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SECTION 11
11.0 RADIOACTIVE WASTE MANAGEMENT

The following information pertaining to radwaste source terms, releases and doses was written
as part of the initial safety analysis and is now considered to be historical design information. At
a number of places in the section, reference is made to an equilibrium refueling cycle of 277
effective full power days. Beginning with Cycle 5, the refueling cycles have been extended.
This results in an increase in the quantities of some isotopes and reduction of others. Also,
beginning with Cycle 13, the reload batch’s cladding was changed from zircaloy to M5. These
changes do not significantly affect plant releases or pose any difficulty in operating within
current regulatory requirements.

All operations associated with radioactive materials are based on criteria and procedures
ensuring that the operations can be performed in accordance with 10CFR20 and the “as low as
reasonably achievable” standard set forth in 10CFR50. These criteria ensure protection of
station personnel and the general public against excessive exposure due to the radiation from
radioactive liquids, gases, and solids. This chapter provides information about radioactive
source calculations and the systems which reduce the amount of radioactive material released
from the station or which mitigate the consequences of such releases to ensure the radioactivity
levels are as low as reasonably achievable.

11.1 SOURCE TERMS

All radioactive waste originates from fission products produced in the fuel and activation
products produced in the reactor coolant system. Although essentially all fission product activity
produced by the fuel is contained by the fuel cladding, minute quantities will enter the reactor
coolant. These fission products, together with the activation products produced in the reactor
coolant system, are transported by the reactor coolant through much of the station and are the
source of radioactivity contained by other systems. This section describes the methods used to
calculate radioactivity levels in the core, reactor coolant system, secondary coolant system, and
auxiliary systems and discusses the leakage paths from these systems.

11.1.1 Activity in the Core

The fission products in the fuel and the fuel rod gap are calculated by a digital computer code
that solves the rate equations for fission product buildup in the fuel and their transport from the
fuel to the fuel rod gap. The code considers 178 radionuclides in 70 decay chains, with a
maximum chain length of 5 radionuclides. The code is capable of computing activity for 100
selected times. For each time, t, that calculations are performed, the core power, thermal flux,
and the fraction of power produced from any two fissile materials can be changed.

The general rate equation for the inventory of a radioactive nuclide, N, in the fuel is

% =RY +FAN; —60N; — AN; — aN;

where Nt = inventory of a radioactive nuclide in the fuel, atoms
R = fission rate, fissions/sec

Y = independent fission yield of Nt

11.1-1 UFSAR Rev 30 10/2014
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XN'f = activity of precursor in fuel, disintegrations/sec

F = fraction of precursor which decays to Nt

o¢ = neutron capture rate in Ny, sec™’

A = decay constant of Ny, sec™

a = escape rate coefficient of Ny, sec™”
The escape rate coefficient, a, represents the fraction of activity in the fuel that is released, per
unit time, from the fuel matrix. Values of these coefficients have been derived from
experimental data for most elements and are reported in the literature (refs. 1-5). The
experiments from which these data were obtained utilized purposely defected fuel elements in
pressurized water loops. Those tests have been performed for a variety of fuel conditions. In
selecting the coefficient values to be used in the activity calculations, a comparison of the
experimental conditions and the design reactor operating conditions was made. Parameters
considered in the comparison included: operating pressure and temperature of the fuel,
enrichment of the fuel, fuel temperature, thermal output of the fuel (in kW/ft), fuel burnup, total
length of the fuel, clad material, and clad thickness. The values of the escape rate coefficients
for elements of lesser importance were estimated based on the chemical similarity with
elements for which the escape rate coefficients were experimentally determined.
The escape rate coefficients used in this chapter are given in Table 11.1-1.
The general rate equation for the inventory of a radioactive nuclide, N, in the fuel rod gap is:

% = aN; +FANg —ANg

where Ng = inventory of a radioactive nuclide in the fuel rod gap, atoms
a = escape rate coefficient, sec
Nf = inventory of same radioactive nuclide in the fuel, atoms

F = fraction of precursor which decays to Ng

XN'G = activity of precursor in fuel rod gap, disintegrations/sec

A = decay constant of Ng , sec™

The fission product inventory in the fuel and the fuel rod gap was calculated by the code
described above using the following assumptions.

a. Core full-power operation at 2772 MWt for all 277 (EFP) day equilibrium cycles.

(One-third of the fuel has been irradiated for three cycles, one-third irradiated for
two cycles, and the remaining one-third for one cycle.)
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b. Operation with no defective fuel assemblies so the maximum core fission product
inventory is calculated.

The resulting fuel and fuel rod gap fission product inventories are given in Tables 11.1-2 and
11.1-3.

11.1.2 Activity in Reactor Coolant

11.1.2.1  Fission Product Activity

The fission product activity in the reactor coolant is calculated by a digital computer code that
solves the rate equations for fission product buildup in the fuel, leakage from the fuel to the
reactor coolant, and removal from the reactor coolant. The code considers 178 radionuclides in
70 decay chains, with a maximum chain length of 5 radionuclides. The activity can be
calculated for up to 100 times and for each time, the core power, thermal flux, fraction of power
produced from any two fissile materials, fraction of defective fuel rods, and purification system
parameters can be changed. The calculation assumes that the activity that leaks from the fuel
in defective fuel rods immediately reaches the reactor coolant.

The general rate equation for the inventory of a radioactive nuclide, N , in the reactor coolant is:

N .
-%ﬁi:aNf+FXNC—XNC—BNC—yNC

where Nc = inventory of a radioactive nuclide in the reactor coolant, atoms
a = escape rate coefficient, sec™

Nt = inventory of same radioactive nuclide in the fuel of defective fuel rods,
atoms (Nt = Nix fraction defective fuel rods)

Nr = inventory of same radioactive nuclide in the fuel, atoms

F = fraction of precursor which decays to N¢

XN'C = Activity of precursor in reactor coolant, disintegrations/sec

A = decay constant of N¢, sec™’
B = removal rate coefficient of N¢ by purification, sec"

v = removal rate coefficient of Nc by plate-out, sec™’

The general rate equation for the inventory of a radioactive nuclide, N, in the coolant purification
system due to removal of N from the reactor coolant is:

9%E=BNC+FXN;—xNP—nNP

where Np = inventory of a radioactive nuclide in the purification system, atoms
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B = purification system removal rate coefficient of N¢, sec"’

Nc = inventory of same radioactive nuclide in the reactor coolant, atoms

F = fraction of precursor which decays to Np

XN'P = activity of precursor in the purification system disintegrations/s

A = decay constant of Np, sec™’

n = removal rate coefficient of Np from the purification system, sec

The fission product activity in the reactor coolant was calculated by the code described above
using the following assumptions:

a.

Core full-power operation at 2772 MWt for all 277 (EFP) day equilibrium cycles.
(One-third of an equilibrium cycle core has been irradiated three cycles, one-third
for two cycles, and one-third for one cycle.)

Operation during an equilibrium cycle with 0.1% of all fuel rods leaking fission
products from the time of initial fuel loading. The leaking fuel rods are

randomly distributed throughout the entire core. To define an upper design limit,
the fission product activity has also been calculated assuming 1% failed fuel.

Continuous reactor coolant purification through the purification demineralizer at
an average rate of one reactor coolant system volume per day with a zero
removal efficiency for krypton, xenon, tellurium, molybdenum, cesium, yttrium,
and tritium and a 99% removal efficiency for all other nuclides.

All nuclides, except krypton, xenon, and tritium are removed with a 99.9%
efficiency during the processing of the reactor coolant bleed. Krypton and xenon
are removed with a 99.9% efficiency during the processing of the reactor coolant
bleed for the first 267 days of a 277-day equilibrium cycle. After that time, when
the deborating demineralizers are used for bleed stream processing, the removal
of krypton and xenon ceases unless the reactor coolant bleed evaporators are
kept in service to de-gas the bleed to prevent the buildup of krypton and xenon in
the reactor coolant.

The resulting reactor coolant activities in yCi/cc of hot reactor coolant (0.713 gm/cc) for 0.1%
failed fuel and 1.0% failed fuel are given in Tables 11.1-4 and 11.1-5, respectively.

11.1.2.2

Tritium Activity

Tritium is generated by several mechanisms, but only three are significant; ternary fission in the
fuel with subsequent transport to the reactor coolant, neutron activation of boron in the reactor
coolant passing through the core, and neutron activation of lithium in the reactor coolant passing
through the core.
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11.1.2.2.1 Ternary Fission

Tritium is produced in the fuel by ternary fission. The rate equation for the tritium inventory in
the reactor coolant resulting from ternary fission is:

% = YfPD - (A + k)T,

where T1 = inventory of tritium from ternary fission in the reactor coolant system, atoms

Y = tritium fission yield, 8.7 x 10-° tritium atom/fission (ref. 6)

f = fissions per second per unit thermal power

P = core thermal power

D = fraction of tritium escaping from the fuel and entering coolant

A = tritium decay constant, sec™’

k = loss rate from system, sec"'
The fraction of tritium escaping from the fuel (D) includes both the fraction that diffuses through
the Zircaloy cladding and the fraction that leaks from defective fuel rods. Based on work done
at ORNL (ref. 7), one % of the tritium produced in non-defective fuel rods is assumed to diffuse

through the Zircaloy cladding and enter the reactor coolant.

To calculate a maximum reactor coolant activity, the loss rate from the system (k) is assumed to
be zero.

11.1.2.2.2 Boron Activation
Tritium is produced from the neutron activation of natural boron (19.6% '°B) dissolved in the
reactor coolant primarily by the reaction °B (n, 2a)3H. The rate equation for the tritium

inventory in the reactor coolant resulting from boron activation is:

aty
dt

=Vco19Ng — (L +k)T,

where T, = inventory of tritium from boron activation, atoms
V¢ = water volume in the active core region, cc
01 = reaction cross section for the °B (n, 2a)3H reaction, cm?
¢ 1 = neutron flux, above 1.2 Mev threshold energy, n/cm? /sec

Ng = boron concentration as a function of time (Ns = Ngo — Rst), atoms/cc

Ngo = initial boron concentration, atoms/cc
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Rs = boron removal rate, atoms/cc/sec
A = tritium decay constant, sec™’
k = loss rate from system (assumed to be zero), sec™'
11.1.2.2.3 Lithium Activation
Tritium is produced from the lithium in the reactor coolant by the reactions:

6Li(n,a)*H

Li(n,an)3H
Lithium (99.9% ’Li) is added to the reactor coolant for pH control, and “Li is also produced by
the activation of '°B by the reaction "°B(n,a)’Li. The lithium concentration is assumed to be a
constant 2 ppm since lithium is removed from the reactor coolant system during power
operation to maintain the lithium concentration in the range 0.2 - 2.0 ppm. The rate equation for
the tritium inventory in the reactor coolant resulting from lithium activation is:

dT
d_t3 = Vo0, XN + Vo303 XN — (A +K)T3

where T3 = inventory of tritium from lithium activation, atoms
V¢ = water volume in the active core region, cc
02 = reaction cross-section for the 6Li(n,a)3H reaction, cm?

¢ 2 = thermal neutron flux, n/cm?/sec

03 = reaction cross-section for the 7Li(n,an)3H reaction, cm?

¢ 3 = neutron flux above 2.8 Mev threshold energy, n/cm?/sec

NL = lithium concentration, atoms/cc

X1 = fraction of N which is 6Li

Xz = fraction of N_ which is “Li

A = tritium decay constant, sec™

k = loss rate from system (assumed to be zero), sec'

Even though “Li is produced from boron activation, it is assumed that the lithium in the reactor
coolant remains at 99.9% ’Li (the isotopic composition of lithium added for pH control).

Using the above equations, the calculated amount of tritium produced in or entering the reactor

coolant during the initial cycle and equilibrium cycles is given in Table 11.1-6. This quantity of
tritium becomes uniformly distributed in the reactor coolant system, the clean liquid radwaste
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system, and the boron recovery system. During refueling operations, the tritium is further
diluted when the refueling canal is filled from the borated water storage tank.

11.1.2.3  Corrosion Product Activity

Corrosion products suspended in the reactor coolant may become activated when passing
through the core. The most common corrosion products are 3'Cr, 5*Mn, %5Fe, 5°Fe, 58Co, ¢°Co,
and %Zr. The specific corrosion product activity is dependent on many factors, including the
type of reactor plant and the materials of construction.

The corrosion product transport process is complex and stochastic, and calculational methods
to accurately predict corrosion product activity have not been successfully correlated with
operational data (ref. 8). Without operational data far the specific reactor system, analytical
predictions of the corrosion product activity levels are at best rough approximations. Therefore,
in the absence of an acceptable calculation method, the best alternative is to extrapolate data
from an operating reactor (ref. 9) to the power level of this station.

The corrosion product activities in the reactor coolant in uCi/cc of hot reactor coolant (0.713
gm/cc) are given in Table 11.1-7.

11.1.2.4 Nitrogen-16 Activity

Nitrogen-16 is a concern only during reactor operation because of its short half life, 7.1 seconds.
Nitrogen-16 is produced by the reaction '®O (n,p) '®N with an effective threshold at 10.7 Mev.
The "®N activity is computed with a digital computer code which calculates the equilibrium 6N
activity at any point in the reactor coolant system. The code accounts for the energy-dependent
microscopic cross-section over the range 10.7 to 20 Mev and the variation of coolant density
throughout the reactor coolant system. The code input parameters include reactor coolant
velocities and densities at several locations in the system, physical dimensions of the core and
the reactor coolant system, and the neutron flux at 10.7 Mev with the appropriate radial, axial,
and energy slopes at various core locations. This input enables the code to divide the core into
various regions and calculate the '®N production from each region.

The Nitrogen-16 activity in pCi/cc of hot reactor coolant (0.713 gm/cc) is given in Table 11.1-8
for various points in the reactor coolant system.

11.1.2.5 Argon-41 Activity

Argon-41 is produced by Argon-40 activation. Argon-40 enters the reactor coolant in the
makeup water from argon that may be present in the storage tank’s nitrogen cover gas. The
equilibrium 4'Ar activity in the reactor coolant is calculated by assuming a constant production
rate from 4°Ar, and assuming decay is the only loss. The “°Ar concentration in the reactor
coolant is assumed to be constant at a value corresponding to the makeup water being
saturated with atmospheric nitrogen (which is assumed to be 1.185 volume % “°Ar)

(ref. 10).

The equilibrium reactor coolant 4'Ar activity is 0.079 uCi/cc of hot reactor coolant.
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11.1.3 Estimates of Gaseous Activity Released from Liquid or Steam Leakage

11.1.3.1 Leakage Rates
11.1.3.1.1 Containment Vessel and Auxiliary Building

No leakage is assumed from non-diaphragm process valve bonnet flanges, diaphragm valves,
canned pumps (without seal), diaphragm compressors, small flanges, the reactor closure head,
steam generator manholes and covers, pressurizer manholes and heaters, and core flooding,
waste gas decay, waste gas surge and makeup tank manholes. For potential sources
considered, the leakage rates assumed are as follows:

Source Assumed Leakage (p =1 gm/ml)
a. Process Valves (non-diaphragm) 3 cc/hr
b. Instrument Valves (non-diaphragm) 3 cclhr
c. Flanges (large) 30 cc/hr
d. Makeup Pump Seals (each) 9 gpd
e. Decay Heat Pump Seals (each) 60 cc/hr
f. Reactor Coolant Pump Seals (each) 1 gph (steady-state operation @ 700

psi Ap per seal)

Using the individual leakage rates given above, the total leakage rates have been estimated and
are given in Table 11.1-9. The overall total leakage is estimated at 5.06 gph for normal
operation. (Note: a 5 gph leak rate is used in Table 11.2-5 to estimate total annual
miscellaneous system leakage.) In compiling Table 11.1-9, the simplifying assumption has been
made that all secondary system leakage is confined to the turbine building.

11.1.3.1.2 Turbine Building

A gross leakage rate of 10 gpm is assumed for the turbine building. (Note: all leakage rates are
based on water with a density of 1 gm/ml.) A simplified breakdown of this figure, based on the
form and contamination level of the leakage, is given in Table 11.1-9.

11.1.3.2 Activity Levels in Leakage

To simplify calculations, potentially radioactive leakage is divided into seven (7) categories:

1. Primary coolant upstream of purification demineralizer

2. Primary coolant downstream of purification demineralizer
3. Refueling canal water upstream of demineralizer

4. Refueling canal water downstream of demineralizer

5. Secondary system steam
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6. Secondary system liquid upstream of condensate polishing demineralizer
7. Secondary system liquid downstream of condensate polishing demineralizers

The maximum and average activity levels in each of these seven classes are given in Table
11.1-10 for those radionuclides that would be expected to evolve from the leakage in a gaseous
form (i.e., iodines and noble gases). The assumptions used in compiling this table are as
follows:

a. Primary Coolant Upstream of Purification Demineralizer: This contains
radionuclide concentrations equal to the maximum levels attained in the primary
system during an equilibrium fuel cycle (see Tables 11.1-4 and 11.1-5). All
values are corrected to correspond to a coolant density of 1 gm/ml. Maximum
and average specific activities are based, respectively, on a 1% and 0.1% failed
fuel condition.

b. Primary Coolant Downstream of Purification Demineralizer: This contains the
same activity levels as in (a) except that iodine concentrations are reduced by a
factor of 100 to take into account passage through the purification demineralizer.

C. Refueling Canal Water Upstream of Demineralizer: Little data has been found
regarding either the activity levels expected to be present in refueling canal water
or the fuel leak rates associated with the core during a cold shutdown.
Qualitatively, it is obvious that, as the fuel cools, small openings in the cladding
would tend to close and internal pressure in the fuel pins would decrease. Both
of these actions should have the effect of reducing leakage below levels
assumed for power operation. Of course, the reduction of core radionuclide
inventories through decay would also limit leakage in time. In any event, except
for tritium, no operating report has been found which indicates that gaseous
radionuclides normally present a serious problem during refueling. There was an
instance at the Haddam Neck Plant where a significant amount of iodine was
released (ref. 11). However, it is believed that this type of occurrence can be
prevented if the reactor vessel is thoroughly purged prior to its disassembly for
refueling.

Based on the above reasoning, it is assumed that there is no significant leakage
of iodine or noble gases from the core after the reactor shuts down. This means
that practically all contamination is the result of activity that was present in the
reactor coolant system water when the canal was filled. Therefore, disregarding
the effects of decay, the canal water activity levels are based on roughly 37,400
gallons of primary coolant being diluted in 360,000 gallons of water that, except
for tritium, is essentially free of radioactivity. The first of these quantities
represents the amount of coolant remaining in the reactor vessel after it has been
drained for refueling while the second represents the amount of water from the
borated water storage tank needed to fill the canal. The activity levels in the
primary coolant are assumed to be the same as those specified in Part (a) of this
section except that, due to pre-refueling degassing, no noble gases are present.

The preceding assumptions result in refueling canal water radionuclide
concentrations of about 10% of those given in Part (a).
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d. Refueling Canal Water Downstream of Demineralizer: This contains the same
activity levels as in (c) except they have been reduced by a factor of 100 to take
into account passage through either the purification or spent fuel demineralizers.

e. Secondary System Steam Leakage:
1. Primary-to-secondary leakage is 100 gpd.
2. Maximum and average radionuclide activity levels in primary coolant are

equal to those specified in Part (a).

3. Two-thirds of the total secondary flow passes through a condensate
polishing demineralizer while one-third bypasses it.

4. The condensate polishing demineralizers have a DF of 5 for all ions and
particulates and 1 for all gases.

5. The partition factor for all radionuclides in the steam generator is 1.

6. All noble gases in primary-to-secondary leakage are removed in the
steam jet air ejector. Noble gases created by the decay of other
radionuclides are treated later.

7. The iodine partition factor in the steam jet air ejector is 1000 (see
Subsection 11.3.2.3)

8. All leakage occurs between the steam generators and the turbine.

f. Secondary System Liquid Leakage Upstream of Condensate Demineralizer: The
assumptions used are the same as those of Part (e) except that all leakage
occurs between the condenser and the condensate polishing demineralizers.

g. Secondary System Liquid Leakage Downstream of Condensate Demineralizer:
The assumptions used are the same as those of Part (e) except that all leakage
occurs between the steam generators and the point where the flow from the
condensate polishing demineralizers mixes with that portion of the flow which
bypassed the demineralizers.

It is noted that leakage of spent fuel pool water is not being considered. This is possible
because, based on the assumptions used in Part (c) of this section, the activity levels of iodines
and noble gases contained in it should not be significant. There will be some mixing of this
water with refueling canal water during refueling operations. However, this should not be
enough to result in major contamination.

11.1.3.3 Evolution of Gases From Leakage
When process water leakage is exposed to the atmosphere, there is a tendency for dissolved

iodines and/or noble gases present to come out of solution. The % evolution that is assumed for
the isotopes of each of these elements is as follows:
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lodine: 100% (steam leakage)
10% (hot leakage)
0.1% (cold leakage)
Noble Gases: 100%

These partition factors are more conservative than the values accepted by the NRC for use in
evaluating the environmental impact of nuclear power stations (ref. 12). Using them with the
total leakage rates given in Subsection 11.1.3.1 and assuming that all gases that are going to
escape do so as the leakage occurs, the evolution rates of iodine and noble gases are as given
in Table 11.1-11.

11.1.3.4 Transport and Environmental Releases of Evolved Gases

As access to the containment vessel is generally not necessary during reactor operation,
gaseous activity levels there are normally allowed to build up. Under these conditions,
equilibrium (and maximum) activity inventories will probably be attained by the shorter-lived
isotopes. This activity is released to the environment when the plant is shutdown using the
containment purge system or through the EVS system, if needed.

Gases evolved from leakage in the auxiliary building are assumed to be immediately purged to
the station vent by the ventilation system. This ventilation system produces an air flow in the fuel
handling and radwaste areas of 20,000 and 47,160 CFM, respectively. As with the containment
vessel, if too much iodine is present air can be passed through the EVS charcoal filters at a
reduced rate of 8,000 or 16,000 CFM.

11.1.3.5 Measurement and Control of Leakage

Technical Specifications ensure that leakage is kept as low as practical for systems outside
containment that could contain highly radioactive fluids during a serious transient or accident.
USAR Section 5.2.4 discusses RCS leakage detection. Leakage considerations for other
systems can be found in the appropriate USAR sections for the systems. Section 15.4.6.5
provides the consequences of leakage of an Engineered Safety Features system during the
Maximum Hypothetical Accident.

