| 5.03E-10 | 1.86E-05
1-132 5.86E-04 | 2.17E+01| 5.86E-06 |2.17E-01 Ag-110m 1.72E-06| 6.38E-02 | 8.62E-09 |3.19E-04
1-133 4.38E-03 | 1.62E+02| 4.38E-05 |1.62E+0 Te-129m 7.92E-06| 2.93E-01 | 3.97E-08 | 1.47E-03
1-134 2.39E-04 | 8.86E+00| 2.39E-06 |8.86E-02 Te-129 4.24E-06| 1.57E-01| 2.12E-08 |7.84E-04
I-135 2.18E-03 | 8.08E+01| 2.18E-05 |8.08E-01 Te-131m 3.57E-05| 1.32E+00| 1.79E-07 |6.62E-03
Rb-88 5.22E-04 | 1.93E+01| 2.61E-06 |9.64E-02 Te-131 4.00E-06| 1.48E-01| 1.99E-08 |7.38E-04
Cs-134 5.16E-04 | 1.91E+01| 2.58E-06 |9.56E-02 Te-132 2.56E-04|9.49E+00| 1.28E-06 |4.74E-02
Cs-136 6.89E-05 | 2.55E+00| 3.46E-07 |1.28E-02 Ba-137m 5.97E-04| 2.21E+01| 3.00E-06 |1.11E-01
Cs-137 5.97E-04 | 2.21E+01| 3.00E-06 | 1.11E-01 Ba-140 5.30E-06| 1.96E-01 | 2.65E-08 |9.81E-04
Cr-51 1.83E-05| 6.78E-01 | 9.16E-08 |3.39E-03 La-140 1.81E-06| 6.69E-02 | 9.03E-09 |3.34E-04
Mn-54 2.12E-06 | 7.85E-02 | 1.06E-08 |3.93E-04 Ce-141 1.98E-07| 7.32E-03| 9.89E-10 |3.66E-05
Fe-55 1.59E-06 | 5.88E-02 | 7.95E-09 |2.94E-04 Ce-143 5.41E-07| 2.00E-02 | 2.70E-09 |1.00E-04
Fe-59 3.97E-07| 1.47E-02 | 1.99E-09 |7.36E-05 Ce-144 5.70E-07| 2.11E-02 | 2.84E-09 | 1.05E-04
Co-58 6.08E-06 | 2.25E-01 | 3.05E-08 |1.13E-03 W-187 3.11E-06| 1.15E-01 | 1.55E-08 |5.73E-04
Co-60 7.03E-07 | 2.60E-02 | 3.51E-09 | 1.30E-04 Np-239 2.84E-06| 1.05E-01 | 1.41E-08 |5.23E-04
Z1-95 8.03E-07| 2.97E-02 | 4.03E-09 |1.49E-04 H-3 4.57E-01| 1.69E+04| 4.57E-01 |1.69E+04
Zn-65 6.76E-07 | 2.50E-02 | 3.38E-09 | 1.25E-04

(1) This source term is used to determine the design basis radioactive source terms for SGBS components.
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Table 11.1-7

Radionuclide Crud Concentrations

in the High-Capacity Blowdown Liquid""

Bas]?sessi(g;ﬁrce Expected Source
Nuclide (nCi/g) (Bq/g) (uCi/g) (Bq/g)
Cr-51 8.81E-03 3.26E+02 8.43E-04 3.12E+01
Mn-54 6.57E-01 2.43E+04 7.43E-05 2.75E+00
Fe-55 7.38E-02 2.73E+03 1.45E-03 5.35E+01
Fe-59 7.62E-01 2.82E+04 1.06E-04 3.93E+00
Co-58 2.35E-02 8.71E+02 5.27E-03 1.95E+02
Co-60 2.95E-03 1.09E+02 2.95E-03 1.09E+02
Zr-95 2.22E-03 8.21E+01 2.22E-03 8.21E+01
Zn-65 5.27E-04 1.95E+01 5.27E-04 1.95E+01
(1) The crud concentrations in this Table is presented for information only.
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Table 11.1-8

Design Basis Radionuclide Concentrations of Sources to GRS

Reactor Drain

Volume Control

Equipment Drain

Tank® Tank Gas Stripper® Tank®
Nuclide | pCi/em’ | Bg/em® | pCi/em® | Bg/em® | pCi/em® | Bg/em’ | pCi/em® | Bg/em’
H-3 2.8E-04 | 1.0E+01 | 2.8E-04 | 1.0E+01 | 4.6E-04 | 1.7E+01 | 2.8E-05 | 1.0E+00
Br-84 2.1E-05 | 7.6E-01 | 2.8E-07 | 1.0E-02 | 7.0E-06 | 2.6E-01 | 1.9E-07 | 7.2E-03
Kr-85m | 7.2E-01 | 2.7E+04 | 2.8E-02 | 1.0E+03 | 2.7E+01 | 1.0E+06 | 6.8E-02 | 2.5E+03
Kr-85 1.8E-02 | 6.6E+02 | 7.4E-04 | 2.7E+01 | 6.7E-01 | 2.5E+04 | 1.7E-03 | 6.2E+01
Kr-87 7.0E-01 | 2.6E+04 | 2.4E-02 | 8.9E+02 | 2.6E+01 | 9.8E+05 | 6.6E-02 | 2.5E+03
Kr-88 1.8E+00 | 6.6E+04 | 6.6E-02 | 2.5E+03 | 6.7E+01 | 2.5E+06 | 1.7E-01 | 6.2E+03
)1<361_ m 1.8E-01 | 6.6E+03 | 4.1E-03 | 1.5E+02 | 6.7E+00 | 2.5E+05 | 1.7E-02 | 6.2E+02
i(;ém 4.6E-02 | 1.7E+03 | 1.0E-03 | 3.9E+01 | 1.7E+00 | 6.4E+04 | 4.4E-03 | 1.6E+02
Xe-133 | 2.3E+01 | 8.6E+05 | 5.4E-01 | 2.0E+04 | 8.7E+02 | 3.2E+07 | 2.2E+00 | 8.1E+04
?365-m 5.5E-01 | 2.0E+04 | 6.6E-03 | 2.5E+02 | 2.1E+01 | 7.7E+05 | 5.2E-02 | 1.9E+03
Xe-135 | 3.1E+00 | 1.2E+05 | 6.9E-02 | 2.5E+03 | 1.2E+02 | 4.4E+06 | 3.0E-01 | 1.1E+04
Xe-137 | 1.3E-01 | 4.9E+03 | 7.4E-04 | 2.7E+01 | 5.0E+00 | 1.9E+05 | 1.3E-02 | 4.7E+02
Xe-138 | 4.7E-01 | 1.7E+04 | 5.4E-03 | 2.0E+02 | 1.8E+01 | 6.6E+05 | 4.5E-02 | 1.7E+03
I-131 2.6E-03 | 9.8E+01 | 4.5E-05 | 1.7E+00 | 9.0E-04 | 3.3E+01 | 2.5E-05 | 9.3E-01
I-132 7.0E-04 | 2.6E+01 | 1.1E-05 | 4.2E-01 | 2.4E-04 | 8.9E+00 | 6.7E-06 | 2.5E-01
I-133 3.7E-03 | 1.4E+02 | 6.2E-05 | 2.3E+00 | 1.3E-03 | 4.7E+01 | 3.5E-05 | 1.3E+00
I-134 4.4E-04 | 1.6E+01 | 6.5E-06 | 2.4E-01 | 1.5E-04 | 5.6E+00 | 4.2E-06 | 1.5E-01
I-135 2.1E-03 | 7.6E+01 | 3.4E-05 | 1.2E+00 | 7.0E-04 | 2.6E+01 | 1.9E-05 | 7.2E-01

(1) 1.0% fuel defect and continuous gas stripping are applied. This source term is used to determine the

design basis radioactive source terms for GRS components listed in Table 11.3-11

(2) Reactor drain tank and gas stripper specific activities are based on continuous venting at 0.680 L/m
(0.024 scfm) and 9.061 L/m (0.32 scfm) to the GRS.

(3) Equipment drain tank specific activities are based on continuous venting at 0.14 L/m (0.005 scfm) to the

GRS.
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Table 11.1-9

O

(Core Power: 3.983 MWt. No Gas Stripping)

Specific Activity
Nuclide uCi/g Bqg/g
Kr-85m 1.61E-02 5.96E+02
Kr-85 1.17E+00 433E+04
Kr-87 1.71E-02 6.32E+02
Kr-88 1.81E-02 6.70E+02
Xe-131m 8.85E-01 3.27E+04
Xe-133m 7.32E-02 2.71E+03
Xe-133 3.20E-02 1.18E+03
Xe-135m 1.31E-01 4.83E+03
Xe-135 6.78E-02 2.51E+03
Xe-137 3.41E-02 1.26E+03
Xe-138 6.12E-02 2.27E+03
Br-84 1.61E-02 5.97E+02
I-131 2.22E-03 8.23E+01
I-132 6.14E-02 2.27E+03
I-133 2.80E-02 1.04E+03
I-134 1.01E-01 3.74E+03
I-135 5.75E-02 2.13E+03
Rb-88 1.91E-01 7.07E+03
Cs-134 4.29E-05 1.59E+00
Cs-136 1.00E-03 3.70E+01
Cs-137 6.15E-05 2.27E+00
N-16 4.00E+01? | 1.48E+06%
H-3 1.00E+00® | 3.70E+04%
Na-24 4.89E-02 1.81E+03
Cr-51 3.32E-03 1.23E+02
Mn-54 1.71E-03 6.34E+01
Fe-55 1.28E-03 4.75E+01
Fe-59 3.21E-04 1.19E+01

(1) Expected source term (ANSI/ANS 18.1).

