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CHAPTER 11.0 - RADIOACTIVE WASTE MANAGEMENT

This chapter describes the capabilities of the plant to control, collect, handle,
process, store, and dispose of liquid, gaseous, and solid wastes that may contain
radioactive materials and the instrumentation used to monitor the release of these
wastes.

This chapter also describes normal operation and anticipated operational
occurrences such as refueling, purging, equipment downtime, maintenance, etc.
The radioactive waste (radwaste) treatment systems meet the requirements of
10 CFR 20 and 10 CFR 50 and the intent of Appendix I to 10 CFR 50 (as low as
reasonably achievable-ALARA).

The releases of radioactivity and their resulting doses included in this Chapter were
calculated during plant licensing from assumed values for many parameters. These
included coolant activity, iodine partitioning, amount of failed fuel, filter
efficiencies, system flow rates, component leak rates, and associated activity for all
potentially radioactive water and steam systems. Estimates were made for many
individual contributors and then summed to obtain estimates for total annual dose.
These values were then compared to appropriate regulatory limits, such as 10 CFR
20 and Appendix I to 10 CFR 50, to show that the plant could be operated, if
granted a license, in compliance with these regulations. The NRC reviewed these
estimated values and confirmed in their Safety Evaluation Report that the plant
could be operated and meet the regulations.

After receipt of an Operating License, the requirement to meet the applicable
radiological dose regulations is demonstrated in the station’s annual radiological
effluent release report. The values for the report are calculated using the measured
total radioactivity releases from all sources and equations and data included in the
Offsite Dose Calculation Manual. Only the total values are calculated; there is no
requirement to calculate the dose from each of the individual sources listed in this
Chapter. The information on release estimates and offsite doses is maintained in
the UFSAR for historical reference and is not intended to be used to establish
current operating limits.

Specific limits on radioactive effluents, methods for calculating the resulting offsite
doses, details of the radiological environmental monitoring program, and reporting
requirements for the release of radioactive effluents are given in the Technical
Specifications and other documents. |
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11.1 SOURCE TERMS

General Electric has evaluated radioactive material sources (activation products
and fission product release from fuel) in operating boiling water reactors (BWR's)
since the early 1960s. These source terms are reviewed and periodically revised to
incorporate up-to-date information. Release of radioactive material from operating
BWR's has generally resulted in doses to offsite persons which have been only a
small fraction of permissible doses, or of natural background dose.

The information provided in this section defines the design-basis radioactive
material levels in the reactor water, steam, and off-gas. The various radioisotopes
listed have been grouped as coolant activation products, noncoolant activation
products, and fission products. The fission product levels are based on
measurements of BWR reactor water and off-gas at several operating stations.
Emphasis was placed on observations made at KRB and Dresden-2. The design-
basis radioactive material levels do not necessarily include all the radioisotopes
observed or predicted theoretically to be present. The radioisotopes included are
considered significant to one or more of the following criteria:

a. plant equipment design,
b. shielding design,
c. understanding system operation and performance,

d. measurement practicability, and

11.1-1a REV. 14, APRIL 2002 |
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e. evaluating radioactive material releases to the environment.
For halogens, radionuclides with half-lives less than 3 minutes were omitted. For
other fission products in the reactor water, radionuclides with half-lives less than

10 minutes were not considered.

11.1.1 Fission Products

11.1.1.1 Noble Radiogas Fission Products

The noble radiogas fission product source terms observed in operating BWR's are
generally complex mixtures whose sources vary from miniscule defects in cladding
to "tramp" uranium on external cladding surfaces. The relative concentrations or
amounts of noble radiogas isotopes can be described as follows:

Equilibrium: Re ~ kiy

Recoil: Rg ~ kaoy
The nomenclature in Subsection 11.1.1.4 defines the terms in these and succeeding
equations. The constants ki and ko describe the fractions of the total fissions that
are involved in each of the releases. The equilibrium and recoil mixtures are the
two extremes of the mixture spectrum that are physically possible. When a
sufficient time delay occurs between the fission event and the time of release of the
radiogases from the fuel to the coolant, the radiogases approach equilibrium levels
in the fuel, and the equilibrium mixture results. When there is no delay or
impedance between the fission event and the release of the radiogases, the recoil
mixture is observed.

Prior to Vallecitos Boiling Water Reactor (VBWR) and Dresden-1 experience, it was
assumed that noble radiogas leakage from the fuel would be the equilibrium
mixture of the noble radiogases present in the fuel.

VBWR and early Dresden-1 experience indicated that the actual mixture most often
observed approached a distribution which was intermediate in character to the two
extremes. This intermediate decay mixture was termed the "diffusion" mixture. It
must be emphasized that this "diffusion" mixture is merely one possible point on the
mixture spectrum ranging from the equilibrium to the recoil mixture and does not
have the absolute mathematical and mechanistic basis for the calculational
methods possible for equilibrium and recoil mixtures. However, the "diffusion"
distribution pattern which has been described is as follows:

Diffusion: Rg ~  kyya” (Reference 1)
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The constant ks describes the fraction of total fissions that are involved in the
release. The value of the exponent of the decay constant A is midway between the
values for equilibrium, 0, and recoil, 1.

Although the previously described "diffusion" mixture has been described
historically by GE since 1963 with a value of 0.5, the recent design-basis release
magnitude has varied from 0.5 Ci/sec to 0.1 Ci/sec as measured after 30-minute
decay (t = 30 minutes). (The noble radiogas source-term rate after 30-minute decay
has been used as a conventional measure of the design-basis fuel leakage rate since
it is conveniently measurable and was consistent with the nominal design-basis 30-
minute off-gas holdup system used on a number of previous plants.) Since about
1967, the design-basis release magnitude used by GE, including the 1971 source
terms used herein, has been established at an annual average of 0.1 Ci/sec (t = 30
minutes). This design basis is considered as an annual average with some time
above and some time below this value. This design value was selected on the basis
of operating experience rather than predictive assumptions. Several judgment
factors, including the significance of environmental release, reactor water
radioisotope concentrations, liquid waste handling and effluent disposal criteria,
building air contamination, shielding design, and turbine and other component
contamination affecting maintenance, have been considered in establishing this
level.

Noble radiogas source terms from fuel above 0.1 Ci/sec (t = 30 minutes) can be
tolerated for reasonable periods of time. Continual assessment of these values is
made on the basis of actual operating experience in BWR's. There is no
experimental or operational basis for relating this design-basis value to reactor size
or fuel power density, since limiting conditions on plant releases are largely
independent of these parameters.

While the noble radiogas source-term magnitude was established at 0.1 Ci/sec (t =
30 minutes), it was recognized that there may be a more statistically applicable
distribution for the noble radiogas mixture. Sufficient data were available from
KRB operations from 1967 to mid-1971 along with Dresden-2 data from operation in
1970 and several months in 1971 to more accurately characterize the noble radiogas
mixture pattern for an operating BWR.

The basic equation for each radioisotope used to analyze the collected data is:

R,=K,yA" (- *")le *) ar11)

With the exception of Kr-85 with a half-life of 10.74 years, the noble radiogas fission
products in the fuel are essentially at an equilibrium condition after an irradiation
period of several months (rate of formation is equal to the rate of decay). So for
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practical purposes the term (1-e ) approaches 1 and can be neglected when the
reactor has been operating at steady state for long periods of time. The term (e -*7)
1s used to adjust the releases from the fuel (t = 0) to the decay time for which values
represent the actual release out the stack. Historically t = 30 minutes has been
used. When discussing long steady-state operation and leakage from the fuel (t =
0), the following simplified form of Equation 11.1-1 can be used to describe the
leakage of each noble radiogas:

R =  Kgyim (11.1-2)

The constant K¢ describes the magnitude of leakage. The relative rates of leakage
of the different noble radiogas isotopes are accounted for by the variable m, the
exponent of the decay constant A.

Dividing both sides of Equation 11.1-2 by y, the fission yield, and taking the
logarithm of both sides results in the following equation:

log (Rely) = m log (A) + log (Ky) (11.1-3)

Equation 11.1-3 represents a straight line when log (R./y) is plotted versus log (A);
m is the slope of the line. This straight line is obtained by plotting (R¢/y) versus (L)
on logarithmic graph paper. By fitting actual data from KRB and Dresden-2 (using
least squares techniques) to the equation, the slope m can be obtained. With
radiogas leakage at KRB over the nearly 5-year period varying from 0.001 to 0.056
Ci/sec (t = 30 minutes) and with radiogas leakage at Dresden-2 varying from 0.001
to 0.169 Ci/sec (t = 30 minutes), the average value of m was determined. The value
for m is 0.4 with a standard deviation of + 0.07. This is illustrated in Figure 11.1-1
as a frequency histogram. As can be seen from this figure, variations in m were
observed in the range of m = 0.1 to m = 0.6. After establishing the value of m = 0.4,
the value of K, can be calculated by selecting a value for Ry, or as has been done
historically, the design basis is set by the total design-basis source-term magnitude
at t = 30 minutes. With XR; at 30 minutes = 100,000 uCi/sec, K; was calculated as
being 2.6 x 107; thus Equation 11.1-1 becomes:

Rg 2.6 x 107 y A 04 (1-e M) (e M) (11.1-4)

This updated noble radiogas source-term mixture has been termed the "1971
mixture" to differentiate it from the "diffusion mixture." The noble gas source term
for each radioisotope is calculated from Equation 11.1-4. The resultant source
terms are presented in Table 11.1-1 as leakage from fuel (t = 0) and after 30-minute
decay. While Kr-85 can be calculated using Equation 11.1-4, the number of
confirming experimental observations was limited by the difficulty of measuring
very low release rates of this isotope. Therefore, the table provides an estimated
range for Kr-85 based on actual measurements.
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11.1.1.2 Radiohalogen Fission Products

Historically, the radiohalogen design-basis source term was established by the same
equation as that used for noble radiogases. In a fashion similar to that used with
gases, a simplified equation can be shown to describe the release of each halogen
radioisotope:

Rn = knyAn (11.1-5)

The constant Ki describes the magnitude of leakage from fuel. The relative rates of
halogen radioisotope leakage are expressed in terms of n, the exponent of the decay
constant A. As was done with the noble radiogases, the average value was
determined for n. The average value for n is 0.5 with a standard deviation of £ 0.19.
This is 1llustrated in Figure 11.1-2 as a frequency histogram. As can be seen from
this figure, variations in n were observed in the range of n = 0.1 ton =0.9.

It is evident that the use of the earlier methods for calculating radiohalogen leakage
from fuel was overly conservative. Figure 11.1-3 relates KRB and Dresden-2 noble
radiogas versus I-131 leakage. While it can be seen from Dresden-2 data during the
period August 1970 to January 1971 that there is a relationship between noble
radiogas and I-131 leakage under one fuel condition, there was no simple
relationship for all fuel conditions experienced. Also, it can be seen that during this
period, high radiogas leakages were not accompanied by high radioiodine leakage
from the fuel. Except for one KRB datum point, all steady-state I-131 leakages
observed at KRB or Dresden-2 were equal to or less than 505 uCi/sec. Even at
Dresden-1 in March 1965, when severe defects were experienced in stainless-steel-
clad fuel, I-131 leakages greater than 500 uCi/sec I-131 were not experienced.
Figure 11.1-3 shows that these higher radioiodine leakages from the fuel were
related to noble radiogas source terms of less than the design-basis value of 0.1
Ci/sec (t = 30 minutes). This may be partially explained by inherent limitations due
to internal plant operational problems that caused plant derating.

In general, it is not anticipated that operation at full power would continue for any
significant time period with fuel cladding defects that indicated I-131 leakage from
the fuel in excess of 700 nwCi/sec. When such high radiohalogen leakages are
observed, other fission products are also present in greater amounts.

Using these judgment factors and experience to date, the design-basis radiohalogen
source terms from fuel were established based on I-131 leakage of 700 uCi/sec. This
value, as seen in Figure 11.1-3, accommodates the experience data and the design-
basis noble radiogas source term of 0.1 Ci/sec (t = 30 minutes). With the I-131
design-basis source term established, Ky, can be calculated as being 2.4 x 107, and
the halogen radioisotope release rate can be expressed by the following equation:

R = 2.4x 107 y 205 (1-¢ *T) (e ) (11.1-6)
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Concentrations of radiohalogens in reactor water can be calculated using the
following equation:

R

C — h
" (A +p +A WM

(11.1-7)

Although carry-over of most soluble radioisotopes from reactor water to steam is
observed to be <0.001 (fraction), the observed "carry-over" for radiohalogens has
varied from 0.1% to about 2% on newer plants. The average of observed
radiohalogen carry-over measurements has been 1.2% by weight of reactor water in
steam with a standard deviation of £ 0.9. In the present source-term definition, a
radiohalogen carry-over of 2% (0.02 fraction) was used, which is conservative.

The halogen release rate from the fuel was calculated from Equation 11.1-6.
Concentrations in reactor water were calculated from Equation 11.1-7. The

resultant concentrations are presented in Table 11.1-2.

11.1.1.3 Other Fission Products

The observations of other fission products (and transuranic nuclides, including Np-
239) in operating BWR's are not adequately correlated by simple equations. For
these radioisotopes, design-basis concentrations in reactor water have been
estimated conservatively from experience data and are presented in Table 11.1-3.
Carry-over of these radioisotopes from the reactor water to the steam is estimated
to be <0.001 (fraction). In addition to carry-over, however, decay of noble radiogases
in the steam leaving the reactor results in production of noble gas daughter
radioisotopes in the steam and condensate systems.

Some daughter radioisotopes (e.g., yttrium and lanthanum) were not listed as being
in reactor water. Their independent leakage to the coolant is negligible; however,
these radioisotopes may be observed in some samples in equilibrium or approaching
equilibrium with the parent radioisotope.

Except for Np-239, trace concentrations of transuranic isotopes have been observed
in only a few samples where extensive and complex analyses were carried out. The
predominant alpha emitter present in reactor water is Cm-242 at an estimated
concentration of 10 -6 uCi/g or less, which is below the maximum permissible
concentration in drinking water applicable to continuous use by the general public.
The concentration of alpha-emitting plutonium radioisotopes is more than 1 order of
magnitude lower than that of Cm-242. Plutonium-241 (a beta emitter) may also be
present in concentrations comparable to the Cm-242 level.
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The following list of nomenclature defines the terms used in equations for source-

term calculations:

Ry

Rn

Kxn

Ch

leakage rate of a noble gas radioisotope (LCi/sec)
leakage rate of a halogen radioisotope (uCi/sec)

fission yield of a radioisotope (atoms/fission)

decay constant of a radioisotope (sec'!)

fuel irradiation time (sec)

decay time following leakage from fuel (sec)

noble radiogas decay constant exponent (dimensionless)
radiohalogen decay constant exponent (dimensionless)

a constant establishing the level of noble radiogas leakage
from fuel

a constant establishing the level of radiohalogen leakage
from fuel

concentration of a halogen radioisotope in reactor (UCi/g)
mass of water in the operating reactor (g)
cleanup system removal constant (sec!)

cleanup system flow rate (g/sec)
M

halogen steam carry-over removal constant (sec!)

concentration of halogen radioisotope in steam (WCi/g)

Cn

< [steam flow (g/sec) }
M

11.1-7 REV. 13



LSCS-UFSAR

11.1.2 Activation Products

11.1.2.1 Coolant Activation Products

The coolant activation products are not adequately correlated by simple equations.
Design-basis concentrations in reactor water and steam have been estimated
conservatively from experience data. The resultant concentrations are presented in
Table 11.1-4.

