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11.0 RADIOACTIVE WASTE MANAGEMENT

1.1 SOURCE TERMS

General Electric has evaluated radioactive material sources (activation
products and fission product release from fuel) in operating boiling water
reactors (BWRs) over the past decade. These source terms are reviewed and
periodically revised to incorporate up-to-date information. Release of
radioactive material from operating BWKs has resulted in doses to offsite
persons which have been only a small fraction of 10 CFR 20, 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,
non=coolant activation produc'.s, and fission products. The fission product
levels are based on measurements of BWR reactor water and off-gas at several
stations through mid-1971. 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.

&, Understanding system operation and performance.

d. Measurement practicability.

e. Evaluation of radiocactive material releases to the environment.

11.1~1



For halogens, radioisotopes with half-lives of less than three minutes were
omitted. For other fission product radioisotopes in reactor water,

radioisotopes with half-lives of less than 10 minutes were not considered.

11.3.1 FISSION PRODUCTS
¥i.1.k.1 Noble Radiogas Fission Products

The noble radiogas fission product source terms observed in operating BWRs are
generally complex mixtures; the sources of which 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: Rg

éee

kv (11.1-1)

Recoil: R
B

ee

kzyA (11.1-2)

The nomenclature in Section 11.1.1.4 defines the terms in these and
succeeding equations. The constants k] and k2 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 equilib~ium 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 assuwed that noble radiogas leakage from the fuel would be the equilibrium

mixture of the noble radiogases present in the fuel.
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VBWR and early Dresden 1 experience indicated that the actual mixture most

often observed approached a distribution which was intermediate in character

(1

the "diffusion" mixture. It must be emphasized that this "diffusion" mixture

to the two extremes This intermediate decay mixture was termed

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 methoeds possible for equilibrium
and recoil mixtures. However, the "diffusion" distribution pattern which has
been described is as follows:

Diffusion: R k yA°'5 (11.1-3)

The constant, k., describes the fraction of total fissions that are involved

3’
in the release. The value of the exponent of the decay constant, A, is midway
between the values for equilibrium, 0, and recoil, 1. The "ciffusion" pattern

value of 0.5 was originally derived from diffusion theory.

Although the previously described "diffusion" mixture has been used by GE as a
basis for design since 1963, the design basis release magnitude used has vari.d
from 0.5 Ci/sec to 0.1 Ci/sec as measured after 30 minute decay (t = 30 min).
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 plants. Since about

1967, the design basis release magnitude used (including the 1971 source
terms) has been established at an annual average of 0.1 Ci/sec (t = 30 min).
This design basis is considered as an annual average with some time above and
some time below this value. This design value was seiected on the basis of
operating experience rather than predictive assumptions. Several ijudgment
factors, including the significance of environmental - l:ase, reactor water
radioisotope concentrations, liquid waste handling and efiiuent disposal
criteria. building air contamination, shielding design and other component
contamination affecting maintenance, have been considered in establishing

this level.
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Noble radiogas source terms from fuel above 0.1 Ci/sec (t = 30 min) can be
tolerated for reasonable periods of time. Continual assessment of these

(2)

values is made on the basis of actual operating experience in BWRs.

while the noble radiogas source term magnitude was established at 0.1 Ci/sec
(t = 30 min), 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
i8:

R8 = KgyAm (1 - e-AT) (e-At

) (11.1-4)
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 practical purposes the term (1 - e-AT)
approaches 1 and can be neglected when the reactor has been operating at a
steady-state for long periods cf time. The term (e-ht) is used to adjust the
releases from the fuel (t = 0) to the decay time for which values are needed.
Historically, t equal to 30 minutes has been used. When discussing long
steady-state operation and leakage from the fuel (t = 0), the following
simplified form of Equation 11.1-4 can be used to describe the leakage of

each noble radiogas:
m
R =K yA 11.1-5
g = RgY ( )
The constant, Kg. describes the magnitude of leakage. The relative rates of

leakage of the different noble radiogas isotopes is accounted for by the

variable, m, the exponent of the decay constant, A.
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Dividing both sides of Equation 11.1-5 by y, the fission yield, and taking

the logarithm of bot} sides results in the following equation:
log (Rs/y) =m log (A) + log (Kg) (11.1-6)

Equation 11.1-6 represents a straight line when log }g/y is plotted versus
log (A); m is the slope of the line. This straight line is obtained by
plotting (Rsly) versus (A) on logarithmic graph paper.

By fitting actual data from KRB and Dresden 2 (using least squares techniques)
to the equation, the siope, m, can be obtained. This can be estimated on the
plotted graph. With radiogas leakage at KRB over the nearly 5 year period
varying from 0.001 to 0.056 Ci/sec (t = 30 min) and with radiogas leakage at
Dresden 2 varying from 0.001 to 0.169 Ci/sec (t = 30 min), 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 m
equal to 0.1 to m equal to 0.6. After establishing the value of m equal to
0.4, the value of K8 can be calculated by selecting a value for Rg, or as has
been done historically, the design basis is set by the total design basis source
term magnitude at t equal to 30 minutes. With 2 R8 at 30 minutes equal to
100,000 pCi/sec, K8 can be calculated as being 2.6 x 107 and Equation 11.1-4

becomes :

7 AT ~At

R =2.6 x 10 yAO"’(l - e ) (11.1-7)

e ) (e

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 can be calculated from Equation 11.1-7.

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 11.1-7, 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 a few actual measurements.
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Normal operational releases to the primary coolant are expected to be
approximately 25,000 pCi/sec of the thirteen commonly considered noble gases,
as evaluated at 30 minutes, and 100 pCi/sec of I-131. These values can be
compared to the design base value of 100,000 pCi/sec for the summation of the
same thirteen and 700 uCi/sec for 1-131. Table 11.1-2 presents the source
terms released to the reactor pressure vessel as a consequence of a power
isolation event, which is the only anticipated operational occurrence in which

significant activity is expected to be released.
11.1.1.2 Radiohalogen Fission Products

Histor.cally, 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

eich halogen radioisotaope:
yA" (11.1-8)

The constant, Kh‘ describes the magnitude of le.kage from fuel. The relative
rates of halogen radioisotope leakage are exp’essed in terms of n, the
exponent of the decay constant, A. As was d,ne with the noble radiogases, the
average value was determined for n. The v-.iue for n is 0.5 with a standard
deviation of *0.19. This is illustrats. in Figure 11.1-2 as a frequency
histogram. As can be seen from thi . figure, variations in n were observed in

the range of r equal to 0.1 to n equal to 0.9.

It appeared that the use of the previous method of calculating radiohalogen
leakage from fuel was overly conservative. Figure 11.1-3 relates KRB and
Dresden 2 noble radiogas versus 1-131 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 I1-131 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 pCi/sec. Even at Dresden 1 in

11.1-6



March 1965, when severe defects were experienced in stainless-steel-clad fuel,
I1-131 leakages greater than 500 pCi/sec 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 min). This may be partially explained by inherent limitations due to

internal plant operational problems that caused plant derating.

In general, it would not be anticipated that operation at full power would
continue for any significant time period with fuel cladding defects which
would be indicated by 1-131 leakage from the fuel in excess of 700 pCi/sec.
When high radiohalogen leakages are observed, other fission products will be

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 pCi/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 min). With the I-131 design basis source term established, I(h can be
calculated as being 2.4 x 107 and halogen radioisotope release can be
expressed by the following equation:

AT

(1 -e™) (e.)‘t

05

R, = 2.4 x 107 yA ) (11.1-9)

h
Concentrations of radiohalogens in reactor water can be calculated using the

following equation:

R

Ch = (A B+yN (11.1-10)
Although carryover of most soluble radioisotopes from reactor water to steam
is observed to be less than 0.1 percent (<0.001 fraction), the observed
"carryover" for radiohalogens has varied from 0.1 percent to about 2 percent
on newer plants. The average of observed radiohalogen carryover measurements
has been 1.2 percent by weight of reactor water in steam, with a standard
deviation of $0.9. In the present source term definition, a radiohalogen

carryover of 2 percent (0.02 fraction) was used.
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The halogen release rate from the fuel can be calculated from Equation 11.1-9.
Concentrations in reactor water can be calculated from Equation 11.1-10. The

resultant concentrations are presented in Table 11.1-3.
11.1.1.3 Other Fission Products

The observations of other fission products (and transuranic nuclides,
including Np-219) in operating BWRs 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 11.1-4. Carryover of these radioisotopes from the reactor
water to the steam is estimated to be less than 0.! percent (<0.001 fraction).
In addition to carryover, 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 radioisotnpes (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 pCi/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 one 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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11.1.1.4 Nomenclature

The following list of nomenclature defines the terms used in equations for

source term calculaticns:

= Leakage rate of a noble gas radioisotope (pCi/sec).
= Leakage rate of a haiogen radicisotope (pCi/sec).
Fission yield of a radioisotope (atoms/fission).

= Decay constant of a radioisotope (sec-l).

= Fuel irradiation time (sec).

et = > < X W
]

= Decay time following leakage from fuel (sec).

Noble radiogas decay constant exponent (dimensionless).
n = 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.

> =
= »x

= Concentration of a halogen radioisotope in reactor water (pCi/g).

Mass of water in the operating reactor (g).

& X O
"

= Cleanup system removal constant (sec'l), defined as follows:

_ cleanup system flowrate (g/sec)
M(g)

g = Grams mass.

Y = Halogen steam carryover removal constant (sec-l), defined as follows:

[}nnyenﬁxgtfgpApfﬁglggsg radxoxso;gpe in steam ngi/éy L_steam flow (g/seci]
C, (MCi/g)

Y = — e —— —— e

M(g)
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13«38 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 11.1-5.

11.1.2.2 Noncoolant Activation Products

The activation products formed by activation of 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 estimated conservatively from experience data. The
resultant concentrations are presented in Table 11.1-6. Carryover of these
isotopes from the reactor water to the steam is estimated to be less than

I percent (<0.01 fraction).
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Steam and power conversion system N-16 inventories are given in

Section 12.2.1.

$1.1.3 TRITIUM

In a BWR, tritium is produced by three principal me hods:

a. Activation of naturally occurring deuterium in the primary coolant.
b. Nuclear fission of UO2 fuel.

(8 Neutron reactions with boron used in reactivity control rods.
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The tritium, formed in control rods, which may be released from a BWR in liquid
or gaseous efflvents, is believed to be negligible. A prime source of tritium
available for release from a BWR is that produced from activation of deuterium
in the primary coolant. Some fission product tritium may also transfer from
fuel to primary coolant. This discussion is limited to the uncertainties
associated with estimating the amounts of tritium generated in a BWR which

are 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 tritium formed

in a BWR from deuterium activation can be calculated using the equation:

Ract = —_MT (ll.l'll)
3.1 2 10°P

Where:

sct Tritium formation rate by deuterium activation (uCi/sec/MWt)

Macroscopic thermal neutron cross section (cm-])

"

= Thermal neutron flux (neutrons/(cmz) (sec))

Coolant volume in core (cm3)

Tritium radioactive decay constant (1.78 x 10-9 sec-l)

T > < 6 M X
!