In general, leakage is minimized through the use of good maintenance and design practices.
Included in the latter category is the extensive use of canned pumps, diaphragm valves, and
live-loaded packing for valves in the various systems. Both of these items, due to the nature of
their construction, have a very small potential for leakage.
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Element

Kr, Xe

Br, I, Cs, Rb
Te, Se, Sb, Sn
Mo, Nb

Sr, Ba

Y, La, Ce

TABLE 11.

1-1

Escape Rate Coefficients

11.1-12

Escape Rate Coefficient, sec™

6.5x 108
1.3x 108
1.0 x 10°
2.0x10°
1.0 x 10
1.6 x 1012
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TABLE 11.1-2

Fission Product Activity in the Fuel

Core Activity, Ci* for Indicated Days Irradiation in Equilibrium Cycle

Radio-

nuclide 4 10 30 60 90 120 150 180 210 240 267 277
Kr-83m 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6) 8.6 (+6)
Kr-85m 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7) 2.46 (+7)
Kr-85 2.59 (+5) 2.65 (+5) 2.83 (+5) 3.11 (+5) 3.47 (+5) 3.65 (+5) 3.93(+5) 4.2 (+5) 2.94 (+5) 4.73 (+5) 4.97 (+5) 5.06 (+5)
Kr-87 452 (+7)  4.52 (+7) 4.52 (+7) 4.52 (+7) 4.52 (+7) 4.52 (+7) 452 (+7)  4.52 (+7) 4.52 (+7) 4.52 (+7) 4.52 (+7) 4.52 (+7)
Kr-88 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7)
Rb-88 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7) 6.84 (+7)
Sr-89 4.84 (+7) 5.06 (+7) 5.82 (+7) 6.64 (+7) 7.19 (+7) 7.57 (+7) 7.82 (+7) 7.99 (+7) 8.11 (+7) 8.18 (+7) 8.24 (+7) 8.25 (+7)
Sr-90 1.98 (+6) 2.02 (+6) 2.17 (+6) 2.39 (+6) 2.6 (+6) 2.82 (+6) 3.02 (+6) 3.24 (+6) 3.46 (+6) 3.66 (+6) 3.86 (+6) 7.79 (+6)
Sr-91 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8)
Sr-92 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8)
Y-90 1.96 (+6) 2.0 (+6) 2.14 (+6) 2.36 (+6) 2.57 (+6) 2.79 (+6) 3.0 (+6) 3.21 (+6) 3.43 (+6) 3.63 (+6) 3.82 (+6) 3.9 (+6)
Y-91 6.25 (+7) 6.57 (+7) 7.5 (+7) 8.51 (+7) 9.22 (+7) 9.72 (+7) 1.01 (+8) 1.03 (+8) 1.05 (+8) 1.06 (+8) 1.07 (+8) 1.07 (+8)
Mo-99 8.9 (+7) 1.29 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+8)
Xe-131m 2.76 (+5) 2.91 (+5) 4.41 (+5) 5.57 (+5) 5.85 (+5) 5.91 (+5) 5.91 (+5) 5.91 (+5) 5.91 (+5) 5.91 (+5) 5.91 (+5) 5.91 (+5)
Xe-133m 1.88 (+6) 3.18 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6) 3.45 (+6)
Xe-133 5.3 (+7) 1.02 (+8) 1.4 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8) 1.43 (+8)
Xe-135m 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7) 3.52 (+7)
Xe-135 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7) 1.76 (+7)
Xe-138 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8) 1.27 (+8)
1-131 3.13 (+7)  4.88 (+7) 7.0 (+7) 7.12 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7) 7.44 (+7)
1-132 6.31 (+7) 9.64 (+7) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8) 1.09 (+8)
1-133 1.38 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8)
1-134 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8) 1.83 (+8)
1-135 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8) 1.4 (+8)
Cs-134 6.35 (+5) 6.46 (+5) 6.87 (+6) 7.54 (+5) 8.24 (+5) 9.01 (+5) 9.81 (+5) 1.06 (+6) 1.15 (+6) 1.24 (+6) 1.32 (+6) 1.35 (+6)
Cs-136 427 (+5) 5.73 (+6) 8.22 (+5) 9.26 (+5) 9.48 (+5) 9.52 (+5) 9.53 (+5) 9.53 (+5) 9.53 (+5) 9.53 (+5) 9.53 (+5) 9.53 (+5)
Cs-137 2.47 (+6) 2.53 (+6) 2.7 (+6) 2.97 (+6) 3.23 (+6) 3.5 (+6) 3.77 (6+) 4.03 (+6) 4.29 (+6) 4.56 (+6) 4.8 (+6) 4.89 (+6)
Cs-138 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8)
Ba-137m 2.27 (+6) 2.32 (+6) 2.48 (+6) 2.73 (+6) 2.98 (+6) 3.23 (+6) 3.47 (+6) 3.71 (+6) 3.96 (+6) 4.2 (+6) 4.42 (+6) 4.5 (+6)
Ba-139 1.41 (+8) 1.41 (+8) 1.41 (+8) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6) 1.41 (+6)
Ba-140 6.45 (+7) 8.65 (+7) 1.24 (+8) 1.4 (+8) 1.43 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8)
La-140 5.66 (+7) 7.81 (+7) 1.21 (+8) 1.39 (+8) 1.43 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8) 1.44 (+8)
Ce-144 5.09 (+7) 5.19 (+7) 5.56 (+7) 6.07 (+7) 6.56 (+7) 7.0 (+7) 7.41 (+7) 7.8 (+7) 8.15 (+7) 8.49 (+7) 8.77 (+7) 8.88 (+7)

* Note: In this table, a number A x 10 is expressed as A(-B)
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TABLE 11.1-3

Fission Product Activity in the Fuel Rod Gaps

Fuel Rod Gap Activity, Ci (Total Core)*, For Indicated Days Irradiation in Equilibrium Cycle

Radio-

nuclide 4 10 30 60 90 120 150 180 210 240 267 277
Kr-83m 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3) 6.87 (+3)
Kr-85m 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4) 3.63 (+4)
Kr-85 1.6 (+5) 1.62 (+5) 1.74 (+5) 1.92 (+5) 2.13 (+5) 2.34 (+5) 2.56 (+5) 2.78 (+5) 3.02 (+5) 3.26 (+5) 3.47 (+5) 3.55 (+5)
Kr-87 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4) 1.99 (+4)
Kr-88 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4) 6.39 (+4)
Rb-88 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4) 6.53 (+4)
Sr-89 449 (+3) 4.6 (+3) 5.02 (+3) 5.66 (+3) 6.24 (+3) 6.72 (+3) 7.12 (+3) 7.42 (+3) 7.66 (+3) 7.84 (+3) 7.96 (+3) 8.0 (+3)
Sr-90 3.95(+2) 4.05(+2) 442 (+2) 5.01 (+2) 5.67(+2) 6.36 (+2) 7.13 (+2) 7.94 (+2) 8.8 (+2) 9.71 (+2) 1.06 (+3) 1.09 (+3)
Sr-91 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3) 1.08 (+3)
Sr-92 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2) 2.4 (+2)
Y-90 3.92 (+2) 4.01 (+2) 4.36 (+2) 4.95 (+2) 5.59 (+2) 6.29 (+2) 7.04 (+2) 7.84 (+2) 8.7 (+2) 9.61 (+2) 1.05 (+3) 1.08 (+3)
Y-91 1.27 (+3) 1.31 (+3) 1.44 (+3) 1.61 (+3) 1.76 (+3) 1.89 (+3) 1.99 (+3) 2.08 (+3) 2.14 (+3) 2.19 (+3) 2.23 (+3) 2.24 (+3)
Mo-99 2.71 (+4) 7.05 (+4) 9.9 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4) 9.96 (+4)
Xe-131m 2.1 (+4) 2.29 (+4) 3.39 (+4) 5.04 (+4) 5.71 (+4) 5.89 (+4) 5.92 (+4) 5.94 (+4) 5.94 (+4) 5.94 (+4) 5.94 (+4) 5.94 (+4)
Xe-133m 1.58 (+4) 5.06 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4) 6.78 (+4)
Xe-133 1.0 (+6) 2.48 (+6) 5.55 (+6) 6.09 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6) 6.11 (+6)
Xe-135m 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4) 2.2 (+4)
Xe-135 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5) 1.21 (+5)
Xe-138 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4) 1.22 (+4)
1-131 2.25 (+5) 3.51 (+5) 7.51 (+5) 9.29 (+5) 9.52 (+5) 9.55 (+5) 9.55 (+5) 9.55 (+5) 9.55 (+5) 9.55 (+5) 9.55 (+5) 9.55 (+5)
1-132 2.0 (+4) 4.35 (+4) 6.07 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4) 6.12 (+4)
1-133 1.66 (+5) 1.99 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5) 2.0 (+5)
1-134 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4) 1.14 (+4)
1-135 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4) 6.32 (+4)
Cs-134 3.05 (+5) 3.14 (+5) 3.48 (+5) 4.02 (+5) 4.61 (+5) 5.28 (+5) 6.0 (+5) 6.78 (+5) 7.63 (+5) 8.56 (+5) 9.45 (+5) 9.79 (+5)
Cs-136 6.46 (+3) 7.57 (+3) 1.26 (+4) 1.73 (+4) 1.89 (+4) 1.94 (+4) 1.95 (+4) 1.95 (+4) 1.95 (+4) 1.95 (+4) 1.95 (+4) 1.95 (+4)
Cs-137 5.22 (+5) 5.35 (+5) 5.8 (+5) 6.54 (+5) 7.33 (+5) 8.2 (+5) 9.11 (+5) 1.01 (+6) 1.1 (+6) 1.22 (+6) 1.32 (+6) 1.36 (+6)
Cs-138 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4) 1.75 (+4)
Ba-137m 4.8 (+5) 4.93 (+5) 5.33 (+5) 6.02 (+5) 6.74 (+5) 7.54 (+5) 8.39 (+5) 9.27 (+5) 1.02 (+6) 1.12 (+6) 1.21 (+6) 1.25 (+6)
Ba-139 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3) 1.96 (+3)
Ba-140 8.86 (+2) 1.06 (+3) 1.73 (+3) 2.32 (+3) 2.51 (+3) 2.57 (+3) 2.58 (+3) 2.58 (+3) 2.58 (+3) 2.58 (+3) 2.58 (+3) 2.58 (+3)
La-140 8.86 (+2) 1.01 (+3) 1.7 (+3) 2.34 (+3) 2.55 (+3) 2.6 (+3) 2.63 (+3) 2.63 (+3) 2.63 (+3) 2.63 (+3) 2.63 (+3) 2.63 (+3)
Ce-144 1.23 (+3) 1.25 (+3) 1.34 (+3) 1.47 (+3) 1.63 (+3) 1.79 (+3) 1.96 (+3) 2.12 (+3) 2.3 (+3) 2.47 (+3) 2.63 (+3) 2.69 (+3)

* Note: In this table, a number A x 10 is expressed as A(-B)
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TABLE 11.1-4

Calculated Reactor Coolant Activity for 0.1% Failed Fuel

Fission Product Activity in Reactor Coolant, uCi/cc*, For
Indicated Time in Equilibrium Cycle, Full Power Days

Radio-

nuclide 4 10 30 60 90 120 150 180 210 240 267 277
Kr-83m 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.05 (-2) 2.04 (-2) 2.05 (-2)
Kr-85m 0.109 0.109 0.109 0.109 0.109 0.108 0.108 0.108 0.108 0.108 0.108 0.109
Kr-85 6.74 (-3) 1.68 (-2) 5.03 (-2) 9.92 (-2) 0.144 0.182 0.211 0.224 0.221 0.184 0.106 0.132
Kr-87 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.96 (-2) 5.93 (-2) 5.96 (-2)
Kr-88 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.190 0.191
Rb-88 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192
Sr-89 2.27 (-4) 2.38 (-4) 2.58 (-4) 2.80 (-4) 2.94 (-4) 3.04 (-4) 3.10 (-4) 3.15 (-4) 3.18 (-4) 3.20 (-4) 3.21 (-4) 3.21 (-4)
Sr-90 5.19 (-6) 5.40 (-6) 5.78 (-6) 6.34 (-6) 6.90 (-6) 7.46 (-6) 8.02 (-6) 8.58 (-6) 9.13 (-6) 9.68 (-6) 1.02 (-5) 1.04 (-5)
Sr-91 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3) 2.03 (-3)
Sr-92 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4) 6.21 (-4)
Y-90 9.78 (-6) 3.58 (-5) 1.36 (-4) 2.86 (-4) 4.26 (-4) 5.52 (-4) 6.54 (-4) 7.11 (-4) 7.19 (-4) 6.16 (-4) 3.59 (-4) 1.72 (-4)
Y-91 2.24 (-4) 5.76 (-4) 1.58 (-3) 2.69 (-3) 3.40 (-3) 3.83 (-3) 4.03 (-3) 3.97 (-3) 3.73 (-3) 3.12 (-3) 1.98 (-3) 1.07 (-3)
Mo-99 7.86(-2) 0.209 0.292 0.293 0.292 0.292 0.290 0.288 0.285 0.277 0.257 0.209
Xe-131m 1.60(-2) 3.41(-2) 8.70(-2) 0.140 0.157 0.160 0.158 0.153 0.147 0.133 0.104 0.134
Xe-133m  4.67(-2) 0.150 0.200 0.200 0.200 0.199 0.198 0.197 0.195 0.191 0.179 0.202
Xe-133 1.84 6.82 16.2 17.7 17.6 17.5 17.4 171 16.8 16.0 14.0 171
Xe-135m  6.58(-2) 6.59 (-2) 6.59 (-2) 6.59 (-2) 6.59 (-2) 6.59 (-2) 6.58 (-2) 6.58 (-2) 6.57 (-2) 6.56 (-2) 6.51 (-2) 6.60 (-2)
Xe-135 0.360 0.361 0.361 0.361 0.361 0.361 0.360 0.360 0.359 0.357 0.352 0.362
Xe-138 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2) 3.64 (-2)
1-131 8.58 (-2) 0.145 0.215 0.229 0.230 0.230 0.230 0.230 0.230 0.230 0.230 0.230
1-132 5.26 (-2) 0.114 0.159 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160
1-133 0.250 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269
1-134 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2) 3.26 (-2)
1-135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135
Cs-134 8.42 (-3) 2.09 (-2) 6.18 (-2) 0.121 0.174 0.223 0.263 0.286 0.291 0.255 0.157 8.10 (-2)
Cs-136 4.38 (-3) 1.17 (-2) 3.29 (-2) 4.82 (-2) 5.22 (-2) 5.27 (-2) 5.21 (-2) 5.05 (-2) 4.85 (-2) 4.41 (-2) 3.46 (-2) 2.26 (-2)
Cs-137 2.59 (-2) 6.45 (-2) 0.193 0.380 0.554 0.710 0.834 0.900 0.904 0.773 0.459 0.230
Cs-138 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.23 (-2) 5.22 (-2) 5.21 (-2)
Ba-137Tm  2.37 (-2) 5.93 (-2) 0.177 0.350 0.510 0.653 0.767 0.828 0.832 0.711 0.422 0.212
Ba-139 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3) 5.41 (-3)
Ba-140 1.92 (-4) 2.52 (-4) 3.51 (-4) 3.91 (-4) 3.99 (-4) 4.01 (-4) 4.01 (-4) 4.01 (-4) 4.01 (-4) 4.01 (-4) 4.01 (-4) 4.01 (-4)
La-140 6.86 (-5) 9.44 (-5) 1.38 (-4) 1.56 (-4) 1.59 (-4) 1.60 (-4) 1.60 (-4) 1.60 (-4) 1.60 (-4) 1.60 (-4) 1.60 (-4) 1.60 (-4)
Ce-144 2.08 (-5) 2.16 (-5) 2.31 (-5) 2.53 (-5) 2.73 (-5) 2.91 (-5) 3.08 (-5) 3.25 (-5) 3.40 (-5) 3.54 (-5) 3.65 (-5) 3.69 (-5)

* Notes: 1 — Coolant Density (p) = 0.713 gm/cc
2 - In this table, a number A x 108 is expressed as A(-B)
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TABLE 11.1-5

Calculated Reactor Coolant Activity for 1% Failed Fuel

Fission Product Activity in Reactor Coolant, uCi/cc*, For
Indicated Time in Equilibrium Cycle, Full Power Days

Radio-

nuclide 4 10 30 60 90 120 150 180 210 240 267 277
Kr-83m 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0.204 0.205
Kr-85m 1.09 1.09 1.09 1.09 1.09 1.08 1.08 1.08 1.08 1.08 1.08 1.09
Kr-85 6.74 (-2) 0.168 0.503 0.992 1.44 1.82 2.1 2.24 2.21 1.84 1.06 1.32
Kr-87 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.593 0.596
Kr-88 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.90 1.91
Rb-88 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92
Sr-89 2.27 (-3) 2.38 (-3) 2.58 (-3) 2.80 (-3) 2.94 (-3) 3.04 (-3) 3.10 (-3) 3.15(-3) 3.18 (-3) 3.20 (-3) 3.21 (-3) 3.21 (-3)
Sr-90 5.19 (-5) 5.40 (-5) 5.78 (-5) 6.34 (-5) 6.90 (-5) 7.46 (-5) 8.02 (-5) 8.58 (-5) 9.13 (-5) 9.68 (-5) 1.02 (-5) 1.04 (-5)
Sr-91 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2) 2.03 (-2)
Sr-92 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3) 6.21 (-3)
Y-90 9.78 (-5) 3.58 (-4) 1.36 (-3) 2.86 (-3) 4.26 (-3) 5.52 (-3) 6.54 (-3) 7.11 (-3) 7.19 (-3) 6.16 (-3) 3.59 (-3) 1.72 (-3)
Y-91 2.24 (-3) 5.76 (-3) 1.58 (-2) 2.69 (-2) 3.40 (-2) 3.83(-2) 4.03 (-2) 3.97 (-2) 3.73 (-2) 3.12 (-2) 1.98 (-2) 1.07 (-2)
Mo-99 0.786 2.09 2.92 2.93 2.92 2.92 2.90 2.88 2.85 277 2.57 2.09
Xe-131m  0.160 0.341 0.870 1.40 1.57 1.60 1.58 1.53 1.47 1.33 1.04 1.34
Xe-133m  0.467 1.50 2.00 2.00 2.00 1.99 1.98 1.97 1.95 1.91 1.79 2.02
Xe-133 1.84 (+1)  6.82(+1) 1.62 (+2) 1.77 (+2) 1.76 (+2) 1.75 (+2) 1.74 (+2) 1.71 (+2) 1.68 (+2) 1.60 (+2) 1.40 (+2) 1.71 (+2)
Xe-135m  0.658 0.659 0.659 0.659 0.659 0.659 0.658 0.658 0.657 0.656 0.651 0.660
Xe-135 3.60 3.61 3.61 3.61 3.61 3.61 3.60 3.60 3.59 3.57 3.52 3.62
Xe-138 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364
1-131 0.858 1.45 2.15 2.29 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30
1-132 0.526 1.14 1.59 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60
1-133 2.50 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69
1-134 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326
1-135 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Cs-134 8.42 (-2) 0.209 0.618 1.21 1.74 2.23 2.63 2.86 2.91 2.55 1.57 0.810
Cs-136 4.38 (-2) 0.117 0.329 0.482 0.522 0.527 0.521 0.505 0.485 0.441 0.346 0.226
Cs-137 0.259 0.645 1.93 3.80 5.54 710 8.34 9.00 9.04 7.73 4.59 2.30
Cs-138 0.523 0.523 0.523 0.523 0.523 0.523 0.523 0.523 0.523 0.523 0.522 0.521
Ba-137m  0.237 0.593 1.77 3.50 5.10 6.53 7.67 8.28 8.32 711 4.22 2.12
Ba-139 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2) 5.41 (-2)
Ba-140 1.92 (-3) 2.52 (-3) 3.51 (-3) 3.91 (-3) 3.99 (-3) 4.01 (-3) 4.01 (-3) 4.01 (-3) 4.01 (-3) 4.01 (-3) 4.01 (-3) 4.01 (-3)
La-140 6.86 (-4) 9.44 (-4) 1.38 (-3) 1.56 (-3) 1.59 (-3) 1.60 (-3) 1.60 (-3) 1.60 (-3) 1.60 (-3) 1.60 (-3) 1.60 (-3) 1.60 (-3)
Ce-144 2.08 (-4) 2.16 (-4) 2.31 (-4) 2.53 (-4) 2.73 (-4) 2.91 (-4) 3.08 (-4) 3.25 (-4) 3.40 (-4) 3.54 (-4) 3.65 (-4) 3.69 (-4)

* Notes: 1 — Coolant Density (p) = 0.713 gms/cc

2 - In this table, a number A x 108 is expressed as A(-B)
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Tritium Source

Ternary fission

Boron Activation

Lithium Activation
Total

TABLE 11.1-6

Tritium Production

Production per cycle, Ci

Initial Cycle

172
235
141
548

11.1-17

Equilibrium Cycle

118
132
96

346
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TABLE 11.1-7

Corrosion Product Activity

In Reactor Coolant

Radionuclide

Activity, uCi/cc

¥1Cr
*Mn
*Fe
*Fe
%Co
%Co
%Zr

2.63x103
3.01 x 10
1.04 x 102
3.01x10*
1.58 x 102
8.46 x 10
2.07 x 102
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TABLE 11.1-8

Nitrogen-16 Activity
In Reactor Coolant

Location Activity, uCi/cc
Reactor Vessel Outlet 1.62 x 102
Steam Generator Inlet 1.3x 102
Steam Generator Outlet 7.8x10°
Reactor Vessel Inlet 7.3 x 10"
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TABLE 11.1-9

Total System Leakage Rates

Leakage Rates, cc/hr
During
Normal During During
Operation  Cooldown  Refueling

Auxiliary Building

Hot Primary Coolant Upstream of Purification

Demineralizer 15 375 0
Hot Primary Coolant Downstream of Purification

Demineralizer 9 9 0
Cold Primary Coolant Upstream of Purification

Demineralizer 789 789 0
Cold Primary Coolant Downstream of

Purification Demineralizer 2314 894 0
Refueling Canal Water Upstream of

Demineralizer 0 0 1173

Refueling Canal Water Downstream of
Demineralizer 0 0 894

Containment Building

Hot Primary Coolant Upstream of Purification

Demineralizer 663 711 -
Hot Primary Coolant Downstream of Purification

Demineralizer 15,286 144 -
Cold Primary Coolant Upstream of Purification

Demineralizer 36 36 -

Cold Primary Coolant Downstream of
Purification Demineralizer 24 24 -

Turbine Building

Secondary System Steam 1,135,626 - -
Secondary System Liquid Upstream of
Condensate Polishing Demineralizer 378,542 - -

Secondary System Liquid Downstream of
Condensate Polishing Demineralizer 757,083 - -
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TABLE 11.1-10

Radionuclide Specific Activities in Leakage

Specific Activity in Leakage, uCi//ml

Primary Coolant Upstream of  Primary Coolant Downstream  Refueling Canal Water Refueling Canal Water

Isotope Purification Demineralizer of Purification Demineralizer Upstream of Demineralizer Downstream of Demineralizer
Max. Avg. Max. Avg. Max. Avg. Max. Avg.