11.1.2.2 Noncoolant Activation Products

The activation products formed from the activation of solid suspension and
dissolved impurities in the coolant or by corrosion of irradiated system materials

are not adequately correlated by simple equations. The design-basis source terms of
noncoolant activation products have been conservatively estimated from experience
data. The resultant concentrations are presented in Table 11.1-5. Carry-over of
these isotopes from reactor water to steam is estimated to be <0.001 (fraction).

11.1.3 Tritium

In a BWR, tritium is produced by three principal reactions:

a. activation of naturally occurring deuterium in the primary
coolant,

b. nuclear fission of UOq fuel, and

c. neutron reactions with boron used in reactivity control rods.

Release of the tritium formed in the control rods is believed to be negligible, since
the boron is sealed in tubes. A prime source of tritium available for release from a
BWR is from deuterium activation in the primary coolant. Some gaseous fission
product tritium may also transfer from fuel to primary coolant. Several
uncertainties are involved with estimating the amount of tritium generated in a
BWR and available for release.

All of the tritium produced by activation of deuterium in the primary coolant is

available for release in liquid or gaseous effluents. The gross tritium formation in a
BWR can be calculated using the equation:

R - _Z¢vA (11.1-8)
O 37x104P

where:
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Ract = tritium formation rate by deuterium activation
(uCi/sec/MWt)
z = macroscopic thermal neutron cross section (cm-1),

= thermal neutron flux at power P (neutrons/cm?2-sec),

\Y = coolant volume in core (cm3),

A = tritium radioactive decay constant (1.78 x 10-9
secl), and

P = reactor power level (MW?t).

For recent BWR designs, Rt is calculated to be 1.3+ 0.4 x10-4 uCi/sec/MWt. The
indicated uncertainty is derived from estimation errors in describing values for the
core coolant volume, coolant density in the core, abundance of deuterium in light
water (some additional deuterium will be present because of the H(n,y) D reaction),
thermal neutron flux, and the microscopic cross section for deuterium.

The fraction of fission-produced tritium which may transfer from the fuel to the
coolant and then be available for release in liquid and gaseous effluents is much
more difficult to estimate. However, because Zircaloy-clad fuel rods are used in
BWR's, essentially all fission product tritium remains in the fuel rods unless defects
are present in the cladding material (Reference 2).

The 1968 study made at Dresden-1 by the U.S. Public Health Service suggests that
essentially all of the tritium released from the plant can be accounted for by the
deuterium activation source (Reference 3). For estimation purposes, the leakage of
tritium from defective fuel can be assumed to be similar to the leakage of noble
radiogases. Thus, an empirical relationship described as the "diffusion mixture"
can be used to predict this source term (refer to Equation 11.1-2). The equation
which describes this relationship is:

R = KY‘/z
where: (11.1-9)
Rar = leakage rate of the radioisotope (LCi/sec),
y = fission yield fraction,
A = radioactive decay constant (sec'l), and
K = a constant related to total leakage rate.
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Based on a total noble radiogas source term of 105 uCi/sec after 30-minute decay,
tritium leakage from fuel can be calculated to be about 0.24 uCi/sec. The
conservatism of this value is evident from the USPHS study, where the observed
rate of Kr-85 (which has a half-life similar to that of tritium) was 0.06 to 0.4 times
that calculated using this "diffusion mixture" relationship. This suggests that the
actual tritium leakage rate might range from 0.015 to 0.10 puCi/sec. Since the
annual average noble radiogas leakage from a BWR is expected to be less than 0.1
Ci/sec (t = 30 minutes), the annual average tritium release rate from the fission
source can be conservatively estimated at 0.12 £ 0.12 uCi/sec, or 0.0 to 0.24 uCi/sec.

For a 3293-MWt reactor, the estimated total tritium appearance rate in reactor
coolant and release rate in the effluent is about 17.6 Ci/yr.

11.1.4 Fuel Fission Product Inventory and Fuel Experience

11.1.4.1 Fuel Fission Product Inventory

Fuel fission product inventory information used in establishing fission product
source terms for accident analysis i1s discussed in Chapter 15.0.

11.1.4.2 Fuel Experience

Fuel experience gained for BWR fuel, including failure experience, burnup
experience, and thermal conditions under which the experience was gained, is
available in three GE topical reports (References 4, 5, and 6).

11.1.5 Process Leakage Sources

Process leakage results in potential release paths for noble gases and other volatile
fission products via ventilation systems. Liquids from process leaks are normally
collected and routed to the liquid-solid radwaste system. Radionuclide releases via
ventilation paths are at extremely low levels and have been insignificant compared
to process off-gas from operating BWR plants. However, the implementation of
improved process off-gas treatment systems makes the ventilation release relatively
greater.

11.1.6 Power Conversion System Source Terms

The dominant radionuclide in BWR power conversion equipment is nitrogen-16 (N-
16). Typical inventories in power conversion equipment are given in Table 2-12 of
Reference 6. LSCS specific inventories are given in Tables 12.2-7 and 12.2-8.
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TABLE 11.1-1

NOBLE RADIOGAS SOURCE TERMS (1971 MIXTURE)

SOURCE TERM | SOURCE TERM
ATt=0 AT t = 30 min
ISOTOPE HALF-LIFE (uCi/sec) (uCi/sec)
Kr-83m 1.86 hr 3.4x 103 2.9x 103
Kr-85m 4.4 hr 6.1 x 102 5.6 x 103
Kr-85 10.74 yr 10 to 20 * 10 to 20 *
Kr-87 76 min 2.0x 104 1.5 x 104
Kr-88 2.79 hr 2.0x 104 1.8 x 104
Kr-89 3.18 min 1.3x 105 1.8 x 102
Kr-90 32.3 sec 2.8x 10°
Kr-91 8.6 sec 3.3 x 10°
Kr-92 1.84 sec 3.3 x 10°
Kr-93 1.29 sec 9.9x 104
Kr-94 1.0 sec 2.3 x 10*
Kr-95 0.5 sec 2.1x 103
Kr-97 1 sec 1.4x 10!
Xe-131m 11.96 day 1.5 x 10! 1.5 x 10!
Xe-133m 2.26 day 2.9 x 102 2.8 x 102
Xe-133 5.27 day 8.2x 103 8.2x 103
Xe-135m 15.7 min 2.6 x 104 6.9 x 103
Xe-135 9.16 hr 2.2 x 104 2.2x 104
Xe-137 3.82 min 1.5x 105 6.7 x 102
Xe-138 14.2 min 8.9x 104 2.1x 104
Xe-139 40 sec 2.8 x 10°
Xe-140 13.6 sec 3.0 x 10°
Xe-141 1.72 sec 2.4 x 10°
Xe-142 1.22 sec 7.3 x 104
Xe-143 0.96 sec 1.2 x 104
Xe-144 9 sec 5.6 x 102
TOTALS ~2.5x 108 ~1.0 x 105

* Estimated from experimental observations.
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TABLE 11.1-2

HALOGEN RADIOISOTOPES IN REACTOR WATER

CONCENTRATIO
ISOTOPE HALF-LIFE N (uCi/g)
Br-83 2.40 hr 1.5x 102
Br-84 31.8 min 2.7x 102
Br-85 3.0 min 1.7x 102
[-131 8.06 day 1.3x 102
I-132 2.284 hr 1.2x 101
1-133 20.8 hr 8.9 x 102
[-134 52.3 min 2.4 x 101
I-135 6.7 hr 1.3x 101
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TABLE 11.1-3

OTHER FISSION PRODUCT RADIOISOTOPES IN REACTOR WATER

CONCENTRATION
ISOTOPE HALF-LIFE uCi/g)
Sr-89 50.8 day 3.1x103
Sr-90 28.9 yr 2.3x 104
Sr-91 9.67 hr 6.9 x 102
Sr-92 2.69 hr 1.1x 101
Zr-95 65.5 day 4.0x 105
Zr-97 16.8 hr 3.2x 105
Nb-95 35.1 day 4.2 x 105
Mo-99 66.6 hr 2.2x 102
Tc-99m 6.007 hr 2.8 x 101
Tec-101 14.2 min 1.4x 101!
Ru-103 39.8 day 1.9x 105
Ru-106 368 day 2.6 x 106
Te-129m 34.1 day 4.0 x 105
Te-132 78 hr 4.9 x 102
Cs-134 2.06 yr 1.6 x 104
Cs-136 13 day 1.1 x 104
Cs-137 30.2 yr 2.4 x 104
Cs-138 32.2 min 1.9x 101
Ba-139 83.2 min 1.6 x 101
Ba-140 12.8 day 9.0x 103
Ba-141 18.3 min 1.7x 101
Ba-142 10.7 min 1.7x 101
Ce-141 32.53 day 3.9x 10%
Ce-143 33.0 hr 3.5 x 10
Ce-144 284.4 day 3.5 x 105
Pr-143 13.58 day 3.8x 105
Nd-147 11.06 day 1.4x 105
Np-239 2.35 day 2.4 x 101

TABLE 11.1-3
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TABLE 11.1-4

COOLANT ACTIVATION PRODUCTS IN REACTOR WATER AND STEAM

STEAM REACTOR WATER
CONCENTRATION | CONCENTRATION
ISOTOPE HALF-LIFE (uCi/g) (uCi/g)
N-13 9.99 min 7.0x 103 4.0x 102
N-16 7.13 sec 5.0 x 101 4.0x 101
N-17 4.14 sec 2.0x 102 6.0 x 103
0-19 26.8 sec 8.0x 10! 7.0 x 101
F-18 109.8 min 4.0x 103 4.0x 103
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TABLE 11.1-5

NONCOOLANT ACTIVATION PRODUCTS IN REACTOR WATER

CONCENTRATION
ISOTOPE HALF-LIFE (uCi/g)
Na-24 15 hr 2x 103
P-32 14.31 day 2x 105
Cr-51 27.8 day 5x 104
Mn-54 313 day 4x 105
Mn-56 2.582 hr 5x 102
Co-58 71.4 day 5x 103
Co-60 5.258 yr 5x 104
Fe-59 45 day 8 x 105
Ni-65 2.55 hr 3x 104
Zn-65 243.7 day 2x 106
7Zn-69m 13.7 hr 3x 105
Ag-110m 253 day 6 x 105
W-187 23.9 hr 3x 103
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11.2 LIQUID WASTE MANAGEMENT SYSTEMS

The liquid radwaste system collects, monitors, and treats all potentially radioactive
liquid wastes produced by the station during normal operation and maintenance, as
well as transient conditions.

11.2.1 Design Bases

11.2.1.1 Safety Design Basis

The liquid radwaste system is designed so that liquid radwastes discharged from
the site will have radioactivity concentrations well within limits specified in 10 CFR
20 and meet the design objectives of 10 CFR 50, Appendix I.

Each liquid radwaste stream terminates in a sample tank. Since the liquid
radwaste system operates on a batch basis, this arrangement allows each treated
batch to be sampled when appropriate to assure that the treatment was effective. If
the sample indicates that the waste needs further processing, it is recycled either
through the same treatment or through a subsystem providing a higher degree of
treatment. If the treated waste water is not needed for recycle, the water is sent to
the discharge tank and held until a discharge batch is accumulated. Each batch is
sampled to verify that its activity level is within limits for discharge. The actual
discharge to the lake blowdown line requires opening a keylock valve in accordance
with written operating procedures, only after sampling.

A system bypass allows connection to portable waste treatment equipment. This
enables the efficient processing of liquid radwaste through the use of state of the art

radwaste processing technology.

11.2.1.2 Power-Generation Design Basis

The liquid radwaste system is sized to handle expected liquid waste inputs on the
basis of both volume and activity as the result of normal operation, including
anticipated abnormal occurrences.

Unit 1 and Unit 2 have separate equipment and floor drain collection and process
systems. This is to prevent mixing of the liquid wastes between units, if desired.
The corresponding subsystems in each independent radwaste system are provided
with extensive crossties to provide a high degree of radwaste system availability.
The laundry and sludge subsystems are common to both units.

The LaSalle County Station (LSCS) Units 1 and 2 liquid radwaste system is
designed to permit maximum recycling of plant water, whose inventory is kept
nearly constant at all times. The plant is designed to minimize noncontaminated
inputs from leakage of service water, circulating water, and groundwater into the
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plant floor drain system. Clean demineralized well water is used as makeup to the

primary system or for decontamination work. Since it is not feasible to eliminate or
separate all noncontaminated inputs to the liquid radwaste system, some processed
liquid waste must be discharged to the Illinois River from the plant. The discharge

1s mixed with the blowdown released to the Illinois River.

11.2.1.3 Radioactive Releases

Table 11.2-1 gives expected annual releases by nuclide. Table 11.2-1 is not intended
to contain limits for the radionuclides or imply that all the listed radionuclides must
be present in the given proportions. Table 11.2-2 gives expected doses to
individuals at or beyond the site boundary.

11.2.1.4 10 CFR 50 Comparison

Table 11.2-2 compares the calculated radiological doses from LSCS to the numerical
design objectives of Appendix I to 10 CFR 50. It can be seen from this comparison
that releases are significantly below the guideline levels.

11.2.1.5 10 CFR 20 Comparison

Table 11.2-1 compares typical maximum effluent concentrations with 10 CFR 20
limits. It can be seen from this comparison that concentrations are significantly
below the specific limits.

11.2.1.6 Component Specifications

Table 11.2-3 gives the design parameters of various radwaste system components.

11.2.1.7 Anticipated Operating Conditions

Certain "anticipated operational occurrences" are considered in this section. The
liquid radwaste system is designed to meet the requirements of these conditions.
Therefore, in normal operations, only a small fraction of the system design capacity
is utilized at any one time.

The following conditions define the design-basis "anticipated operational
occurrences" for the liquid radwaste system:

a. initial startup (especially Unit 2 startup with Unit 1 operating),
b. Unit 1 and Unit 2 shutdown,
c. large fuel leak rates,

d. maximum reactor coolant leak rate,
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e. refueling and maintenance outages, and
f. unscheduled reactor trips.

11.2.1.7.1 Initial Startup - Unit 1 (This information is historical)

Various operations associated with the initial startup of a nuclear station can
produce flow volumes in both the equipment drain and floor drain processing
system of up to 100,000 gallons in a single day, with the highest 3-day average
about 50,000 gallons per day at irregular intervals over periods of 2 to 3 months.
The volumes of waste water involved and the fact that much of it originates from
sources outside the primary system makes it nearly impossible to maintain the
station's water balance except by discharging larger than normal volumes of
processed waste. The design of the liquid radwaste systems allowed segregation of
liquid wastes while Unit 1 was in startup and Unit 2 was still being constructed.
The design features provided to meet these demands are discussed by subsystem in
the following:

a. Equipment drain processing subsystem - Processing in this
subsystem is provided by the waste filters (1,2WEO01F) and
waste demineralizers (1,2WEQ01D). Since in any "shakedown "
period such as station startup, some equipment difficulties are
almost inevitable, a major design assumption is that the liquid
radwaste processing capacity may be limited to a 25%
availability during this period. The design flow capacity of the
filters and demineralizers is such that 25% of the daily
throughput design capacity is sufficient to process a maximum
day's collected liquid waste volume. The three waste sample
tanks (1,2WEO03T, OWEO1T) and the two discharge tanks
(1,2WFO05T) are crosstied to provide storage volume for 1 to 2
full days of process wastes. The storage helps to "smooth out"
the station water inventory maintenance and allows for
discharge at the minimum design release rate in the event that
full lake blowdown water flow is not available for dilution.
Under the processing condition described, the maximum design
release rate is such that with dilution from the lake blowdown in
the discharge flume, the radioactivity levels in the discharge
flume meet the requirements of 10 CFR 20.

b. Floor drain processing subsystem - Normal design processing in
this subsystem is by settling, evaporation, and demineralization.
At startup, substantial volumes of water of very low radio
activity content may be generated by housekeeping activities.
The floor drain concentrator packages(1WF01S, 2WF01S)
normally receive steam from the main steam reboilers. If this is
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not available, the steam would be from the electrode steam reboiler
(60,000 1b/hr). This rate is sufficient to operate all three
concentrators. The inputs to the two floor drain concentrator
packages and the chemical waste concentrator package are crosstied
to allow full utilization of the 33 1/3% availability of evaporation
capacity. Volume retention capacity for 1 to 2 days' maximum
inputs and the availability of increased throughput processing
channels allow this system to handle anticipated 3-day to 4-day
peak inputs.