"

Reactor power level (Mwt)

For recent BWR designs, Ract is calculated to be 1.3 * 0.4 x 10-4 pCi/sec/MWt .
The uncertainty indicated is derived from the estimated errors in selecting
values for the coolant volume in the core, coolant densitv in the core,
abundance of deuterium in light water (some additional deuterium is present
due to the H(n,y) D reaction), thermal neutron flux, and microscopic cross

section for deuterium.
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The fraction of tritium produced by fission which may transfer from fuel to
the coolant (which is then available for release in liquid and gaseous
effluents) is more difficult to estimate. However, since zircaloy-clad fuel
rods are used in BWRs, essentially all fission product tritium remains in the

fuel rods unless defects are present in the cladding material (Reference 3).

The study made at Dresden 1 in 1968 by the U.S. Public Health Service (USPHS)
suggests that essentially all of the tritium released {rom the plant could be

(4)

accounted for by the deuterium activation source. For purposes

of estimating the leakage of tritium from defective fuel, it can be assumed
that it leaks in a manner similar to the leakage of noble radiogases. Thus,
use can be made of the empirical relationship described as the "diffusion
mixture," used for predicting the source term of individual noble gas
radioisotopes as a function of the total noble gas source term. The equation
which describes this relationship 1is:

0.5

Ryig = KyA (11.1-12)

di

Where:

dif = Leakage rate of tritium from fuel (pCi/sec)

"

Fission yield fraction (atoms/fission)

Radioactive decay constant (sec-l)

» > =
]

A constant related to total tritium leakage rate

1]

It the total _oble radiogas source term is 105 pCi/sec after 30 minute decay,
leakage from fuel can be calculated to be about 0.24 pCi/sec of tritium.

To place this value in perspective in the USPHS study, 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 the "diffusion mixture" relationship. This would
suggest that the actual tritium leakage rate might range from 0.015 to

0.10 pCi/sec. Since the annual average noble radiogas leakage from a BWR is
expected to be less than 0.1 Ci/sec (t = 30 min), the annual average tritium
release rate from the fission source can be conservatively estimated at

0.12 £ 0.12 pCi/sec, or 0.0 to 0.24 pCi/sec.
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Based on this approach, the estimated total tritium appearance rate in reactor

coolant and release rate in the effluent is about 20 Ci/yr.

Tritium formed in the reactor is generally present as tritiated oxide (HTO)
and to a lesser degree as tritiated gas (HT). Tritium concentration (on a
weight basis) in the steam formed in the reactor is the same as in the reactor
water at any given time. This tritium concentration is also present in
condensate and feedwater. Since radioactive effluents generally originate
from the reactor and power cycle equipment, radioactive effluents also have
this tritium concentration. The condensate storage tanks receive treated
water from the liquid waste management system and reject water from the
condensate system. Thus, all plant process water has a common tritium

concentration.

Off-gases released from the plant contain tritium, which is present as
tritiated gas (HT) resulting from reactor water radiolysis, as well as HTO.

In addition, water vapor from the turbine gland seal steam packing exhauster
and a lesser amount present in ventilation air due to process steam leaks or
evaporation from sumps, tanks, and spills on floors also contain tritium. The
remainder of the tritium leaves the plant in liquid effluents or with solid

wastes.

Recombination of radiolysis gases in the air ejector off-gas system forms
water, which is condensed and returned to the main condenser. This tends to
reduce the amount of tritium leaving in gaseous effluents. Reducing the
gaseous tritium release results in a slightly higher tritium concentration in
the plant process water. Reducing the amount of liquid effluent discharged

also results in a higher process coolant equilibrium tritium concentration.

Essentially, all tritium in the primary coolant is eventually released to the
environs, either as water vapor and gas to the atmosphere, or as liquid
effluent to the plant discharge or as solid waste. Reduction due to

radioactive decay is negligible due to the 12 year half-life of tritium.
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The USPHS study at Dresden | estimated that approximately 90 percent of the
tritium release was observed in liquid effluent, with the remaining 10 percent
leaving as gaseous effluent (Reference 4). Efforts to reduce the volume of
liquid effluent discharges may change this distribution so that a greater
amount of tritium leaves as gaseous effluent. From a practical standpoint,
the fraction of tritium leaving as liquid effluent may vary between 60 and

90 percent, with the remainder leaving in gaseous effluent.
11.1.4 FUEL FISSION PRODUCTION INVENTORY AND FUEL EXPERIENCE

1.1.4.1 Fuel Fission Product Inventory

Fuel fission product inventory information is used in establishing fission
product source terms for accident analysis and is, therefore, discussed in

Chapter 15.

11.1.4.2 Fuel Experience

A discussion of BWR fuel experience, including fuel failure experience, burnup
experience, and thermal conditions under which the experience was gained, is

presented in References 5, 6, 7, and 8.

P P PROCESS LEAKAGE SOURCES

Process leakage results in potential release paths for noble gases and other
volatile fission products through ventilation systems. Liquid from process
leaks 1s collected and routed to the liquid-solid radwaste system.
Radionuclide releases through ventilation paths are at extremely low levels
and have been insignificant compared to process off-gas from operating BWR
plants. However, because the implementation of improved process off-gas
treatment systems makes the ventilation release relatively significant, GE
has conducted measurements to identify and qualify these low level release
paths. GE has maintained an awareness of other measurements by the Electric
Power Research Institute and other organizations and routine measurements

by utilities with operating BWRs.
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Leakage of fluids from the process system results in the release of
radionuclides into plant buildings. In general, the noble radiogases remain
airborne and are released to the atmosphere with little dilay through the
building ventilation exhaust ducts. The radionuclides partition between air
and water, and airborne radioiodines may "plate cut" on metal surfaces,
concrete, and paint. A significant amount of radioiodine remains in air or
is desorbed from surfaces. Radioiodines are found in ventilation air as
methyl iodide and as inorganic iodine which is here defined as particulate,
elemental, and hypoiodous acid forms of iodine. Particulates are also

present in the ventilation exhaust air.

The estimated release rate of radicactive materials in gaseous effluents

is presented in Section 11.3.3.
11.1.6 LIQUID RADWASTE SYSTEM

Radioactive sources for the liquid radwaste system are described in

Section 11.2.3 and are based on information contained in NUREG-0016(9).
11.1.7 RADIOACTIVE SOURCES IN THE GAS TREATMENT SYSTEM

Radioactive sources for the gas treatment system are described in

Section 11.3.2.1.2.
11.1.8 SOURCE TERMS FOR COMPONENT FAILURES

11.1.8.1 Off-Gas System Failure

Source terms for evaluation of the radiological conseguences of component

fairlures within the off-gas system are described in Appendix 12A.
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11.1.8.2 Liquid Radwaste System

Radiation sources used for component failures are consistent with an off-gas
release rate of 100,000 pCi/sec after 30 minutes decay. This results in
maximum inventories of radioisotopes in the system and is not anticipated to
occur during operation of the plant. The isotopic breakdown of the inventory
in each significant component of the liquid radwaste system is presented in

Table 15.7-12.
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TABLE 11.1-1

NOBLE RADIOGAS SOURCE TERMS

Source Term Source Term
t=0 t=30

[sotope Half-Lite (pCi/sec) (pCi/sec)
K-83 1.86 3. N *3 2.9 +3
Kr-85m 4.4 Hr 6.1 +3 5.6 +3
Kr-85 10.74 Yr 10 to 201V 10 to 20V
Kr-87 76 Min 2.0 +4 1.5 +4
Kr-88 2.79 Mx 2.0 +4 1.8 +4
Kr-89 3.18 Min 1.3 45 1.8 +2
Kr=90 32.3 Sec 2.8 45 -
Kr-91 8.6 Sec 3:3 5 -
Kr-92 1.84 Sec 3.3 45
Kr-93 1.29 Sec 9.3 +4 -
Kr-94 1.0 Sec 2.3 4 -
Kr=95 0.5 Sec 2.1 *3 -
Kr-97 1.0 Sec 1.4 +1 -
Xe=131m 11.96 Day 1.5 +1 1.5 #1
Xe-133m 2.26 Day 2.9 42 2.8 +2
Xe-133 5.27 Day 8.2 +3 8.2 +3
Xe=135m 15.7 Min 2.6 +4 6.9 +3
Xe-137 3.82 Min 1.5 %5 6.7 +2
Xe-138 14.2 Min 8.9 +4 2.1 +4
Xe=139 40 Sec 2.8 +5 "
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1-1 (Continued)

Source Term
L=
&g@l/se()

3.0

5.6

TABLE 11.

Isotope Half-Life

Xe~140 13.6 Sec

Xe-141 1.72 Sec

Xe~-142 1.22 Se«

Xe-143 0.96 Se«

Xe-144 9.0 Sec

fotal Approx.
NOTE

s Estimated from experimental observations.

12.1=19

0

+5

Approx.

Source Term
t=30
(pCi/sec)

1.0 +6



TABLE 11.1-2

POWER ISOLATION EVENT - ANTICIPATED OCCURRENCE

Isotopic Spiking

[sotope Activity (Ci)/Bundle
I-131 -1
132
133 5.0
134 5.4
135 4.8
Kr-83m 0.9
85m 2.2
85 0.5
87 4.3
88 6.1
89 8.0
Xe-131m 0.1
133m 0.3
133 11.6
135m 1.8
135 11.0
137 10.5
138 10.6
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TABLE il.1-3

HALOGEN RADiOISOTOPES IN REACTOR WATER

Concentration

[sotope Half-Life (uCi/g)
Br-83 2.40 hr 2.8 x 1072
Br-84 i1.8 min 6.1 x 10-1
Br-85 3.0 min 6.5 x 10°%
[-131 8.065 day 2.0 x 1072
[-132 2.284 hr 2.6 x 107!
1-133 20.8  hr 1.5 x 10"}
[-134 52.3 min 4.8 x 107}
[-135 6.7 hr 2.4 x 107}
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TABLE 11.1-4

OTHER FISSION PRODUCT RADIOISOTOPES IN REACTOR WATER

Conce.itration

Isotope Half-Life _ (pCi/g)
Sr-89 50.8  day 2.1 % W3
Sr-90 28.9 yr 1.2 x 1074
Sr=91 9.67 hr 5.6 x 10”2
Sr-92 2.69 hr 1.3 x 10”7
Zr-95 65.5 day 3.0 x 107
Ze-97 16.8  hr 2.7 x 1074
Nb-95 35.1 day 3.0 x 107°
Mo-99 66.6 hr 2.5 x 1074
Tc-99m 6.007 hr 1.5 x 107}
Te=101 14.2 min 1.8 x 10° !
Ru-103 39.8 day 1.6 x 107
Ru=-106 368 day 1.6 x 107
Te-129m 3.1 day 4.5 x 10°°
Te-132 78.0  hr 1.6 x 107
Cs=134 2.06 yr 1.4 x 107
Cs-136 13.0 day 9.2 x 107
Cs-137 30.2 yr 1.3 x 107
Cs=138 32.3  min 2.7 x 1072
Ba=139 83.2 min 8.5 x 10-2
Ba-140 12.8 day 7.1 x 1072
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TABLE 11.1-5

COOLANT ACTIVATION PRODUCTS IN REACTOR WATER AND STEAM

Reactor
Steam Water

lsotope Half-Life Concentration Concentration
N-13 9.99 Min 1.5 =3 1.0 =1
N-16 7.13 Se« 5.0 =1 }.8 -1
N=17 4.14 Se« 4.0 -2 1.9 -2
0-19 26.8 Sec 6.0 -1 1.4 -0
F-18 109.8 Min 4.4 -4 4.0 =2



TABLE 11.1-6

NONCOOLANT ACTIVATION PRODUCTS IN REACTOR WATER

Concentration

Isotope Half-Life (pCi/g)
Na~-24 15.0 Hr 2.0 =3
P-32 14.31 Day 2.0 =5
Cr=51 27.8 Day 5.0 -4
Mn-54 3113.0  Day 4.0 -5
Mn-56 2.582 Hr 3.0 =4
Co-58 71.4  Day 5.0 -3
Co=-60 5.258 Yr 5.0 -4
Fe-59 45.0 Day 8.0 =5
N1-65 2.55 Hr 3.0 -4
Zn=-65 243.7 Day 2.0 -6
Zn=69m 13.7 Hr 3.0 =5
Agq=110m 253.0 Day 6.0 -5
wW-187 .39 Hr 3.0 =3
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11.2 LIQUID WASTE MANAGEMENT SYSTEMS

11.2.1 DESIGN BASES
0.2.1%.) Power Generation Design Objectives

The liquia radicactive waste (LRW) system is designed to collect and treat,
for reuse or disposal, all radioactive (or potentially radioactive) liguid
wastes produced in the plant. This is done in such a manner that, for all
anticipated quantities of waste produced, the availability of the plant for

power generation is not adversely affected.