Specific Activity
Nuclide uCi/g Bqg/g
Co-58 4.92E-03 1.82E+02
Co-60 5.67E-04 2.10E+01
Zn-65 5.46E-04 2.02E+01
Sr-89 1.50E-04 5.54E+00
Sr-90 1.28E-05 4.75E-01
Sr-91 9.93E-04 3.67E+01
Y-91m 4.64E-04 1.72E+01
Y-91 5.57E-06 2.06E-01
Y-93 4.35E-03 1.61E+02
Zr-95 4.17E-04 1.54E+01
Nb-95 3.00E-04 1.11E+01
Mo-99 6.79E-03 2.51E+02
Tc-99m 4.83E-03 1.79E+02
Ru-103 8.02E-03 2.97E+02
Ru-106 9.64E-02 3.57E+03
Ag-110m 1.39E-03 5.15E+01
Te-129m 2.03E-04 7.52E+00
Te-129 2.42E-02 8.97E+02
Te-131m 1.58E-03 5.84E+01
Te-131 7.75E-03 2.87E+02
Te-132 1.81E-03 6.68E+01
Ba-137m 6.15E-05 2.27E+00
Ba-140 1.39E-02 5.14E+02
La-140 2.64E-02 9.77E+02
Ce-141 1.60E-04 5.94E+00
Ce-143 2.95E-03 1.09E+02
Ce-144 4.28E-03 1.58E+02
W-187 2.62E-03 9.70E+01
Np-239 2.33E-03 8.62E+01

This source term is used to determine the source terms for the expected

radioactive source terms for LWMS tanks and other components listed in Table 11.2-11 and Table 11.2-12.

(2) Specific activity at the reactor coolant entering the letdown line

(3) The concentration of tritium is a function of the inventory of tritiated liquids in the plant, rate of production of tritium
due to activation in the reactor coolant, rate of release from the fuel, and extent to which tritiated water is recycled or

discharged from the plant.

assumption that a moderate amount of tritium is recycled (Reference 1 in Subsection 11.1.7).
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Table 11.1-10

M

Steam Generator

Steam Generator

Liquid Steam Liquid Steam

Nuclide | (uCi/g) | (Bq/g) | (unCi/g) | (Bqg/g) Nuclide | (nCi/g) (Bg/g) (nCi’g) | (Bg/g)
Kr-85m - - 2.81E-09 | 1.04E-04 N-16 5.05E-08 | 1.87E-03 | 2.53E-10 | 9.35E-06
Kr-85 - - 2.04E-07 | 7.54E-03 Na-24 7.92E-07 | 2.93E-02 | 3.97E-09 | 1.47E-04
Kr-87 - - 2.97E-09 | 1.10E-04 Sr-89 2.61E-09 | 9.65E-05 | 1.30E-11 | 4.82E-07
Kr-88 - - 3.16E-09 | 1.17E-04 Sr-90 2.24E-10 | 8.28E-06 | 1.12E-12 | 4.14E-08
Xe-131m - - 1.54E-07 | 5.69E-03 Sr-91 1.55E-08 | 5.72E-04 | 7.73E-11 | 2.86E-06
Xe-133m - - 1.28E-08 |4.72E-04 Y-91m 3.43E-09 | 1.27E-04 | 1.71E-11 | 6.33E-07
Xe-133 - - 5.54E-09 |2.05E-04 Y-91 9.70E-11 | 3.59E-06 | 4.84E-13 | 1.79E-08
Xe-135m - - 2.27E-08 |8.41E-04 Y-93 6.81E-08 | 2.52E-03 | 3.41E-10 | 1.26E-05
Xe-135 - - 1.18E-08 |4.37E-04 Nb-95 5.22E-09 | 1.93E-04 | 2.61E-11 | 9.66E-07
Xe-137 - - 5.92E-09 |2.19E-04 Mo-99 1.16E-07 | 4.30E-03 | 5.81E-10 | 2.15E-05
Xe-138 - - 1.07E-08 |3.95E-04 Tc-99m | 7.08E-08 | 2.62E-03 | 3.54E-10 | 1.31E-05
Br-84 8.86E-08| 3.28E-03 | 8.86E-10 | 3.28E-05 Ru-103 | 1.40E-07 | 5.17E-03 | 6.97E-10 | 2.58E-05
I-131 3.76E-08| 1.39E-03|3.76E-10 | 1.39E-05 Ru-106 | 1.68E-06 | 6.22E-02 | 8.41E-09 | 3.11E-04
I-132 7.05E-07|2.61E-02|7.05E-09 | 2.61E-04 Ag-110m | 2.42E-08 | 8.97E-04 | 1.21E-10 | 4.49E-06
1-133 4.54E-07| 1.68E-02|4.54E-09 | 1.68E-04 Te-129m | 3.54E-09 | 1.31E-04 | 1.77E-11 | 6.54E-07
I-134 7.54E-07|2.79E-02|7.54E-09 | 2.79E-04 Te-129 | 2.12E-07 | 7.86E-03 | 1.06E-09 | 3.93E-05
I-135 8.43E-07| 3.12E-02 | 8.43E-09 |3.12E-04 Te-131m | 2.65E-08 | 9.81E-04 | 1.32E-10 | 4.90E-06
Rb-88 7.00E-07|2.59E-02|3.51E-09 | 1.30E-04 Te-131 3.62E-08 | 1.34E-03 | 1.81E-10 | 6.71E-06
Cs-134 8.19E-10| 3.03E-05|4.11E-12 | 1.52E-07 Te-132 | 3.11E-08 | 1.15E-03 | 1.55E-10 | 5.74E-06
Cs-136 1.90E-08| 7.03E-04|9.51E-11 |3.52E-06 Ba-137m | 1.17E-09 | 4.33E-05 | 5.86E-12 | 2.17E-07
Cs-137 1.17E-09| 4.33E-05|5.86E-12 | 2.17E-07 Ba-140 | 2.41E-07 | 8.92E-03 | 1.21E-09 | 4.46E-05
Cr-51 5.78E-08|2.14E-03 |2.89E-10 | 1.07E-05 La-140 | 4.49E-07 | 1.66E-02 | 2.24E-09 | 8.28E-05
Mn-54 2.97E-08| 1.10E-03 | 1.49E-10 | 5.52E-06 Ce-141 | 2.78E-09 | 1.03E-04 | 1.40E-11 | 5.17E-07
Fe-55 2.24E-08| 8.28E-04 | 1.12E-10 | 4.14E-06 Ce-143 | 4.97E-08 | 1.84E-03 | 2.48E-10 | 9.18E-06
Fe-59 5.59E-09|2.07E-04|2.81E-11 | 1.04E-06 Ce-144 | 7.43E-08 | 2.75E-03 | 3.73E-10 | 1.38E-05
Co-58 8.57E-08| 3.17E-03 |4.27E-10 | 1.58E-05 W-187 4.35E-08 | 1.61E-03 | 2.18E-10 | 8.07E-06
Co-60 9.89E-09| 3.66E-04 |4.95E-11 | 1.83E-06 Np-239 | 3.97E-08 | 1.47E-03 | 1.99E-10 | 7.36E-06
Zr-95 7.24E-09|2.68E-04|3.62E-11 | 1.34E-06 H-3 1.84E-03 |6.81E+01 | 1.84E-03 |6.81E+01
Zn-65 9.51E-09|3.52E-04|4.76E-11 | 1.76E-06

(1) This source term is used to determine the expected radioactive source terms and this source terms are presented for
information only for SGBS components.
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Table 11.1-11

Long-Lived Isotopes in Crud®

Isotope Half-Life A (dh Parent Reaction y/dis) E (MeV)
Cr-51 27.70 days 2.50E-02 Cr-50 n,y 0.1 0.32
Mn-54 312.3 days 2.22E-03 Fe-54 n,p 1 0.84
Fe-59 44.50 days 1.56E-02 Fe-58 n,y 1 1.18
Co-60 5.272 years 3.60E-04 Co-59 n,y 2 1.25
Co-58 70.82 days 9.77E-03 Ni-58 n,p 1 0.81
Zr-95 64.02 days 1.08E-02 Zr-94 n,y 2 0.75

(1) gamma/disintegration

(2) The half-lives, reactions, and gamma decay energies for each of the long-lived isotopes in the radioactive

crud are used to calculate the activities of deposited crud in Subsection 11.1.3.1.
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Table 11.1-12

Parameters for Crud Activity

Parameter Value
Thermal neutron flux, n/cm?-sec 6.32E+13
Fast neutron flux, n/cm’-sec 3.06E+14
RCS surface area / core surface area, Ar/Ac 4.8

Core Residence Times and Activation Rates"

Core Residence Activation Rate
Isotope Time (t.s, day) (reactions/g-sec)
Cr-51 12 1.34E+11
Mn-54 110 4.37E+08
Fe-59 Saturated 1.99E+08
Co-58 23 4.18E+10
Co-60 197 4.32E+09
7r-95 29 8.65E+08

(1) The averages (t.;) of the maximum core residence times, the system parameters, and the activation rates

are used to determine crud activities in Subsection 11.1.3.1.
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Table 11.1-13

Long-Lived Crud Activity'”

Activity

Isotope Half-life uCi/g-crud Bg/g-crud
Cr-51 27.70 days 1.98E+05 7.31E+09
Mn-54 312.3 days 5.37E+02 1.99E+07
Fe-59 44.50 days 1.13E+03 4.18E+07
Co-58 70.82 days 4.78E+04 1.77E+09
Co-60 5.272 years 1.68E+03 6.22E+07
7r-95 64.02 days 1.32E+03 4.90E+07

(1) These calculated crud activities are applied to both the circulating crud and out-of-core deposited crud in

Subsection 11.1.3.1
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Table 11.1-14

Calculated Average Crud Activity
in the Reactor Coolant'”

Activity
Isotope uCi/g-coolant Bg/g-coolant
Cr-51 1.48E-02 5.48E+02
Mn-54 4.03E-05 1.49E+00
Fe-59 8.48E-05 3.14E+00
Co-58 3.58E-03 1.33E+02
Co-60 1.26E-04 4.66E+00
7Zr-95 9.92E-05 3.67E+00

(1) The crud activity in this table is presented for information only.
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Table 11.1-15

Tritium Activation Reactions®

Threshold Energy, MeV Cross
Reaction Section, cm*"
B"(n, 20)T 1.4 1.26E-26
Li'(n, no)T 3.9 7.79E-27
Li’n, a)T Thermal 9.44E-22
H(n, y)T Thermal 5.50E-28
B'(n, T)Be’ 10.4 7.30E-30
N"(n, T)C" 43 3.00E-28