Chemical waste processing subsystem - Frequent regeneration of
condensate polishers occurs when at least one unit is operating. In
this case, the steam supply can be drawn from the operating unit if
two evaporators are sufficient to process floor drains and chemical
wastes (1.e., a nuclear steam reboiler can supply steam for two of the
three evaporators; if operation of all three evaporators is necessary,
the electrode steam reboiler can be used).

Laundry waste processing subsystem - This system is sized to meet
the volume and radioactivity levels generated during a refueling
outage, 4 gpm. This is greater than is anticipated during the initial
startup.

Sludge subsystem - Sludge generation during startup can be
variable, depending on filter and demineralizer performance as well
as on initial water quality. The tanks in this subsystem have ample
capacity for several days' accumulation at maximum backwash
rates.

11.2.1.7.2 Unit 2 Initial Startup - Unit 1 in Normal Operation (This information is

historical)

Meeting the demands of this situation places the most stringent requirements on the
design of the liquid radwaste system. The following are the major differences between
this case and initial startup:

a.

The liquid radwaste system is processing contaminated wastes from
Unit 1.

Less volume retention capability is available to hold up surge
volumes.

Full auxiliary steam capacity is available to supply all three

evaporators when needed. The electrode boilers act as a backup
steam source.
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d. Accumulated operating experience and maintenance lead to a
somewhat higher availability factor for processing equipment.

e. The design assumption availability factors for processing
equipment are 66 2/3% of evaporation capacity and 50% of filter
and demineralizer capacity. The discharge rate, with lake
blowdown water flow available for dilution, should not place a
limitation on liquid radwaste system processing rates. The
design collection volume capacity exclusively available for either
Unit 1 or Unit 2 wastes is sufficient to hold 1 day's maximum
accumulation of liquid wastes when processing at 25% of design
flow rates. The display of tank level recorders on the liquid
radwaste control panel allows the identification and segregation
of waste batches. The scheduling of batch processing should not
1impair the operation of Unit 1.

11.2.1.7.3 Normal Startup Following Any Shutdown

The waste surge tanks (1IWEO02T, 2WEO02T) are sized so that each accommodates
one reactor hydrotest volume. It also accommodates the thermal expansion water
when the unit is started up.

11.2.1.7.4 Condenser Tube Leakage

Original Design Basis

Condenser tube leakage increases the dissolved solids content of the condensate,
forcing frequent regeneration of the condensate polishers. At some magnitude of
leakage, the polishers are no longer able to maintain feedwater quality, thus forcing
a unit shutdown. Recovery from this situation requires the regeneration of all the
condensate polishers at least once and perhaps twice. The liquid radwaste
processing capacity is sufficient to assure that the treatment of the liquid radwaste
produced by this situation will not extend the outage time required for repairs. The
design capacity of the chemical waste subsystem is sufficient to process the volume
of waste from the regeneration of four condensate polisher beds per day. The
equipment drain subsystem is able to treat the backwash water from four
regenerations per day without impairing the capacity to treat the normal flows from
either the affected unit or the normally operating unit. Condenser tube leaks of
lesser magnitude can occur without forcing a shutdown but can still cause a
significant increase in regeneration frequency. The liquid radwaste system
maintains the station water balance by the controlled discharge of treated wastes as
previously described in Subsections 11.2.1.2 and 11.2.1.7.
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Current Design Basis

Condenser tube leakage increases the dissolved solids content of the condensate,
quickly depleting the ion exchange capacity of the condensate polisher resin. At
some magnitude of leakage, the polishers are no longer able to maintain feedwater
or vessel water quality, thus forcing a unit shutdown. As a worst case, recovery
may require the replacement of all the on-line condensate polisher resin beds. The
capacity of the spent resin tank is sufficient to contain the volume of waste from the
replacement of three condensate polisher beds. The equipment drain subsystem is
able to treat the transfer water from resin bed replacements without impairing the
capacity to treat the normal flows from either the affected unit or the normally
operating unit. The solid radwaste system is capable of processing 25% of the spent
resin tank contents per day. Condenser tube leaks of lesser magnitude can occur
without forcing a shutdown but can still cause a significant increase in resin
replacement frequency. The liquid radwaste system maintains the station water
balance by the controlled discharge of treated wastes as previously described in
Subsections 11.2.1.2 and 11.2.1.7.

The outlet of the resin bed is sampled to estimate ionic depletion. During the
operating cycle, the remaining capacity of the resin is not determined; if needed the
capacity can be calculated.

11.2.1.7.5 Unit 1 and Unit 2 Shutdown

When both units are shut down, there is no steam to operate the three evaporators
and other liquid radwaste processing methods are used.

11.2.1.7.6 Design Basis Fuel Leakage

Under this condition, the liquid radwaste system operates with radioactivity levels
at or near design basis. The reactor water cleanup system delivers sludge to the
phase separators at a rate higher than normal. Unit 1 and Unit 2 phase separator
tanks operate independently, receiving wastes from the respective Unit 1 and 2
RWCU systems. Frequent decanting of the phase separator serving the affected
unit results in the delivery of liquid with higher than normal solids content to the
waste collector tank, resulting in short filter and demineralizer runs.

The waste filter and waste demineralizer are sized and arranged so that no more
than one filter and one demineralizer are out of service for backwashing or
regeneration/resin replacement at any time while Unit 1 or Unit 2 is in normal
operation.
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11.2.1.7.7 Reactor Coolant Leakage

The existence of reactor coolant leaks can result in the equipment drain tanks
becoming nearly filled with water at reactor coolant activity. Table 11.2-4 compares
design-basis influent radioactivity concentration to reactor coolant activity.

The equipment drain processing subsystem is capable of decontaminating this
activity to levels suitable for return to the cycled condensate storage tanks as
specified in Subsection 11.2.3.1.

11.2.1.7.8 Refueling and Maintenance Outages

The condition given in Subsection 11.2.1.7.1 covers the major requirements for
outages. The laundry processing subsystem was designed for a maximum load
during refueling and maintenance outages and was designed to treat these loads to
produce an effluent suitable for discharge as stated previously in Subsections
11.2.1.4 and 11.2.1.5. The site does not launder anti-contamination clothing any
longer, significantly reducing the input to the system.

11.2.1.7.9 Unscheduled Reactor Trips

Reactor trips may produce an additional amount of water to the suppression pool.
The equipment drain processing subsystem has sufficient capacity in all normal
operating modes to process this volume within 1 day.

11.2.1.8 Seismic Design and Quality Group

The portion of the structure housing the liquid radwaste system which is below
grade is Seismic Category I for the auxiliary building, and Seismic Category II for
the turbine building area. The turbine building walls below grade are part of the
total structural shear wall system and are designed to withstand the effects of the
OBE and SSE. All equipment (including tanks, pumps, valves, and piping) of the

liquid radwaste system containing radioactive wastes is classified as Quality Group
D.

11.2.1.9 Facility and Equipment Design

The liquid radwaste system has been designed to minimize radiation exposure to
operating personnel. Normal operations, maintenance, and nonroutine operations
are discussed in the following from the viewpoint of design for ALARA exposures to
personnel.
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11.2.1.9.1 Normal Operations

The following steps have been taken to ensure that occupational exposures will be
ALARA during normal operating situations:

a.

Equipment operation for all liquid waste treatment systems is
from the radwaste control room. This is a shielded room located
in the solid radwaste building.

Tanks and equipment are located in shielded compartments
with labyrinth entrances.

The sludge subsystem carries waste slurries which could settle
into crud traps. Flushing of the sludge system equipment will
be performed as tank capacities allow to minimize this buildup.

Piping carrying radioactive fluids is routed to avoid inadvertent
exposures. Many pipe runs are within shielded pipe tunnels.

Tank overflows are hard-piped to adjacent sumps with two
exceptions. Reactor water cleanup phase separator overflows
are hard-piped to the reactor building equipment drain tanks
and the concentrator waste tanks overflow to the URC Sludge
Tank.

The gases from the RWCU phase separator vents flow to its
cubicle in the reactor building. For normal conditions this
cubicle air supply discharges to the station vent stack as part of
the normal reactor building HVAC flow path. For abnormal
conditions of high radioactivity levels in the RWCU cubicle, a
normally closed valve is opened to connect this cubicle to the
reactor building vent and purge system and then to the station
vent stack.

11.2.1.9.2 Maintenance Operations

Equipment is arranged to separate sources of high exposure from sources of lower
exposure. The evaporators, for example, have the process equipment separated
from the pump skid by a shield wall to minimize exposure during pump
maintenance. The instrument rack is located as far from the pump skid as possible
to minimize exposure during instrument maintenance.

Air-operated valves are located outside of compartments to minimize exposure from
tanks or components during valve maintenance. Pumps are provided with
mechanical seals to minimize maintenance.
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In general, all components which may require maintenance are capable of being
flushed prior to maintenance.

11.2.1.9.3 Nonroutine Operations

Compartments which contain tanks or equipment containing unprocessed waste, or
waste being processed, have floor and wall coatings for ease of decontamination in
case of spills.

11.2.1.10 Tank Level Control

Provisions have been made to preclude the uncontrolled spills to the building due to
tank overflows. The following conditions pertain to all tanks outside the
containment which potentially contain radioactive fluids:

a. Tank level instrumentation is provided on all tanks in the
radwaste control room. A high-level condition on any tank will
be annunciated. The only exceptions to the above information
are the concentrator waste tanks, the boil-out tank, and the
filter aid tank since these tanks are no longer in service.

b. Tank overflows are hard piped to an adjacent sump with two
exceptions. The Reactor Water Cleanup Phase Separator
overflows are hard-piped to the reactor building equipment
drain tanks. The concentrator waste tanks overflow to the URC
Sludge Tank. All sumps are provided with duplex (redundant)
pumps with the exception of the Tendon Tunnel sumps. These
sumps have only one pump. Sumps are level controlled and
logic i1s provided to start and stop pumps automatically.

c. Concentrator waste tanks must be maintained at 140° F to
160° F. For this reason, piping is heat traced to prevent
crystallization of the waste. If capacity for the concentrates is
not available, the inputs are stopped. (The concentrator waste
tanks are abandoned-in-place as is the associated heat trace
circuits.)

11.2.1.11 Prevention of Uncontrolled Releases

The liquid radwaste system is the only flow path from a licensed unit to the
environment for radioactive liquids during normal operations. The discharge tanks
are the only flow path from the liquid radwaste system to the environment during
normal operations.
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After processing of a batch of waste, it is transferred to respective sample tanks
(e.g., waste sample tank, floor drain sample tank) before being transferred to the
discharge tanks. In the discharge tanks it is again sampled for activity prior to
discharge. All discharge must pass through a manual key-locked valve (OWF201 on
Sheet 10 of Drawing No. M-103). Limit switches supply status information on
valve position to the operator at the radwaste control panel. This valve 1s
intentionally manual to prevent bypassing the key-lock feature from the control
room. Processing and sampling of liquids resulting from Unit 2 construction
activities will commence at the time of Unit 2 fuel load.

11.2.2 System Description

The liquid radwaste system consists of five major subsystems: (1) the waste
processing subsystem, (2) the floor drain subsystem, (3) the chemical waste
subsystem, (4) the laundry waste subsystem, and (5) the sludge subsystem. Liquid
radwaste diagrams are shown in Drawing No. M-103.

Design-basis concentrations of radioactive nuclides in the input waste streams to
the various liquid waste subsystems are listed by nuclide in Table 11.2-4. Expected
inventories of radioactive nuclides in major liquid waste system components are
tabulated in Table 11.2-5. Maximum and expected inputs to liquid radwaste
systems are shown in Table 11.2-6. As noted, input to equipment drains has been
assumed to be design basis reactor coolant activity; floor drains have been assumed
to be 0.31 times reactor coolant activity. As a result of this conservative
assumption, short-lived radionuclides appear in collection tanks but they quickly
decay.

Table 11.2-7 lists the design-basis process decontamination factors used in the
analysis. The system is assumed to be operating continuously; no credit for
radioactive decay is taken for holdup in tanks, for example, while waiting for a
demineralizer to be made available for batch processing.

The design-basis input source terms to the various streams are based on the
distribution of isotopes in reactor coolant and steam as described in Section 11.1.

The liquid radwaste system is designed to recycle as much processed liquid waste as
can be accommodated within the station water balance.

Equipment drains are processed through the waste-processing system by filtration
and demineralization. The flow is then normally routed to the cycled condensate
storage tanks for reuse in the station. Radioactive floor drains are treated by
demineralization. After sampling, it is normally sent to the cycled condensate
storage tanks for reuse. The Floor drain system is cross-tied to the Equipment
drain system to provide backup processing capability should the
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vendor processing unit be unavailable. The valve on the cross-tie is
administratively controlled to ensure proper routing of floor drain water.

Laundry wastes are treated by filtration and may be discharged after sampling.
Optional paths after treatment in addition to the discharge tank are to the chemical
waste collector tank, or the laundry collector tank depending on water quality in the
laundry sample tank (Drawing No. M-103).

Design-basis quantities of waste to be treated and released from the station are
processed through the chemical waste subsystem by demineralization. This waste |
originally consisted of primarily regenerant chemicals from the regeneration of the
condensate and radwaste polishers. Regenerant waste is no longer generated. The
operating procedures define the conditions under which water can be transferred
from any sample tank to the discharge tanks (Subsection 11.2.2.6).

Equipment redundancy and capacities, together with crossties among subsystems,
provide flexibility for the liquid radwaste system to accommodate a wide variety of
extreme station operating conditions as discussed in Subsection 11.2.1.7.

The design of the processing systems for liquid wastes assumes that they will be
discharged, although normally they will be returned to the station for reuse via the
two cycled condensate storage tanks. This assures that the processing systems will
always be capable of meeting environmental discharge standards.

11.2.2.1 Waste Processing Subsystem

This subsystem collects and processes high purity (low conductivity) sources such as
equipment drains. This water is treated by settling, filtration, and
demineralization. After appropriate sampling it is returned for station reuse
through the cycled condensate storage tanks.

Input sources to the waste processing subsystem include the following:

a. equipment drain sumps,

b. condensate demineralizer backwash,

c. reactor water cleanup (RWCU) phase separator
decantate,

d. fuel pool system decantate,

e. ultrasonic resin cleaner (URC) backwash,

f. radwaste demineralizer backwash, and
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g. suppression pool drains.

Two waste-processing streams are provided, one each for Unit 1 and Unit 2, with
cross-ties for system redundancy.

Two waste collector tanks, each having a capacity of 30,000 gallons, take regular
inputs from the Unit 1 and Unit 2 equipment drain systems. These tanks are sized
to hold 1 day's accumulation of wastes. Prior to processing, approximately 500
gallons of tank "bottoms" may be pumped to the URC sludge tank via the waste
flocculation tank to remove settled solids and minimize downstream filter loading.
The contents of the tank are then recirculated to assure complete mixing; at this
point a composite sample can be drawn from the recirculation line. The tank
contents can be pumped through the waste filters and demineralizers or transferred
to the chemical waste system for treatment.