11.2.1.2 Radiological Design Objectives

The LRW system is designed to restrict releases of radioactive material to the

environment and exposures to both operating personnel and the general public

to "as low as reasonably achievable" (ALARA) in accordance with the guidelines

given in Appendix I to 10 CFR 50.

11.2.1.3 Desigd Criteria

The LRW system is designed in accordance with the following design criteria:

a. For each reactor at tie site, the estimated annual total quantity of
radioactive material (excluding tritium) above background in the liquid

effluents released to unrestricted areas is less than 5 curies.

b. For the total radioactive liquid effluents of Units 1 and 2, the resultant

whole body dose to any individual offsite is less than 5 m Rem/yr.
2. Design and construction of all LRW system components satisfies or exceeds

the intent of all applicable criteria set forth in Regulatory Guide 1.143
and ANSI N197-1976.
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d. All LRW system components and the structure in which they are housed are
designed and constructed in accordance with the codes, standards, seismic

classifications, and safety classifications listed in Table 3.2-1.

11.2.1.4 Cost-Benefit Analysis

Section 11.2.3 includes an analysis that shows that the LRW system, as designed,
is capable of controlling releases of radioactive material within the numerical
design objectives of Appendix I to 10 CFR 50. Under the rules of Sectiom II,
Paragraph D of Appendix | to 10 CFR 50, a cost-benefit analysis is not required
for this system because the design satisfies the "Guides on Design Objectives
for Light-Water-Cooled Nuclear Power Reactors", proposed in the "Concluding

Statement of Position of the Regulatory Staff", in Docket-RM-50-2.

13.2.1.5 Accident Analysis

An analysis is included in Chapter 15 to determine the radiological
consequences for case situati-ns in which equipment malfunctions and/or
operator errors are hypothesized during periods of operation at design basis
fuel leakag=. Design provisions are included to prevent the uncontrolled
release of radioactive material to the environment as a result of any single
equipment malfunction or operator error. An evaluation of failures of single

pieces of equipment is provided by Table 11.2-1.

11.2.1.6 Component Design Parameters

With the exception of normal wearing parts, such as seals and bearings, all
pumps, valves, piping, tanks, pressure vessels and other components in the
LRW system are fabricated from materials which are intended to provide a
minimum service life of 40 years without replacement. In selecting materials

to satisfy this criterion, due consideration is given to the following:

a. The corrosive nat re of both the process fluid and the external

envi* ament.
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b. Decontaminability of the material.

o Wall thickness requirements dictated by design pressures, temperatures,

flow rates, and corrosion rates.

Tabulations of LRW system components and design parameters are presented by
Tables 11.2-2 through 11.2-7.

11.2.1.7 Surge Input Collection Capabilities

Redundancy of equipment for collecting and processing inputs to the LRW system
1s described in detail in Section 11.2.2 and summarized by Table 11.2-8.
Considerable excess capacity is built into the collecting und processing
equipment of each subsystem to handle all anticipated normal and maximum input
quantities. An evaluation of this capability is presented by Table 11.2-9
which shows that only when the suppression pool is drained for maintenance
does the LRW system fall short of needed capacity. This occurrence is
satisfactorily handled by reducing the rate at which the suppression pool is
drained. This method adds, at most, three days to the outage and results in
no increase in radiation exposures to operating personnel or the general

public.

11.2.1.8 Control of Tank Leakage and Overflows

With the exception ot the condensate storage tank, all tanks contairing
radioactive material are housed inside reinforced, concrete structures with
floor drains for routing tank leakage to the LRW system. A seismically
qualified retaining structure (dike) surrounds each condensate storage tank to
contain any leakage from this source. Further information on these dikes is

provided in Section 9.2.6.

All tanks in the LRW and solid radioactive waste (SRW) systems have closed
tops with overflow lines piped up solid to embedded drain piping that is
routed to sumps. Any water collected in these sumps is pumped back to the LRW

collection tanks.
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For each tank in the LRW and SRW systems, level indication and high level alarms
are provided on a remote control panel. On reaching high level in any tank,
further inputs are automatically diverted to another tank or stopped.

These monitoring and control features significantly reduce the possibility of

overflowing any tanks.

11.2.1.9 ALARA Design Features

Numerous features have been incorporated into the design of both the LRW
system and the building housing this system to insure that exposures of
operating personnel to radiation will be kept within ALARA guidelines. The

following is a listing ¢f the most significant ALARA design features:

1 All floors and wall areas subject to contamination with radioactive
material are coated with nuclear grade epoxy coatings to aid in

decontamination.

8 With the exception of the detergent drains tanks and chemical waste
distillate tanks, which are low in activity content, all redundant tanks
are located in separate, shielded cubicles. This allows one tack to be
repaired or inspected with minimal personnel exposure while the second

tank is being used to process waste.

3. Most redundant pumps and process equipment are located in separate,

shielded cubicles similar to those for the tanks as described above.

4. All normal operations are performed from a remote, centralized control
panel. Normal operations are performed semi-automatically using a solid
state, programmable logic controller to control valves and pumps. This
eliminates exposures to operating personnel during normal operation and
minimizes operating errors that could indirectly result in greater

exposures to both operating and maintenance personnel.
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10.

Pipe lines containing radicactive fluids are routed through shielded
chases. There is no instrumentation, valves or other equipment located
in these chases, eliminating the need to enter them for any reason other

than to maintain the piping itself.

As much as possible, pipes containing filter backwash slurries, spent
resins, or evaperator concentrate make use of bends rather than standard
elbow fittings to reduce the chances of plugging. As another precaution
against sludge buildup, these lines are automatically backflushed after

every use.

Backflush connections are nrovided on all process piping in pump cubicles
to permit this piping to be decontaminated before entering the cubicles

for maintenance purposes.

All pumps seals are mechanical type tov minimize seal leakage and to
eliminate the need for periodic adjustment of the seals. Rotating
element facing material 1s tungsten carbide to maximize seal operating

life.

The majority of valves are top-entry, diaphragm type with ethylene
propylene terpolymer (EPT) elastomer diaphragms. This type of valve has
the advantages of: a) no crud traps; b) no leakage unless the diaphragm
fails; and ¢) quick, simple procedures for replacement of worn seals

(diaphragm) .

Materials of construction for all pumps, valves, piping, tanks and
process equipment are selected to provide long-term corrosion resistance
and improved decontamination czpability. Most pumps, tanks and other
procec« equipment are constructed of austenitic stainless steels. Alloy
20 stainless steel or Incoloy are used where protection against chloride
stress corrosion is needed. Depending on the service, piping and valves
are either austenitic stainless steel, Alloy 20 stainless steel, Incoloy,
polypropylene lined, or Yoloy (a nickel copper alloy steel with increased
corrosion resistance over carbon steel). Valves in Yoloy portions of

piping are carbon steel with nuclear grade epoxy coatings.

11.2-5



11.2.1.10 Control of Inadvertent Releases

Releases as a result of equipment failures or malfunctions are discussed in
Section 11.2.1.5. Another way in which unintentional releases could occur
would be as a result of operator errors either allowing a tank to overflow or
pumping the contents of the wrong tank to the discharge canal. Provisions for
control of tank overflows are discussed in Section 11.2.1.8. Provisions for
preventing the contents of the wrong tank from being discharged are discussed

below.

All LRW system discharges, other than detergent wastes, are directed to the
Unit 1 emergency service water discharge pipe. Detergent wastes are
discharged to the sanitary waste system. All pipe lines going to the
discharge point are routed through one central discharge flow control station,
where the liquid can be directed through a low flow or parallel high flow
control valve station. Both the low and high flow control valves are
remote-manually adjusted from the LRW system control panel. Between the
control valve station and each sample tank that can be dischacged is a power
operated shutoff valve that must % crened before a tank can actually be
drained to the discharge point. During norm ' operation, thes: valves are
controlled by a programmable logic controller. Wher an operator selects a
tank to be discharged, the logic controliler automatically checks the discharge
shutoff valves of all other sample tanks. If any of these other valves are
open, the discharge shutoff valve for the selected sample tank cannot be
opened without overriding the logic controller. [If, during transfer of the
contents of one sample tank to the discharge point, the operator opens the
discharge shutoff valve for another sample tank, a valve misalignment alarm is
set off on the control panel and the sample pump is automatically stopped. As
further protection against inadvertent discharges, an administratively
controlled, manual, normally locked closed valve with position indicating
limit switches is provided in series with each discharge isolation valve.

Each of these manual valves is also checked by the logic controller for proper
position before the discharge isolation valve for any sample tank can be

opened or before the sample transfer pump can be started.
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11-2.2 SYSTEM DESCRIPTION

11.2.2.1 Input Streams

The LRW system is designed and sized to simultaneously handle all radioactive
liquid wastes for both units of the Perry Nuclear Power Plant, based on each
unit having a condensate polishing treatment system as discussed in

Section 10.4.6,

The input streams for the system are shown on the detailed process flow
diagram in Figure 11.2-1 (Sheets 1 through 15). For these streams, normal
and expected maximum quantities of significant radicactive nuclides and total

flow quantities are given in Table 11.2-10.

11.2.2.2 Separation of Inputs

Incoming streams of liquid waste are collected and treated in one of four
separate process streams according to their composition. These four

subdivisions are high purity/low conductivity wastes (primarily equipment
drains), medium-to-low purity/medium conductivity wastes (primarily floor

drains), high conductivity chemical wastes, and detergent drains.

In addition to handling these four categories of liquid waste, the LRW system
collects spent resin slurries and filter backwash slurries prior to being sent

to the SRW disposal system.

15.2.2.3 Previous Experience

The type of process equipment used in the system described herein has been
used effectively in many previous BWR units, including Dresden Units 1, 2 and
3, Quad Cities Jdnits 1 and 2, Oyster Creek, and Nine Mile Point.