(1) Spectrum averaged value for neutrons of energy greater than 0.625 eV

(2) The activation reactions from B-10, lithium, and deuterium are used to calculate tritium production in

Table 11.1-17
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Table 11.1-16

Parameters Used for Calculating Tritium Production'”

Parameter Value

Active core water volume, cm’ 3.00E+07
Thermal neutron flux, n/cm’-sec 6.32E+13
Fast neutron flux, n/cm’-sec 3.06E+14

Average lithium concentration in the reactor coolant, ppm

Expected 2.2
Maximum 3.5
Lithium-6 abundance, a/o 0.1

Average boron concentration in the reactor coolant, ppm

Expected 652

Maximum 755
Power level, MWt 4,063
Tritium release from fuel,%

Expected 1.0

Maximum 2.0
Tritium release from CEA,% 50.0

(1) The parameters are used to calculate tritium production in Table 11.1-17.
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Table 11.1-17

Tritium Production in the Reactor Coolant®

Average Maximum

Source uCi/cycle Bg/cycle uCi/cycle Bg/cycle
H(n, y)T 6.95E+06 2.57E+11 6.95E+06 2.57E+11
Li®(n, )T 2.94E+08 1.09E+13 4.67E+08 1.73E+13
Li’(n, na) T 1.86E+07 6.90E+11 2.97E+07 1.10E+12
B'°(n, 2a)T 1.16E+09 4.28E+13 1.34E+09 4.95E+13
Fission products'” 2.80E+08 1.04E+13 5.60E+08 2.07E+13
CEAs 6.23E+07 2.30E+12 3.49E+08 1.29E+13
Total 1.82E+09 6.73E+13 2.75E+09 1.02E+14

(1) Tritium production from ternary fission (ORIGEN-S code)
(2) The tritium produced from activation sources are used to check the adequacy of the tritium activities in

Tables 11.1-2 and 11.1-9.
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Table 11.1-18

Maximum Anticipated Leakage Rates from NSSS-Related
Components to the Building Environment

Component Assumed Leakage Rates
Valves
Disk leakage 4 ¢m’/hr/cm of seat diameter
Stem leakage 4 cm’/hr/cm of stem diameter
Pumps
Centrifugal (mechanical seals) 50 cm’/hr per seal during normal operating conditions with
(except SI and SC pumps) availability of seal cooling water

100 cm’/hr per seal during loss of externally supplied cooling

water
Positive displacement 3,785 cm’/hr (1 gal/hr)
SI and SC pumps 1,000 cm’/hr per seal (each pump)
Flanges 30 cm’/hr

(1) These assumed leakage rates are used to determine the airborne concentration described in Subsection
12.2.2.3.
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11.2 Liquid Waste Management System

The liquid waste management system (LWMS) is designed to monitor, control, collect,
process, handle, store, and dispose of liquid radioactive waste generated during normal
plant conditions, including anticipated operational occurrences (AOOs) based on NRC RG
1.143 (Reference 1), NUREG-0017 (Reference 2), and other applicable codes and
regulations delineated in this section. The radionuclide concentration of liquid effluent
releases at the site discharge point during normal operation including AOOs is below the
radionuclide concentration limit in 10 CFR Part 20, Appendix B (Reference 3), and
conforms with as low as is reasonably achievable (ALARA) criteria of 10 CFR Part 50,
Appendix I (Reference 4) based on the use of industry-proven technologies within the
structures, systems, and components (SSCs) incorporated into the design. The design also
incorporates segregation of liquid waste collection and processing to provide reasonable
assurance that the treatment and release objectives are met.

The LWMS design is supplemented with operating procedures, programs, and operator
actions to provide assurance that the SSC integrity and functions are maintained, and the
releases are within the limits specified in 10 CFR Part 20, Appendix B (Reference 3).

The lessons learned program provides guidance on integrating industry, operating, and
construction experience into the APR1400 design. Under this program, NRC generic
communications and industry operating and construction experience are maintained in a
database that is reviewed, assessed, and integrated into the design as appropriate. The
construction and operating experience of nuclear power plants has been incorporated into
the database for design improvement.

The LWMS is divided into the following major subsystems:
a. Floor drain subsystem
b. Equipment waste subsystem
c. Chemical waste subsystem
d. Detergent waste subsystem

The radiation level in the processed liquid is verified by radiation monitors and sampling
and analysis, in accordance with NRC RG 1.21 (Reference 5) and NRC RG 4.15
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(Reference 6), prior to release to the environment. Process sampling and effluent radiation

monitoring systems are described in Section 11.5.

11.2.1

11.2.1.1

Design Bases

Design Objectives

The LWMS meets the following design objectives:

Capability to process floor drain wastes, equipment wastes, chemical wastes, and
detergent wastes to meet release radionuclide concentration limits in accordance
with 10 CFR Part 20, Appendix B (Reference 3), prior to discharge to the
environment using industry proven technologies including filtration, reverse

osmosis (R/0), and ion exchange

Capability to recycle treated water to minimize the liquid radwaste effluent
releases to the environment in accordance with GDC 60 (Reference 7) through the
use of redundant and independent tanks and pumps

Capability to segregate the liquid waste streams by the use of separate waste drain
headers and waste collection sumps or tanks for each waste stream category

Capability to store, sample, and analyze processed liquid to confirm conformance
with the release limits prior to the discharge being released to the environment or
returned to the waste collection tank for further treatment, with the provision of
redundant tanks and pumps and the sampling capability

Capability to prevent unplanned discharges of processed liquid by the use of an
administratively controlled discharge valve and dual radiation monitors to provide
assurance that the radioactivity concentrations of effluents and the resultant doses
are within the limits of 10 CFR Part 20, Appendix B (Reference 3), and 10 CFR
Part 50, Appendix I (Reference 4), respectively, and that there are no uncontrolled

and/or unmonitored releases

Capability to provide early detection of leaks and overflows through the use of the
cubicle drainage design and instruments that initiate alarms in the radwaste control
room for operator actions in accordance with NRC RG 4.21 (Reference 8)
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11.2.1.2 Design Criteria

The LWMS design criteria are as follows:

a. The LWMS provides sufficient capacity, redundancy, and flexibility to treat liquid
radwaste to reduce radionuclide concentration to the concentration limit of
effluents in 10 CFR Part 20, Appendix B (Reference 3), during equipment
downtime and during operation at design basis fission product leakage levels
(leakage from fuel producing 1 percent of the reactor power).

b. The LWMS is designed so that releases of radioactive materials to the environment
are controlled and monitored in accordance with General Design Criteria (GDC)
60 (Reference 7), GDC 61 (Reference 9), and GDC 64 (Reference 10) with the
incorporation of an administratively controlled valve and dual radiation monitors
on the sole discharge line for liquid effluent. The release is to be controlled by
the offsite dose calculation manual (ODCM) following the Nuclear Energy
Institute (NEI) 07-09A template, which is to be developed by COL applicant
(COL 11.2(1)). Offsite radiation doses measured on an annual basis resulting
from the effluents during normal operation and AOOs are maintained within the
limits of 10 CFR Part 50, Appendix I (Reference 4). The release is controlled in
accordance with 10 CFR 50.34a (Reference 11).

c. The LWMS is designed, constructed, and tested to the codes and standards listed
in Table 11.2-7 in accordance with Regulatory Positions C.1.1.1 and C.4 of NRC
RG 1.143 (Reference 1).

d. The LWMS is designed with adequate storage capabilities for normal operation,
including AOOs, in accordance with NRC RG 1.143 (Reference 1) and ANSI-55.6
(Reference 12), and the capability to connect to and return liquid waste from the
installed liquid waste processing system to accommodate and treat anticipated
waste surge volumes. The interconnections between plant systems and the liquid
waste processing equipment are designed to avoid the contamination of
nonradioactive systems and uncontrolled releases of radioactivity to the
environment. This design feature meets the requirements of Inspection and
Enforcement (IE) Bulletin No. 80-10 (Reference 13).

The LWMS is designed with hard piping between radioactive and nonradioactive
systems in accordance with IE Bulletin 80-10 (Reference 13). Chemical addition
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piping for pH adjustment is provided with hard piping, and demineralized water is
provided for flushing the pipes after each transfer of contaminated fluid. These
connections are hard pipes and are equipped with double barriers to prevent
unintended contamination in accordance with NRC RG 4.21 (Reference 8).

The LWMS is not designed for abnormal or accident plant conditions but is
designed to hold up and process the liquid wastes generated during normal
conditions and AOOs.

The LWMS is designed to operate in batch mode during normal operating
conditions and AOOs, but can be operated continuously when there is a need.
For equipment sizing and process capability determination, the LWMS is designed
to store and process the maximum design basis input in 1 day. The LWMS
includes eight collection tanks (386,112 L [102,000 gal] gross volume) and two
reverse osmosis (R/O) packages, each with 227 L/min (60 gpm) of processing
capacity. Additionally, the LWMS contains two monitor tanks (102,206 L
[27,000 gal] gross volume each) that hold the treated water prior to discharge.
The equipment capacities of the LWMS are listed in Table 11.2-6.

Design features are included to reduce equipment maintenance, equipment
downtime, and leakage of radioactive liquid into the building atmosphere using
industry-proven components with proper material selections that are compatible
with fluid conditions and the radioactive environment and lessons learned from
nuclear industry as specified in NRC RG 1.143 (Reference 1), Figure 2. The
structures, systems, and components (SSCs) of the LWMS are classified in
accordance with the safety classification process described in NRC RG 1.143
(Reference 1), Figure 2, which includes RW-Ila, RW-IIb, and RW-IIc. The SSCs
are designed in conformance with the applicable codes and standards and the
guidelines in NRC RG 1.143 (Reference 1). The seismic design criteria and
quality group classification applicable to the design of the LWMS are described in
Section 3.2. The LWMS design is in conformance with ANSI/ANS-55.6
(Reference 12).