Two waste surge tanks, each having a capacity of 50,000 gallons, take infrequent
inputs from Unit 1 and 2 waste collector tank overflows, from reactor water
cleanup, and from cycled condensate storage tanks. Their operation is similar to
that described above for the waste collector tanks.

Two waste flocculation tanks are provided to process the ultrasonic resin cleaner
(URC) backwashes. Each backwash produces approximately 6,000 gallons of
washwater at 200 ppm to 500 ppm suspended solids and each condensate polisher is
URC cleaned approximately once a week. Provision is made for the addition of a
chemical flocculant to the tanks. This destabilizes the suspension, resulting in the
formation of larger particles which settle out. The decantate is processed through
the waste filter and demineralizer and the solids are pumped to the URC sludge
tank. (Note the chemical flocculant system is abandoned in place.)

The two waste filters remove suspended solids prior to demineralization in order to
extend the useful ion exchange life of the demineralizer resins. The Unit 1 filter
contains precoatable filter elements. The Unit 2 filter contains either precoatable or
non-precoatable filter elements. Precoat material is applied to the precoatable
elements, and when depleted, as indicated by effluent conductivity or filter
differential pressure, the elements are backwashed. Both the used precoat material
and the material filtered out of the water is routed to the waste sludge tank. No
precoat material is added onto the non-precoatable elements. As necessary, the
elements are backwashed, and only the material filtered out of the water is routed
to the waste sludge tank. A handswitch located on a Radwaste Control Room panel
controls whether the logic applied to filter manipulations includes Precoat
applications. The processed effluent from these filters is directed to the input of the
waste demineralizers. Demineralizer influent can be processed separately via a
once through single demin line-up, or in series via a once through, two demin line-
up. Effluent from the demineralizers is routed to one of the three waste sample
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tanks, each of which has a capacity of 30,000 gallons. Conductivity instrumentation

1s provided to allow its performance to be monitored in the radwaste control room.
This monitor will automatically divert an off-standard (high conductivity) batch
back to the waste collector tanks for reprocessing.

If the water in the sample tanks is found to be of suitable quality for reuse, it is
pumped to the cycled condensate storage tanks. When it is necessary to discharge
treated wastes from the station, the contents of any of the waste sample tanks may
be transferred to the discharge tanks for subsequent sampling and release.

The Unit 2 Floor drain collector pump discharge line is cross-tied to the equipment
drain system by way of the Unit 2 Waste Surge tank to provide backup processing

capability should the vendor processing unit be unavailable. The valve on the cross-

tie line is administratively controlled to ensure proper routing of floor drain water.

11.2.2.2 Floor Drain Processing Subsystem

This subsystem collects and processes low purity (high conductivity) waste from the
Unit 1 and Unit 2 floor drain systems. These are normally too high in conductivity
for effective ion exchange treatment and may also be high in suspended solids.
Note: A system bypass allows connection to portable waste treatment equipment.
This enables the efficient processing of liquid radwaste through the use of state of
the art radwaste processing technology. This technology may utilize ion exchange
resins. They are treated by ion exchange for return to the condensate storage tank
or discharge after appropriate sampling.

Input sources to this subsystem include the following:

a. reactor building floor drains (off-gas filter building floor drains),
b. turbine building floor drains, and
c. auxiliary building floor drains.

A provision is made for input from Chemical Waste Processing Subsystem to be
transferred to the Floor Processing Subsystem. These wastes are collected in the
two floor drain collector tanks, each of which has a capacity of 25,000 gallons. The
operation of the floor drain collector tanks is the same as described for the waste
collector tanks in Subsection 11.2.2.1.

The Unit 2 Floor drain collector pump discharge line is cross-tied to the equipment
drain system by way of the Unit 2 Waste Surge tank to provide backup processing
capability should the vendor processing unit be unavailable. The
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valve on the cross-tie line is administratively controlled to ensure proper routing of
floor drain water.

The floor drain concentrator feed tanks (25,000 gallon capacity each) take input

from the floor drain collector tanks and serve to condition these wastes for

subsequent treatment. This conditioning is primarily caustic addition for pH |
control.

The floor drain concentrator units are abandoned-in-place. Historically, the
evaporators provide a condensed distillate which is substantially free of
radioactivity and dissolved solids; they also concentrate the residual wastes for
delivery to the concentrator waste tanks. The condensed distillate is pumped to the
floor drain head tanks (5,000-gallon capacity) for sampling and verification of
concentrator performance.

The evaporator distillate is then pumped to the floor drain sample tanks (25,000
gallon capacity). The floor drain sample tanks are sampled to verify the water
quality is suitable for further processing via the equipment waste processing
system. The floor drain sample tank is then pumped to the waste collector tank and
processed in the equipment drain system as described in Subsection 11.2.2.1.

Although more costly, the evaporator distillate can be processed through the floor
drain demineralizer as opposed to being pumped from the evaporator head tank
directly to the floor drain sample tank. The floor drain demineralizer effluent is
routed to the floor drain concentrator sample tanks (25,000-gallon capacity). The
demineralizer resins are not regenerated but are disposed of via the solid radwaste
system when exhausted. The floor drain concentrator sample tanks provide for
sampling of processed liquid waste to ensure that criteria for reuse or discharge are
met.

Conductivity instrumentation is provided with automatic return to the collector
tank on high conductivity.

Piping, electrical, and instrumentation & control systems exist to process floor drain
water to a vendor skid. The system operation is the same as described for the |

chemical waste system in Subsection 11.2.2.3.

11.2.2.3 Chemical Waste Subsystem

This subsystem processes the highest conductivity water in the liquid radwaste
system. Input sources to this system include the following:

a. radwaste demineralizer regenerants (no longer created),

b. decontamination drains,
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c. laboratory drains,

d. radwaste building sump,

e. spent resin tank decantate,

f. waste sludge tank decantate, and

g. URC sludge tank decantate.

A provision is made for input from Radwaste Floor Drain processing subsystem to
be transferred to the Chemical Waste System. These wastes are potentially high in
radioactivity and conductivity; they may also be high in suspended solids, including
some resin fines. Processing of these wastes is by chemical neutralization, and ion
exchange demineralization.

Processing through evaporators (Abandoned-in place)

Wastes will usually be held in one of two chemical waste collector tanks (36,000-
gallon capacity each). Sufficient surge capacity is provided to allow for variations in
this cycle. Each collector tank is provided with a recirculation line and a 400-gpm
pump to mix and transfer wastes to the chemical waste process tanks (25,000-gallon
capacity each). Here the wastes are chemically neutralized for subsequent feed at
30 gpm to the chemical waste evaporator. One evaporator is provided to process
effluent from both chemical waste processing tanks; however, it is crosstied with the
floor drain concentrator units to provide additional evaporator capability if
required. Chemical waste concentrator operation is identical to that of the floor
drain concentrator described in Subsection 11.2.2.2. Evaporator concentrates are
discharged to the concentrator waste tanks for transfer to the solid waste handling
system. The condensed distillate is pumped to the chemical waste head tank. This
tank has a capacity of 5,000 gallons and is fitted with two 75-gpm pumps connected
in parallel to provide for recirculation and discharge. After verification of
evaporator performance, the distillate is pumped to the chemical waste
demineralizer, whose function and operation are identical to those of the floor drain
demineralizers described in Subsection 11.2.2.2. This demineralizer is crosstied
with the floor drain demineralizers to ensure sufficient demineralizer capability
during abnormal surges of waste. Demineralizer effluent is discharged to the waste
sample tanks for subsequent transfer to either the cycled condensate storage tanks
or discharge tanks.

Capability exists to bypass the abandoned-in-place evaporators and process through
a vendor system utilizing state-of-the-art technology. Processed water from the
vendor system is routed to the floor drain head tank or collector tank dependent on
water quality.
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11.2.2.4 Laundry Waste Subsystem

This subsystem was designed to collect, process, and discharge laundry waste
resulting from the washing of radioactive laundry, or other soapy, high organic
wastes. The anti-contamination clothing used by the site is laundered by a vendor,
thereby reducing the inputs to the system and the volume of waste created.

The treatment of this low radioactivity waste is by filtration. Depending on water
quality in the laundry sample tank, the water is sent to the discharge tank, the
chemical waste collector tank, or the laundry collector tank.

The use of filtration for low radioactivity waste is considered sufficient effort at
reducing radioactive discharges to ALARA.

11.2.2.5 Sludge Subsystem

Liquid radwaste processing is designed to remove radioactive contaminants from
waste liquids and to affix them on solids or concentrates, hold them for decay of
radioactivity, and transfer them to the solid radwaste system for processing,
temporary storage at the station, and shipment from the station.

The sludge subsystem, unlike those previously described, does not comprise a
processing stream. It consists of a group of tanks and associated pumps which
serve as an interface between the liquid radwaste system and the solid radwaste
handling system. These tanks provide intermediate storage for slurries produced
by radwaste decontamination equipment or other radioactive water cleanup
systems. Most of these tanks provide settling capability for separation of liquid and
solid wastes. Some also provide holdup for radioactive decay, while others
(concentrator waste tanks) only provide batch accumulation and storage before
transfer to the solid radwaste handling system. The following are the five major
components of the sludge subsystem with their respective capacities:

NUMBER

PROVIDED COMPONENT CAPACITY EACH (GAL)
1 Spent resin tank 15,000
1 Waste sludge tank 15,000
1 URC sludge tank 15,000
4 RWCU phase separators 6,900
2 Concentrator waste tanks * 5,000

* abandoned-in-place

Each tank in the sludge subsystem is provided with a means of recirculation to
assure complete mixing of tank contents prior to and during discharge. Associated
pumps and valves are operated from the liquid/solid radwaste interface panel
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adjacent to the solid radwaste system control panel. Both panels may be attended
by one operator.

11.2.2.5.1 Spent Resin Tank

The spent resin tank receives exhausted ion exchange bead resins and charcoal
discarded from the condensate polishing demineralizers, waste demineralizers, floor
drain demineralizers, and chemical waste demineralizer. Resin/charcoal is allowed
to settle in this tank, and excess sluicing water is drawn off from a decant port and
pumped to a chemical waste collector tank. Settled resin/charcoal is discharged in
batches to the solid radwaste handling system after appropriate recirculation.

The spent resin tank decant pump has a capacity of 76 gpm. Two progressive cavity
type spent resin sludge pumps are connected in parallel, each having a capacity of
50 gpm. All valves in slurry-handling lines are plug type to preclude valve closure
impairment due to the presence of solids in the fluid streams.

11.2.2.5.2 Waste Sludge Tank

The waste sludge tank, located below the waste collector filters, receives backwash
from these filters and the fuel pool filter-demineralizers, as well as inputs from the
various collector, surge, processing, or feed tank bottoms previously described.

The waste sludge tank decant pump is capable of discharging decantate at 60 gpm |
to the chemical waste collector tanks. Recirculation is provided by a mechanical
mixer. Backflush capability is provided by the CY system. Two waste sludge

pumps connected in parallel provide transportation of sludges to the solid radwaste
handling system. The waste sludge tank component design is similar to that of the
spent resin tank described in Subsection 11.2.2.5.1.

11.2.2.5.3 URC Sludge Tank

The URC sludge tank receives concentrated solids from the ultrasonic resin cleaner
(URC) backwashes via the waste flocculation tanks described in Subsection 11.2.2.1.
The URC sludge tank receives condensate prefilter backwash, the radwaste
building floor drains (with the exception of the 710’-0” floor drains which go to the
solid radwaste building floor drain sump) and the contents of the Concentrator
Waste Tanks as described in Subsection 11.2.2.5.5. These are irregular inputs and
of variable radioactivity.

The URC sludge decantate pump is capable of discharging decantate at 60 gpm to |
the chemical waste collector tank. Two URC sludge pumps connected in parallel,
each having a capacity of 400 gpm, provide backflushing and recirculation.

Backflush capability may also be provided by the CY system. Recirculation is also
provided by a mechanical mixer. Two additional URC sludge pumps connected in
parallel provide
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transportation of sludges to the solid radwaste handling system. The design is
similar to that of the spent resin tank described in Subsection 11.2.2.5.1. Provision
1s made for adjusting the chemical properties of the tank.

11.2.2.5.4 RWCU Phase Separator Tanks

The four RWCU phase separator tanks collect, settle, and hold for decay sludge
from the reactor water cleanup (RWCU) filter-demineralizer backwash. Backwash
1s discharged to the RWCU phase separator tanks in batches, about once a week per
filter demineralizer. The solid phase of this waste constitutes the highest potential
radioactivity level of the wastes regularly produced at the station. Two phase
separators are provided for each unit so that one phase separator can collect inputs
from that unit for a period of approximately 60 days while the other phase
separator is quiescent, allowing the accumulated sludge to decay prior to its
transfer to the solid radwaste handling system. As sludge is accumulated, excess
liquid is decanted regularly and discharged to a waste collector tank.

Each phase separator is fitted with a phase separator sludge pump through which
accumulated sludges are discharged to the solid radwaste handling system. Each of
these centrifugal pumps has a capacity of 50 gpm. All valves in the sludge-handling
lines are plug type or such other design as to preclude valve closure impairment due
to the presence of solids in the fluid stream.

11.2.2.5.5 Concentrator Waste Tanks

(The concentrator waste tanks are abandoned-in-place, and the following
information is historical.)

The two concentrator waste tanks were designed to receive concentrates from the
floor drain and chemical waste concentrator packages. The tanks and all associated
process lines are heat traced to preclude crystallization of these highly concentrated
solutions. Each tank is fitted with a 50-gpm concentrator waste pump through
which tank contents were designed to be discharged to the solid radwaste handling
system. If solids concentration in the tanks is too low, or as needed to facilitate
maintenance, the tank contents may be transferred to the URC Sludge Tank.

The air supply to the inlet valves to the concentrator waste tanks has been
disconnected, ensuring the valves remain closed. The valves may be opened under
administrative control to allow batching of evaporator concentrate provided level
monitoring is established.

11.2.2.6 Operating Procedures

All inputs to the major subsystem collector tanks are thoroughly mixed so that
appropriate treatment for each batch may be determined. Any batch intended for
release from a licensed unit will be sampled for total activity at the discharge tanks.

If the discharge tank sample indicates the contents are suitable for discharge, a
pumpout rate will be determined based upon dilution required as well as diluent
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lake blowdown available. The liquid radwaste system control panel has provision
for recording the lake blowdown flow rate. The lake blowdown flow is also
monitored locally at intake structure and recorded in the Main Control Room. The
discharge flow rate is adjusted according to the blowdown flow rate. Administrative
controls are exercised to ensure that the discharge valves are not opened until
suitable conditions have been met. The activity in the Radwaste Discharge pipe is
monitored continuously during release. Instrumentation is provided to close the
discharge valve automatically upon measure of high activity. Further discussion of
discharge can be found in Subsection 11.2.1.11.

11.2.2.7 Performance Tests

All batches of liquid wastes may be monitored before and after each processing step.
The equipment is therefore subjected to continuous performance testing under
station operating conditions.

Since data on specific isotope removal efficiencies are not conclusive, this system is
designed to use conservative overall decontamination factors based on currently
available equipment specifications now being incorporated into the design of similar
power plant systems.

Through system crossties, redundancy of equipment, and excess storage capacity,
ample provision has been made for equipment maintenance and for recycling

inadequately processed wastes, if required.

11.2.2.8 Control and Instrumentation

The liquid radwaste system is primarily controlled and monitored from the liquid
radwaste control panel (LRCP) located in the radwaste control room. Radwaste
filter, radwaste demineralizer, waste concentrators, laundry RO, (no longer used)
liquid/solid radwaste interface, and solid radwaste handling control panels are also
located in the control room.