Justification for the decontamination factors used for this equipment is based
on available data from several operating units, equipment manufacturer's data,

topical reports and standards given in References 1 through 25.
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11.2.2.4 Treatment of High Purity/Low Conductivity Wastes

Input streams to this subsystem consist of equipment drains, cask pit
drawdown, suppression pool water (normally diverted to suppression pool
cleanup system) blowdown ~f reactor water (normally directed to hotwell),
rinse water from condensate demineralizers and residual heat removal system
flush/test. These inputs are collected in one of two waste collector tanks,
each sized to hold one day's maximum normal input. With the exception of
equipment drains, these waste streams can be diverted to the floor drain
collector tanks if water quality or flow conditions warrant. After a batch of
waste is collected, it is sent through a travelling belt filter to remove
suspended solids, and then a mixed-bed deminineralizer to remove dissolved
solids. Alternate flow paths for treatment of these wastes are discussed in
Section 11.2.2.13. Two waste sample tanks, each sized to hold one batch of
waste, are provided for sampling, mixing, and temporary storage of the treated
effluent. After a batch is sampled, it may be recycled to the waste collector
tank for further treatment, sent to the condensate storage system (normal
path) or discharged. The system is completely redundant, either through
backup equipment or cross-ties with identical equipment in one of the other

subsystems.

The major inputs to the high purity subsystem are equipment drains. The
embedded drainage piping system for collecting this waste water is described
in Section 9.3.3. The equipment drain piping in each structure housing
radioactive (or potentially radioactive) fluid systems is routed to a sump
located at the lowest elevation of the building. After one of these sumps is
filled, one of two redundant, vertical sump pumps automatically pumps the
contents to either the waste collector tanks in the LRW system or to the main
condenser, depending on conductivity. If the conductivity is approximately
1.0 pmho/cm or less, the water is clean enough to be sent to the condenser.

Higher conductivity water is sent to the LRW system.
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15.2.2.5 Treatment of Medium-to-Low Purity/Medium Conductivity Wastes

Input streams to this subsystem consist of floor drains, decantate from the
backwash settling tanks, decantate from the solid radwaste disposal system and
backwash from the radwaste demineralizers. These inputs are collected in one
of two floor drain collector tanks, each sized to hold approximately three
days' maximum normal input. With the exception of floor drains, these waste
streams can be diverted to the waste collector tanks if water quality or flow
conditions warrant. After a batch is collected, it is normally filtered,
demineralized and re-used. Alternate flow paths for treatment of these wastes
are discussed in Section 11.2.2.13. Two floor drain sample tanks, each sized
to hold one batch of waste, are provided for sampling and temporary storage of
treated effluent. After sampling, a batch is either recycled for further
treatment, sent to condensate storage (normal path) or discharged. The system
is completely redundant, either through backup equipment or cross-ties with

identical equipment in one of the other subsystems.

The major inputs to the medium-to-low purity subsystem are floor drains, which
consist of miscellaneous unidentified equipment leakage and floor washdown.
The embedded drainage piping system for collecting this waste water is
described in Section 9.3.3. The floor drain piping in each structure housing
radioactive (or potentially radioactive) fluid systems is routed to a sump
located at the lowest elevation of the building. After one of these sumps is
filled, one of two redundant, vertical sump pumps automatically sends the
contents to the floor drain collector tanks in the LRW system. In the same
manner as for the equipment drain sumps, drains collected in the drywell or
containment floor drains sumps are routed to either the LRW system or main

condenser, depending on conductivity.

11.2.2.6 Treatment of High Conductivity Chemical Wastes

These wastes consist primarily of laboratory drains and chemical regeneration
solutions from the mixed-bed condensate polishing demineralizers. They are
collected in two chewical waste tanks, each sized to hold the regeneration

solutions from one mixed-bed demineralizer. Miscellaneous leakage and
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maintenance drains from the condensate polishing demineralizer regeneration
equipment is collected in a chemical waste sump located at the lowest
elevation of the structure housing the regeneration equipment. When this sump
is filled, one of two redundant sump pumps automatically transfers the
contents to the chemical waste tanks. After a chemical waste tank is filled,
the contents are concentrated in one of two horizontal type waste evaporators.
The evaporators are set up so that one normally handles chemical wastes 2nd
the other handles floor drains only. However, cross connections are provided
so that either evaporator can handle equipment drains, floor drains or
chemical wastes. Prior to entering the evaporator, the wastes are sampled and
the pH level monitored. For optimum evaporator performance, chemicals are
added to maintain the pH between 7 and 10. Bottoms from the evaporator are
pumped to two concentrated waste tanks sized to hold seven batches each.
Bottoms are periodically transferred from these tanks to the SRW disposal
system. Distillate from the evaporators is temporarily stored in two chemical
waste distillate tanks, each of which is sized to hold the distillate from one
batch of waste. After sampling, the distillate may be sent through either the
floor drains demineralizer or waste demineralizer for further treatment, sent

to the condensate storage system (normal path) or discharged.

Alternate flow paths for treatment of these wastes are discussed in Section
11.2.2:33,

11.2.2.7 Treatment of Detergent Drains

lnputs to this subsystem consist of personnel decontamination solutions and
tloor drains from nonradioactive areas of the control complex. Dry cleaning
machines are being installed at the plant for cleaning prot~active clothing.
All waste inputs are collected in the laundry and floor drains sump located at
the lowest elevation of the control complex. When this sump is filled, one of
two redundant sump pumps automatically transfers the contents to the LRW
system detergent drains tanks. After sampling, this wastes is filtered and
discharged to the sanitary waste treatment system because it normally contains
negligible levels of radioactivity. I[If significant activity levels should
occur in the detergent drains, these drains can be sent to the waste

evaporator atter defoaming agents have been added.
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11.2.2.8 Treatment of Spent Resins

Spent resins from the mixed-bed condensate demineralizers, waste
demineralizer, floor drains demineralizer and suppression pool demineralizer
are collected in two spent resin storage tanks. Each tank is sized to hold
the resins for six months. The spent resins are transferred to the SRW

disposal system as a water slurry.

11.2.2.9 Treatment of Filter/Demineralizer Backwash

Backwash slurries from the condensate filter fuel pool filter/demineralizer
and RWCU filter/demineralizer backwash receiving tanks are pumped to settling
tanks located in the radwaste building. The sludge is allowed to settle to
the bottom of these tanks while relatively clean water is drawn off the top
and pumped to the floor drain collector tanks or waste collector tanks for
further treatment. Periodically, the sludge is transferred to the SRW

disposal system as a water slurry.

11.2.2.10 Detailed Component Design

Piping and instrumentation for i(lie LRW system are shown in Figure 11.2-1. For
a definition of symbols used on this system diagram, see Figure 1.2-22.

Design data for all LRW system components is given in Tables 11.2-2 through
11.2-7. The satety class for equipment and piping in the system is given in
Table 3.2-1. Also shown in this table are the seismic classifications and
principal construction codes for LRW system components and for the radwaste

building.

N Collection Tank Design

All collection tanks are either horizontal or vertical, atmospheric,
cylindrical, stainless steel tanks. Vertical tanks have closed tops and
dished bottoms for eisy drainage. Vent, overflow, recycle and drain
lines are provided for each tank. A level sensor is provided on each
tank for remote level indication, level recording, and alarm/control

functions.
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The liquid radwaste system is non-seismic. However, collection tanks
containing significant amounts of radioactive liquids are Seismic
Category | tanks up to, and including, the first tank isolation valve on
each pipe line that could drain the tanks upon rupture. Tanks in this
category are the chemical waste tanks, concentrated waste tanks, spent
resin tanks, and RWCU backwash settling tanks. These tanks and the
piping out to the first isolation valve on lines that could drain the
tanks, are designed in accordance with Quality Group C requirements, less

material traceability and N stamp.

Pump Design

All pumps other than sump pumps are horizontal, centrifugal type, driven
by 460 voit drip proof motors. Each pump is provided with inlet and
outlet shutoff valves for maintenance and a discharge pressure sensor
with readout in the RWBCR. All pump seals are single or double

mechanical type.

Waste Collector Filter/Floor Drains Filter

Each filter is a flatbed, continuous belt type, precoat filter unit rated
at 100 to 150 gpm when used to filter waste water. Each unit can also be
used to dewater resin or filter backwash slurries, for which case the

process rate is 50 gpm.

For improved filtration efficiency, provisions are made for body feed of
precoat material to the filter influent. During periods of non-use,
water is continuously recirculated through the filter to prevent

deterioration of the filter precoat.

Upon completion of a filtration run, the precoat material and accumulated
crud is partially dried by air and the filter belt is indexed, causing
the semi dry cake to fall off the end of the belt and down a stainless
steel chute into a waste mixing/dewatering tank in the SRW disposal

system.
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Fach filter has a filtration surface area of 68 square feet. Operating
differential pressure varies from 2 to 14 psi. Design differential

pressure is 15 psi.

Waste Demineralizer/Floor Drains Demineralizer

These demineralizers are identical 200 gpm mixed bed units, using a
cation to anion resin ratio of one to one (by volume). Each
demineralizer 1s designed for a process flow rate of 6 to 8 gpm per
square foot. They are cross-tied by manual valves to achieve redundancy

in both subsystems.

Maximum pressure differential at rated flow is 10 psi. A demineralizer
run may be terminated on a high differential pressure or a high
conductivity signal. The spent resin is then sluiced to one of the spent

resin tanks.

Chemical Waste Evaporator/Condensers

Two 30 gpm horizontal evaporator/condensers are provided, each designed
to operate on a batch basis. Normally, only one unit is used, but the
design 1s such that they can be operated simultaneously. Each evaporator
is designed to concentrate a solution of Nazsoa from 0.7 w/o to 25.0 w/o.
Each evaporator is designed to operate under slight positive pressure.
Water vapor is condensed and cooled to a temperature of 120°F prior to

being pumped from the unit to distiliate tanks.

Detergent Drains Filters

Two 50 gpm cartride type filters are provided for detergent drains. Each
filter operates at a normal differential pressure varying from 5 to

25 psi with a maximum design of 75 psig. Filtration is terminated on

high differential pressure.
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The cartridge elements are epoxy impregnated cellulose with a filtration
efficiency of 98 percent at 3 pm and 100 percent at 23 um. Spent
cartridges are taken to the SRW disposal system for packaging and

shipment to offsite burial grounds.
Settling Tanks

All seitling tanks are vertical, atmospheric, cylindrical, stainless
steel tanks with closed tops and dished bottoms. Each tank is provided
with vent, overflow, drain, blowdown, recycle and decant lines.
Connections for flushing water znd sparging air or condensate are also

provided.

Four ultrasonic level indicators are provided on each tank to indicate in
the radwaste building control room (RWBCR) when the sludge level is at
25, 50, 75 or 100 percent of the maximum permissible level. The tanks
are designed so that this maximum level is below the elevation of the
decant lines. Each tank is also provided with a liquid level sensor for

remote level indication and alarm control functions.
Spent Resin Tanks

Two vertical, atmospheric, cylindrical, stainless steel spent resin tanks
are provided. Each tank has a closed top and dished bottom and is
provided with vent, drain, overflow, and flushing lines. The entrance to
the overflow line is provided with a wire mesh screen to prevent resins

from entering the overflow.

Level instrumentation for these tanks is the same as for the settling

tanks.
Concentrated Waste Tanks
Two vertical, atmospheric, cylindrical, Incoloy concentrated waste tanks

are provided. Each tank has a closed top, dished bottom, and vent,

overflow, drain and recycle lines. All lines normally containing
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concentrated waste are heat traced and insulated to prevent
solidification of the concentrate. Each tank is provia.? with a heating
element to maintain the tank temperature between 120°F and 150°F. A
level sensor is provided for remote indication and alarm/control
functions. Temperature elements are provided to monitor and record
temperature in the tanks and activate an alarm in the RWBCR if the

temperature exceeds 150°F or falls below 120°F.