Ar-41 0.111 0.111 0.111 0.111 0 0 0 0

Kr-83m 0.288 2.88 x 102 0.288 2.88 x 102 0 0 0 0

Kr-85m 1.53 0.153 1.53 0.153 0 0 0 0

Kr-85 3.15 0.315 3.15 0.315 0 0 0 0

Kr-87 0.837 8.37 x 102 0.837 8.37 x 102 0 0 0 0

Kr-88 2.68 0.268 2.68 0.268 0 0 0 0

1-131 3.23 0.323 3.23 x 102 3.23x 103 0.323 3.23 x 102 3.23x 10 3.23x10*
1-132 2.25 0.225 2.25x 102 2.25x 103 0.225 2.25x 102 2.25x 103 2.25x 10+
1-133 3.78 0.378 3.78 x 102 3.78 x 103 0.378 3.78 x 102 3.78 x 103 3.78 x 10+
1-134 0.458 4.58 x 102 4.58 x 103 4.58 x 10+ 4.58 x 102 4.58 x 103 4.58 x 10 4.58 x 10°
1-135 1.90 0.190 1.90 x 102 1.90 x 103 0.190 1.90 x 102 1.90 x 103 1.90 x 104
Xe-131m 2.25 0.225 2.25 0.225 0 0 0 0
Xe-133m 2.84 0.284 2.84 0.284 0 0 0 0

Xe-133 249, 24.9 249. 24.9 0 0 0 0
Xe-135m 0.926 9.26 x 1072 0.926 9.26 x 102 0 0 0 0

Xe-135 5.08 0.508 5.08 0.508 0 0 0 0

Xe-138 0.511 5.11 x 102 0.511 5.11 x 102 0 0 0 0
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TABLE 11.1-10 (Continued)

Radionuclide Specific Activities in Leakage

Specific Activity in Leakage, uCi//ml

Secondary System Liquid Upstream of Secondary System Liquid Downstream of

Isotope Secondary System Steam Condensate Polishing Demineralizer Condensate Polishing Demineralizer
Max. Avg. Max. Avg. Max. Avg.
Ar-41 3.28 x 10”7 3.28 x 107 0 0 0 0
Kr-83m 8.49 x 107 8.49 x 108 0 0 0 0
Kr-85m 4.25x 106 4.25 x 107 0 0 0 0
Kr-85 9.30 x 10® 9.30 x 10”7 0 0 0 0
Kr-87 2.47 x 10 2.47 x 107 0 0 0 0
Kr-88 7.92 x 106 7.92 x 107 0 0 0 0
1-131 1.79x 10 1.79 x 10 1.79 x 106 1.79 x 10 8.36 x 10© 8.35x 107
1-132 1.05x 106 1.05x 10 1.05x 10 1.05x 10 4.90 x 106 4.90 x 107
1-133 2.05x 106 2.05x 10® 2.05x 10° 2.05x 10® 9.57 x 10© 9.57 x 107
1-134 1.68 x 106 1.68 x 107 1.68 x 106 1.68 x 107 7.84 x 107 7.84 x 106
1-135 9.85x 10® 9.85x 107 9.85x 106 9.85 x 107 4.60 x 106 4.60 x 107
Xe-131m 6.66 x 10 6.66 x 10”7 0 0 0 0
Xe-133m 8.42 x 106 8.42 x 107 0 0 0 0
Xe-133 7.29 x 106 7.29 x 10¢ 0 0 0 0
Xe-135m 2.73x 106 2.73x 107 0 0 0 0
Xe-135 1.51 x 10 1.51 x 10 0 0 0 0
Xe-138 1.51 x 10 1.51 x 107
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TABLE 11.1-11

Total Evolution Rate of Radioactive Gases From System Leakage

Evolution Rate, uCi/s

Containment Vessel Auxiliary Building

Radio- Normal Operation Cooldown Normal Operation Cooldown Refueling
nuclide Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg.
Ar-41 0.494 0.494 2.83 x 1072 2.83 x 1072 9.65 x 1072 9.65 x 1072 6.38 x 1072 6.38 x 1072 -- --
Kr-83m 1.29 0.13 7.32x102 7.32x103 0.251 2.51x107? 0.166 1.66 x 102 -- --
Kr-85m 6.81 0.69 0.389 3.89x 10 1.33 0.133 0.879 8.79 x 1072 -- --
Kr-85 14.01 1.41 0.801 8.01 x 1072 2.74 0.274 1.81 0.181 -- --
Kr-87 3.73 0.38 0.213 2.13 x107? 0.728 7.28 x 107 0.481 4.81x 102 -- --
Kr-88 11.92 1.20 0.682 6.82 x 1072 2.33 0.233 1.54 0.154 -- --
1-131 7.33 x 107 7.33x 1073 6.40 x 1072 6.40 x 1073 2.09 x 103 2.09 x 104 3.44 x 107 3.44 x 1073 1.07 x 10* 1.07 x 10°
1-132 5.11 x 1072 5.11x1073 4.46 x 102 4.46x 103 1.46 x 103 1.46 x 10* 2.40 x 1072 2.40x 103 7.39x 10 7.39x 10
1-133 8.58 x 107 8.58 x 103 7.49x 1072 7.49x 103 244 x 10 2.44 x 10 4.03 x 10?2 4.03x103 1.25x10* 1.25x10°
1-134 1.04 x 1072 1.04 x 1073 9.07 x 103 9.07 x 10 2.96 x 104 2.96 x 10°° 4.88x 103 4.88 x 10* 1.51x10° 1.51x 10
1-135 4.31x102 4.31x103 3.77 x 10 3.77 x 103 1.23x 103 1.23 x10* 2.03 x 1072 2.03x 10 6.24 x 10°° 6.24 x 10°®
Xe-131m 10.01 1.01 0.572 5.72 x 1072 1.96 0.196 1.30 0.130 -- --
Xe-133m 12.63 1.27 0.722 7.22x 1072 2.47 0.247 1.64 0.164 -- --
Xe-133 1107.29 110.73 63.288 6.339 216.29 21.63 142.97 14.30 -- --
Xe-135m 412 0.42 0.236 2.36 x 1072 0.805 8.05x 1072 0.632 5.32x 102 -- --
Xe-135 22.60 2.26 1.30 0.130 442 0.442 2.92 0.292 -- --
Xe-138 2.28 0.23 0.130 1.30 x 102 0.444 4.44 x 102 0.294 2.94 x 1072 -- --
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TABLE 11.1-11 (Continued)

Total Evolution Rate of Radioactive Gases From System Leakage

Evolution Rate, uCi/s

Radio- Turbine Building

nuclide Max. Avg.
Ar-41 1.04 x 10 1.04 x 104
Kr-83m 2.68 x 104 2.68 x 10
Kr-85m 1.43 x 103 1.43 x 104
Kr-85 2.94 x 103 2.94 x 104
Kr-87 7.80 x 10+ 7.80 x 10°°
Kr-88 2.50x 103 250 x 104
1-131 5.66 x 103 5.66 x 10+
1-132 3.32x 103 3.32x 10+
1-133 6.48 x 103 6.48 x 10+
1-134 5.31 x 10+ 5.31 x10°
1-135 3.11x10°3 3.11x 10+
Xe-131m 2.11x103 2.11x 104
Xe-133m 2.66 x 103 2.66 x 104
Xe-133 0.230 2.30x 10
Xe-135m 8.62 x 10 8.62 x 10°
Xe-135 4.77 x 103 4.77 x 104
Xe-138 4.77 x 104 4.77 x 10
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11.2 LIQUID WASTE SYSTEMS

11.2.1 Design Objectives

The systems handling liquid wastes are designed such that the estimated releases in liquid
effluents comply with the following requirements of 10CFR20 and 10CFR50:

a. The individual radionuclide concentrations in liquid effluents at the site boundary
shall not exceed the limits for releases to unrestricted areas given in Appendix B
of 10CFR20.

b.  The releases of radioactivity from the station shall comply with the as low as
reasonably achievable standard set forth in T0CFR50.

Davis-Besse commits to the regulatory position of Regulatory Guide 4.15 (Revision 1, February
1979)

11.2.2 System Descriptions

11.2.2.1 Process Arrangement
11.2.2.1.1 Clean Liquid Radwaste System

The functional drawing for this system is shown in Figure 11.2-2. A list of major components, as
well as design information for each, is contained in Table 11.2-1. Figure 11.2-4 is a schematic
of the process cycle.

11.2.2.1.2 Miscellaneous Liquid Radwaste System

The functional drawing for this system is shown in Figure 11.2-3. A list of major components, as
well as design information for each, is contained in Table 11.2-2.

11.2.2.2 Waste Sources

Radiation sources, activities, quantities and concentrations are dependent upon various factors
such as, the fuel load (enrichment of fuel) and the operating cycle length. The current
information is maintained in the ODCM and the source term analysis for the current operating
cycle reload report.

11.2.2.2.1 Clean Liquid Radwaste System

The major source of waste for this system is reactor coolant letdown resulting from boron
dilution operations or from coolant expansion during reactor startups. Other sources include
leakage, drainage, and relief flows from valves and equipment containing reactor-grade liquid.

The following information pertaining to quantities and concentrations was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design and the following quantity and concentration
information is considered historical.
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With two exceptions, the individual sources are listed in Table 11.2-3 along with estimates and
breakdowns of the quantities that can be expected from each in a year. The exceptions noted
are the waste caused by relief valve operation and by leakage. It is possible to omit the first
because it is not the result of what is considered a normal or expected occurrence. Leakage
was not included because all of it is conservatively assumed to be processed through the less
efficient miscellaneous liquid radioactive waste system.

Of the quantities listed in Table 11.2-3 all but two represent normal letdown through the makeup
and purification system. The two exceptions are the draining of portions of the primary system
for refueling and maintenance operations. Waste from the former will probably be sent through
the spent fuel pool or purification demineralizer before it reaches the radwaste system.
Therefore, its activity levels should be less than, or equal to, those attributed to letdown. The
other waste quantity, resulting from maintenance operations, could reach the radwaste system
without any prior demineralization and have radionuclide concentrations in it that are higher than
those estimated for letdown wastes. However, because of the following considerations, it is not
necessary to take this into account when evaluating the clean liquid radioactive waste system:

a. The same coolant that is drained for maintenance operations is usually replaced
when work is finished. It therefore, contributes little to the activity releases from
the station.

b. As maintenance operations normally occur during refueling, there should be

approximately 10,300 ppm of boric acid in the coolant. Based on a final bottoms
concentration of about 7%, this means that the evaporators would be

operating with a concentration factor of less than 7 (assuming all feed is at the
10,300 ppm level). This would result in a higher than normal evaporator DF (see
Subsection 11.2.2.3), which, if this waste were processed, would compensate for
any lack of demineralization.

For evaluation purposes, all clean liquid waste is assumed to consist entirely of primary system
letdown. As noted previously, this means that the radionuclide specific activities in the waste
are the same as those in the reactor coolant which has been passed through a letdown cooler
and a mixed-bed purification demineralizer. The cooler is assumed to reduce the coolant
temperature from an operating value of about 570°F to 120°F or less. This results in a
maximum decrease of 1.403 in liquid volume and a corresponding increase in specific activity.
The demineralizer is assumed to have a DF of 1 for Cs, Y, Mo, Xe, Kr, crud and tritium, and 100
for all other radionuclides. The waste has also passed through a filter, but no credit is taken for
it.

The average radionuclide concentrations expected in the reactor coolant are assumed to be
equal to the maximum levels attained during an equilibrium cycle with 0.1% failed fuel. These
values (found in Table 11.1-4) are listed, along with the corresponding average radionuclide
concentrations downstream of the letdown cooler and in the clean liquid radwaste system feed,
in Table 11.2-4. The 0.1% failed-fuel condition represents the expected average situation over
an operating year.

The maximum radionuclide concentrations occurring in the reactor coolant are taken to be equal
to the maximum levels attained during an equilibrium cycle with 1% failed fuel. Values for these
were extracted from Table 11.1-5 and are given in Table 11.2-4, along with corresponding
maximum concentrations downstream of the letdown cooler and in the feed to the clean liquid
radioactive waste system. The 1% failed fuel condition represents an upper design limit beyond
which reactor operation is unlikely.
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The estimated corrosion product activity levels present are those given in Table 11.1-7,
multiplied by 1.403 to correct for the change in density caused by decreasing temperature.

This concludes the historical information contained in this subsection.
11.2.2.2.2 Miscellaneous Liquid Radwaste System

11.2.2.2.2.1 Non-Detergent Wastes

The major sources of this class of wastes are:

Miscellaneous system leakage
Drainage from area washdown
Sluicing of demineralizer resins
Sampling and laboratory operations
Condensate polishing demineralizer backwash
(If there is a significant primary-secondary leak)

Assuming all non-detergent wastes are, at some time, exposed to the atmosphere, the various
isotopes of xenon and krypton are assumed to have come out of solution and to no longer be
present in significant amounts.

a. Drainage from Area Washdowns, Sampling and Laboratory Operations, and
Miscellaneous System Leakage

These three sources are grouped together because they can generally be
categorized as consisting of some mixture of relatively clean water, processed or
unprocessed reactor coolant, and/or spent fuel pool water. The possible
contribution of the spent fuel pool is treated separately only because its activity
levels are not derived directly from those in the primary system.

Although no estimates are included for the activity levels in the spent fuel pool
water, they are normally kept relatively low to permit access to the pool area.
Therefore, undiluted reactor coolant represents the upper limit of concentration
found in waste from the four sources included in this group.

b. Backflushing of Prefilter and Sluicing of Demineralizer Resins

This is the excess water produced during backflushing of the prefilter in the
purification and makeup system and/or produced during handling of spent
demineralizer resins. The former operation results in dislodged crud being added
to the waste while the latter can contribute both crud and dissolved radioactive
contamination. In both cases, the water used is assumed to be initially free of
activity.

C. Condensate Demineralizer Backwash

These wastes must be processed only if a primary-to-secondary leak produces
significant contamination in the condensate polishing demineralizers’ resin.
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The following information pertaining to quantities and concentrations was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design and the following quantity and concentration
information is considered historical.

Sources are listed in Table 11.2-5 along with the quantities of each that are expected to be
produced each year.

Estimates of the maximum and average radionuclide concentrations in the waste from each
individual source, or group of related sources, and in non-detergent waste as a whole are given
in Tables 11.2-6 and 11.2-7, respectively.

Drainage from Area Washdowns, Sampling and Laboratory Operations, and Miscellaneous
System Leakage:

a. The maximum activity levels are set equal to the maximum values (corrected for
temperature) attained in the primary system during a fuel cycle with 1% failed fuel.

b. Estimates of the overall average activity levels, taking into account all three
sources, are based on the following assumptions:

All the radioactivity attributed to these sources resides entirely in the
waste created by miscellaneous system leakage, sampling, and
laboratory operations. This assumption is justified on the basis that the
contribution from area washdowns should contain only small amounts of
activity. (This source is the result of cleaning operations in which
relatively small quantities of contamination are diluted in larger volumes of
wash water).

The entire 48,000 gallons of waste resulting from miscellaneous system
leakage, sampling, and laboratory operations is unprocessed reactor
coolant. The activity levels present are assumed to be the maximum
values attained in the primary system during an equilibrium cycle with

0.1 % failed fuel. The designation of all 48,000 gallons as reactor coolant
should be conservative since it assumes no leakage or sampling from
systems containing less radioactivity.

Backflushing of Prefilter and Sluicing of Demineralizer Resin:
a. Estimates of the dissolved radionuclide concentrations can be made based on
equilibrium considerations. The situation is defined by the equilibrium coefficient,
KDZ

Kb (trace ion distribution coef.) = conc. of ion in resin (UCi/ml)
conc. of ion in liquid (uCi/ml)

Values for KD have been determined experimentally for cesium and
iodine for a range of conditions (ref. 13). While the numbers derived vary
with the makeup of the liquid surrounding the resin and probably with the
type of resins, 1000 is a reasonably conservative value.
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To estimate the activity levels of the resins, the following assumptions are
used:

The total activity of Cs-137 (the most significant cesium isotope) in the
resins is the total that has leaked from the fuel during a complete cycle.
For 1-131 (the most significant iodine isotope), the activity present is that
attributable to the maximum level found in the primary system volume
during operation. It should be noted that these assumptions represent a
situation which would not occur even under the most pessimistic
operating conditions.

The activity specified above is distributed uniformly over the 100 ft3 of
resins in purification demineralizers 1-1 and 1-2. Based on the resins
being a chemically-equivalent mixture of cation and anion resins, the
cesium is confined to about one third of the volume or about 33 ft* of resin
(this is based on the assumption that the cation portion of the resin has
twice the capacity of the anion portion). The iodine will, therefore, be
confined to about 67 ft® of resin.

Using the preceding assumptions and the value for Kp noted earlier, the
maximum concentrations of 1-131 and Cs-137 in the sluice water are
estimated to be:

Est. Conc. in Max. Conc. in

Failed-Fuel = Radio- Sluice Water Reactor Coolant
Condition nuclide (MCi/ml) (MCi/ml)
0.1% 1-131 0.040 0.323

Cs-137 0.952 1.27
1% 1-131 0.40 3.23

Cs-137 9.52 12.7

Included in the above table are the maximum concentrations of Cs-137
and 1-131 that would be attained in the reactor coolant during cycles with
0.1% and 1% failed fuel. It is noted that these values are all higher than
the corresponding concentrations found in the sluice water. There is no
reason to believe that other radioactive dissolved species present in the
waste would behave in a significantly different manner than those
considered above. It is conservatively assumed therefore, that the
concentrations of all dissolved radionuclides in the sluice wastes are the
same as those in the primary system.

Estimating levels of insoluble corrosion products in the sluice water is
more difficult. These particles are removed from process streams not
only by the filters but also by demineralizers. If the filters are backwashed
or the resins sluiced, some of the crud that has been collected is
dislodged and mixes with the waste water created. It is not known how
much becomes dislodged or how much settles out and is disposed with
the resins. Thus, the following gross assumptions have been made in
order to arrive at some kind of an estimate.
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The purification demineralizer filter and/or the resins of the purification
demineralizers remove all crud that passes in series through them.
During a simultaneous backwashing of the filter and sluicing of the resins,
all the crud thus collected is released to the waste water.

The purification demineralizer filter and purification demineralizer can
continuously process 45 gpm reactor coolant per day for a full 346-day
operating cycle. The processed coolant contains the crud levels given in
Table 11.1-7 (corrected for temperature).

Crud levels in the sluice water are based on the activity removed in a
346-day cycle being mixed with 500 ft* of liquid. The 500 ft® of liquid is
assumed to be the minimum waste volume that would be considered for
batch processing.

Based on the preceding assumptions, Table 11.2-8 lists conservative estimates
of the maximum crud activity levels in the sluice waste.

b. Estimates of average specific activities are based on the assumptions listed
above except that the crud is assumed to be uniformly distributed over the entire
volume of sluice waste (10,000 gal.).

Condensate Demineralizer Backwash

Estimates of waste activity levels have been made based on the following assumptions:

The primary-to-secondary leak is 100 gallons of reactor coolant per day.

All ionic activity in the leakage is absorbed on the 12 ft3Q of powdered resin
contained in a single demineralizer (as with the regeneration waste, the corrosion
products are not considered).

The subject demineralizer is backwashed after two weeks service. During this
operation, 1000 ft* of waste is produced.

The 1000 value for Kp used to estimate activity levels in the demineralizer sluice
waste applies.

There is no carryover of resin particles.

Based on the above, the activity levels in the backwash waste are estimated to be about 0.0156
of those in reactor coolant. Maximum and average concentrations correspond to 1% and 0.1%
failed fuel conditions, respectively.

Combined Sources:

Estimates of the maximum and average concentrations which are applicable to the non-
detergent waste as a whole are based on the following assumptions.

The maximum specific activity of any radionuclide is considered to be the highest
of the maxima estimated for the individual sources.
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The overall average radionuclide concentrations are simply volume-weighted
averages of the individual averages for various waste sources. For calculational
purposes two different estimates were made. The first takes into account all
waste sources except the condensate polishing demineralizer backwash. These
values are used where higher average concentrations give more conservative
results. Due to the low activity levels in the backwash and the large quantities
involved, the inclusion of this waste would tend to lower the average. Also, if
there were no significant primary-to-secondary leakage, the backwash waste
would not even require processing. The second set of average values take into
account all waste sources and is used primarily to estimate total station releases.

This ends the historical information contained in this subsection.
11.2.2.2.2.2 Detergent Waste

This type of waste comes from the hot showers (used to decontaminate personnel) and drains
in the laboratory.

The following information pertaining to quantities and concentrations was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design and the following quantity and concentration
information is considered historical.

Sources are listed in Table 11.2-5 along with the quantities that are expected from each in a
year. Contamination present in these streams has probably resulted from operating personnel
coming into contact with some form of transferable radioactivity. The amount of total
contamination involved is small. Itis assumed that the gross average specific activity in the
detergent waste is of the order of magnitude of 10° uCi/ml.