Operation of the liquid radwaste system is started or stopped manually or stopped
automatically. A few subsystem operations are provided with automatic

sequencing. (See Subsection 7.7.11 for a further description.) Instrumentation on
system tanks includes as a minimum a high level detector for LRCP annunciation, a
low level detector for pump cutoff, and LRCP level recording. The only exceptions to
the above information are the concentrator waste tanks and the filter aid tank.

Since these tanks are no longer in service, the high and low tank level alarms for
these tanks have been defeated. Tanks containing waste sludges have an additional |
level detector to monitor the water/sludge interface for interlocking tank discharge
valves and decant pump cutoff.
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The LRCP is laid out in a logical fashion, with control switches for pump and valve
operation and level recorders grouped in subsystem fashion under the appropriate
section of a semigraphic display. Annunciators are located above the semigraphic,
with the respective window lights in the vicinity of the monitored device.

Each valve hand switch has full open and full closed indicator lights. During the
opening or closing of a valve, both lights are illuminated until the open or closed
extreme is reached. In the open or closed position, the red or green light will be
illuminated. All pump hand switches are provided with a third light to indicate
automatic trip of the pump. Alternate pumps may then be controlled from the
board for pumping tanks after correct valve alignment has been obtained by hand-
switch operation. Each operating pump and each valve not fully closed is indicated
in the semigraphic display by a red light.

The Radwaste Discharge line is continuously monitored for gross radioactivity by a
monitor of the process radiation monitoring system (see Subsection 7.7.14.3). In
case of radioactivity levels higher than a preset level, the discharge is automatically
stopped, and simultaneous annunciation occurs in the main control room and on the

LRCP.
Tank level control is discussed in Subsection 11.2.1.10.

11.2.3 Radioactive Releases

11.2.3.1 Criteria for Recycling

Liquid waste processing results in two streams, a product stream and a reject
stream. In all cases the reject, or dirty, stream is processed for disposal in the solid
radwaste system. The product, or clean, stream is returned to the primary cycle via
the cycled condensate return tanks providing the water quality is acceptable and
the plant has a makeup water requirement. New or nonradioactive water addition
to the system would result in a discharge of radioactive water of equal volume (con-
sidering the plant radioactive water inventory as a "control volume").

11.2.3.2 Release Assumptions

The expected annual release of 0.051 Ci/year per reactor was the result of several
assumptions. To assure a conservative approach, it was assumed that all chemical
waste would be discharged after treatment. This was primarily regenerant
chemicals from the condensate and radwaste demineralizers. (Note that bead resin
1s no longer regenerated.)

The following information is taken from the equipment vendor:
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a. condensate demineralizers: (note the resin is no longer
regenerated)

1. 14 condensate polishers (7 per unit);
2. 60-day regeneration cycle;

12,400 gallons of chemical regenerants at 2% solids by
weight; and

4. 20,000 gallons of low conductivity backwash (to
equipment drains, not to chemical waste).

b. radwaste demineralizers: (note the resin is no longer
regenerated)

1 two demineralizers (1 per unit);

2 7-day regeneration cycle;

3. 12,400 gallons chemical regenerants/cycle; and
4

20,000 gallons of low conductivity backwash per cycle (to
equipment drains, not to chemical waste).

Evaporator and demineralizer decontamination factors (DF's) are presented in
Table 11.2-7.

11.2.3.3 Total Releases - Comparison with 10 CFR 20 Limits

Calculated annual releases of radionuclides are given in Table 11.2-1. Liquid waste
is discharged into the cooling lake blowdown line; the resulting mixture of liquid
radwaste and cooling lake blowdown is subsequently discharged into the Illinois
River as shown in Drawing No. M-2. The cooling lake blowdown flow ranges to a
maximum of 81,000 gpm depending on cooling lake conditions. The average lake
blowdown on an annual basis is 30,000 gpm. Liquid radwaste discharge rate ranges
from 30 gpm to a calculated maximum of 90 gpm. Table 11.2-1 lists effluent
concentrations prior to discharge in the river after dilution based on 90 gpm
radwaste discharge and 30,000 gpm lake blowdown. These are well below 10 CFR
20 Table II, Column 2 limits also listed in Table 11.2-1.

11.2.3.4 Radiological Dose Assessment - Comparison with Appendix I Guidelines

Expected annual average radiological doses associated with radionuclides released
in liquid effluents have been estimated for areas beyond the restricted area
boundary. The annual releases given in Table 11.2-1 were assumed for calculation
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of the average annual doses. Other assumptions are listed in Table 11.2-8. The
resulting annual doses are listed in Table 11.2-2 and are well below the design
objectives of Appendix I to 10 CFR 50.

An alternate calculation of releases and dose assessment was made to demonstrate
compliance to Appendix I and submitted to the NRC for review (Reference 1). This
submittal, as requested by the NRC, utilized assumptions of Reference 2 and the

BWR-GALE code. There are some differences between the UFSAR and the
Reference 1 transmittal due to the following:

a.

Differences in initial coolant activities. (The present analysis used
design basis coolant activities; Reference 1 utilized Reference 2 and
draft ANS standard data.)

Differences in analytic modeling of the radwaste system. (The BWR-
GALE code utilized in Reference 1 is limited to three process streams.
The user must input single "effective" holdup times and total
decontamination factors descriptive of the complete system. The
present analysis considered all of the separate processing paths and
separate equipment. The present modeling is considered to be much
more representative of the LSCS liquid radwaste system.)

Differences in discharge fraction. (The present analysis assumed 100%
discharge of the chemical waste stream and 100% recycle of the
remaining streams: Reference 1 assumed 1% discharge of the high
purity stream and 10% discharge of all other streams.)

Additional release to account for "anticipated operational occurrences."
(Reference 1 included an additional 0.15 Ci/year release to account for
anticipated operational occurrences as per the guidance of Section
2.2.20.1 of Reference 2. It should be noted that before the additional
0.15 Ci/year is added, the total curie release reported in Table 11.2-1 is
similar to that of Reference 2 in spite of the differences in the
assumptions.)

The doses calculated using the NRC models and reported in Reference 1 are also
below the design objectives of Appendix I to 10 CFR 50.

11.2.4 References

1.

"Information Relevant to Keeping Levels of Radioactivity in Effluents
to Unrestricted Areas as Low as Reasonably Achievable" (filed in
accordance with Section V.B. of 10 CFR 50, Appendix I), LaSalle
County Station, Units 1 and 2, June 4, 1976.
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"Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Boiling Water Reactors (BWR-GALE Code)," NUREG-
0016, April 1976.
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TABLE 11.2-1
(Sheet 1 of 2)

EXPECTED RELEASES OF RADIOACTIVE MATERIALS FROM NORMAL OPERATIONS
AND OPERATIONAL OCCURRENCES COMPARED TO 10 CFR 20 LIMITS (f)

ANNUAL CONCENTRATION IN
DISCHARGE BLOWDOWN
NORMAL LINE BASED ON 30,000 MAX PERMISSIBLE
OPERATIONS (Ci/yr gpm LAKE CONCENTRATION
NUCLIDE PER REACTOR) (a)’ BLOWDOWN (uCi/cm®) (uCi/em® ) (b)
NA 24 7.4-07 (c) 1.4-12 3-05
P32 3.5-07 6.4-13 2-05
CR 51 3.5-04 6.4-10 2-03
MN 54 5.2-05 9.1-11 1-04
MN 56 7.0-06 1.3-11 1-04
CO 58 5.2-03 9.2-09 9-05
FE 59 7.2-05 1.3-10 5-05
CO 60 6.9-04 1.3-09 3-05
NI 65 5.1-08 7.6-14 1-04
ZN 65 1.0-07 1.9-13 1-04
ZN 69M 9.5-09 1.7-14 6-05
ZN 69 1.0-08 1.9-14 2-03
BR 83 1.4-06 2.6-12 3-06
BR 84 2.4-08 4.4-14 (d)
BR 85 4.8-12 8.8-18 (d)
SR 89 1.2-04 2.2-10 3-06
Y 89M 1.2-08 22-14 (d)
SR 90 1.3-05 2.4-11 3-07
Y 90 1.2-05 22-11 2-05
SR 91 1.1-05 2.0-11 5-05
Y 91 1.9-05 1.3-10 3-05
SR 92 7.1-07 1.3-12 6-05
Y 92 2.6-06 4.8-12 6-05
ZR 95 4.1-05 7.4-11 6-05
NB 95M 7.7-07 1.4-12 3-06
NB 95 5.2-05 9.6-11 1-04
ZR 97 3.7-07 6.8-13 2-05
NB 97M 3.7-07 6.8-13 (e)
NB 97 3.9-07 4.2-13 9-04
MO 99 1.7-03 3.0-09 4-05
TC 99M 1.0-03 1.9-09 3-03
TC 99 7.6-11 1.4-16 2-04
TC 101 4.5-10 8.4-16 (d)
RU 103 1.6-05 3.0-11 8-05
RH 103M 1.6-05 3.0-11 1-03
RU 106 3.4-06 6.2-12 1-05
RH 106 3.4-06 6.2-12 (e)
AG 110M 7.7-05 1.4-10 3-05
AG 110 1.0-06 1.8-12 (d)
TE 129M 1.3-06 2.4-12 2-05
TE 129 8.1-07 1.5-12 8-04
1129 5.1-14 9.4-20 8-04

e Notesa, b, c, d, and e, and f are found on the last page of this table.
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TABLE 11.2-1
(Sheet 2 of 2)
ANNUAL CONCENTRATION IN
DISCHARGE BLOWDOWN MAX
NORMAL LINE BASED ON 30,000 gpm | PERMISSIBLE
OPERATIONS (Ci/yr LAKE BLOWDOWN CONCENTRATION
NUCLIDE PER REACTOR) © (uCi/em’) (uCi/em® ) (b)

1131 2.6-02 4.8-08 3-07
TE 132 1.8-04 3.2-10 2-05
1132 3.4-04 6.2-10 8-06
1133 1.1-02 2.0-08 1-06
1134 9.9-06 1.8-11 2-05
CS 134 7.8-05 1.4-10 9-06
1135 1.9-03 3.4-09 4-06
CS 136 1.6-05 2.8-11 6-05
CS 137 1.2-04 2.2-10 2-05
BA 137M 1.1-04 2.0-10 (d)
CS 138 7.9-08 1.5-13 (d)
BA 139 1.4-07 2.6-13 (d)
BA 140 1.4-04 2.6-10 2-05
LA 140 1.5-04 2.6-10 2-05
BA 141 1.2-09 2.2-15 (e)
LA 141 2.6-07 4.6-13 2-05
CE 141 1.3-04 2.4-10 9-05
BA 142 2.5-10 4.4-16 (d)
LA 142 2.7-08 5.0-14 (d)
CE 143 1.1-06 2.0-12 4-05
PR 143 1.7-05 3.2-11 5-05
CE 144 4.5-05 8.2-11 1-05
PR 144 4.5-05 8.2-11 (d)
ND 147 4.8-06 8.8-12 6-05
PM 147 1.7-07 3.0-13 2-04
W 187 5.9-05 1.1-10 6-05
NP 239 6.0-04 1.1-9 1-04

TOTALS 5.1-02 9.2-08
H-3 8.2-00(e) 1.5-05(e) 3-03

@ Based on assumptions given in Subsection 11.2.3.2.

® From 10 CFR 20, Table II, Column 2.

© 7.4-07 means 7.4 x 10-7.

@ Half-life less than 2 hours.

© At equilibrium.

® Table 11.2-1 is not intended to contain limits for the radionuclides or imply that all the
listed radionuclides must be present in the given proportions.
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TABLE 11.2-2

RADIOLOGICAL DOSE TO INDIVIDUAL AT OR

BEYOND THE SITE BOUNDARY™

ANNUAL DOSES, mrem/vr PER UNIT

ORGAN:
TOTAL SKIN GI-LLI THYROID BONE
BODY
APPENDIX I, 10 CFR 3 10 10 10 10
50 DESIGN
OBJECTIVE
ANNUAL DOSE AT
LSCS DUE TO:
Drinking water 5.4 x 105 6.1 x 105 2.6 x 103 8.3 x 106
Eating fish 6.6 x 104 9.3 x 10+ 1.4x 102 5.4 x 104
Shoreline activities 1.5x10° 1.8x 10° 1.5x 105 1.5x10° 1.5x10°
Swimming 1.1x 106 1.5x 106 1.1x 106 1.1x 106 1.1x 106
Boating 2.6 x 106 3.5x 106 2.6 x 106 2.6 x 106 2.6 x 106

e Principal assumptions are listed in Table 11.2-8.

TABLE 11.2-2
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TABLE 11.2-3
(Sheet 1 of 2)

LIQUID RADWASTE SYSTEM COMPONENTS AND DESIGN PARAMETERS

1. TANKS
CAPACITY
NUMBER DESCRIPTION (gal)
2 Waste collector I1WEO1T, 2WEO1T) 30,000
2 Waste surge (1WEO2T, 2WEO2T) 50,000
3 Waste sample (1, 2WEO3T, OWEO1T) 30,000
2 Discharge (1, 2WFO5T) 25,000
2 Floor drain collector AIWFO1T, 2WFO1T) 25,000
2 Waste flocculation (1IWEO4T, 2WEO4T) 25,000
4 Floor drain concentrator feed (1WFO3TA, B; 2WFO3TA, B) 25,000
2 Floor drain head (1IWFO4T, 2WFO04T) 5,000
2 Chemical waste collector (1IWZO1T, 2WZO1T) 36,000
2 Chemical waste processing (1IWZO2T, 2WZO2T) 25,000
1 Chemical waste head (OWZO1T)* 5,000
2 Laundry drain collector (OWYO1TA, B)* 1,000
1 Laundry sample (OWYO2T)* 1,000
4 Phase separator (1, 2WXO1TA, B) 6,900
2 Concentrated waste (OWXO7TA, B)* (abandoned-in-place) 5,000
1 Spent resin (OWXO3T)* 15,000
1 Waste sludge (OWXO1T)* 15,000
1 URC sludge (OWXO2T)* 15,000
II. FILTERS AND DEMINERALIZERS
FLOW
NUMBER DESCRIPTION (gal/min)

2 Waste filter 1WEO1F, 2WEO1F) 300

2 Waste demineralizers (1IWEO1D, 2WEO1D) 300

2 Floor drain demineralizers (1WFO1D, 2WFO1D) 75

1 Chemical waste demineralizer (OWZO1D)* 75

" Asterisk indicates equipment common to Units 1 and 2.
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TABLE 11.2-3
(Sheet 2 of 2)

ITI. CONCENTRATORS

FLOW STEAM
NUMBER DESCRIPTION (gal/min) | REQUIRED (Ib/hr)
1 Chemical waste concentrator 30 21,000
(OWZ01S)* (abandoned-in-place) |
2 Floor drain concentrator (1IWFO01S, 30 21,000
2WF01S) (abandoned-in-place) |
IV. LAUNDRY
NUMBER DESCRIPTION FLOW (gal/min)
1 Laundry (OWYO2F)* 4.0

* Asterisk indicates equipment common to Units 1 and 2.
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TABLE 11.2-4