In accordance with ANSI/ANS-55.6 (Reference 12) and NRC RG 1.143
(Reference 1), the portions of the compound building that house the LWMS

equipment are designed to maintain SSC integrity in the event of an operating
basis earthquake (OBE).
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The LWMS is designed with proven technologies that include filtration, R/O, ion
exchange, and the associated piping and controls for automated operation upon
manual initiation. The number and the capacities of the components are designed
to provide flexibility for single and/or parallel train operation. This design
approach provides simple but efficient processing for effective removal of
radionuclides from the contaminated liquid in compliance with 10 CFR Part 20,
Appendix B (Reference 3) and 10 CFR Part 50, Appendix I (Reference 4).

The components in the LWMS, except for the microfiltration unit, are designed in
accordance with the applicable industry codes with pressure relief valves and vents
opening into the cubicles and operating at ambient temperatures without heat
generation or a vacuum drawing device. The microfiltration unit is designed to
use a vacuum-drawing device equipped with a rupture disc and relief valve.

Each LWMS tank is provided with vent piping that is terminated at the vicinity of
the inlet duct of the heating, ventilation, and air conditioning (HVAC) system in
the compound building. The HVAC system in the compound building is
described in Subsection 9.4.7.

The LWMS is designed with two radiation monitors in the sole discharge line
inside the compound building. When a predetermined setpoint is exceeded, the
monitors generate alarm signals in the radwaste control room that close the
discharge line isolation valves to prevent release if either monitor detects activity
in excess of the predetermined setpoint or if there are equipment malfunctions
during the release. The LWMS is designed with enough redundancy and capacity
that, if the isolation valves are closed, it can operate without discharging until the
alarm condition is resolved. Administrative control of the lock-closed release
path adds confidence that operator error will not cause inadvertent discharges of
liquid waste that contains activity in excess of the limits for release. Offsite
effluent concentrations and radiation doses to the public, which are controlled by
the ODCM and measured annually, are within the limits of 10 CFR Part 20,
Appendix B (Reference 3), and 10 CFR Part 50, Appendix I (Reference 4),
respectively.

The LWMS is designed in accordance with NRC RG 4.21 (Reference 8) as it
contains radioactive liquid from the plant. The required design and operational
objectives of NRC RG 4.21 (Reference 8) are addressed in Section 12.4.2. The
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LWMS features and programs that meet these objectives are described in
Subsection 11.2.2.4.

The LWMS is designed in accordance with 10 CFR 20.1406 (Reference 14) and
NRC RG 4.21 (Reference 8). The design includes early leak detection features
for overflows, unintended leakage, and releases. The early leak detection
instruments are provided for LWMS components that contain significant amounts
of contaminated fluid and are designed to provide alarm signals in the radwaste
control room for operator actions. Procedures are to be developed by the COL
applicant to provide periodic inspection and calibration for the maintenance of the
instruments.  Procedures will be further developed that govern the timely
assessment and appropriate responses for the leakage mitigation, including
investigation, rerouting of inputs, transferring of tank contents, decontamination,
and the required maintenance on the SSCs, as required. The procedures are to be
integrated into a plant-wide NRC RG 4.21 Program in accordance with NEI 08-
08A, Generic FSAR Template Guidance for Life Cycle Minimization of
Contamination (Reference 15) (COL 11.2(2)).

Each waste collection tank and monitor tank is provided with an overflow
connection at least as large as the inlet. The location of the overflow is above the
high-level alarm setpoint. Each cubicle housing these tanks is coated with an
impermeable epoxy liner (coating), up to the top of the cubicle wall, to facilitate
decontamination of the facility in the event of tank leakage. Epoxy coatings in
the cubicles are Service Level II coatings as defined in NRC RG 1.54
(Reference 16). This design feature, in conjunction with early leak detection and
operator actions to drain and transfer collected leakage serves to minimize the
release of the radioactive liquid to the groundwater and environment in accordance
with Branch Technical Position (BTP) 11-6 (Reference 17), 10 CFR 20.1406
(Reference 14), and NRC RG 4.21 (Reference 8).

The LWMS is designed in conformance with ALARA principles for minimizing
occupational doses as described in NRC RG 8.8 (Reference 18) with the provision
of individual cubicles for components that contain significant amounts of
contaminated fluid, the leak detection and drainage design, the provision of area
and component decontamination capability to minimize the buildup of

contamination, and the adequate layout and efficient ingress and egress pathways.
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Sufficient shielding is provided for all equipment in the radiologically controlled

area (RCA) to minimize radiation exposure.

gq. The quality assurance (QA) program for the design, installation, procurement, and
fabrication of LWMS components conforms with Regulatory Position C.7 of NRC
RG 1.143 (Reference 1) and NRC RG 1.33 (Reference 19). Table 3.2-1 in this
Design Control Document (DCD) identifies the seismic category, quality group,
and safety class for components of the LWMS. The QA program is designed in
accordance with ANSI/ANS-55.6 (Reference 12).

11.2.1.3 Method of Treatment

The LWMS provides for the segregated collection of floor drainage, equipment drainage,
chemical drainage, and detergent drainage and has permanently installed equipment to store
and treat the influent and allow sampling of the contents in the waste collection tanks and
monitor tanks. The results of the sample analysis are used to confirm whether the
treatment requirements and product specifications are met. Two 100 percent capacity R/O
package systems are included in the LWMS to provide redundancy and operating flexibility.
Each R/O package contains a pretreatment module that removes suspended solids, oil, and
organic contaminants; an R/O module that removes soluble salts and radioactive ions from
the waste passing through the pretreatment module; and a demineralizer module that
polishes the R/O permeate for further removal of residual ionic radionuclides. This
combination of processing equipment provides the necessary treatment and purification of
the liquid effluent to meet the discharge requirements.

The LWMS components are equipped with piping, pumps, valves, and the necessary
instrumentation to operate automatically. The components and piping are housed in the
compound building, which provides shielding and temporary containment of leakage and
drainage through the use of cubicles with epoxy coating, leak detection instruments, and
operator actions. The design provides options for operator initiation and termination of
the process operations and the selection of treatment components to achieve treatment
objectives and effluent specifications to meet the set of regulations, including 10 CFR Part
20, Appendix B (Reference 3) and 10 CFR Part 50, Appendix I (Reference 4) efficiently.
Due to equipment redundancy, the components can be divided into separate trains that can
operate in series, or parallel, based on the contamination levels and treatment needs. The
operator can initiate treatment using one of two trains. Some components, primarily the

floor drain pumps, equipment drain pumps, and monitor tank pumps are equipped with
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cross-ties on the suction side to provide transfer capability between tanks, as shown on
Figure 11.2-1. The pumps can also route liquid waste for treatment to either LWMS train,
which consists of R/O and ion exchanger modules.

The treated effluent in the monitor tanks can also be recycled for treatment in the event that
the release exceeds a predetermined radiological setpoint. These design features add
flexibility to the treatment operation and are operator initiated. However the internal
components inside each module are arranged in series in order to maintain dose limits
within the prescribed bounds of the regulations. Details of the system and component
descriptions and operations are provided in Subsection 11.2.2.

Detergent wastes from personnel decontamination showers and detergent-type
decontamination solutions drainage are unlikely to have high radioactivity. The detergent
waste is collected, filtered, and released through a monitored pathway. In the unlikely
event that the radionuclide concentration is above a setpoint, the detergent waste is diverted
to the chemical waste tank (CWT) for additional processing.

Depending on site-specific requirements, the COL applicant is to determine whether
contaminated laundry is sent to an offsite facility for cleaning or for disposal (COL 11.2(3)).

Tanks are equipped with high-level and high-high level alarms that alert operators of high
liquid levels in order to minimize the potential for overflow. If an operator action is not
taken, the overflow over the high-high level can be directed to the other storage tank
through the cross-connections.

11.2.1.4 Radioactive Source Terms in LWMS

Radioactive sources in the radwaste systems include fission and activation radionuclides
produced in the core and the reactor coolant. The radioactive source terms in each LWMS
component are determined using the DIJESTER Computer Code (Reference 20).

The DIJESTER Code (Reference 20) determines radionuclide inventories and concentrations
by solving the differential equations of flow through the component, taking into account the
flow rate, liquid source concentrations, decontamination factors, process time, equipment
volume, and decay constant.

Each of the three liquid radwaste streams (chemical waste, floor drain waste, and

equipment waste) has several input flows, and each input has a different source
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concentration. The main flow paths of the liquid radwaste system are shown in
Figure 11.2-2.  The COL applicant is to provide the piping and instrumentation diagrams
(P&IDs) (COL 11.2(4)). The specific activities for each radwaste stream are determined
with a fraction of primary coolant activity.

For the purposes of the radioactivity calculation, resin beds in the LWMS demineralizers
are assumed to have a service life of 1 year. Although the service life of filters and resins
in the LWMS may vary according to the operational conditions, filters and resins are likely
to be replaced based on the media performance, such as pressure drop and media integrity.
Source term strength is conservatively assumed for 1 year of fluid processing to provide
reasonable assurance that occupational exposures associated with radwaste system
operations remain ALARA. The decontamination factors used in the source term
calculations are presented in Table 11.2-3. The expected and design basis (1 percent fuel
defect) radioactive inventories in LWMS components are provided in Tables 11.2-11
through 11.2-14.

The structure and components of the LWMS are classified according to the safety
classification guidance in NRC RG 1.143 (Reference 1). Analyses are performed based
on the method stipulated in Figure 2 of NRC RG 1.143 (Reference 1). For conservative
analysis, the radiological impact is assumed to be greater than the criteria of either 5 mSv at
the unprotected area boundary or 0.05 Sv to facility personnel within the protected
boundary. The facility is thus considered RW-Ila.

The radioactive inventories in the LWMS components are determined based on 1 percent
fuel defect and compared with the A1 and A2 values in Appendix A of 10 CFR Part 71
(Reference 21). If the radioactivity inventories of a component exceed the Al quantities,
the component is classified as RW-Ila. If the radioactivity inventories are less than Al
quantities and greater than A2 quantities, the component is classified as RW-I1Ib.  All other
components are classified as RW-IIc. The results are included in Tables 11.2-13 and 11.2-
14.