Secondary System Leakage

This waste results from liquid leakage from the secondary coolant system. An estimate of the
total annual quantity resulting from this source is given in Table 11.2-5. All radioactivity present
is assumed to come from the primary system by way of leaks in the steam generator. Estimates
of the maximum and average activity levels for this class of waste are given in Table 11.2-9.
These values are based on the assumptions used in Subsection 11.1.3.2, Parts (e), (f), and (g)
and the following definitions:

Maximum Specific Activities: Equal to the maximum levels attained in leakage upstream
of the condensate polish demineralizer.

Average Specific Activities: Equal to a volume-weighted average of the average specific
activities of all liquid secondary leakage.

This ends the historical information contained in this subsection.
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11.2.2.2.3 Tritium
Note: The Primary Water System has been abandoned in place.

The following information pertaining to quantities and concentrations was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design and the following quantity and concentration
information is considered historical.

Tritium, in the form of tritiated water, is treated separately because, at this time, there is no
feasible way of removing it from the waste through processing. For this reason, recycling of
processed waste could result in the build up of tritium in primary water to the point where the
population dose resulting from in-station exposure (ref. 14) would exceed the dose resulting
from all the tritium being released to the environment. Such a buildup is retarded by the effects
of radioactive decay and by the dilution of the primary system water during refueling operations.
However, to conform to the philosophy of limiting doses to low levels, essentially all of the tritium
present in the reactor coolant is assumed to be released from the station. For an equilibrium
cycle, this amounts to about 346 Ci per year. The maximum rate of release is governed by the
requirement to comply with the standards given in 10CFR20.

For calculational purposes, it is assumed that the tritium level in the primary system is
maintained at, or below, the 0.4 uCi/ml level. This corresponds to a maximum concentration of
0.3 uCi/ml in the borated water storage tank.

This ends the historical information contained in this subsection.

11.2.2.3 Equipment Decontamination Factors

The decontamination factor (DF) for a piece of process equipment is defined as:

DF = Radionuclide Concentration in Equipment Influent
Radionuclide Concentration in Equipment Effluent

The DF’s assigned to the various radwaste system components, as well as the basis for their
selection, are given below.

11.2.2.3.1 Evaporator

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.

In dealing with evaporators, two different decontamination factors are utilized. The first follows
the format used above:

DF(t) = Radionuclide Concentration in Evaporator Influent (t)
Radionuclide Concentration in Evaporator Distillate (t)
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where “(t)” denotes time dependence. This is the one that is used in the radwaste system
analysis. The second definition is:

DF*(t) = Radionuclide Concentration in Evaporator Bottoms (t)
Radionuclide Concentration in Evaporator Distillate (t)

This is the one used most often in describing the efficiency of an evaporator. One reason for
this is that, for a given set of operating conditions, it should remain relatively constant. The
relationship between these two definitions, assuming constant influent activities, is given by:

DF*

DF(t) = Concentration Factor (t)

where:

Concentration Factor = Bottoms Concentration ()
Influent Concentration (t)

or, if no bottoms have been discharged up to time “t”:

Concentration Factor = Volume of Influent Processed Up to Time “t”
Volume of Bottoms (t)

In establishing the efficiency of the Davis-Besse evaporators, no credit is taken for the removal
of gases or tritium (i.e. DF=1). To obtain estimates for DF’s of other radionuclides, constant
concentration factors are assumed. DF*’s were determined from test data obtained at
Rochester Gas and Electric’s Robert Ginna Nuclear Generating Station (ref. 15). Using this
approach, the following are the derivations of DF’s for the evaporative processing of both clean
and miscellaneous (dirty) liquid wastes.

Clean Liquid Waste
a. Minimum DF

In the Ginna Tests run with reactor coolant and no chemical additions, a DF*
greater than 2 x 10° was achieved for Cs-137 and Na+. This value is, of course,
applicable to all cesium isotopes. Since, with the exception of the iodines, the
other ionic nuclides and corrosion products listed in Tables 11.2-4 and 11.1-7
can be expected to act reasonably similarly to cesium and sodium in an
evaporative process, the 2 x 10° DF* is also considered applicable to them. It
should be noted, that, in an actual test with one of the Davis-Besse evaporators,
a DF* in excess of 10° was achieved for magnesium.

For 1-131, the selection of a reasonable minimum value of DF* was more difficult.
The reason for this was that the values obtained in the Ginna Tests varied
somewhat erratically with the pH of the evaporator bottoms. The approach taken
was to adopt the use of the lowest DF* reported for 1-131, 3 x 103. This value is,
of course, the same for all iodine isotopes.

For clean liquid wastes, a maximum concentration factor of 100 is assumed.
Based on a 950-gallon evaporator bottom volume, this amounts to the
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processing of about 95,000 gal of feed. This corresponds to almost one clean
waste receiver tank full of waste. The 100 concentration factor should be
conservative, since it is not likely that this amount would be processed in a single
batch. Even if it were, two evaporators would probably be used which, by
doubling the bottom volume available, would have the effect of halving the
concentration factor.

Since boric acid is being recovered from the clean liquid waste for reuse, the
concentrate produced by the evaporator must average 7%. If feed runs out and
the bottoms are not at this concentration, the evaporator can be shut down and
the bottoms stored until more feed is available, or it can be run without feed until
the 7% value is obtained. If this latter mode of operation is used, the DF can
drop below acceptable limits, as the volume decreases and the concentration
factor goes up. If this starts to occur, the operator can recycle the distillate back
to the receiver tank and prevent any short-term deterioration in the evaporator
DF. It should be noted that this procedure can be used at any time to limit the
increase of the concentration factor.

Using the values for DF*’s and concentration factor just described, the following
estimates of DF’s were made for an evaporator handling clean liquid wastes:

lodine.....iieeiiieeee 30
Crud.....oooeeiieeeee e, 2000
Tritium..co e, 1
GaSEeS....ccevvieeee e, 1
Others......oooveeiiieieeeeeeeeee, 2000

b. Average DF

The determination of average DF’s is assumed to differ from that of minimum
DF’s only in the values of the concentration factor used. In this instance, the
concentration factor is taken to be 50. (This would be the average in a system
attaining a maximum value of 100.) The previously selected DF values of 2 x 10°
and 3 x 10°® for Cs-137 and 1-131, respectively, are assumed. Although it should
be possible to use a larger number for the average DF*’s, it is felt that there is not
sufficient information available for making a reasonable estimate. Based on
these assumptions and on the reasoning given in the preceding paragraphs,
estimates of average DF’s for an evaporator handling clean liquid waste are as

follows:
lodine.....oovveeiiieeee, 60
Crud....ooovveieee e 4000
Tritium... e, 1
GaASES....ccevvieeieeeeeee 1
Others.....coevviveiiiieeeeeeee 4000

Miscellaneous Liquid Waste (abandoned in place)
a. Minimum DF

In the Ginna test, DF*’s of about 10° for Na+ and Cs-137 and 10* for I-131 were
reported in a run made with general waste to which chemicals had been added
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for pH control. These values are applicable to all cesium and iodine isotopes.
As with the clean liquid waste, the 10° figure was applied to the other ionic
radionuclides and corrosion products listed in Tables 11.2-6 and 11.2-7.

For miscellaneous waste, a concentration factor of 50 is assumed. While it is
possible that larger factors could be achieved, this value should be conservative.
Based on a bottom volume of 950 gallons, it represents the processing of about
47,500 gallons or more than 3-1/2 miscellaneous waste drain tanks full of waste.
Operationally, it seems unlikely that there would be a need to process this much
in a single batch.

If the solids content of the waste feed is low, the evaporator bottoms may not
reach their normal disposal concentration before a run is terminated. In these
circumstances, the unit can simply be operated without feed until the desired
concentration, or some minimum volume, is attained. During this period, due to
the decreasing bottom volume, the concentration factor can increase beyond
acceptable limits. As with the case with clean liquid waste, when this happens,
the operator can recycle the distillate back to the feed tank and prevent any
deterioration of the DF’s.

Using the values for DF*’s and concentration factors, just selected, the following
estimates of DF’s for an evaporator processing miscellaneous waste were made:

o To [1 3 [T 200
Crud....ooooeeiieeee e 2000
Tritium... e, 1
GaASES....ccevveeeieeee e 1
Others.....coeveiieeiiieeeeeeeee, 2000

b. Average DF

The determination of the average DF’s is assumed to differ from that of the
minimum DF’s only in the choice of a concentration factor. In this instance, a
concentration factor of 25 will be used. This would be the average in a system
attaining a maximum value of 50. Although the DF*’s varied during the test run
using the new concentration factor and the DF*’s previously selected, the
following estimates were made of average DF’s for the evaporator:

070 |1 [T 400
Crud.....oooeeeiieeeee e, 4000
Tritium..ee e, 1
GaSEeS....ccovveeeei e, 1
Others......oooveeeiiiiiieeeeeeeee, 4000

This ends the historical information contained in this subsection.
11.2.2.3.2 Demineralizers (Radwaste System)
All radwaste system demineralizers are designed to provide desirable operating characteristics

In addition, the following features have been incorporated into the system to further ensure that
all units perform adequately.

11.2-11 UFSAR Rev 32 9/2018



Davis-Besse Unit 1 Updated Final Safety Analysis Report

Connections are provided to take samples from all demineralizer influent and effluent lines.

Where redundant demineralizers are provided in the system design, the capability is generally
available to operate them in series. This arrangement permits the downstream exchanger to
polish the effluent from the other unit and to serve as a backstop in case the resin bed in the
upstream demineralizer becomes saturated and breakthrough occurs.

The demineralizers used to polish the distillates from the evaporators are provided with recycle
lines back to the evaporators. This permits the units to be flushed when they are being put into
service after being shut down for any extended period. Flushing prevents the liquid initially
contained in the demineralizer, which may be excessively contaminated, from being passed on
to the monitor tanks.

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.

Assuming that the above design features are used as needed and that proper operating
procedures are also utilized, the following are the DF’s that were assigned to the various types
of demineralizers:

Mixed Bed Demineralizer.

The DF’s assigned to mixed-bed radwaste demineralizers for individual ions are as follows:

For Each lon in Table 11.1-4
Prior Cumulative DF for Subsequent Single
Demineralization DF Radwaste Mixed-Bed
Assumed* Demineralizer
1 (crud, gases, untreated 100**
streams)
2100 (treated streams, ionic 10
radionuclides)

* includes DF associated with purification demineralizers
** value always used for concentrate demineralizer

An exception to the preceding table is the concentrate demineralizer which is
assigned a DF 100 regardless of what comes before it.

a. lonic Radionuclides

At present, there are no generally accepted values for ionic radionuclide DF’s for
use with mixed-bed demineralizers. The justification for using 100 as a
maximum is based on values found in the literature. A selected list of these,
applicable to Cs-137 and [-131, is given in Table 11.2-10. This table does not
contain an entirely representative sampling as there are instances where DF’s
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lower than 100 have been reported. It is also noted that the operating conditions
under which measurements were made varied considerably. All this makes
arriving at a definitive conclusion very difficult, if not impossible. Still, there does
seem to be ample evidence that, with proper design and operating conditions,
DF’s for cesium and iodine of at least 100 should be achievable. This value is
also used for the other ionic radionuclides in Table 11.1-4 although information
on the removal of these is limited and generally inconclusive.

The use of a DF of 10 after credit has already been taken for a cumulative DF of
at least 100 is employed to take into account any effect the reduction of influent
ion concentration might have on a demineralizers’ efficiency. This is also the
justification for always using a DF of 100 for the concentrate demineralizer. Even
though prior credit may have been taken for demineralization, the feed to this unit
is concentrated in the boric acid evaporators. This increases the concentrations
of the impurity ions, making them easier to remove.

Crud and Gaseous Radionuclides
No credit is taken for the removal of crud or gases in the demineralizers (i.e.

DF=1). However, as noted when discussing the DF’s chosen for filters,
demineralizers are efficient at removing crud.

Anion Demineralizers

a.

lonic Radionuclides

The only anion demineralizers in the system are the deborating units used to
remove boric acid from the reactor coolant during the latter stages of a fuel cycle.
No credit is taken for the removal of any radionuclide, although, from Table
11.2-10, it is seen that iodine levels should be reduced. These anion units are
assumed to reduce the level of boron in their effluent to 1 ppm or less. Under
certain conditions, higher concentrations may be allowed. The basis for these
performance criteria is found in the results of tests published by one of the resin
manufacturers (ref. 26).

Crud and Gaseous Radionuclides

No credit is taken for the removal of crud or gases (i.e. DF=1).

Cation Demineralizer

a.

lonic Radionuclides

Purification demineralizer 1-3 is normally utilized as a cation demineralizer. It
plays no part in the analysis of radioactive releases from the station because no
credit is taken for its use. Though it may also be used as a mixed bed
demineralizer, it is normally used to reduce the concentration of lithium hydroxide
as well as radioactivity levels of Cs-137. For this use, a DF of 20 for Cs-137 and
one for all other radionuclides has been assumed. This conservative value of 20
for a cation bed is also supported by Table 11.2-10.

This ends the historical information contained in this subsection.
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11.2.2.3.3 Demineralizers (Secondary System)

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.

The only units considered in this category are the mixed-bed condensate polishing
demineralizers. These differ from those of the previous section in that they use powdered rather
than bead-type ion exchange resins. At this time, there appears to be little data available on the
efficiencies of these units in removing radioactive impurities. The only reference located said
that DF’s of 2-50 for solubles and 100-1000 for insolubles had been measured when treating
condensate (ref. 27). Based on this limited information, the following DF’s were assigned:

IONS..ceiee e 5
Crud. oo, 5
GaASES. .. 1

This ends the historical information contained in this subsection.
11.2.2.3.4 Filters

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.

A total DF of 10 is assumed for corrosion products (crud) for any number of passes through
radwaste system filters. A DF of 1 is used for all other impurities.

Filtration ratings for the Davis-Besse filters are given in Tables 11.2-1 and 11.2-2. It has been
reported that demineralizers are good filters and their efficiency for removing crud has been
given as 89 to 99% (corresponding to DF’s of approximately 10 to 100) (ref. 28). It should be
very conservative to assume a DF of 10. A DF of 1 is assigned to the filters. Additional
conservatism is added by the fact that no credit is taken for multiple passes through more than
one unit.

This ends the historical information contained in this subsection.
11.2.2.3.5 Degasifier (No longer used)

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.
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The degasifier is assumed to have a DF of 10° for Xe and Kr and 1 for all other radionuclides
(the possible removal of iodine is covered in Subsection 11.3.2.3). At present, there appears to
be no data to support these or any other values. However, a theoretical DF of more than 108
has been calculated by the equipment vendor.

This ends the historical information contained in this subsection.
11.2.2.3.6 Waste Demineralizer System

Miscellaneous radioactive waste in the Miscellaneous Waste Drain Tank is processed through
demineralizers, and discharged from the station from the Miscellaneous Waste Monitor Tank.
The Demineralizer Skid consists of a solids collection filter, a booster pump, pre-filter, a post-
filter and various demineralizers (with a reverse osmosis system) that can be lined up in a
number of modes depending on the specific characteristics of the liquid waste to be processed.
A typical system configuration consists of the filter, an activated carbon bed, zeolite, a cation
bed, an anion bed, and a mixed resin bed. For a typical system configuration the nominal DF’s
are as follows:

The following information pertaining to decontamination factors (DF) was provided as part of the
initial safety analysis or added as changes to the systems were made. Operating experience
has demonstrated that the reactor coolant activity levels are much lower than the activity levels
assumed in the radwaste system design. The ODCM provides information pertaining to the
monitoring of waste streams and ensures the resultant offsite doses are in compliance with
current regulatory requirements. The following DF information is considered historical.

Tritium and Noble Gases 1
lodine 1000
Cesium 200
Others 700
Overall System 200

This ends the historical information contained in this subsection.

11.2.3 Operating Procedures

11.2.3.1 Clean Liquid Radioactive Waste System

Hydrogenated liquid waste pumped from the reactor coolant drain tank and letdown from the
makeup and purification system are directed into a primary demineralizer filter and through a
primary demineralizer into one of two clean waste receiver tanks. The clean waste receiver
tank not being used for letdown and liquid waste collection can be filled with a clean boric acid
solution for use during Reactor Coolant System cooldown. The piping and valves of the clean
liquid radioactive waste system that are not heat traced are flushed with demineralized water
after the concentrated boric acid is transferred into the clean waste receiver tank. Periodic or
continuous recirculation of the contents of the Clean Waste Receiver Tank provides mixing.

When it is desired to process the Clean Waste Receiver Tank(s), the waste is fed to one, or
both, of the boric acid evaporators. There, it is separated into its two reusable constituents:
demineralized water and concentrated boric acid. The demineralized water (distillate) may be
pumped through or around a polishing demineralizer and a clean waste monitor tank filter into
one of the clean waste monitor tanks. Individual recirculation lines on these tanks ensure
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uniform mixing. When the receiving clean waste monitor tank is full, it is isolated and a sample
taken. Based on the analysis of this sample, the processed waste is either: (1) sent to the
makeup system for eventual reuse; (2) recycled through all, or part, of the system for additional
treatment; or (3) discharged to Lake Erie. The boric acid from the evaporator bottom may be
pumped around or through the concentrate demineralizer into the concentrate storage tank.
After the contents of this tank have been thoroughly mixed by recirculation, a sample may be
taken and analyzed. The acid is then pumped either to one of the boric acid addition tanks,
where it is stored for reuse, or to the miscellaneous liquid radioactive waste system, where it is
further processed and discharged to Lake Erie. There is also a line that permits the direct
addition of boric acid from the concentrate storage tank to the makeup tank if this is required.
Gasses stripped from the waste in the boric acid evaporators are either sent to the waste gas
system or discharged through the station vent.

When the concentration of boron in the primary system is low (such as near the end of core life),
coolant letdown from the makeup and purification system may be diverted through one of the
deborating demineralizers to remove boric acid, instead of being processed through an
evaporator. From there, it is normally directed back to the primary system through the makeup
tank.

If, at some point in the normal process cycle, sampling indicates that either treatment in the
clean radwaste system has been inadequate or that no more is needed, alternate flow paths
can be used. These include recycle lines which, by permitting the contents of the various
system tanks to be redirected back through some portion of the cycle, are used to effectively
increase the processing performed on the waste. (The most important of these lines are given
in Table 11.2-11 along with the processing capacity of each.) There are also bypasses provided
around all major components with the exception of the clean waste monitor tanks. These
bypasses are used if a particular piece of equipment is not needed or is not available for
service. The alternate processing to be performed is determined by the operator and is based
primarily on the analysis of samples taken from the system tanks.

All waste tanks, except the Concentrates Storage Tank and the Miscellaneous Waste Drain
Tank, are maintained above atmospheric pressure by a nitrogen blanketing system. When a
tank is filled, excess cover gas is displaced to the gaseous radioactive waste system or to the
station vent. When this tank is emptied, any replacement gas needed is recycled back from the
waste gas system or supplied from the station nitrogen header.

All wastes being discharged to the environment pass two monitors (one required for normal
system operation) that measure and record radiation levels and that control two downstream
valves in the flow path. If either of these monitors detects excessive radiation, both downstream
valves are closed and flow is terminated.

11.2.3.2 Miscellaneous Liquid Radioactive Waste System

During station operation, dirty and aerated wastes from various sources are collected in tanks
as follows:
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Waste Sources Collection Tank

Laboratory and sampling
Demineralizer sluice

Area Washdowns

Misc. system leakage Miscellaneous waste drain Tank
Lab sinks Detergent waste drain
Hot Showers (decon) Tank

Condensate polishing demin.
backwash (only if there is a significant
steam generator leak) Condensate demin. Holdup tanks (2)

Secondary sys. leakage (only if there is
a significant steam generator leak) Condensate demin. holdup tanks (2)

When a sufficient level is reached in the Miscellaneous Waste Drain Tank or the Detergent
Waste Drain Tank, the contents are normally pumped through the Radwaste Demineralizer
System for processing. The Radwaste Demineralizer System uses installed demineralizers with
an integrated reverse osmosis system. Here suspended impurities are filtered and soluble ionic
impurities are removed by ion exchange. However, if a sample is taken (after the tank has been
recirculated to ensure thorough mixing), and analysis shows no significant radioactivity,
processing through the Radwaste Demineralizer System is not required. The waste then flows
through the demineralizer skid post filter, if using the Radwaste Demineralizer System, and into
the Miscellaneous Waste Monitor Tank. Liquid from the Detergent Waste Drain Tank may also
be released to the environment if sample results indicate acceptable levels for direct discharge.

When a sufficient level is reached in either one of the Condensate Demineralizer Holdup Tanks,
the liquid contents of the tanks are directed to the Miscellaneous Liquid Radioactive Waste
System for further processing unless sampling analysis shows no significant radioactivity. If no
significant radioactivity is present, the contents may be released to the environment.

When the Miscellaneous Waste Monitor Tank is filled and after recirculation has ensured proper
mixing, a sample is taken and analyzed. Based on the results of this sample, the waste is then
either recycled through part or all of the system for additional processing, or diluted in a
controlled manner and released from the station. Connections to the clean liquid radioactive
waste system were provided for possible reuse of water from the miscellaneous waste system,
but the pathway is not used due to contamination concerns. For flexibility, bypasses are
provided around all major components with the exception of the monitor tank. These bypasses
are used if a particular piece of equipment is not available for service or if, based on the results
of sampling, the operator decides it is not needed.

The gas inlets and/or vents on the miscellaneous waste drain, detergent waste drain, and
miscellaneous waste evaporator storage tanks are controlled to reduce the turnover of gases in
the tank’s vapor spaces. As the evolution of gaseous iodine from liquid waste is an equilibrium
process, this tends to keep iodine liberation to a minimum. The miscellaneous waste monitor
tank has a nitrogen feed arrangement that can be used as a purge to maintain a slight positive
pressure.

The miscellaneous waste drain tank’s nitrogen blanketing system has been disabled. This tank

is equipped with a vacuum breaker to prevent the drawing of a vacuum when this tank is
emptied.
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All waste being discharged to the environment passes two redundant monitors (one is required
for system operation) that measure and record the radiation level and that control two
downstream valves in the flow path. If either of these monitors detects excessive radiation, both
downstream valves are closed and flow is terminated.