DESIGN-BASIS INFLUENT RADIOACTIVITY CONCENTRATIONS IN LIQUID WASTE

PROCESSING STREAMS AND COMPARISON TO REACTOR WATER ACTIVITY

CHEMICAL WASTE EQUIPMENT FLOOR DRAIN LAUNDRY
ISOTOPE (uCi/em?) DRAIN (uCi/cm?) (uCi/em?) (uCi/em?)
N-12 0o 0o 0o 0o
N-16 00 00 00 00
N-17 0o 0o 0o 0o
0-19 0o 0o 0o 0o
F-18 00 00 00 00
Na-24 10-03 2 0-03 6 2-04 0o
P-22 2.92-04 2 0-08 A 2-06 0o
Cr-51 4 5-03 50-04 16-04 00
Mn-54 6 3-04 4 0-05 192-05 15-08
Mn-5A 2 2-013 5 0-02 1R-02 0o
Co-58 6 4-02 5 0-03 16A-03 R4-06
Fe-59 R9-04 R N-05 2 5-08 0o
Co-60 R4.03 50-04 1AR-04 1 23.05
Ni-R5 1 3-05 20-04 9 3.05 00
7n-RHK 6 2-05 2 0-06 6 2-07 0o
7n-AOm 14.058 20-08 9 3.06 0o
Rr-R2 192.02 15.02 4 A-N3 non
Rr-84 4 9-04 2 7-02 R 3-03 0o
Rr-R5 292.08 17-02 592.083 0o
Svr-RQ 7 2-02 21.013 9 A.04 non
Sr-90 7 -03 2 3-04 71-08 0o
Sr-91 2 3-02 A 9-02 2.1-02 0o
Svy.992 10-02 11.01 24.02 non
7r-95 10-02 4 0-05 192-05 2 0-06
Nh-95 A 4-04 4 205 1 23.0R8 2 9-06
Zr-Q7 9 3.0A 292.08 9 9.0A non
Man-99 2 5-02 2 2-02 6 R-03 0o
Te-9Om 79-02 2 K01 R 7-02 0o
Te-QQ 4 2.0 non non non
Te-101 11-03 14-01 4 3-02 0o
Ru1-102 2 0-04 19.05 5 9.06 2 0-07
Rui-10A 4 2.05 2 A-0A R1.07 2 K5.08
Ao-110m 94-04 6 0-05 19-05 6 4-07
Te-129m 7 .04 4 0-05 19208 0o
1-121 R K.01 12.02 4 0.0 non
Te-132 1 3-01 4 9-02 15-02 0o
1.129 2 2-01 19201 27-02 0o
1133 A 2-01 R9.02 2 R.02 non
1134 71-02 2.4-01 7 4-02 0o
Cs-134 4 .03 1AR-04 5 0-08 19.05
1.135 20-01 1 2.01 4 0-02 non
Cs-13A 10-03 11-04 24-05 0o
Cs-137 7 3-03 2.4.04 7 4-.08 2 K.08
(Ca-138 22.013 19.01 59.02 non
Ra-139 7 5-03 1A6-01 5 0-02 0o
Ra-140 9 0-02 9 0-03 2 K.03 0o
Ra-141 1R.N2 17.01 5 3.02 non
Ce-141 1A-03 29-05 192-05 0o
Ra-149 11.08 17.01 5 3-02 0o
Ce-143 2. 0-05 25.05 11-05 00
Pr-143 2 2-04 2R.05 192-05 0o
Ce-144 5 5.04 2 K.08 11.05 7 3-068
Nd-147 6 2-05 14-05 4 3-08 00
W.187 192-03 20-03 9 3-04 0o
Nn-229 4 A-01 2.4-01 74-02 0o
Equivalent Not a direct fraction. 1.00% 0.31%% Not a direct
fraction of Calculated values based on ’ ’ fraction.
reactor water assumptions stated in
Subsection 11.2.3.2.

Basis given in Subsection 11.2.1.7.7.

Draft ALARA Regulatory Guide gives range of 0.01 to 1.00 for influent streams. NEDO-10951:
Releases from BWR Radwaste Management systems (GE) gives 0.00017 to 0.30 as a range. General
Electric Standard Safety Analysis Report gives 0.009 to 0.365 as a range. The 0.31 value is a weighted
average from these references.
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TABLE 11.2-5
(Sheet 1 of 8)
EXPECTED INVENTORIES IN LIQUID RADWASTE SYSTEM COMPONENTS
INVENTORY SUMMARY (CURIES)

ISOTOPE  WASTE WASTE SURGE WASTE WASTE WASTE FLOOR FLOOR DRAIN
NAME COLLECTION TANK TANK FLOCCULATION TANK DEMINERALIZER FILTER DRAIN TANK EVAPORATOR * |
N 13 2.180-02 3.796-02 4.647-04 9.688-04 0.000 1.506-02 2.228-06
N 16 1.308-01 2.279-01 2.789-03 5.816-03 0.000 9.043-02 4.104-07
N 17 2.272-05 3.957-05 4.844-07 1.010-06 0.000 1.570-05 4.158-11
F 18 2.384-02 4.164-02 5.097-04 1.061-03 0.000 1.651-02 3.749-06
0 19 1.847-02 3.217-02 3.938-04 8.210-04 0.000 1.277-02 2.210-07
NA 24 5.031-02 1.525-01 1.751-03 1.376-01 4.022-03 3.931-02 3.123-04
P 32 6.937-04 3.611-03 3.634-05 2.215-02 1.348-03 5.760-04 4.606-06
CR 51 1.748-02 9.239-02 9.258-04 3.280-02 1.311+00 1.453-02 1.162-04
MN 54 1.408-03 7.560-03 7.544-05 2.980-03 1.332-01 1.173-03 9.383-06
MN 56 4.146-01 7.333-01 8.976-03 9.699-03 1.023-01 2.891-01 2.223-03
CO 58 1.756-01 9.379-01 9.373-03 3.571-01 1.536+01 1.462-01 1.169-03
FE 59 2.805-03 1.492-02 1.493-04 5.534-03 2.315-01 2.334-03 1.867-05
CO 60 1.762-02 9.468-02 9.445-04 3.767-02 1.700+00 1.467-02 1.174-04
NI 65 2.473-03 4.373-03 5.352-05 5.757-05 6.065-04 1.724-03 1.326-05
IN 65 7.041-05 3.778-04 3.770-06 2.851-03 2.142-04 5.864-05 4.690-07
IZN 69M 7.327-04 2.140-03 2.475-05 1.802-03 5.159-05 5.697-04 4.523-06
IN 69 6.871-04 2.124-03 2.445-05 1.918-03 5.512-05 5.428-04 4.360-06
BR 83 1.167-01 2.055-01 2.516-03 4.465-02 8.672-04 8.119-02 6.226-04
KR 83M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

BR 84 4.681-02 8.153-02 9.980-04 5.506-03 7.581-05 3.235-02 2.164-04
BR 85 2.783-03 4.847-03 5.932-05 1.396-04 4.254-07 1.923-03 5.005-06
KR 85M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KR 85 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SR 89 1.088-01 5.794-01 5.795-03 4.163+00 2.967-01 9.052-02 7.240-04
Y 89M 1.087-05 5.794-05 5.794-07 4.163-04 2.967-05 9.049-06 7.240-08
SR 90 8.104-03 4.356-02 4.346-04 3.330-01 2.539-02 6.750-03 5.400-05
Y 90M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Y 90 6.458-04 9.596-03 8.038-05 2.342-01 2.161-02 6.413-04 5.209-06
SR 91 1.466+00 3.679+00 4.370-02 2.384+00 6.240-02 1.114+00 8.819-03
Y 91M 8.209-01 2.153+00 2.550-02 1.512+00 3.977-02 6.323-01 5.071-03
Y 91 6.120-03 6.255-02 5.752-04 6.284-01 4.591-02 5.855-03 4.747-05
SR 92 9.567-01 1.698+00 2.079-02 4.084-01 8.073-03 6.683-01 5.149-03
Y 92 8.371-01 1.698+00 2.075-02 8.452-01 1.859-02 6.191-01 4.958-03
ZR 95 1.405-03 7.497-03 7.493-05 2.842-03 1.217-01 1.169-03 9.352-06
NB 95M 1.619-06 2.468-05 2.053-07 3.466-05 1.943-03 1.612-06 1.310-08
NB 95 1.479-03 7.945-03 7.927-05 3.139-03 1.400-01 1.232-03 9.856-06
ZR 97 8.355-04 2.664-03 3.026-05 1.402-04 2.459-03 6.571-04 5.225-06
NB 97M 8.321-04 2.655-03 3.016-05 1.399-04 2.454-03 6.546-04 5.213-06
NB 97 7.631-04 2.630-03 2.967-05 1.491-04 2.631-03 6.132-04 4.931-06
MO 99 7.160-01 3.284+00 3.419-02 5.166-01 1.184+01 5.870-01 4.688-03
TC 99M 4.922+00 1.196+01 1.398-01 5.426+00 1.046+01 3.669+00 2.892-02
TC 99 1.816-08 1.650-07 1.528-09 1.516-06 1.799-06 1.686-08 1.366-10
TC 101 1.069-01 1.862-01 2.280-03 8.123-03 7.629-05 7.390-02 4.093-04
RU 103 6.657-04 3.537-03 3.539-05 1.299-03 5.376-02 5.539-04 4.430-06
RH 103H 6.074-04 3.437-03 3.417-05 1.299-03 5.381-02 5.137-04 4.141-06
RU 106 9.156-05 4.916-04 4.905-04 1.942-04 8.694-03 7.626-05 6.100-07
RH 106M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

RH 106 9.148-05 4.914-04 4.904-06 1.942-04 8.694-03 7.621-05 6.100-07
AG 110M 2.112-03 1.133-02 1.131-04 4.459-03 1.988-01 1.759-03 1.407-05

* Abandoned-in-place TABLE 11.2-5 REV 15, APRIL 2004 [
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.473-04
.424-03
.591-03
.998-13
.262+00

.558+00
.698+00
.463+00

.185+00
.028-02
.930+00

.976-02
.546-02
.245-02
.802-01
.257+00
.616+00
.249-01
.903-01
.902-01
.769-02
.775-01
.775-01
.178-03
.082-03
.614-03
.556-03
.493-03
.844-06
.067-01
.435+01

ISOTOPE  WASTE

NAME COLLECTION TANK TANK
AG110 2.744-05 1
TE129M 1.400-03 7
TE129 8.010-04 4

I 129 4.450-14 7

I 131 4.455-01 2
XEL131M 0.000 0.000
TE132 1.613+00 7

I 132 2.179+00 8

I 133 2.453+00 8
XE133M 0.000 0.000
XE133 0.000 0.000
I 134 6.804-01 1
CS134 5.636-03 3

[ 135 2.279+00 4
XE135M 0.000 0.000
XE135 0.000 0.000
CS135 0.000 0.000
CS136 3.810-03 1
CS137 8.456-03 4
BA137M 7.877-03 4
CS138 3.331-01 5
BA139 7.215-01 1
BA140 3.116-01 1
LA140 3.850-02 5
BAl41 1.666-01 2
LA141 1.553-01 2
CE141 2.798-03 1
BAl42 1.019-01 1
LAL42 1.018-01 1
CE143 1.052-03 4
PR143 1.335-03 7
CE144 1.232-03 6
PR144 1.199-03 6
ND147 4.835-04 2
PM147 1.143-07 1

W 187 8.507-02 3
NP239 7.698+00 3
TOTAL = 3.040+01 1

* Abandoned-in-place

.009+02

WASTE
FLOCCULATION TANK

LSCS-UFSAR
TABLE 11.2-5

(Sheet 2 of 8)

WWHF NOOONPEAPNONNRFR, WWPREARPRPP NP OOOOOUUITWRFRFROOWOVWWOUNOMNO &
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.470-06
.434-05
.559-05
.439-15
.292-02
.000

.823-02
.174-02
.448-02
.000

.000

.451-02
.021-04
.971-02
.000

.000

.000

.991-04
.535-04
.234-04
.101-03
.539-02
.628-02
.497-03
.553-03
.549-03
.737-04
.172-03
.172-03
.511-05
.097-05
.600-05
.530-05
.515-05
.511-08
.389-03
.601-01

.106+00

TABLE 11.2-5

INVENTORY SUMMARY (CURIES)

WASTE

DEMINERALIZER

OMN WM WMND NN PP OO WNWRFROOOMNMNPFP,OOWOUMNMNORF WWwWOo ol

~nY

.797-05
.163-02
.307-02
.425-11
.186+01
.000

.526+01
.622+01
.960+00
.000

.000

.122-01
.096-01
.443+00
.000

.000

.000

.079-01
.160-01
.955-01
.718-02
.710-01
.673+00
.432+00
.421-02
.011-01
.349-02
.021-03
.895-02
.762-04
.348-03
.606-03
.605-03
.516-04
.538-06
.112-02
.113+01

.037+02

WASTE
FILTER

FLOOR

DRAIN TANK

FLOOR DRAIN

WWMN MNP PP ONOOTOINDMNNDF, IO WO NN NOOODOUITRP,R P OO WR PO RN WN

o1

.584-03
.556-03
.279-03
.702-12
.299-01
.000

.020+00
.055+00
.118-01
.000

.000

.802-03
.750-02
.798-02
.000

.000

.000

.083-03
.650-02
LA477-02
.454-04
.042-03
.754-01
.681-01
.526-04
.135-03
.610-01
.705-05
.344-04
.473-03
.450-02
.163-01
.163-01
.567-02
.556-04
.968-01
.391+00

.097+01

OO, PP PP PO NNNNRFRP P ONDNPENOOINWOOORPEEPNOOR PR OWROOFN

S}

.286-05
.165-03
.799-04
.559-14
.690-01
.000

.325+00
.725+00
.948+00
.000

.000

.702-01
.694-03
.686+00
.000

.000

.000

.162-03
.044-03
.565-03
.302-01
.988-01
.586-01
.789-02
.152-01
.107-01
.427-03
.042-02
.041-02
.493-04
.111-03
.026-03
.004-03
.011-04
.145-07
.792-02
.292+00

.354+01

EVAPORATOR * |

.829-07
.316-06
.482-06
.705-16
.948-03
.000

.058-02
.365-02
.550-02
.000

.000

.356-03
.755-05
.327-02
.000

.000

.000

.529-05
.635-05
.264-05
.543-03
.711-03
.068-03
.076-04
.844-04
.805-04
.953-05
.597-04
.503-04
.772-06
.888-06
.209-06
.076-06
.207-06
.303-10
.409-04
.024-02

CITOTOWOWWOWONTTWHFODDWMN W OITUINOOORWWOOR P EFOMNWOU O

[

.842-01
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ISOTOPE
NAME

N 13
N 16
N 17
F 18
0 19
NA 24
p 32
CR 51
MN 54
MN 56
CO 58
FE 59
CO 60
NI 65
IN 65
IN 69M
IN 69
BR 83
KR 83M
BR 84
BR 85
KR 85M
KR 85
SR 89
Y 89M
SR 90
Y 90M
Y 90
SR 91
Y 91IM
Y 91
SR 92
Y 92
ZR 95
NB 95M
NB 95
IR 97
NB 97M
NB 97
MO 99
TC 99M
TC 99
TC 101
RU 103
RH 103M
RU 106
RH 106M
RH 106
AG 110M

FLOOR

SAMPLE TANK

WHRORRFPRPRPPFPWOR PPN O PR ORRPRPRPRPOONRFR,OOR P FEFNWRERWWNDNDRE NN

.877-04
.352-05
.359-09
.758-03
.702-06
.411-07
.184-08
.993-07
.420-08
.660-06
.014-06
.810-08
.028-07
.177-08
.210-09
.065-08
.098-08
.966-07
.000

.275-07
.196-10
.000

.000

.866-06
.866-10
.393-07
.000

.605-08
.001-05
.235-05
.416-07
.651-06
.189-05
.411-08
.009-11
.542-08
.252-08
.249-08
.272-08
.187-05
.275-05
.989-13
.290-07
.141-08
.115-08
.573-09
.000

.573-09
.629-08

FLOOR MIXED-BED
DEMINERALIZER

NOODOWOCTOTF ONRFEEBEDERPRLPNORFRLPNOWENIRFRLORFRNNMNODOWMNOWOWOTUIFREFERFENRFRRRRFREORRNDOOREEBREO

.193-06
.463-07
.486-11
.800-05
.542-07
.148-06
.333-07
.466-05
.471-06
.882-06
.703-04
.575-04
.876-05
.113-08
.448-07
.453-08
.840-08
.201-07
.000