Sample Tanks

The waste sample tanks and floor drains sample tanks are vertical,
atmospheric, cylindrical, stainless steel tanks. The chemical waste
distillate tanks are horizontal, atmospheric, cylindrical, stainless
steel tanks. All tanks have vent, overflow, drain, and recycle lines.
Each tank has a level sensor for remote level indication, level

recording, and alarm/control functions.

Sumps

Radicactive floor and equipment drains are collected in sumps located in
the basemat of all structures housing radioactive fluid systems. These
sumps range in size from 50 to 1000 gallons. With the exception of those
sumps that are rormally non-radioactive, all sumps are lired with

stainless steel for leakage control and to facilitate decontamination.

Many sumps are provided with a small recessed "boot" in the area of the
bottom from which the sump pump takes suction. This ensures that the
pump suction is submerged at all times while allowing most of the sump to
be drained completely to minimize buildup of radioactive sludge and to

facilitate decontamination.
All sumps are covered with grating or solid plates. Solid plates are

used where shielding is needed, or if the sump is in an open area where

litter could end up in the sump.
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Each sump is provided with level switches for alarm and control
functions. Sumps inside containment have additional level
instrumentation for leak rate detection as discussed in Section 7.6. The
quantity of waste water sent to the LRW system from each sump is
monitored on the RWBCR panel using digital, sump pump elapsed running

time counters.

Sump Pumps

Except for the annulus sump, which is expected to be used very
infrequently, all sumps have redundant, duplex sump pumps. Vertical
turbine pumps are uscd in sumps containing relatively clean water.
Standard vertical, open impeller, centrifugal sump pumps are used in
sumps where trash could accumulate. All sump pumps are provided with
suction strainers to prevent refuse from clogging or damaging the pump

impeller.

Pump motors are totally enclosed and fan cooled to prevent contamination

of the motor internals.

11.2.2.11 Field Routed Pipe

Routing of piping and tubing in the LRW system that normally carry radioactive

fluids is shown on piping drawings to ensure proper protection of operating

personnel against exposure to radiation. Therefore, there will be no field

routed radioactive piping or tubing for which shielding design criteria or

controls will be necessary.

11.2.2.12 System Control and Operating Procedures

General
All pumps and normally used valves are controlled from a control panel in

the RWBCR. A semi-graphic mimic is provided on this panel showing the

operating status (off/on) of all system pumps and the position
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(open/closed) of all power operated valves. Important system parameters
such as tack levels, pamp discharge pressures, etc. are also indicated
and/or recorded on this control panel. An annunciator on the panel
sounds an alarm if abnormal conditions such as high tank level or high
discharge activity should occur. Alarms on the LRW control panel are
retransmitted to the control complex control room, where a single

radwaste system trouble alarm is activated.

Additional control panels are located near the radwaste filters and
demineralizer for use when reconditioning this equipment. After a filter
has rcceived a fresh precoat or a demineralizer has been refilled with
new resins, control of this equipment is returned to the main LRW system

control panel.
Programmable Logic Controller

To ftacilitate operation and to minimize human errors, the LRW system is
contiolled by a programmable logic controller (PLC) during normal
operation. Once the operator has selected a mode of operation for one of
the LRW subsystems, the PLC automatically controls the operating
sequences. For any operating mode, the PLC first checks that all valves
are in the predetermined alignment. An improper valve alignment is
annunciated and the PLC either discontinues the program or delays further
steps in the program until the situation is corrected. Following this
step, the PLC signals the correct valves to open and the subsystem pump
to start. At the end of the program (signaled by low tank level, a timer
running out, loss of a permissive signal, etc.), the PLC stops the

subsystem pump, closes all valves, and indicates the end of the cycle.

Ihe PLC is only used for normal modes of operation. For abnormal
occurrences such as bypassing equipment or cross-iying shared equipment,
the operator can override the PLC and operate the system remote -
manually from the control panel. If necessary, the PLC can also be
reprogrammed from a computer input/output terminal located in the

radwaste building control room.
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Norma. Control of Discharges

Except for detergent wastes, all liquid effluents from the LRW system are
normally rcuted to the condensate storage system or main condenser for
reuse in the plant. This is done on a batch basis after a sample of the
effluent is taken to determine if it is suitable for reuse. If the
sample does not meet the water quality standards for condensate makeup
given in Table 11.2-1] the batch is either recycled for further treatment
or discharged through the discharge tunnel entrance structure, depending

on the chemical content and activity level.

All streams to be discharged are routed through one central flow control
station, where either a low flow or parallel high flow control valve is
used. These valves are modulated remote-manually from the radwaste
building control room to achieve the desired flow rate. The stream is
then monitored for gross beta-gamma activity and routed to the discharge
tunnel entrance structure, which discharges tc the environment at the

point shown in Figure 1.2-18.

For each batch discharged, the activity monitor is set to actuate an
alarm in the RWBCR if the activity level exceeds a preselected value.
This value is calculated for each batch based on the activity level of a
sample taken from the batch and on the flow rate of the circulating water
blowdown at the time that it is desired to disc *he batch. The
value is set so that after dilution in the circula « water, the

concentration will be substantially below the MPC level of 10 CFR 20.

11.2.2.13 Selection of Normal and Alternate Flow Paths

Normal flow paths for all input streams to the liquid radwaste system are
described in Sections 11.2.2.4 through 11.2.2.9. However, because of the
variable nature of these input streams, alternate flow paths for their
treatment may sometimes be necessary. In Figure 11.2-2, the normal and

alternate flow paths for each input striam are summarized. For each flow
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path, the percentages of total flow are given for expected normal operation,
design and sizing of equipment, and calculation of quantities of radioactivity

discharged. Explanation of each flow path used is given in Table 11.2-12.

11.2.2.14 Performance Tests

Prior to plant startup, all equipment in the radwaste system will be testied
for operability. After startup, when radioactive liquids are in the system,
the filters, demineralizers and evaporators will periodically be tested for
performance by taking samples of the liquid wastes before and after treatment

and analyzing for isotopic content.

Reports in the literature on performance tests for this equipment are given in

References 1 through 25.

11.2.3 RADIOACTIVE RELEASES

11.2.3.1 Description

The criteria for recycle, treatment ana discharge of radioactive wastes is
discussed in Section 11.2.2. 1In calculating the radioactive releases to the
environment it was assumed that 10 percent of the high purity, chemical and
regenerant waste streams and 25 percent of the low purity waste stream are

discharged.

11.2.3.2 Dilution Factors

The liquid waste discharged to the environment is diluted by the cooling tower
blowdown and excess service water of Units 1 and 2. After Unit 2 is placed in
operation, the normal dilution flow will be between 44,500 and 61,500 gpm.
When both the emergency service water and normal service water are discharging
into the discharge tunnel the dilution flow may temporarily increase to

approximately 100,000 gpm.

11.2-19



Values in Table 11.2-13 were calculated using the normal minimum dilution flow
of 44,500 gpm. During certain operating conditions or certain sczasons, flows
may be less than the normal minimum flows indicated. However, flows will
exceed the normal minimum flow a substantial portion of the year, “hus the
values in Table 11.2-13 are ¢ valid conservative estimate of annual
discharges. In no case will flows go below 10,000 gpm during normal operating
conditions, and this is smple to insure that actual releases do not exceed

allowable releases.

11.2.3.3 Relcase Points

Releases to the environmenc, with the exception of detergent drains, are by
way of the discharge tunnel entrance structure. This release point is shown
on the process flow diagram in Figure 11.2-1, and the site plot plan in
Figure 1.2-18. The detergent drains filter discharge is sent to the sanitary
wiste treatment system. After tertiary treatment it is discharged to the

lake.

11.2.3.4 Estimated Releases

The release rate of radioactive materials in liquid effluents is presented in
Tables 11.2-13 and 11.2~14. These values were caiculated with the GALE Code
and are based on the assumptions and parameters provided in NUREG-0016
(BWR-GALE Code) and Table 11.2-15. As shown in Table 11.2-14 the estimated
releases are a small fraction of the limits of 10 CFR 20, Table II, Column 2
and are considered as low as reasonably achievable. The estimated offsite
doses for the Perry site and a comparison with the design objeciives of
Appendix I to 10 CFR 50 and the dose limits of 10 CFR 20 is presented in
Section 5.1.4 of the PNPP Environmental Report.

11.2.4 REFERENCES FOR SECTION 11.2
1. "BWR Radwaste System Performance," H. L. Loy and W. F. Dietrich,

Symposium on Waste Management at Nuciear Reactors, AiChE National
Meeting, C'ncinnati, Ohio, May 16, 1971, NEDM-10346.
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K. Osano, Hitachi Review, Volume 19, No. 12, pp 426-434, UDC 621.039.7.

"Management of Radioactive Wastes at Nuclear Power Stations":

J. 0. Blomeke, et. al., ORNL-4070.

"Experience With Precoat Filters in Nuclear Power Plants", C. H. Becker
and J. S. Brown, presented at 34th Annual American Power Conference,

Chicago, Illinois, April 18 - 20, 1972.

Test of AMF 2 gpm Radioactive Waste Evaporator at Rochester Ginna Power
Station - AMF-BEAIRD Engineering Calculation, Dated October 8, 1971.

"Removal of Radionuclides from Water by water Treatment Processes",
Ray J. Morton and Conrad P. Stroub, American Water Work Association

Journal, Volume 48, May 1956, p. 545.

"Disposal of Radioactive Wastes", Abel Walman, Ibid., Volume 49, May,
1957, p. 505.

"Mixed-Bed lon Exchange for the Removal of Radioactivity", H. Gladys
Swope, Op. Cit., Volume 49, August, 1957, p. 1085.

"Chemical Coagulation Studies on Removal of Radioactivity in Waters",
Llyod R. Setter and Helen H. Russell, Op. Cit., Volume 50, May, 1958,

p. 590.

"Decontamination of Radioactive Sea Water'", Minorce Honma and Allen E.

Greendale, Op. Cit., Volume 50, November 1958, p. 1490.

"Removel of Radionuclides from the Pasco Supply by Conventional

Treatment", Robert L. Junkins, Op. Cit., Volume 52, July 1960, p. 834.
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Equipment
tem

Discharge flow
control valve

Jischnarge
radiation
monitor

Discharge flow
monitor

Cooling tower
blowdown line

TABLE 11.2-1

SINGLE EQUIPMENT ITEM MALFUNCTION EVALUATION

Malfunction

Does not respond

to signal to
throttle flow

Improperly
calibrated or
power failure

Improperly
calibrated or
power failure

Flow through
line 1s blocked
or lost,

Consequences

Radioactive isotope
concentration in
discharge could
exceed limits of

10 CFR 20.

Activity of liquid
discharged to
environment is not
monitored or
recorded.

Quantity of liquid
being discharged to
environment is not
monitored or
recoraed.

Radioactive isotope
concentration in
discharge could
exceed limits of

10 CFR 20.
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Design
Precautions

Radiation monitor
downstream of control
valve signals power
operated isolation
valve in series with
flow control valve to
close.

Monitor has down
scale alarm to warn
operator in control
room of loss of power.
Recycle line is
provided on sample
tank to permit each
batch of waste being
discharged to be
sampled for isotopic
content prior to
release.

Level recorder on
sample tank provides
indirect record of
quantity of liquid
released.