11.2.4 Performance Tests

All pieces of processing equipment in these systems are provided with upstream and
downstream sampling connections. Using the analysis of samples taken at these points, the
actual operating DF of any component for any or all of the various radionuclides can be
determined. In a more general way, the sampling done at various points in the waste
processing cycle will give a good indication of how well the individual pieces of equipment are
operating.

11.2.5 Estimated Releases

11.2.5.1 Clean Liquid Radioactive Waste System (Excluding Tritium)
11.2.5.1.1 Maximum Isotopic Specific Activities in Releases

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

Estimates of the maximum specific activities in waste discharged to the environment from this
system are based on the following assumptions:

a. The waste feed processed by this system initially has maximum activities given in
Table 11.2-4.

b. DF’s for the process cycle equipment are those given in Figure 11.2-4. As
maximum specific activities are being estimated, the minimum evaporator DF is
assumed.

C. The minimum estimated specific activity for any radionuclide in undiluted

processed waste is set at 108 pCi/ml.
d. No credit is taken for the effects of decay.

e. Before being discharged, treated waste is diluted with uncontaminated water.
Based on a diluting flow of 20,000 gpm, a treated waste release rate of 35 gpm
and a mixing coefficient of 0.8 (see Subsection 11.2.7.1 for justification of this
value), this results in an effective DF of 456 for all contaminants. It should be
noted that 70 gpm is the normal release rate from this system. Lower rates can
be used during abnormal situations such as the 1% failed fuel condition
specified in assumption (a).
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Based on the preceding assumptions, Table 11.2-12 was compiled and gives the maximum
specific activities in the waste at significant points in its treatment up to and including release to
the environment.

This ends the historical information contained in this section.
11.2.5.1.2 Average Isotopic Specific Activities in Releases

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

Table 11.2-13 gives the average specific activities in the waste at several points during its
treatment up to and including release to the environment. These estimates were based on the
same assumptions that were used in the preceding section with the following differences:

a. The waste feed processed initially has the average isotopic specific activities
given in Table 11.2-4 (these correspond to 0.1% failed fuel).

b. DF’s for the process cycle equipment are those given in Figure 11.2-4. As
average specific activities are being estimated, the average evaporator DF’s are
assumed.

C. The processed waste is discharged into the dilution flow at a 70 gpm rate.

It should be noted that these “average” values take into account only those effluents produced
when processed waste is actually being discharged. This flow amounts to only a portion of the
total liquids that are released annually from the station. This means that the overall average of
radionuclide specific activities in released liquids would be less than the values given in Table
11.2-13. These overall averages were not estimated because they do not provide any
significant information about the adequacy of the clean liquid radioactive waste system or
treating waste water.

This ends the historical information contained in this subsection.
11.2.5.1.3 Total Annual Activity Released

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

The total activity attributed to each radionuclide that is expected to be released in a year
through this system is given in Table 11.2-14. These values are based on the following
assumptions:

a. The specific activities of the various radionuclides in undiluted processed waste
are those given in Table 11.2-14
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b. The amount of processed waste from this system discharged annually from the
station will be 258,000 gallons. A breakdown of that portion of the total waste
that is released is given in Table 11.2-3

For operation of the reactor for the whole year with 1% failed fuel, the values in Table 11.2-14
(except for activation products) would be increased by a factor of 10. This is not an expected
operating condition but represents an upper design condition.

This ends the historical information contained in this subsection.
11.2.5.2 Miscellaneous Liquid Radioactive Waste System (Excluding Tritium)
11.2.5.2.1 Maximum Specific Activities in Releases

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

Estimates of the maximum specific activities in waste discharged to the environment from this
system are based on the following assumptions:

a. The waste processed by this system initially has the activity levels given in the
last column of Table 11.2-6. These values correspond to estimates of the
maximum concentration of each radionuclide that can occur. (Note: although
secondary system leakage was not taken into account when Table 11.2-6 was
compiled, it would have no effect or the choice of overall maximum activity
levels.)

b. DF’s for the process cycle equipment are those given in Figure 11.2-5. As
maximum specific activities are being estimated, the minimum evaporator DF is
assumed. (Note: This assumption pertains to equipment originally installed in the
plant. Due to efficiency reasons the waste evaporator has been replaced by the
radwaste demineralizer.)

C. The minimum estimated specific activity for an isotope in undiluted processed
waste is set at 108 yCi/ml.

d. No credit is taken for the effects of radioactive decay.

e. Before being discharged, treated waste is diluted with uncontaminated water.
Based on a dilution flow of 20,000 gpm, a treated waste release rate of 16 gpm
and a mixing coefficient of 0.8 (see Subsection 11.2.7.1 for justification of this
value), an effective DF of 1000 results for all contaminants. It should be noted
that 70 gpm is the normal release rate from this system. Lower rates can be
used, as needed, during abnormal situations such as the very conservative
condition specified in assumption (a).

Based on the preceding assumptions, Table 11.2-15 was compiled and gives the specific

activities in the waste at significant points in its treatment up to, and including, release to the
environment. It should be noted that the chance of the maximum levels of all isotopes being
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present at one time is very remote. If the situation depicted in Table 11.2-15 were to occur, it is
likely that additional processing would be used.

This ends the historical information contained in this subsection.
11.2.5.2.2 Average Specific Activities in Release Due to Non Detergent Wastes

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

Table 11.2-16 and 11.2-17 give the average specific activities in the waste at several points
during its treatment up to, and including, release to the environment. These values were arrived
at by using the same assumptions as in Subsection 11.2.5.2.1 with the following exceptions:

a. The waste shown in Table 11.2-16 will initially have the radionuclide activity
levels given in Column (5) of Table 11.2-7.

b. The waste shown in Table 11.2-17 will initially have the radionuclide activity
levels given in the last column of Table 11.2-7.

C. As average specific activities are being estimated, the average evaporator DF’s
are used. (evaporator is no longer used)

d. Treated waste is discharged at a rate of 70 gpm.
11.2.5.2.3 Average Specific Activities in Releases Due to Detergent Wastes

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

No breakdown has been attempted for activity releases due to detergent wastes. However,
based on an initial gross specific activity of about 10° uCi/ml (See Subsection 11.2.2.2.2), a
release rate of 70 gpm, a dilution flow of 20,000 gpm, and a mixing coefficient of 0.8, the
specific activity in the discharged waste should be less than 108 uCi/ml.

This ends the historical information contained in this subsection.

11.2.5.2.4 Average Specific Activities in Releases Due to Secondary System Leakage

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release

rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.
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Table 11.2-18 lists the average specific activities in the station liquid discharges to the
environment that are due to secondary system leakage. These estimates were derived using
the following assumptions:

a Untreated secondary system leakage (as radionuclide activity levels) is equal to
the average values listed in Table 11.2-9.

b. This waste receives no active treatment. It is simply diluted and released from
the station. (Note: the capability exists to process part or all of this waste through
the miscellaneous liquid radwaste system.)

C. No credit is taken for the effects of radioactive decay.

d. Dilution is based on a dilution flow of 20,000 gpm, a waste release rate of 70
gpm, and a mixing coefficient of 0.8.

This ends the historical information contained in this subsection.
11.2.5.2.5 Total Annual Activity Released Due to Non-Detergent Waste

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

The total activity attributed to each radionuclide that is released in a year through this system
due to non-detergent waste is given in Table 11.2-19. These values are based on the following
assumptions:

a. The specific activities of the various radionuclides in undiluted processed waste
are those given in Column 4 of Table 11.2-17.

b. The amount of processed waste from this system discharged annually from the
station will be approximately 200,000 gallons. A breakdown of this quantity is
given in Table 11.2-5.

For operation of the reactor for the whole year with 1% failed fuel, the values in Table 11.2-19,
except those for activation products, would be increased by approximately a factor of 10. This
is not an expected operating condition but represents an upper design condition.

This ends the historical information contained in this subsection.

11.2.5.2.6 Total Annual Activity Released Due to Detergent Waste

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release

rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.
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Based on an average gross specific activity of 10 uci/ml and a total release of about 500,000
gallons, an estimated 1.9 x 102 Ci is discharged per year in detergent waste.

This ends the historical information contained in this subsection.
11.2 5.2.7 Total Annual Activity Released Due to Secondary System Leakage

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

The total activity attributed to each radionuclide that is released in a year is given in
Table 11.2-18. These values are based on the following assumptions:

a. The specific activities in undiluted secondary system leakage are the average
values given in Table 11.2-9.

b. The amount of leakage waste released from the station in a year is 2,102,400
gallons (5 gpm for 292 days).

If the reactor were operated an entire year (equilibrium cycle) with a 1% failed fuel condition, all
values in Table 11.2-18, except those for activation products, would increase by a factor of
about 10.

This ends the historical information contained in this subsection.
11.2.5.3 Total Annual Releases of Tritium from All Sources

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release
rates, cumulative releases, and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.

As noted in Subsection 11.2.2.2.3, it is assumed that all tritium leaking into or produced in the
reactor coolant is released to the environment. For an equilibrium fuel cycle with 0.1% failed
fuel, this amounts to about 346 Ci per year (see Subsection 11.1.2.2). For a 1% failed fuel
condition, estimated tritium releases increase to 443 Ci per year.

This ends the historical information contained in this subsection.

11.2.5.4 Summary of all Activity Released Each Year in Liquid Effluent

The following information pertaining to estimated releases was provided as part of the initial
safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining release

rates, cumulative releases and for calculating the corresponding dose rates and cumulative
quarterly and yearly doses. The following estimated release information is considered historical.
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Table 11.2-20 lists the total activity of each radionuclide that is released from the station each
year in liquid effluents. Included is a breakdown of the contributions made from each of the
several individual sources to these totals. Due to the relatively small quantity of activity involved
and to the indeterminate nature of its composition, the contribution from detergent waste (5.87 X

107 Ci gross y—3) was omitted.
This ends the historical information contained in this subsection.

11.2.6 Release Points

Processed liquid waste enters Lake Erie as shown on Figure 11.2-6.

11.2.7 Dilution Factors

11.2.7.1  Prior to Discharge

Before processed water is released to the environment it is mixed in a collection basin with the
discharge from either the Service Water System, the dilution pump, a cooling tower make up
pump or the cooling tower blowdown.

The following information pertaining to dilution factors was provided as part of the initial safety
analysis. The ODCM provides the day-to-day methods for determining release rates,
cumulative releases, and for calculating the corresponding dose rates and cumulative quarterly
and yearly doses. The following dilution factor information is considered historical.

The total dilution flow is approximately 20,000 gpm. The dilution process is assigned a mixing
coefficient of 0.8. The 0.8 mixing factor means that the concentrations in the estimated station
releases will be calculated on the basis that the waste being discharged is uniformly mixed with
16,000 gpm of dilution flow. This figure is supported by the following design features of the
system:

a. The discharge from the cooling tower makeup pump and cooling tower blowdown
have inlets into the collection basin located as close together as possible and at
right angles to each other. As this arrangement will promote turbulence, mixing
among all basin influent streams should be good.

b. Additional mixing occurs as the contents of the collection basin flow to the lake.
This ends the historical information contained in this subsection.
11.2.7.2  Further Dilution in Lake Erie
The following information pertaining to dilution factors was provided as part of the initial safety
analysis. The ODCM provides the day-to-day methods for determining release rates,
cumulative releases and for calculating the corresponding dose rates and cumulative quarterly
and yearly doses. The following dilution factor information is considered historical.
A modified Fickian dispersion model was used to predict maximum radioactivity concentrations
at distances over one kilometer from the point of discharge (ref 29). These dispersion estimates

have been used to determine the potential radiological impact of plant operation at the following
locations that utilize Lake Erie as a source of potable water: Camp Perry, Erie Industrial Park,
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Port Clinton, Toledo, and Oregon. Maximum potential plume centerline concentrations as a
function of distance were estimated using the following equation (ref. 29):

C (X0, 0)=L1/2
2m[X (KK, )]
where:
C (X, 0, 0) = average centerline (maximum) concentration at a point (X) downstream
from release point uCi/cm?
Q = continuous release source term, uCi/sec
X = downstream distance, cm
Ky = diffusivity in lateral direction, cm?/sec
K. = diffusivity in vertical direction, cm?/sec
and f = frequency of flow in the direction of interest

From Okubo arid Farlow (ref. 30) for Lake Erie drogue studies, K, exceeds 3 x 10* (cm?/sec) in
all cases. The same values were observed in the Lake Michigan studies. For conservatism, a
value of 1 x 10* (cm?/sec) was used.

A conservative estimate of K, (1 cm?/sec) (ref. 31) was also used. Thus the equation
expressing the plume centerline concentration becomes:

_ -3
C (x,o,0)=%m

It is assumed that the warm water discharge will rise to the surface of the lake and be
transported in the same direction as the surface current. Further, the surface currents are
assumed to depend on the prevailing wind direction in the following way: winds out of the E,
ESE, SE, or SSE arc all presumed to induce a surface current towards Toledo and Oregon;
winds out of the NNW, N, NNE, NE and ENE are all presumed to induce a surface current
towards Camp Perry and Port Clinton; all other winds are presumed to induce surface currents
carrying the discharge large distances off shore.

Based on the available meteorological information in Section 2.3, the value of the parameter “f”,
after accounting for calms, is assumed to be 0.17 towards Toledo and 0.21 towards Camp Perry
and Port Clinton.

Effective dilution factors have been obtained for the locations of greatest concern by taking the
ratios of the annual discharge concentration for tritium and the concentrations predicted by the
model. At the average expected release rate of 346 curies per year (11 uc/sec) the annual
average discharge concentration for tritium is 1.087 x 10 micro mCi/cc. The predicted tritium
concentrations at the given locations and the derived dilution factors are presented below:

Effective
Location H-3 Concentration Dilution Factor
1. Erie Industrial Park (3.6 mi) 6.38 x 10-9 uCi/cc 1700
2. Camp Perry (4.6 mi) 5.00 x 10-9 uCi/cc 2170
3. Port Clinton (8.6 mi) 2.67 x 10-9 uCi/cc 4070
4. Toledo & Oregon (12 mi) 1.54 x 10-9 pCilcc 7080
5. Carroll TS water (3.0 mi) 6.19 x 10-9 uCi/cc 1750
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These derived effective dilution factors are utilized to predict the annual average radioactivity
concentrations at the potable water intakes of the given locations.

These results have been compared to dilution predictions based on thermal analysis done by
D.W. Pritchard and presented in Appendix 2 G, Volume |, of the Supplement to the
Environmental Report for Davis-Besse (ref. 32). This comparison has revealed no significant
discrepancies at distances greater than about 1 km.

Since the volume flow rate of the station discharge is very small in comparison to the volume of
the near shore waters, near-field dilution will be rapid and recirculation is not significant. Eddy
currents in the western Lake Erie Basin are not expected to affect predicted concentrations due
to the substantial mixing that occurs in these patterns.

This ends the historical information contained in this subsection.

11.2.8 Estimated Doses from Liquid Effluents

The following information pertaining to estimated doses was provided as part of the initial safety
analysis. Operation of the radwaste system must ensure compliance with current regulatory
requirements. The ODCM provides the day-to-day methods for determining release rates,
cumulative releases, and for calculating the corresponding dose rates and cumulative quarterly
and yearly doses. The following estimated dose information is considered historical.

A detailed evaluation of the radiological impact to be incurred by radioactive liquid releases from
the station is contained in Appendix 11A. Only a summary of the results of that evaluation will
be presented here. As explained in Appendix 11A, resulting exposure rates have been
evaluated for maximum expected release rates based on 0.1% failed fuel cladding, and for
design basis release rates based on 1.0% failed fuel cladding.

The exposure pathways evaluated include two modes of external exposure and two modes of
internal exposure. All maximum individual exposure rates have been conservatively based on
the annual average discharge concentrations as presented in Table 11A.4-1 of Appendix 11A.
External exposure to the maximum individual has been evaluated for immersion (swimming) in
the station discharge, and for sunbathing along the nearest shoreline. It was assumed that the
maximum individual would swim no more than 200 hours per year in the station discharge and
sunbathe no more than 200 hours per year along the nearest shoreline. Only gamma radiation
was assumed to contribute to whole body radiation. Beta radiation from external sources was
assumed to irradiate only the outermost surface layers of the human body. Population
exposure was not evaluated for external exposure pathways.

Internal exposure was evaluated both for water ingestion and fish ingestion. Maximum
individual exposure was based on an assumed water ingestion rate of 1.2 liters per day and an
assumed fish ingestion rate of 50 grams per day of edible tissue. Activity concentration in the
ingested water and fish were based upon the estimated annual average discharge
concentrations. The NUS computer code DOSCAL performed the calculations necessary to
obtain the resulting exposure rates to the whole body and all other significant body organs.
Population exposure due to water and fish ingestion was also estimated, for the years 1970,
1990, and 2010.

Figure 11.2-7 illustrates the location of Ohio Fishing District 1 with respect to the discharge
canal.
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A dilution factor of 5000, used in predicting the population exposure from fish ingestion was
obtained using the equation given in Subsection 11.2.7.2. It is applicable for a direction into
which the surface current is carried 10 % of the time, at a distance of five miles. The equation
used to obtain this dilution factor is presented below:

1.087 x107°

1.59 x 103 Qf
X

DF (dilution factor) =

where:

1.087 x 10° = the discharge concentration of tritium for expected release rates, uCi/cc
Q = the point source continuous release rate, uCi/sec

x = the down-plume distance, cm

f = the frequency of flow in the direction of interest.

At 346 Cilyr, Q is equal to 10.97 uCi/sec. At a distance of five miles, x is equal to 8.045 x 10°
centimeters. With f equal to 0.1, the computed value of DF is equal to just over 5000. This
dilution factor is felt to be conservative due to the assumption of relatively high frequency of flow
(10 percent) and a relatively short average distance (5 miles) in comparison to the dimensions
of Ohio Fishing District 1.

The dilution factor of 4070 at a distance of 8.6 miles is based on a frequency of flow of 21 %. It
is the difference in the assumed frequency of flow which causes the apparent discrepancy in the
resulting dilution factors. The higher frequency of flow assumed to exist along the shoreline is
due to the assumption that winds out of several directions might produce surface currents along
the shore.

A summary of the maximum individual and population exposures found to result from liquid
radioactivity releases is presented in Tables 11.2-21 and 11.2-22. A full explanation of the
derivation of these results is contained in Appendix 11A.

This ends the historical information contained in this subsection.
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TABLE 11.2-1

Clean Liquid Radioactive Waste System Equipment List

Clean Waste Receiver Tanks

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

Clean Waste Monitor Tanks

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

Concentrate Storage Tank

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

Spent Resin Storage Tank

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

DELETED

2

Vertical Cylindrical Flat-Bottomed
103,000

15

200

304 SS

ASME llI, Class C

2

Horizontal Cylindrical
23,200

15

150

304 SS

ASME lll, Class C

1

Vertical Cylindrical
950

15

200

304 SS

ASME llI, Class C

1

Vertical Cylindrical
6,000

75

200

304 SS

ASME llI, Class 3
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TABLE 11.2-1 (Continued)

Clean Liquid Radioactive Waste System Equipment List

Clean Waste Receiver Tank Transfer Pumps

Quantity

Type

Rated Capacity, gpm
Design Temperature, °F
Material

Design Code

2

Centrifugal

140

150

316 SS

Manufacturer’'s Standard

Clean Waste Monitor Tank Transfer Pumps

Quantity

Type

Rated Capacity, gpm
Design Temperature, °F
Material

Design Code

Concentrate Transfer Pumps

Quantity

Type

Rated Capacity, gpm
Design Temperature, °F
Material

Design Code

2

Centrifugal

140

150

316 SS

Manufacturer’s Standard

1

Centrifugal

50

200

316 SS

Manufacturer’s Standard

Spent Resin Tank Overflow Pump

Quantity

Type

Rated Capacity, gpm
Design Temperature, °F
Material

Design Code

Spent Resin Transfer Pump

Quantity

Type

Rated Capacity, gpm
Design Temperature, °F

1

Centrifugal

100

120

316 SS

Manufacturer’'s Standard

2

Diaphragm, Air Powered
0-100

150
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TABLE 11.2-1 (Continued)

Clean Liquid Radioactive Waste System Equipment List

Clean Waste Booster

Quantity 2

Type Centrifugal, Canned
Rated Capacity, gpm 140

Design Temperature, °F 150

Material 316 SS

Design Code Manufacturer’'s Standard

DELETED
Primary Demineralizers

Quantity

Type

Design Flow, gpm

Usable Resin Volume, ft3
Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

Deborating Demineralizers

Quantity

Type

Design Flow, gpm

Usable Resin Volume, ft3
Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

2

Mixed Bed, Non-regenerative
140

100

150

200

304 SS

ASME IIl, Class 3

2

Anion, Regenerative
140

55

150

200

304 SS

ASME IllI, Class 3

Clean Waste Polishing Demineralizers

Quantity

Type

Design Flow, gpm

Usable Resin Volume, ft3
Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

2

Mixed Bed, Non-regenerative
40

15

150

200

304 SS

ASME lll, Class 3
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TABLE 11.2-1 (Continued)

Clean Liquid Radioactive Waste System Equipment List

Concentrate Demineralizer

Quantity

Type

Design Flow, gpm

Usable Resin Volume, ft3
Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

Primary Demineralizer Filters

Quantity

Type

Design Flow, gpm

Absolute Rating, micron

Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

Clean Waste Monitor Tank Filters

Quantity

Type

Design Flow, gpm

Nominal Rating, micron

Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

Spent Resin Tank Strainer

Quantity

Type

Design Flow, gpm

Rating, micron

Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

1

Mixed Bed, Non-regenerative
40

15

150

200

304 SS

ASME lllI, Class 3

2

Disposable Cartridge
140

0.1-10

150

200

304 SS

ASME lll, Class 3

2

Disposable Cartridge
40

0.2-10

150

200

304 SS

ASME lll, Class 3

1

Metal, Back Flushable
100

25

150

200

304 SS

ASME I, Class 3
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TABLE 11.2-1 (Continued)

Clean Liquid Radioactive Waste System Equipment List

Boric Acid Evaporators

Quantity

Type

Capacity, gpm

Normal Operating Temperature, °F
Vent Discharge Pressure, psig
Materials

Design Codes

Degasifier (No longer used)