11.2.1.5 Site-Specific Cost-Benefit Analysis

The cost-benefit analysis approach stipulated by Paragraph II.D of 10 CFR Part 50,
Appendix I (Reference 4) requires that a population dose analysis be performed to
demonstrate that the LWMS is designed in accordance with the ALARA criterion.
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Due to the site-specific nature of the population dose analyses, the cost-benefit analysis is
deferred to the site-specific environmental reports.

The COL applicant is to perform a site-specific cost-benefit analysis to demonstrate
conformance with the regulatory requirements of NRC RG 1.110 (COL 11.2(5))
(Reference 22).

11.2.1.6 Mobile or Temporary Equipment

The LWMS is designed with permanently installed equipment. The LWMS does not
include the use of mobile or temporary equipment. To provide the flexibility for future
use of mobile or temporary equipment in accordance with site-specific requirements, space

and connections are provided for the installation of mobile equipment.

The COL applicant is to provide assurance that the use of mobile or temporary equipment
and interconnections to plant systems conform with regulatory requirements and guidance
such as 10 CFR 50.34a, 10 CFR 20.1406, NRC RG 1.143, and NRC RG 4.21 (COL 11.2(6))
(References 1, 11, 14, and 8). The COL applicant is to ensure that the implementation of
mobile and temporary equipment meets the requirements of NUREG-0800 Sections 12.3
and 12.4 and that any impacts to the radiation zone maps are evaluated (COL 11.2(6)).

The COL applicant is responsible for the identification of mobile/portable LWMS
connections that are considered nonradioactive but may later become radioactive through
contact with contaminated radioactive systems, and for the preparation of operating
procedures for mobile/portable LWMS connections in conformance with the guidance and
information in IE Bulletin 80-10 (Reference 13) and ANSI/ANS 40.37 (Reference 23)
(COL 11.2(6)).

11.2.2 System Description

The LWMS manages liquid wastes generated by the plant during normal operation
including AOOs. The boundary of the LWMS starts at the interface valves for each of the
input streams potentially containing radioactive material from other plant systems as shown
in Figure 11.2-1. For many of these streams, the boundary of the LWMS starts at the
sump pump discharge isolation valves from the respective building sump. The boundary
of the LWMS ends at the isolation valve of the sole discharge line to the discharge header.
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The LWMS consists of the following four main subsystems, which are based on
characteristics of input streams: equipment waste, floor drain waste, chemical waste, and
detergent waste. The subsystems have eight waste collection tanks, eight waste collection
tank pumps, two R/O packages, two monitor tanks, and two monitor tank pumps to collect
treated fluid for analysis. The waste collection tanks (WCTs) and monitor tanks and their
associated pumps are located in the compound building. The R/O packages in the
compound building are at elevations of 63 ft 0 in and 85 ft O in.

The detergent waste subsystem included in the LWMS has two detergent waste tanks, two
detergent waste tank pumps, and one filter. The detergent waste tanks and their associated
pumps are in the compound building at El. 63 ft O in.

Figure 11.2-1 shows a process flow diagram of the LWMS. For the purpose of this DCD,
process flow diagrams are used to indicate key process equipment and primary control
instrumentation to illustrate the process design, method of operation, and release
monitoring.

Inputs to the LWMS include the following:
a. Equipment drainage
b. Floor drainage
c. Chemical drainage
d. Detergent drainage
For a more detailed discussion of the drainage systems, refer to Subsection 9.3.3.

11.2.2.1 Liquid Waste Processing System Operation

11.2.2.1.1 Waste Input Streams

Sources of radioactive liquid wastes include the following:

a. Floor drain wastes, such as the reactor containment and auxiliary building floor

drains and compound building drains via each building sump

b. Equipment wastes, such as the auxiliary building equipment drains via the
auxiliary building equipment drain sump
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c. Chemical wastes, such as the radiochemistry laboratory, fuel handling area, and
equipment decontamination drains via the auxiliary building chemical waste drain

sump and compound building chemical drain sump

d. Detergent wastes, such as the wastes from the personnel decontamination station
and detergent-type decontamination solutions, which occur in the unlikely event of
high radioactivity surpassing the effectiveness of the detergent waste filter

e. All of the potentially radioactive waste streams, such as the auxiliary steam
condensate receiver tank drains and condensate polishing area sump drains are
monitored for radiological contamination. Contaminated drains from these
sources are routed to the LWMS for processing prior to discharge to the

environment

11.2.2.1.2 Waste Collection and Storage

The LWMS is not designed for abnormal or accident plant conditions, but the LWMS has
the capacity to hold up the liquid wastes generated during normal conditions and AOOs.

Input to the LWMS is divided into four process trains: floor drain, equipment waste
chemical waste, and detergent waste. Wastes are segregated according to the processing

requirements and treatment objectives.

Floor drains, including the reactor containment and auxiliary building floor drains and
compound building drains, are routed to the floor drain train and processed by the R/O
package.

Equipment wastes, including the auxiliary building equipment drains, are routed to the
equipment waste train where wastes are processed by the R/O package.

Chemical wastes, including the high-level laboratory, low-level laboratory, fuel handling
area, and equipment decontamination drains, are directed to the chemical waste train where

wastes are normally processed by the R/O package.

Two floor drain tanks and two equipment drain tanks are cross-connected by the common
header and overflow piping on each tank. During normal operation, the various inputs
from equipment drain and floor drain headers are separated and collected in the designated
radwaste tanks.
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Two chemical waste tanks receive the influent from a common inlet header. Normally,
one tank is filled while the other is on standby. Tanks are also equipped with cross-
connected and overflow piping. The chemical waste tank also collects borated waste from
the boric acid concentrator in the chemical and volume control system.

The chemical drain sump in the auxiliary building collects chemical wastes from the power
block and transfers it to the chemical waste tanks in the compound building.

Two detergent waste tanks receive detergent wastes, including but not limited to the wastes
from personal decontamination stations and detergent-type decontamination solutions.
These wastes are normally filtered and discharged directly through the LWMS discharge
line and are radiologically monitored. When the drains are detected to be above a
predetermined setpoint, they are routed to the chemical waste tanks where wastes are
processed by the R/O package. Refer to DCD Section 11.5 for more detailed description
of the radiation monitoring system.

The floor drain tanks, equipment drain tanks, and chemical waste tanks are housed in
separate cubicles with individual leak detection instruments and sloped and epoxy coated
floors to facilitate drainage and cleaning. In the event that a small amount of fluid is
accumulated in the drain pipe and triggers the level detection instrument, an alarm is
initiated in the radwaste control room for timely operator actions. When the tank leakage
alarm is annunciated, a plant operator is dispatched to investigate the cause of the alarm for
determination of mitigation actions. The mitigation actions are in accordance with the
program and procedures to be developed by COL applicant per (COL 11.2(2), (7), and (8)).
This design approach meets the requirements of NRC RG 4.21 (Reference 8).

11.2.2.1.3 Waste Processing

The LWMS is designed to operate with a tank-to-tank manual batch operation according to
the plant condition. Therefore, the LWMS is designed with the high degree of flexibility
illustrated on the process flow diagrams.

Floor drain and equipment waste are routed to the R/O package for processing. The
chemical waste is also processed by the R/O package and discharged to the monitor tanks.
Downstream of the chemical waste pumps, there is a provision to connect to a mobile
chemical waste treatment system that processes boric acid concentrates, if required.
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The liquid waste processing system has two R/O packages. Each R/O package has four

modules: pre-treatment, R/O, demineralizer, and concentrate feed.

The liquid wastes collected in the floor drain tanks, equipment waste tanks, and chemical
waste tanks are first passed through a pre-treatment module in which oily and suspended
solids are removed to maintain optimal performance of the R/O module. The suspended
solids include the corrosion (e.g., sodium and iron) and activation products (e.g., cobalt and
strontium), SG cruds, and other particulate from the floor drains. The passed water is
routed to the R/O module for the removal of soluble species, which includes the ionic
activation products (e.g., cesium and technetium). The activation products can be in
particulate or ionic form, depending on pH and other fluid chemistry species (such as
carbonates, hydroxides, and nitrates) in the liquid waste. Between the pretreatment and
the R/O units, most of the radionuclides are removed from the R/O permeate. Current
advances in treatment technologies and industry experience demonstrate the effectiveness
of these treatment units and provide reasonable assurance that the 10 CFR Part 20,
Appendix B (Reference 3) release limits are met. To further enhance the permeate quality,
the R/O permeate from the R/O module is processed by the demineralizer module for final
polishing and then transferred to the monitor tank for sampling, analysis, and release.

The generation of mixed liquid wastes is minimized by process control and the controlled
use of hazardous chemicals. If and when mixed wastes are generated, the waste is to be
separately collected and shipped for offsite treatment by the COL applicant (COL 11.2(9)).

11.2.2.14 Waste Sampling

The waste sampling process is similar for all LWMS tanks including the detergent waste
tanks. Once a tank is filled, the operator initiates the recirculation/mixing mode by
aligning the appropriate valves and starting the pump with the objective of obtaining tank
homogeneity and representative sampling. See Section 11.5 for more detailed description
of the process sampling system.

Obtaining a representative sample involves recirculating the tank contents and mixing the
equivalent of three or more tank volumes using a mixing eductor as described in Subsection
11.2.2.3.1 depending on the type of influent waste and size of the tank. Recirculation for
mixing and purging of the sampling line is to follow the guidance in ASTM D-3370-07,
“Standard Practices for Sampling Water from Closed Conduits,” as stipulated in NRC RG
1.21 (Reference 5).
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Once adequate mixing has been achieved, a sample is taken while the pump is running
using the sample connection provided on the recirculation piping. A sample of the liquid
waste, except detergent waste, is taken at the sample panel of the process sampling system.
The sample of detergent waste is taken at the grab sample sink. The samples are analyzed
for chemical composition, gross gamma activity, and pH at the sample laboratory in the
compound building. The design of the sampling system conforms to NRC RG 4.15
(Reference 6). Operating procedures for calibration and inspection following the guidance
in NRC RG 4.15 (Reference 6) are to be developed by the COL applicant to provide
reasonable assurance of representative sampling (COL 11.2(10)).