Flow sensor on weir
of discharge
structure signals
power operated valve
in LRW discharge line
to close on loss of
dilution water flow.



Equipment
Item

Waste
evaporator

TABLE 11.2-1 (Continued)

Malfunction

Tube leak in
steam tube
bundle

Consequences

Possible
contamination of
auxiliary steam
system when
evaporator 1is not
in operation and
process concentrate
is left in shell

of unit.
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Design
Precautions

When starting
evaporator after a
period of non-use,
steam condensate
return is routed to
the LRW system until,
or unless, a
conductivity switch
in the return line
signals that the
conductivity (which
is an indirect measure
of radioactivity) is
below a predetermined
setpoint.



TABLE 11.2-2

DESIGN DATA FOR LIQUID RADWASTE SYSTEM SUMPS

Sump Description

Drywell Equipment
Drains

Containment
Equipment Drains

Radwaste Building
Equipment Drains

Intermediate
Building Equipment
Dreins

Turbine Power
Complex Equipment
Drains

Control Complex
Equipment Drains

Drywell Floor Drains
Containment Floor
Drains

Annulus Floor Drains
Intermediate
Building Floor
Drains

Auxiliary Building
Floor/Equipment

Drains

Turbine Power
Complex Floor Drains

Turbine Laydown
Area Floor Drains

Number per

Unit of PNPP

1

(1)

(1)

(1)

(1)

Operating
Capacity

_(gal) _
500
440

500

500

1000

500

255

390

50

500

345/675

1000

450
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Type of
Cover Plate

Stainless Steel
Liner Provided

Shielding
Plate

Checkered
Plate

Checkered
Plate

Grating

Checkered
Plate

Checkered
Plate

Shielding
Plate

Checkered
Plate

Grating

Grating

Checkered
Plate

Checkered
Plate

Checkered
Plate

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No



Sump Description

Radwaste Building
Floor Drains

Turbine Lube 0il
Area Floor Drains

Heater Bay Floor
Drains

Turbine Power
Complex Chemical
Drains

Control Complex

Laundry and Floor
Drains

NOTE :

TABLE 11.2-2 (Continued)

Operat.ng
Number per Capacity Type of Stainless Steel
Unit of PNPP  (gal)  Cover Plate Liner Provided
(1) 500 Checkered '
Plate
1 150 Checkered No
Plate
1 270 Checkered Yes
Plate
1 270 Grating Yes
(1)
1 50¢ Checkered Yes
Plate

1. Common sump serves both Unit 1 and Unit 2.
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TABLE 11.2-3

DESIEN DATA FOR LIQUID RADWASTE SYSTEM SUMP PUMPS

Max
Design Design Design TOH @ Shutoff Fluid
Quantity Press. Temp Flow Rate Design Head Temp . Tag
Sump Pump Type (2 Units) (psig) A*F)_ (gpm) PL. (ft) (fr) (°F) Material Numbe r
Drywell Equip. Drain Dupl “ 100 200 50 60 RO 150 Cci 1G61C001A
th

Sump Pumps V.T. 1G61CO01IB

2G61C001A

2G61C001R
Containment Equip. Drain Duplt') K 100 200 50 60 80 150 Ccl 166 1C002A
Sump Pumps ¥.X lg::gggg:

2G61CO02R
Radwaste Bldg. Equip. Duplth 2 100 150 50 65 85 100 Ccl G61C003A
Drain Sump Pumps V.T. G61C003B
Intermediate Bldg. Equip. Dupl'h 2 100 150 50 65 85 100 cl G61C004A
Drain Sump Pumps V.T. G61C004B
Turb. Power Complex Duvlrh 4 100 150 50 110 162 100 cl 1G61CO07A
Equip. Drain Sump Pumps V.T. 1G61C007B

2G61C007A

2661C0078
Drywell Floor Drain Dupl") 4 100 150 50 65 RS 100 Cc1 1G61C008A
Sump Pumps V. E- 1G61CO08B

2G61C008A

2G61CO0RR
Containment Floor Drain Duplex 4 100 150 50 65 90 100 Ccl 1G61C009A
Sump Pumps 1G61C009B

2G61C009A

2G61CO09R
Annulus Floor Drain Single 2 100 150 25 55 60 100 cl 1G61C010
Sump Pumps 2661C010
Intermediate Bldg. Floor Duplex 2 100 150 50 60 .14 100 cl G61CO11A
Drain Sump Pumps G61CO1IB
Auxiliary Bldg. Floor Duplex “ 100 150 100 0 80 100 cl 1661C012A
Drain Sump Pumps ;g:gg:;:

2C61C012B
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Sump Pump

Turb. Power Complex
Floor Drain Sump Pumps

Turh. Power Complex
Floor Drain Sump Pumps

Turb. Laydown Area
Floor Drain Sump Pumps

Radwaste Bldg. Floor
Drain Sump Pumps

Turh. Lube 011 Area
Floor Drain Sump Pumps

Heater Bay Floor Drain
Sump Pumps

Control Complex Equip.
Drain Sump Pumps

Turb. Power Complex
Chemical Drain Sump
Pumps

Control Complex Laundry
and Floor Drain Sump
Pamps

Auxiliary Rldg. Equip.
Drain Sump Pumps

NOTES

Type

Duplex

Single

Puplex

Duplex

Duplex

Duplex

Dupl
g g L

Duplex

Duplex

Duplex

Quantity
(2 Units)

o

~N

1 V.T. - Abbreviation for "vertical turbine”,

Design
Press

(psig)

100

100

100

100

100

100

100

100

[ARLE 11.2-3 (Continued)

Design Design

Temp Flow Rate
(°F) (gpm?
150 100
150 750
150 50
150 50
150 50
150 25
150 50
150 25
175 50
150 250

TOR @

Design
Fr. (fv)

B85

~
"

60

50

95

65

60

75

Shutott
Head
(fe)

115

185

R4

74

9B

85

64

s

105

Max
Flurd

Temp .
(°F)

100

100

100

100

100

100

100

150

Material

Cl

C1

C1

Cl

C1

Cl

Cl

Ci

Tag
Numbe r

1G61C016A
166100148
266100144
2G61CO14B

1661C014C
1G61C014C

1G61C015A
1661C0158
2G61CO15A
2G61C0158

GO1C016A
G61CO16R

166 1C005A
1661C005B
2G61C005A
2G61CO0SR

1661C019A
1G61C0198
2G61C019A
2G61C0198

GoiCO13A
G61CO138

1G61C017A
1661C0178B
2661C017A
2G61C01T7B

G61CO18A
G61CO18B

G61C020A
G61CO20R
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Tank

Waste Collector Tanks

Waste Sample Tanks

Floor Drain Collector Tanks

Floor Drain Sample Tanks

Chemical Waste Tanks

Concentrated Waste Tanks

Chemical Waste Distillate
Tanks

Detergent Drains Tanks
Spent Resin Tanks
Condensate Filter Backwash

Receiving Tanks

Condensate Filter Backwash
Settling Tanks

RWCU F/D Backwash Settling
Tanks

Fuel Pool F/D Backwash
Settling Tanks

LRW Filter Precoat Tank

Quantaty
(2 Units)

2

DESIGN DATA FOR LIQUID RADWASTE SYSTEM TANKS

Type

Vertical

Vertical

Vertical

Vertical

Vertical

Vertical

Boriz.

Horiz.

Vertical

Horiz.

Vertical

Vertical

Vertical

Vertical

TABLE 11.2-4

Head
Design

Flat Top,

Dish. Bot.

Flat Top,
Dish. Bot

Flat Top,

Dish. Bot.

Flat Top,

Dish. Bot.

Flat Top,

Elip. Bot.

Flat Top,

Dish. Bot.

Shallow
Dished

Shallow
Dished

Flat Top,

Elip. Bot.

Shallow
Dished

Flat Top,
Dish. Bot

Flat Top,

Dish. Bot.

Flat Top,

Dish. Bot.

Flat Top,

Dish. Bot.

Design
Press

(Psig)
Atmos .
Atmos .
Atmos

Atmos .
Atmos .
Atmos .
Atmos .
Atmos .
Atmos .
Atmos .
Atmos .
Atmos .

Atmos .

Atmos .

Design

Temp .
(°F)

150

150

i50

150

150

200

150

150

150

150

150

150

150

100

Mar'l

304 SS

304 SS

304 SS

304 SS

316 S§

Incoloy

825

304 SS

304 SS

304 SS

304 S§

304 S

0w

304 L SS

304 SS

cs
(Plasite
lined)

Operating

Capacity(l)

(Gal)

36,500

34,000

36,500

34,000

19,650

4,900

19,100

1,550

9,500

9,900

17,600

4,400

17,600

1,475

Tag
Numbe ¢

G50-A001A
GS50-ADO1R

GS0-A002A
G50-A002B

G50-A003A
G50-AD03B

GS50-A004A
GS0-A004B

G50-A005A
G50-A005R

G50-A006A
G50-A0068

GS0-A00TA
G50-A007R

GS0-A008A
G50-A008B

G50-A009A
GS0-A009B

1G50-A010
2G50-A010

G50-A011A
G50-A011B

G50-A013A
G50-A013B

G50-A014A
GS50-A014B

G50-A015
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Tank
LEW Demineralizer Resin
Feed Tank
IRW Fiiter Aid Tank
Fuel Pool F/D Backwash
Receiving Tank

LRW Phosphate Tank

LRW Hot Water Heater

NOTE :

Quantity
(2 Units)

Type

Vertical

Vertical

Horiz

Vertical

Vertical

TABLE 11.2-4 (Continued)

Head
Design

Flat Top,
Cone Bot

Flat Top,

Dish. Bot.

Shallow
Dished

Flat Top,
Flat Bot.

ASME
Dished

Design
Press

(Psig)

Atmos

Atmos.

Atmos .

Atmos .

130

Design

Temp
(*F)

100

100

150

100

200

Operating
Capacity(l)

Mat'] (Gal)

cs R2S
(Koroscal

lined)
304 SS 1,000
304 SS 9,400
304 SS 250

cs 500
(Phenolic

Lining)

1. Operating capacity is arbitrarily defined herein to be the volume of that portion of the tank up to 6 inches below the
lowest point in the overflow line.

Tag
Numbe r

G50-A010

G50-AG17

G50-A022

G50-A023

G50-B003
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Pump

Waste Collector
Transfer Pumps

Waste Sample Pumps
Floor Drains Collector

Transfer Pumps

Floor Drains Sample
Pumps

Chemical Waste Pumps

Chemical Waste
Distillate Pumps

Detergent Drains Pumps

Spent Resin Pumps

Condensate Backwash
Transfer Pumps

Cond. Sludge Discharge
Mixing Pumps

Condensate Sludge
Decant Pumps

RWCU Backwash
Transter Pumps

RWCU Sludge Discharge
Mixing Pumps

Type

Horz
Cent

Horz.
Cent .

Horz
Cent..

Horz.
Cent .

Horz
Cent .

Horz.
Cent .

Morz.
Cent .

Horz.
Cent .

Horz.
Cent .

Horz.
Cent .

Horz.
Cent .

Horz.
Cent .

Morz.
Cent .

Quantaty
(2 Units)

2

N

TABLE 11.2-5

DESIGN DATA FOR LIQUID RADWASTE SYSTEM PUMPS

Design
Press.