Quantity

Type

Capacity, gpm

Vent Discharge Pressure, psig
Materials

Design Codes

Clean Waste Receiver Tank Filter

Quantity

Type

Design flow, gpm

Nominal Rating, micron

Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

11.2-32

2

Submerged Tube

15

220

7

304 and 316 SS (surfaces in contact
with process fluids)

ASME lll, Class C; ASME VIII; ANSI
B31.7; ANSI B31.1 and TEMA-R

1

Packed Column

140

7

304 and 316 SS (surfaces in contact
with process fluids)

ASME |Il, Class 3; ASME VIII; ANSI
B31.1 and TEMA-R

1

Disposable Cartridge
140

30

150

110

340SS

ASME VIIl, Div |
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TABLE 11.2-2

Miscellaneous Liquid Radioactive Waste System Equipment List

Miscellaneous Waste Drain Tank

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

Detergent Waste Drain Tank

Quantity

Type

Volume, gal

Design Pressure, psig
Design Temperature, °F
Material

Design Code

1

Horizontal Cylindrical

14,400

15

200

304 SS

ASME IlI, Class C

1
Vertical Cylindrical
9,950

15

200

304 SS

ASME lll, Class C

Miscellaneous Waste Monitor Tank

Quantity

Type

Volume, gal (nominal)
Design Pressure, psig
Design Temperature, °F
Material

Design Code

Evaporator Storage Tank

Quantity

Type

Volume, gal (nominal)
Design Pressure, psig
Design Temperature, °F
Material

Design Code

1
Vertical Cylindrical
9,800

15

150

304 SS

ASME llI, Class C

1
Vertical Cylindrical
947

15

200

304 SS

ASME llI, Class C

11.2-33

UFSAR Rev 32 9/2018



Davis-Besse Unit 1 Updated Final Safety Analysis Report
TABLE 11.2-2 (Continued)

Miscellaneous Liquid Radioactive Waste System Equipment List

Antifoam Tank (No longer used)

Quantity 1

Type Vertical Cylindrical
Volume (usable), gal 50

Design Pressure, psig 15

Design Temperature, °F 110

Material 304 SS

Design Code None

Miscellaneous Waste Drain Tank Pump

Quantity 1

Type Centrifugal

Capacity, gpm 140

Design Temperature, °F 200

Material 316 SS

Design Code Manufacturer’s Standard

Detergent Waste Drain Tank Pump

Quantity 1

Type Centrifugal

Capacity, gpm 140

Design Temperature, °F 200

Material 316 SS

Design Code Manufacturer’s Standards

Miscellaneous Waste Monitor Tank Pump

Quantity 1

Type Centrifugal

Capacity, gpm 140

Design Temperature, °F 200

Material 316 SS

Design Code Manufacturer’s Standard

Evaporator Storage Tank Pump (No longer used)

Quantity 1

Type Centrifugal, Canned
Capacity, gpm 20

Design Temperature, °F 200

Material 316 SS

Design Code ASME lll, Class 3
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TABLE 11.2-2 (Continued)

Miscellaneous Liquid Radioactive Waste System Equipment List

Antifoam Tank Pump (No longer used)

Quantity 1

Type Positive Displacement, Diaphragm
Capacity, gpm 0-10

Design Temperature, °F 110

Material 316 SS

Design Code None

Waste Evaporator (abandoned in place)

Quantity

Type

Capacity, gpm

Vent Discharge Pressure, psig
Materials

Design Codes

Waste Polishing Demineralizer

Quantity

Type

Design Flow, gpm

Usable Resin Volume, ft?
Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

1

Submerged Tube

15

7

304 and 316 SS (surfaces in contact
with process fluids)

ASME lll, Class C; ASME VIII; ANSI
B31.7, ANSI B31.1 and TEMA-R

1
Mixed Bed, Non-regenerative
40

14

150

200

304 SS

ASME lll, Class 3

Miscellaneous Waste Monitor Tank Filters

Quantity

Type

Capacity, gpm

Micron Rating

Vessel Design Pressure, psig
Vessel Design Temperature, °F
Vessel Material

Vessel Design Code

2

Disposable Element
140

<10 absolute

150

200

304 SS

ASME lll, Class 3
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TABLE 11.2-2 (Continued)

Miscellaneous Liquid Radioactive Waste System Equipment List

Evaporator Vent Charcoal Filter

Quantity 1

Type Deep Bed
Capacity 200 ft3
Capacity, scfm 50
Vessel Design Pressure, psig 150
Vessel Design Temperature, °F 200
Vessel Material 304 SS

Vessel Design Code

Deleted

ASME lll, Class 3

Demineralizer Skid Mechanical Post-Filter

Quantity 1

Filter Medium Disposable Element
Vessel Material 304 SS

Pressure Rating 200 PSI

Vessel Design Code ASME VIII

Demineralizer Skid Resin Filter Vessels

Quantity 5

Capacity 30 ft?
Pressure/Temperature Rating 150 PSl at 130 °F
Vessel Material 304 SS

Vessel Design Code ASME VIl

Demineralizer Skid Mechanical Pre-Filter

Quantity 1

Filter Medium Disposable Element
Vessel Material 304 SS

Pressure Rating 150 PSI

Vessel Design Code

Booster Pump

Manufacturer’'s Standard

Quantity 1

Type Centrifugal

Capacity, gpm 35

Design Temperature 150 F

Material 316 SS

Design Code Manufacturer’s Standard
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TABLE 11.2-2 (Continued)

Miscellaneous Liquid Radioactive Waste System Equipment List

Reverse Osmosis Skid

Quantity

Filter Medium
Vessel Material
Pressure Rating
Vessel Design Code

Solids Collection Filter Liner

Quantity

Filter Medium
Vessel Material
Pressure Rating
Vessel Design Code

1
Disposable Element
304 SS

400 PSI

Manufacturer's Standard

1

Disposable Element

304 SS /316 SS

150 PSI

ASME Section VIl Division 1
(non-stamped), B31.1
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TABLE 11.2-3

Clean Liquid Waste Quantities (1)

Processed
Waste Waste
Processed Discharged
Waste Source (Gal) (Gal) Assumptions and Comments
Reactor Coolant System
Startup Expansion 96,000 24,000 4 cold startups
Startup Dilution 146,000 39,000 2 cold startups at beginning
of life, 1 cold startup at 100
and 200 full (ultimate) power
days, respectively
72,000 2 hot startups at peak xenon
at 100 and 200 full power
days, respectively
Shim Bleed
Normal Cycle 195,000 195,000 Dilution from 1230 to 50 ppm
boron
Power Transients 500,000 1-50% power transient per
week
System Drain (refueling) 61,400 Drain to level of outlet
nozzles
System Drain (maintenance) 84,000 Include drain of 1 steam
generator

Totals 1,154,400 258,000

(1) The following information pertaining to quantities and concentrations was provided as
part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much
lower than the activity levels assumed in the radwaste system design and the following
quantity and concentration information is considered historical.
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TABLE 11.2-4

Average and Maximum Radionuclide Concentration (1)

0.1% Failed Fuel (Average Conc.) 1.0% Failed Fuel (Maximum Conc.)

Radio- Max. Conc. Max. Conc. Max. Conc. in Max. Conc. Max. Conc. Max. Conc. in
nuclide in Downstream of Clean Liquid in Downstream of Clean Liquid
Reactor Coolant Letdown Cooler Radwaste System Reactor Coolant Letdown Cooler Radwaste System
p=0.713 gm/ml p=1 gm/mi Feed p=0.713 gm/mi p= 1 gm/ml Feed
pCi/ml pCi/ml pCi/ml pCi/ml pCi/ml pCi/ml
lonic Radionuclides
Rb-88 0.192 0.270 2.70x 103 1.92 2.70 2.70 x 102
Sr-89 3.21 x 10+ 4.51x 104 4.51 x 10 3.21x10°3 4.51x 103 4.51 x 10°
Sr-90 1.04 x 10° 1.46 x 10 1.46 x 107 1.04 x 10* 1.46 x 104 1.46 x 10
Sr-91 2.03 x 103 2.85x 103 2.85x 10° 2.03 x 10 2.85x 10 2.85x 10+
Sr-92 6.21 x 10+ 8.72 x 10+ 8.72 x 10¢ 6.21 x 103 8.72x 103 8.72 x10°
Y-90 7.19 x 10+ 1.01 x 103 1.01 x 103 7.19x 103 1.01 x 10 1.01 x 10
Y-91 4.03x 103 5.66 x 103 5.66 x 103 4.03 x 102 5.66 x 102 5.66 x 102
Mo-99 0.293 0.412 0.412 2.93 412 4.12x 107
1-131 0.230 0.323 3.23x 10 2.30 3.23 3.23 x 102
1-132 0.160 0.225 2.25x 103 1.60 2.25 2.25 x 102
1-133 0.269 0.378 3.78 x 103 2.69 3.78 3.78 x 102
1-134 3.26 x 102 4.58 x 102 4.58 x 104 0.326 0.458 4.58 x 107
1-135 0.135 0.190 1.90 x 103 1.35 1.90 1.90 x 102
Cs-134 0.291 0.409 0.409 2.91 4.09 4.09
Cs-136 5.27 x 102 7.40 x 102 7.40 x 102 0.527 0.740 0.740
Cs-137 0.904 1.27 1.27 9.04 12.7 12.7
Cs-138 5.23 x 102 7.34 x 102 7.24 x 102 0.523 0.734 0.734
Ba-137m 0.832 1.17 1.17 8.32 11.7 11.7
Ba-139 5.41x 103 7.60 x 103 7.60 x 102 5.41 x 102 7.60 x 1072 7.60 x 10
Ba-140 4.01x10* 5.63 x 104 5.63 x 106 4.01x103 5.63 x 103 5.63 x 10-°
La-140 1.60 x 104 2.15x10* 2.25x 10® 1.60 x 108 2.25x 103 2.25x10°
Ca-144 3.69x 10° 5.18 x 10° 5.18 x 107 3.69 x 10+ 5.18 x 10+ 5.18 x 10©
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TABLE 11.2-4 (Continued)

Average and Maximum Radionuclide Concentrations

0.1% Failed Fuel (Average Conc.) 1.0% Failed Fuel (Maximum Conc.)

Radio- Max. Conc. Max. Conc. Max. Conc. in Max. Conc. Max. Conc. Max. Conc. in
nuclide in Downstream of Clean Liquid in Downstream of Clean Liquid
Reactor Coolant Letdown Cooler Radwaste System Reactor Coolant Letdown Cooler Radwaste System
p=0.713 gm/ml p=1 gm/ml Feed p=0.713 gm/ml p=1 gm/ml Feed
pCi/ml MCi/ml uCi/ml MCi/ml pCi/ml pCi/ml
Gaseous Radionuclides
Ar-41 7.9 x 1072 0.111 0.111 7.9x102 0.111 0.111
Kr-83m 2.05 x 102 2.88 x 102 2.88 x 102 0.205 0.288 0.288
Kr-85m 0.109 0.153 0.153 1.09 1.53 1.53
Kr-85 0.224 0.315 0.315 2.24 3.15 3.15
Kr-87 5.96 x 102 8.37 x 102 8.37 x 102 0.596 0.837 0.837
Kr-88 0.191 0.268 0.268 1.91 2.68 2.68
Xe-131m 0.160 0.225 0.225 1.60 2.25 2.25
Xe-133m 0.202 0.284 0.284 2.02 2.84 2.84
Xe-133 17.7 24.9 24.9 177. 249. 249.
Xe-135m 6.6 x 102 9.26 x 102 9.26 x 102 0.66 0.926 0.926
Xe-135 0.362 0.508 0.508 3.62 5.08 5.08
Xe-138 3.64 x 102 5.11 x 102 5.11 x 102 0.364 0.511 0.511

(1) The following information pertaining to quantities and concentrations was provided as part of the initial safety analysis or added as
changes to the systems were made. Operating experience has demonstrated that the reactor coolant activity levels are much lower than
the activity levels assumed in the radwaste system design and the following quantity and concentration information is considered

historical.
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TABLE 11.2-5

Miscellaneous Liquid Radioactive Wastes (1)

Total Quantity (gal)

Waste Source Per Year

Non-Detergent Waste

Sampling Laboratory 3,000
Demineralizer Sluice 10,000
Regeneration Waste 38,000
Area Washdowns 110,000
Miscellaneous System 45,000
Leakage

Condensate Demineralizer 390,000

Detergent \Waste

Hot showers, (decon) and 500,000
detergent waste from
laboratory drains

Secondary System Leakage 2,102,400

Assumptions and Comments

12 samples per week at 5 gallons per
sample

Produced at a rate of 2 ft3/ft3 resin; every
demineralizer normally handling
radioactive fluid is changed out once per
refueling; includes 1,000 gallons for
back-washing purification demineralizer
filter

20 ft3 of waste produced per ft if resin
regenerated (this includes backwash
and rinse contributions); 4 regenerations
of 54 ft deborating demineralizer occur
per year (takes into account one (1)
50% power transient per week)

5 gpm hose, 1 hour per day
5 gph leakage

7481 gallons per backwash; 1 backwash
per week for 52 weeks

10 showers per day at 30 gallons per
shower; 350,000 gallons per year of
contaminated laundry per year

5 gpm for 292 days

(1) The following information pertaining to quantities and concentrations was provided as
part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much
lower than the activity levels assumed in the radwaste system design and the following
quantity and concentration information is considered historical.
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TABLE 11.2-6

Maximum Radionuclide Concentrations in Non-Detergent Miscellaneous Liquid Waste (1)

Maximum Concentrations in Waste from Different Sources

-1 2 -3 -4- -5
Misc. Sys. Leakage, Drainage
from Area Washdown Sampling

Demineralizer Sluicing of Demin Condensate Demin. Max. Conc. From Any

Radionuclide and Laboratory Operations Regeneration Resins Backwash Source
(uCi/ml) (UCi/ml) (MCi/ml) uCi/ml) (uCi/ml)
lonic Radionuclides
Rb-88 2.70 0.675 2.70 4.22 x 102 2.70
Sr-89 4.51x103 1.13x 103 4.51x10°% 7.04 x 10 4.51x103
Sr-90 1.46 x 10+ 3.65x10°% 1.46 x 10* 2.28 x 10°° 1.46 x 10
Sr-91 2.85 x 102 7.13x10°3 2.85 x 1072 4.45 x 10+ 2.85x 1072
Sr-92 8.72x 107 2.18 x 1078 8.72x 103 1.37 x 10 8.72x 1073
Y-90 1.01 x 1072 2.53 x 1073 1.01 x 1072 1.58 x 10+ 1.01 x 1072
Y-91 5.66 x 1072 1.42 x 102 5.66 x 1072 8.83 x 10 5.66 x 102
Mo-99 4.12 1.03 412 6.43 x 102 412
1-131 3.23 0.808 3.23 5.04 x 1072 3.23
1-132 2.25 0.563 2.25 3.51x 1072 2.25
1-133 3.78 0.945 3.78 5.90 x 102 3.78
1-134 0.458 0.115 0.458 7.15x 1073 0.458
1-135 1.90 0.475 1.90 2.97 x 102 1.90
Cs-134 4.09 1.03 4.09 6.39 x 102 4.09
Cs-136 0.740 0.185 0.740 1.16 x 102 0.740
Cs-137 12.7 3.18 12.7 0.199 12.7
Cs-138 0.734 0.184 0.734 1.15x 102 0.734
Ba-137m 11.7 2.93 11.7 0.183 11.7
Ba-139 7.60 x 102 1.90 x 102 7.60 x 102 1.19x 103 7.60 x 102
Ba-140 5.63 x 107 1.41x 103 5.63 x 107 8.79x 10" 5.63 x 103
La-140 2.25x 1073 5.63 x 10 2.25x 103 3.51x10°% 2.25x 1073
Ce-144 5.18 x 10 1.30 x 10 5.18 x 10 8.09 x 106 5.18 x 10
Corrosion Products
Cr-51 3.69 x 10 - 22.12 - 22.12
Mn-54 4.23 x 10 - 2.54 - 2.54
Fe-55 1.46 x 102 - 87.44 - 87.44
Fe-59 4.23 x 10 - 2.54 - 2.54
Co-58 2.22 x 1072 - 132.84 - 132.84
Co-60 1.19x 10+ - 0.72 - 0.72
Zr-95 2.91 x 10?2 - 174.04 - 174.04
(1) The following information pertaining to quantities and concentrations was provided as part of the initial safety analysis or added as changes to the systems were made.

Operating experience has demonstrated that the reactor coolant activity levels are much lower than the activity levels assumed in the radwaste system design and the
following quantity and concentration information is considered historical.
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TABLE 11.2-7

Average Concentrations In Waste from Different Sources

-1-
Misc. Sys. Leakage,
Drainage from Area

Washdowns, Laundry, Rinse,
Sampling and Laboratory

&

Demineralizer

&

Sluicing of Demin.

-4_.

Condensate Demin.

._5-

ﬁ

Avg. Conc. Taking into ~ Avg. Conc. Taking into
Account Columns

Account Columns

Radionuclide Operations Regeneration Resins Backwash (1),(2), & (3) (1),(2), (3), & (4)
(uCi\ml) (MCi\ml) (MCi\ml) (MCi\ml) (uCi\ml) (MCi\ml)

lonic Radionuclides
Rb-88 7.20 x 102 6.75 x 1072 0.270 4.22 x 103 8.00 x 102 3.22 x 10?2
Sr-89 1.21 x10* 1.13 x 10* 4.51 x 10 7.04 x 106 1.34 x 10 5.37 x 10
Sr-90 3.90 x 106 3.65x10° 1.46 x 10°° 2.28 x 107 4.33x 10 1.74 x 10°®
Sr-91 7.60 x 10 7.13 x10* 2.85x 1073 4.45 x 10° 8.44 x 10 3.40x10*
Sr-92 2.33 x 10 2.18 x 10 8.72 x 10 1.37 x 10° 2.59 x 10 1.04 x 10
Y-90 2.70 x 10 2.53 x 10 1.01 x 103 1.58 x 10°° 3.00 x 10 1.20 x 10
Y-91 1.51x103 1.42x 103 5.66 x 107 8.83 x 10°° 1.68 x 10 6.74 x 10
Mo-99 0.110 0.103 0.412 6.43 x 10 0.122 4.91x 10?2
1-131 8.62 x 102 8.08 x 1072 0.323 5.04 x 10 9.57 x 102 3.85x 102
1-132 6.00 x 102 5.63 x 102 0.225 3.51x10°% 6.67 x 102 2.68 x 102
1-133 0.110 9.45 x 1072 0.378 5.90 x 1078 0.112 4.51 x 102
1-134 1.23 x 102 1.15x 1072 4.58 x 1072 7.15x10* 1.26 x 1072 5.46 x 1073
1-135 5.07 x 102 4.75x 1072 0.190 2.97 x 1078 5.63 x 1072 2.27 x 1072
Cs-134 0.110 0.103 0.409 6.39 x 107 0.122 4.87 x 102
Cs-136 1.98 x 102 1.85x 102 7.40 x 102 1.16 x 10’3 2.20 x 102 8.82 x 10
Cs-137 0.339 0.318 1.27 1.99 x 102 0.376 0.152
Cs-138 1.96 x 102 1.84 x 102 7.34 x 102 1.15x 103 2.18 x 102 8.74 x 10
Ba-137m 0.312 0.293 1.17 1.83 x 1072 0.347 0.140
Ba-139 2.03 x 108 1.90 x 1073 7.60 x 107 1.19 x 10* 2.25x 107 9.05x 10
Ba-140 1.51 x10* 1.41 x 10* 5.63 x 10 8.79 x 106 1.67 x 10 6.71x 10
La-140 6.00 x 10 5.63 x 10" 2.25x10* 3.51x10°% 6.67 x 107 2.68 x 10
Ce-144 1.39x 10 1.30 x 10°° 5.18 x 10 8.09 x 10”7 1.54 x 10°° 6.17 x 106
Corrosion Products
Cr-51 9.84 x 10 - 8.28 - 0.364 0.135
Mn-54 1.13 x 10* - 0.947 - 4.17 x 102 1.54 x 1072
Fe-55 3.90 x 107 - 32.71 - 1.44 0.531
Fe-59 1.13 x 10* - 0.947 - 417 x 1072 1.54 x 1072
Co-58 5.92 x 1078 - 49.69 - 2.19 0.806
Co-60 3.18 x 10 - 0.267 - 1.18 x 102 4.33x 103
Zr-95 7.76 x 107 - 65.10 - 2.87 1.06

(1)

The following information pertaining to quantities and concentrations was provided as part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much lower than the activity levels assumed in the radwaste system design and the
following quantity and concentration information is considered historical.
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TABLE 11.2-8

Maximum Crud Activity Levels in Sluice Waste (1)

Radionuclide

Concentration
uCi/ml

The following information pertaining to quantities and concentrations was provided as
part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much
lower than the activity levels assumed in the radwaste system design and the following
quantity and concentration information is considered historical.
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TABLE 11.2-9

Maximum and Average Radionuclide Concentrations in Liquid Secondary System Leakage (1)

Max. Conc. in Secondary  Avg. Conc. in Secondary
System Leakage System Leakage

Radionuclide pCi/ml pCi/ml

lonic Radionuclides

Rb-88 5.95x 10 3.84 x 107
Sr-89 2.50 x 108 1.62 x10°
Sr-90 8.04 x 1010 519 x 10"
Sr-91 1.52 x 107 9.80 x 10°°
Sr-92 4.14 x 108 2.67 x 10°°
Y-90 5.56 x 108 3.59 x 10°°
Y-91 3.14 x 107 2.03x 108
Mo-99 2.27 x 10° 1.47 x 108
[-131 1.79 x 10 1.16 x 106
[-132 1.05x 10 6.77 x 10”7
[-133 2.05x10° 1.33x 10
[-134 1.68 x 106 1.09 x 107
[-135 9.85x 10 6.35x 10”7
Cs-134 2.27 x10° 1.47 x 106
Cs-136 4.10 x 106 2.65x107
Cs-137 6.99 x 10° 4.51 x 10
Cs-138 2.23x10°% 1.44 x 107
Ba-137m 5.66 x 10°® 3.65x 107
Ba-139 3.18 x 107 2.05x 108
Ba-140 3.11x 108 2.01x10°
La-140 1.23x 108 7.93x 10710
Ce-144 2.87 x10°° 1.85 x 1010
Cr-151 2.05x 108 1.33x 108
Mn-54 2.34x10° 1.51 x 109
Fe-55 8.04 x 108 5.19x 108
Fe-59 2.34 x 10°° 1.51 x10°
Co-58 1.23 x 107 7.93x 108
Co-60 6.54 x 1010 4.22 x 10710
Zr-95 1.61 x 107 1.04 x 107