.923-08
.708-11
.000

.000

.016-04
.016-08
.714-05
.000

.424-05
.226-05
.624-05
.096-05
.964-06
.461-05
.350-06
.091-08
.547-06
.026-08
.018-08
.315-08
.479-04
.701-04
.461-11
.541-08
.987-07
.992-07
.603-08
.000

.603-08
.196-06

FLOOR CONCENTRATOR
SAMPLE TANK

OO O, OO0, NP, PO, PP OR PP OORFRNOOR ORFRLRORNRFRERFR PP RO OO

1

LSCS-UFSAR
TABLE 11.2-5
(Sheet 3 of 8)

INVENTORY SUMMARY (CURIES)

.169-05
.011-08
.884-13
.356-04
.323-08
.986-09
.217-10
.541-07
.248-08
.159-06
.554-06
.478-08
.562-07
.872-09
.248-11
.956-11
.054-10
.117-09
.000

.514-10
.346-13
.000

.000

.923-08
.923-12
.437-09
.000

.941-10
.796-07
.138-07
.652-09
.599-08
.048-07
.242-08
L414-11
.311-08
.962-09
.950-09
.266-09
.997-06
.566-06
.642-15
.127-10
.879-09
.839-09
.116-10
.000

.116-10
.872-08
TABLE 11.2-5

CONDENSATE
POLISHER

PP ORFRP OOV WRFEBREPERENNPEPNONPEPRPOOORFR,WOWWWLWOOMNPRPORFROOOONOCTWPRERANDNOMNMNREF, PRROOOOO

.000

.000

.000

.000

.000

.647-02
.002-02
.000-01
.883-02
.996-02
.920+00
.027-02
.815-01
.961-04
.835-03
.373-04
.370-04
.117+00
.000

.467-01
.913-02
.000

.000

.289+00
.289-04
.537-01
.000

.311-01
.031+00
.051-01
.191-01
.615-01
.606-01
.279-02
.246-04
.919-02
.216-04
.201-04
.214-04
.139+00
.591+00
.959-06
.168-02
.064-03
.059-03
.896-03
.000

.896-03
.268-02

CHEMICAL WASTE
COLLECTION TANK

OO OO OO WHFWORFWWMNWMNPEEPROONOMNODWMNMNOODOWODWOWUITUINOOODODODODOWPRROOOoOOoOo

.000
.000
.000
.000
.000
.153-02
.996-03
.000
.000
.000
.000
.000
.000
.000
.546-03
.693-04
.719-04
.735-01
.000
.510-01
.548-03
.000
.000
.953+00
.953-04
.176-01
.000
.975-01
.189-01
.431-01
.662-01
.035-01
.135-01
.046-02
.146-07
.477-06
.770-04
.327-04
.755-05
.000
.186+00
.759-06
.459-02
.000
.000
.000
.000
.000
.000
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ISOTOPE
NAME

AG110
TE129M
TE129
I 129
I 131
XE131M
TE132
I 132
[ 133
XE133M
XE133
I 134
CS134
I 135
XE135M
XE135
CS135
CS136
CS137
BA137M
CS138
BA139
BA140
LA140
BAl41
LA141
CE141
BAl42
LA142
CE143
PR143
CE144
PR144
ND147
PM147
W 187
NP239

TOTAL =

FLOOR
SAMPLE
TANK

.718-10
.399-08
.486-08
.624-18
.561-05
.000

.686-05
.185-04
.768-04
.000

.000

.921-05
.686-08
.852-04
.000

.000

.000

.497-08
.454-07
.360-07
.173-07
.449-06
.313-06
.343-07
.581-07
.758-06
.340-08
.650-08
.521-07
.681-08
.291-08
.117-08
.113-08
.234-09
.860-12
.324-06
.267-04

P RPN OMNMNDNEFENOOTRFENOOOPRORRFPOOOOOMNONOODWMNMNO NWOWRFMN D™

w

.261-03

FLOOR

MIXED-BED
DEMINERALIZER

NI OFRPOWNWWWNR, PP, RROOONRFR P OONWONO ™D EL NN

—_

.855-08
.426-06
.554-06
.073-15
.445-03
.000

.661-04
.580-04
.942-03
.000

.000

.034-05
.074-05
.172-04
.000

.000

.000

.469-06
.626-05
.520-05
.957-07
.418-06
.995-04
.825-04
.715-08
.620-06
.582-06
.730-09
.582-07
.043-07
.555-07
.285-06
.285-06
.927-07
.712-09
.950-06
.644-03

.446-02

LSCS-UFSAR

TABLE 11.2-5
(Sheet 4 of 8)

INVENTORY SUMMARY (CURIES)

FLOOR
CONCENTRATOR
SAMPLE TANK

.434-10
.472-10
.564-10
.016-19
.746-07
.000

.723-07
.427-06
.643-06
.000

.000

.075-08
.993-09
.413-06
.000

.000

.000

.674-09
.500-08
.384-08
.827-08
.984-08
.458-08
.115-08
.892-10
.313-08
.752-08
.612-11
.652-09
.321-09
.180-08
.092-08
.092-08
.226-09
.731-12
.448-07
.276-06

P OR R RPRPPRPOWONRFENNRFROORRFRPRPRP PR OOOO0OOMNOVO0OOWRNONRF NN

e}

.693-04

TABLE 11.2-5

CONDENSATE
POLISHER

NDOCTOMNDNINOOPREREINOPREPWR WWPRPROODOMNMNOOOOUTF CITO NEFEMNWOG

no

.548-04
.556-02
.275-02
.424-10
.724+01
.000

.910+00
.445+01
.778+01
.000

.000

.468+00
.161-01
.695+01
.000

.000

.000

.574-02
.326-01
.110-01
.433-01
.423-01
.102+00
.077+00
.014-02
.872-02
.337-02
.955-02
.813-02
.935-04
.980-03
.511-02
.511-02
.817-03
.112-05
.541-02
.093+01

.371+02

CHEMICAL WASTE
COLLECTION TANK

DO OO OO OO P WA NUITITWWNOOOODODOONFL,UITOOUIRFR, OO RFMNWO

—

.000
.193-02
.043-02
.279-10
.933+01
.000
.302+00
.274+01
.171+01
.000
.000
.349+00
.940-01
.394+01
.000
.000
.000
.000
.000
.000
.000
.918-01
.683+00
.661+00
.708-02
.052-02
.452-06
.077-02
.283-02
.000
.000
.000
.000
.000
.000
.000
.000

.874+02
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LSCS-UFSAR

TABLE 11.2-5
(Sheet 5 of 8)
INVENTORY SUMMARY (CURIES)

ISOTOPE CHEMICAL WASTE CHEMICAL WASTE CHEMICAL WASTE WASTE SAMPLE RWCU FILTER/ RWCU PHASE FUEL

NAME EVAPORATOR * SAMPLE TANK DEMINERALIZER TANK DEMINERALIZER SEPARATOR POOL F/D
N 13 0.000 0.000 0.000 1.839-04 0.000 0.000 0.000

N 16 0.000 0.000 0.000 1.325-05 0.000 0.000 0.000

N 17 0.000 0.000 0.000 1.332-09 0.000 0.000 0.000

F 18 0.000 0.000 0.000 2.208-03 0.000 0.000 0.000

0 19 0.000 0.000 0.000 7.547-06 0.000 0.000 0.000

NA 24 6.747-04 1.277-06 7.969-07 3.157-04 1.197+00 2.395+00 6.752-03
P 32 1.497-04 3.705-07 2.858-07 9.527-06 7.869-02 5.469-01 5.918-04
CR 51 0.000 0.000 0.000 1.263-03 2.129+00 2.628+01 1.652-02
MN 54 0.000 0.000 0.000 1.039-04 1.841-01 7.823+00 1.477-03
MN 56 0.000 0.000 0.000 2.714-03 5.098+00 1.020+01 2.891-02
CO 58 0.000 0.000 0.000 1.287-02 2.242+01 5.624+02 1.779-01
FE 59 0.000 0.000 0.000 2.045-04 3.519-01 6.454-00 2.768-03
CO0 60 0.000 0.000 0.000 1.302-03 2.317+00 1.155+02 1.864-02
NI 65 0.000 0.000 0.000 1.609-05 3.040-02 6.080-02 1.724-04
IN 65 4.242-05 1.062-07 8.275-08 1.008-06 9.188-03 3.741-01 7.363-05
IN 69M 9.228-06 1.704-08 1.043-08 4.329-06 1.641-02 3.284-02 9.260-05
IN 69 9.443-06 1.814-08 1.118-08 4.603-06 1.644-02 3.288-02 9.260-05
BR 83 1.398-02 9.879-06 2.635-06 1.384-04 1.428+00 2.856-00 8.103-02
KR 83M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

BR 84 3.385-03 7.991-07 6.960-08 1.220-05 5.523-01 1.105-00 3.214-02
BR 85 1.634-05 1.837-09 7.000-11 6.846-08 2.400-02 4.799-02 1.911-03
KR 85M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KR 85 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SR 89 4.920-02 1.229-04 9.549-05 1.543-03 1.373+01 2.804+02 1.084-00
Y 89M 4.920-06 1.229-08 9.550-09 1.543-07 1.373-03 2.804-02 1.084-04
SR 90 5.293-03 1.327-05 1.034-05 1.164-04 1.067+00 5.455+01 8.585-02
Y 90M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Y 90 4.960-03 1.249-05 9.766-06 3.124-05 5.759-01 5.339+01 5.529-02
SR 91 1.473-02 2.420-05 1.347-05 6.637-03 2.655+01 5.310+01 1.498+00
Y 9IM 8.922-03 1.538-05 8.633-06 4.214-03 1.561+01 3.123+01 8.796-01
Y 91 7.771-03 1.951-05 1.520-05 1.893-04 1.930-00 4.679+01 1.570-01
SR 92 5.886-03 4.567-06 1.329-06 1.281-03 1.181+01 2.362+01 6.695-01
Y 92 6.791-03 9.710-06 4.237-06 2.769-03 1.189+01 2.377+01 6.695-01
ZR 95 3.409-04 8.520-07 3.486-07 1.028-04 1.788-01 4.241+00 1.417-02
NB 95M 3.438-08 9.026-10 6.105-10 4.162-07 1.587-03 8.394-02 1.562-04
NB 95 1.948-07 4.926-09 3.378-09 1.092-04 1.938-01 6.287+00 1.555-02
IR 97 6.143-06 1.200-08 4.072-09 2.923-05 2.168-02 4.341-02 1.224-03
NB 97M 6.101-06 1.197-08 4.063-09 2.917-05 2.163-02 4.330-02 1.220-03
NB 97 1.715-06 1.092-08 4.195-09 3.105-05 2.170-02 4.345-02 1.224-03
MO 99 0.000 0.000 0.000 4.251-02 4.839+01 1.174+02 3.032+00
TC 99M 4.988-02 6.583-05 3.055-05 4.078-02 1.081+02 2.361+02 6.396+00
TC 99 2.933-08 7.369-11 5.751-11 5.912-10 5.801-06 4.014-04 5.055-07
TC101 2.173-04 3.469-08 1.971-09 1.228-05 1.210+00 2.420+00 7.342-02
RU103 0.000 0.000 0.000 4.843-05 8.296-02 1.375+00 6.507-03
RH103M 0.000 0.000 0.000 4.834-05 8.233-02 1.375+00 6.473-03
RU106 0.000 0.000 0.000 6.759-06 1.198-02 5.260-01 9.617-04
RH106M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

RH106 0.000 0.000 0.000 6.759-06 1.198-02 5.260-01 9.616-04
AG110M 0.000 0.000 0.000 1.558-04 2.757-01 1.130+01 2.210-02

*Abandoned-in-place TABLE 11.2-5 REV 15, APRIL 2004



ISOTOPE
NAME

AG110
TE129M
TE129
I 129
I 131
XEL131M
TE132
I 132
[ 133
XE133M
XE133
I 134
CS134
I 135
XE135M
XE135
CS135
CS136
CS137
BA137M
CS138
BA139
BA140
LA140
BAl41
LA141
CE141
BAl42
LA142
CE143
PR143
CE144
PR144
ND147
PM147
W 187
NP239

TOTAL =

* Abandoned-in-place

CHEMICAL

WASTE

EVAPORATOR *

CHEMICAL

WASTE

SAMPLE TANK

0.
5.
3.
2.
1.
0.
8.
1.
8.
0.
0.
6.
3.
3.
0
0
0
0
0.
0
0
3
6
6
4
1
6
1
6
0
0
0
0
0
0
0
0

3.

000

318-04
404-04
131-12
152400
000

792-02
942-01
454-01
000

000

162-02
234-03
769-01

.000
.000
.000
.000

000

.000
.000
.799-03
.129-02
.101-02
.157-04
.107-03
.469-07
.650-04
.034-04
.000
.000
.000
.000
.000
.000
.000
.000

023+00

DO OO ODOOOWMNUOURFRENRFRPFPPOOOODOOODODUITORFOORFRREFENOMNOIRFO

[Sal

.000
.326-06
.494-07
.346-14
.824-02
.000
.082-04
.401-03
.729-02
.000
.000
.991-04
.103-06
.277-03
.000
.000
.000
.000
.000
.000
.000
.727-06
.514-04
.528-04
.348-08
.149-06
.931-09
.422-08
.057-07
.000
.000
.000
.000
.000
.000
.000
.000

.323-02

LSCS-UFSAR

RWCU
FILTER/

DEMINERALIZER

APNORPORRPRP PR, PR RPNDWONTITOOITN OO WPRR0OONFRPOPROORFRF W

—

TABLE 11.2-5
(Sheet 6 of 8)
INVENTORY SUMMARY (CURIES)

CHEMICAL WASTE
WASTE SAMPLE
DEMINERALIZER TANK
0.000 2.025-06
1.029-06 1.973-05
6.593-07 1.259-05
4.169-14 2.690-15
2.162-02 5.914-03
0.000 0.000
1.552-04 1.916-02
4.658-04 2.032-02
1.147-02 1.879-02
0.000 0.000
0.000 0.000
2.418-05 2.899-04
5.764-06 8.086-04
2.572-03 7.489-03
0.000 0.000
0.000 0.000
0.000 0.000
0.000 5.208-04
0.000 1.214-03
0.000 1.133-03
0.000 8.777-04
2.989-07 4.894-04
1.167-04 4.257-03
1.189-04 1.673-03
4.672-09 2.456-05
4.268-07 3.252-04
6.373-09 2.330-04
1.252-09 9.180-06
5.795-08 8.594-05
0.000 5.096-05
0.000 9.683-05
0.000 9.092-05
0.000 9.090-05
0.000 3.376-05
0.000 3.157-08
0.000 3.581-03
0.000 8.539-02
3.674-02 2.950-01

TABLE 11.2-5

.584-03
.729-01
.097-01
.825-11
.532+01
.000

.181+02
.280+02
.418+01
.000

.000

.129+00
.111-01
.466+01
.000

.000

.000

.366-01
.185-01
.782-01
.184+00
.689+00
.475+01
.432+01
.917+00
.031+00
.366-01
.130+00
.241+00
.468-02
.586-01
.610-01
.606-01
.263-02
.430-04
.832+00
L711+02

.239+03

RWCU
PHASE

SEPARATOR

H OT WO, OO PR WM, PN WRF OO0 P OOF WWOMNWEFMN

~

.469-01
.534+00
.622+00
.831-08
.004+02
.000

.049+02
.268+02
.490+02
.000

.000

.626+01
.954+01
.932+01
.000

.000

.000

.517+00
.163+01
.958+01
.368+00
.738+01
.202+02
.202+02
.835+00
.062+00
.376+00
.260+00
.483+00
.206-02
.080+00
.758+00
.758+00
.975-01
.332-02
.707+00
.080+03