(psig)
125
125
125
125
125
125
125

125

125

125

125

125

125

Design

Temp .
(°F)
150
150
150
150
150
150

175

150

150

150

Design
Flow Rate

_{gpm)
150

200

150

120

200

50

400

450

400

450

350

200

TOH @

Design

Pr. (ft)
175
110
175
110
95
110
110

135

LIY

180

15

95

175

Shutoff
Head
(fr)

210

210

120

125

120

115

160

%0

205

B85

105

185

Max
Fluid

Temp
(°F)

140

100

100

100

120

150

100

100

100

Material

316 SS
316 S§S
316 S§
116 S8
Alloy

20 SS

316 SS
316 SS

316 S8

316 SS

316 S§

316 S§

316 SS

316 S8

Tag
Numbe r

G50-CO01A
G50-CO01E

GS0-C002A
G50-CO02B

G50-C003A
G50-C0038

GS50-CO04A
G50-C004B

G50-C005A
G50-C005B

G50-CO06A
G50-CO06B

G50-CO07A
G50-C007B

G50-CO08A
GS0-CO08RB

1G50~-CO09A
1G50-C0098
2G50-C009A
2G50-C0098

G50-CO10A
G50-Co108

GSO-CO11A
GS5C-CO11B

1650-C012
2650-€012

G50-CO13A
G50-CO13B
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Pump

RWCU Sludge Decant Pumps

Fuel Pool Sludge
Discharge Mixing Pumps

tuel Pool Sludge
Decant Pumps

wWaste Collector
Filtrate Pump

Floor Drains
Filtrate Pump

Waste Collector Filter
Aid Pump

Floor Drains Filter
Aid Pump

Radwaste Precoat Pumps

Spent Resin Transfer
Pumps

WEC Concentrate Pumps

WEC Distillate Pumps

Concentrated Waste
Transfer Pumps

Fuel Pool F/D Backwash
Transfer Pump

Type

Horz.
Cent .

Horz.
Cent .

Horz
Cent .

Horz
Cent .

Horz.
Cent .

Positive
Displat.

Positive
Displnt.

Horz.
Cent .

Horz.
Cent .

Horz.
Cent .

Canned
Horz.
Cent .

Horz.
Cent .

Quant ity
(2 Units)

2

Design
Press.

(psig)

125

125

125

125

125

125

125

125

TABLE 11.2-5 (Continued)
Design Design
Temp. Flow Rate

(°F) (gpm)
150 50
150 400
150 450
150 150
150 150
150 0.12 to
1
150 0.12 to
1.2
150 350
150 200
250 a5
150 31.2
175 150
150 450

TOH @
Design

Pt

(1)

55

180

5

134

134

51

175

150

120

Shutoff
Head
(f1)

60
205
85

~120

~120

185

180

135

Max

Fluid

Temp
(°F)
120
100

100

140

100

100

100

220

100

Material

316 S§S

316 SS

ji6 SS

Cl

Cl

316 SS

316 SS

cl

3i6 SS

Alloy
20 S8

316 §S

Alloy
20 S8

316 SS

Tag
Numbe ¢

GS0-CO14A
G50-CO14B

G50-CO15A
G50-CO158

G50-CO16A
GSO-CO16R

G50-C017

G50-Co18

G50-C019

650-C020

G50-CO21A

G50-CO21B

1650-C022
2650-C022

G50-C023A
G50-C023B
650-C023C
G50-C023D

G50-CO24A
GS0-C0248

GS50-C026A
G50-C0268

G50-€027



Pipe Line
Specification

GlB-4

L1-3

L2-3

L2-4

L6~4

L7-3

L7-4

N13-4

TABLE 11.2-6

DESIGN DATA FOR LIQUID RADWASTE SYSTEM PIPING

Design Code

ANST B31.1

ASME Code,
Section III,
Class 3

ANSI B31.1

ASME Code
Section III,
Class 3

ANSI B31.1

ANSI B31.1

ASME Code,
Section III,
Class 3

ANSI B31.1

ANST B31.1

Material

Stainless steel

tubing; ASTM A213,

Cr TP316

Carbon steel;
ASTM A106 Gr B

Carbon steel;
ASTM A106 Gr B

Stainless steel;
ASTM SA 312 or
SA 376 TP 304

Stainiess steel;
ASTM SA 312 or
SA 376 TP 304

Yoloy (nickel/

copper alloy steel);

ASTM A53

Alloy 20 stainless
steel, AST™ B-464

Alloy 20 stainless
steel; ASTM B-464

Polypropylene lined
carbon steel pipe

per ASTM A53

11.2-34

Schedule or Wall

0.065" wall

Sch, 80 (2" and

Sch. 40 (2-1/2"
lon)

Sch. 80 (2" and

Sch. 40 (2-1/2"
10")

Sch. 408

Sch. 408

Sch. 80 (2" and
Sch. 40 (2-1/2"
20")

Sch. 408

Sch. 408

Std. wall

less)
thru

less)
thru

less)
to
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Equipment
Waste Demineralizer

Floor Drains
Demineralizer

Waste Collector
Filter

Floor Drains Filter

Waste Evaporator/
Condensers

Detergent Drains
Filters

DESIGN DATA FOR LIQUID RADWASTE SYSTEM PROCESS

TABLE 11.2-7

Type
Mixed bed

Mixed bed

Precoat;
Flat bed

Precoat;
Flat bed

Horizontal;
bowed tube;
waste on
shell side;
forced
recirculation

Cartridged

Quantity
(2 units)

1

1

Design
Press.

(psig)
125

125

15

15

50

125

Design
Temp.
_(CF)

150

150

150

150

300

175

Design
Flow Ra

te

_ (gpm)

150 to

150 to

100 to

100 to

30

50

200

200

150

150

EQUIPMENT
Tag
Material Number

304 and 316 SS G50-D003
304 and 316 SS G50-D004
304 SS G50-D001
304 SS G50-D002
Incoloy 825 G50-B001A
(evaporator G50-BO0O1B
section); 304 SS (evaporator)
(condenser section) G50-B002A

G50~-B002B

(condenser)
304 SS (vessel) G50-D0O05A
Epoxy impregnated G50-DO05B

cellulose {(element)



TABLE 11.2-8

SUMMARY OF LIQUID RADWASTE SYSTEM
EQUIPMENT REDUNDANCY

Degree of Normal Collecting or Maximum Collecting or
Equipment Redundancy Processing Capacity Processing Capacity
Equipment Drain None Varies (500 to Varies (500 to
Sump 1000 gal) 1000 gal)
Equipment Drain 100% Varies (50 to Varies (100 to
Sump Pump 250 gpm) 500 gpm)
Waste Collector Tank 100% 36,500 gal 73,000 gal
Waste Sample Tank 100% 34,000 gal 68,000 gal
Waste Collector 100% 150 gpm 150 gpm
Transfer Pump
Waste Sample Pump 100% 200 gpm 200 gpm
Waste Demineralizer 100%(1) Varies (150 to Varies (150 to
200 gpm) 200 gpm)
Waste Collector 100%(2) 150 gpm 150 gpm
Filter
Floor Drains Sump None Varies (50 to Varies (50 to
1000 gal) 1000 gal)
Floor Drains Sump 100%(3) Varies (25 to Varies (50 to
Pump 750 gpm) 750 gpm)
Floor Drains 100% 36,500 gal 73,000 gal
Collector Tank
Floor Drains 100% 34,000 gal 68,000 gal
Sample Tank
Floor Drain 100% 150 gpm 150 gpm
Transfer Pump
Floor Drains 100% 150 gpm 150 gpm
Sample Pump
Floor Drains 1001(1) Varies (150 to Varies (150 to

Demineralizer

200 gpm)

11.2-36

200 gpm)



Equipment
Floor Drains Filter
Chemical Drains Sump

Chemical Drains Sump
Pump

Chemical Waste Tank
Waste Evaporator

Chemical Waste
Distillate Tank

Chemical Waste
Distillate Pump

Laundry and Floor
Drains Sump

vaundry and Floor
Drains Sump Pump

Detergent Drains
Tank

Detergent Drains
Pump

Detergent Drains
Filter

NOTES :

TABLE 11.2-8 (Continued)

Degree of

100'1.(2)
None

100%

100%
100%

100%
100%
None
100%
100%
100%

100%

Normal Collecting or
Processing Capacity

150 gpm
270 gal

25 gpm

19,650 gal
30 gpm

19,100 gal

200 gpm

500 gal

50 gom

1,550 gal

50 gpm

50 gpm

Maximum Collecting or
_Processing Capacity

150 gpm

270 gal

50 gpm

39,300 gal
60 gpm

38,200 gal

400 gpm

500 gal

100 gpm

3,100 gal

100 gpm

100 gpm

1. Waste demineralizer and floor drains demineralizer can be cross tied.

3. Except for turbine building fire water sump pump.

11.2-37

2. Water collector filter and floor drains filter can be cross tied.
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TABLE 11.2-9

EVALUATION OF LIQUID RADWASTE SYSTEM CAPACITY FOR HANDLING LARGE WASTE INPUT VOLUMES

Input Input Total per Frequency
Rate, Duration, Occurrence of
Waste Input Description (gpm) (Minutes) (Gal/day) Occurrence Disposition of Waste Input

High purity (equipment drains)

subsystem:

a. Max. normal quantity of 50 to Inter- 33,000 158 days Collect in one waste collector tank
miscellaneous equipment 500 mittent per year and process. Total process time is
leakage approximately 8 hours per occurrence.

b. Maximum quantity of 50 to Inter- 73,100 14 days Collect in both waste collector
miscellaneous equipment 500 mittent per yvear tanks and process. Total process time
leakage (estimated is approximately 16 hours per
quantity taken ff?. occurrence.

ANSI N197-1976)

c. Condensate polishing 200 207 41,500 60 days Collect in two waste collector tanks
demineralizer rinse per year (or FDCT) and process. Total process
during condenser tube time is approximately 10 hours per
leak pettg? or plant occurrence.
startup.

d. Reactor blowdown via 300 180 54,000 Rare Collect in both waste collector
reactor water cleanup tanks and process. Total process
system during startup time is approximately 12 hours per
(normally directs? to occurrence.
main condenser)

e. Suppression pool drain 1000 1000 1,000,000 Once every Collect in one waste collector
(for decontamination, (Inter- 10 years tank and one floor drain
inspection, and mittently) collector tank in 34,000 gallon

maintenance of pool)

(2,3)

batches as these tanks become
available. Total process time is
approximately 150 hours per occurrence
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TABLE 11.2-9 (Continued)

Input Input Total per Frequency
Rate, Duration, Occurrence of
Waste Input Description (gpm) (Minutes) (Gal/day) Occurrence Disposition of Waste Input

f. Spent fuel shippifg) 200 235 47,000 18 days Collect in two waste collector
cask pit drawdown per year tanks and process. Total process

time is approximately 10 hours.

g. RHR flush/test(3) 2000 20.4 40,800 24 days Collect in two waste collector

per year tanks and process. Total process
time is approximately 10 hours.

Low purity (floor drains)

subsystem:

a. Max. normal quantity of 25 to Inter- 13,000 158 days Collect in one floor drain collector
miscellaneous floor 750 mittent per year tank and process. Total process
drainage time is approximately 3 hours per

occurrence.

b. Maximum quantity of 25 to Inter- 67,600 14 days Collect in both floor drain
miscellaneous drainage 750 mittent per year collector tanks and process. Total
(Estimated quantity t?,en process time is approximately
from ANSI N197-1976) 15 hours.