The following information pertaining to quantities and concentrations was provided as

part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much
lower than the activity levels assumed in the radwaste system design and the following
quantity and concentration information is considered historical.
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TABLE 11.2-10

Decontamination Factors for Demineralizers (1)

Radionuclide D.F. Resin Remarks Reference
Cs-137 760,000 Cation, H Form Lab tests with borated solution 16
1-131 714,000 Anion, OH Form Lab tests with borated solution
Cs-137 73,000 1:1 Mixed bed Li-borated Form  Lab study; test solution contained 100 ppm HsBos, 0.85 ppm Cs, and 2 ppm
lithium 17
Cs-137 7 Mixed bed, K-borate Form Tests run at Saxton Reactor 18
1-131 100
Cs-137 1,000 (ave.) Mixed Bed, Hydrogen-hydroxI Lab study with high-purity water; experiments on in-pile test loop water generally 19
form confirm laboratory work with individual radioisotopes
1-131 1,000 (ave.)
Cs-137 1,000 2:1 (volume ratio) mixture of Lab study done to determine effects of flow rate on DF’s for Cs-137 and |-131 20
1-131 80-1.000 cation and anion resins (DF’s were found to decrease with increasing flow rate)
Cs-137 1000 Cation, hydrogen form Experimental study using waste generated at Hanford which had been steam- 21
stripped
Cs-137 100 Cation, H Form Lab study in which ion exchange was only one step in a process arrangement 22
1-131 100 Anion, OH Form that also utilized coagulation and filtration
Cs-137 50 Cation Operational study using system used to process low and intermediate level 23

wastes at ldaho Chemical Processing Plant (ICPP); demineralizer studied used
to polish evap. distillate

Cs-137 1 Mixed bed, Li-hydroxy1 form Test using coolant water from the NRX Reactor at Chalk River, Ontario 24
1-131 1,000
Cs-137 100 Cation Lab study with test solution containing 1.1 x 10*M NH* and 7 x 10°M Na, DF 25

applicable up to about 9000 column volumes

(1) The following information pertaining to decontamination factors (DF) was provided as part of the initial safety analysis or added as changes to the systems were made.
Operating experience has demonstrated that the reactor coolant activity levels are much lower than the activity levels assumed in the radwaste system design. The
ODCM provides information pertaining to the monitoring of waste streams and ensures the resultant offsite doses are in compliance with current regulatory
requirements. The following DF information is considered historical.
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TABLE 11.2-11

Clean Liquid Radwaste Recycle Flow Paths

Originating Tank Recycle Flow Path Processing Rate
(gpm)

Clean Waste Receiver Through the primary demineralizer filter and/or the primary demineralizer back to 140
Tank the originating or the other receiver tank.
Clean Waste Monitor Through the boric acid evaporator and/or polishing demineralizer and/or clean 40
Tank waste monitor tank filter back to the originating or the other monitor tank.
Clean Waste Monitor Through the primary demineralizer filter and/or the primary demineralizer and/or 140
Tank the deborating demineralizer back to the originating or the other monitor tank.
Clean Waste Monitor To one of the clean waste receiver tanks with the option of passing through the 140
Tank primary demineralizer filter and/or the primary demineralizer and/or the

deborating demineralizer.
Concentrate Storage Through the concentrate demineralizer back to the tank.
Tank 40
Concentrate Storage To one of the clean waste receiver tanks or the boric acid evaporator. (Note: 40

Tank

some dilution of the storage tank’s contents may be necessary to prevent
crystallization of concentrated boric acid in non-heat traced piping.)
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TABLE 11.2-12

Maximum Specific Activities at Significant Points in the Processing Cycle for Clean Liquid Radioactive Waste (1)

Radionuclide  Max. Sp. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act.

Act. In In Waste In Waste After In Waste In Waste After In Waste After In Waste After In Waste

Waste After Primary After Primary Boric Acid Polishing Clean Waste  Discharged

Degasifier Demin. Filter Deminer- Evaporator Demineralizer Monitor Tank  To Lake
alizer Filter
(uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)

Insoluble Corrosion Products
Cr-51 3.69x 103 3.69x 103 3.69 x 10+ 3.69 x 10+ 1.85x 107 1.85x10-7 1.85x 10-7 4.06 x 10-10
Mn-54 423 x 104 423 x 104 423 x10° 423 x10° 2.12x 108 212 x10-8 2.12x 10-8 4.65 x 10-11
Fe-55 1.46 x 102 1.46 x 102 1.46 x 103 1.46 x 103 7.30 x 10”7 7.30 x 10-7 7.30 x 10-7 1.61 x 10-9
Fe-59 423 x10* 4.23 x 104 423 x10° 423 x10° 2.12x 108 212 x10-8 212 x 10-8 4.65 x 10-11
Co-58 2.22x 102 2.22 x 102 2.22x103 2.22x103 1.11 x 106 1.11 x10-6 1.11 x 10-6 2.44 x 10-9
Co-60 1.19 x 104 1.19 x 104 1.19 x 10 1.19 x 10 1.00 x 108 1.00 x 10-8 1.00 x 10-8 2.20 x 10-11
Zr-95 2.91 x 102 2.91 x 102 2.91x 103 2.91x 103 1.46 x 106 1.46 x 10-6 1.46 x 10-6 3.21 x 10-9
Gaseous Radionuclides
Ar-41 0.111 1.11 x 106 1.11x 106 1.11 x 106 1.11 x 106 1.11 x10-6 1.11 x 10-6 2.44 x 10-9
Kr-38m 0.288 2.88 x 106 2.88 x 106 2.88 x 106 2.88 x 106 2.88 x 10-6 2.88 x 10-6 6.32 x 10-9
Kr-85m 1.53 1.53 x 10 1.53 x 10 1.53 x 10 1.53 x 10 1.53x10-5 1.53 x10-5 3.36 x 10-8
Kr-85 3.15 3.15x10° 3.15x10° 3.15x10° 3.15x10° 3.15x 10-5 3.15x 10-5 6.91 x 10-8
Kr-87 0.837 8.37 x 106 8.37 x 106 8.37 x 106 8.37 x 106 8.37 x 10-6 8.37 x 10-6 1.84 x 10-8
Kr-88 2.68 2.68 x 10° 2.68 x 10° 2.68 x 10° 2.68 x 10° 2.68 x 10-5 2.68 x 10-5 5.88 x 10-8
Xe-131m 2.25 2.25x10° 2.25x10° 2.25x10° 2.25x10° 2.25x10-5 2.25x 10-5 4.94 x 10-8
Xe-133m 2.84 2.84 x 10° 2.84 x 10 2.84 x 10 2.84 x 10° 2.84 x 10-5 2.84 x 10-5 6.23 x 10-8
Xe-133 249 249 x 103 249 x 103 2.49 x 103 2.49 x 103 2.49 x 10-3 2.49 x 10-3 5.47 x 10-6
Xe-135m 0.926 9.26 x 10© 9.26 x 10® 9.26 x 10® 9.26 x 10¢ 9.26 x 10-6 9.26 x 10-6 2.04 x 10-8
Xe-135 5.08 5.08 x 10 5.08 x 10°° 5.08 x 10°° 5.08 x 10°° 5.08 x 10-5 5.08 x 10-5 1.12 x10-7
Xe-138 0.511 5.11 x 10 5.11 x 10 5.11 x 106 5.11 x 106 5.11 x 10-6 5.11 x 10-6 1.13 x 10-8

11.2-47

UFSAR Rev 30 10/2014



Davis-Besse Unit 1 Updated Final Safety Analysis Report

TABLE 11.2-12 (Continued)

Maximum Specific Activities at Significant Points in the Processing Cycle for Clean Liquid Radioactive Waste (1)

Radionuclide  Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act. Max. Sp. Act.
In Waste In Waste In Waste In Waste In Waste In Waste In Waste In Waste
After After Primary  After Primary  After Boric After After Clean Discharge To
Degasifier Demin. Filter ~ Demineralizer Acid Polishing Waste Lake
Evaporator Demineralizer Monitor Tank
Filter

(MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml)
lonic Radionuclides
Rb-88 2.70 x 102 2.70 x 102 2.70 x 102 2.70x 103 1.35x 10° 1.35x 107 1.35x 107 2.97 x 1010
Sr-89 4.51x10° 4.51x10° 4.51 x10° 4.51 x 106 1.00 x 108 1.00 x 108 1.00 x 108 2.20 x 10
Sr-90 1.46 x 106 1.46 x 106 1.46 x 106 1.46 x 107 1.00 x 108 1.00 x 108 1.00 x 108 2.20 x 10
Sr-91 2.85x 10+ 2.85x 10+ 2.85x 10+ 2.85x10° 1.43 x 108 1.00 x 108 1.00 x 108 2.20 x 10
Sr-92 8.72 x10° 8.72 x 10° 8.72 x10° 8.72x 10 1.00 x 108 1.00 x 108 1.00 x 108 2.20 x 10"
Y-90 1.01 x 102 1.01 x 102 1.01 x 102 1.01 x 10* 5.05 x 108 1.00 x 108 1.00 x 108 2.20 x 10
Y-91 5.66 x 1072 5.66 x 102 5.66 x 102 5.66 x 10+ 2.83 x 107 2.83x 108 2.83x 108 6.21 x 10
Mo-99 412 412 412 4.12x 102 2.06 x 10-° 2.06 x 10 2.06 x 10 4.52 x 10°
1-131 3.23x 102 3.23 x 102 3.23 x 102 3.23x 103 1.08 x 104 1.08 x 10 1.08 x 10 237x18
1-132 2.25x 102 2.25 x 102 2.25x 102 2.25x 103 7.50 x 10 7.50 x 10© 7.50 x 106 1.65x 108
1-133 3.78 x 102 3.78 x 102 3.78 x 102 3.78 x 103 1.26 x 104 1.26 x 10 1.26 x 10 2.77 x 108
1-134 4.58 x 103 4.58 x 10 4.58 x 103 4.58 x 104 1.53 x 10 1.53 x 106 1.53 x 10 3.36 x 10°
1-135 1.90 x 102 1.90 x 102 1.90 x 102 1.90 x 103 6.34 x 10° 6.34 x 10© 6.34 x 10 1.40 x 108
Cs-134 4.09 4.09 4.09 4.09 x 102 2.05x 10° 2.05x 10 2.05x 10 4.50 x 10°
Cs-136 0.740 0.740 0.740 7.40x 103 3.70 x 10® 3.70 x 107 3.70 x 10”7 8.12x 107
Cs-137 12.7 12.7 12.7 0.127 6.35 x 10° 6.35 x 10© 6.35x 106 1.40 x 108
Cs-138 0.734 0.734 0.734 7.34 x 103 3.67 x 10© 3.67 x 107 3.67 x 107 8.05 x 1010
Ba-137m 11.7 11.7 11.7 0.117 5.85 x 10° 5.85 x 106 5.85 x 106 1.29 x 108
Ba-139 7.60 x 10+ 7.60 x 10+ 7.60 x 10+ 7.60 x 10-° 3.80x 108 1.00 x 108 1.00 x 108 2.20 x 10
Ba-140 5.63 x 10° 5.63 x 10 5.63 x 10° 5.63 x 10¢ 1.00 x 108 1.00 x 108 1.00 x 108 2.20 x 10
La-140 2.25x10° 2.25x 10° 2.25x10° 2.25x 10 1.00 x 10 1.00 x 108 1.00 x 108 2.20 x 10
Ce-144 5.18 x 10® 5.18 x 10® 5.18 x 10® 5.18 x 10”7 1.00 x 108 1.00 x 108 1.00 x 108 2.20 x 10"
(1) The following information pertaining to estimated doses was provided as part of the initial safety analysis. Operations of the radwaste system must

ensure compliance with current regulatory requirements. The ODCM provides the day-to-day methods for determining release rates, cumulative
releases, and for calculating the corresponding dose rates and cumulative quarterly and yearly doses. The following estimated dose information is
considered historical.
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TABLE 11.2-13

Average Specific Activities at Significant Points in the Processing Cycle for Clean Liquid Radioactive Waste (1)

Radionuclide  Avg. Sp. Act. Avg. Sp. Act. Avg. Sp. Act. Avg. Sp. Act. Avg. Sp. Act. Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.

In Waste In Waste In Waste In Waste In Waste In Waste In Waste In Waste

Feed After After Primary  After Primary  After Boric After After Clean Discharged

Degasifier Demin. Filter  Demineralizer Acid Polishing Waste To Lake
Evaporator Demineralizer Monitor Tank
Filter
(uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)

Insoluble Corrosion Products
Cr-51 3.69x 103 3.69x 103 3.69 x 10+ 3.69 x 10+ 9.23 x 108 9.23 x 10-8 9.23 x 10-8 4.05x 10-10
Mn-54 423 x 104 4.23 x 104 423 x10° 423 x10° 1.06 x 108 1.06 x 10-8 1.06 x 10-8 4.65 x 10-11
Fe-55 1.46 x 102 1.46 x 102 1.46 x 103 1.46 x 103 3.65x 107 3.65 x 10-7 3.65 x 10-7 1.61 x 10-9
Fe-59 4.23x10* 4.23 x 104 423 x10° 423 x10° 1.06 x 108 1.06 x 10-8 1.06 x 10-8 4.65 x 10-11
Co-58 2.22x 102 2.22 x 102 2.22x103 2.22x103 5.55 x 10”7 5.55 x 10-7 5.55 x 10-7 2.44 x 10-9
Co-60 1.19x 104 1.19x 104 1.19x 10 1.19x 10 1.00 x 108 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Zr-95 2.91 x 1072 2.91 x 102 2.91x 103 2.91x 103 7.28 x 107 7.28 x 10-7 7.28 x 10-7 3.20 x 10-9
Gaseous Radionuclides
Ar-41 0.111 1.11 x 10° 1.11x 10° 1.11 x 108 1.11x 10° 1.11 x 10-6 1.11 x 10-6 4.87 x 10-9
Kr-38m 2.88 x 102 2.88 x 107 2.88 x 107 2.88 x 107 2.88 x 107 2.88 x 10-7 2.88 x 10-7 1.27 x 10-9
Kr-85m 0.153 1.53 x 106 1.53 x 106 1.53 x 106 1.53 x 106 1.53 x 10-6 1.53 x 10-6 6.72 x 10-9
Kr-85 0.315 3.15x 10 3.15x 10 3.15x 106 3.15x 10 3.15x 10-6 3.15x 10-6 1.39 x 10-8
Kr-87 8.37 x 102 8.37 x 107 8.37 x 10”7 8.37 x 10”7 8.37 x 107 8.37 x 10-7 8.37 x 10-7 3.68 x 10-9
Kr-88 0.268 2.68 x 10© 2.68 x 10 2.68 x 10 2.68 x 10© 2.68 x 10-6 2.68 x 10-6 1.18 x 10-8
Xe-131m 0.225 2.25x 10 2.25x 10 2.25x 10 2.25x 10 2.25x10-6 2.25x10-6 9.87 x 10-9
Xe-133m 0.284 2.84 x 10¢ 2.84 x 10 2.84 x 106 2.84 x 10© 2.84 x 10-6 2.84 x 10-6 1.25x 10-8
Xe-133 24.9 2.49 x 10+ 2.49x 104 2.49x 10* 2.49 x 10+ 2.49 x 10-4 249 x 104 1.10 x 10-6
Xe-135m 9.26 x 102 9.26 x 107 9.26 x 107 9.26 x 107 9.26 x 107 9.26 x 10-7 9.26 x 10-7 4.07 x 10-9
Xe-135 0.508 5.08 x 106 5.08 x 106 5.08 x 106 5.08 x 106 5.08 x 10-6 5.08 x 10-6 2.23 x10-8
Xe-138 5.11 x 102 5.11 x 107 5.11 x 107 5.11 x 10”7 5.11 x 107 5.11 x 10-7 5.11 x10-7 2.25x10-9
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TABLE 11.2-13 (Continued)

Average Specific Activities at Significant Points in the Processing Cycle for Clean Liquid Radioactive Waste (1)

Radionuclide  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.  Avg. Sp. Act.

In Waste In Waste In Waste In Waste In Waste In Waste In Waste In Waste

Feed After After Primary  After Primary  After Boric After After Clean Discharged

Degasifier Demin. Filter ~ Demineralizer Acid Polishing Waste To Lake
Evaporator Demineralizer Monitor Tank
Filter
(MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml) (MCi/ml)

lonic Radionuclides
Rb-88 2.70x 103 2.70 x 103 2.70x 103 2.70 x 10+ 6.75x 108 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Sr-89 4.51 x 106 4.51 x 10 4.51 x 10 4.51 x 107 1.00 x 108 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Sr-90 1.46 x 107 1.46 x 107 1.46 x 107 1.46 x 108 1.00 x 108 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Sr-91 2.85x10° 2.85 x 10° 2.85x10° 2.85x 10 1.00 x 10 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Sr-92 8.72 x 106 8.72 x 106 8.72 x 106 8.72 x 107 1.00 x 10 1.00 x 10-8 1.00 x 10-8 4.39 x 10-11
Y-90 1.01 x 103 1.01 x 1073 1.01 x 103 1.0x 10 1.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10"
Y-91 5.66 x 103 5.66 x 103 5.66 x 103 5.66 x 10-° 1.42 x 108 1.00 x 108 1.00 x 108 4.39 x 10"
Mo-99 0.412 0.412 0.412 412 x 103 1.03 x 10 1.03 x 107 1.03 x 107 4.52 x 101°
1-131 3.23x 10 3.23x 103 3.23x 10 3.23x 10+ 5.39 x 10¢ 5.39 x 10”7 5.39 x 10”7 2.37 x 10°
1-132 2.25x 103 2.25x 103 2.25x 103 2.25x 10+ 3.76 x 10¢ 3.75x 107 3.75x 107 1.65x10°
1-133 3.78 x 103 3.78 x 103 3.78 x 103 3.78 x 10 6.31 x 106 6.30 x 10”7 6.30 x 10”7 2.77 x 10°°
1-134 4.58 x 104 4.58 x 10+ 4.58 x 10+ 4.58 x 10 7.64 x 107 7.64 x 108 7.64 x 108 3.36 x 1010
1-135 1.90 x 103 1.90 x 103 1.90 x 103 1.90 x 10 3.17 x 106 3.17 x 10”7 3.17 x 10”7 1.40 x 10°
Cs-134 0.409 0.409 0.409 4.09x 103 1.03 x 10 1.03 x 107 1.03 x 107 4.52 x 101°
Cs-136 7.40 x 102 7.40 x 102 7.40 x 102 7.40 x 104 1.85x 107 1.85x 108 1.85x 108 8.12 x 10
Cs-137 1.27 1.27 1.27 1.27 x 102 3.18 x 10¢ 3.18 x 10”7 3.18 x 10”7 1.40 x 10°
Cs-138 7.34 x 1072 7.34 x 102 7.34 x 102 7.34 x 10+ 1.84 x 107 1.84 x 108 1.84 x 108 8.08 x 10"
Ba-137m 1.17 1.17 1.17 1.17 x 102 2.93 x 106 2.93 x 107 2.93 x 107 1.29 x 10°
Ba-139 7.60 x 10°° 7.60 x 10-° 7.60 x 10°° 7.60 x 10® 1.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10"
Ba-140 5.63 x 106 5.63 x 106 5.63 x 106 5.63 x 10”7 1.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10
La-140 2.25x 106 2.25x 106 2.25x 10 2.25x 107 1.00 x 10 1.00 x 108 1.00 x 108 4.39 x 10
Ce-144 5.18 x 10”7 5.18 x 107 5.18 x 107 5.18 x 108 1.00 x 10 1.00 x 108 1.00 x 108 4.39 x 10
(1) The following information pertaining to estimated doses was provided as part of the initial safety analysis. Operations of the radwaste system must

ensure compliance with current regulatory requirements. The ODCM provides the day-to-day methods for determining release rates, cumulative
releases, and for calculating the corresponding dose rates and cumulative quarterly and yearly doses. The following estimated dose information is
considered historical.
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TABLE 11.2-14

Total Annual Activity Released to Lake from Clean Liquid Radioactive Waste System (1)

Radionuclide Annual Release (Ci)

Insoluble Corrosion Products

Cr-51 9.02 x 10°
Mn-54 1.04 x 105
Fe-55 3.57 x10*
Fe-59 1.04 x 10°°
Co-58 5.43 x 10*
Co-60 9.77 x 106
Zr-95 7.11x10*
Fission Products (gaseous)
Ar-41 1.09 x 103
Kr-83m 2.82 x10*
Kr-85m 1.50 x 103
Kr-85 3.08 x 103
Kr-87 8.18 x 10
Kr-88 2.62x 1073
Xe-131m 2.20x 1073
Xe-133m 2.78 x 1073
Xe-133 0.244
Xe-135m 9.05x 10
Xe-135 497 x 103
Xe-138 5.00 x 10
Fission Products (solid-ionic)
Rb-88 9.77 x 10°°
Sr-89 9.77 x 106
Sr-90 9.77 x 106
Sr-91 9.77 x 10°°
Sr-92 9.77 x 106
Y-90 9.77 x 106
Y-91 9.77 x 10°¢
Mo-99 1.01 x 104
[-131 5.27 x 10*
[-132 3.67 x 10
[-333 6.16 x 10
-134 7.47 x 10°
[-135 3.10 x 10
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TABLE 11.2-14 (Continued)

Total Annual Activity Released to Lake from Clean Liquid Radioactive Waste System (1)

Radionuclide

Cs-134
Cs-136
Cs-137
Cs-138
Ba-137m
Ba-139
Ba-140
La-140
Ce-144

Total Gaseous Activity =

Total Non-Gaseous Activity =

The following information pertaining to estimated releases was provided as part of the initial

Annual Release (Ci)

1.01 x 104
1.81 x 10°
3.11x 104
1.80 x 10
2.87 x 104
9.77 x 10©
9.77 x 106
9.77 x 106
9.77 x 10©