.420+03

FUEL
POOL
F/D

.873-04
.351-02
.593-03
.719-12
.256+00
.000

.569+00
.158+00
.197+00
.000

.000

.672-01
.304-02
.957+00
.000

.000

.000

.768-02
.977-02
.652-02
.271-01
.957-01
.594+00
.066+00
.144-01
.144-01
.431-02
.997-02
.997-02
.578-03
.198-02
.291-02
.289-02
.889-03
.551-05
.607-02
.882+01

NP WRFE PPN OOOWR P NONNPERL,ERPRP OO, WPRAROOPSONO W 0N

~

.538+01
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TABLE 11.2-5
(Sheet 7 of 8)
INVENTORY SUMMARY (CURIES)

ISOTOPE LAUNDRY LAUNDRY LAUNDRY LAUNDRY CONCENTRATES SPENT WASTE
NAME COLLECTION TANK FILTER R.O. UNIT * SAMPLE TANK WASTE TANK RESIN TANK SLUDGE TANK |
N 13 0.000 0.000 0.000 0.000 1.664-08 3.830-07 0.000

N 16 0.000 0.000 0.000 0.000 2.005-11 2.760-08 0.000

N 17 0.000 0.000 0.000 0.000 1.169-15 2.774-12 0.000

F 18 0.000 0.000 0.000 0.000 5.711-07 4.592-06 0.000

0 19 0.000 0.000 0.000 0.000 4.540-11 1.571-08 0.000

NA 24 0.000 0.000 0.000 0.000 3.074-02 2.335-06 3.637-02
P 32 0.000 0.000 0.000 0.000 1.145-01 1.332-05 5.612-03
CR 51 0.000 0.000 0.000 0.000 1.071-01 8.694-06 3.524-00
MN 54 5.600-06 4.105-04 5.544-08 5.600-09 1.314-02 4.474-06 6.909-01
MN 56 0.000 0.000 0.000 0.000 2.995-03 5.304-08 3.598-01
CO 58 3.171-05 1.712-03 3.136-07 3.159-08 1.416+00 2.222-04 5.241+01
FE 59 0.000 0.000 0.000 0.000 2.035-02 2.282-06 6.911-01
CO 60 4.962-05 3.960-03 4.913-07 4.967-08 1.707-01 7.756-05 1.072+01
NI 65 0.000 0.000 0.000 0.000 1.774-05 3.130-10 2.137-03
IN 65 0.000 0.000 0.000 0.000 6.596-02 4.146-05 1.346-03
IN 69M 0.000 0.000 0.000 0.000 3.849-04 2.857-08 4.908-04
IN 69 0.000 0.000 0.000 0.000 4.121-04 3.067-08 4.990-04
BR 83 0.000 0.000 0.000 0.000 8.784-02 2.773-06 3.262-01
KR 83M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

BR 84 0.000 0.000 0.000 0.000 4.691-03 7.026-08 1.287-01
BR 85 0.000 0.000 0.000 0.000 2.166-06 7.168-11 7.645-03
KR 85M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KR 85 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SR 89 0.000 0.000 0.000 0.000 6.360+01 1.573-02 5.243-00
Y 89M 0.000 0.000 0.000 0.000 6.360-03 1.573-06 5.243-04
SR 90 0.000 0.000 0.000 0.000 8.659+00 8.188-03 5.079-01
Y 90M 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Y 90 0.000 0.000 0.000 0.000 8.600+00 8.184-03 3.771-01
SR 91 0.000 0.000 0.000 0.000 4.334-01 2.888-05 6.139+00
Y 91IM 0.000 0.000 0.000 0.000 2.770-01 1.853-05 3.612+00
Y 91 0.000 0.000 0.000 0.000 1.045+01 2.828-03 7.739-01
SR 92 0.000 0.000 0.000 0.000 4.867-02 1.653-06 2.697+00
Y 92 0.000 0.000 0.000 0.000 1.217-01 5.938-06 2.722+00
ZR 95 7.650-06 3.987-04 7.566-08 7.617-09 4.668-01 6.868-05 4.546-01
NB 95M 1.333-08 7.737-06 1.571-10 2.558-11 8.200-03 1.376-06 7.617-03
NB 95 1.095-05 6.512-04 1.084-07 1.093-08 1.557-01 6.822-05 5.828-01
/R 97 0.000 0.000 0.000 0.000 3.616-04 1.451-08 1.060-02
NB 97M 0.000 0.000 0.000 0.000 3.608-04 1.449-08 1.058-02
NB 97 0.000 0.000 0.000 0.000 3.737-04 1.543-08 1.100-02
MO 99 0.000 0.000 0.000 0.000 5.573-01 2.612-05 3.902+01
TC 99M 0.000 0.000 0.000 0.000 1.401+00 7.449-05 4.936+01
TC 99 0.000 0.000 0.000 0.000 4.842-05 4.623-08 1.654-05
TC101 0.000 0.000 0.000 0.000 1.602-04 2.410-09 2.939-01
RU103 7.623-07 3.109-05 7.535-09 7.565-10 4.648-03 4.754-07 1.788-01
RH103M 7.192-07 3.112-05 7.384-09 7.548-10 4.652-03 4.758-07 1.789-01
RU106 1.317-05 9.824-04 1.304-07 1.317-08 9.073-04 3.102-07 5.025-02
RH106M 0.000 0.000 0.000 0.000 0.000 0.000 0.000
RH106 1.316-05 9.824-04 1.304-07 1.317-08 9.073-04 3.102-07 5.025-02
AG110M 2.414-06 1.735-04 2.389-08 2.413-09 1.951-02 6.252-06 1.071+00
AG110 3.137-08 2.255-06 3.106-10 3.137-11 2.537-04 8.128-08 1.393-02
TE129M 0.000 0.000 0.000 0.000 6.116-01 1.120-04 6.380-02

* Abandoned-in-place TABLE 11.2-5 REV 15, APRIL 2004
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TABLE 11.2-5
(Sheet 8 of 8)
INVENTORY SUMMARY (CURIES)

ISOTOPE LAUNDRY LAUNDRY LAUNDRY LAUNDRY CONCENTRATES SPENT WASTE
NAME COLLECTION TANK FILTER R.O. UNIT * SAMPLE TANK WASTE TANK RESIN TANK SLUDGE TANK |
TE129 0.000 0.000 0.000 0.000 3.920-01 7.176-05 4.063-02
I 129 0.000 0.000 0.000 0.000 4.910-09 3.707-11 1.325-10
I 131 3.158-06 1.071-06 3.010-07 2.940-08 5.556-02 5.594-01 1.448+01
XE131M 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TE132 0.000 0.000 0.000 0.000 1.929-01 1.807-03 3.259+01
[ 132 0.000 0.000 0.000 0.000 2.049-01 2.190-03 3.503+01
I 133 0.000 0.000 0.000 0.000 4.636-01 3.792-02 1.751+01
XE133M 0.000 0.000 0.000 0.000 0.000 0.000 0.000
XE133 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[ 134 0.000 0.000 0.000 0.000 1.396-01 2.440-05 1.873+00
CS134 7.157-05 1.802-04 6.879-06 6.953-07 5.215+00 3.910-03 2.351-01
[ 135 0.000 0.000 0.000 0.000 6.602+00 3.816-03 7.966+00
XE135M 0.000 0.000 0.000 0.000 0.000 0.000 0.000
XE135 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CS135 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CS136 0.000 0.000 0.000 0.000 1.496-02 1.526-06 8.762-02
CS137 1.318-04 3.450-04 1.267-05 1.281-06 8.715-02 7.074-05 3.708-01
BA137M 1.230-04 3.226-04 1.185-05 1.198-06 8.148-02 6.614-05 3.466-01
€S138 0.000 0.000 0.000 0.000 3.224-04 4.508-09 5.097-01
BA139 0.000 0.000 0.000 0.000 1.603-02 3.520-07 1.990+00
BA140 0.000 0.000 0.000 0.000 4.360+01 4.881-03 1.175+01
LA140 0.000 0.000 0.000 0.000 4.905+01 5.516-03 9.627+00
BA141 0.000 0.000 0.000 0.000 3.897-04 5.651-09 4.580-01
LA141 0.000 0.000 0.000 0.000 1.352-02 5.809-07 4.627-01
CE141 0.000 0.000 0.000 0.000 3.078-02 3.058-06 8.409-01
BA142 0.000 0.000 0.000 0.000 9.662-05 1.552-09 2.800-01
LA142 0.000 0.000 0.000 0.000 2.919-03 6.839-08 2.812-01
CE143 0.000 0.000 0.000 0.000 3.141-04 1.385-08 2.742-02
PR143 0.000 0.000 0.000 0.000 5.873-03 3.388-07 2.504-01
CE144 2.743-05 1.997-03 2.715-07 2.743-08 1.154-02 3.822-06 6.415-01
PR144 2.696-05 1.997-03 2.709-07 2.742-08 1.154-02 3.822-06 6.418-01
ND147 0.000 0.000 0.000 0.000 1.678-03 9.094-08 7.603-02
PM147 0.000 0.000 0.000 0.000 3.600-05 2.286-08 2.701-03
W 187 0.000 0.000 0.000 0.000 1.567-02 6.610-07 9.784-01
NP239 0.000 0.000 0.000 0.000 4.808+00 4.386-04 1.230-02
TOTAL = 5.197-04 1.419-02 3.359-05 3.395-06 8.493+02 6.558-01 4.447+02

* Abandoned-in-place |
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MAXIMUM AND EXPECTED INPUTS TO RADWASTE SYSTEMS

LSCS-UFSAR

TABLE 11.2-6
(Sheet 1 of 3)

I. Equipment Drain System (all figures are per unit)

Source

Normal

GPD/Days Per Year

Maximum

GPD/Days Per Year

Reactor equipment drains

2000/365 (1)*

3760/365 (2)

Drywell equipment drains

5800/365 (1)

28000/17 (2)

Drywell floor drains

2900/365 (1)

28000/17 (2)

Turbine building equipment drains

5700/365 (1)

5730/365 (2)

Reactor water cleanup F/D backwash

1200/365 (1)

4200/100 (2)

Condensate demineralizer backwash

4000/365 (3)

80000/2 (4)

Radwaste demineralizer backwash

2850/365 (3)

5700/365 (5)

* Numerically referenced notes are found on the last page of this table.

TABLE 11.2-6
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TABLE 11.2-6
(Sheet 2 of 3)

II. Floor Drain System (all figures are per unit)

Normal Maximum
Source GPD/Days Per Year GPD/Days Per Year
Reactor building floor drain sump 2000/365 (1) 2000/365 (2)
Radwaste floor drains 1000/365 (1) 1000/365 (2)
Turbine building floor drains 2000/365 (1) 2000/365 (2)
III. Chemical Waste System (all figures are per unit)
Normal Maximum
Source GPD/Days Per Year GPD/Days Per Year
Condensate demineralizer 1240/365 (3) 24800/2 (4)
regenerants (no longer created)
Radwaste demineralizer regenerants 1770/365 (3) 3540/365 (5)
(no longer created)

TABLE 11.2-6
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TABLE 11.2-6
(Sheet 3 of 3)

IV. Laundry waste

Normal Maximum
Source GPD/Days Per Year GPD/Days Per Year
800/365 (6) 4000/30 (6)

Notes:
ey
@)
3)
4
®)

(6)

Draft ALARA Regulatory Guides
GESSAR

Subsection 11.2.3.2

Subsection 11.2.1.7.4

Estimate. In comparison to the design base flow of the condensate demineralizer regenerants (80,000 gpd),
this assumption does not affect equipment sizing.

Estimate based on operating experience.

TABLE 11.2-6 REV. 0 — APRIL 1984
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TABLE 11.2-7

DESIGN-BASIS PROCESS DECONTAMINATION FACTORS

EQUIPMENT DESIGN DECONTAMINATION FACTOR
Waste mixed-bed Cation: 102 (except Cs, Rb, Mo, Tc)*
demineralizers Anion: 102
Cs, Rb: 10
Insolubles:™ 2
Filters Insolubles: 10
Solubles: 1.03
Evaporators Halogens: 103
(abandoned-in-place) Other nuclides: 104
Reverse osmosis 30

(abandoned-in-place)

"A plateout removal factor of 10 for Mo, Tc taken in each stream.

" Table 4-2, "Releases from BWR Radwaste Management Systems" R. A. Head, C. W. Miller,
J. E. Oesterle, NEDO-10951, July 1973.
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TABLE 11.2-8

PRINCIPAL ASSUMPTIONS USED IN "MAXIMUM INDIVIDUAL"

RADIOLOGICAL DOSE ASSESSMENT FOR RADIONUCLIDES

RELEASED IN LIQUID EFFLUENTS

I. Annual releases Table 11.2-1

II. Method, radiological data Reference 1 (Section 11.2)

libraries used:

III. Usage factors Reference 2 Drinking water 440 lyr

(Section 11.2) Fish consumption 1.2 kgl/yr
Shoreline activity 15 hr/yr
Swimming 6 hr/yr
Boating 29 hr/yr

IV. Dilution flow (cooling lake 30,000 gpm (67 cfs)

blowdown) prior to discharge to

unrestricted area

V. Hydrological Dispersion Factors Used

Pathway Principal Assumption/Location Dilution Factor
Fish Fish live in area discharge 1:1
Shoreline Activities | Near vicinity of discharge canal 1:5
(shoreline width factor = 0.2)
Swimming and Near vicinity of discharge canal 1:5
Boating
Drinking Water Peoria, Illinois (first municipal water
supply)
Average river flow (10,750 cfs) 1:160

7-day, 10 year low flow (3228 cfs) (for
reference only, not used in analysis)

(I1linois Nitrogen Corporation located
3300 feet downstream of the LSCS
discharge but on the opposite bank of
the river has been identified as using
Illinois River for drinking water for its
employees. Calculations indicate,
though, that the LSCS discharge will
not reach the Illinois Nitrogen
Corporation water inlet under high or
low river conditions.)

TABLE 11.2-8
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11.3 GASEOUS WASTE MANAGEMENT SYSTEMS

11.3.1 Design Bases

11.3.1.1 Design Objective

The gaseous waste management systems are designed to process and control the
release of gaseous radioactive wastes to the site environs so that the total radiation
exposure of persons in offsite areas is as low as reasonably achievable and does not
exceed applicable guidelines. This is to be accomplished while maintaining the
occupational exposure as low as reasonably achievable and without limiting plant
operation or availability.

11.3.1.2 Design Criteria

The gaseous waste management systems are designed to limit offsite doses from
routine station releases to significantly less than the limits specified in 10 CFR 20,
and to operate within the dose objectives established in 10 CFR 50, Appendix 1.

A noble gas input equivalent to an annual average off-gas rate (based on a 7-minute
decay) of 230,000 muCi/sec of the "1971 mixture" as shown in Table 11.3-1 was used
as the design basis. A conservative value of 80 scfm for off-gas flow has been used
as a design basis.

The design approach for the off-gas treatment includes delay until the required
fraction of the radionuclides has decayed. The daughter products are then retained
by the charcoal and HEPA filters.

A list of the major equipment items in the off-gas system and the design codes is
provided in Table 11.3-2. Equipment and piping were designed and constructed in
accordance with the applicable code requirements as listed. Welding and material
requirements are also listed.

Conservative analyses similar to that presented in Reference 1 demonstrate that
equipment failure cannot result in doses exceeding acceptable guidelines; thus,
neither the off-gas system nor the