¢. Decant from backwash 450 90 39,200 60 days Collect in both floor drains
settling tanks for reactor (Inter- per year collector tanks in 8,000 gallon
waster cleanup filter/ mittently) batches and process. Total process
demineralizers and time is approximately 9 hours.
condensate polishing
filters during startup or
condenser tube leak period.

Chemical waste subsystem:

a. Condensate polishing 200 65 13,000 60 days Collect in one chemical waste tank
demineralizer per year and process. Total process time

regeneration solutions
during startup or
condenser tube leak
period.

is approximately 8 hours.
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TABLE 11.2-9 (Continued)

NOTES :

;

The maximum leak rate used here is for the drywell. It is assumed to occur in both drywells simultaneously,
even though the probability of this happening is very low. This maximum leak rate could also occur in the
containment, turbine power complex, auxiliary bldg., radwaste bldg., control complex, or intermediate bldg.
However, the probability of simultaneous leakage in these areas while the maximum leakage rate is assumed

in both drywells is extremely low. Since these areas are accessible, it is assumed that repairs could be
made quickly enough to avoid such multiple failures.

The total volume of water in the suppression pool is approximately 1,000,000 gallons. Since the reactor will
be completely shut down while the pool is being inspected, the condenser hotwell can be used to store a portion
of this volume (approximately 500,000 gallons). The remaining portion of the pool inventory will be pumped to
the LRW system as tankage in this system becomes available to collect and process this waste. (It is assumed
that one reactor will still be operating, requiring half of the LRW system processing capacity to be available
for handling waste from the operating unit).

These inputs can be diverted to the low purity (floor drains) subsystem if processing conditions warrant.
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Stream Stream

Numbe r Description

1-a Drywell Floor Drains
(each unit)

1-b Containment Floor Drains
(each unit)

1-c Turbine Building Floor
Drains (each unit)

1-d Radwaste Building Floor
Prains (common)

i-e Auxiliary Building Floor
Drains (each unit)

1-f Heater Bay Floor Drains
(each unit)

1-g Annulus Floor Draius
(eacl. unit)

1-h Intermediate Building
Floor Drains (common)

2 Decantate from SRW
Disposal System

3 RHR Flush/Test (each unit)

TABLE 11.2-10

PROCESS FLOW DATA FOR LIQUID RADWASTE SYSTEM

Normal Maximum Gallons/
Batches/Day Batches/Day Batch
2.82 113.3 255
2.56 38.5 390
2.0 2.0 1,000
2.0 2.0 500
1/1.72 43.5 345

- 1.0 270
- 1/5.0 50
3.2 20.0 500
1.0 - 250
1/30 2.0 40,800

Solids/ Normal
Batch Gal/Yr. Isgtqplfl)

(Pounds) (Both Units) Activity
N/A 525,000 M
N/A 729,000 M
N/A 1,460,000 S
N/A 365,000 R
N/A 140,000 M
N/A - S
N/A - (S+M)/2
N/A 584,000 M
N/A 91,000 S/4
N/A 993,000 Negligible
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TABLE 11.2-10 (Continued)

Solids/ Normal

Stream Stream Normal Maximum Gallons/ Batch Gal/Hr Isotopifl)

Number Description ) Batches/Day Batches/Day Batch (Pounds) (Both Units) Activity

7 Floor Drains Effluent 1/2.65 e 35,000 N/A 4,821,000
to Condenser

8 Floor Drains Effluent - 1/5.3 35,000 N/A 2,410,000 See Table 11.2-15
Design Discharge (max)

9-a Recirc. Pumps & Valves in 8.6 57.8 360 N/A 2,260,000 M
Drywell (each unit)

9-b Drywell Steam Valves and 8.6 57.8 140 N/A 879,000 S
Coolers in Drywell (each
unit)

9-c Misc. Pumps, Valves, and 9.64 35.86 265 N/A 1,865,000 M
RCIC Equip. in Containment
{eich unit)

9-d Steam Valves in Containment 9.64 35.86 50 N/A 352,000 S
(each unit)

9-e RWCU Sample Drains in 9.64 35.86 125 N/A 880,000 M
Containment (each unit)

9-f Radwaste Building 1.0 1.0 500 N/A 182,000 R
Equipment Drains (common)

9-g Turbine Building 5.76 5.76 1,000 N/A 4,205,000 S
Equipment Drains (each unit)

S-h Auxiliary Building 1/11.2 1/3.0 675 N/A 445,000 Mx 102
Equipment Drains (each unit)

9-j Intermediate Building 1/10.0 1/5.0 500 N/A 18,000 R

Equipment Drains (common)
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Stream
Number

9-k

10

11

13-g

13-h

14

15

17

23-a

Stream
~ Description

Control Complex Equipment
Drains (common)

Cond. Demin. Rinse (each
unit)

Reactor Blowdown via RWCU
(each unit)

W.D. Effluent Design
Discharge

W.D. Effluent to Condenser
Cond. Mixed Bed Demin.
Regeneration Solutions
(each unit)

Chemical Drains (each unit)

Fu-norator Bottoms (both
unics)

a. Radioactive Regen.
Solutions
b. Chemical Drains

Radioactive Chemical Waste
Distillate

Normal

Batches/Day
1/5.0

1/14.6

1.12

1/14.6

1.1

1/7.3

1/7.3

1/7.3

TABLE 11.2-10 (Continued)

Max imum
Batches/Day
1.0
1/2.0

Rare

1/4.5

1/2.0

13

1/2.0

1/2.0

1/2.0

Solids/ Normal
Gallons/ Batch Gal/Yr Isotopifl)
_Batch (Pounds) (Both Units) Activity
500 N/A 37,000 Negligible
41,500 N/A 2,075,000 S/4
35,000 N/A 2,839,000 See Table 11.2-15
(max)
35,000 N/A 14,308,000
13,000 N/A 650,000 See Note 3
500 N/A 401,000 M/&
480 N/A 24,000 Regen.
Solution
Concentrates
160 N/A 8,000
15,360 N/A 768,000 Regen. Sol.

Distillate



Yo-T°11

Stream
Kumber

29

30

31

34-a

34-b

35

40

43

TABLE 11.2-10 (Continued)

Stieam Normal Maximum Gallons/

__ _Description Batches/Day  Batches/Day Batch
Radioactive Chemical Waste - 1/36.5 15,360
Effluent Design Discharge
Hot Shower and Detergent 3.0 3.0 500
Drains
Detergent Waste Erfluent 1.48 2.65 1,600
Radioactive Evav. Bottoms 1/51 1/14 5,000
to SRW
Floor Drains Demin. 1/30.5 1/22.35 1,455
Spent Resins Transfer
Waste Demineralizer Spent 1/35 1/15.35 1,455
Resins Transfer
“ond. Lemin. Spent Resins 6/3.6 yrs 6/3.6 yrs 9,970
to SRW Disposal (both
units)
W.D., F D. and S.P.D. 1/83.5 1/31.6 9,980
Spent Resins to SRW
Disposal
Condensate Filter Backwash 1/3.0 8.0 5,200
(each unit)
Cond. Filter Sludge to 2/36.0 1/2 7,000
SRW Disposal
Avg. CBST Decantate 1/1.5 8.0 4,610

Solids/
Batch
(Pounds)

N/A

1,970
1,970

12,090

11,700

360

4,350

N/A

Normal
Gal/Yr Isotopxc.l
(Both Units) Activity'')
154,000 See Table 11.2-15
(max)
547,000 Negligible
864,000 Negligible
36,000 See Table 11.4-2
17,000 Buildup on
F.D. Demin.
15,000 Buildup on Waste
Demineralizer
17,000 See Table 11.4-2
44,000 See Table 11.4-2
1,265,000 See Note 5
142,000 See Note 6
1,122,000 S/6



Il

sv=T°

Stream
Number

45

48

53

62

65

81

84

86

87

Stream Normal
Description Batches/Day

RWCU F/D Backwash (each unit) 1/6.5
RWCU F/D Sludge to SRW 2/97.5
Disposal =
Avg. RBST Decantate 1/3.25
Fuel Pool F/D Backwash /5.2
Fuel Pool F/D Sludge to 1/348
SRW Disposal
Decantate from Fuel P ol 1/5.2
Filter Backwash
Cask Pit Draw-Down 1/20.3
Suppression Pool -
Maintenance Drain
(each unit)
Cond. Mixed Bed Demin. 6/3.6 yrs
Spent Resins Transfer
(each unit)
Suppression Pool Cleanup 1/30

Demin. Spent Resins
Transfer

TABLE 1!.2-10 {Continued)

Solids/ Normal

Maxi@um Gallons/ Batch Gal/Yr Isotopic(l)
Batches/Day Batch (Pounds) (Both Units) Activity
1.0 2,400 70 276,000 See Note 7
5/30 2,150 1,040 16,000 See Note 8
1.0 2,300 N/A 258,000 M/&4
1/5.2 2,100 65 152,000 See Note 2
1/30 7,000 4,350 7,000 See Note 9
1/5.2 2,055 N/A 144,000 Negligible

- 47,000 N/A 845,000 Negligible
1/10 yrs 1,000,000 N/A - Negligible
6/3.6 yrs 4,950 5,750 16,000 See Note 4
1/15 1,750 2,365 21,000 Buildup on

Suppression Pool
Cleanup Demin.



TABLE 11.2-10 (Continued)

NOTES :
1 M = maximum concentration in reactor ater,

S = maximum concentration in condensate.

R = maximum concentration in radwaste sump.
2. Activity for this stream is 1.0 Curie/year, based on operating data from

Nine Mile Point Nuclear Station, Unit No. 1.

3 Activity is calculated on basis of 1.38 x 108 gallons of water treated by
the condensate demineralizers every 90 days.

4. Activity is calculated on basis of 1.38 x 108 gallons of water treated by
the condensate demineralizers every 90 days plus M/4 times the
demineralizer backwash volume.

5 Activity is calculated on the basis of the filter/demineralizer buildup
per batch (0.98 curies) plus S/6 times the backwash volume.

6. Activity is calculated on the basis of the filter/demineralizer buildup
for 8 days at the normal condensate flow rate (6.5 curies), a fill time
of 4 days, and a decay time of 2 days.

7. Ac*tivity is calculated on the basis of the filter/demineralizer buildup
per batch (355 curies) plus M/4 times the backwash volume.

8. Activity is calculated on the basis of the RWCU buildup per batch (355
curies) plus M/4 times the backwash volume, a fill time of 60 days, and a
decay time of 60 days.

9. Activity is calculated on the basis of the filter buildup per batch, a
fill time of 100 days and a decay time of 100 days.

11.2-46



TABLE 11.2-11

QUALITY REQUIREMENTS FOR CONDENSATE MAKEUP

Specific Conductivity at 25°C < 1.0 pmho/cm
pH at 25°C 5.3 to 7.5
Chloride (as C1°) < 0.05 ppm
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Subsystem

High purity/
low conductivity

Medium-to-low
purity/medium
conductivity

Detergent
Drains

NOTE :

TABLE 11.2-12

CRITERIA FOR SELECTION OF PROCESS FLOW

PATH FOR LIQUID RADWASTE SYSTEM INPUTS

Description (1)
Process Flow Path

a. Collect, Sample, and
Reuse.

b. Collect, Sample,
Body Feed, Filter,
Demineralize, and
Reuse.

c. Collect, Sample.
Body Feed, Filter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>