11.2.2.1.5 Chemical Addition

Following the sample analysis, the operator determines the amount and type of chemicals to
be added to the tank to obtain a balanced pH for the tank fluid. Through permanently
piped connections to the equipment waste tanks, floor drain tanks, and chemical waste
tanks, acid, caustic, and anti-foam agents can be added to the tanks using metering pumps

as necessary.

The chemicals are then mixed with the tank contents using the recirculation/mixing mode,
followed by sampling and further chemical addition, if necessary. This process is repeated
until the tank contents meet the required fluid pH for discharge.

11.2.2.2 Monitoring and Discharge

LWMS monitor tanks collect liquid processed through the R/O package. Following the
sample analysis as described in Subsection 11.2.2.1.4, the operator determines where the
contents of the monitor tank are to be transferred. If the water quality and radionuclide
concentrations of the contents in the monitor tank meet the water specifications for the
holdup tank, and the plant operation is not affected by the recycle operation, the contents of
the monitor tank are transferred to the holdup tanks for plant reuse. If the water is not
recycled and it is determined to be acceptable for offsite release, the contents of the monitor
tank are discharged to the offsite release point.

The LWMS is designed to control the release of the treated effluent. The effluent is stored
in the monitor tank and is sampled and analyzed to confirm that the release nuclide
concentrations are within the limits of 10 CFR Part 20, Appendix B, Table 2 (Reference 3),
prior to release. The LWMS is designed with recycle capability for further treatment for
any batch that exceeds the release specifications (Table 11.2-1 for normal operation). The
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release is also continuously monitored by dual in-line radiation monitors (RE-183 and RE-
184) during release. Any portion of the flow that exceeds the predetermined setpoint will
trigger alarms in the MCR and the radwaste control room for operator actions,
simultaneously turn off the monitor tank pump, and close the effluent discharge valve that
is under supervisory control.

The effluent from the detergent waste tank is transferred to either the monitor tank pump
discharge line or the chemical waste tank based on the sample result. If the fluid has
minimal radioactivity, the flow for discharge is simultaneously transferred to the
environment via the detergent waste filter, to the monitor tank pump discharge line. If the
fluid has significant radioactivity beyond the effluent concentration limits of 10 CFR Part
20, Appendix B, the contents are transferred to the chemical waste tank for further
processing. The release from the detergent waste tank is also continuously monitored by
RE-183 and RE-184 during release. When the release exceeds the predetermined setpoint
it will trigger alarms, the discharge valve is closed automatically and the operator turns off
the detergent waste pump and diverts the flow to the chemical waste tank manually. The
design and setpoints of the radiation monitors are described in Section 11.5. An annual
report that specifies the quantity of each principal radionuclide released to unrestricted
areas as liquid effluents to conform with 10 CFR 50.36a (Reference 19) is described in
Subsection 11.5.1.2.k.

The LWMS is designed with no release bypass.

11.2.23 Component Description

The LWMS components are determined for the radioactive safety classification in
accordance with the guidance provided in NRC RG 1.143 (Reference 1). The component
safety classification is summarized in Table 11.2-6. Accordingly, the LWMS is classified
as RW-IIa, based on the highest safety classification for the components within the system
boundary. The LWMS components are housed within the compound building, which has
been determined to be RW-Ila.

The component boundaries for each radwaste safety classification are applied as follows:

a. All components connected to a component classified as RW-Ila (Piping, pumps,
etc.) are also classified as RW-IIa, up to and including the nearest isolation
component (ex. Isolation valves), on each connection, to the RW-Ila component.
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b. All components connected to a component classified as RW-IIb (Piping, pumps,
etc.) are also classified as RW-IIb, up to and including the nearest isolation
component (ex. Isolation valves), on each connection, to the RW-IIb component.

c. All components connected to a component classified as RW-IIc (Piping, pumps,
etc.) are also classified as RW-IIc, up to and including the nearest isolation
component (ex. Isolation valves), on each connection, to the RW-IIc component.

Component design data of the LWMS are listed in Table 11.2-6. The component design
data include equipment flow rates and capacity, construction materials, and design
temperatures and pressures. The codes and standards that are applicable to the LWMS
components are listed in Table 11.2-7 and are consistent with codes and standards in NRC
RG 1.143, Table 1 (Reference 1).

11.2.2.3.1 Tanks

The equipment waste tanks are the vertical, cylindrical type. Two tanks are provided in
the LWMS to receive equipment drainage that is radioactively contaminated but contains a
low level of suspended solids. The equipment waste tanks are used as backup tanks for
the floor drain tanks whenever needed.

The floor drain tanks are the vertical, cylindrical type. Two tanks are provided in the
LWMS to receive floor drainage from the reactor containment building, auxiliary building,
compound building, and turbine building, which are expected to contain low levels of
undissolved solids and oily contaminants.

The chemical waste tank is the vertical, cylindrical type. Two tanks are provided in the
LWMS to receive influent from a common inlet header. Normally, one tank is filled while
the other is on standby. Tanks are also equipped with cross-connect and overflow piping.
The chemical waste tank also collects borated waste from the boric acid concentrator in the

chemical and volume control system.

The detergent waste tank is the vertical, cylindrical type. Two detergent waste tanks are
provided in the detergent waste subsystem. When one of the two detergent waste tanks is
filled, the operator directs the influent to the other empty tank. The tank is sized to
accommodate the expected daily peak volume of wastes.
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The monitor tank is the vertical, cylindrical type. Two monitor tanks are provided in the
LWMS. The monitor tanks are the only tanks in the LWMS from which the processed
waste can be released to the environment or returned to the plant for reuse.

Eductors are used to facilitate mixing and resuspension of settled solids using the tank
pump to provide the recirculation flow for a predetermined amount of mixing. Following
the guidance in ASTM D3370 (Reference 25), three or more turnovers of the tank contents
are required to provide reasonable assurance of adequate mixing in the tanks. During tank
mixing, the sampling line is also recirculated back to the tank header in order to eliminate
any stagnant fluid remaining inside the sampling line. The recirculation also facilitates the
cleaning and purging of the sampling line for residues and adjusts background
contamination to provide reasonable assurance of representative sampling. Following the
completion of sampling, the sample line is to be purged by at least three pipe volumes of
demineralized water, as stipulated in ASTM D3370-10 (Reference 25). The sampling
point locations and methodology for the process and effluent sampling system are described
in Section 11.5.

The sample points are located on the recirculation piping near each monitor tank. The
sampling analysis is also to be used to compare with the radiation monitor readings during
release. This design therefore uses two methods to provide reasonable assurance that no
releases are allowed above the radioactivity limits.

The LWMS tanks are provided with level instruments to monitor liquid content levels.
High level alarms are provided that, upon activation, terminate fluid input by closing the
inlet valve to prevent overfilling and overflow. A low level alarm is also provided to trip
off pumps to prevent cavitation and damage to the pumps. Both alarms are annunciated as

a common alarm in the radwaste control room.

As discussed, the boundary of the LWMS ends at the monitor tank pump discharge
isolation valve downstream of the radiation monitor points. The final discharge point
location, the type, shape, and size of the discharge orifice, and the sampling of the
discharge at the outfall are site-specific and are to be performed by the COL applicant
(COL 11.2(10)).

The acid storage tank is a vertical, cylindrical type and stores sulfuric acid (H,SO4). The
caustic storage tank is a vertical, cylindrical type and stores sodium hydroxide (NaOH).
The chemical additive tank is a vertical, cylindrical type. In the chemical additive tank,
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the anti-form or flocculant is mixed with demineralized water. The acid batch tank is a
horizontal, cylindrical type. In the acid batch tank, the H,SO4 from the acid storage tank is
diluted before the chemicals are sent to the waste collection tank. The caustic batch tank
is a horizontal, cylindrical type. In the caustic batch tank, the NaOH from the caustic
storage tank is diluted before the chemicals are sent to the waste collection tank. The seal
water storage tank is a vertical, cylindrical type, and stores radwaste water pump seal water.

The construction material for all tanks in the LWMS is stainless steel except for the acid
batch tank, which is constructed of Incoloy 825 material. All tanks are to be designed,
fabricated, welded, inspected, and tested in accordance with RG 1.143 (Reference 1).

The cells/cubicles housing tanks that contain significant quantities of radioactive material
are coated with epoxy to facilitate drainage and decontamination. The coatings are
Service Level II as defined in NRC RG 1.54 (Reference 16) and are subject to the limited
QA provisions, selection, qualification, application, testing, maintenance, inspection
provisions, and referenced standards of NRC RG 1.54 (Reference 16), as applicable to
Service Level II coatings. Post-construction initial inspection is performed by personnel
qualified in ASTM D4537 (Reference 26) and according to the inspection plan guidance of
ASTM D5163 (Reference 27).

11.2.2.3.2 Pumps

Radwaste pumps are a horizontal, centrifugal type and are constructed of stainless steel.
Two waste pumps are provided in each waste collection subsystem of the LWMS and
transfer radwaste water from the waste collection tank to the R/O package for processing.
The detergent waste tank pumps are the centrifugal, horizontal type. Two detergent waste
tank pumps are provided in the detergent waste subsystem. The monitor tank pumps are
the horizontal, centrifugal type. Two monitor pumps are provided in the LWMS and
transfer the processed wastewater from the monitor tank to the point for offsite release or to
the CVCS holdup tank for plant reuse.

Pumps are sized to process the contents of the tank in a single shift. The pump circulates
the tank contents (through a mixing-eductor network located in the tank) to provide
reasonable assurance of thorough mixing and representative sampling. The pump
continually recirculates the tank contents during processing and discharging to prevent
settling and potential radioactive crud buildup within the tank. The pump is automatically
tripped on a low tank level signal.

11.2-19 Rev. 3



APR1400 DCD TIER 2

The acid batch pump is a positive displacement type and transfers diluted H,SO4 solution
from the acid batch tank to the equipment waste tanks, floor drain tanks, and chemical
waste tanks to meet the required pH. The caustic batch pump is a positive displacement
type and transfers diluted NaOH solution from the caustic batch tank to the equipment
waste tanks, floor drain tanks, and chemical waste tanks to meet the required pH. The seal
water pump is a horizontal, centrifugal type and transfers the seal water from the seal water
storage tank to the seal water system of each radwaste water pump.