0.265 Ci

4.58 x 1073 Ci

safety analysis. Operation of the radwaste system must ensure compliance with current
regulatory requirements. The ODCM provides the day-to-day methods for determining
release rates, cumulative releases and for calculating the corresponding dose rates and
cumulative quarterly and yearly doses. The following estimated release information is
considered historical
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TABLE 11.2-15

Maximum Specific Activities at Significant Points in the Processing Cycle for Non-Detergent Miscellaneous Liquid Radioactive Waste (2)

Max. Sp. Act. in System

(1
)

Feed Max. Sp. Act. After Waste Max. Sp. Act. After Waste Max. Sp. Act. After Misc. Max. Sp. Act. in Waste
Radionuclide (Corrected for temp.) Evaporator (1) Polishing Demineralizer Waste Monitor Tank Filter Discharged to Lake
(uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)

lonic Radionuclides

Rb-88 2.70 2.70 x 103 2.70 x 105 2.70x10° 2.70x 108
Sr-89 451 x10°3 451 x10® 457 x 108 457 x 108 451 x10™M
Sr-90 1.46 x 10 1.46 x 107 1.00 x 108 1.00 x 108 1.00 x 10
Sr-91 2.85x 102 2.85x 10 2.85x 107 2.85x 107 2.85x 1010
Sr-92 8.72x 10 8.72x 106 8.72x 108 8.72x 108 8.72 x 10™M
Y-90 1.01 x 102 1.01x10° 1.01 x 107 1.01 x 107 1.01 x 1010
Y-91 5.66 x 102 5.66 x 10 5.66 x 1077 5.66 x 1077 5.66 x 10710
Mo-99 412 412 x 103 412 x10° 412 x10° 412 x 108
1-131 3.23 1.62 x 102 1.62 x 10 1.62 x 10 1.62 x 107
1-132 2.25 1.13 x 102 1.13 x 10 1.13 x 10 1.13 x 107
1-133 3.78 1.89 x 102 1.89 x 104 1.89 x 10 1.89 x 107
1-134 0.458 229 x 103 2.29 x 10 229 x 10 229 x 108
1-135 1.90 9.50 x 103 9.50 x 10 9.50 x 10°° 9.50 x 108
Cs-134 4.09 4.09 x 108 4.09 x 10° 4.09 x 10° 4.09 x 108
Cs-136 0.740 7.40 x 104 7.40 x 106 7.40 x 10°° 7.40 x 10
Cs-137 12.7 1.27 x 102 1.27 x 10 1.27 x 10 1.27 x 107
Cs-138 0.734 7.34 x 10 7.34 x 108 7.34x10°% 7.34 x10°
Ba-137m 11.7 1.17 x 102 1.17 x 10 1.17 x 10 1.17 x 107
Ba-139 7.60 x 102 7.60 x 10 7.60 x 107 7.60 x 107 7.60 x 10710
Ba-140 5.63 x 103 5.63x10°% 5.63 x 108 5.63 x 108 5.63 x 10"
La-140 2.25x 108 2.25x 10 2.25x 108 2.25x 108 2.25x 10™M
Ce-144 5.18 x 10 5.18 x 107 1.00 x 108 1.00 x 108 1.00 x 10"
Corrosion Products

Cr-51 22.12 2.22 x 102 2.22 x 102 2.22x 103 2.22 x 10
Mn-54 2.54 2.54 x 108 2.54 x 103 2.54 x 10 2.54 x 107
Fe-55 87.44 8.75 x 102 8.75x 102 8.75x 103 8.75x10°%
Fe-59 2.54 2.54 x 103 2.54 x 108 2.54 x 10 2.54 x 107
Co-58 132.84 0.133 0.133 1.33x 102 1.33 x 102
Co-60 0.72 712 x 10* 7.12 x10* 7.12x10° 7.12x 108
Zr-95 174.04 0.175 0.175 1.75x 102 1.75 x 102

Waste Evaporator is no longer in use.

The following information pertaining to estimated releases was provided as part of the initial safety analysis. Operation of the radwaste system must ensure compliance
with current regulatory requirements. The ODCM provides the day-to-day methods for determining release rates, cumulative releases, and for calculating the
corresponding dose rates and cumulative quarterly and yearly doses. The following estimated release information is considered historical

11.2-53

UFSAR Rev 30 10/2014



Davis-Besse Unit 1 Updated Final Safety Analysis Report

TABLE 11.2-16

Average Specific Activities at Significant Points in the Processing Cycle for Non-Detergent Miscellaneous Liquid Radioactive Waste * (2)

Avg. Sp. Act. in System

Avg. Sp. Act. After Waste

Avg. Sp. Act. After Waste

Avg. Sp. Act. After Misc.

Avg. Sp. Act. in Waste

Radionuclide Feed (Corrected for temp.)  Evaporator (1) Polishing Demineralizer Waste Monitor Tank Filter Discharged to Lake
(uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)

lonic Radionuclides

Rb-88 8.00 x 102 4.00x 10° 4.00 x 10”7 4.00 x 107 1.76 x 10°°
Sr-89 1.34 x 10 6.70 x 108 1.00 x 108 1.00 x 108 4.39 x 101
Sr-90 4.33x 10 1.00x 108 1.00 x 108 1.00 x 108 4.39x 10™M
Sr-91 8.44 x 10 4.22 x 107 1.00 x 108 1.00 x 108 4.39 x 10™M
Sr-92 2.59 x 10 1.30 x 107 1.00 x 108 1.00 x 108 4.39 x 10™M
Y-90 3.00 x 10 1.50 x 107 1.00 x 108 1.00 x 108 4.39 x 10™M
Y-91 1.68 x 103 8.40 x 107 1.00 x 108 1.00 x 108 4.39 x 10
Mo-99 0.122 6.10 x 10°° 6.10 x 107 6.10 x 107 2.68 x 10°
1-131 9.57 x 102 2.40 x 10 2.40 x 10® 2.40 x 10® 1.06 x 108
1-132 6.67 x 102 1.67 x 10+ 1.67 x 10® 1.67 x 10® 7.33x10°
1-133 0.112 2.80 x 10 2.80 x 10 2.80 x 10® 1.23 x 108
1-134 1.36 x 102 3.40 x 10 3.40 x 107 3.40 x 107 1.50 x 10°
1-135 5.63 x 1072 1.41x10* 1.41x10° 1.41x10° 6.19 x 10°
Cs-134 0.122 6.10 x 10 6.10 x 107 6.10 x 107 2.68 x 10°°
Cs-136 2.20 x 102 1.10 x 10°® 1.10 x 107 1.10 x 107 4.83x 10710
Cs-137 0.376 1.88 x 10+ 1.88 x 10® 1.88 x 10® 8.25x10°°
Cs-138 2.18 x 102 1.09x 10° 1.09 x 10”7 1.09 x 107 4.79 x 1010
Ba-137m 0.347 1.74 x 10+ 1.74 x 10® 1.74 x 10® 7.64 x 10°°
Ba-139 2.25x 103 1.13 x10® 1.13x 108 1.13x 108 4.96 x 10
Ba-140 1.67 x 10* 8.35x 10 1.00 x 108 1.00 x 108 4.39x 10™M
La-140 6.67 x 10°° 3.34 x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Ce-144 1.54 x 10°° 1.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Corrosion Products

Cr-51 0.364 1.82 x 10 1.82 x 10+ 1.82x10° 7.99x 108
Mn-54 4.17 x 102 2.09 x 10 2.09 x 10 2.09 x 10® 9.17 x 10°°
Fe-55 1.44 7.20 x 10 7.20 x 10 7.20 x 10 3.16 x 10”7
Fe-59 4.17 x 102 2.09 x 10 2.09 x 10 2.09 x 10® 9.17 x 10°
Co-58 2.19 1.10x 10’3 1.10 x 103 1.10 x 10 4.83 x 107
Co-60 1.18 x 1072 5.90 x 10® 5.90 x 106 5.90 x 107 2.59 x 10°°
Zr-95 2.87 1.44 x 103 1.44 x 103 1.44 x 10* 6.32 x 107

* Excluding any contribution from the condensate polishing demineralizer backwash

() Waste Evaporator is no longer in use.

@) The following information pertaining to estimated releases was provided as part of the initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for determining release rates, cumulative releases, and for calculating the corresponding dose
rates and cumulative quarterly and yearly doses. The following estimated release information is considered historical
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TABLE 11.2-17

Average Specific Activities at Significant Points in the Processing Cycle for Non-Detergent Miscellaneous Liquid Radioactive Waste * (2)

Avg. Sp. Act. in System

Avg. Sp. Act. After Waste

Avg. Sp. Act. After Waste

Avg. Sp. Act. After Misc.

Avg. Sp. Act. in Waste

Radionuclide Feed (Corrected for temp.)  Evaporator (1) Polishing Demineralizer Waste Monitor Tank Filter Discharged to Lake
(uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)

lonic Radionuclides

Rb-88 3.22x 1072 1.61x10° 1.61x 107 1.61x 107 7.07 x 1010
Sr-89 5.37 x 10 2.69 x 108 1.00 x 108 1.00 x 108 4.39 x 101
Sr-90 1.74 x 10® 1.00x 108 1.00 x 108 1.00 x 108 4.39x 10™M
Sr-91 3.40 x 10 1.70 x 107 1.00 x 108 1.00 x 108 4.39 x 10™M
Sr-92 1.04 x 10+ 5.20 x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Y-90 1.20 x 10* 6.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Y-91 6.74 x 10+ 3.37 x 107 1.00 x 108 1.00 x 108 4.39 x 10
Mo-99 4.91 x 102 2.46 x 10°° 2.46 x 107 2.46 x 107 1.08 x 10°°
1-131 3.85x 102 9.63 x 10 9.63 x 107 9.63 x 107 4.23 x10°
1-132 2.68 x 102 6.70 x 10°° 6.70 x 107 6.70 x 107 2.94 x10°
1-133 4.57 x 102 1.13x 10* 1.13x 10® 1.13 x10® 4.96 x 10°°
1-134 5.46 x 1073 1.37x10° 1.37 x 107 1.37 x 107 6.01 x 1010
1-135 2.27 x 1072 5.68 x 10 5.68 x 107 5.68 x 107 2.50 x 10°°
Cs-134 4.87 x 1072 2.44 x 10 2.44 x 107 2.44 x 107 1.08 x 10°°
Cs-136 8.82x 103 4.41x10° 4.41x108 4.41x108 1.94 x 1010
Cs-137 0.152 7.60 x 10°° 7.60 x 107 7.60 x 107 3.34x10°
Cs-138 8.74 x 10’3 4.37 x10® 4.37 x 108 4.37 x 108 1.92 x 1010
Ba-137m 0.140 7.00 x 10 7.00 x 107 7.00 x 107 3.08 x 10°°
Ba-139 9.05 x 10 4.53 x 107 1.00 x 108 1.00 x 108 4.39x 10™M
Ba-140 6.71 x 10 3.36 x 10 1.00 x 108 1.00 x 108 4.39x 10™M
La-140 2.68 x 10 1.34x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Ce-144 6.17 x 10° 1.00 x 108 1.00 x 108 1.00 x 108 4.39 x 10™M
Corrosion Products

Cr-51 0.135 6.75 x 10°° 6.75x 10° 6.75 x 10® 2.97 x 108
Mn-54 1.54 x 102 7.70 x 108 7.70x 10® 7.70 x 107 3.38x10°
Fe-55 0.531 2.66 x 10+ 2.66 x 10 2.66 x 10 1.17 x 107
Fe-59 1.54 x 102 7.70 x 106 7.70 x 106 7.70 x 107 3.38x 10°
Co-58 0.805 4.03 x 10* 4.03 x 104 4.03x10° 1.77 x 107
Co-60 4.33x 103 2.17 x 10® 217 x 108 2.17 x 107 9.52 x 1010
Zr-95 1.06 5.30 x 10 5.30 x 10 5.30 x 10 2.33 x 107

* Including condensate polishing demineralizer backwash

() Waste Evaporator is no longer in use.

@) The following information pertaining to estimated releases was provided as part of the initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for determining release rates, cumulative releases, and for calculating the corresponding dose
rates and cumulative quarterly and yearly doses. The following estimated release information is considered historical.
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TABLE 11.2-18

Average Specific Activities and Total Activities in Secondary System
Liquid Waste Released to Lake (1)

Average Sp. Act. in Total Act. in Waste
Waste Discharged to  Discharged to Lake

Radionuclide Lake Each Year
pCi/ml Ci

lonic Radionuclides

Rb-88 1.69 x 10° 3.05x 103
Sr-89 7.11x 1012 1.28 x 10-°
Sr-90 2.28 x 1013 412 x 107
Sr-91 4.30 x 101 7.75x10°
Sr-92 1.18 x 10" 2.12x10°
Y-90 1.58 x 10" 2.85x10°
Y-91 8.91 x 10" 1.61x 10
Mo-99 6.45 x 10°° 1.16 x 102
1-131 5.09 x 10°° 9.15x 1073
1-132 2.97 x10°° 5.35x 1073
1-133 5.84 x 10°° 1.04 x 102
1-134 4.79 x 1010 8.55x 10*
1-135 2.79x10° 5.05x 1073
Cs-134 6.45x 10°° 1.16 x 102
Cs-136 1.17 x 10° 2.10x 1073
Cs-137 1.98 x 108 3.58 x 102
Cs-138 6.32 x 10710 1.14 x 103
Ba-137m 1.61 x 109 2.90 x 1073
Ba-139 9.00 x 1044 1.63 x 10
Ba-140 8.82 x 1012 1.59 x 10
La-140 3.48 x 1042 6.30 x 106
Ce-144 8.12x 1043 1.47 x 10©
Corrosion Products

Cr-51 5.84 x 10" 1.05x 10
Mn-54 6.63 x 1012 1.20 x 10
Fe-55 2.28 x 1010 412 x10*
Fe-59 6.63 x 1012 1.20 x 10
Co-58 3.48 x 1010 6.30 x 10
Co-60 1.86 x 10712 3.35x 10
Zr-95 4.57 x 1010 8.25 x 10

Total 0.102

The following information pertaining to estimated releases was provided as part of the

initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for
determining release rates, cumulative releases, and for calculating the corresponding
dose rates and cumulative quarterly and yearly doses. The following estimated release
information is considered historical.
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TABLE 11.2-19

Total Annual Activity Released to Lake Due to Non-Detergent Miscellaneous Liquid \Waste (1)

Radionuclide
Insoluble Corrosion Products

Cr-51

Mn-54
Fe-55
Fe-59
Co-58
Co-60
Zr-95

Fission Products (solid-ionic)

Rb-88
Sr-89
Sr-90
Sr-91
Sr-92
Y-90
Y-91
Mo-99
1-131
-132
-133
-134
[-135
Cs-134
Cs-136
Cs-137
Cs-138
Ba-137m
Ba-139
Ba-140
La-140
Ce-144

Annual Release (Ci)

1.58 x 102
1.81x 103
6.23 x 102
1.81x 103
9.43 x 102
5.08 x 10
0.124

3.77 x 10
2.34 x 10
2.34 x 10°
2.34 x 10°
2.34x10°
2.34 x 10
2.34 x 10°
5.76 x 10
2.26 x 103
1.57 x 1073
2.65x 1073
3.21x10*
1.33x 1073
571 x10*
1.04 x 10
1.78 x 103
1.03 x 10
1.64 x 1073
2.34 x 10
2.34 x10°
2.34 x10°
2.34x10°

Total

11.2-57

0.315

The following information pertaining to estimated releases was provided as part of the
initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for
determining release rates, cumulative releases and for calculating the corresponding
dose rates and cumulative quarterly and yearly doses. The following estimated release
information is considered historical.
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TABLE 11.2-20

Summary of Annual Releases of Activity in Liquid Effluents (1)

Annual Releases of Activity due to
Individual Sources of Effluent, Ci

Radionuclide Clean Liquid Non-Detergent Secondary Total Annual
Waste Misc. Liquid System Leakage Release
Waste (Ci)
H-3 346
lonic Radionuclides
Rb-88 9.77 x 10¢ 3.77 x 10 3.05x 103 3.44 x 103
Sr-89 9.77 x 10® 2.34x10° 1.28 x 10 4.60x 10°
Sr-90 9.77 x 10® 2.34 x10° 412 x 107 3.36 x 10°
Sr-91 9.77 x 10® 2.34 x10° 7.75x10° 1.11x 104
Sr-92 9.77 x 10© 2.34 x10° 2.12x10° 5.44 x 10°
Y-90 9.77 x 10® 2.34 x10° 2.85x10° 6.17 x 10-°
Y-91 9.77 x 10® 2.34 x 10 1.61x 104 1.95x 104
Mo-99 1.01 x 104 5.76 x 10 1.16 x 102 1.23 x 102
1-131 5.27 x 10+ 2.26 x 103 9.15x 103 1.20 x 102
1-132 3.67 x 10+ 1.57 x 103 5.35x 103 7.29x 103
1-133 6.16 x 10+ 2.65x 103 1.04 x 102 1.37 x 102
1-134 7.47 x 10°° 3.21x10* 8.55 x 10+ 1.26 x 103
1-135 3.10 x 10+ 1.33x 103 5.05x 103 6.69 x 103
Cs-134 1.01 x 104 5.71 x 10+ 1.16 x 102 1.23 x 102
Cs-136 1.81x 10° 1.04 x 104 2.10x 103 2.23x 103
Cs-137 3.11x10* 1.78 x 1073 3.58 x 102 3.79x 102
Cs-138 1.80 x 10 1.03 x 104 1.14 x 103 1.27 x 103
Ba-137m 2.87 x 104 1.64 x 103 3.35x 102 3.55 x 102
Ba-139 9.77 x 10® 2.34x10° 1.63 x 104 1.97 x 104
Ba-140 9.77 x 10® 2.34 x10° 1.59 x 10° 4.91x10°
La-140 9.77 x 10® 2.34 x10° 6.30 x 10© 3.95x10°
Ce-144 9.77 x 10¢ 2.34 x10° 1.47 x 10 3.47 x 10°
Gaseous Radionuclides
Ar-41 1.09 x 103 0 0 1.09 x 103
Kr-83m 2.82x10% 0 0 2.82x10*
Kr-85m 1.50 x 103 0 0 1.50 x 103
Kr-85 3.08 x 103 0 0 3.08 x 103
Kr-87 8.18 x 10+ 0 0 8.18 x 10+
Kr-88 2.62x103 0 0 2.62x 103
Xe-131m 2.20x 103 0 0 2.20x 103
Xe-133m 2.78 x 103 0 0 2.78 x 103
Xe-133 0.244 0 0 0.244
Xe-135m 9.05 x 10+ 0 0 9.05 x 10+
Xe-135 497 x 103 0 0 497 x 103
Xe-138 5.00 x 10+ 0 0 5.00 x 10+
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TABLE 11.2-20 (Continued)

Summary of Annual Releases of Activity in Liquid Effluents (1)

Annual Releases of Activity due to
Individual Sources of Effluent, Ci

Radionuclide Clean Liquid Non-Detergent Secondary Total Annual
Waste Misc. Liquid System Leakage Release
Waste (Ci)
Corrosion Products
Cr-51 9.02 x 10° 1.58 x 102 1.05x 104 1.60 x 102
Mn-54 1.04 x 10 1.81 x 103 1.20 x 10 1.84 x 103
Fe-55 3.57 x 10+ 6.23 x 102 4.12x 104 6.31 x 102
Fe-59 1.04 x 10 1.81 x 103 1.20 x 10 1.84 x 103
Co-58 5.43 x 10+ 9.43 x 102 6.30 x 10+ 9.55 x 102
Co-60 9.77 x 10® 5.08 x 10+ 3.35x 10 5.22 x 10+
Zr-95 7.11 x10* 0.124 8.25 x 10+ 0.126
Totals :
Gaseous Activity  0.265 0 0 0.265
Non-Gaseous
Activity 4.58 x 103 0.315 0.133 0.452
Tritium - - - 346

(1) The following information pertaining to estimated releases was provided as part of the
initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for
determining release rates, cumulative releases, and for calculating the corresponding
dose rates and cumulative quarterly and yearly doses. The following estimated release
information is considered historical.
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Table 11.2-21

Summary of Maximum Individual Doses Due to Liquid Releases ’

Doses Presented are those Calculated for Adults, mrem/yr

Dose from Maximum Expected Releases Dose from Design Basis Releases
Body Body

Exposure Pathway = Whole Body Surface Liver Thyroid Whole Body Surface Liver Thyroid
Water ingestion 0.644 0.753 0.825 1.27 1.15 1.29 1.80 5.78
Fish ingestion 1.56 1.57 3.49 1.59 15.0 15.0 34.3 15.2
Swimming 0.0038 0.0515 0.0038 0.0038 0.0147 0.0775 0.0147 0.0147
Sunbathing 1.88 2.32 1.88 1.88 7.35 9.57 7.35 7.35
Exposure Totals 4.09 4.69 6.20 474 23.5 259 43.5 28.3

(1) The following information pertaining to estimated releases was provided as part of the initial safety analysis. Operation of the radwaste
system must ensure compliance with current regulatory requirements. The ODCM provides the day-to-day methods for determining
release rates, cumulative releases, and for calculating the corresponding dose rates and cumulative quarterly and yearly doses. The
following estimated release information is considered historical.
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TABLE 11.2-22

Summary of Whole Body Population dose Due to Liquid Releases (1)

Dose from Maximum Expected Releases, man-rem/year

Year 1970 Year 1990 Year 2010
Water Ingestion 0.050 0.072 0.100
Fish Ingestion 0.015 0.021 0.030
Totals* 0.064 0.093 0.129

Dose from Design Basis Releases, man-rem/year

Year 1970 Year 1990 Year 2010
Water Ingestion 0.089 0.128 0.178
Fish Ingestion 0.140 0.204 0.283
Totals* 0.229 0.332 0.461

* Totals may not appear exact due to round-off of subtotals.

(1) The following information pertaining to estimated releases was provided as part of the
initial safety analysis. Operation of the radwaste system must ensure compliance with
current regulatory requirements. The ODCM provides the day-to-day methods for
determining release rates, cumulative releases, and for calculating the corresponding
dose rates and cumulative quarterly and yearly doses. The following estimated release
information is considered historical.
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