All pumps are to be designed, fabricated, welded, inspected, and tested in accordance with
NRC RG 1.143 (Reference 1).

11.2.2.3.3 Detergent Waste Filter

The detergent waste filter is used for removing particles from detergent wastes. The
detergent waste filter uses a cartridge-type filter. Cartridge filters are housed in shielded
enclosures that assist with a simplified change-out with minimal occupational dose in
conformance with the ALARA principle. The filter is contained in a top-loading, vertical
stainless steel pressure vessel. Inlet flow is forced into the inside of the filter cartridge
from the bottom and directed up into the outside of the filter cartridge. A spent filter
cartridge is replaced manually.

The detergent waste filter is installed in an open area (i.e., there are no walls around the
filter). The filter vessel is provided with lifting lugs and structural legs for anchoring to
the foundation bolts.

All filter housings are to be designed, fabricated, welded, inspected, and tested in
accordance with NRC RG 1.143 (Reference 1).

11.2.2.34 Seal Water Heat Exchanger

The seal water heat exchanger is a shell-and-tube type and removes heat from the seal water,

which is returned from the seal water system of each radwaste water pump.

All heat exchangers are to be designed, fabricated, welded, inspected, and tested in
accordance with NRC RG 1.143 (Reference 1).

11.2-20 Rev. 3



APR1400 DCD TIER 2

11.2.2.3.5 R/O Package

Two R/O packages are provided to remove suspended solids, particulate/insoluble
radionuclides, some metal and organic complexes, and soluble species from the different
streams of liquid radwaste generated during plant operations. Each R/O package is
capable of processing a minimum of 227 L/min (60 gpm) in normal operation.

The R/O package consists of the pre-treatment module, R/O module, demineralizer module,
and concentrate feed module. The pre-treatment module, which consists of an oil removal
filter and membrane filter (MF), removes the impurities in the radwaste water to maintain
optimal performance of the R/O module. The oil removal filter is a column holding an oil
removal filter cartridge designed to remove organic contaminants. This serves to protect
the downstream ion-exchange media from fouling.

The R/O module, which uses spiral-wound type membranes, removes soluble species in the
radwaste water. The demineralizer module uses three ion exchangers to polish R/O
permeates. The concentrate feed module receives and stores the concentrates generated
from the pre-treatment module and R/O module and transfers the concentrates from the
concentrate holding tank to the concentrate treatment system of the SWMS.

The R/O package is capable of allowing maintenance to be performed on one process train
while the other train continues to operate. Any component that requires frequent or
routine maintenance, inspection, test, and adjustment of calibration is designed so that
radiation exposures to operating and maintenance personnel are maintained ALARA.

The R/O package is designed using a modular (skid-mounted) approach to the greatest
possible extent to provide reasonable assurance of easy installation and proper arrangement
of components. Each R/O package is provided with an appropriate vent, drain, and flush
line. The R/O package can be continuously operated from a control panel in the radwaste
control room in the compound building. The control panel contains the controls and
instrumentation to control the sequencing of events in the processes.

The demineralizer vessels are stainless steel pressure vessels with inlet distributors,
connections equipped with screens to prevent infiltration of resins into the piping, and
sluice outlets in the R/O package. Each demineralizer module has three vessels and is
sized to process the contents passed through the R/O module.
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All R/O housings and demineralizer vessels are to be designed, fabricated, welded,
inspected, and tested in accordance with NRC RG 1.143 (Reference 1).

Access 1s provided to manually load fresh resin into the demineralizer vessels when
required. The normal disposition of fully expended (high differential pressure, high
radiation or loss of desired isotopic removal capability) demineralizer media is sluicing to
the low-activity spent resin tank in the SWMS for processing and shipment offsite, as
described in Section 11.4.

11.2.24 Design Features for Minimization of Contamination

The APR1400 is designed with features to meet the requirements of 10 CFR 20.1406
(Reference 14) and NRC RG 4.21 (Reference 8). The basic principles of NRC RG 4.21
(Reference 8) and the methods of control suggested in the regulations are delineated in four
design objectives and two operational objectives, which are defined in Subsection 12.4.2.
The primary features that address the design and operational objectives for the LWMS are
described below.

The LWMS SSCs, including the facility that houses the components, are designed to limit
leakage and/or control the spread of contamination. In accordance with NRC RG 4.21
(Reference 8), the LWMS has been evaluated for leakage identification from the SSCs that
contain radioactive or potentially radioactive materials, the areas and pathways where
probable leakage may occur, and the methods of leakage control incorporated in the design
of the system. The leak identification evaluation indicated that the LWMS is designed to
facilitate early leak detection and has the capability to assess collected fluids and respond to
manage the collected fluids quickly. Thus, unintended contamination of the facility and
the environment is minimized by the SSC design, and by operational procedures and

programs for inspection and maintenance activities.

Prevention/Minimization of Unintended Contamination

a. The system components, including the collection tanks and the monitor tanks, are
fabricated of stainless steel material and are of welded construction for life-cycle
planning, thus minimizing leakage and unintended contamination of the facility
and the environment.

b. The LWMS tanks are designed with sufficient capacity to provide temporary
storage of the liquid waste generated from normal operation including anticipated
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operational occurrences. The tanks are equipped with cross-connected inlet
headers for the control of overflow and to provide reasonable assurance of timely
processing.  The design minimizes the interruption of normal processing
operation, the spread of contamination, and waste generation.

c. The LWMS tanks are designed with mixing eductors to minimize settling of
suspended solids. The tanks have polished internal surfaces to minimize crud
traps.

d. The LWMS is designed with minimum embedded or buried piping. Piping
between buildings is designed to be equipped with piping sleeves with leakage
directed back to the building for collection, thus preventing the spread of
contamination.

Adequate and Early Leak Detection

a. All LWMS tanks are designed with level instruments to provide reasonable
assurance of safe operation of the SSCs. The instruments provide alarms to the
main control room and the radwaste control room for operator action in the event

of high liquid levels.

b. The cubicles in which the LWMS tanks are located are designed to include leak
detection instrumentation to initiate alarms for operator actions in the event of
leakage. The leak detection design has the capability to detect a small quantity of
leakage for early detection.

Reduction of Cross-Contamination, Decontamination, and Waste Generation

a. The SSCs are designed with life-cycle planning through the use of nuclear
industry-proven materials compatible with the chemical, physical, and radiological

environment, thus minimizing waste generation.

b. The floor drains, equipment drains, chemical drains, and the detergent wastes are
collected in segregated tanks in separate cubicles. Because the LWMS is
designed to operate in batches, treatment for these collected wastes is determined
through sampling and analyses. This design approach minimizes cross-
contamination and waste generation.
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c. The process piping containing contaminated solids is sized to facilitate flow and to
provide for velocities that are sufficient to prevent the settling of solids. The
piping is designed to reduce crud traps, thus reducing decontamination and waste
generation. Decontamination fluid is collected and processed.

d. Utility connections are designed with a minimum of two barriers to prevent
contamination of nonradioactive systems from potentially radioactive systems.

Decommissioning Planning

a. The SSCs are designed with decontamination capabilities. Design features such
as spargers, welding techniques, and surface finishes are included to minimize the

need for decontamination and minimize waste generation.

b. The SSCs are designed for the full service life and are fabricated, to the maximum
extent practicable, as individual assemblies for easy removal.

Operations and Documentation

a. The LWMS is designed for automated operation with manual initiation when
sufficient liquid volumes are accumulated in each category of collection tanks to
warrant processing. Hence, the LWMS is designed to operate in batch modes.
Adequate instrumentation, including level, flow rate, and pressure elements, and a
process radiation monitor, is provided to monitor and control the operations to
prevent undue interruption and the spread of radiologically contaminated material.

b. Piping is flushed clean after each processing to prevent solids from settling and
accumulating. The flushing procedure also minimizes and/or prevents
unintended leakage when the piping is not in use.

c. Leak detection instruments are provided to detect leakage of individual tanks.
Adequate clearance around each tank is provided to enable prompt assessment and

response when required.

d. The COL applicant is to develop the leak identification program (COL 11.2(7)) to
identify site-specific components that contain radioactive materials, buried piping,
embedded piping, leak detection methods and capabilities, and the methods that
are used to prevent unnecessary contamination of clean components, facility areas,
and the environment. The leak identification program, as part of the process
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control program, is designed to facilitate timely identification of leaks, prompt

assessment, and appropriate responses to isolate and mitigate leakage.

e. The COL applicant is to prepare the operational procedures and maintenance
program as related to leak detection and contamination control (COL 11.2(2)).
Procedures and maintenance programs are to be completed before fuel is loaded
for commissioning.

f.  The COL applicant is to maintain complete documentation of the system design,
construction, design modification, field changes, and operations (COL 11.2(8)).

Site Radiological Environmental Monitoring

The LWMS is included in the site process control program and the site radiological
environmental monitoring program for monitoring facility and environmental
contamination. The COL applicant is to prepare the site process control program and the
site radiological environmental monitoring program (COL11.2(11)). The site radiological
environmental monitoring program includes sampling and analysis of effluent to be
released, meteorological conditions, hydrogeological parameters, and potential migration

pathways of radioactive contaminants.

11.2.3 Radioactive Effluent Releases
11.2.3.1 Radioactive Effluent Releases and Dose Calculation in Normal
Operation

Radioactive liquid effluents are treated by the LWMS and discharged through the plant
discharge channel. The design of the LWMS components incorporates the
decontamination factors, as a minimum, provided in NUREG-0017 (Reference 2), which
are presented in Table 11.2-3. The PWR-GALE Code used in the liquid effluents release
calculation is modified in accordance with NRC RG 1.112 (Reference 24), which requires
applying ANSI/ANS 18.1-1999 (Reference 28).

The treatment process and release point, effluent temperature, effluent flow rate, and size
and shape of flow orifices are site specific and are to be presented in the site-specific detail
design. The COL applicant is to provide the site-specific information of the LWMS
including radioactive release points, effluent temperature, and the shapes of flow orifices
(COL 11.2(10)).
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Annual liquid release source terms are calculated using the PWR-GALE Code (Reference
2), and input parameters are provided in Table 11.2-2. The concentration calculation uses
an assumed dilution flow rate of 37,854 L/min (10,000 gpm) provided by cooling tower
blowdown, dilution pump, or other plant discharges at the discharge point. The COL
applicant is to confirm the assumed dilution flow rate based on site-specific parameters
(COL 11.2(12)).

The expected radionuclide release rates of the various liquid effluent streams are presented
in Table 11.2-1, with corresponding daily flow rates in Table 11.2-2. The total annual
radionuclide release rates of the wvarious liquid streams and their corresponding
concentrations are adjusted by the annual dilution flow rate to calculate the liquid effluent
concentrations. Table 11.2-10 provides the release concentrations for the design basis fuel
leakage and the effluent concentration limits in 10 CFR Part 20, Appendix B (Reference 3).

The equation for calculating the design basis concentrations of the liquid effluent is as
follows:

C(i) = XxMF (Eq 11.2-1)

Fail

Where:

C(i) = design basis liquid effluent concentration for the it isotope, Ci/L

R(1) total annual release rate of the i isotope, Ci/yr (Table 11.2-1)

MF; = multiplication factor for the ith isotope (ratio of 1% fuel defect design basis
radionuclide concentration to ANSI/ANS-18.1-1999 expected concentration)

Fqi = dilution flow rate at discharge point, L/yr

The sum of concentration ratios for the design basis fuel leakage is 0.18, as presented in
Table 11.2-10. This value is less than 1.0, which indicates that the releases meet the

regulatory limit.

Offsite doses received by individuals as a result of radioactive liquid releases are calculated
using the LADTAP II Code (Reference 29). The input parameters of the LADTAP II
Code (Reference 29) are presented in Table 11.2-4. The dilution factor for aquatic food,

boating, shoreline, swimming, and drinking water is assumed to be 5 for the normal
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operating conditions. The results of the dose calculation are presented in Table 11.2-5.
The values are compared with the corresponding limits of 10 CFR Part 50, Appendix I
(Reference 4). The maximum individual dose to total body is 0.0276 mSv/yr for a child.
This value is less than the regulatory limit of 0.03 mSv/yr presented in 10 CFR Part 50,
Appendix I (Reference 4). The maximum dose to any individual organ is 0.0405 mSv/yr,
which is the dose to a child’s liver. This value is less than the limitation of 0.1 mSv/yr
presented in 10 CFR Part 50, Appendix I (Reference 4).

The COL applicant is to calculate the dose to members of the public following the guidance
of NRC RG 1.109 (Reference 30) and NRC RG 1.113 (Reference 31) using site-specific
parameters and to compare the doses due to liquid effluents with the numerical design
objectives of Appendix I to 10 CFR Part 50 (Reference 4), 10 CFR 20.1302 (Reference 32),
and 40 CFR Part 190 (Reference 33) (COL 11.2(13)).

11.2.3.2 Radioactive Effluent Release due to Failure of Radioactive Liquid Tank

For the assessment of the impacts of contamination levels on the nearest portable water
supply located in an unrestricted area, a tank containing radioactive liquid is postulated to
fail. The acceptance criteria and methods used for the assessment follow the guidance in
BTP 11-6 (Reference 17) and the radionuclide concentration limits in 10 CFR Part 20,
Appendix B (Reference 3). In addition, the Interim Staff Guidance (ISG) DC/COL-ISG-
013 (Reference 34) stipulates that the COL applicant is to identify the site-specific
parameters for the evaluation (COL 11.2(14)). In the absence of site-specific requirements,
the minimum dilution factors are calculated using 10 percent of 10 CFR Part 20, Appendix
B, Table 2 (Reference 3) concentration limits and compared with the corresponding

expected release radionuclide concentration.

In evaluating the postulated liquid-containing tank failure, the CVCS boric acid storage
tank is selected because it results in the worst consequence with respect to contamination in
the nearest portable water among the liquid waste collection tanks installed in the yard area.
Calculations for the three yard tank failure are presented in DCD Table 11.2-9. In
accordance with Section B.3 of BTP 11-6 (Reference 17), credit for liquid retention by the
tank house surrounding the boric acid storage tank is not taken. The analysis model
assumes the release of the 95% of the entire volume when the boric acid storage tank fails.
This analysis is slightly different from the guidance of BTP 11-6 (which stipulates 80%

volumetric release), but is more conservative.
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The radionuclide inventory in the boric acid storage tank is based on the expected fuel
defect. The concentration of radioactive liquid after a liquid tank failure is assumed to be
unmitigated and diluted by mixing in receiving water. The concentration after diluted in
receiving water is divided by 10 CFR Part 20, Appendix B (Reference 3) limits. Table
11.2-9 summarizes the results of this evaluation and identifies the minimum dilution factor
as 31,200 to sufficiently dilute the failed tank nuclides to the 10 CFR Part 20, Appendix B
(Reference 3) concentration limits. Site-specific hydrologic characteristics related to
dilution of liquid tank failure source terms are described in Subsection 2.4.13.

The COL applicant is to provide the site-specific volume of the mixing water and
hydrogeological data for analysis; the results of the analysis are to demonstrate that the
potential groundwater or surface water contamination concentration resulting from
radioactive release due to liquid-containing tank failure meets the requirements in 10 CFR
Part 20, Appendix B, Table 2 (Reference 3) (COL 11.2(14)).

11.2.33 Offsite Dose Calculation Manual

The release of the treated liquid effluent is to follow the surveillance, control and operations
requirements of the offsite dose calculation manual. The COL applicant is to prepare the
site-specific ODCM in accordance with the Nuclear Energy Institute (NEI) 07-09A,
Generic FSAR Template Guidance for Offsite Dose Calculation Manual (ODCM) Program
Description (Reference 35) (COL 11.2(1)).

11.2.4 Testing and Inspection Requirements

Preoperational testing is described in Section 14.2. Prior to installation, the R/O package
is tested to verify that it is functioning properly. The system control panels are shop tested.
The remainder of the system components are tested and inspected prior to shipment. ~ After
installation, but prior to initial plant startup, the LWMS is tested to verify pressure integrity,
flow characteristics at design conditions, and the operability of valves, instrumentation, and
controls. During commissioning and initial power operation, samples are taken on a batch
basis to verify the load and decontamination efficiency of the R/O package.
Instrumentation is recalibrated periodically. The inspection and testing are implemented
to enable periodic evaluation of system operability and required performance in accordance
with NRC RG 1.143 (Reference 1).

Epoxy coatings in cubicles that contain significant quantities of radioactive material are
Service Level II coatings as defined in NRC RG 1.54 (Reference 16), and are subject to the
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limited QA provisions, selection, qualification, application, testing, maintenance and

inspection provisions of NRC RG 1.54 (Reference 16) and standards referenced therein, as

applicable to Service Level II coatings. Post-construction initial inspection is performed

by personnel qualified using ASTM D4537 (Reference 26) in accordance with inspection
plan guidance of ASTM D5163 (Reference 27).

11.2.5

COL 11.2(1)

COL 11.22)

COL 11.2(3)

COL 11.2(4)

COL 11.2(5)

COL 11.2(6)

COL 11.2(7)

COL 11.2(8)

Combined License Information

The COL applicant is to prepare the site-specific ODCM in accordance
with NEI 07-09A.

The COL applicant is to prepare operational procedures and programs
related to operations, inspection, calibration, and maintenance of the
contamination control program.

The COL applicant is to determine whether contaminated laundry is sent to
an offsite facility for cleaning or for disposal.

The COL applicant is to prepare and provide the P&IDs.

The COL applicant is to perform a site-specific cost-benefit analysis
following the guidance in the regulatory requirements of NRC RG 1.110.

The COL applicant is to provide reasonable assurance that the mobile or
temporary equipment and interconnections to plant systems conform with
the regulatory requirements and guidance of 10 CFR 50.34a, 10 CFR
20.1406, NRC RG 1.143, NRC RG 4.21 and ANSI/ANS 40.37. The COL
applicant is to ensure that the implementation of mobile and temporary
equipment meets the requirements of NUREG-0800 Sections 12.3 and 12.4

and that any impacts to the radiation zone maps are evaluated.

The COL applicant is to develop a plant-wide NRC RG 4.21 Program
following the guidance in NEI 08-08A for contamination control.

The COL applicant is to maintain the complete documentation of system
design, construction, design modifications, field changes, and operations
and make them available for decommissioning planning and
implementation.
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COL 11.2(11)

COL 11.2(12)

COL 11.2(13)

COL 11.2(14)
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The COL applicant is to develop the procedure for the collection and
shipment of mixed wastes, if and when they are generated, for offsite
treatment. The generation of mixed liquid wastes is minimized by
process control and the controlled use of hazardous chemicals.

The COL applicant is to develop the interface design and provide the site-
specific information for the LWMS effluent discharge, including
radioactive release points, effluent temperature, the design (type, shape,
and size) of flow orifices, and the sampling requirements following the
guidance of NRC RG 1.21 and NRC RG 4.15 and the standards
incorporated therein by reference.

The COL applicant is to prepare the site process control program and the
site radiological environmental monitoring program.

The COL applicant is to confirm the assumed dilution flow rate provided
by cooling tower blowdown, dilution pump, or other plant discharges at the
discharge point based on site-specific parameters.

The COL applicant is to calculate dose to members of the public following
the guidance of NRC RG 1.109 and NRC RG 1.113 using site-specific
parameters and to compare the doses due to the liquid effluents with the
numerical design objectives of Appendix I to 10 CFR Part 50, 10 CFR
20.1302, and 40 CFR Part 190.

The COL applicant is to perform an analysis to demonstrate that the
potential groundwater or surface water contamination concentrations
resulting from radioactive release from the liquid-containing tank failure,
are in compliance with the limits in 10 CFR Part 20, Appendix B, Table 2.
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